
1WAD—Afl3 565 NAVAL INTflLIflNcE SIPPORT CENTER WASHINGTON D C TRA—fl C P/S 13/10
POLYMERS IN SHIP MACHIVE BUILDING (POLIMERY V SUDOVON MACHI NOST—CTC(u)
a. 77 V V SAkHA REVA. I A KONTOROVSKAYA

LMCLASSIFIED N!cC—YRANS—394* ta_ _
[cr 3

AD
404J 585

U

a A



-

DEPARTMENT OF ThE NAVY
NAVAL INTELLIGENCE SUPPORT CENTER 

~~~
~~ TRANSLATION DIVISION ~73 J“\ 4301 SUITLAND ROAD ( L . .~..d’ ,WASHINGTON , D.C. 2O~ 9O /1”

~~ DA 043 585
CLASSIFICATION : U~:CLASSIFIED

.- - - -  -

TITLE: Polymers in Ship Machine Building
/ r/ 1 Polj merv v sudovorn machino~troyeni~~~

AU THO R( S)1 Y~ ~~~. Eakharev~ ,~~V. Ye .,  Kcntorovskaya , I .  A . ,  and Petrova , L.V.

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~..i  ~~~~~~~PAGES : . -- -
/

/ 
~~ (I~ — -

~~

~SOURCE: 
~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1975

r~~~ 
:Y, J ?~~~. . 

~~~ ~~~~~~~~

1Q/;72) 
\

ORIGINAL LANGUAGE : Russian ~~~~~~~
—

(/ ~~ J .~~’
TRANS LATOR: C

I / ,~~~~ 
. .---.

~ - —--P

NI SC .TRANSI~~~~~~~~ O .......3944 APP~~~•VED 
— 

P. T i<.
~~~~ ~~~~~~~~~~~ ~~~~~DA~~~~~~2 Ju1Z~~~~77

CDC_) / ~ / ~~~~

,

/ , 1 . ,i —
,

/ L~J
S  

- 
-

_~~~--~~~~~~~
. 

.. — — - ..-

~

-.-- .
~



I,

POLYMERS IN SHIP MACHINE BUILDING

[Bakhareva , V. Ye., I. A. Kontorovskaya, and L. V . Petrova, Polimer’; v sudovom
aachinostro~enii , Sudostroven iye Publishing 

‘douse , 1975 . PP. 1—237; Russianl

INTRODUCTION /5*

The Directives of the 24th Congress of the CPSU place primary emphasIs on
the development of the production and application of polymeric materials in the
national economy . This is due to the fact that along with metals , polymeric
materials have be’ome one of the basic construct ion materials, without which
further progress in technology and improvement in the standard of living of
socIety are unthinkable.

Polymeric materials have low density, high resistance to corrosive nedia.
nonmagrtetic properties , low coefficient of friction and high resistance to wear,
workabilIty , etc.

The use of polymerIc materials in ship machine building permits the success-
ful solution of such important problems as reducing the mass , increasing the tra-
veling speeds , improving service life and reliability , economizIng scarce non-
ferrous metals, raising labor productivity , and reducing labor intensItY and
operat ing costs. The volume of production and consumption of polymeric r~ater—
lals is increasing each year. W ile in 1940 the world production of polymeric
materials was only 200,000 tons , by 19701 their production had reached 25,0
million tons , i.e., iocreased 125—fold. ~Along witn the increase in the volume
of production of polymeric materials , their assortmen t expands each year. Thus,
while the first plastic , celluloid , was synthesized in 1869, one hundred years
later over a thousand brands of polymeric materials were in existence..-~The
polymeric materials known at the present tiae possess a wide range of properties
and belong to different categories of compounds , from polyoleflns (polyethy lene .
etc.) to polyorganosilicoelemenral compounds (polyboroorganosiloxanes , polvtitano—
organosiloxar.es, etc.).

In ship machine building, polymeric materials are used in the manufacture of
sh ip propellers, parts of various mechanisms and devices , sl iding bearings , seals,
as anticorrosion coatings , e tc .

In the Soviet Union , the first screw propellers of textolite (resin—tooreg—
nated fabric laminate) and sheet—steel—reinforced texto1i~ e , 0.42 a and 0.63 a
in diameter , were made back in 1938 under the supervision of Prof. S. A. .;rkhan—
gel ’skiy . However , tests of these propellers showed that the textolite dId not
possess the necessary properties and did not make for reliable propells rs.

After World War II, the advent of new hIgh—strength plastics started inten— ‘~
sive studies aimed at applying plastics to the manufacture of screw ~ro pe 1lers .

Abroad , plastic screw propellers are produced In Denmark , England . M~ 1land.
FRG . Japan. and the USA. Abroad , propellers up to 2 m in diameter are a.~de
from poivcarbonates , glass—reInforced polyformaldehyde , ABC plsstics . ~~~ultramida , and polypropylene.

*Nurnoers in the rIght margin indicate 7agination in . the •r:o,n.1.
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In the USA , lexan polycarbonate is used In the production of 12 standard sizes
of propellers. The propeller production amounts to over 150,000 iceos per year.
The cost of lexan propellers is much lower than that of octal ones.

Screw propellers are very difficult to standardize , making it necessary to
work out specific methods of manufacture excluding the use of complex and expensive
equipment. Thus , to reduce the costs of production , the Dutch companies LIps and
Bayer have developed a method of centrifugal casting of articles with a mass up to
200 kg from tnermoplasts. This method was used for casting nylon propellers
with a diameter of 1.7 m and a mass of 180 kg, and detachable blades for controllable—
pitch propellers 4 a in diameter.

To overcome these difficulties , the West German company BasE has proposed
ultramide (the Soviet analog of which is caprolon), w’nicn is processed into
articles by free casting in ooen molds 78 in the production of propellers.

Thermoplastic propellers are workable in fabrication ar.d have a small mass
and high damping propertIes . Howe’,er, their scope of application is limited to
small—load propellers for low—speed ships because of the relatively low strength
and rigidity of thermoplastics (tensile strength , 7.0 kgf/zm ; normal elasticity
modulus , 7 x 10 kgf/min 2).

At the present time , the strongest synthetic construction materials are
polymers reinforced with glass fibers , 1. e. , fiber glass plastics. Work aimed
at the development of plastics reinforced with carbon fibers , boron fibers and
high—strength organic fibers has been conducted in the last few years.

In 1961 in the USSR , propellers were made from fiber glass plastics by the
methods of hot pressing and contact and vacuum molding in diameters of 0.3 to
6 a.7’ ~~~ ‘ Ar the present time , plastic propellers are well established and
are being successfully operated on over 200 ships. Soviet plastic propellers
have been demonstrated at international expositions in Moscow , Montreal and Rostock.

In Japan , fiber glass plastic propellers are made by contact molding. By
1966 , over 300 propellers from 0.3 to 1.9 a in diameter had been installed on
ships of the fishing and cargo—passenger fleet. ~xperience in the operation of
these propellers proved successful.7’ It was found that the useful life of ‘. ‘ ‘ i,

f i ber glass p lastic propellers during navigation in shallow—water Japanese rivers
and rivers full of rapids is equivalent to that of bronze prOpellers . ~~. e., three
years. A substantial reduction in the wear of stern bearings and a decrease in
vibration were observed during the operation , this being particularly important
for passenger ships. p rw.v~~ ~

‘O —_

Polymeric materials are used in foreIgn shipbuilding ~n the fabr ication of
fittings. Hear—resistant polymers such as poly forma ldehy de , A8C p las tIcs , or
polysu1fones ”~ are usually emp loyed for this purpose.

A positive effect was obtained by using metallized and fiber glass reinforced
thermoplastics. For example , fittings made of thermoplasta with a chromium
coating were found to be useful on series—produced superships built by the .!apanes
firm Hitachi and Finnish timber carriers.

?olimerfc materIals are also used in the manufacture of pipes , sInce they ________ _______

considerably increase the useful life of pipelines. Soviet induarn :.’ has mastered
the productIon of pipes from low ar.d high dens it y pol~ eth ylene . The first p~ astic
pipes were cade In 1962 and installed on the VOLCODON motorshi~ .



The low friction coefficient and low wear of polymers , the possibility of
operation without lubricants , resistance to corrosive media , and absence of
corrosive action on metals permit the use of polymers in the productIon of slid-
ing surface bearings of ship shaftings , steering gear , mach ines and mechan isms. /7
Fluorocarbon plastics , nylon , laminates , polyacetyl resins , poly formaldehy de
and polyamides have founu application as antifriction materials.

The mechanical and antifriction qualities of these materials are considerably
improved by introducing glass fiber , graphite , molybdenum disu lf ide , nonfer rous
metal powders and ocher additives. The Polymer Corporation (USA), for example ,
makes a special antifriction material, “nylon—tron ,” consisting of nylon 66 with
an addItion of 30% chopped glass fiber and 3% molybdenum disulfide .7” Thanks to
these addi tions , the composition obtained has higher heat resistance and stabilIty
to hydrolysis than the pure polymer , lower creep under load , and lower friction
coefficient. MaterIals filled with additives make it possible to increase the
work loads by a factor of 1.5—2 .

As a rule, the bearings are made only from filled materials, which can be
prod uced in a fairly wide assortment .

Special metal—p lastic materials consisting of a steel base with porous tim
bronze impregnated with fluorocarbon plastic and applied on the steel base nave
been developed f~r parts operating under heaviest—duty conditions. Bearings of
this material have high resistance to wear and corrosive media, high thermal
conduct ivity, and small thermal expansion, so that they can be used over a wide
temperature range , from —200 to 3OO~C , and at high specific pressures , and also
without lubricants . The wear of these bearings is 5—7 times less than that of oil—
lubricated bronze bearings.

In the last few years , extensive studies have been conducted by the Soviet
inndstry on the use of polymeric materials such as polyamides , fluoroplastics and
polyethylene for the fabricatIon of bearings; the greatest success was achieved
by using caprolon.

The pip ing of hydraulic and pneumatic systems is sealed with many seals whose
role in these systems is extremely important. The pressure , speeds and tempera-
tures of the media as well as the servIce life and reliability of operation of the
actuating mechanisms are lagely determined by the state of the seals.

At the present time, rubber is widely used in the manufacture of seals. How-
ever , in many mechan isms and devices , rubber canno t meet the stated requirements.
In the USA , England , FRG and many other countries , the specif ic  volume of rubber
use is being systematically reduced , while the manufacture of seals of polymeric
materials correspondingly increases. Polyurethanes , fluorocarbon plastics filled
with glass f iber , metal and silicate powders, and glass—filled nylon and olyformalde—
hyde have been used in the fabrication of seals.

The use of polymeric coatings is required for protection of metal products
used In contac t with seawater. The use of polymeric coatings makes i t  possible
to replace nonferrous metals , extend the service life , and improve the performance
characteristics.

In many cases , when paint and varnish coatings are replaced by polymeric ones ,
the use fu l  l i f e  of the  pa r t s  increases owing to the cha rac te r i s t i c s  of the
technology of application of the coatIngs and structurai and physicomechsnic al
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proper t ies  of the polymeric fI l m .  The presence of pores in paint snd varnish coat-
ings , caused by the evaporation of solvents in the course of film fornat~~ n , may
cause a decrease in the protective characteristics of the coatings under heavy
duty operatIng tonditions. Polymeric coatings are more plastic , and are th e r e f o r e
more resistant to impact loads and protect more effectIvel y from various types of
chemical , electrochemical and atmospheric corrosion during exposure to n.’echanical
stresses.

The func t ion  of individual types of polymers and the selection of the method
of application of coatings are determined by considering the characteristics of
the articles being protected , their service conditions , and the chemical nature
of the polymers and properties of the coatings based on them . Among various high
molec u lar compounds , those that have become most popular in Soviet and foreign shIp-
bu ilding have been coa tings based on epoxy res ins , polyurethanes , chlorinated rub-
bers , fluorinated hydrocarbons , and various modificatIons based on them.

Rubbers hold a specialplace among coatings because of their exceptional re— /8
sistance to abrasive and hydroabrasive erosIon , and also to cavitational effects.
Such coatings withstand repeated alternatIng deformations , strong vibration loads
and sharp temperature fluctuations better than other coatings . In their resistance
to corrosive media, rubbers surpass most metals and are therefore widely used for
the anticorrosion protection of various parts. The greatest effectiveness is
achieved when simultaneous protection from corrosive and abrasive wear is requIred.

Urethane coatings , which harden in the presence of mois tu re , as well as urethane—
base film and paint—and—varnish materials have become widespread in shipbuilding.

A valuable category of polymeric materials are fluorinated polymers . Coatings
based on Ftorlon lacquers and powdered fluorocarbon plastics find extensive applica-
tions thanks to varied dielectric propertIes and excellent antjfrlctjon and anti—
corrosion characteristics. Depending on the funct ion  of the p ro t ec t i ve  coat ing ,
powdered fluorocarbon plast ics  may be used as the base for the development of
compositions ensuring the applicability of the coating under specified service
conditions. This is achieved by individual preparation of the powder (increasing
the bulk densi ty,  selecting a de f i n i t e  partIcle size dis t r ibut ion and shape of
the powder particles), introducing stabilizers , plasticizers and fillers providIng
for the technological and performance characteristics of the coatings , and by us-
ing primers of certain, compositions.

At the present time , protective coatings based on epoxy resins and possessing
the necessary adhesion to metals, mechanical strength and’ chemical stability have
become most popular. Polyepoxides are most frequently used in the form of powder
coat ings , whose composition includes hardeners , modif iers , and fIllers. Increas-
ing the elasticity by modifying with various polymeric compounds , introducing powder
f i l lets  to reduce the coefficient of linear expansion, and reinforcing with con-
tinuous glass fiber and microglass fiber makes it possible to obtain h i g h e r — q u a l i t y
coatings.

The use of antifrictlon polymeric coatings applied on a metal base makes it
possible to improve the removal of heat and promotes the stabilizatIon of the di-
mensions of mating frictIon members. The change in dImensions is smaller for members
with thIn—layer coatings than for monolithic parts from polymers . The best anti—
f r i c t i o n  mater~ a1s f o r  coatings are polyaztides , f luorocarbon p las t ics , and p e n t a —
piast.
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Despite their high cost , pentap last coatings are used rather extensively in
many countries , thanks to their exceptional chemical s t a b i l i ty , nor . combus t ib ili ty,
and attractive mechanical and dielectric properties. The stability of pentaplast—
base coatings exposed to the prolonged actIon of seawater promotes its extensive
use in shipbuilding.

Experience shows that in ship machine building, the materials used most ex-
tensively for construction articles and anticorrosion coatings are hot—pressed
epoxy—glass plastIcs, caprolon , polycarbonate , poly formaldehyde , polyamides , fluoro—
carbon plas tics, polyethy lene , polypropylene and pentaplast.

It is useful in this connection to systematize and correlate the operating
experience accumulated thus far, as well as the experimental data on the properties
and technology of processing of these materials into articles used in ship machine
building.

~ 
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Chapter 1. BINDERS FOR FIBER GL~SS PLASTICS USED IN THE PRODUCTION OF ARTICLESFOR SHIP MACHINE BUILDING

I. General Description of Fiber Glass Plastics

Fiber glass plastics are composite materials based on various types of glass /9
fillers (glass fabr ics , glass f ibers , glass mats , glass roving , e tc . )  and polymeric
binding materials. At the present time, fiber glass plastics are the strongest
synthetic materials. Important advantages of fiber glass plast ic  over other  tradI-
tional structural materials (metals , alloys , wood) include high specifIc strength
and corrosion resistance , attractive dielectric properties , nonmagnetic character,
low sensitivity to microconcentrators , and high vibration and impact resistance.

In many cases, f iber  glass plastics are irreplaceable materials. Their use
for articles in ship machine building permits easy fabrication of parts of
diverse geometric complexIty with maximum mechanizatIon of the production proc-
esses and a substantial reduction of fabrication labor intensity; at the same
time , the proper ties of a fiber glass plastic can be varied over a wide range in
accordance with the type of reinforcing and binding materIals and the processing
method employed.

The mechanical properties of fIber glass plastics are primarily determined
by the strength of the glass filler , its coOtent , and the orientation oi the re-
Inforcin g fIbers in the polymerIc binder.

A compatible operation of the reinforcing filler is provided for by the
polymeric b inder. The creation of monolithic fiber glass plastics is possible only
through the use of binders possessing sufficient wettabillty, high cohes ive and
adhesive strength , and low shrinkage.

On the basis of monolithic conditions for fiber glass plastics of oriented /10
structure (reinforced with fibers and fabrics), several authors” have formulated
the requirements for the mechanical characteristics of binders , taking into
consideration the strength properties of the reinforcIng fibers (Table 1).

Table 1
Requirements for the mechanical properties of binders for fIber glass plastics

ReInforcement with glass fIber
Property

Alkali—free High—modulus

Streng th , kgi/mm~~
tensile 7 12.5
compressive 20 I 24
shear 3.5 6.3

ElongatIon , % 5 6
Modulus of tension , kgf/r~~’ 450 L 570

b ’ s  water absorption is also required from binders for fiber glass plastics
used in ship buildIng and In seawater or in humid climatic conditIons. Practice
shows tha t  binders  w i th  an i n t rin s i c  water absorpt ion no grea te r  than 1—2% ensure
in. id’~c’iat e ‘~dt er resistance of fIber glass plas:~ cs.

6
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In the production of articles made of fiber glass plastics , the b inders used
most extensIve ly  are pol yes ter , organosil icon , phenol—formaldehyde and epoxy ones.

In each specif ic case , the choice of the type of f iber  glass p las t i c  is
determined b: the  requ i rements  imposed oct the a r t ic les  and by the operating condi-
tions. Thus , for articles operating at elevated tempera tures under relativel y
small loads , use is made of organosilicon f Ibe r  g lass plast ics , which possess
high heat resis tance.  Drawbacks of organosil icon f ibe r  glass plastics include t h e Ir
brittleness , l~w mechanical strength and considerable cost.

For large—sized ar t ic les  produced in small quan t i t i e s , fo r  which the  fabr ica-
tion of expensive equipment is uneconomical, and on which low strength and water
resistance requirements are imposed , it is desirable to use polyester E ber glass
plastics processed mainly by contact moldLng .

Phenol—formaldehyde glass plastics , which have high water and heat resistance
and considerable rigidIty, are used for structural and electrical applicatIons /11
at temperatures up to 200°C, and up to 250°C for shor t periods , 1—2 h .

The most advantageous ccmbinatioa of high strength properties and water resist-
ance marks f iber  glass plastics based on epoxy binders. The application of epoxy
binders permits the fullest use of the strength of fiber glass. Sufficient experi-
ence with the fabr icat ion and opera t ion  of varIous ar t ic les  from epoxy—glass
plastics has now been accumulated that confirms the promising outlook for the
app lIcat ion of these materials.

Almost all existing methods for processing fiber glass plastics into
articles are being used in the fabrication of articles for shi p machine b u i l d in g .
However , the most popular ones are :

impregnation of the glass filler under pressure;
vacuum—compression molding ;
press ing.

The choice of the fabrication method depends on many factors , including batch
production , strength requirements , service conditions , and shape and size of the
article. However, in all cases the selected method should produce a material
uniform in density and proport ion of the components , and a s u f f i c i e n t  st ab i l i t y  of
the propert ies dur ing service.

In the f i r s t  two processing methods indicated above , the binder under  pressure
is fed into a rigid hermetic mold. In many cases, evacuat ion of the glass filler
is used to reduce Porosity . The porosity of the fiber glass p lastic decreases
with increasing impregnation pressure.  However , even under optimum conditions ,
the poros ity of f iber glass p lastics obtained by impregnation under pressure or
vacuum—compression molding is 6—8 % , which r e su l t s  in a s ign i f ican t  decrease in the
water resistance of the articles. ~~

‘

The pressing method provides for the greatest water resistance and stability
of the proper t ies .  The use of a high speci fic  p ressure  makes it possible to obtain
intricate—shaped articles of s u f f i c i e n t l y  dense and homogeneous s t ruc tu re  and low
porosity (no greater than 3% by volume). Article s made by prassing can be used
in water without additional protectIon against water. The method of hot pressing
has foufld extensive applications in ship machine building. For many years , th is
method has been used to make blades and cones of ship propellers and other articles. 
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The individual physicomechanical properties of fiber glass plastIcs made by these
three methods  are listed in Table  2.

In connection with increased requirements for the strength and water resistance
of materials used for making srticles for ship machine building , the widest use
has been made of epoxy—glass plastics made by pressing. For this reason , the
properties , starting materials and pressing characterIstics of articles from /12
epoxy—glass plastics are considered in most detail below.

Table 2
Properties of epoxyamine fiber glass plastics made by different methods

Method of Preparation

Proper ty  ~.‘acuum— Impregna—
compression tion under Pressing

pressure

Binder content , % 40 45 40— 45 22—26
Porosity, Z . 5—8 8—11 1.5—2
Density . glcm 1.8 1.7 2.0—2 .1
Compression strength , kg f/mm 40—45 30—38 50—55

bending strength , kgf /~~
2 50—65 37—58 70—30

~.
‘at er absorption In 24 h , % 0.05 0.08 0.005

2 . Epoxy Resins

Ep o~~ resins , which are one of the chief components of the binder , are character-
ized by the p resence in their s t ruc ture  of several epoxy groups —CH_ c3i— , which are

‘
0’

extremely reactive. Epoxy resins are a mixture of oligomers of dIfferent molecular
masses (from 250 to 4000) and become practically valuable only after their cross—
linking, i. e., conversion into a cured polymer of reticulate structure by means
of special compounds — curIng agents .

Epoxy compounds were first synthesized in. 1934 by Shpak, and on the basis of
these compounds, Kastan (De—Teril Co., Switzerland) in 1938 prepared a plastic which
he used in dental technology .~~

A t the present tIme , there is almost no area of industry that does not use
epoxy resins. n the Soviet Union , epoxy resins have been produced since 1955,
and this production has now increased over 30—fold.

Epoxy compounds are produced in two ways : by direct emoxidation of  unsaturated
C apounds with peracids and by reacting epichlorohydrin or dichlorohydrin with
compounds containing a labile hydrogen atom .

Resins obtained by the first method are called cvclos,Liphatlc epoxy resins .
Their production on an industrial scale is LImited because of the explosiveness /13
nf the existing peracids .

?,esins based on epichlorohvdrln and obtaIned by n.he 5ecn.nd ~ethcd are finding
the most extensive uses. Depending on the nat~ re of  the cnnpon ent reacting w i t h
ep ichlorohydrin , these epoxy resins may be c lassIf Ied  as i~ 1lnws :

S
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polyglycido l ethers (based on diatomic and polyatomic alcohols);
polyglycidylamines (based on amine—containing compounds);
poly glycidv lamides (based on amide—containing compounds) .

Diphenylolpropane (diane or bisphenol A) is most frequently used as the di—
atomic alcohol in the preparation of polyglycidol ethers. The resins obtained by
reacting diphenylolpropane with epichlorohydrin comprise 90% of the total pro—
duction of epoxy resins and are known by the name of epoxydisne resins , of the
general formula

CH 2 _CH—C 14.2 — t O —  R — C—CH~ —CI-~—CH~~, — O — R  —

—O—CH~—CI-f—CH~
,

\ /
where R is ‘0

~

c~
.{3

- -N
-

CH 3

Depending on the conditIons of synthesis and ratio of epichlorohydrln to
diphenyloi propane , epoxydiane resins with a molecular mass from 250 to 4000 are ob-
tained. The molecular mass of the resin determines the s t a t e  of aggrega t ion  of the
resin and its physicomechanical properties. Resins with a molecular mass up to 400
are liquid , those with a molecular mass up to 400—800 are viscous (softening point ,
15—20°C) , and those wIth a molecular mass above 800 are solid with a softening
point above 50°C.

The main characteristics of Soviet and foreign epoxydiame resins are given in
Table 3.

In discussing the molecular masses of epo~~ resins , one must not forget
that these masses are average values. Act’aal epoxy resins are polydisperse, i. e.,
mixtures of oligomers of different moleoular masses. The fractional composition
of some epoxydiane resins is given in Table 4.

Of greatest value are resins with the lowest degree of dispersion and a con— / 13
stanc fractional composition from one batch to the next , since t h ey  make It possible
to obtain reproducible results and hardening products of ordered structure.

During the hardenIng, the hi ghest—molecular oligomers react first , and the
majority of unreacted epoxy groups are In the composition of the monomer.

Studies aimed at Creating epoxy resins ~f .ow d~soersitv are being conducted
in the Soviet industr-- . A n./w state standard (GOST l038~—~2) w~s de’.’elc-ped in

~~ which stipuiatas -i large number of eopxv resin b r a n d s  w i t h  a narrower ~~~~~
t~~ n of molecular mss~~, s~ cx’.- zroup Concont an.d )tn.er ~ ‘.~a 1 i t at ~~’i’~ in d i - : es,

-j
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Table 3.
Main characteristics of Soviet and forei gn O7 O X V Oi 3 n . C  resins_______________— 

Average Number of So~~:enir .g
Brand of ResIn molecular - epoxy groups t e m p e r a t u r e , ‘C

mass I

Epon—1009 (USA) 3800 1.4 145—155
- E—05 (USSR) 3500 1.5—2 .5 120

Epon—1007 (USA) I 2900 2.2—2.4 127—133
Epon—l004 (U SA) 1400 , 1.3—4.7 95—105
ED—8 (USSR) 800—lOCO 8— 10 —
Araldit e  S (Switzerland) 1000 9—11 

- —
Epon—lO Ol (USA) 900 8.6 .54—7 6
CHS— epo xy—2 000 (Czechoslovakia)  350 9—10 - 65
ED— b (USSR) óOO—600 11-14 —

Epon—864 (U SA) — 13 40—45
ED— l4 (USS R )  600 14— 16 30

- ED— l6 (USSR) 460—540 16—18 10

- Ep on—334 ‘ U SA ) 470 I 14.3 20—28
10—20 (U SSR) 340—450 20—22 —
CHS—e p oxy— llOO (Czechoslovakia)  380 20—25 —

- Epon— 32 8 (U SA) 380 22 8—12
ED—22 (U SSR) 330 2 — 2 4  - —
Epo n— 562 (USA) , 319 27 —

Table ~ 13Fract ional  composi t ion of epoxydiane resina

______________ 
Content . 7.. of

Resin Brand Mononer Diner Triner Higher Fractions
n 0  n~ l u 2  n ~ 3

ED—2 0 80—90 10— 17 2—3 0
10—16 50—60 15—20 8—10 5— 10
ED—lO 25—30 13—15 8—10 45— 50
10—8 13— 17 12—15 9— 12 55—60

n each spec i f ic  case , the choice of the epoxy resin brand is determined by /15
the technology of fabrication and purpose of the a r t ic le .  Thus , imore~ nst~~~n
under pressure  and vacuum—compression melding require epoxy resins of low v i scos i ty
in order to ensure a quality Impregnation of the glass filler with binders without
a solvent (from the binder melt).

In the pressing method employing preinpregnated glass—reinforcing materials
(from a solution of th e binder), it is desirable to use resins of high viscosity ,
which p revents the resin from leaking out at high specific pressures.

However. ~n selectIng the resins for pressing, one must no t t r :o~~ se resins
with the hi ghest viscosity and molecular mass , since an increase in. molecular n.ass
is ir.ev~ tuolv assOc~ at eu  w i t h  a decrease in sp ec if ic  f u n c :i on a i i : .- and h ence , a de-
cr ease  :n tn.e VcODer of c ross—l inks  and cohes ive  s t r e n g t h  of the  ha r den ed  p t o c i c :.

: ‘
~‘i~~~ .ii___
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In addit ion , it Is necsssar’, to consider  the kno~~ law governing ep o:cvdlane r e sI ns ,
to the e f f e c t  that the specific functio nuli: a f f e c t s  not  only the  qu u l : : v  ci  :he
cross l ink s , bu t  also the packing  density of the macromolecules. Th~ re ~s a -:er :u in
value of the molecular mass of the  resin cor responding  to  t h e  o p t i on packing d en s i t ,
number cf cross lInks and technological  v~ ~osit y .

A resin of t h i s  type , which s a t i s f i e s  the above requ i rement s , is res in  of
brand 10—13 TI’ No. P — 2 5 7 — 7 0 , developed f o r  hot  p r e s s ing .  E d— l3  resin is ?re~ a:sd
from diphenylolpropane sulfate; it is highly viscous , with an average molecular
mass of 700—750 and 13—15 of epoxy groups. 10—13 resin is characterized by a
narrow fractional composition with a predominance of oligocers with a de4ree of
polymerIza t ion  n 3—~~, providing f o r  a great  s t a b i l i t y  of i ts  properties.

Resorcinol an.d f urf urylresorcinol are also used as d i3 t cn . i c  alcohols in the
synthesis  of polyg 1yci~~l e t h e r s .  Iwo methods of sv :hesis of polyg lycidol et:~ers
based on resorcinol are cur ren t ly  in use:

(a) condensation of resorcinol w i t h  epichb oro -’drin to f o r m  po lvg lycido
e the r  of r eeorc in ol  (R E S—3 r e s i n ) ;

(b) polycondensation of resorclnol  and epoxica tion  of the  oligoox vp hen. ’.’lene
ob t aIn ed  w i t h  ep i c h l o r oh y d r m n .  to f o r m  po ly g ly c idol  e t h e r  ~f ol igooxyp heny lene
(EPOF—5 r e s in ) .

Pol ygly c ido l  e the r s  based on. resorcinol are r i g I d — c h a i n  react ive ~i i g o m e rs
w i t h  the  minimum d i s tance  between epoxy groups  fo r  a romat ic  compounds. In compar ~ —
son wi th  e the r s  obtained by epoxidation of oligooxyp heny len e, ~o1vg 1vcido1 ethers
obtained by epoxidation of resorcinol have slighc .v greater elongation ‘.5—97.),
but lower heat resistance.

The ‘JP—83 ollgcmer based on furfurylresorcinol has the following structcral /16
form ula :

O—CH2—CH—CH~

o 0—0-1,—Cl-i—CM 2

The synthesis is carried out  in two s teps.  In the  f i r s t  s t ep ,  f u r f u rv l  alcohol
reacts  wi th  resorcinol In the  presence of ace t ic  acId ca ta lys t  to form the  inter-
mediate  compound furfury lresorc inol. In the second step , furfurvlresorcinol in
:he presence of alkali reacts wi~o enichlorohydrin to form furfur;~-lresorcinoi di—
glycldol ether.

Resins based on furfurylresorcmn.ol are characterized by a high content of
e~oxy groups ‘3l— 3~ ), and har dened b inders and f iber glass plastics based on :hen
are :haractenized h i  high strength.

The rol ’;atomic alcohol used in. t h e  syn thes i s  of poly~~l :cido l  ~r h e r a  is r e n t s —
en thnitoL The tetragl- .~~ido L e the r  s’ n th e s l ze d  f r o m  it aLs o nec high st :€nzth

~r. the cu r sd  s t a t e  (U’P—633~

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ .
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Using resorcinol arc p en t a er y th r i t o l , the i n d u s t r y  p roduces  r e s ins  of brands
UP —ó3.  I T — 6 7 , RES—3 , IPO F—S and U~ — 6 3 5 .

The main characteristIcs of polvglvcidc l ethers , b inders and f I be r glass
plastics based on them are listed in Tables 5 and 6.

Table 5
Principal characteristics of pobyglycidic Caters based on polyatomic alcohols

~~~ Sc~~~~ th , kgf/mn2 ,

Resin I Initial o n  > c
Brand Components ~~~~~ ~~~~~~f

- 
~~~~~ — a  —~~~ -~~~ c c  -
- ... ,

~ a. ‘0 a. - c c- ~~c . e. s, . 5 ‘ c c  .
‘~~~~~~~~~~~~~~ -~~~ ~~~~~~~~~~~~~~~~

UP-63 - Resorcinol , ep i- 21-23 600 9 20 7 . 2  2 . 3  I 140
chi.orohydrln, I
fu r fu r v l alcohol -

RES—3 I Resorcinol , epi— 22—25 10 il.5 23 7.2 2.2 120
I chboroh ydrin

‘UP—635 ?anrae rythritol , 27—30 3 : 13.8, 28 9.6 2.4 —
epichborohydrin -~

;EPOF—5 Polyoxvphenvlene , 18—22 800 12.51 22 8 1.3 163
epi chb orohydr ln  I

Tab le 6
~echanical proper t ies  of fiber glass plastics based on polyg!vcidol ethers 117

Property UP —63 RE S— 3 UP—635 EPOF—5

Strength , k g f / r m 2 : I

compressIve 63 62 68 
I 66

bending 92 93 98 97
interlamlnar shear ~ 7.3 7.3 

- 
9.0 3.0

Impact strength , kgi m/ cm~ 4.3 4.3 4.2 , 3 .0

Poly gly cidylamln ee are obtained from pr lnar ’;  and secondary aliphat i c  and
aromatic amines. The synthesis Is carried out in two steps: the flret step in-
volves the formatIon of chlorohydrins from epichborohvdrin and the corresponding
amine , and the second step consists in dehydrochborinaclon.

The attention given to polyglycidylaminee is due to their high strength combined
with heat resistance.

Amine—conta in ing  epoxides fr s ~ uenti’:  have Low viscosi::  and are :h e r e f o r e
used as actcve diluents of epoxy binders for fIber glass p lastIcs fabricated b’.
fec- jon moldIng and winding . 

-- - - - ~~- - .‘,~ -- -“-



Depending on the structure of the initial amino—coutaining monomer , cj~ 4cmere
with different properties may be obtained. Thus, the use of halogen—:cn:acning
amines makes It possible to produce fire—resistant epoxy resin.”. .~ high fore
resistance is axhibited by oligomers synthesized from epichlorohydrin and N—peo:a—
ch l o rophenyie thy len ed iamine  and f rom epichloroh ydrin and chlorinated en~ Line .’’

Among g1ycidvlmono~mines , the highest adhesive ar.d cohieiie strength is e:t —
hihited by epoxidized p— aminophenol. Binders based on It , cured with aromatIc
sulfones or amines , are used for articles made by hot pressing.

The viscosi ty of po l~ glyc idylamimes is considerably in creased by u s i ng  ~ r o m a r y
diam ines as the starting material in the synthesis of epoxy oligomers. The coopo unos
thus obtained are tetrafunctional. Among primary diamines , use is made of - ,- -

aminodiphenylmethane , 3 ,3’ —d imethoxv—4 ,4’—diaminodiphenylmethane , 3,3 -dichlc rc— ....’—
diaminodiphenylmethane , and 3 ,3’ —dibromc-4 ,4 ’ —diarninodiphenylmethane . The ~se of
4.3’—diamlnodlphenylpropane and metaphenvienediamine has slso been proposed.

n. the USSR , tetrafunctlonal glycidylamines based on primary dlamines h a v e  aLso
been synthesized and are being produced.

Attent ion is drawm to the hign strength characteristics of cured tetrafuncti onel
polyg lycld ylamines and to their relatively hIgh viscosities. From the stand7cin: /15
of their properties , tetrafunctional polygi.ycidylanines are pronislng materIals
may be recommended for use in the compositIon of binders for hot—pressed flbet
glass plastics.

On the industrial scale , polyglycidylamines are made under the f c l l - - - ‘ brand
desIgnations : IA, 17—610, IXhO , and metolon.’ ~

- The main characteristic : c~ these
resins and binders and fiber glass plastics based on them are given In ThbL- 7 ar.c 3.

Tab le 7
Main characteristIcs of poivfunctlomal nitrogen—containing epoxy resins

Resin — — J -Strength , k g f / n m~- i - c  y~~- T  ~~.~ t~~~~z . 0 Z ~~a., Bend— Cam— re~~
Components ~~~~~ ‘ ing pres— Isile

Poly— LA An.i irie , epichborohy— 30 1.2 8.5 17.5 5 1.8 -115
glyc idyl~ irIn I . 

. I

~amines ‘JP—3iO ~Paraaminophenol , epi— 28 1 L. 12 23 8.1 2.6 123
I chborohydr in F F

, Metolon 3,3’ —dimethoxy—4 ,4 ’ — 30 900 9 26 3 1.9 180 -
F d iaminodiphenyl— I - -

I I methane , em ichboro— : I
- hydrin 

- 

‘EKhD 3 ,3’ —dichloro—4 ,4’— 26 - 20 13 ‘27 9 2.3 165
diammn.odiphenyl— I I II methane , epichboro— ‘ - I ,

I hydr in -
ITs -Cyanur ic  acid , epi— 30 Solid 7.5 13 3.2 1.5 180

zl’,c~~v1— chborohydrin pro_
amides - , duct -- ETsO— Cvanuric acid , di— 20 750 9 -~~~ .5.5 12.1 Ls0

- 13 phenylo lpro pane , I -

- 

- eoichlorohydrin F I -
13



Table S
Mechanical properties of fiber glass plastics based on nitrogen—contaIning epoxy
resins

Property LA UP—610 Metobon EKhD ITs ETs2~ 12 -
Stren gth , kg f/ mm : 

I

compressive 48 63 69 69 42 I 60
bending 79 96 97 98 68 90
interl~~inar shear 6.9 I 9 . 2  9 .0  9 .8  6 . 5 I  ~~~

Impact strength , kgf n/cm— 4.~ 4.1 4.3 4.0 4.0! 4.0

A general method of prepmra c ion  of polyglycidylamides is the reaction of amides /19
vith eipchlorohvdrin , sometimes in the presence of catalysts (for example , comp lexes
of borontrifluoride ), followed by dehvdrochborination.

Among glycidylamides , the best known are derivatives of cyanuric acId (cyanurates).
The domestic industry produces trlglycidvl isocyanurate (ITs—K) , a mixture of mcno—
and diglycidyl Isocyanuratas (ITs—N) , a mixture of mono— , di— and triglycidvl iso—
cyanurates (ITs) , as well as composites of epoxycysnurate and epoxydiane resins.

The main zha:acterlstics of the indicated compounds as well as those of binders
and fiber glass plastics based on them are given in Tables 7 and 8.

Trlglycld yb isocyanurate (ETs—K)

C~~—0—CH~—CM—CH.

N N “0’

CH 2—CH—CH2—0-—~ C—0—CH~—CH—Cl-i.

N” 
- - 
0’

is a monomeric crystalline product with a melting point of l56~ C , marked by a
comparatively high specific functionality (content of epoxy groups , 31— 127).
Along with a compact molecular structure and the presence of a s--n-metric i~ocyan.urate
heterocycle , the high specific functionality provides for the formation of a
re t icula te  polymer wi th  a high c ross- l inking  dens i ty ,  rIgidity and heat resIstance.

The glass transition point of cured triglycidyl isocyanurate is 1~ 5’C , and the

~!artens temperature is 23O~C. The reactivity of trigl’icidyl isocyan irate with
amines is so h igh that it is practically impossible to process composItIons basen
on it. In addition , at room temperature it does not dissolve in any of the ~ncvn.
solvents , and partially crystallizes on cooling from solutions obtained at ?0—
100 C .

A mixture of mono— and diglycidyl isocyanurates (ITs—N) cured with amlnes r
anr.ydrtdes is inferior to triglycidy]. isocyanurate in heat resistance and strength ,
but is convenientl-; characterized by lower activity and solubillty in ordinary
sclven.ta . Therefore. ITs—N resin is widely employed in various branches of Ind’istr ’
fc r the fabrIcat~ ari of articles used at high temperatursa . The use of ITs—N resin.
fc r toe fabrlcatlo, -of fiber glass plastics for sn:pbuilding applications Is on—
ces_ ro ole because c: hjgh brittleness and low ‘. - er resistance as compared to
:h ~se ‘fepoxy diane oligoners. In order to obtain compositIon of sati~ factor heot

13



Table 9 .
Properties of cycloaliphatic epoxy resins dc/eloped abroad

- -I It )  ~ a .
— ~~~~~~~ >

- C O 5 - ‘ s n c — s - —a • -. a ~e cI a ‘-_ -~. a c ’ ~. 1 u ..~~‘ a .~~ z ~~. . f f-

Brand Chemical CompositioO 
~ ~~~~~~ ~~ ~~~-c - , ,~~~~~~~ a u — .

~~a~~a c a .
1 1. 1.. m a ’ ~’ a c ’ . . . c c - - o 5 —  S cF m a  m a c - c  c r ~~c c :c c c  c~~~~5I ‘ l z c 1~~ 5 a 4 5 , ! z c _  ~~~~~~

ER -2 114 Diepoxide based o n l .4— cy c loh ex adj e r i ~ ~ 062 95 .5 0 .72 36.5

0~~
J

~o

ER-291 2,3—epoxycyclopentylglvcidol ether - ~ 0.6 0.5 —

0 0 -
/

I / \ F -
LJ”0 C H 2—.CH CH,

ER- 2 !~9 I Dioxane diglycidol ether 60 0 4 5  I 12.0 6.0 —
CH. — CH—CH :—0— CH — C M— 0— C M , CH —CH ,

/ \ I I/ \. 0 I F F
0 0 0 - -/ I - 

I\ / - I
CH,—CH2 I I

~~~~~~~ Sulfola~ dlglymidol ether  F 0) 4.320 9.0 6 .6 0 .308 13 .5- 
CH,—CH—CH~—0—CH—CH—QCH.—C1-(—C!-f .

\ /
- 0 CH~~CFis 0

s0~
ERN%-0256 ! EP o~ 1cycbopenty1phenybgly0j~0j etheg Ô~ 0 u S  0.0 3,1 0.401 16.0

I 1/ ,—OC-i1—CH--CH,
— \=. -

BispheflO~ digbycldoj ether ~ 0 262 7 .0 8 ,8 0.247 0 .5
0—CM , CM ,

— / \ / \
CH~—CM—~ —C1-1~--CH~—CH C CH—

/ _=/ \ /~\ ./

0 0—C H 2 CH 1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
I

=

E PPA-0300 0 60 
F 0.6)2 11 .5 2.6 — —

I 
I I

60 - 0 40)) - 2 - ~ I 0 47~ tg .;

‘ 0 -
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resistance combined with a high s t r e n g t h  nd reactivity , the EIsD— 13 composition , _

was developed , based on ITs epoxycyanurate resin and 10—13 epoxydiane resin.

in the ob~ goners discussed above, the epoxide -o-oxy ring and nitrogen—contain—
ing group were separated by a methylene  group.  SometImes the epoxy and nitrogen—
containing groups are so fa r  apart  t ha t  the i r  mutua l  in f luence  on the reactivity
of the oligocers is absent.” In this case , the nitrogen—containing group is an
internal modifier that improves the properties of the oligomers. This group of
oblgomers Incl udes polyglycidylami des, the synthesis of which is based on aminolvsis
of methyl esters of epoxidized fatty acids or on the epoxidation of unsaturatec
aliphatl: polvamides. Curing with compounds of boron trifbuorlde forms elastIc
polymers for electrical insulation coatings. A disadvantage of epoxidized po ly—
amides which limits their applicatIon in shipbuilding is reduced water resistance.

As was noted above , cycloaliphatic epoxy resins are prepared by dIrect epox lda—
tion of unsa tura ted  compounds.

The unsaturated compounds used may be both al i p hat ic and
aromatic. On c u r i n g ,  cycloaliphat 1c epoxy resins form three—dIm ensIonal
structures with a large number of cross—lInks. The latter directly join the rings ,
causing the high strength and heat resistance of the cured products.

Cycloaliphatic resins also possess high thermal stabIlIty , dielectric
properties which are maintained at high temperatures , arid high atmospheric re-
sistance , which permits their use as binders for fiber glass plastics used at
high temperatures and sealing compounds.

All cycloaliphatic epoxy resins are marked by low reactivity and are cured
at high temperatures by polycarboxy2.ic acid anhydrides in the presence of accelerators  —
boron trIfluorlde complexes.

Among rIgId cycboaliphatic resins, those developed by Union Carbide Corp . (USA)
and Ciba are well known .1’ °‘

Tn order to obtain more elastic structures , cycb oal iphatic resins are modified
by increasing the distance between the aromatic rings and thereby decreasing t h C

heat resistance to some extent.

The properties of the be st—known cycioallphatic resins cured w i th  m et apheny lene—
diamine are given in Table 9. -

3. Curing Agents

The presence of two types of functional groups — epoxy and hydroxy l — in /23
epoxy oligomers makes it possible to cure them ‘4th various substances.  Depend—
lug on the nature  of the curing agent , the curing may take place with the pre-
dominant par t ic ipat ion of epoxy group s , hydroxy l groups , or both simultaneously.
Curing agents reacting with epoxy gcoupe include polyamines and pol’;carboxylic
acids and their anhydrides . Curing agents curing through hydroxyl groups include
compounds wi th  isocyanate groups. Curing with phenol—formaldehy de resins in—
volves the participatIon of both epoxy and hydroxy l groups .
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DependIng on the type of curing agent , curing may take p 1ace at room or
higher  t empera tu re .  For articles used in ship machine building , it is pref~ rabls
to use so—called hot—curing agents , which provide for the highest strength properties
of the structures and an adequa te  period of storage of the press materIals.

The increased useful life of the composites is an Importan t factor which makes
it possible to use th~ highly productive mechanized impregnation of glass fabrics .

The selection of a given curing agent IS determined in each case by th~ fabr ica-
tion technology , structure, and set of requirements p laced on the article.

Curing with anines. At the present tIme , a large number of amine type curing
agents  are known , including prlmaty , secondary and tertiary amities of the aliphatl:
and aromatIc serIes.

The rates ni reactions with primary and secondary amino groups differ oriy
slightly. Side reactions , for example between epoxy an.d hydroxyl groups , are
pract ical ly  absent .  Cur ing  with amines Is a b imolecu la r  reac tion .  Theoret ical
calculations of the react ion ra te  are in good agreement w i th  the exper imenta l
data. Optimum properties of the comoositioris are achieved when one hydrogen atom
of the amine corresponds to one epoxy group.

Aliphstic amines have icy viscosity at room temperature (0.1 P at 25’C),
easily mix with epoxy oligomers , and cure them euen at room temperature.

Disadvantages of allphacic ammmes include their high toxicity, low water re-
sistance and heat rasistance of the binders during theIr use.

Typimal representatives of aromatic amities are m—phenvlen.edlsmine; 4,4 ‘- and
3,3’ —diaminod!phenvl sulfone , !‘,4 ’ —diaminodiphenvlmethane and its derIvatives.
Compositions based on epoxy oligomers ‘4th aromatIc amines have high strength
ch aracter i s tIcs  and water and heat resistance.°- ’ AromatIc amities cure at /23
high temperature (l60—l80~C). Compositions of epoxy oligomers with such prod ucts
as 4,4’—d iaminodiphenyl sulfone remain stable for several months at room tempera-
ture , and h-once , n-olding materials and binders nay be stored for long periods
of time at -room temperature .

In addition to aromatic amines , eu tec t i c  m i x t u r e s  of a romat ic  amines are also
used as curing agents . The mixtures ate liquid at room temoerature or have a low
mel t ing  t em p e r at u r e , and the re fo re  compositions based on them are eas:er to process
than compositions with Individual aromatIc amines.

The properties of aromatic amines synthesized i~ the Soviet Union are listed
in Table 10.

Aromatic amities constitute a promisine group of curing agents providing for
hi gh s t rength  and heat and water  resis tance of f i b e r  glass p lastics (Tabie  11).
Flowe’,er, their use for series—produced articles for ship machine building is current—
Ly limited by their high cost , which results In a considerable increase in the
pr ices of the articles , since the content cf amities in an epoxy binder is at least
10% .

in contrast to primary and secondary amfoes, tertIary amines do not contain
reach -- s hydrogen atoms , and curing with  their partIcipation follows a c3tal?tic

17
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mechanism . Cross—linking of the molecules takes place by polymeri zation thrc-cgh
epoxy groups .

CurIng with tertiary amities takes place at temperatures of 120—160’.

Table 10.
Principal properties of amine type curing agents

Curing Agent Physical State I Melting Molecular

I I Point , ‘C Mass

3,3 —diaminodiphenyl White crystalline sub— 110 I 248
- sulfone stance I
i,4’—diaminoddphenyl Same I 150 248

- suif one -

~,3’—dIamiaodjphenyl-~ Same 92.5 80
- methane .
3,3’ —dichloro_4.3’_dl_ Orown powder 101 267

aminodiphenylmethane
Metapheny l.enediamine Gray powder 63 136.2

ITr i e~ hanolatij ne t it anate  Thick viscous l iquid , — —

I yellow to brown
3,3’ —d imethoxy—4 ,4 ’ .-diamitto_u Gray crystalline sub— 150 258

I di pheny lmethane stance F
Triethanolamine Transparent liquid — 149.2

Table 11
Properties of fiber glass plastics cured with aromatic amities

________________________________ / 2 5

I CurIng Agents
I -~ 

-
F Property 4,4 ’—djamino— 3,3’ —dichloro— Mets—

diphenyl 4 ,4 ’ —d iamir .o— phenylene—
________________________________________ ~u1f one d~p~nenvlmethsne Idiamine

Strength , kgf/ 2:
tensile 60 60
compressive 54 i8 I 39. 3
bending I 68 I S..1
Interlasinar shear 7.4 I 6.5 6.5

Impact strength , kgf m/cm 4.4 4.3 4.0

A considerable numbe r of curing agents are known among tertiary amities: tritrethyl—
amine , tr iethylanine , triethanolamlne , dimeth ylbenzylamjne. in the Soviet industry,
triethanoiamine is most frequently used in the production of hot—pressed fiber
glass plastics.

Trleth anolamine is obt a in ed  by reactIng an aqueous solution of a uonia wIth
ethylene oxide. Trietnariolamjne has the appearance of a transparent, viscous
licuid, it Is conver .ient to handle . riontoxlc, and mixes readily with resin .  A
disadvantage o~ tr ietnanolamlne is Its high hvgroscop icit’;. Fiber glass p lastIcs

~
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~ute ~ wi th tr ie thanclamine are characterized by u n s tab l e  s t r e ngt h  p r c ; t r r t i e s ,
although individual samples of the p lastIc have relatIvel y hig h meL han~ cai
characteristics.

Cur ing  w i t h  p oly amide resIns .  Epoxy resins are cured with low—mc1ec~ iar
polyamide resins and methylol  der iva t ives  of polyanldes a i t h  a high molecu l a r  mass .
Epoxypolvamide resins are marked by h ig h el a st I c i t y .  The incre ase  in e l a st I c i ty
in th i s  case is due to the comparatIvely low cross—lInking density and the introduc-
tion of flexible aliphatic linkages into the polymer structure. Pclyamide resIns
are nontoxic and provide for a comparatIvely long useful life. The curing reaction
is not very exothermj c and takes place without the evolution of volatile substances .

“Oligoam ides ,” low—molecular polyanide resins similar to “versar.ida” foreIgn
resins , have been developed by a group of workers under the ~upervisiori of K.
Vlasova. • They are prepared by using polymerlzed esters of fatty acids from
soy and linseed oils arid diamines , isolated from technical-grade polyethylene
polyamine by vacuum d ist i l l a t I o n .

Low molecular  polyamides are viscous liquids.

The physicomechanical properties of epoxypolyamide resins change wi th  the  /26
proportIon of the components , and the bes t properties are achieved with a 0—50%
oligoamide content . Glass fabr ic  resin laminates based on them (of brand LN—50)
are prepared at specific pressures of 1—3 kgf/cm’- and 120—160°C.

Mer ’nylol derIvat ives of polyamides are obtained by reacting formaldehyde
with high—molecular polyamides)~

Glass fab ric resin laminate based on methylolpol’ismidoepoxy resin (of brand
PEM—2) is obtained by imore~nating glass fabric with an alcohol—acetone solution
of the resin, then drying at 60—70°C. The impregnated fabric is pressed at l6O~C
and a specifIc pressure of 30—50 kgf /cm 2.

Another  typ e of epoxvpolyami de f ibe r  glass p las t ic  is mater Ia l  of brand EDP —2 ,
in which methylolpolvamide resin enters into the block copolvmer with epoxvdimethyl—
resorcinol resin. FIber glass plastic of brand ~~P—2 is prepared similarly to
PZM—2 material.

The use of epoxypolyamide elastic b in de r s  makes it possible to increase the
resistance of glass fabric resin laminates to dynamic loads and to reduce their
delamination. Epoxypo lyamide binders have reduced water res i s tance  and heat re-
sistance. The moSt wster—resIstant of this group of materials is EDP—2 fiber ;lass
plas t Ic  (Table 12).

Curing with isocyanates. Isocyanates (derivatives of N—iaocvauic acid) are
characterized by the presence of a h Igh ly  r e a c t i v e  radical which reac ts  w i t h
the hydroxy l group s present  iti the epoxy resIns. To extend the storage life of
the  composItions and reduce their  toxic i ty  during the production of the fiber
glass plastics , pure isocyanates are usual ly replaced by their  der ivatIves , f o r
example , products of the reactIon of toluy ler.e dlisocyanata and polybutanediol
or toluylene diisocyanate arid diphenyloipropane (polyphenylurethane resin) .

19
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Table 12.
Physicomechanical  p r o p e r t i e s  of epoxypo lyamide f i b e r  glass p la s t i c s

I Brand of B in der
Property

P~~l—2 I EN — SL

Strength , kgf/mn :
tensile 52.0 45.0 50.0
bending 54 .2  42 .6  39.5
compressive 

3 ., 43.4 33.0 32.6

I Modulus of tension , 10 k gf /  3 .0 2 .9  - 3.1
I Impact strength . k g f m / cm~ 4.5 3.4 3 .2

~a te r  absorpt ion a f t e r  30 day s , 1. 3 2 .2  - 3.3

Note.  Water absorptIon was determined on specimens 120 x 15 x 10 mm.

An epoxypol-:ure :hane binder  has been developed f rom a binder cons is t ing  of / 2 7
an epoxy and a polyp henviurethane resin taken in the proportIon of 1:1. On cur— -

ing ,  the po lyphenylure thsne  resin breaks down into its inItIal comoonents , so
tha t  dlpheny lolprop ane and toluylene diisocyanate react w it h  the epoxy resin.

The c-Lring r e a ct i on  of the epoxy resin ~~~~ isocy anates takes place with-
out the evolution of volatile substances .  Mowever , the main reactIon is accompanied
by the  r saction of isocyanate w i t h  moisture, a certaIn amount of wh ich is Inevitably
present In the components of the f iber  glass p las t ic .  This side reaction takes
place with 5 substantial  l ibera t ion  of carbon dioxide , which is a major cechnologi—
cal disadvan tage of apox-ypol yurezhane b inders .  Fiber glass plastics based on
epoxypolyurethane bindere are processed by hot pressing at 170— 180 ° C and a spec i f i c
pressure of 50—70 kgf /cm Z .

Epoxypolyurethan e f iber  glass plastics are characterized by excellent water
resistance, heat resistance , strength properties , and impact resistance.

Propert ies of epoxypo lyurethane f ibe r  glass plas tics
S t reng th . kg f/mm ’c

tensile 54.0
bending 62~0
interisminar shear 7,3
compressive 43.0

impact strength , kgf m/cm~ 5.3
Water absorption ,

after 30 days 0.24
after 365 days 0.49

Curing with phenol—f ortnaldehyde resins. Phenol—formaldehyde resins con-
stitute low—toxicity, inexpensive and technologically effective curing agents.
Phenol—formaldehyde resins of both resol and novolac typ e are used for curing.
FIber glass plastics based on them possess a relatively hIgh short—time , fatI gue
and s t r e s s — r u p tur e  s t r e n g t h , as well as water  and heat resis tance.

Thia section discusses the mechanism of curing of epoxy resins by read t ” e
ph eno l i c  resins .  The mechanism of c u r i n g  with riovojac resins is descrIbed in Ch. 10.

20

____________



I

Experimental studies ha’~e establIshed that the optimum ratio of epoxy resin
to r e sol—t- i pe  phenol lc res in  is 70:30. In view of the complexity of the process
of cur ing with ph~no1ic res ins , this ratio cannot be established by calculation.

Cur~ng of epoxy resins with phenol resIns forms rigid products of reticulate
structure which provide for a high strength and water rasistance of the fiber glass
plastic.

Curing wi th  a resol type phenolic resin conta in ing phenol  and r i e th y l o l  hydroxyl  /28
groups takes  p lace simultaneously in the following dIrections: ‘

reaction of the epoxy group with the meth ylol hy droxyl group (reaction 1);
reaction of the epoxy group with the phenol hydroxyl group (reaction 2);
condensation of the resol resin with the splitting off of water without the

particIpation of the epoxy component (reaction 3);
reaction of the methylol group with the secondary hydroxvl group of the

pol’rmerio epoxy compound (reaction 4);
reaction of the epoxy group with the secondary hydroxyl. group of the polymeric

epoxy compound (reaction 5).

Reactions 1, 2 and 3 determine the qualIty of the end product; the rate of re-
actions I arid 2 should be much higher than that of reactIon 3 — the condensation oi
the resol resin itself. Violation of this condItion results in the formaticn of
i n s u f f I c i e n t ly cured p r o d u c t s .

Because of ster ic hindrance , reactIons 4 and 5 take place at slow rates and
do not effect ively determine the quality of the end product. Reaction 3 is un-
desirable , since it involves the evolution of water and causes a decrease in the
numb er of funct ional  group s of the curIng agent and hence , the formatIon of an
inh onogeneous , Insufficiently cured product of increased porosity.

Studies have shcwn that the optImum curing conditions chosen for a given batch
ci phenol resin (bakeli te  lacquer)  do not provide for  the format ion of p roduc t s  of the
required strength as one passes to another batch of the lacquer. As we know , bakelite
lacquer is s solution of a phenolic resin in alcohol. -Th~n bakelite lacquer is
stored for a long time , partial polycondensation of the phenolic resin tskes place ,
inevitably resulting in a decrease of its activity and hence , a decline of the
quality -~f the cured fiber glass plastic. The activity of the pheriolic resIn as a
curing agent also depends on the conditions of its synthesis and pres ence of
various uncontrollable impurities.

The Instability and multistep character of the process of curing w i t h  phenolic
resins , due to the forma tion of undesirable by—products  make i t  necessary to con-
trol the starting materials carefully and select Individual  pressing condit ions
according to the geometry and dimensions of the article and characteristics of the
raw materIal.

Cat a ly t i c  cu r inj . The ca ta ly t ic  curing of epoxy oligomers is a fairly complex
process that has been inadequately studied. The following compounds may be used
as catalytic type curing agents:

chelate ni t rogen or oxygen—containing compounds ; /29
complexes of es ters  or amities wi th  Lewis acids , etc;
alk yl and cy~ 1opentadienvl derivatives of metals ;
metal salts;
alcohola tes , phenolates , cercaptldes;
finely d ivided  nickel , i r on , copper , chromium , molybdenum , lead ;
metal oxides and hydroxides.
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historically , the first compounds used as cur cne catal-’sts were chelate
compounds, in which the metal at oms  are Linked by a coordInate bond to the oxygen
or nitrogen included in the composition of c~ e sane molecule as the metal. The
use of these che ates for curing or for accei craring ccc caring of ency-,
oligomers has been described in many patents. Aluminum and  cobalt Oerivatives
of acetoacecic ester and nickel and chromi um deriiati.es of acet .’lacecone toy be
used for these purposes.

A comparatively short curIng time at elevated temperatures is exhibited by
epoxy compositIons with the sane catalysts as chelate compounds of d i v al en t  and
trivalent cobalt , magnesium , n ickel , and r.olybdenum and vanadium oxides with di—
carbonvl compounds.

in 1960, libling and Thomas patented the use oi compounds in which the metal —
atom is linked by a coordinate bond to the n i t rogen atom as cu r ing  agents.

Etc addition to cbelate compounds , comp le:’.es of es te rs  or aaines with Lewis
ac ids have good curing properties. Compositions which are cold—resl.stant and
cure readily on heating can be obtaIned by using complexes of tIn tetrach iorlde
with l,~~—dIthioethyLene glycol cibutyl ester for curing.

Curing catalysts of the third group — alkyl and cyclopentadlen’.’L der ivatives
of metals — have begun to be used ve~y recently. The principal studies are be—
1mg conducted in Japan on compounds of zInc and aluminum . The use of this group
-if curing agents is complicated by their seli—i gn itab il i ty.

In Japan and the USA , zinc , cadmium , cobalt , and nickel salts of or;ant~
acids (acetic , propionic , berizoic) are being extensively used as catalysts.

Of great interest are epoxy composItions cured by metal alcoholates and
mercaptides. TheIr properties are unique — ch~ composition s can be s t o r e d  f o r
lon g perIods of tIne at room temperature , and they cure in a few minutes at 100°C.

En recent Years, studIes have been conducted in the L’SA on the curing of epcx’~’
como ounds by firiely divided metal powders — nickel, iron , copper, chromium , lead ,
and the ir cxl,des and hydroxides.

Among curing catalysts , trlethanolaniirie citanate is being produced on an
industrIal scale in the Soviet Union. The properties of binders wi th  different /31
contents of triethanolamine titanate are shown in Table 13. Their curing kinetIcs
ar e represented in Fig. 1.

Plasticization of Epoxy 3inders

A disadvantage of epox’: binders is the b r i t t l eness  due to s t rong  Int e rm olecu lar
interaction and rigidity of the trimer chains formec during the curing.

The elast icity of the binders can be Increased by introducing fLe~ ibie linkages
Into the trfmer rietwork, reducing the intermolecular interaction , and blending with
pol ymers having a low modulus of elas:icit’;. Such an effect is achieved by using
inert plastIcizers (external or physical piusttcization) and introducIn-c specI al
types of compounos compatible w i th  epoxy oligomers (structural p lastccizatIori~.
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Tab Le 13
PhysLccnecnanIca.~ ?r~ perti~ s of epoxvamiue b i n d e r s  w i t h  d i f fe r e n t  con t ~~n :s  of /30
tr~ethanuLamLne :i:anate

- Tr iethanolamine t i c an at e  content  of t oe  cOmpoS~~t c n ,

P r o p e r t y  - 3 .5  1 2 5 lo ls 
___________

- - — 
~
., I -~~ - - - -

- 

— — - — — — - .-
~ _ — — — —I - .0 . 1 .0 .0 - .0 -

-°

Strength , kgf/cn2: ~

- -

~ ~~

_

~~ i -

- com p re s s i ve ~~~~ I 3.0 3.5 9.0 12. 4 4 .0 2,9 
I 

8 27 47 24 5.2 2.~ 
-

ben d ing 
~~~~~~~

4 3
~~~~~~~~~~

2 - 45 9 O I 6 5 I ’l 4
1
9 7.5

Elonqstion ln ~~
_
~~~

_ 2 . 3 I .95 - 2.7j 2. o
~~

2 .9 2.7 3.3 2.9 :3 . 4 2 t
~ —

tension , ’ I I -
Adhesicn strongth. 0.5 , 0.2H.4H.1 2 .3 2 4 -  2.9 3.~~~3.5 S . ~s~~~s H ;  s o :

H
Deformation camper— — — 5-3 60 3’) lOG I 50 15 106 55 02 I 95 36

at’u:e, ’C H I
~a1er absorption o.53 l o.3~~o,3s . o.3; ’):7o .i3 i l s  o.I2 ; o. !~ 3.!6 3.~j ’ ) 21 3 1 . 31

after boiling I
- I h I I
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Fig. 1. Curing kInetics of epoxyamine binder basso on :2—13 epoxy resin at 160°C ‘31
for lifierent contents cf the curIng agent — :riethanolazaoe ti:anate.
1 — 5Z; 2 — 101; 3 — 111. C. — s~ount of urreacted epoxy g roups , 1;  — c u r i n g
:.ne , ~~
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In cocition , many sutnors~ ° propose to increase the eiust:..~~ty by :.e -
~~.i- : - c

the density of the cross—linkages. ) l ow ever ,  in pract ice , a sub stantcad cr.Jc2~
cross linking density results in only a slight change In the neculos -of elc~ t~~c::-. ,
and in man , cnees aLso leads to an tncrease of this modulus , since roe hi~ n
bilItv of toe cnains promotes a denser packing of them. Thta is ccnri~~~ c by
studies of the dynamic modulus if elasticc.ty of epoxydiene resins wtth -~tff arenr
contents of epoxy groups (10, lb , 21L~; the lowest modulus of elast . :- -- r s  ex—
hibited by the resin with 211 of epoxy groups.

)ne of the methods of structural plasticization involves bi~ cdln~
havIng flexIble aliphatic chains and terminal functional groups capable of reactin g
with the epoxy groups of resins. Strong bonds are thus formed between the p lastici :—
ing polymers and epoxy oligomers .

Such p lasticization causes an increase in the percentage elongation -~f the
resin , but on toe other har,d, it is Inevitably related to a decrease in the
hesive streneth of the resin and its heat stability. The nagnitode of the plasticlca—
d on effect depends not so much on the nature of the p lastIcizer as on the degree
of the loosenIng of the In ner oetwor~ caused by it , i. e. , c-n the amount of
plasticizer. Usually , 10—201 of plasticizer Is introcucec into the composition of
the binder.

Among plasticizers of this type , the ones most closely studied have been low—
molecular polysulfide rubbers — thiokols. Thiokols are lIquids with a pungent odcr
and a vIscosity of 150—300 c-P.

Epoxy resins are capable of reactIng wIth liquid thiokols in toe presence of
organic amines and phenollc resins.

Increasing the thiokol content above 2031 in the composition of the binder
causes a Sharp decline of the sorength properties of cured binders and fiber
glass p lastics.

in additIon to polysulfide rubbers , plusticizaclon of epoxy fiber glass
plastics is accomplished by means of butauiene—raltrile carboxylated rubbers cf
brands S~~ —lC— 5 , S~~ —l8—l , and 5~~ —26— l , wIth viscosities from ~00 to 3000 c-P.

yowe’,er , because of the relatively high molecular mass and low reactivity
c- f the rubbers , the end products of curing ccnsist mainly of a mechanical n~oture
of p o l c o er s  an~ ~nave a low cohesive strength ‘Table Li)

PlasticIzers with terminal functional grout’s also include polyester acrylate
resins , ~ihLch are •:er’. compatible with an epox:~ resin . Pc-lveeter .acrviate plastIcizers
are emplovec- most extensively In connection with the use of epoxy resins as sealing
compounds. Such plasticIzers have lImited use for hct—nres ~ ed fiber glass plastics.

One of the methods of structural piastici zatico inv o lv es the use as cu r in g
s~ ents of polymers containing flexible slinhatic L~ okJees. Such curing agents
include the above—descrIbed -oligoem ide s , and also a c:rine agent ccnsistrng -c-f
trtetnanolamlne tltonace , mc-d~ fisd with the t’roduct of traosestenif-icat~ cn c-f

-castor -oil arid trlethylene 31.- c d .

The most effective structural p .Ostic :zers are sic-pc -art : po1.gl c~ ovl etoers
crea te -a on the dSiR by a grou; of co—workers inc-ar the eupervosion of S ly a k h m a n 
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and Skr Lava. 2 Aliphat ic oolyg lycldol ethers are obtained b y condenstog pal —
atomic alcohols — ethylene glycol , diethvlene glycol and torethv lene givcoi with /33
epi .chlorohydrin in the presence of alkali catalysts. They  are icw_ visccsi t~
Llgui-ds with an epoxy group content c-f 5— 01.

Table 1~
E f f e c t  of p l a s t io l oat i o n  w I t h  rubbers  on the  p~iys icomechan ical  p r o p e r t i es  of epox y—
phenol fIber glass plastics

- Brand of Rubber
Property

I Thiokol (2OZ)rS~~ —lO (20’l ) - SK3~—l0—5
I ‘ - (40%)

- Strengro along warp of f a b r i c , kg~~” non I
- tensile I 64.0 58.0 1 46.0

compressive 40.5 1 39.2 I 38.0
- bending 63.0  I 57 . 5  - 5 6 .4

Interlarainar shear 6.2 I 5.6 5,4
TensIle strength at 5~ angle to 22.3 I 12.4 —

- warp , kgf/mm I
- Elongation . ‘

along warp 2~ 0 
- 2.3 2. 7

- at 45° angle to warp I 5.3 5.9 6.0

~ote. The content of rubbers is given In percent of mass of apoxo’ c-es-in.

The posslbilit’— of using aliphstic polyglycldcl ethers In epox-.’ fiber glass
pLastics and their plasticizing effect are determined by their structure and
properties.

when aliphatic ethers are Introduced into an epoxy conposition , on the c-tie
hand , the density of the network increases, since the ethers ars characterized by
a high content of epoxy groups , and on the other hand , th~ flexibility of the resin
macromolacule increases because of the presence of flexible sliphatIc chains .
%)ren the content of aliphatic components Is 10—30% , the indicated oppcsite effects
probably offset each other , and therefore the Induced e1a~ ticity limit and glass
tr ansition temperature change insignificantly. At th~ sane time , the tensile,
com pressive and bending strengths of the resIn and fiber glass plastic-s Increase.
Further increase of the content of glvcidil ether to 40% in the composition causes
a rapid decrease of the cohesive strength of the binder , and when the ether content
is iG— )%, the polymers become rubberlike. The elongation at rupture of such
modified binders is 100—150% , and the induced elasticity lirnit is 20—25 kgf!cm .

Table 15 gives the proper t ies  of epoxy f i be r  glass p las t ics  wi th  pheno l—form-
a l d e hy d e  resin curing agent modified with DEG—L aliphattc ether. As expected ,
matsrIal~ tontaining 14—20% of DEG—l allphatlc ether have a higher strength.

-s fc-sad’.-antsse c-f fiber glass p lastics modifIed with DIG :.‘me altnhattc etc -era
in comparrson wita -onpiasticized binders is their reduced water resistance , due to
roe oresenco c-i a arge amount of hydrophilic polar group In the cured resco. As
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the relative content of DEC—L resIn increases in toe .compcsitlon , the eater reaistuo.c e
of the fiber glas s plastic decreases , and tiaerefore , an epoxy fiber glass pla stic
cont aining no more than 10% of DEG—1 plastc-cizer should be used in Soipouildi r .3 .

Table 15
Eff ect of p lasticization with DIG—i aliphatic epoxy resin on the phvsiccmecnanioai
properties of epoxyphenol fiber glass plastics.

- I Content of DEG Resin , 1
- 

Property ______________________________________________________
I I 10 20 1 50

I 5t ren ~ th along warp of fabric , I I
k gi /mm :

tensile 64.0 64.3 63.5 - 54.1
I bending 69.0 72.0 71.0 - 60.0
- compressive 43.1 44.5 44.0 I 25.2 1

interlaminar shear - 6.9 7.1 I 7.4 I 5.1 -

Elongation of fiber I I I -glass plastic , 31 I

- Tensile strength at 45° angle - 25.5 I 27.3 - 23.2 15.6
tO warp , k g i / mm~ - I

Elongation of apecLm ens at 45° I 5 . 2  I 5.8 6 .0  I —

• anglo to warp , 1

water absorption after 7 days 0.33 0.68 I 1.0 3 . 6
Qf exposure to water , I
ler.ding strength after 730 55.0/73 50.0/70 I 39.0/50 10.0/20

days of exposure to water

Remarks . 1. Content of DEC—I resIn given in percent of mass of epoxy resin.
2. ~4ater absorptIon determined on samples measuring 120 x 15 x 10 ~~~~.

1 3. Numerator indIcates atsolute value of strength in kgf/rm-; denomina-
tor gives percen :c-ge of ic-lt I~ l value.

%tore water resistant are :i- .- c-t ~-;1 asters oi brands DIG—F and DEG—Zh , obtalnec-
by esterifving DEC—I resIn w t t : :c-me th~ l ;nt .:aiat-a or methyl esters of fatty ac-ic-s
(Table 16) . -

The s t r e n g t h  p r r p e r : i~~s or f i b e r g la s s  p l a at r c s  modi f Ied  w i t h  D I G—F and D E G — Z h
resins are scri ewoa t lower than in the case or modification with DEG—l resin. In
the case of pl asti cizers . po1- .~~ers with a low modulus of elasticity and hiph~ r
elongation are also -ise d . for e:-umrn p le , pal Irc-vlbut’, rai and modified fluorncaroan
plastics and polyasides. ’- ’

For p la s t i c - i c I n g .  it is p r e f e r a b l e  to use lacquer  and adhesIv e p o l v v i n w i b u t o - ra l  35
of brands ~A , LB , KA and K3, which blend c-ette r with resin, ?lastjcIzaticn of the
bloc-er wIth a ~na1I dose of p c l. - Ic -vl b ut vr a i ~up to 5%) decreases the Internal
stresses and Increases toe ~oc -act  e tr e o s t o  of t0  -muter tal . Up t o  30% conc ec -tra—
t oon , p’c- vvln’I b IItvra l Is onrfc~~ l dIstr~ zu:ed ~mcn-g roe macc-c-molecules, so roar
roe modulus c- i el.ast~~clt and straia c-f toe structure decrease. As the pciv—
;onylbutvra i content increases f-o rto e r , fIne i rregula r inciusroos appear wril co
ac.~ersei. affect roe propert~ c-s of toe ItOc - ec - KTsbl e 1~~ I .
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Table 16
Properties of aliphatlc epox , resins

Property DIG— I DEC—F lEO— Tb

External appearance I Low—viscosity liguid
Color From lI ght—yellow to brown
Content of epoxy groups , I I 2 4 — 2 6  11—14 6— 10

Table 17
Effect of plasticization with polyvlnylbutyral on the physfcomechanical properties
of epoxyphenol f iber glass plastics

I Polvvinvlbutyral content,
Property 

0 
- 

13

- Strength along warp , kgf/mm 2: 
-tensile I 66.0  - 65.8  I 56.0- bending - 69.0 I 70.4 I 5 4 1  1compressive 43.1 1 45.5 1 42 . 0

I interiamjnar shear 6.9 I 7 . 3  - 7 , 1- E1on~ ation 1 1.8 I 2.1  2 . 4
Tensile strength at 45’ angle to 25.5 I 25.0 I 22 , 1

warp, kgf/~~ I
Percentage elongation of specimen I 5.2  I I 6.3

I at 45° angle to warp , I
water absorption after 4 h of boi l ing 0.33 I 0.36 I 0.40 -

in water , I - I
Sending strength after I h of boiling 51/68 59.1/84 48.6/76

in teater

Remarks. 1. Po1yvinylbut’,~a1 content given In percent of mass of epoxy resin.
2. water absorption determined on specimens measuring 120 x i S  x 10 c-n.
3. Nu~erat~~ indicates absolute value of strength In k g f • rrn~~; de-

nominator indicates percent of initial value. 



Chapter 1. gEINFORCIIG ERLILS

5. Composition of Glass and its Influence on t he  Propertces -c - f Fiber Glass

According to the adopted classificatIon , fiber glass 15 divided I nt o  the / Sc-
following groups:

(a)  wi t h increased s t r e ngt h  and high strength;
(b) with altered cross sectionaL geometry;
(c) h e a t — r e s i s t a n t ;
(d) seniconducting and current—conductIng.
According to theIr strCngth , glass fibers nay be divided into three groups:
(a) high—strength 

~~ 
370—470 kgf;r~t - or hagner ’ :

(b )  increased s t r en g t h  (o  — 250— 150 k g f / r m~~~:

(c) normal strength (c- i%C~ 250 kgf, c-m).

The cnief component c-f glass is silicon c-ioxlde 310,. Its content Is usually
no less than 5031. During the melting, various conponent% are add ec- to t o e  g la s s :
aluminum oxide ~Al20,), calcIum oxide (CaO) , boric anhvdride (3 20

3
) . The proportion

or these components , i. e. , the chemical cc-c-position c-f the g3a~ s , iCtC cc roe
principal strength and technolo~ ioal properties of the ;lasa fiber. Thus , roe
introduction of boric aohvdride and alumInum oxide increases the atmcspheric ac-c
water tssistan:e c-f the glass fiber and inproves c-t ., textile prcp€rties . The
addition of calcium oxIde also Increases the water resistance as w~11 as the hard-
ness. The presence of copper , beryllium and tit:~nt-c-n oxides in the gLass :onrosl—
t ic-n improves the elastic properties of the fiber gloss and 1:5 adhesion to roe
binder. ~itc - rising percent content of alkalI netal oxides , the water reCost,000e
and elastic pro~ ert iee decrease.

At the present tIre , aiuninoborosilicate glass containing no -tome than ill
alkali metal oxides and conventionally designated a kail—fr ee is usually employed
in the product ion of structural fiber glass plastIcs. The g1a~ s has a relatlve%v
low fusion temperature; its modulus of elastic-it ’.’ is 7.3 1O~ kg f rtn . .inI toe
tensile strength is 280 kgff~~~~.

AlkalI—free glass fibers are also characteric-ed ‘ow high heat resisto r- c c- ~c-d
excellent e1e:tric~ i insulatIng properties. The coc-position of a1~ a1i— free t asC
includes the relatively scarce and expensive borIc ac-hvdr:de , -obcse cost accounts
for up to 80% of the cost of the glass.

For this reason , Instead of alkali—free glass , boron—f ree alkali g iam s c-or .—
tam ing 5 to 132 alkali metal oxides is -used in many cases. Alkali :iber glass
c-as Lower tensile strength (b y Ll—2Ic-31~ and modulus of elastici:. -‘by 13—151) ,
and reduced torsional resistance (by 2%) . Its cost Ia 3531 lower than that of
alkali—free glass. ’

St udies ourrenti c- being conducted are aimed ~t findi ng new composIttc-ns of
boron—free or low—boron water—resistant glasses with propert Ies ertul.ale rt to :ho~ e
of alurainoborosilicate glass. A whole series of glass compositIons b e e  been
developed in which the absence of boric anh ydride Is compensated b-i :otrtd’Icc -~ C
:rrc-or,iunr -anc- manganese -oxide and c-the: ccmponenta while tncreas~ oc - the .:onter.t
of silicon dlcxide.
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New glass cc -rp c- stttc -ns containing dl oori c acid iasteao ‘: ILI c-a-.-c been
createc to reduce the cost. At the prcsent time , as much as 03 of all cont inuous
glass fiber is prepared with an 65. bor Ic- ac-hydride -oc - n t ,c - r. Th5 cual:r’-- of t c - C c-~
fibers is ecuivalent Co that of fibers based on t1umimo b orc-sIlicat~ gc-o~ s , the
cost being 10—12% lower.

he steadil ic-creasing demand for h~ gn—sir ~ ngtr. fIber c-loss plasttcs has c-c-ce
it necessary to  -develop new glass compositoon s for fIber glass whose tensIle strength
and modulus of elasticity considerably excsed those c- f alkali—free fiber glass.

Anong the ~~ny studies aimed at the creation of new fIbers , one should mote
the development of q-aartz fibers. ContInuous quartz fiber has the hi ghest mechani-
cal strength , high melting point , dielectric propertIes which are high and stable
at varIous temperatures , 1-ow coeIfic~ ent of thermal expansion , and low thermal
conductIvity . Various studies have shown that the c-od:lus of elastIcIty c-f glass
ftber increases by introducing metal oxtdes of groups II and I~~ of the periodic
aystem into the glass composition. hus , Aerojet General Corpcration (USA) has
developed glass fibers of brands 29—A arid I~ — 1 , w Ith a high aluminum oxIde cc -c -ten t;
their modulus of tensiOn and tensile ~treogth ace LL .~ x 1-3 ’ kgf/mm a~d 352—701
kgf/mm - (for 29—A glass) and 9 . 3  x 10~ k-g f . ’rm-  and 462 :<g f / ~~ - ( f o r  4 H— l  g l a s s l
respect ively , versus 7.8 x 10° kgff~~~- and 230 kgf ’ mm- for aluminoborosilicate
glass. Fibers with a higher aluminum oxId’: ccntent as well as :irconia—siL:cate /38
fIbers are currently made onl y under laboratory cOndItIOns .

The elastic mod ulus of glass Is increased most effectl-,elv by beryllIum oxIde .
In the L SA , beryl l Ium oxide has been used In the n -ar - f a c t  c-re  of glasses of b rands
903 (Im perIal Glass Co.) and I’M 31A (Owens Corning Fiberz1as,.~~ leryilIur glass
fibers are no different in slrength from aluminoborosilicate glass , b-at have an
elastic modulus of (11.3—12.6, x 10° kgi/rm 1. The chief disadvantage of her~ i1ium
glasses is the high toxicity of berylLIum, which limits the scope of its incustriol
application.

Of cOnsiderabl e interest are studies s~ med at the development of noc-roxic high—
modulus glasses containing copper , titanium and zirconium oxides .

Glass fIber containing caprous oxide has an elastIc ~od ul-us of 9 x 1-3~ kgf /c-n . 2
Ac -c-coding to the data of the US Naval Ordnance O ffice , fiber glass p lastic base
on -copper—containin g glass fiber has a modulus of tension of 5.5 x 10: kgf/mm for
parallel arrangement of the fibers.

Fibers of alomlnotitanosilicate gloss have a strength of 3031 , elastic modulus of
1331. and heat resistance 60° higher :haO fIbers c-f alurincborostlicate glass. These
f~ Sers are stable to water , acI ds, and alka l is.

A promising r.ew glass fiber is one with a hi gh content c-f s~ liccn , aluraic--um
and magnesium oxides and has a high tensile strength (373— 425 kgf/~~~-) combIned
with a high elastIc modulus (9.5 x 10 kgf /t~~ ).

With further sharp increase In elastic modulus of the glasses , the density of
r~~e fibers increases (2.0 glcm °) and the strength -decreases to 250 kgf/r-n , this

cue t o the microcrratalline structura of t his  t::pe of fiber. Secause of
low ;I~ ccsit , hign curia e tension end tendency to cr’-stalli:e on cc-c-lIne, hi gh—
codIjIus glasses are more dIffi cult to convert into fibers.
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In addition to enhancing the elastic ?rOperties of fiber glass plostlcs h i

rhangira g the chemical composition of the glass, studies are c-ow be Ing c-io~r d at 000rels—
fog the rigidity of structures by using hollow glass fibers. ’

The first reports of tests of hollcv fiber in a fiber glass plastac date back
to 1961. The use of hollow fibers makes It possible to:

increase the flexural rIgidIt~ of the fiber glass plastic;
create a fiber glass plastic with higher heat—insulating propertIes due Co

the lower thermal conductivity of hollow glass fiber in comparison to sc-LId fiber;

create a fiber glass plastic of low density and improved dIelectric properties.

Abroad , research on f iber  glass p lastics based on hollow fIbers ~s being con— /39
ducced by the General Electric Co., Thompson Fiber Glass, and others.

However , there are considerable difficulties and lImitations on the uses c-f
hollow fiber. ?rimarllv , they include the :

difficulty in producing a hollow fiber yarn of uniform cuality with a -cc-c-stint
ccefficienc of capillarlt’,, so that one cannot definItively pr~dic: the strength
properties of the fiber glass plastic;

high sensitivity to the penetratIon of Ilguids into the internal cavity of the
fibers . The problem of capillary penetration of liquids Into unprotected ends or
cracks of the composites is as comp lex as the problem of penetration of the binder
into the fiber capillaries during fabrIcation , and rakes it necessary to use
substantial thicknesses of the surface protective coating.

The physicomechanical propertIes of fIber glass plastic based on hollow glass
fiber produced In the Soviet UnIon are :

Tenstle strength , kgf/mm 2 46.0
Bending strength , kg f/ -  72.0
Impact strength , kgf m/ cm 2 .00
Modulus of normal elasticity , k gf /m m 2 2.3 x l0~
Density , g/cm 5 1.4

6. ~oven and Nonwoven Glass-ReInforcing Fabrics

According to their mode of fabrication , reinforcing fabrics used in the produc-—
tiort of fiber glass plastics may be divided into two types : nonwoven and woven.
The noowoven ones Include fibers , f i lamen ts , yarn , and lapse. Woven ones Include
all glass fabrics of different types of weave.

Woverr Fabrics. The industry produces a large number of glass fabrIcs differ—
ing in strength , miss, thIckness and type of weave. Each type of glass fabrics
ha~ its d i s tInc t i ve  technological  characterIstics , which must be considered when
selecting a fabric for each type of article.

Fiber glass plastIcs are usually produced from glass fabric of calito .1i en l
serge (t-iill) and satIn weaves based on twisted or untwisted threads .

Cf -na-or Importance 5cr glass fabrics as~ i in the productIon c-f structural
fI ber glass plastics is the waviness c-f the threads , i. e. , the extent to -.hich
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the threads deviate from the straight line when they are interwoven with perpendic- alar
threads. The less the waviness of the glass fabric threads , the greater the
mechanical strength of the fiber glass plast ics based on these fabrics. The ex-
tent of the waviness depends on the type oi fabric weave and degree of twist.
Linen—woven glass fabrics have the maximum waviness: the overlap of threads in
these fabrics takes place at a 90° angie. The fibers in serge—wo- .’en fabric-s are
somewhat straighter than in linen—woven ones , and this has a positive effect on
the mechan ical properties of the fIber glass plastic articles.

In satin—woven fabrIcs , the waviness of the threads is such less. This is
due to the fact that each thread of the warp or weft passes under five , eight or
other number of threads of the -deft or warp.

SatIn fabrics have a comparatively high density. Their formability and flexi-
bility are greater than those of linen and serge fabrics. Satin fabrics are widely
used as the reinforcing material in the production c-f articles for ship machine
building.

The assortment of fabrics adopted by the Soviet industry has been based chiefly
on the use of primary threads from glass spinners equipped with 100— and 200—
spinneret glass salters producing fiber 5—7 um in dIameter.

At the same time , foreign experience shows the prcmise c-f using glass fabrics
from fibers 8—10 _m in diameter and from thicker primary threads consisting of ~G-O
to 800 filaments.

The development of a new glass—fabric manufacturing technolosy is aimed at
reducing the cost and increasing the strength is being conducteti along the lines of
accelorating the glass—fiber—forming process and reducing the degree -c-f twist
or el iminating i t  entirely.

An acceleration of the glass—fiber—forming process is achieved by In—
treasing the fiber diameter and number of spinnerets of the glass—melting container.
WIth increasing diameter of the elementary glass fiber , the output of glass—sp inning
assemblies sharply increases. When the optImum forming conditions and a high
degree of homogeneity of the glass mass are achieved , the strength of a glass fiber
9—11 am in diameter is essentially the same as that of glass fiber 5—7 -_m in dIameter.
The ‘ass of glass fIber 9—li us instead of 5—7 um in diameter for fIber glass plast ics
sakes it possible to increase the volume of production of primary glass :hread
from existing production areas by 30—60% . -

Ike output of a glass—spinnIng assembly is practicall y directly propcrtlonal
to the number c-f spinnerets of the glass—melting contaIner. In the last few years ,
the use of 400— and 800—spinneret contaIners has sharply increased. Twelve-hundred—
spinneret contain-are are now being tested.

Fabrics have been made from threads thickened by using 400—spinneret containers
with a fIber diameter of 5—7 c-m (400—filament primary thread Instead of a 200—fila—
sec-C one), and by s imultaneously increasing the f i b e r  d iame te r  to 9— i l  us and us in g
400—fIlament prImary threads.

in the first case , in the production of glass fabric from a l00— filament
primar y tore ac - without a change in fiber diameter , the final structural indices
of th e glaas fabrIcS (numbers of the threads , densIty of the fabric ( remain an—
changed. In order to ensure a constancy of the final structural indices of the
glass f ib er , toe number of ends durin g the twisting of the chic-kened primary tnresd
Is decreased. 

- 
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thus , the most popular satin—woven fabric , oi brand ASTT (b)—~ ,—d I3 , with a

th ickness of 0.29—0.32 , had previously been made from glass fiber 5—1 m in
di~met~ r and a 200—filament primary thread. DurIng twisting and foldin g , a
“balanced ” t h r e a d  wi th  a me t rI c  number  of 9 , twist of 100 ~nd numoe r of ends i
has been obtaineu . A new technology of production of AS

~~
(b)—S c- fabric has c-eec-

developed , using a 400—filament thread with an elementary fiber diasecer of 5—7
m . In order to obtain a “balanced ’ thread of the same thickness , as b e f o r e ,
the number -of ends Is decreased from 6 to 3. The use of such a fabric provides
for the preservation of the quality characteristIcs of fiber glass plastics based
on it , with a 13—17% decrease In the cost of the fabric.

Much more effective is the use of glass fabrics in which the fIber diameter
and filament content of the primary threads are simultaneously Ic-creased . Such
fabrics are made from 400—filament primary threads with a fiber diameter of 9—il
.m and are thicker than those they replace.  At the same tIme , the structures of
the new fabr ics have been corrected , and the tw is t  of the threads decreased (from
100 t / m  to 50 t Im , . The pr incipal  charac te r i s t i cs  of the fabrics devised are
given in Table 13.

Ise of the new structures makes it possible to reduce the cost of the fabrics
considerably by increasing the productivity of the equipment. Thus , Ic- the nanu—
fact ure of fabric of brand 1—22—78 , which can be substituted for AST’I(b)—S , fabric ,

a 1.5—fold reduction in labor cost per kg of mass is achieved by using exiatlttg
equiPment. Adoption of new textile equipment specially des igned for the manu—
lactate of the new fabric structures can reduce the labor c-os ta by a factor of
nine. -

Research aimed as the complete elimination of the twisting operation has led
to the creation of a new type of fabrics — braid fabrics . Glass braid fabrics are
also made on weaving machines from untwisted elementary fibers 9—11 -o in diameter
and have a dense or serge weave . The c-oat of braid fabr ics  is 2 — 2 . 5  times lower
than that of fabrIcs froD twisted threads.

The use of braId fabrics permits the fullest utilIzatIon of the theoretic-al
strength of the glass fiber , since twistIng of the thread is inevItabl y associated
with a loss of s t rength  due to the mechanical des t ruct ion of some of the fibers
and their nonuniform tensIon in the threads. The use of braid fabrics permits
th e zost effective applicatIon of the strength and elastic properries of fibers
of high—modulus glass. 

-

The fractIon of braid fabrIcs in the total volume of glass fabric production
increases each year. -

in the case of manufacture c-f articles wIth a predominant strength in a 42
gi~ sn dIrectIon , it is desirable to use so—called cord or unidirect .onai fabrics
oossessing high mechanical strength in one of the directions in comparison with
the strength in the perpendicular direction. To enhance this effect , threads
of higher strength are included in certain cord fabrics In one of the directIons.
Cc -ri fabrics may be made from both twisted and untwisted threads. The latter
pr ovide for a l0—l5~ Increase in the strength of glass fac-ric resin laminates and
a subgtant~ al decrease of their c-oct.

The fabrics desctfbed above have a t-w o—-dtmenc ion~ L -weave , ‘nd nheir thickness
dc-es -~ot exc eed L.!—~ .0 —~n. A ,rcmiotn ; tr- ~c-a La th e croatton -c-f feortos wc- :n

- -
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a three— dtmensional weave , I. e. , nultila-;ered fabr Ic-a. Th~ latte r -c-an be formed
by using any glass fabric , then bonding the layers.

The c- r e sc - c- ng strength of a specimen of multilayered glass fabrIc is determined
b-i the strength of the fiber , densit-c, and angle c-ode by the threads with the fec-rio
surface. Sv changing this angle , i. e. , the fabric Struct ure , one can increase the
degree ~f utIlization of the strength of the thread in the fabric.

Table 13
PropertIes of glass fabrics

Density (num— ~ Tensile - - _ -

ber of - strength ,
Structure Srand threads per - kgf -~~~:

- cci c ’  - - u~~- c s — —

- warm weave - — ;- Warp - Weft

6atln we ave 15—8/3—250 3ô~~~~~ 2Q 290 0 23 250 - 14$
- AS’~I ( b ) — S ~ —5J 3 

- 
24 - 10 390 0.36 -230 160 3—7 -

— 
T—22—78 11 3 620 ~0.53 410 ~330 9—11

linen weave T—lS—7 8 6 6 400 0.40 230 230 9 1 1
T—20—76 5 5 500 0.50 350 330 I

Braid , linen TZhS—0, 7 19 19 730 0.72 400 200 9—il

- 
weave 

- - 
-

Sraid , cord 1—25—78 10 10 320 0,21 380 25 9—11
- weave

Multiple i~IBS—1 , 3 34 5.4 -1600 1.3 550 700 9—11

H owever , in any structure of a multilayered glass fahric o-ahetanti~ l distor— ~~~tions c-f the threads of the warp and weft are inevitable, causIng -~ re gula r  de-
crease in the rupture strength of the glass fabric and in the tensile , com p ress ive
and bend ing strengths of the fiber glass plastIcs.

For hot pressing, use may be made ~f multilayered glass fabrics no c-c-re thsn1.~~— 2  mm thick , because of the techr,ologjcaj. dIfficultIes arising ~u rIc-g c-he ~m—pregnation of multilayered glaes fabrics of large thicknesses.

Multilayered fabrIcs up to 2 ~~ i thick find lImited aopilcation in the produc-
tion of hot—pressed fiber glass plastics because of their high cost (5—10 tInes
higher than the cost of analogous fabric with a two—dj~engjonal weave) . The
principal characteristics of these fiber glass plastics based on iarious glass
fabrIcs  are shown in Table 19.

yonwoven fabr ics .  Nonwoven f I b e r  -glass fabrIcs are ciade chie fL -~ fr-c-n untwistecpr cr .a r - ;  snreads wi th  a fI b e r  d i am e t e r  f 10— 14 m In.st~ aa c- f 5—~ ..m; as a result ,
the productIvIty of glass— spinning equipment increases :hreef- .a.
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Table 19
Ptoperties of epoxysmine fiber glass plastics based on d~ iferent glass fabr ic -s

ASTT(b)—8-,— - 3—22—73 - TZhS—3, 7 ~- 3—25—7 8 MTIS— 1 . -~
Property 8/3 -

~1arp j Weft jt4a rp-Wef t Warp Weft -W arp iWef t Warp Waft I

Strength , kgfJmm~c
tensile 75 65 

- 
73 66 12 65 96 9.3 60 - 51

bend ing 79 - 65 83 70 85 70 101 20 70 54
compressive 52 54 42 36 40 60 15 38 35
Interlaminar 7.2 7.2 7.2 7.2 6.9 6.9 6.8 5.8 6.2 6.2

shear -impact stren~ th , 3.5 2.4 4.5 3.5 3.6 3.5 7.0 1,2 4 . 4 4 2

Modulus c-f ten— 3.0 - 2.4 3.0- 2.4 3.2 2,5 4.7 1.7 - 2 .5 2 .1
~ion , l0~ I

In the production oi nonwoven fabrics , twisting ard weaving are cc-r-pletsiv
elIminated , so that all the operations of the technological process of their manu-
fac ture can be mechanized and automated , and the cost can be reduced b-i a factor
of two—three in comparison with woven fabrIcs.

.Among nottwoven fabrics In shI~ machine building, use is made of glass fiber
press materials AG—4S , 27—635 and 33—l8s based on suitably modified aniline—
formaldeh yde , epoxy—phenol and epoxy—polyurethane binders. The properties of
fiber glass p lastics based on un~directioi~al press materials are presented in
Table 20.

Table 20
Mechanical properties of fiber glass plastIcs

Property 27—6 35 33—1SS AC— ”S

Stren gth , kg flmm :
tensile 92.0 90.0 95.0
compressive - 50.0 52.0 

- 
40.0

bending 95.5 97 .4 80.0
ModuLus of tension , lo~ k g f!c~~ 4 .5 4 ~

‘ 
- 

4.3

Another type of noT~woven material is SVAM . The method of fabrIcation of a
press material based on It conaists in orientin g the glass monofi1uc-ent~ porCile l
to each other whIle aoplying the binder on them . I materIal analogaus tc SV~C-~
has found ectenaive amc-LIcat:ons in mon’~ c-ounrrc-es, for example . c-c - e icc-c- :hpl’—
-cat erial I~ pr-c-duceo in tre ni :ec- ic-ate a -

_ _ _ _ _ _ _ _ _ _  - -
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SVAM is produced in the form of sheets with a unidirectional or crosswise
structure of the glass fIbers . t is used as an electrical and szr-oct-ar al
material c-nd ha,s high mechanical strength. The mechanrcal properties of thc-s
fiber glass plastic are given in Table 21.

Table 21
Mechanical properties of St/AS’! fiber glass p l a s t i c  and f i be r  glass p l a s t i c  w i t h
alternatin g layers of laminated fiber glass sheet and glass fabric ASTT (b)—S2
based on epoxyphenol binder

Modulus of Strength , kgfb mo Z

tension ,
Fiber Glass Plasttc l0~ kg f /mm ’ Tensile Sendic-g Cornpressi~ce

Warp Weft Warp~ Weft Warp Weft Wari Welt

SVAN with 10:3 structure 4.8 1.8 S0 Q~ 9.5 96.3 16.0158.0 ‘19.5
With alternating layers of 4.0 2.1 180.0:27 .0 85.0 .39.0 53.0 .24.0 -

laminated f iber  glass sneet
and ASTT(b)—S, glass f a b r i c

Certain reaearchers c -2  indicate the following drawbacks of sVt2~ material :
p resence of ~nt erna1 stresses due to dIfferent lengths of the fIbers and upper
layers, more difficult conditions of removal of volatiles during the productIon
of 51A.M, a considerable spread of the physicomechanlcal properties due to distor— . 46
tion of the fiber directIon during the removal of the  f ib e r  g laas sheet , lower
fatt gue strength of SVAS’!, and , in comparison with glass fabric resin laminates ,
greater bittleness of monofil 14 am in diaseter.

Anong nonwoven fiberglas fabrics In rolls , of interest is a cross—t’.-pe rIgid
fabrIc of braided or twisted threads. The output of the a~uipment during Its
fabrIcat ion increases by a factor of 10—15 in comparison with woven fiber glass
fabrics. According so the calculatIons of Ref. 70, cross—type r.gid fIber glass
fabric produced on an Industrial scale can be one—hall or one—thIrd as expec-sI-ie
as similar braId fabrIcs. The posItion of the threads relative to each other is
fixed by bondin g, With nonwoven crc-ss—t-- ,e fabrI c- used as the base , articles are
made by rnethcds of hot pressing, contact molding and winding.

One of the codifIcatIons of cross—type f iber  glass fa b r i c  Is VTP— C ~n c-tte i—
sewn reinforcIng fabrIc. This type of fabric is charac te r ized  by the f a c - t  that
the  pe rpend icu la r  s yst e m s o f  -ant -wi sted  th reads  are not bonded but  c - i cc - by the eft
kn I t t in g  method.  it is more flexible arid elastic c-han tigad cross—c’.-pe fabric
while at the same time retaining all of Its advantages.

The production of knitted—sewn fabrics has been mastered by the SovIet Ir-iastr .
he strength ,rc-perties c-f fiber glass plastIcs based on ‘- ‘OR—lU ace 25— ~~ c-c—
law those of fiber ;laas piascics based on glass fabrics.

7o-tht c-ec- retc -for-:em ent , The c-uan tc-t ’, of relnio rc c-ng fabrtc s nc-v in c-rocuctaoc -
toe s c-cc ~f±e~, — crc-vice :-c r the racio of warp to welt s:rec -etc- rec - ja rec Ic-

~tr - J c - :- ro s. In ~cme c-aces , to ac -n ic e this r c - t ac - in structur es, it a, d e s i r a b l e
c - c -  use tn ius trc - sll-, praaucc-d s.c-ti c- ar I ic-en glass fab rIc - s c :mbic-tei wc - t c - cord—weave
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~ .css ic-c-r Ice or nc-c-woven fabracs. Sucri a oc-moc,natt,c -n In sui c-acle cr-c-p ort ion s
it pc-as tble to  obtain the required ratio c- f c-c-e:hariicc-l propCrtlea . Woow—

ing toe echanic-al prop erties c-f :iber glass plastics based on each branc ci re—
Ic-for cIng fabric - -osed c-ndivjuajljy , one c-an cal-:ulate , with an accurac’, 0cc-quote

~or pruottoal Purposes, tne expected strength propert Ies of the combined fabric
by uain-g formulas l)— -.3), on the basis of the percentage ratio of the materials —

~or on the basis of areas occup Ied in the cross sectIon of the structure) :

( 1)

where , :~ ate the tensile strengths of tc-e composite and Individual component ,
— respectively;

F , F .  are the cross-sect ional  areas of the specimen and component ;

where I , are the coduli of tension of the composite and Individual component;

(3)

whec-~ :~, , c~, are the bending stter.gths of the composite and indivIdual component;

-
~~~ 

are the moments of inertia of the cross sections of the specimen and
indIv idual componen t ;

E 3~~
_L 

~~ E J 1, ~~~~
-

where I. are the moduli of flexure of the -composite and individual c-crp c-nec -t.

Table 22 presents data characterizing the mechanIcal pro”ert:es of comp~ eite
f iber glass plastics prepared by using TS—3/3—250 astir glass fabric and cord
bra id glass fabric. To obtain a more homogeneous composition , satin and coro—
weave glass fabric layers alternate regularLy.

Particularly desirable is the use of composite reinforcement when high—nod-ulus
g lasses are used. It Is well known that the strength and elastic propertIes of
c-Ian—n c-dub s fiber are preserved most full-i wh ec - c - c - c - f a b ric - s are

.sde from untwisted threads. It is therefore uneconomical to cake them from

Table 23
S t r e n g t h  and elastic properties of epoxvamine fiber glass plastIcs based on cord
glass fabrIc

- 
Glass

Propert’z I 
-I Copper—con— I Alurainoboro—

I tam ing I silicate Wash—modulus —

Warp strength , kgf/ras : I ‘ 
-

tensile - 93.0 I P6.0 102.0
compressive 63 -0 50.0 - 63.0 -

bending L’)7.0 I 101.0 130.0
ic-c-act strength , gf n/cm 7._ - (c - 3
Woc-ul’us c-f c - sc -sic -n, lOc- I -

I - 

-
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Ic-SIc 2a
Str ength ~n4 elastic properties of epox-icheool f3b~ r c-lass ~~i O S C I c S  basec- on /ac-

~3css fabrics .~5TT(b)S, and 1— 25—7 1 w l t c -  i4terrio tanc- la -irs

Glass
- Property -

Lic -pper— conta inlc--g A lioc-tnobc -rusii—
- c - a t e

Strength . kgfinf : 
-

tensile 53.0/31.0 - 62.1/ 2 9 .3 
-

compressive ~.0.0/27 .0 - 45.0.125 .0
bending 

3 
93.0/38.0 -58.0/43.0

- Moculus of :ens:on , 10 kzfim ~~ -..dI 2.~ -~ 3.3-2 -3 
-

Note. Numerator — warp data; deccoinator — ‘sc-ft -J ata.

high—modulus glasses of satin wea”c ia~ rto . since t he  cost is -c-c-n side rao y in-
creased for a slight gain in str c-n -gta.

h ales 23 and 24 show the stre:c-gth ac-c eloa tto oropertles of 000rc-s:te fiher
glass plastics based on cord ar,c- satan glass fcc - tics c-i hi~ h—mo daius ac--u
aluminoborosillcate glass in a ratio -c -f 1:1 w~ t c- a~ :-s rc-ar:c -c- layers.

7. ~ew Types of Reinforcing ‘!ateriols

New types of reInforcIng materials c-re d~ ’-’c-1oc-ed for the purpose of e:~pandIng
the assortment of composites c-a-.-i c-~ either lower censi::- or better strength amo
elastic properties as well as Signer heat stability.

Inorganic materials. Among new fibers, of c-cc-siderc-ble interest are boron
f I b ers , produced abroad in a dIameter of 0.07—0.1 cc-c- under the btand name bor c -td .
Borof il fibers have a tensile strength up to 300 kgf/mn 2 and elastic cc-cub s ut
to 41 a IO~ kgf !~~~-- . A f t e r  fa tig-c e tests  with a base of 10- cycles , boron lu sts
retain up to 501 of their initial strength.

Borofil is produced b-i -decositing boron from the gaseous pc-ase on a tungsten
wire 0,-J3— 0.I)1 mc, in diameter c-eared to lIlOa C. The fi er obtaIned contains
intermediate tungoreri bc-ride •J,35 

type compounds between the tungsten core und tac

rough outer cellular surface -of amorphous boror.. The fIber surface has rlo c-icrc—
cracks , p its , or other defects. ’

fecass-~ of biffaren: coefficients of iin- ar thermal expansion of boron - - -~~

(3.14 10 ~C~~) and tungsten (4,16 a 10’ ~), radIal  c-racks running irro
the center to the periphery are formed insIde borofil fibers. St -c-cisc aImed at
perfectIng boron fIbers are c-clog conducted. to particu lar , treatment c-c the Ic - c - s r
wIth nItric acid increases the :enail~ str~ n-c - c-h b ’  a fact or c-f ::,r-c- c to i c - o r.

‘The high cost of boron plastics lImIts the ir ipnlioc - :ioc- as an : c - c - s c - — c -- c-~~’c - :
s:r-c-c:-c -rai materIal . A oomhIc -at :cn c-f boron ~nc c-lass c ,asttcs as
cc-plc- ed ,c- cons :ric-tiuns . Thus, ~‘rc cessIu1 ‘c-C~ t5 :a’,e teen c- c - c - p l c - c - c-c c- c - : c-ac I’I.A

- - - - - 
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on blades of a helicopt er rotor unc-se spar c-nd t r O i lanc - ed ge are c-ac-c- .3 boron
plastic and the remaining part of the bloc-c is c-c-c-c- of fiber glass plast icio

The Ic- c-~ Cc-. (USA) has produc ed a stngle—c rc-’s:al sapphire fiber 50.3 c- long
from aluminum oxace . The sapphire fiber is equavalc -ot :0 gcas fiber an stren c-t o ,
but ta  much superior to it in elastic properties (45—49 ) a IO kgI/c -~~~

Carbon (or graphite) fibers are made by carbonizing organic teatabe fIbers ,
for example acrvborsitrile ones. Because of their low dens ity (1.7—2.0 g/cm °),
they greati; surpass all other fibers in tensile strength weIght ratio and r i g ii it ,’.
Carbon fibers are resistant to water , chemicals and w~at at hIgh temperatures.
They are compatible with epoxy ~nd polylodde binders .’

Carbon fIbers have a polycrystalllne structure thanks to heat treatment and
str etching of the atoms, providing for the highest strength and rIgIdity along the
f I b e r  3 :-c-as.

larboc- fibers obtained by heat treotceor, at l000’c sa - ie a ten5ii e stren gth of
the or der -c - f 20(2 k;f/r.m— and an elastic modulus of 42 a I c - c - kg ±/mci - .

At a ne-at tr eatment temperature of 2300—2700C C , graphite fIbers are cbt c -inc -d
wnich pc-sec - s.; a better structure and better properties, w ith a strength ci .90—
300 : f ,- —c-t — -

In tac near future , s substantial expansion of the use of graphit e fibc -rs is
expected as a result of a c-creed anticipated drop of prices of this mater~ 31.
GraphIte fibers code isv the Great Lakes Carbon 2o. have arc elastIc modulus rc-ngac -g
from 21000 to 42,~-00 kgf/~~~~. The material is made as a continuous fi ,ac-en c-.
which makes it possible to produce long ribbons for reinforcing epo x ’,  resi:c -s. Ac-
epoxv latuinate ‘sito a fIller of graphite fibers hc-’.’Ic-g an elastic c-,odubus of
about 42 ,000 k;f/c-uw- has a bendIng strength of 120 kgf/mm 2, tensile strength c-f
105 kgi/~~~~, and compressive strength of 3s kgf/-~~~.

Most widel usc-c at the present time ars granc-Ite fibers for reinforcIng epoxn-
resins In aviation and space technology ; r,ne-i are also beginnzc-1 to ‘c-c used in
shipb uilolng. OS Navy researchers have come to the conclusion that an ep oxy pl as ti c-
reinforced with -grapnite is core promising than fIber glass plastics , since It /50
Is marked by a higher mcdulus , lower density , and high fatIgue str~ ntth.

British e:-:per:s are pl anni ng to use prac-hite fibers in the product ion c-f
rotatIng c-arts of compressors , centrifu ges and various electr orrcscc -ani cai de’;’lces ,
as welt , as In the textIle inoustr a- . Os~ ng the 3ifil carbon h oer retniorc-ec-
plastic , the Rolls Royce Co. m akes  f a n  blades 24 -J O ~ n in ci.soeter and compressor
parts.

:)rganic c-uteri -ala . in recent years , studies have been made indicatin g the
pcsai b iiit ” of using organic fibers for reInforcIng polyester and cc-cay binders.
Laminates based on organic fibers (organic plast Ic-sI have low dec -c-i t .’ (1 .13—
1.23 g ’cm~ ), attracti v e dIelectrIc prop ertc -es (at L3’ Wc , 2.3—2.3 ,’ tan ’. —
0.0115), v~brstjon resiatonce , ac-c high fatigu e strsos:.c-,

‘Tr an sla:erc -tic -c-r -or (us.n,an -sp e ll~ ns,



The reinforcing cater auls used c-ac be fub r ac - s from Itbers — c - a c - r on , L a . ~s o c - .
nitron ‘ acrvlonitr ile ) and pol;propv lene. Of these ~aprc-n fc - o r i_~ are t t e
strongest or.es. -I:ni ~~um elongation (.3—b-.-t ) and strength c-re e :ehiisiteo
c - -  nitron fabrIc.

Reinforcing materials based on organic Sabers c- i c - Ic r con sic -erun i:- a:: water
resistance. Results of determinatIon of the strc-ngth of fabrics after 2 c-ou rs ’
boiling 10 seawater are given in Table 25. to c - ic -r on fa~ ruo s , the loss c-f
strength is 14—151. The strength of lawson fabrics remains practlcall 1’ ’sn change c.

Table 25
Properties of fabrics made of organic and glass fibers

Breaking load ~~cngc-aion of Shrinkage
- of fabric - stra p c - tr a p at rap— after boiling,

25 a .30 , c - c - re , I

Fiber and Fabric Article ______________________________________ -
- — SC — - SC -- - 5 - , ‘ 5.

- — .- ‘— — - -c- jr 2 , t
I - - — :  - - — —— a -’.

- — -e .a — - c ,  m a

Polvproc-vlene, art. 23352 190.0 223.8 - ~l.S 54.5 6.7 7.3
Nitron art . 23455/1 134.5 - 143.3 13.3 - 21.0 2.0 - 4 . 8
Lavsan a r t .  22372/i 200.5 : 193 .0 - 19.c-. 25.0 2.0 0.5
Lavsan art . 233 ’ 2r2 206.5 I 211.3 3.b 

- 
25.0 1.5 - 4.5

Capron art. 22338 379.2 323 -3 a .75~ 53.6 — - 
4 .3

Glass fabr ic ASTT (b)—S~ (a/f 249.3’ b37 .a - c- .2 1.0 — —
glass — 

I

Glass fabric ASTT (b)—S, (T—i73 A~ 2O-l .6~ 166.5 
- 

3.2 2.3 
- 

— — -

glass) — 
- -

In poly,ropyler.e and nitron fabrIcs , the strength increuses * by 172 end ‘1 , :si
respectively , after boiling In seawater. For comparison , one can nc -ta that under
sImilar testing condItions , glass fabric of alkalI—fr ee glass (a f) lcse~ 501 of
its Initial strength. n all organic fiber fabrics , sc - r ic - kage ac - i an increase
in breaking elongation are obseryed. The greatest shrinkage (7—7.3’,) is c - c -hib i c -ed
5 samples c-f polvc -rc-pv lerre fabrics .

The use of orzcnic fibers makes it possible to increase toe water resistance
of an organic plastic in cocroarison with a faber g ,as e c-L as:i ’ The str ecc- :i ac-d
water resistance -of an orgonic plastic are determined not c-ni -’ ~:~‘ c - c -  e c-nc - c - ic -a l
structure of the organic fibers , but also by the struct- cre of the fabrIc. The
best mechanical properties and water resistance c-re those of orc-anIc pt c -st1 :S
based on satIn ‘sea/c , sInce th~ a structure provides f-o r higher— qu alit y ic - p rec -na—
tion -sic-h the binder and better solidity of c-Sc- org c- n c - c p lastic.

Fabrics made of organic fIbers c-re irrresc-,’zed w at t cc-ox’: c - c - c - cers on eten o ar d
,‘e rtI:a — t - .’pe Ic-orasnata ng machines . A  30— h.’) rsein content -o f ::r~ c - ac - c - e r as

5 i c -  ~:r,c-c - c - La t o r’ .

4/)
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p rovided for at c-ne same b ind er concentrations as in the :c-oregc -c-tion of glass
fabric- . he conditions c-f pressin g fo r organic plastic -s c-re anc-logous to t’c- s~ 

-

for fiber glass plastacs based on the same S in c - c - r u ,

During the pressing of organic- fiber fabrIcs , it  is c-c-cc-sear.’ to const_ c -r c-ne
shrinkage , which for ic- ic -an fabrics is as high c-s 15—20 5 .  F a b r I c  s or i n . a g e  1c~~-ouc - t s
for the formation of internal stresses. To reduce it in tie course of presaa-:c .
the fabric prior to the inpregnation ~hou1d be subjected to c-eat tr eatr ,erc -t at a
temperature close to the pressing temperature. In comparison with the ic -ic-i sa
fabrIc , the strc-ngc -h c-f the heat—treated fab rc-c decreases b’ eric- 1—3 1 , c-nc- c- he
elongatior . at rupture remaIns practIcally unchanged.

A characterIstic feature of organic plastics is c-heir capacit for higi- c- defo r e —
c-ions — the elongation at rupture is 17—205. The prcc-orc -ion slitv lim it in ex-
tension in the direction of the warp is 3.7—3.9 kgf/mrn , in c-he directI on of tc-,e
weft 2 .7— 3 .3 kgf/crm , -c-nd at a 45’ angle , 2.4—3. -, kgf/rc-~~ .

Ic- tensile deformations up to 3—3.51 , the main load Is borne by c-he dander,
c-sha c-c- ac - c - s as a ragad matrix c - - c - s t redIstributes the stresses among the fib ers.
As the -,longataon Increases f-.rc-her , the rigac matrix cracas , and Its func tion ic-gina
to bc- ac-sac-c-ed be the boenuar le er between the filler ar,d the binoer , f’o rc-ei during
c-he pressIng and consisting c-f a block eapolyrner of the binder and lavean.

The block copols-mer Is forned by the reaction of epoxy groups of the bInder
and terninal ~~drc-xv i groups of polyethyle ne terephthalate (lavsan)

At elongations of 3—1/)’), which c c - -c - s e rupture of this elastic block c-o-
pa l -c-tsr , deiamircat~ orc of the sample c-ake~ place. Further load is receIved b~- In— /32
~I-iidual lu-ic -c -c - of the plastIc , which break under the load.

In c-orroression tests , o r g a n i c -  ?last lc Is capable of fc - nc c - ± c - n ic - c - c as a t,c-rc--o—
lic -hi- c - material c-p to stresses of 3.0—13.0 kg f/-ta , the deformation ic-log 101.
As the stresses Increase , flew of the organic plastic begins. In sc-c-tic bending
test s . epecimens of org s c - ic plastic also c-Sc’s considerable deformations.

when the maximum load is reached , the spec-icc-ens bend ‘sic-heat breakIn g . Y t c - r- c -—
str- c-ctur al analysis (‘rae showcr that no destruction c-f the febric c- c-kes pla ce in c-he
regIon of maximum flexure c-f the spec-Ic-en,,. The thermal r .co ’sr” soc-cat- ,’ c- f
c-rga r .ac plastic -s has been noted. - .ift er beIng bep t for 2 hours at  c-sn sle.’a c-ed
temmereture . specimens Sent during testing recover their sic-re c-c - c - stc - etgc - c - c -.
Sc-ac -log of c-he spec-ac-ens accelerates relaxation processes , 1cc -c-lo g c -c - a c- ac - a c - re-
covery of the shape and strength of the specimens.

10 contrast to fiber glass plastics , ur gan ic- p lc - sc - I -cs are c--araot er a:ec
by apprec iable creep. Thus , after 5i30 h under tensile et c-asses c- -c - — 1 ,3  b c - f  ‘ui’
the elongation is 1.941, and -ander stresses of 5.0 haf mn’ . it inc - c -eases to
(at 20’C ) .

Tir e use of :.c- crc - -osi c- c f i L l c - r s  based on o rga n i c  and glass fibers is e ffecti e for
c-an’, str uctures . c-;luss fIb ers ampart strengtn an: ri gida c - -.- to .1 c - c - n- c-s ite c-C c - Cc - c - Si .

-on c-ne rooe rc-~ on oc- c- i-re c- c -c - c - src -ec -ts sc-c - c-ode c-f c - ic - ar c - r c - c - ro~-ec-e’c -c- , c - c - c - - b c - n e c - i
pias t c - c - s c-s ac-c- - -g c - c -ear st rangc-o - :har a- :c-c-rIs tjc-s 0 :-e r ‘sic-c lina c-s. 

c-c- ~~~~~ -



A~ Sr. example , Ta b le 4 gi-:es the stren gth ur.c elastIc prope rc-ies of combined
plastics made ira-c c-c-ex amine binder , glass fab rac - ac-d ia-os ,n f a b r i c .  .~.5 is
evider.t from c-he table , with increasing glass cont ent , all c-he stren gth pr- :c-erc - :c-a
of the material increase regularly from values -characteristic c-f organic p lastic -s
c-o those c h a r a c t e r i s t i c-  of f I ber  glass p l c - sc - i c e, sir e c - i c -  .l~ c - r s i t v  also increases ,
f r o m  1.25 to 1.95 g/ c m b

Table 26
P rope r t i es  of compos ate  plastics based on lavsan and f i b e r  glass f a b r i c

Strength , kgf/mro2
- P e i n f o r c e m en t  scheme

tensile compressive bending

Lavsan _001) 20.0 14.0 13.3
- FIber g lass f a b r i c  ( 100Z) i 80.0 55.0 35.0

Lavsar -o ut ar  layers ( 7 0 % )  
- 

31.0 18.0 18.2
- 0 0 0 

(SOZ) I 41.3 I 2 3 . 3  - 28.4
(30Z) 55.4 3s.6 43.4

FIber  glass f a b r i c  o u t e r  layers  (30% ) - 27.8 - 19.5 49.5
— 0 “ “ (50%) - 40.2 27.3 64.3
- “ “ “ “ (70%) - 30.0 40.0 - 78 .0

Alternating layers 45.0 2-S.0 42.6

3. ‘~at e c - -R ep e i l e nt  Adhesive Treatment of a ein fo r cl n g  Fabrics

One of the  decisivs fac to rs  a f f e c t i n g  the  physicomec-h anical p r o p e r t i e s  cc-f a /53
f iber  glass p l a s t i c  Is the s t r en g t h  of the  adhesiv” bond between the  f iber  and
c-he polymer binder. The interaction of the binder  ‘si th  t h e  glass f i b e r  is a f a i r -
ly complex process that is determined by many physlcoc-nechar.ical and physicochec .ical
factorsr the act-sal contact area, Internal stresses , fr iction , surface tensic-n ,
and effect of the glass fIber on the curing processes.

There are two basIc points of view rezarding the natolte of adhesior’. between
the binder acre the glass fIber. 2 ’ c- , . c - , According to the firs t , adhesIon
strength is almost completely determined by the physical contact resulting from
shrinkage of the binder on curing . Adherents to the second point of view assert
the  p o s s i b i l i ty  -of formation of a chemical bond in the glass fiber—hinder
s-c- sc -em . In toe interaction of epoxy binders with glass fiber , a chemical reaction
is pcstu1at~~d between the epoxy groups of the bind er and the hydr oxyl groups on
the  su r f a c e  of c-he glass f i b e r , w i t h  the fo rmat ion  of s t rong  bonds.

The properties c-i pol~ oers present In thin layers on the solid surface of the
filler diffec- markedly from those of  polymers ifl the volume. ’c- On the surface of
the filler , the glass transition temperature of the polymer rises, and the relaxa-
tion properties change as a result of the limitatIon of the segmental mobili ty  c-f
c-ac-rnrnolecules by the solId surface. Glass fiber may also considerab l y a f f e c t  the
taring uf the band et , cata c i t e  or Inhibiting the rote of c-he curing reaction.

c- c - c-c- c-curse of -c c-c -rang f c -ne  b i n d e r ,  because of c-h dIfference an c-ne -cc—
f f t c aen c -~ -o f c-c-crc -c-sI e x c - a c - s a e n  of glass c-rae b inder , in t e rna l  c-t resses  sr a se  at

- ‘—‘- 
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the i r  i n te r f a c e .  The concen t r a t i on  oi r e s i d ua l  s t r e s se s  and St r e Sse s  due c-a c c- -: —
t er al loads Ic- one or the causes of - : ra c l .  f c - r c - .c- t b c -  In the  f i b e r  g l a s s  p l a s t i c - .
I t  t h e  adhesion be tween  the glass f I b e r  and Sic - c - e r  is s iui l~ r t o the  oshc -s iv e  c - c - r c - n g c - c - ,
of the  b i n d e r , the  f i b e r s  ic-Ill c - l u - c - k  t h e  p r op egs c - 1;n  of c-r a cks , and c-ic e s u r f a c e
~ f co n t a c t  be tween the b an d e r  and glass ‘sIll c -c - c - sa n  i n t a c t .  If ho we-c- er t h e  auhc-si-:c-
s c - r e n g t c -  -of t h i s  sy st e m  is much lower than c-he cohesive s t r e r g t h  of c - c - c -  b a n d e r ,
the tensile stresses - cc - l i  cause c-he breakd own of c-he c o n t a c t  s u r f a c e .

In view of ti - c e f ac t  t h a t  in the  overwheimic -,g ccajcric-’: of cases , th e f i b e r  is
t rea ted  w i th  technological  lub r i c a n t s , c-a~ or impor tance  is assumed 5 c-he c h e m i c a l
r eac t ions  between the bIn der  and lub r i c an t  and between the  l a t t e r  and the glass
f i b e r .

The c-echnotug icc-L lubrIcant applied during the drawing of glass f i b e r  p r o t e c t s  / 1—
the fibers from wear , bonds the :ronofI1ame ~~c- s to form a thread , and protects
the threc-as frcc- mechanic -c-I damage uurlng textile processing and from c-he action
o f oc o c - a c - - a r e .

The nature c - c -  t h e i r  i nt s r ac :I o n  is of course determined primarily by th e
chemica l  compo si t i on  of the  - c b r l c a nt .  Thua , when p a r a f f i n  emulsion , ‘sic-ic -i- : is
an aqueous enulsaon of c-he c - h c - c - i c - c - l l  i n e r t  substances psraflia , stear ln , transformer

and caseline , s c- - c-  c- c- wide y emp loyed in Industry , £5 used as the technological
lubricant , tie -setc - ani I:’.- of  glass fiber is reduced , and chemical interaction at
c-us Interface is pract Ically s o c - c - s t. When s-c-rfactants and water—repellent adhesave
suas tonc-as -c-ic -an; a g en t s )  are c-c-sea for treating ti-ce glass fiber , h;,-droi yc-i c-al1~.

-
c-t a ie chec-ical bc-nc-s are Ic-c r c-c-c between the binder , sIc-ate agent an d g lass f i b e c ,
c-he wet taci g c- ac - - c - c - c - i o ns toc-rove consioerably , ac-d c-here IS farmed a contir.c-c~c-s trar.s~ —
tfon frc - c-r c-he binder to the gloss fiber througo the surface layer of sizing agent.

~ependIn-g on c - c -.e pccl a r i c - c - - r  the sc- :ir .g  a-g ent , t h e  adhes iv e  st r .’n g t h  bet - seen
toe binder arc- f glass fIler passes through a maximum and , as the pclarit c-- increases
above a certain limi t , falls off. In t :’ras case , the ortentatbon of tie molec-c-ic-s
of the sIz in g  a g e n t  on the  s - a c - f a c e  of c - c  glass fiber is c--cry important .

The sizIng agents used c-re noc-omeric orgac-osilic-on compounds -chose cerposic -ico
Inc-i-c-des va r iou s  raacti - ;e  f u n c t I o n al  gr o u p s  (v i ny l , methacrwl , p h en ’,’L , epo xy ,
amino and Imino groups , etc.), chromium complexes of rtethac-r’c-lic ac-id , or orgac-to—
ph’as~ horais compounds.

Ti-c-c formation of bonds stable to c-he action of solar r.adjatlon has been
establIshed darIn g the interaction of fuoctac-nai phosphorus—contaInin g groups with
ti-ce glass surface. ybber glass plastics based an glass fiber c-rested with Sc-.
or z a n o or c o s ph o r u s s izIng agent e x h i b i t  hi gh bending s t r e n g t h  b u t  I c - u - a s t e r
r e sl at a nc a , do e  to the hydrolyzability of orgar.cphosphorus compounds.

Sal ts  of pol~~ aler.c c-etc-Is  have recent l y been widely employed as sizing agents.
Salts of such metals as aluminum , tit anium , copper , iron , etc., are employed. Good
results have been -c-btalr,ed ny treating glass fiber with chromium chloride. The
chromium c-xide formed on the sur face  of the  glass Ia not -only s t roc -g1~ bonde d t o
tc-c c- g lass fl ie r , bu t  also i n t e r a c t s  w i t h  the polar arc-ups of the binder . The in—
crease ac-c c-he e t c - e c c - c - t h  of f i b e r  glass plastic-s du e c-cc treatment oi c - he  glass f i ± ~~r
-sac -h aL-o.ninum c-nc c-at c -n aum cc-cl or c-ces is rartlo-alorly appr ecIable at c-ic -nc r c - c - c - c - era—
c-urea. r s ot me n t  -sIc-h c- a tc-niLn tac-racnleride pr omot es the  at c - a-c -h rc-ec-,t oi c-p ox ’-’
ar c - - c - c -’ c - c -  :ie c i t r I c - - ce at  c-he gla,; fiber.
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to  each I n d i v i d u a l  case , t h e  cho ice  of the  s i z ing  agent composi t ion is d e t e r —  /53
mi ned 5’: c -he  typ e of b i n d e r  esc p l o .e d .

Monomeric organceilicon cc-cc-pounds c o n t a i n i n g  amino gr ou p s  are ‘u sc-d f o r  epox y—
glass p l a s t i c - s  Icc c-ic - USS R ac-d abro c-c- , Ti-c c- amine groups of c-icc - sizing agent reac t
‘sic -h c -he  epoxy 9r ouos , f o r m i n g  in t c -r f a c l a l  bonds s t a b l e  in a neutral aqueous c-c-cdiu m.

Among o rganosi l icon  sizing agents , of i n t e res t  are  the fo l lowing compou ~ ds:~~~~—
aminopropyltri ethoxvsilane (AGM—9) , aminohexamethylenaminorzethyltriethoxy silane
&AGM—3) ar.d N—d Iethvlmeth ylenetriethoxv~ilane (ADE—3) . Abroad , compounds similar
in structure to AQ-(—Y are known under the  designatIons A—ll0O (USA) and 3100— ,’ (Fr ance).
itt addi t ion  to these compounds , epoc-cy deri-iatives of silanes are eOplcyed. Th
the  U S SR , the p roduc t  fS . epoxypropoxyprop ’ltriecsocysilane ,is employed.

At the present  t ime , all known methods of t r e a t m e n t  c-i fibet with water—re;ellc-c- .c-
adhesive p roduc t s  may be dIvided in to  three  groups:

thermochemical treatment;
introduction of water—repellent adhesive products into the composition of the

b inder ;
introduction of water—repellent adhesive produOtS into the c-cc-position of the

sizang agent.

Thermochemica l  t:eatc-c-ent. This t rea tment  cons i s t s  of two basic operations —

removal of inert lubricant (paraffin emulsion) and application of sizing agent.

~emoval of the lubricant may be car r i e c-  out by caramelizatIcm , thermal purifl ca—
c-Iota , and washing.

The caramelizat ior i  method  consists  in thermal t r ea tmen t  of the  glass f a b r a c
at a t e mp e r a t u r e  up to 300’C , par t  of the lub r i c ant  being vola til ized .  The c a r a m e l —
ic-ed glass fabric has a golden brown color , and its residual l u b r i c a n t  c c - n c - c c - c c -  is
up to 0.3% (instead of 2—3% in the original glass f a b r i c ) .

Thermal p u r i f i c a t i o n  of g lass f ab r i c-s  Is ach ieved by treat ing therm at 350—50Cc-C ,
thus obtaining a more complete removal of c-Se lubr icant , down to c - . 1—0.2 7 . . Thea—cal
pur ifloation is the most common method of lubricant removal and is usually accomplished
Dy the continuous method in vertical ovens.

The ‘cashing c-cc-hod consists in treating the glass fabric -sIIh specIal cc-c-posi-
tions (benzine , ole ic acid , etc.). The glass fabrIc Is passed through a c-cries of
b at h s  w i t h  solvents , -cashed w i t h  w a t e r , and dried.  The Lubricant con ten t  of t i-c - c-
sashed glass f a b r i c  Is 0 . 5— 0 . 5 % .  The use of ultrasound durIng the washing c-takes
it possible to rep lace the toxic solvent compositions with water.

Aft er the lubricant has been removed , the fabr ic Is tc-ygroscopic and ~hculd ‘Sd
th ere fore be i~~ediatelc-- treated with -satar—rapellent adhesive compositions
( s i z i ng  a;enta~ . The chemical t r ea tment  is ca r r ied  out w i th  d i l u t e  ag’ueous so iu—
c-Ior.s ( c o n c e n t r a t i o n , 0 . 3 — 5 % )  of sizing agents follcwed by washing  w i th  water  and
d r v a c - c g .  The con t en t  of the  s iz ing agen t  is 0 .2 5 % .  The chief disadvantage of the
thermochemical treatment is the reduction in fabric strength from 25 to 30%.

Addition of wat sr— c-apell~ tac- adhesive products c - c - c-he binder composition.
Th as ne; i - cc -d a~ c - c - c -v to apr1; c-ec-nnoloa ac -al ly. c-nd can be carrIed out by using a
u a c - e  c-s 5o —ec - ec - c -L - c - f compoun ds . -sc-cress c-he t h c - r c - : o c h e n a c - a l  t r e a t m e n t  is c rcfanc- : c-c-i;-
to  c-orn p our ,d s ca l -abl e  In -cater or a lcohol .  yow ever , as in the the rc-cc-coec-nI-:aL tre at—

- ‘ - 
‘-‘-,-.- - _________



nc-nt , It Is fIrst oecessar’: c--s remove the ubricant , i. a., paraffin emulsion .
Ti-c-c- c-h c-n ic-c - l l  ac-t i - /c compounds used for  i n t r o d u c t i o n  in to  the  b i n - d c - c -  a re  a r g a n o —
silicon products containing a.mino groups (AGM— 9, ,‘dd— d , A~ E— 3) , i- vdrc -uy_ groups
( MR— I ) and epoxy grouPs iES). :~ the ideal case, the introduct ion of organo—
sil icon products  ic -t o  c-he b i n d e r  involves c -h e i r  migratIon to the surface of the
glass fibers , hydrolysis of alkoxy groups by moisture present on c--c -is surface or
ic-c the bindet , a~d Interactlc-n c-f the  sIzing agents with the glass. The intro-
duction of sizing agents Into the binder decreases the res idual  s t resses  at  the
glass fiber — binder interface. tt has been found~~ that the best water—repellent
effect is c-ch ic -c-ed by introducing the sizing agents In the amount of 3%.

intr oduction of water—repellent adhesive products into the  composition of the
lubric-ant. This c-athod is the most advanced and considerably simplifies the
technology of production of reinforcing materials, since the operations of applica-
tion of technological 1ubrica~ ts and water—repellent adheslc--e treatment are combined ,
and the operation of removal of c-he inert lubricant, associated with a loss of
strength of c-he glass fabrIc -, is excl uded .

Lubtacants based c-n the products AG:-1—3 (lubricant bIT), ?c-~ E - 3  (lubricant 52)
and A(2’5—9 (lubricants 78 atd $0) have been d c- ic - loped  for  ep oxy—glass p iast ic-s .
Product OS— TO is added as the emulsifIer , acid dibutvl sebacate is added as the
p l as t i c ize r .  A m i x t u r e  c-i these p roduc t s  is applied ac-c the  f i b e r s  f rom a 5%
aqueous sc- Ic - c - ti c - cc -. The con ten t  of adhesive lubr ican t  on tic-c f a b r i c  is about  1%.

The effectIveness of the waterproofing may be estimated from the strength
and dielectric properties of the fiber glass p lastics.

Considering that the chief purpose of the waterproofing adhesive treatment
is the s tab i l i za t i o n  of the p roper t i e s  of the fiber glass plastIc ~o a roist medium ,
of gr e a te s t  interest  are data  on the  change in these  c h a r a c t e r i s t I c s  a f t e r  exposure
to w a t e r .  Tic -c - greatest stabilitt- of the properties of f i be r  glass p las t i cs  In
wate r  is provided by w a t e r p r o o f i n g  adhesive Lubricants 652, 7S and 30. Thus , where-
as the decrease In s t r e n g t h  a f t e r  240 days in wate r  is 25 — 30 % ‘shc-c- p ar a f f i n  ettul— /57
sion Is used , it is about 11—15% when lubricant 652 is employed ( T a b le  2 ; ’ ) .

?articcalarly appreciable IS the positive effect of waterproofIng on the change
in the dielec:ric properties in ‘cater (Figs.  2 and 3) .  Thus , c - - c - c - c a 3 0 — c - i n u t c -  b o l l —
j ag o f ec-ox ;.’p :c-enol f iber  glasc- p las t ic  w i th  p a r a f f in  lubr ic ant increases the -ii—
c I s c - c - c - a c  loss cangent from 172 x l0~~ to 3.9 c-c lO~~~, whereas for sized fiber
glass  p l a s t i c s  (A GM—9 s iz ing  a g e n t) ,  a f t e r  6 hours ’ bo i l ing ;  c -his  -;alue is - .15 x
10

An important property of fIber glass plasticS for shipbuilding app licatians
is t h e i r  d u r a b i l i t y  in ‘ca te r .  Tes t s  have shown ’ tha t  durabilita- in water  In pure
bending Is the most  sensitive method of es t imat ing  the e f f e c t i v e n es s  o f - s a t a r p r o o f —
Iri g adhesi-je treatment . The long—tine strength In ‘cater in bending -sc -c -h -a base -of
1000 h for epox’,cp ’nenol fIber  glass p las tIcs  wi th  a p a r a f f i n  l u b r i c a n t  Is 0. 45 of
the long—tIme bending strength , and for analogous f iber glass plastic -s with lubri—
c-ant d52 , 0 .65 of the short—time strength (Table 3, Fig. 4 .

Cre ep tests (Fig. 3)  have shown t h a t  the c - c - f c c - m a c - I o n  c - r o d u -c- -~ ac - c - e r  13Cc- ) 5 i - °
c-f testing is relatlvel sc-al . and rather ~nsen~ it~ c-’e to c-he c-cc - fr -cd c- f c - r e  c - c - nc - n t
and to c-i-ce iofI-uer,ce -of -cater.
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Table 2 7
Water  res is tance of waterproof epoxvphenul f i b e r  g l i e c -  plastics /57

I N a t u r e  c-f glass fabrIc treatc-cnt c-~ddi c-icn
- a i lS

Lubricants Sizing additIve-Property -
- ‘ - - - - - toParsrri ni AGM— 9 - csuN— u - -- - - binder

emulsion l 652 5_ product product

Water absorption , 
-

after a h boiling 0.39 0 .29  0 .3 1 0 .33  0.36 c 0.36
In ’cater Iafter 210 days Ira 0.32 0.23 0.25 - -3 .27 0.31 0.30
water
Tensile strength ,

after 4 h boiling 59 64 80 63.5  
- 
59.6 63 .6

in water 92 99 97 100 96 98

after T4O doyg in 61 65 
~1wa ter 96 - 100 98 99 99 98

3ending strength , -

after -.hb oil~ng~~~5l.5 67 66 6 7 . 5  dl  
- 

dO
in water  75 90 88 I 90 - 15 So

a f t e r  240 dc-vs 55 695 71 69 61.5 r-~
in water 

- 
80 93 95 92 36

Compressive strength , I
kgficmm : -

after 3hboi 1ing~~~~ 3O 40.4 4.) : I ~ ~ - I I
in water 70 36 - 82 30

after 24o days 31.4 40 43 38.3 33.5 36
in -cater 73 65 85 35 77 78

Remarks.  I .  Water  absorpt ion was determined c-n specimens measur ing  120 x
l5 x lo mm. 

-
2. Numerator — absolute ,al’c-es of strength in kgf,’mm~ ; dec-cominator~

percent of initial value.

“10
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FIg. 2. Dielectric- constant of waterproofed e~oxYphenol fiber glass p lc-a c-ic -s
vs boiling time ~n water.

1 — glass fabrIc with lubricant — paraffin emulsion; 2 — glass f a b r i c -  wito
lubr icant  752;  3 — glass f a b r i c  t rea ted  wi th  AGN— 9 s iz ing age n t .

Table 23
Long—term strength in pure bending of waterproofed epoxYphenol fIber glass p lastics
in air and water ’ -

Long—t ime strength , kg f/r,m’
Nature of glass fabric treatment Medium , -a000 cc- base 100,000 cc sac-s

Lubrican t :
p a r a f f i n  emulsion Air 4 5 . 8  40.9

Water  22.o 13.5
652 Air 51.0 

- 
4~~.7

Water 42.3 30.5

Sizing agent: -

AGM—9 Air 48.3 40.5
I Water - 47.3 40.4

AG~-!— 3 I 
34.1 27.0

ES product Introduced into I “ 31.3 21.3
binder I I

c c - ”

- /59

101$ I I  I I I  e-

~ 15J9 ~cJ MQ Z~O dj0d, cc,-,,

Fig. 3. Volume resistivity c of wa te rp roofed  epoxyphenol f i b e r  glass p la s t i c s
‘- s boIling time in water.

— glass fabric ‘~~th lubricant — paraffin emulsion; 2 — glass fabric wIth
L- abr c-c -an t 752; 3 — glass fabric treated ‘sic-n sizing azent 732.
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FIg. 4. Time dependence of strength of sized epoxyphenol fiber glass plastics
In pure  bending  In -ca ter  (a) and aIr  (b) .

1 — glass fabric with lubricant — paraffin emulsion; 1a — same , with Isolated
c-rids; 2 — icc-at—treated glass fabric; 1% ES added to binder; 3 — glass fabric-
treated with AGM— 3 s Iz ing  agent ;  4 — glass fabric treated wIth AGi-i—9 sizing agent;
5 — glass fabric with lubrIcant 652.

The tests performed clearly Indicate the advantage of the Introduction of the
siz ing agent ir.to the lubricant over methods of thermochemical treatment of c-he
glass f a b r ic and pa r t I cu la r ly  over the introduction of the sizing agent into the
binder;  this  may be explained as fc-llcccs . Lubr6cants 78 , 80 , 652 and c-ST applied
on the glass fiber leavIng the spinneret are more strongly bonded to ic-s surface
chemically 5” hydroly sis—resistant siloxane bonds than the sizing agents , which are
applied on the fiber surface with residues of the paraffin emulsion. Moreover , c - d O
the amount of the lubricants on the fibers is 3 to times greater than in cc- :aer
methods , prcmoting the formation of a -uniform -cater—repellent film on the fibers.
During the thermochemical treatment, the d~st:iburion of the sizing agents (type
AGN—9) over c-he glass fabric is very irregular. Their concentration Is particularl”
hc-.gh at the points of contact of the fibers ; however , a cc-nsjderable portion of the
glass f iber su r face  remalr.s bare .

To obtain a comprehensive estimate of the behavior of waterproofed fiber glass
plastics, t h e  short—t ime and long—time strength , creep and dielectric propertIes
were determ ined by testing the specimens in air. As expected , the influence of
sizing on the dielectric propertIes and strength in crci inar~ short—tIme tests in
aIr was c-d c-ti c -el y slIght c -n o  ic-’deoendc-nt c c - the sizing c - e t c - c - a .  The m l  I - c - c -n c - s  of
c -he t ime f a c t o r  or . c-c -c s t r e n g c - ’ c  c - f  f i b e r  g1ass plastics ic-c - c i r , dc -c- er-c - ic -ed h’ the
c- c -ta o long—tIme etr en-c-ths -sith a tc-me base of 13 c-c to the sn crc -—t ame str c- ’c - c- c - c - c,
also c -ep end ec -  Ic - c - c - Is c - c - c t he  a i z c - r c -,’ : o r c - c - i t i c -n s .  
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Fig. 5. Oeformat ion  developed a f t e r  1000 h c-f testing vs effective
stress c-b 

in bendine for sized epoxyphenol fiber glass plastics .

1. 1’ — glass f a b r i c  w i t h  lub r i can t  652; 2 , 2 ’ — g lass f a b r i c
treated c-sitS AGN— 3 sizing c -gen t ;  3, 3’ — heat— treat ec- glass fabric .
10 ES added to binder; — , 1’ — glass fabric with lubricant —
pa ra f f in emu lsion ;
— — — — tests in -cater;

c - c a t s in sir.
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Chapter 3

PROPERTIES OF Ei’c-I XY—GLASS PIAST:C5

~ 9. Mechanic-a l Properties

The success fu l  use of f :b e c -  g~ ass p L a s t i c - a  in p r i c - a r  s c - r -~c c - u : c - e  c epcc - c - c - d s  c-n / b 1
a d c-ta i led  k n o w l ed g e  of c-c -c e p h v s i o o r c c o n c -n i c - a c - .  ~ roper : Ies  c-nd c - c - c - c c - c -  e f f e c t i v e  cc -c -c -—
sideration in c-he design.

The mechanical properties and ne c-bc -dc - of testin g of epoxy—glass plastics are
described in detail below , and data c-re given c-n c-ha static strength in short—tic -c-c
and long—t ime app licc-tion of loads , fc-ti~ -oc- strength , and shock resistance.

c-tat lc tansile tc-sts . Tensile strength I s  ~et e rm i n e c  c - n c - e l  1; by the strength
and amount of the fiber glass reinforcing matec-isi, sInce during extension of the
fiber gLass p l a s t i c  a long  the p r in c i p a l  d i r e c c - i c -n  of r e in f o r c e m e n t , m a i n i~- the
Ic-c-er glas s , w hich IS an c-b c - t a n  bocv , c-s op e r a t i ng .  At  the sac-c-c tIme , the c-arc -c-er
is subjected to considerable -deformatIons uc-tll the start -of failura .

:ra tensile tests , c-he quanta c-ic-s determined are c-he ultimate strength , modulus
of normal elasticity , percentage elongation c-nd Poisson ’s ratio , arid the nature
of the functIonal relationship between t o  load acting on the specimen and the cc-—
formatIon it produces is also detarnined. Icc tests along c-he princIpal direction
of reinfcrcc-ment, the diagram of c-ne functional relatIonship is usually represented
ic-c the f o r m  of a s tr a i g ht  line (FIg.  6) , 1. e. , it may be assumed ~sic-h a ~uffIc-ienc-
degree of accuracy that the f ib e r  glass p las t ic  obeys Mco ke ’s la-s ~ri c-his case.
However , as -sas shown by Sm irrco’.’a , Soko lo v . ‘Ia. S. Sidorin et ci. ,~~ Hooks ’s jaw /62
is Obeyed only  at boada amounting to L)—3O~1 of the ultimate strength of c-he fiber
g lass p l act i c .  In c o n t r a s t  to m ac - c -  me ta l s , the stres s—strain cur-c-c of a glass

- ‘ fabric resin laminate does not show a :.-ie id p l a teau , i n d i c a t in g  b r i t t L a  failure
of the material.

Abso lu to  values of the ultimato sc- r=~~gc-h c-nd elongation depend an the rate of
reiStive deformation , size and shape a;’ t h e  spec-ic-ens. The above c - a l - c - c - S were ob—
taLc-ed in tests at a loading rate of 20 tm/sin c-n standard blades measuring 215 c-c-
25 x 5 ~~c. As the r a t e  oi r e l a tiv e  dc- fo rma t i on  increases , an increase in these
values is observed.

V . .
_

~~ - ./

F I g .  8. Stress~ strc - ac - c’i~~,’e c - f  e~~c- :~sp heno1 fiber
g lass plastIc- ( - :on pc c - -a c - c -~ gLass filler j,

c- — e f fe -c - c - ac - e c c - c - c - a. kz f :c - - c - c - c —;

— etr ac -ra, ‘2.
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A disc -dc -eri c-age of sc-c -n c -ar c spe c- Ic -etc - s is c - c e presence c-f - c - t ec - c , - s c - c - o n  sc -c -
stress raisers ac-i decrease the strength. En testa :c-~ of specImens -~a c - :c -,c-nc-,: :reo—
tic-nc-I rec,nicc -cin.,’ fabrics , such a decrease in str ec-gtIc c-s cc - cpr e ct c - c - c - c,
since fa c - ic - r e c-s’s-es place ‘sic-ic- shea r ing  in the  r eg ion  of c-he c-lutes. T-s~ c - ac - c - -:1
unidirectional fabrics is uauall’c- carrIe-a o a t  on r e c t c - c - c - c - u l s r  s p e c - I c - a c - c s  measu r : r .g
250 a 20 x S tm.

Static ocooression tests. The compressIve strength is cc - c- ac -c -c- c- sd to a coc - s c-de r—
abls extent by the adhesive and cohesive strength c-f tic-c resIn. lice c-c-cag nit unc - -of
this characteristIc Is particularly dependent on the quality of the binder , type
of waterproofing adhesion treatment of the r e in f or c ing fabric , c-c-nd condi tc-oc-s of
pressing of the fIber glass plastIc.

CompressIon c-as well as tension tests in c-c -li e th5 dec-arc -ic-ac-ion of cc - ic - ic - a r e
s t r e n g t h , p e r c e n t ag e  e longat ion , e l a s t i c  mod u lus , Poi sson ’s ratio and c- c -sc -c - re of
the strsss— strac-c- roaa c-aotc . From c-ne c - c - art of ic-adl c-cg to toe ac-astanc - of failure

of the specimen , the -c-u-c -pression cur-c-a of c-he fiber glass plastic cc -Ic -sc - I: foliews
‘dooka ’ s ic-u (Fig. 7i . The -uIt imat~ s t r e n g t h  and c-crc-ac -c-c-ge elc-nga ticn c-c- compressi on
of a fiber glass plastic usually dIffer from the corresponding c-uar.c-bties an tec -c-i e
tests. Thc- elastic constants in compression , i. e. , c-he elastic modulus ac-d
Poisson ’ s r a t i o , are pr a c t i ca l ly  th e sac -n e as the :-orrec-Dc-nuin; characteristics
de termc -c- cec - ~n tension.

The magnitude c-f the mechanical properties i c - c compression as ~gc-i~ as tension
is a f f e c t e d  by c-he de for mat ion  ra te , scale factor , ac-c shape of c-he apucinens .

In compression tes ts , s t a nd a r d  sp ecimens ( 10 10 x 15 mm) f ai l  gre at-oral ;
awing to c runc - l ing  at the  ends . ew shac-es of specimens have been  p r n p c - s e a  :63
along w it h  devices f o r  compress ion c - e s t c - ,-cg of fiber glass plastics , ‘si c-se f a i l u r e
takes p lace in c-he region of :noocsec-c-soua stress.

S i: ’/,a~

I FIg. 7. Ccmpressian -:-,c- ra e -a f c-c-ox’-’—

7’ pheno l faber glass plastic (rein—
- I f o r c in g fabric — ASTT(b -3, glass

I 1/ - fabric).

- — e f f e c t I v e  s t resses , kgf/mitT ;

~ I 7 - - 
c — sc-rain , ‘2.

- c - c -c -

Table 9 shows c- he  p roper t ies  of fiber g lass p last ics In compression.

Static bending c-esc -~ . Static bending c-c-sc -s involve the simultaneous presence
in the fiber glass plasti c c-f tensile , compressive and shearIng stresses , and
t h e r e f o r e , b e n d I n g  st r o n e c -h  is a c- o r i - c - l ex  pr ooert ’,  of the fiber glass plastic ,
convenient  for escImat~ ng the c-ac-lit ;: of the plastic and suitability c-i the
o s t e rL a l f o r  ser ’,’ao e - c -n c - e r  c - c r c - a c - n  s-,e-:afc-e,o c -o n c - c -t io ns .

~h o u lu  c - c -  k eot  c - c - c - c - c - c -- I  c - h a t  t c - e ’ c - c - i a e  ~f t he c r c s c - — b r e a k a c - g  s c - r e n c - c - c -c- —

cc- nc-what n i z h  i -c - - c  ;- c - r ’ o c - s e - a  c - c e  t e c - c - c - L - c -  c-nc-c ~c-c-c-prsss ive c - c - c - sc - c - c - c - Ic - d c - c - c c - . Lac-s c - c -

~~~~~~~~~~~~~ - ~~~~~~~~~~~
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Table ~~
?hys i,c-a-c -ecc-c-ca c’cjc al properties of epox’.’— -gla ac- p lc - sc - ic - s ic - c - compression

Orianc-c-taon of rein— -

forcing fabrIc -Property _________________________ -

- 1.’arp I 1~eft

Compression strength , k g f / m m 2:
paral le l  to the layers 40 I 28

- 52 40

perpendicu la r  to the layers  ~~~~

Elast ic  modclus, l0~ kgf/ ~~
2 

~~

- -
~~

- 
- 

~~

- -
~ 

—

1.6 1.6 -
Percentage elongatacri, .. I 

~~~ I
Poisson ’ s ~ 3~~IO cJ .l3

Note .  Nu mera tor  — values for epoxvphetc-ol fiber g laSs plastics; -

- denominator — epoxyamine plasti cs.

cue to the Ic-ct c-hat in fiber glass plastic s, the distr ibution of stresses cc-er /64
the height of the specImen ’s cross section dc-es not correspond to c-he lInear Law
of s t ress  distributIon , whereas the formula far calculating c-his -c -b -a rac c-er~ c - c - to
ai the materIal , c- b 

— H / N  (H being c-ne bending moment ard N c-he cross se c-ti - c - al
res istance moment), has been derived by assuming c-~cac - this law is c- bc - -c - c -c c -.
deflection c-f fiber glass plastic specimens as a function oi bc - n c - c - ri g ~c-ress is
sc-c-own ic-c FIg . 8. Table 30 gives the physlcomechanical 7c-’operc-aes c-f c - ic - ar g c - c - - a
plastacs in sc-ac -ic bending c-eats.

~~~~~~~~~~~ 

— - - 

- 

- - -

~~~
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Stc-tic shearang tests . Dc-pendi ng c-cc the ma rc-c-er in ‘sic-ic c- c-ice forces ac--c
app iiec- c-a c -h c - c-poo ime n , c-bc - s e types of s h e a r  are d i s t i n g u i s h e d :

in c-he p l ane  c - f c-c -c - r e i n f o r c i n g  f a b r i c - :
p erper -d i ccular to c-he plane of t h e  c - h c - s t ;
along c-he La- c-era of c-he fibec- glass p last ac - (inter lc-nac -c-r shear or shear

along c-he layer).~~

Ta ble 30
Physic-omechanica l pc -operti e s of epoc-’z;.- —glas s plastIc-s in bc-c-ding

I Orientation of rein—
-c - - lorcing materIalProperty - _________________________

- ;
~arp ~otc-

2 70 56 -
- altimate sc-rc-r .gtn, s-g:/cr.rc -r~ -- c , 0

c-c — , 3 - - 2 I 2.8 2.-) -alast~.c c-c-ocnulus , 10 ag t ;c -~~ ~~~~~ -

-, - ., 2.0 -- c- crc - c -n c- ag e e_ongatc-on , I ~
‘T I — -

See note in Table 29. 
-

Shearing tests in the plane of c-he reinforcing fabric make it pc-ssible to
aec-ermane the strength and elastIc properties c-f the 11cc-c- glass plastic:
uitac-, c-e str c:c -gth of the material , c-Ic-sc-c-c modulus , and maximum angle of c-c- c-sic -n.
sc-co to p lot the sheararc-c stress—strain diagrc -m . To prcvtae for p are c-hear /63
-c -c - c- c- a c- icc -s. the specimens are tested In specIal hInged four—link chains which
convert the tensile forces into shearing ones by stretching the specimens sIc-n-;
one of the dc-agonals. The shearing stress—straIn diagrsn of c-he fiber g lass
plastIc c-c- represented as a strai ght lIne in a rectangular ooor3in~ te system.
‘sc-c-re the shearing stresses arc- laid off along the ordinate , and the shearing
c- ale c-s laid off along c-he abscissa ;FIg. 9). The nagc-ic-udc- of t he  s h ear i n g
strength depends ccc the angle  fo rmed  by the  w a rn  -of c- i .e gIasa fabric with the
direcc- :on in which c-he shearing load I.; acting, and depends little on the
of binder.

The snearing strength values for an ap c xvp h e n c - l  fiber glass p lastic are given
as an example (Table 3 1 ) .

Shear perpendIcular to c-he plane of the reinforcing fabric is determined by
the  re s I s tance  of c-he glass f c - b e r  to c-;ar .sverse f o r c e s ;  fo r  epoxy—glass  plastics ,
c - c - c -  shear  s t r e ngt h  is 13—15 k; f c-.rc -.

~ The strength of f ib e r  glass p las t Ics  in ic-terlc-m inar ~hec-r characteri zes the
adhe sion a c - c - c c - c - c - c -  c - f  i c - c - a’.-ldual layers of rein fc-rcin g ic-c-ric a . Ic- is -c-sc -crc-inc -c
b-c ac-sbj cc -c - Ic- c smecimerc s c-c-as-c-ring cO x li) x 15 c-c-c-c- to  c - c o o i n g  tests w i t h  a load
-c-oocc --ecc - c - c- ra t c - c- at c -c - ne c - e n t e r .  The d i s c - s c - c - c e  ac -c - c- c- c -crc c -he  s up p o r t s  c-s 40 c-c-cc- , ‘sc-c c - c - h  :r o—
ic-c-c- S for fa ilu re of c- c- re c-c -c- cc -c- ens 3cc-c c-c- c-ne arin g stresses thrc - cc - gh c-h e ir -3e1, — c-uc-a—
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I a b a ~ 3D c - ac - e s c-ac -a ohar a ct e c-aca :c- cc- ’c-h e c-nterl .amicnar s c - ea r strc - :c - .c- :c- c- of epoxy
l i t e r  g l as s p l a~~t i o s  -of dI fferent c-cc - c - c - c - u sc - c - I ons. The c- cc - grc - c - sc - c-c-car~ c- c - e r r sc - ic - s ~re
those of faber gla ss p laa c - a c c - b c-c-c -c- on a -c -hlorc -ne— -c-c-nta c-c-ang c - s c - c - a f-,cc- cc -aurc c-c- c-. c - p c - c - c -’:
resin ~5 c -c-c 3l -

I Fig . 9. Shec -ra n-g stress— c c - c -ac - n c - c - a—
- 

I 
J gram of epoxvphenol faber glass

plastic rc - :n i -c -r c -a c- cc - c - c - a c - o r a ai —

~ / 

.c-.ST T ( b ) — S 2 g l a s s  I c - c - c - c - c ) .

c-c- c-c-~
.• 

-

Table 31
Ph vs ic omec .-canIcal  p r o c - c r c - c - e s  -of cp ;c -- c - ’rph sn ~c -l  f a c - c - r  c - i a s . c -  c - c - I c - sc - c - cc -s ac-c- sc-c-ar

D1 c -ect c -ur-, of c- c-ic-— Shear sc - c - sc - c - c - c - i, Shc-ar c-u-d c - I c - cs. lQ~ Hax imcc-c-r shear - .rc -c -la ,
I c - c - c c - n c -n c  egf .i c-,r,

_ 
k;f r-c-c-c-’-

N arp 19.0 - ,4  - 0. -.3
- Nc-ft 11.3 1.3 —

A c- 35~ angle 15.) 0.95 1

Creep c-nc Ioc -4— c- 1c- c- statIc strength. Short—time tests of spec-ac-en s c-c not
reproduce the sec--lice cc -ridi c-ions and jo not pro -ice c-c- exhaustive charactericac-i:n
cc-f c-he mac -cc-c-al. Th e p er fo rmance  of c-he fioer glass p l c - s c - c - c  may be ssc-iac -c-tc --a - c-b
much c-c-ore fall:. Ic-c-n c- c - c - c long—time sc-rsc- ;c-h sc-c cc-eec c - c - cc - r cc -cc -c-crlst ics .

The metnod c- f t o st c - c - cg for long—t im e strength c-cc-c- c -c - lets in ~ec-c -rncl c-n c-,:c-g trc-e
sc - c - c -c - s at -sc-c -ic -h the ac - c- cc -c -e n fail s or cOnstant temperature at c - c - ce c-c-d or a given
c-c-m e ic-cc-er ’;cc -i . Nbc-c-. a c-c--c - c - sc - c - nt ic-ac c-s -ac -p lc - c - c - for a long c - c - n od of tic - c -c , c-h c-
c - tra ct - c-cf c-ne c-ua c-cr:c -I c-ncr- oases , c- e. , c-rea p is obser- .’ec-. The rhc-c-cc-erc -n c-f
creep is closel y c - c _ ic-cc c- c- c-nc decrease ic-i strength , and faber glass plastIcs
-c-re cha rc -rct cr :c-ed by c-c-ce Ic - i c - c - c-hat c-c-ee c- of c-h c- material is c-Ic-c-ad: obserc-red at
c - c - cm c - - c - o p e c - i c - c - r e  c-nd at  c - - c - I c - c - i - c - c - i  sc-al l  oacs , -shercas in the c-c-se c-f metals ,
cc - c -c -p i s c - cc - ac - fly n,ssr’;ed at -sle” -ated c-emp er c-atccre s or at loads c - I c - s c -  to c-nc yie ld
p o i n t .  The cr~ c-p process is s-ohdi’ ;i-ded into three periods : pc -rio-c - c-f unsteady
cc-eec -, c-crc-ad of c - c - c - a d’.’ creep c - -u r ac - c -g c - c - b c - c - c -  t he  rats c-etc-ac-na -uc -c - c - c - c - rc~~-c , ~.:c- -d t he
c -c r :  c- - c- p c - a c e d  Lc - n c c-he br -c -aec c - ’,,’n c- c- c- :c -e , a e —_ c - c - ’,ep, , c -h cr .,c- t e’:I zed ox a sc-carp c - c -- c - c - cc - c - c
in c- c - c - ca c- ac -c. :.

Ti- c- c - c - c - s c - l e  c - c - eec -  -c - - c r c - c s  c- :nac - ’nc - :sr c- sc - :: c-f an s:-c-x-onrc ec-oi c-lass ac c - c - c - c - c - -a c - c - s
sc-c--sn c - c - FI g . Ic , .  :c- c-s -~ /j c-i c -n c - Ic - c - c - c - c- ice f i g - o r - c -  c - : 1a c -  tic- c- d u r a t c - - : c - c  of  t c - . c -  c- Ic - sc-
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period is c - n c - c - c -, c-n -c-ut 50 c- c- . The sc - c - sc -n nuc -Idup c- ac - c - c-i the sc-c-ad’.’ cc-sep nro cc -ss
in c-he sc - c - c - c - s c - c - c - c - c - c - c - il -c - f 0.l—d.c -b of c - c - c - c sc - c - urc -—t a c - ac - c- c - c- ..c- gc - c- c c- s sic - -s ar_ -c- c - c - c - c c-cat
jIfect tic-c perfor-zcanc c a: c-ne nc-t~ rc-a1. c-~ tat c-l crecp strain c-c- c - c - c - c - s ian c- c-c-
S—c-I c-f c-ha ans c-an c-ar.c -uus st:ac-.n corresponding to c-a-o:c cc-rccse i~ :’el ; c-n. c-an c- 1rc -.,.
it c-c- sli ;hcl higher c-nc-c equal to a-’..

b a l e
?c-ooerties ci c-pox ’s—glass olastics in interlacc ic-n ac - shear

~esin Curing Agent -U ltimate
I a t r e n  c- c- c-c

lpoc-c-c-diane ~lD—l3) I Resol c-n- p c - p hercol—for-c-caidehyce a. 2 -

- resin I
Sc-me Tc - l e t h arco la c -n c-c--.e c - c - c -c-nate s .D

- Foc-Iur’:Irc-sorcinoi glvcldo l - -
c- c - c - c c -  jUi ’— o 3) I “ “ 5 . 5

- Diac-r.t c - c - o d i c - h l - a r o d i c - h e n y l —  I - ,  “ 9._i

- metnanc gl- .’cido l c-c-her (EKi’cD)
Sac-c-c D i ami r .od lcc - io c -o d iphen’.- i rc -eth an e 3.0 -

- Aminophem ol c-I c-ido l ether Diaminodinhen’,l sulfone - 1. -.
( I T — c - l U )  -

dc-r -; -~s r ep r e s e n t In g  ins t an taneous  st r a i c - 1  and strain den-clonic-; c-cc-sc-rd c-he c-nd
or’ ti-c- c- c - sc - s versus effective tensile ac-cd ‘ac-c-ding stresses ac-c sho’.,n c-c- Figs. II 
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c-nc-a ID . Sanc - I~c-r c - ar c-cc c - :c c - rc - c c - c - sc - c - z e c - c -h e r  compos ltacc-ns of c - a c - c - — p c - e a s e - :  e p c - c - v —
glass p lc - sc - c - cs.

P c - c - c - c - j c - c - l l. c-c-a residual strains are obsar-.-c-u c - c - c - hot—press ed fIber c-ic -as
pi3s tc -cs; c-c- .Ducc-;e-d c - cc - c - c - c - of tensile c-tresses amountc-n-g c-a 3 .1—- l .a c-f c-nc - sc- cc -c -c --
tans src -ec -gt c- c ~c- ;c -s c - c - c - c - c-a residual sc - c - .’ - c-s c-c-ac do c-c-at ey.ceed O .Oc-.’.

- - :  i0~~~~~ ~~-~~~t
’
~~~~

F:~~. II. Sc - c - ac -n dc -c -c -c -n c short—tIme P c - c - . 12. Deflec tio- d u n n-c- short—tans

ac-c -I c- ac - c - c - n -of load , e , I, and application of ic -c - -c- and deilec—
strain c-sn -c - ic -ping c- c- -cc-ac-I the end of tic-n accumulated by c-bc - er,d of the
t~ce c- c - sc - s -‘s ec- fectiv e stress in tests vs c- fE~ c-t i’;e stress :. in

a
‘.sc - .s c - c - r c - ic - c - c-c-ox-c -nc -cc -c-c-i glass bending.
I c - m a c - a t e  c - c - c - c - n cc-cc-a sic-c glass filler. dc-flc-cti c’c- cc -urc - cc -g

strain during short— shor: time application of Ic-ad;
c- .,c-nc- sc - :c - c - c atc - - c - n of Icc-c ; X d e c - I c - c c - c - - o n  c - f t c - c -

sc-rain ac-cumulated 1000 h.
a l t- c r Il-c -I h c- c - c - cc - I-a c--c.

,c-
~~~

- 
I - -

I I I
I I -

0 f CC 050 3.75’ c--s’C J53 dCC 730 o-JJ ~oo t,

51c - . 13 C.jc-c-’e -c - I lonc-—t ime :c-ns c - I e c - c - c - c - nc - c - n c- i cc - oc - cn -c- hc - c - o i  c- lass  lamin ate ‘sc-th
- c- c - ’ c - c - o s c - t e  c- Ic -c - s 1:11cc- . 

-
— c - c - c r c - c - c - - c - n -of tests , i - c - .- — c - _ i _ ic - c - c - i -i c - c-ensc-le stress , sc- f /c-cm- ; ;~, — s i c - c c - c - c - — c - c - n e

c - c - c - c - nc - c - i - “I .Doc-s c - _ c - sc - a- c -. -~zf . c-c-cr . -

c - a

‘ - -‘ -- - -.--- -_

~

---- - -

~ 
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The c- c - sc - results sec -c usc-c to p l ot  l a n g — c - c - n c  c - c - c - a c - n c - c - c -  c -c - r n - c - s  of c - ac - c c - a c - I s - c-S
c-c-c tension Fag . Ia c-c -c -a c-a determine c-he i c - n c - — c - i c - c -c- s c - c - c r c - c - c - n  a t  1 ibe c- c.Dss
p lastIc. She ca _a c- c-f t:le long—c -c-me et c -en-c - c -h c-a as-ac-il c-c-p resse d ic-c - f :c-c-c-ic-nc-
o f c -h a  c - a r c - c - s c - c on -c- a rc- ; s c - c c - c - c - — t a m e  s c - c - c - n c - t n .  For c-nc -c -c -n -—glass p l a s c - c - c - c - c - c c - i c - c -  11 :1c c- c- nt
c-’-’?.c-a of c- e :nt .c - - rc - c - n c c-’c-cat,,c-ac-i, c- c- c- ic - c - c -—c - c - c - c - streng th in c-sc-sc-on Is 3 ._ i—c ] , 53 , c-c-c- c-
in bendc-ng , -l .a— -I. or c-c - ce sc-cart—t ime sc - c - c - c - c - c - h.

Results of c- c - sc - s c-f epoxy—g lass plastic - spec -ic-c- c-ens, perf ormed to dec -c c -c -i c -c - c-bc -
lo n g — c - c c - c  compr e s s ion  s t r e n g t h , c-re gc -v c -n  in Tab le  33.

Ta b le 33
Long—tame str ength of f I b e r  glas s plast ics

P.c -sIc- Cuc-it ig Agent Convent ic - c - a l  Ic - c - c c -—c - I c - c -c- -

I I -str engtn ‘sc-c-h a bc-se -if
- 

- ICC ) c-c-

Dc - a c - c - c -d i an e  ( E 0 — i 3 )  I T r c - e t h a n oj c - m c - : c -c- c - _ .an a :c- C loG -c-- - 
c - c- I

- 
ic- a c - c -v on - c -n c - cc - ac - c c- ETaD— S.c-ms 0.6S7c-

- 
D c - o x - - d c - a c - c  -~~~~ L 3 )  i 3hencI-fc -~~~c- i c - c - i -:c-e resin 0 . 16-2 :

c- Ic -c -c - c- i o - :c - c - c - ec - t ar c - c - . I- ac - n c -— c - c - ne coc -p r-c -s: ,c-oc-c- - c - c - :ec - ;c - .c- ‘sic-h a base of
1000 c-i c-c-c-count to 0.b~c-_ :3 . - - o c-f c -n e  s c - n c - r n — c - a c - c -  s :c - cc - oc - c- c - c - ic - c - ,c n c o c - c - ’ -  class nc - cc - c - t i cs
based -c-c - c-arlous bic c c - s c - s .

~:-s_c - i c -~~ c c - l ie. :‘_ Ic-c-c- c - icc - c - p l c - sc - c - c - a are c-n. c - so c - c - a c - Ic - c - c - i c-v c - ec - i;- t: - : c - c - --’ c - - c -
a c - c - c - c - ac - s -c - I -c - a c - p lc - c -c - s c - c - t a o  I c - a c -  c- f c-ho s n:.c- nc -c- c-at-c- -c -c -, i. e.  , c - -c -—c -aLI ,c c- c - c - c - c - c - c - c -
Ic - t i c - -c- c- c-f c - c - c mat~ rc- . sI

The con’.-ent_ ic-n c -i s c - c - c -_ c Ic - c - c - c - -c- c ic - c - c - c - - c - c - c- pc c - -c - c-—-~Ia-c- c-. p l c - s c - c - c - c -  ,c-I c - h a bass -c-f
1)05 c’:cIc-s c-c - c - ’.c-to c-c- 0. ~~— ) .  7 of c-ne c - c c - c r c - —c - :c--r y sc - r cn. ;c - c - c - lI-rc - .c -v~ c- , c-hac-ks c - c -
t he a c - c - c - c - c c - c - - i c  e l a s t I c -  p r - c - p c - c - c - I c - - c  of toe c - b c-c- c - i c - s c - I c -  ~ Ic-’c-os t nc-c c - c - - cc - c - s ac - ic-c- c-c—
F I c c - c - c - c - n  takes p l c - c - c -  c - c - n _ e r  c - : c e-o~ dc - c - c -c-c- c - t c - Oc - c - s . F c - ;c -c-re s c c ’c-s c- ‘ c - c - c - c - c - c -c - ,  c- _ o c - :c  c - - c - c - — c-c-
c-c-pr e s en t In g  the c c - a c - c - a  c- c--c- c- c - cc -Ie flc - c - c - c - -c - - n -c -p c - c -i c -c c - c- -c- c - c - h ic - crc - ic - ic -c: n c - c - n c - e r  c - i
cc--c-l ss -a_ i c- -c-cc -te a s t s c - c - c -  c- c - c - sc - o r c--c -er c - c - c - c -f i c--c- a c - c - c - c - ,  c- c - i c - - c - c -  c - t c - r - c - c t a -.- - ’ ~~~c - c -tic

~ c-o~ c- c - c - ic - s of ti-c c - ca t c - c - c - 1a _ arc tic e : c - c - i r .c - c- c- c - c - a c - c c -ac - n - s c - c r c - s c - s  c- c c - n - e s , c- I a t c - s c -  c - I c - c r
c-h e f i r s t  c-nc t i c - c -  - c - c - c - — c - c - c  - s a a c - t c - n  c - c - - c - I c -  c-f c - c - ce c - c - cc - _ i i c - c - c - c - C  I c - i - ic - c - c - . The h - c - c - c -  c - c - s . c - Ic-
lOOtS nrc -cc - c- c- al l’.- -c- c - c - c - ac - c - a c -, -si c - c - c -  c - c - i c- c c - c - I c -- ic-c- c - n c - b c - a r - h  u _ ic - c - c - c - - c ‘ -a n l c -  c - . i  c - c - c - I c -  c-I c-c - -on
c-c--s loadang c - c - c - n c - i -  ( P c - c - .  1 3 ; .  TIc- c r ed o -c c - c - .  c- c - c - c - c - c -  . a : c - - c - u c - s c - s : c -  b c - c - c - c -  c - cc - c- c i
t e s t s  a f t e r  c-c-c c - i - c -usc - c - c - c  c - c - c - i c - cs c-f i c - c - c - c - c - c - c - c-ncc-’.nc - c -c-c- to 0. -c - — - J . D  a c - c - n c -  s h o r t —  c - a - c - c-
s c - c - c - c - a c - n  is of - - c - r n -  sc -p al l  nagnc t c - c - c -, c- c - c the  r c - c - c -  c - i 3.2—0.3 c-cm .

PLc-c-re 15 si-c- cc -c- - c - -c - c - n -- c - c - I s c - a c - c - c -  -~ c - n c - r s - c - c - I ’ : -- i o c - c - , ;- .e for c-c - .c -x’- — : . c- a p l c - s c - a c - s .  7-3
Tic -c c - I c - a c - c - a t e  s c - c - c c - c - c - I -. ‘c-a l-c -c s -c -f c - c - c c- i c - c - c - S  c1~c sc-Ics In c - c - c - c - ac - sd sac - c c - c - cnc’c -p resci n
based -on 10,300 c c - c - l o s  c- c- c - c - c - c - c -  c - c -  0 . i i c — l 7.D c- f c-he c-h or :—t b-cc - . c:rec- :ti- ‘ T i t . I c -  I-.

Also -of I n t e r e s t  c- c- c- - : e c - c - a~ c- c - - c - c - c - ne c -— a c - c - c - c - s  -c-c-. c- - c-I usc - c - crc - -c - c- ic - c c - c - c -c-
c-f a c- Ic - s c - plastic - c- nc - c - sr c - c - c - c - i c - - c - c -  Ic -- ic - c - c - c - cc - ’ n c _ c - L c—cs . Ic- cs , Ic-c- c-c-a c-—ic , c- c- c-c—
c - c - a c - a d  Inn , — ’c- c-c—,c ac - c - c c - c o g , c- crc - -c - c - n c - n c - -c-’i c-c-ox- pc -c - c - .c-~ p1 .o c - c - : . c - c - c - c - ; c -c-c- d ‘— ctc- .~ - c- . c
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Fic - . 11. Deflec-t~ on c-f specimens as a function of cffecc-ive stress -sic-i- ~c-c-ress—ing number  of r e p e a t e d  static loading cyc les Icr an c-paxynhenol c-lass p lastic -sic-h
com posite glass filler

Table 31
Fati gue strength of f I c -.oec- c- Ic-c s  p l a s t i c-s

- i- i c -c -sure , -7
- 

-c- I Co r re la t ion  c-f d c - c - s i —  ‘
~

- Resin Curing Agent equat~ oc- parc -on . :
- I = -~~~~ - 

_
‘- _ i —— - - c- c-_ — I

- c. — - — a  c-c- s- —’

- ~ “ . -j -
Epoxydiane - riethanolamjrc-e -

(E D — l 3 )  t it a n a t e  I 23 -— 0.9 61 R 12 — 2.30 -3.66: -
- - - - 0.0026c - 

a

Epoxvcyanurate Same 17 —0.90~ F — 13.53 — 1.50 0 cc - c -
c-(ETsD—l3) 

I - 
- O.0026c-

Ep oxvd iane Ph en o l - f o r m a l d e —  6 —0. 55 R 12.~~ i - 1.1 -_ i 0.72:
i (30—13) - i - c - f e  res in  i 0 . 0026 :  - -

o n
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Fl-c- . Ii- . Area of h~-sc - ec-eaI s loop as a f- c-c -c- c-c- ion of c-nc cc- -c-c-per of c- c -pc - ac - cd sc - a c - c - c
bc’c-ding cycles for dlfferen c- values of c-c-axic-c-cc - c - ffcctc - -.-e stresses .

c- . — c-f fc-c-tlve stress, kg f / -  — d e f l e c t i o n , c-c-an ; 

vc-le — 1cc-JO c c-las .

I ~- 5 3 ’ 2 J c - : ’ 2 2 c - 1 c -$ 3r2  3 ~
-
~

c - -c - -c-

Fig. 16. Curves of static- Ic - c - i c - c - c - c - in -repeated sc -c-tic cc- c-c -c- cre ssion of epoxvamine
glass plastic- based on sattn—wea’,e c-ic -sc - fabric- .

— maximum stress of c-Vc -lrc -. kg f /n_n ; — long—tIme c- c - c - c - n c - c - h of gloss pl c- sc - c- c-

in c - i n c - c - c c - s i c - c c -, kzf’ c-c-c-n .
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c- o f 113 Ic- of c - c - e c - , i t c - o n  c-nc 51) c- c- -oc - c - c - i a c - c - c - t c - c - r c -  c - c - s c - c - e a s e s  no c - c - c c - c - a r  than  0 . 7  -o f / 71
c - c -cc- sn - a rc - —c - c - c - cc - c - ‘c-cn dc -rc -g strenc-th . In rests for c - c - p c - a c - c --i I c - n c - — t i n e  c - c c - c - c c - on, c- i-c-sp ec -c - ac - c - s  -c - c - c - c - c- c - c - of c--c-n cc - c - I c - c - (1000 c-c of operati c-c-n, 50 c-c of c - c - i - i c - c - a c - i c - n )  ar
c - t r e s ses not  c- c - -zcee d t c -c -c- c- i . — of c-he s h o r t — t i m e  cc - c - cc - c c - tn . it  is of i c - c - c - c - c - c i t  that
an c-nc - c - cc - c - c in c-cis c - c - ac - c - c - n c-ac -cc- f r o m  50 to 300 6 c - I -c -  not  appr ~~c a c - a L c - l -  a l t e r  c-he
c-xpec-c- ,c- c- ec - c- c -c -l c-as-c -Ic - s.

~iinc-ac-c-ca0 i c -t ic - c - c c - c - c - c - n c - t i - . The c-c- sc -sc -ac - c-c of a fIber glass c-Ic-sc-Ic- to fac-t;c-c-c-
failure c - c -  c - e p r e s c - n t c o  ay a fat ~ gcoe cur -ic- .  As ti-c- sc-c-c-as amplitude dc-cr c-ac-c-a, tic-iscurve bec c-m es c-c-c-crcas c-n ;i cc-ore ievc-l , but in contrast to the curves c-f c- c - c- c - is, hoc-
no asvmpc -oc-’o. T h u s , acoordirc-g to c-he data of P.c-f. 51, avert ‘sic-in a c-c-st ba se c-c-p c-c-
13 c-voles , the horIzontal portion of c-he fati;-c-e curve Is not rca- -c- i - cd. Ic - is
p o ss lb ie c -bc - c -e tc - re c-c-’ spec -c -  onl y of a convent iona l  f a t i c - u c -  I c-ha ir c-f fiber glass
phac - c - c - c -a , lImited by a c e r t a i n  test  bc - sc -, i. a. , by c- he h i ; u n e s c -  s c -r c - s s  - c - I c - h s c - c - h a
0 c- i - c -c- sc- cic-cec- ‘sic-c-out fc-c-Ig-ue failure in c-ice course c-f a pc-sI c- c - c- c -c - c- i c- c -c l nc- c-c- c - bc - c - ofc-roles . TIne fac-a-g’ua sc -c-c-n c-c-c -c- test bsc-e is usual!:’ assumed to be i x c - 0 c - 5 c- -c - I C c-

c-c- c-c-_c - c - lc -t c - c - I ’ c -e cr c - c- c - c -a c -n of c-c- c -c- fatc-zuc fac-!urc of a specimen is c- ic - c- appearance
of a visible fc-tc-; -c -c- c-c-ac-ic-c-. Ro’se’c-c-r, sPecimen s c- c -h i c - :c - I - cc - n - c -  undergone  c - c - s c - s  ac - c -idc-’ze Iopc -d cracks i-c- in-c- very i-ac -h s c - r e m -c-t i- and o t h e r  p r op c -r t I e c -  c-nd it c-cc-a’s the c-c-cfor~be assumed c-hat  c- icc- -~‘sluc- of c-he con’iec-ctjorc-al fatigue lImit f c c -  a f ib e r  c-lass  p l a s t i c -
Is soc-c-crc-nat low.
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Fl ; .  17 . Fa t igue  s c - c - c - n c - t n  in -c-’ ccIi c - b c - c - d c - n c -  vs nuc-ibc-c- c - _ i  c’-’cIes n f o r  epexyphe c-oL
c- I c - c - s  c - i a s c I c  -s c - c -h  composite  glass f I l l e r .

Acc ordIng c-n the loading c - c c - c-c c- c-c-c- , c-n e l i s c ir c -gui shes  I c - c - i c - a c -  s c - c - c - c - c - c - h in  pu re
c- c - c - dc - n c -. c - cc - c -d c - c - c -  c - b c - c - c - c - c -  an angle , -a nd  ?uIc-c-t Ic--~ tension. -c- f i b e r  glass p l a s t i c
c - c -c- c-harac-c-.-�c-~ zc-c-_i 6 - s mac - c- c-c -c dependence of c-he ultimate c - c - c - cc - c c - h on the f r e c - c c -c-r.cof :-aad changes . The Sc - c - ic - cc -  c - a r c - c -s ( F i g .  17 -  ‘acre c - I c c - c - e d  a: a loaiI c-c -g frccc -uenc-’ ~‘3of c-Cc-) cc-sc -lIlac -b c-c- a c-er ninuac-. the fatigue I c - c - c - i c -  b s i r c - .z 0.20 a. . As th e 1-c- a c-ha n g- - c-c- -
i c - c c - a c - c c - c - v  c - c - c - c - e a s e s  c - c -  1-03 c-sc -Il Iac- c-c-nc - per c - c - cc - c - c - a te. c - c - c - c -  f a n g-c - a c c - c - a c - c -c - h  anc - c-c-scc-to )..ha c - .
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A c-c ork -ad b c - c - c - c - c - c - c -c- c-n of fc-ber glass p lac-c-ic spec -c - c- cc-ens , c-enen .:ec-t on c-i-ce
os-c-IlIac-Ion frecc -c-c-encv and amp litude , is c bservc -cc- in d ::nc-c-ccc-c- c - c - s c - s .  Th e  c - c - n e c - c - c - I
of c-ne specimen bc-cc-ta up bc-c-c-usa the fiber glass plastic -s have  I c - c - c - c -  h y s c - c r c 5 l c -
losses In ooc - c - c -c -r i s on  w i t h  m e tals . An inc rease  in c- i- c- f r e q u en c y  c-I b a a  altec -na—
c - i a n  or oscIllation c-mp licudc - leads c-c- a c o r r e s p o n d I n g  ic-cc -c -c -se in t h e  am ount  c - n
i-c -at evolved per un i t  t ime , wherea s c-he c- ic -ac -  t r a n s f e r  c--a c-he ambient c-medi’c-m c-ic-ac -nc-as
ic-s ig n i f i c a n tly .  A~ a r esu l t , th e c - a c -p c - c - sc - c - r e  of c-he spec -am en  c - I c - c - S .  Th - c - s , at a
f :a- uenc-v of 1000 oc-c i ll a t i ons  per m i n u t e , c-he o’er—eatIng of the specimen ac-counts
to 50—75’C , c-nd at 300 oscIllations per minute , only 25—30’C.

An important feature of the d-:c-artic- pr c-perc-ias of a material is the internal
dissipation of energy  (dc-nc-ping capac i tY ) , wi-ic-i- along with ti-c- fatigue limit clc -—
c-ermines c-he strength c-f c-he part during Its operation -under c-ac -c-- c-sson-ac-c-c-a
condItions. Resonance conditionc- are the most dangerous ones, c-c-nc -a they fc-e ;uc-c-tl :
lead to rap t -ares and breakdowns c-c- c-oscparaci-c-sly moderate ‘sc-cc-k loads .

The damping capacity of a material is usually c-c-prc -semt c-d b-s the 1c - c - c - c - b c - i - c - Ic -
dc-c-c-emenc -,’~ wi-ic-h Is c-he c-ac-c of damping of free transverse c-sc-Ill-c -ions of a
c- c ant I l e v er  specimen . As c-omp ared to meta ls , f Ib er  glass p las t Ics  han -c more pro-
n oun c e d  damping properties , -shich pc-c-cc-It c -h e i r  successful app lication to operatic -;
condi t i ons  involving v i b r a t i o n  loads and resonance picenoc-cc-ena.

The higher rssbsc-ance of fiber glass p l a s t I c -  sc- c -- c- ct- c- c- as c -co v i b r a t i o n  Ic -cc -cc - c-n
comp arison wi th  an ab c-cc-ic-un alloy m a y  be illustrated by the following examplc- . ’
One c-f c-be two stators of h e l i c op t e r  fans was made of sic-c-c-ic-un a l loy , and the  o t h e r ,
o f fIbe r  c-lass plastic. 30th stators were c-c-sc-ed ‘abc - i -  a ‘ : Ibr a t i cc -ri load c-c - a Sr -c - —
que cc -cc- equal c-c- c-b c- natural Sc-ep-c-c-nc-v (for fiber glass plastic -, 75 c-y c lc - s ; se - :, ac-f
for c - i -.c- metal , 100 cvoles.sec-). The c-c-c-c-b sc-ac -ar broke do’s-n c-f c-er 3.1 c-c C~ cycles,
-sc-ne cas c-c -i c e fiber glass plastic- stator did not break dc-cc-c- sfc-sr 15 c-c b c -  c:. c-lea
ac-c cc-c-i-ibi c-ed a satisfactory damping capacity (c -he  amplitude v-a s l ’3 of the c-tc -p lIt ’c -de
-c- f c-he metal Stat-ar).

Shock resistance c-sating methods. At the present tIme , shock resistance is
c-har ac-c-ec-izec-i by standards (COST 4617—62) spe cif vc -cc c- J tests of pc-sc-tics f~ r trans-
verse impact bending with determination of impact sc- c -c -n c -c -h, i. c- ., work dc-c-c- in
breaking c-he specimen, referred to ic-s cross ~ec-ti.,nal area. The quantity “a” c-i--
tal c-ed by c-his nec-bc -a-_i is largel y conventional and cc-c-c-not be directl y applied to
c-i-c design c-f articles c -c - c -he I r  pa r t s  from c-he stand point of impact loads. The ‘71
c-aluc- of in c-act  s c - c - c - n c - c - h  is -usu all y em p loye d only f o r  a compara t ive  e s t ima t ion  c- _ i
c-ne cuallty of a c-ac-c-c-Ic-I . -

The behavior at -i fibec - glass plastic ~xpc-oscd c-c - ic-c-pact loads can be c-sc-Ic-sc-ed
c-c-c-c rc-Ic-ably b y nc -ac -c -a at  ni -c- c-haracnerist~ c-s of c- c-c-’.ec-ai ar.d Local c-c-rertqth prcc-posec-c-
by I. N. Kosc -c-s kc-- ’. - :

The overall sc - c - c - cc -c - c - i - of a f i b e r  glass plastic under impact load Is -dec-arc-ti c -ed
6-; nec-n.e of spec i fIc - work or sp~ c-ific- enc-rgn- capacity R, i. e. , th e work done
In breaking  the specimen , referred to a -c-nit volume . The adoptIon of specific
energy c-5p~ c-jc-;, c-s the basis for the characteristic-a of a material under impact
Ic-ac-s rakes it possible to describe the behavIor of thc- material under ic-pact bc -na—
c- c - c g . c - c - c - cc - ion  ac-c-c d c - c - c c - c - c c - c - c - sc - ion .  Ta b le 35 c-i’c-c-s the c -h a r a c t e c - b s t i c - a  of overal l  a c - c- rc - c- ;c - i -

- ,rt’_ic-r c - m:c - c -’ c -c- Ic-ac -s for an c-s c- cox vph enol glass  p l c - s c - a c - in c - -nc - c - p a rc - s c - c -  c - c - ic - i -  t he  c c - c - r e s p o n d —
c-c--c- -c- i - c - ar -c-cc - c- c- r- lsti c- s ha c-c-c-c-c-in other mar c-c-ic-la .
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a c - L c  c-c-
Charscteric-c-Ics of overall strength under ic-c-ac: loads for c-crc -c- in structural
mater i s i s~

I St r e n g t h , k- c-f c-n/c-c-c-
c-

Mac-crc-al -

Send ing Tensile Cowpressive t

Epoxyp henol glass p l a s t i c- :
along wa rp f ibe rs 65 73 61
along ‘sc- ic- f ibers  56 64 53
ac-c-ross warp iiber~ 49 — —
across ‘sc-ft fibc-rs 34 — — -

St ruc tura l  stc-ei ~- 9 .3—13 17 —

Stainless s t ee l  7 6— 90 110 —
- Gray cast iron 4 . 5 — 6 . 0  , 9 — I

Tin b r o n z e  
- 10 . 5— 13 .0 17 —

~cod laminate 2 6 . 5 — 30.0 35 r — -

I wood (p i n e )  1.0—12 .0 15 —

The overall s tran-gth of epoxy—gla ss  p las tic s  under impact loads is higher c-han
t h a n  of many struc tura l  mat e r i .ais in -use at the present  c-Ic-a , and is In f e r i o r  onl y
t o c -h a t  of alloy steels. (icowever , c- c-c- high ~vera11 s t r e ngt h  of a glass fabric resin
laminate cannot be ‘ac-tilted -usc-dc-c- c-c-pc-ac-ed icc-c-pact loads because the mate r ia l  IS
an i s oc -r c -p i c  and because c-f Ic-s appreciable c-r ar ;v  capac -its of local c o n t a c t  strain.

3y energy of local con tac t  s t r a in  is nc-ant the energy of bc -c - sb f a i l u c - e
c-he ma te r i a l , assocI ate d  w i th  the  fcrmation of c-racks and dc-laminat ions d i s r u p t i n g
the c o n t i n u i t y  of c-he m ac -c -c - Ic - i .  Sc-en under c - in c - I c -  impac t s ,  c-he fiber c-lass plast ic
becomes dc-ic-c-c-inc-ted in 5cc-ce -c-c-see. In ic -c -p acts ic-sc-Ic-ag a long time , c-he con c- en t r a—
c- ion of sc-rain c-nercc-y in c-h-s -acc -kcs c- areas of bond~ c-c- of c-i c-c glass fabric- cc-c-ac -ca
f avo rab l e  condi t ions  f o r  d e l amIn a t i o n .  This phenomenon is n y c -I c - a l  of all acc-inates !P5
and causes c-he relative energy of local sc-ra in  r , co r r e sp Ond in g  to c-he bc-c-ic -c-ic-c-c-
c-f general fsc-lcr c- , c- c- be much higher than in structural steels , cast iron , or
bronze. Thus , for fiber c-lass plastics, ~s 1700 and 42 50 k gf cm cc-° in impact
bending along the f i be r s  and c-cr- c -as then , rc-spc-oc-ive lv, whereas for sc-c-act- oral sc-c -c-b
it is 110 kgf c-n / c-n 3 arc-f fo r  bc -once , 200 k g f c-n/c -ma .

Of i n t e res t  are the c-Spec - ic -r ental  da ta  obtained by S . cc. ‘c-c-ronov and A. A.
Kogrc-ov~ tskIy, who studied the local strength of edges of articles. The dc -c-a are
corc-parscive in nature c-nd c-c-a~ e it possible t o  c-crc-pare c-ice Ic -p c-c -c - r e l i c - c - c - n c - c -  o f
c-he edges of spec-ic-c-c -s of a glass f ab r I c  laminate  and m e ta l s .  If c-he ic-c -c-cc - re-
sistance of the edge of a specimen of Sc - .  3 steel 10 c-cc- thick is nc-ken as c-nit; ,
the impact resistance of c -b c -  edges of the c - t i c - e r  c - c - t e r t a l n  s tudied with c-i -c - sac-me
thickness c-cay be expressed in c-he following relative values: 0. 12 — ~ -lts h-35—3— l
br a s s ;  0 .52  — 1KhIN89T sc-c-icc-less steel; 0.42  — fiber  glass p l a s t i c- .

The impact resisc-c-nc-e of c-b c- ed ges of f I b e r  glass p lc -sc-ic sp ecimens dec - c- c - c - sc - s
c-Y en more under repeated i c - c - a c - c -. and c - I c - e r  c -he  t h i r d  i c - p a c t  it dc - c -ps  i-v a f a c t o r
ci fou r c-s comp ared to  c- ir s I c - i c - l a b  c - c - s i c - n c - n c - c -c- , c - i c - e n  c-c -c-c -ac - ic-s c - n r c - c c - i c - a l l y  - c -n - c -h a n g - s d .
~cc insuffIcient ic-c-act c-c-sc-stanc e of ti-c- c-dc-es nc-v c-cs c-ac -tic -It -c offset icy ic -c-—
cc - c - - c - sac - c - :c-c-c c - c - Ic - ta-- c - c- niceness c-f c-he c- dc - c - . Sc-c - cc , c-i- c -be In c-he -case c - c -’ ac -p act -c - cm
a c -p e o c - c - e c -  .2 nc-c c -h i c k , c -he test 1ac-i’~-es -c-ri-; a c -bc -c - c - c - — c - a c - k -c - f rhe p c - c - c - cc - bc - cc - c - c - cc-c-c-er
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cc-c- c-i-c c-ic -c- c-nc - c-c-c surface layer of c-he ma c-cc-ac-I Is c-un broken , ic-c- c-he c-as~ c-f
c- c - c- c - cc - -c-c-ti- c- i- c- c- ac-c-c- Initial potential c-mac-c -of the hac-.-c-c- er cc-c- a spec - c -ne c - I cc-c-I
c-i-ac -k, the c-dc-a spLac-s .

bc-I . Ag ing of Fiber Glass ?lasttca

Ac-ic-c -is c-he nec - c -u  applied no the change in the propert ies c-f a fc-ber glass plc-a-
c- c - c - -w ith c-Ic-c- under the influence of several factors: h ’c -m idlc - - -, tempcc -ature ,
solar radIation. The decline in the mechanical and dielectric c-c-opec -ties c-b—
served during ag ing is the c- c- su It of complex chemical and phys ical proc-asses tak-
ing place in the material. The chief purpose of the s t u d y  of c- icc - I n f l u e n c e  c-of
various factors on the propertIes of fiber glass plc-sc-ic-a is to ic-c-c-m im e the
service life of the products under various service conditioc-s.

Eff ect of ne c-pc-rat- ore on c-he pro c-c-c-tic -s of fiber c-lass plc -sc-Ic-s. Ship nacc-hic- .e
buildIc-g products are used over a wide temperature c-ac-ge, from — b c- C c- c- .2O’C .
The most severe oc-cc-dI c-iona arise at elevated temperatures.

The abIlity of a materIal to p c-c-torn at ~ lc-vatad tempc - sra tur es  Is s c- a l Iv
characterized by c-he Martens temperature , I. e. , c-he temperature at vhi c- ic the
asI c-c-mac -c-c-n of c-he cc-sc-ed spec-icc-c-n under a bending  load of SO k g f / c r c -  is c-ic nc-c - .  ‘76
For epoxyphenol glass plastics , the Marc-ens temperature Is 2iO—2f 0~C, and for
epoxvarc-ine glass ~Ic-Sc-ic-S , l80—220’C. ~owevet~, experience - -- i c -h  c- i - c  use of f l — n c -
glass p las t ics  f o r  a r t i c l e s  o p e r a t I ng  at elevated temperatures has shown r i - c - n  c-hi s
c-c-ocx is c-ct s u f f i c i e n t  in se lect ing c -he  maxImum working tc-mp erat-cre Sc - c- a specifi c
article. A correct selection of the workIng temperature of a fiber glass plastIc
makes ft necessary to know its s t r e n g t h  at d i f f e r e n .t  t e m p e r a t u r e s . c- ic-c ;b c-s- c -c-ans i—
t~~on c - ccc - cpe r s c - u rc. ar .ci c-ic-c- degradation temperature cc-f c-he b I n d e r .

The glass transition temperaturec- of the binders nay he dec-crc-c-ic-ed from the
temperature dependence c-f the  d c- formc - ac - ion  or hardness  of c - c - ce c- c- I c- c- c -c - c- at oo lc - sc - . c - nt
load. As an exa~ p 1c-, FIgs .  18 and 19 show th c-mnonec -har ,Ic -ai  cc-c r-c-es of c-p oxv am icc -e
b inders  of different c-omposit~ons.
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F I g .  i i .  Thermoc-c-rechanic-al c-ur.-es c-f Fig. 19. The c -mum ’c -e c-hc -c -i c- c- ci curves
-sc-’ c-x -: ac c-c-ne i c c - c - O c r  i-s.c-ed on .2—13 rosIn of c-posy-c-mine c - c - cc - c - ic r i - c - sc - c - c-cr E~h0
I ~c-

c-~c-, 
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~c - c - c -c - r~~~~~~~~~~ c-~~~~~ 
c-~ c-c - cs 

v i t r ~ ou~ ~~~~e, - c -~ c- c - c - c - r I c - v c c-
c
-

c- c-c-na , c-nc-i c-ic e c- cc - c- cc -u c - c - c - n c - c - n, to a h v p e r c l a c - t a c -  c - r c - c - c -  c - c - c - t i c  I c - c - c - c -  c-,,-s,c- c- ., a :  Ic - c - c - —
f o r m c - c - l c - n s .  c-ic-c- temperature of c-rarc s~~c- a c-c- c- c - f c-ic e -.-jtreous nc c - c - c  ic- c - c r c - :
s c- at e  ic,~ c -c - cc -ne d c - h e  glass tc-ansic -ac cn c-~c - nc - c - c - a t urc ot c- ?c-lycc-c-ec- . c - c -  -c-I c-c- c-i c - c - c -c- Ic - c - c -c-c- c-at c - he  c - c - c - n c - a c - c - o c r  I c - - c -sc c - c - c - c - c c - - ; p c - r - s l c - a s c - a c -  c -c - c - c - c - c -  c - - i t : c - ou s  s t a t e  i c - c  c- -c- c - c - c - - s c - c - n c -  - c- c-
c-s c-cc-c- cl ,cc -c- -~- c--c-c- , c-c -ce glass c-c-ac-sc -c-ion c-c-c-c-c-rat-c -re c-.s d c-erc-ac-c-c frc- c-rr c- ic -,, c - c - a c - c -n
of c - c - c - cr c - c - cc - a c - n of c - i - c -  c-angc -rn c - c-c c- ice c-hc-rc-uomnc -cica~cjc-c-c- cc - c - v s  in c - n c - c- c- c - c - c - c -  c - n
c- c-sc c - I c - c - ac - u s c-nd hype-rela stic- cc - n c - tea.

Ti-c- glass c-rarc -sItc-~occ- c-c-c-pc-rat-c -cc of a cured bic-d~ r makes ~c- po s s ibl -c- t o
c-sc -Irate nc-n e c - c -c - c - Ui t ’ ’ of the  r c t c - c - u l a t  sc - c - - c - cc - - c - c - c -  ob t a i n e d  and - c - c - c - c - -c c- cf - c r c - c c - c - .ac-d is one c-f c-he most impor t an t  c - i - a r c - c c - c r c - s c - c - c s  of t i - c -  i - i c - i c r  Ti-c- c- i c - c - c - c - ’c - rc-c- I on  c - c - c - c - c - c c - c - c - c - c - c - c - c -  c - sc -en d s  an c-he chemica l s c - r c - c - c c - a c - r e  of c - ice  c -cc- c- c - -,  c - c c - c - c - c, c - u r i c -c c -
sc-cc-cc- . an d ic c -c - c - c - of c u c - - a c - g  c-sc- a c--c -Ic • c-ar d p a l  fuc -c c -tonc - 1  cc - cc - c-c -  c - c - c a n s  c-nc - c-a i - c - c - h e r  glass c - c - c - c - s c - c - c -c-c- temperature c-han Si-functIonal ones. tar example , ic-c
c - c r c - n c -  c-c-cc-c-fc- c - c - c - cc - i -ac - c - ic - c - I c - c -  c - i cc -na t e, EKic-D resin has a glass c - c - c - c - c - s i c - I c - n  c - c - c - n e c - c - -c - c - r e  of 153 C , E F I F  n e c - c -n , 155 ° C , acid E S—l I  b i funcc - ioc c -~ l c - p c - s c - d i a n e  c - c c - c - n, -In c c - nc - n c - - c - c - c - c - c c-ethvltenranydrophc-hslic anhc-dc-idc -, ETc-—K pol-;f -un cn lo c - c - j resin
c-.c-c-a gi..vc-c-idvl icc-c-c-i -ac-c-c-rat e) has -c- glass nr c - c - sic - c - e n n e c - p c - c - ac - c - r e of 3C.2c , ac-c- cc- 15—2;
b c - f c c -c - c c - c - c - c - cc - a l  cc-cc-c-c--diane n c - s i n , 14Y:.

Table  36
i-~c-~’c- c- c- omechac - :c - . i1 p.- c - c - - c - c - t~ cs c-f c - cO c - c - c -’ phc - c - - ol  c - I c - c - c -  p l a s t I c  vs n c - c - r c - p e c - a t u r s

Icc- initial - -c-cc - c - cc -c- 72 9—
s c - a t e  i-c -c -cr c -x p o s u r e : i c c  i c - i c - i c - IP rop e r ty  

- n o  200 ° C - c - r a r e , c - c - sc--
c - a c - c- sc-c-era—

Tes c- arc g c - c - c - o p e c - c - c - c - c - re  20° C 
- 

c - - c - r e  120 ’-:

~~
c - acn s c - r e n c c - h kg f o/ cm S l * 2 3 3 6 H 3 0

- St reng th , k g f / m ~-c-
i-ending - 12.30 c-.c-ic. -aO 9.13c cmo r e ,c c - i ;c  - 51.10 c i 2 € ~c- 4 1 .60

- d c - ’ I t r t I c - c - c -  c - cc - c - sc - c -nc - c, kgf -.12 316

: Note. R e i c - cj cr c i c - c -g cc-c-ac -eric -I — b c - c - c -c - f  I f a b r i c - .

~ Ti-c- c- c- c - c - c - c -  c-)ent nc-s a ns cc r c - i c - c - - c -c- on t he  c - i c - s c -  c - c - a c - c c - i c - I o n  c - c - c - c - c - c - a c - c r c .  c-c-
c - - crc - c-cc-c with ac-c- ic- : dc-Ic-c-c-c-, arc-ma c - c - c - c-mines -c - c - c i - c - c - c - a1 resins , more nc - sc - -c -c-sic-c-ant cc-c-posi-tion s arc c-p c- c-ac -c-c c-iran Ic- CU c-ic-c- with c- c - c - c - c - ac - ’ , ac-c-c-es.

c--a c- ic- Inc -r ec - s ing  degree of c - c - -a r c - c - c -  Ic-i long c-sc-c-acres to temperac-rares c-f 140—1 3C~ -:,
c- o d i c - I c - r c a I  c -ross - l Ink ing  of c-icc binder c-c- Ic- cs plate as a nec - cc - I c - of c-i-c- ic -c-cr c-c-c -Io no f secondary n c-ic -a c-c - ic- cf c-he epoxy compound -c- ic -h epoxy c-rc--ape or c-ne th v lo l  c - i v d c c - x c - I s
(in curIng c-ac-h phenol—forcc-calfehvdc- resin); c-c- the same ni- c - c- , th e g lass t r a n s i t i o n
c- c c - c - c - c - c r c - c - c r c  increases .

A t - o p e c - c - c - c - I c --c -s  c - 5 c - p e r . c - t c c - c p  b e l o w  c - c - -c c- c-c-c- c - c - a c - s c - c - i c - o n  c - c c - c c - c - c - c - c - - c - c - c -  c - f  c- c- c b i n d e r ,i c - i c c - c -  glass p 1-c - s c - I c  a rt . Icc -c c - e t c - a c -  c - c - i c - r i - s c - I - ,  c - cc - c - n  c - n c - c c - c c - c - h  c - c - c c - c - a c t c - c -c~c- c-c- i c c-  T a b l e
2~, - . Ac a c - e r — i c c  t e s c p er i t u r e  c-b ove the  c - I c - c - s  c - c - a r c - s c - c - c - n c - c -  c - C c - c - c r c - c - c - c - c - c -  of c - he  c- ic - c - c -c - -,c - c e  -c - c c - c - c - li :, c- c -’ c-a cc -- :noJ_ e c - c --c - I s r  s c - C c - t e n t s  c - c - c c - c i s c - s. c-he i c-mncrcnol cc-uIc -r Ic - c - c -c - c - c c - c - c - - c -
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of t i-c  sc -c-c-cc -c-nc -c- - c - c - c c - c - c - c - c -, c-c-cd c -c - f o r m a t i o n s  of tic -c- b i n d c - r  -c - c - c - i c - p .  T(cc-sc- processes
c - c - cc- c-c - c -c -- c - c - a o l - c  c- c-c-c-c- ac -c -e d with a c-c-ac-b .c-c- c - e e c - cc - sc -  in sc - c - c c -n c- c - c - h ac-cd c - n c - c - c - c - sc - c-n
c - c - s e p  c- f c-i -c - :c-c-cc c- g lass plastic.

The c-i- c -c - ce c-c- c - c - r e strength of a fiber c-ic-as pc - c - ac - ic - as a iuc - c - c - i c - c -c- of nc -c -cc -c -c -era—
c- c- c -c dec -c- c-ca on c-he ::--pe o f s tressed s c - c - c - c - .

The e± f e c - n  c-c -i c - c - s c - c - c rc - tune  on c-he sc -c -Cc -c -c-h c-f  f i b e r  c- 1asc- c - I c - s c - i c - c -  c -c - a c - p c - c - c - n n —
I: relate d c-c-c c - c c - I -  c - c -  t i -c loss of s t r e n g t h  of c - i c - c - i - i c - o c r, b u t  also no c - i - -c -  c h a n g e
in c-he nec-c-i-ac-iso c -c - t r a n s fer  of fo r cc - s  ic- the si -ac -c - sc -. In the  c - c - se  ~ f an c - r s c - i a S I c -
si-earin g stresses , c-c-icc-n the m ain  i-c-c-i is borne hi - the  b In d e r , th e d e c - n c - c - c - c - e  in
s c - c - c -c - c - p c - h  is c-c-ore apprec iab le  t h a n  Ic-c c-he c-c- sc- c - f  c - c - n c - i c - n, when tic- c- c- c -r ain load is
c-eoei ’;ed 5-, ‘c-he r e i n f o r c I n g  c - c - a c - e r i c - I .  As the c - c - c - pc - c - ac - c r c -  1.-c-creases , t i - c  c-s c - s a l e
strength (hcomo c-sc-rec-ua sc-messed e t c - c - c - c  changes much Icc-s c - i -on  c-he b c - c - d i n g  s c - c - c c - c - c - n  c- c-
tinhomogc-neous ac-c-eased sc-ac-c ). The bc-c-nc-in-; s c - c - c - c - c c - c - h  c- c - c r e a s e s  hi- a factor of c-c
10—IC , and the nc -nc -a le sc - c - c - c-p c - i -, c - c - c - re-c - c — f c c - c - c - c - .  yb -c -c -n SI c - e r  glass p i a a c - a c s  c-re loaded
at -an angle to c-ne -c-arc - , c-he e ± f c - c - c -  of nec -p-c - rat-c- c-c -on s c - c - c c - n c - c - c - -. inc-c-eases, sic-c-c-
c-he v oc - c - cic rc-c ars.a c-f c-he polyme r c- ic -d .c-c - c-c -c - c -ic - c -pc - f . Pc-ic -soc -c c- ratio also ic-c-c-ea ses
cc - in c - c- c - c - c - c - n; temperature. The pc - c- c - c -c - sc- f c - c - cc - c - ac - c c-c- s c - c - c - c c - c - c - i -  c-c -c c - C ’ S - c c - i c - c - c - c - c -, ac-d
c-i-c inc -c-r-c-c-olccul ac- ic -c-c-c-ac -c-ion is c-sac -p c-c-f after c- ic - - c c- ,,mpe c-anuc-e dc-c-ps.

Ti--us , ic-c-dc-cd an : c -  lea of f a b e r  glass p l c - s c - I c -  cc - c -n 5cr-se for 1 - c- -c- -c- n ods c-f
c -j oe only  at c - c - c rc - s c - a t - a r e s  c-c -ic - c- the glass c-c-c-c- .cc-i’ c-c-c-’ c- c - c c - c - - c - c rc - cc - cc - c  --cc - c- c-cc- i -I c - c -he r,
and -un Ic -a de d c-c-cs, above c - r e glass c- c -ac -Sin _ cc - c - c c - c - c - c - c - c - c - r e, b u n  S c-cc- c- c - i - c - c -  b in d -c c -
Ic - c -rc - cc -c - a c - c- - c c- c - c-perot-c-ne. Tic-c- c - c c - crc - c - c - ac - c c - c - c c - c -  - c -nc - cc -  c c - c - c - a c - a c - c - o n  n e c - i c - s  f c c -  ccpOXc-
phenol SIc-dec-s is S0— C~ 0° C , ar.d far ec-ox~c-ac-cine binders , .20—flO ° .

Above tic- c- degradatIon c - c -c-c-n c-c-rc -n- ar c oi c-ha binder , a decrease in the ar c-sc-c-c-i-
c-f c- ic - c - Ic - bc - c - c - I c - sc -  p l a sc - a c -  c-ac-c-es p la ce -c - c - cc - oh p c - c c - n e c - s r -s c - c - p c - d I v  and is Ic- c - c - c - c - c - s c - c - c - I c -.
Ti-c-c-c-c-al -c-e-gradac-:on ac-arc-s -sc-c-c-c c-ice detachment and c-eec -c-c-pc -sic -ic -n c - c - f c-ic e c- c -c - c- c c - c c - c - u p s .
and in-c-elves c-he f c - r o c - c -c - c -n  of gaseous p c - c - a c - c c - a, a ld c -h v d e s , and s c - a c - c r .  :c -c- I c - i l c -I o r .,
bop ds 0cc- c-c-eec-i c -ac -bc -n  c- c - c- os  In al i p h a tic  p o r t i o n s  of c - ice  chaIns  nc-v Sc- bc - c -bc - c - -

Above 300 ° C , c-e c - :c-c -c -osi c -tor .  c -f the  glass f i b e r  b c -g ins  In c-he f i b e r  c- las s
p l a s c - c - c, ac - vo l - c - c -np  c- ic -c- f c-r m a t l on  c- c - i not c-ni ; ioc-c-gIc-udic-al Sc-ct also c-c-c-c-s-Icr-se
c-racks, whicc -c cc-use a c- c-c-c-cc-sc- in c-he effective icc-c-tn of c-he fc -bcc - c - . A fc - c c - COO h
of ac- icc -c - at 400°C , nc-c c- effective fiber length dc-crc-ac-es so c-uch ni-c-ic- c-he Sc-ac-c-crc -
of c-he c-pc-c-ic-men - o f t - c c -  c-ic-c bec -dic - -g c-c-st does c - ac even have a fibrous c - n c - -c- cc - crc -c -,
and c -he  :15cc- is s c - c - - c - a l l y  cc-c-r-v;erc-ed into a powdery filler. -

the service life -c-f f I b e r  c- Ic - c - c -  p lc - sc-Ic  a c - c - I c -_ c c  -at c - c - o p e c - c - n -c -n - c s  above 300 ° C
is c - cc - s c - c - c - c -n e d by c-he c-ic-.e c-cr ’c - cac - ed  fo r  c - c - c - c c - - c c - c - c - p c - r a n - c - c - c -  o f  c-icc c- c c - n r c - c - c - n n e c - c - c - c -  to b c-c -
reach ed c-i-c-o u gno ut tic- c- c- ic - c - c-, I. e. , i-v c-he c- c- ic knc - esc -ar.d c-i-sc-c-cc-h slca. pc -nc - C c - c - i c - s
of t i-c- article c ac-je .3c). The ac-c-ac-n of a c-eec-usc c- c- 21 c-J — -lc c - l c -C Ic-c - c- 1—2 c- c-c- c- cc- c-c-c-s
not c-5u3e c-sn; ac - c- c-s c-ic -i -ic - dec-c-case in sc - c - c -nc - c - ic. As c-ic-c- c- c -c -p c- nc -c c - -c - re Increases
f- c - c - c - i - c -n to Pc-SO c- C , a sc-c-c-c-nec- . -c-i tc-voxvphenol fiber c-ic -a c -ic-c-c-c-ic -are c -c - c - ac - cc - ac - c -c-nc-ac-cc-us—
1: in IS sec.

F I b e r  c - l a s s  p 1 - c - s c - i c -  c - c - c - i c - I c - s  are successfully -used at low c - c - nc - C c - c c - -c - c - s c -, [PP
Sc - cc -  — 6 0 to — óÜ ’ , c-c rc -c - c-c- aven a -c- c-rc-c-in c- c-c-c- c-c r veoec -t  c - c c - c - c -  p c - o p e r t i . c - n  c - f  c-h e S c - S c - c -
glass plast ic-c- as obser-sed .c.p~~c-c - c - c - c - l , c-c -c c- c - a c - c - c - o a t - -  an-c - p l c - s c - i c  s c - c - a c - n  c - c - c i s c - a c - c c -
at c-c -r n -.-c -t r c - f c - c - d c - a c - dc - c - c-c-d c-nc - c-c - c - c - n c - c - h -o f t h e  g l a s s  Ic - a c - c - Inc - c - c - c - c - c - c - at li-c-c- c - c - c - c - c - c - c - —
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Ilnc-~ c-cc-r.vs c - c - c - I c - c - n c - c - c - c - c - c - c -  of -c -0-c -c - c- - c -pccec-c c-c- L p lc - c - c -s p l-c c - c - Ic - sc-

ec -ct c -c-p c-c-c- cc-c-— c - c - cff i c - c - c - c - c - - :c - c - eif c - c - c - cc - c - Ti c- c -c -c -c - c- al c - c - f l-c-— cli cc - c - f i c - c - c - -c - c - ,
c - c - c - c - - ac-c -c - . ‘c-I c-c -S c - c - c - c -ac - of c - c - c c - c - a l  c - i - c - a t --- a , I3~~ - c - c - c - c - c - c -i c- c , -

ex pans i on c-c , c - c - n u u c n c - - ; i n v -  c-c c- h kl (k-g K)
1, b/Ic -c- K) -

10—100 r. x 10° 0 . 3 2 — 0 . 3 9  7 . 5  0 . 9 0 — 1 . 2  I
- 100—100 — O . 3 6—O ~~lO 6 . 8 — c - .1 - 1.15—1.3

E f f e c t  of c -n c - c -c c - cc - i - c c - i c -  c - c c - c - d c - t i c -n c -  c-n the  c - c - o p e c - t i c - s  of fine : & Ic -.ss p lc - s c - i c - a .
~hen articles are used at atmospheric cc -n i -ic -ions, aging of fibc -s c- c- ic - sc - p lc - a c - ic - c -s
c-a c--cs c - Ic - c - c - under c- c- c- c-c-ilc -enc-e of sc-c-c -c --. I c - cc - c - c - c - c - as solar c- a c - ic - c - c - o n, a c -r uo c - c-c-ac-cc-c--
c- crc- cc -c - c- c -p c, c-cc-c-c -il — ac -c -, pc-cc-ipjnation it-. c-inc-c- form of c - c - in , snow and I c - c - c - ,  c-c -c - .

The S a c - c - c - c -  c - cc - c - n c- c - c - S ic -  f c c -- c - i -c -  c- c - c - sn p c - n c - c c - c - c - c - cc - c - a n -c- of f ab er  c- lass  p i a c - n i c - a
- .~c- c-ic e c- i c - c - c - s i c - I c - c - portIon of solar radiation ([PO0—-.c-IOC- 1) , which s l t c - c - r s  c-bc -

c- -up erc -c c - i c - c - c I s c -  c- cc-u c- :c-c-c-e of c-he hinder c-c-cd c- cc -c le ri c -c s c- i- c- c - c - c - c - c - c - c - g c-f nc - c - s c-cr-
c- Sc - cc - c -I c - - c - c r c-c -c - i i ts  c-c-c-c-c-c -c -Ic -c- i sh e l l a c - c  i cc - c c - lc - :c - ng’ )  c-c-c -oa r-c -n c- c - cc - cc - c - c - ac - -c - c - c -c-c-c-nc-c-

c - c - c c- c -c - sc - ic - sc -- c - -as pr oc -cc -c -c - s  of c r c - i c - c - c - c - c - c - cc -c-. for-c -cc -c-c-c-c-n c-c-c- ti-c- b c- c- c- sc - . 3: pc - c-e tc -ac - Ic-;
c - n c - c -  c - n e  mac - c - c - cc - c - c - c - es, moist -ac-c -produces a c-c- Iic-t ic- ; pressure wi - i - c -i- leads c-c- a
c - c - a c - c a l  Ic -c c- c-ase in c-ne s u r f a c e  of c-ne dc-f-c-cc -s . ~~~~~~~ wino ac-u pc-c-c-ic- ac - ac - c - c - n
c-c-c-c-c-c-c-c- an d c - -.’c-i -aal  bc -c-cc -c- parc-ic-ic-s Ic-c-c-c-c c - c - c - c -  c - c c - f a c e ,  ccnc -s i c- Sc --r c- abl :, a c - c - a y b c - a c - a n p
c-he processes of erosion of t i - c -  res in  f i l m  c - -n S c - S c - c -  c- I - i c -a  p l c - s c - i c -  a c - c - c - c - I c - c - .

At nc - ce pc-c-sent c-ac-c-, c-i-c - a c - c - c c - c - c - b c - c - i c -  S ta b t l i c -v  c -f  c-c fiber glasa p lc - Cc - i c - c-s c-sc-a-
r-c-ted c-c’.- c-sans of Sa c- Ic -a t e s t s  .1c-c-c- c - c - c - c - :  r a n - n c - v  c- c- c -c -a in a c - c - c - S ic - c - al -c-c-c-c-c-c-c - c-nc-c-c-c-c-s
us c-n ; - ‘c -c -ac -u s  c - c - c - c -n i - cues .  The l ab c c - a c - c r - c - e s n i n g  c - c - c h n a c c - c - c -  c - n y c - i c - c - c -  arc - anten slflca—
c- c-oct - c - f  c-i -c a g i n g  p roc -c - a s  n o r  c-he purpose - c - i  c-ed-ac-in ;  c-he r e s t i n g  c - c c - c - c - c - s .  Ic-i
c-c-c- 5cc -ic- :c - c i -n i ; -c-c-e of accelerated c - g an g ,  i - e v s i c - ’ c - sd bs’ c-ne In s t i t u t e  of i-~o c - o l l o —
c-ely-c-er S :;snc-,cc-s , Ac -c-fec- c ’.’ -c-f Sc-icc-c-es of ri-c -Ic -ic-c-c-cc -c-c-an 5SR , c - 3 t c-c- s - c - c - c - c - n c - c - cc- a re
s ub ~ e c - nc - d  c - c - c - n c -  c-om ’c- c-c-ed c-cc -ic-n c - c - c -  ar:c-sc - i I c - c - c -c -n  ic-c c-he iOOc— ’c-l , 00 A w c- sveIe crgc -c-
c-ac -pc - a t  c- ic - sate -i c-nd ic-w nc - s c-cc-c -c-r c-c -urea, and - ;c-r clc-b l i  i- c-c-c-c-lc-Ic-i - w i t h  c-her-c-al shocks
Ic - c- c - c- c 55c- C no — 1 5 ° C.

The c- c - cc - c - c - c c - c - c - of c-i-s stc-uc-turc-l changes arc-h changes in m e ch a n I c - c -I  pc -c-pc -c-tic -s
In c--c -sc -s c - c - c - cc - i c-c-cc -ac -or conditions ic-s 11c-c-c-Ic-al  c - c - analogous changes under c - ac - -c - c - al
cc -nrc - ic -c -c -c -c -s. .c-/c-)--c-c-c-31) c- of accelerac-~ d c-eats correspond to 6—9 months of tests c-ni -cr
c - c - c - pc - c - c - i -c - c -n c - Inc - c - c - c -c-c or l3~ li months of tcsts c-c-icr c - -c-c- conditIons prevailing in Ic-Ic)
ec - I n g c - c - d  -

a c-c-suit of c-c-Ic-nc- , c-he ir-nadiated sIde of ni-c c-pc -c-ic-ens and sc-c-ic - Ic -s nc-c-ic
- c - f  f i b e r  p l c - s c -  c- ic - sc -c - ca c-c-cc-c-c-s a Ic - cc- s of c - c c - Sac - c -c- l u s te r  acid e ros ion  c- f  c-he su r f a c e
I c - n e c -  of ni -c binder ic-c- prolonged  c - sa cs , c-e ’ieallng the  c - c -r ’-ccn c-c-c-e of c- n c - c- i c - a s  Sc -b c - i c
c-c-c-f cc-cs c -n c - an inc-c-case Ic-s the  roughness of the c-urf ac-c- . Howe~.’ec- , the -depth c-f
c - c - s c - c - frc - :a c n c -f  - c - c - c - c - c - c - i c - c - l e t  r ad i a tt on  ic-es nc -c -  exceec - 3 . 5 — 3 . 5  c-c-cc ; aId. c-c- i-c-c -sc-c-- c-c -c- cr c -I
c - n c - c - c - c - e s  t a k e  c - i c - c e  an c-ne s c - c - Ic - cc - :avc-c- c- f n i - c -  c - i c - d c - c -. -c -c -c - c-ic c- c- c -n c -c- c -c-c crc -c- c-c--
c - _ c c - c - cc - -c -c- c - I  c - c - -c- s la b s :  g la ss c-ic -sc -ic ac-c- -a c- c - sr - c- aned c - c - c - c - c - c - c - i ?  5’: c- i-c- c- p ro c - sc -t i e s
c- i c- cs nc - c - c - c - s c - .

b’s



- -- -

c - c - c - c - c- 

P c- ; . 2-3 . -:— c - c - .- pc - wcnc-c- c- c - c - c - c c -n c-n c- c-t’oxyami:c-c- c - a c - c - c - c - c - s .
— c rc - - c c - - c c- : - i s e J  on ED—iS res in  bc - i - c - c - c  c-c-c--i after ac - c -c - c - sc - i- c - c- i c - acing;

3 , - — c - c - c - c - c - c - bc-sea c-c-i ~-7c--.2 c-c-sac - c - c - I c -c - c - c - ac-sd c-ftc -c- ac-c-c-c-c-c-c- c c -c - c -c c-gang.

Oct c-ice arc - ac - c - ac - sc - sic-i c- c-f i-c-c-dc-c - sc-c-c-ic-c-c-ens, c-c-c- a sc - c-c-c- c-i-: of c-i-cc -c- c- c -nc - ac - c -c - c - c- c - c
c- es-~c - to n

_-e - c-ne ac-c-c-c-c- -c -nc -c- -c-i a dense nec - c - c - cc - k  of  s c - c - I c - c - s  cr c -cc -c s v is ible  c c - d c - c -  c- c - c -c-c-
m a c c - c - s c - c - c - p c  as c -bc - c c -c-c- c- c-d. dc -u i - c - c- s  of c- i -c- 5c c - c -m o l e cu l a r  c-crc -c-ct-are of cpox’c- b c-c-dec - s
make c-c - p O s S a b l e  to c- c-c-p lc -c -c-  c- i -c - c c - c - c - i o n  of c-ice c - cur f ac - e  layer of fader plc-sc- c-Ic-ac-c-c
c- c - c - a-c - Ic - s. Tin~ a c - n c - a r c - i - c - c - c - I c - c -  c - p i n g  proc -c -es  ic-c-va lves a r e d i s t r i b u t i o n  of c -he  c- c- l i rc -i - : -c
arrangement of c-he bander mac-c-c-cc -olec-c-c-cles c - n i - i - I c - c - c - c - p c - i c - cc-c- c - c - f  c -he previously ex i s t i n g
ac-sort—ran ge c- c - d c - c - in their arrangement (Fi c-. 20).

Solsc-’ c-c-disc-ion c-c-usc-s a change ic-c c-icc-s globular srruc -c--c -ra of c-pox’s Sic-i-era
-c-c-h a c-c-cc-ic-ar “enlargement ” of c-Ic-sc-nc-s of the aupermolec-ular structu re. i - i c c - c - —
crc-cbs appear at the boundary between c-i-c- sc - c-icc-c-nc-s . The toni-in; bec-wc-en i c - c - d i ’.- i i - -c-c- a I
enlarged et c--c-crc -crc-i eiec-eOc-S is substantially weakened. Civic -c -c-c -s its c-Ice plc -b c-c -ic -c-
sc -c-c c-cc- cc-c- arc- c-c-b sc-rc-ed with c-he c-id of ac-s I P7—IOU electron c-ic-roc-scc-pe at a c-ac-c-i—
Sic - c -t i c -n  c-c - f 1000— 14 , 000 ( F Ig .  21) .

The f-a c-mac -Ion of an ex tens ive  c-c-icrocrack nec --c-c -c-i c- -c-n c-ic c- c-he ic - fl c - c -c -n cc - of solac- ‘(2
c- a c - i c - c - c - c- n ic-s parti cular!— -c-rac-c-iSc-sc- cc-her, one observes a 1cc- c-— ne c- c- c -c -ac -c c -re Sc - c - c c - c - c - c
c- i c-he sc -c-c --f ace la- c-sc- of tine spec-ic-etc-s dc - S o c - c - and af c - c -c - atmospheric c - c - g in ;  ‘c-n i-er an

-
~~~~c-l —5 c-ic-c -c-c- c-c-p c in re li c-cc - ed light.

S.c -ic - c - c - atmospheric- ag Ing, lice surface of the iow — c- c-c-c -pe c-ac -uc - c- Ic - a c - c - c c - c - of t i -c
c - c - c - -c - c - nc - c - c  cc -c - s a pc-cc-c-liar “bc -cc -c - cc - ic - ’ c- ic - a r c- cc -c -rIsc -ic c-f g lass -c- c- pc-n i c - cc - c - s .
\n c - c - r sc-c-c-sc -ne c -c -c- aging, the surface of t he  fc - c - c c - u c - c - has a “c- c -c - icr - c -i c - c- c -c-’ c - n c - c - c c - c - c c - c - .
7 c - c -  c -b c - er -c- c - c -c - sc -c--ac-c--c -re Is Soc-c-c--i by c-c- c - c - ic-tec-aec-tion c -f  the  i c - c - n c -  of ti -c -c pc - ic - -c - a c - v
c- -c - c - k c - d c - c -c -n ;  S c - c - c c - c - a c - c - i  w i t h  c-he Sc - c - n c -  c-f secondarY c - c - ac -ks  in c-c-c-eu c c - c - d c - c -  c-he ic--
c - _ c - c -n - c - c  of c-c - I c - c -  c - c - c - c - c - c - c - i c - n ,  c-c-h en  c-i -cc- d i s c - c - c - b - c r - c -c-on of c - icc -c - c -c -c -c - c - ac-c - ks  c - c - c - c - c - I c - c - !  c - c - i c-

~n c - c - c - rc-c- , i c - c - c - a c -  c- ’ a c -s s t c - c a c n ’c-c -re -c-ic-ic r s c - c - a c - rp c -c - Ia c - cc- c-c-soc-c- c- r .nc -c - -c -a c - e—c-, c - c - c - c - -c -c-c- c-ella c-a
f - c - - c c - i -  F a g .  I I I .
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dl . Sc - c - p c c - - c r c - a l c - c - _~~c - c -  S c - c - c c - c - c - n c - c - c - c -  of cured epoc-avac-Ine Sic -dc- c- c - c -  c- d on F T — I cc-or-c-c--cc-c-nc- c - c c - c - nc c-c - an c- Ic - cc - c - c - n ~Icc-osc-opc- c - c - c - a c- cc- agnific c - i’- ac -. - ‘c- o000 r a — ic - c- c-ic-cI c - c - c - ! c - I  sc - a _ c - ; b — c -Ic - er  fou r  c-c-o rc c- —c- s ’ c - c - c -p c - c-c- cc - s to c-.c- r-.c-a_ ac-c-c-c--api-cc-c-c- cc ’ccii c- Ic -c -c-c - .
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Fl;. 31. P c - c - c - c - - c - c - c -  su r f ac e  c-f s c -c -c -c -nec  -c-f c - uc - -c~d s p c - c - x y c - c - n I c - c - c -  b in der  base d c-n I D — hc-c-cs-c- - c-c- c- ac - - ce c - - s c - c -  ‘c-c-c- d c- c - -c- c - I c - c -os  c - c - c e  at c- c - a ; c - c - f a c - c - j c - n  ci 250 c-c-c- c - e f l c - -c - c - c - - d  I c - c - - c - c -c- — .c-cc- c- i - c c- c- c -i c - ic - i a c - a c - c ;  5 — c- ftc - c- 3C c-U —c -c - c - p c - o s - c - c - c -- c -  an c - a c - c - I f c - - c - c - c - i  Yeac--c-er cc -- c-n c - c- c- .
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c-, f c - c c -  -.-~C h -~i c - c - c - - c - c - c - c - - a c - c - c -  c - c - c-c - cc -  1 c c - c - c-c r c - c - c - c -  c - c - c - n c - a c - c - c - n c -, c- c -c- c - ne c - c - .c - rc - c - of s c - c - c - c - c - c - c
c - c - a c c -~s Sec - cc - c- -c - c-_ c - c-xtenea’;e c - c - i c -  c - c - sc  c - c - c - c - c - c - n c - c - c c - i  c - c - c - a c - - ’  .-~ c- - c - c- c-~c-c -c - c - c - Ic -c - c - .
5cc-c-c-c d e c - a c - c - c c - c -  from c-nc 5 c c - c - c - c c -  c - c -f  c-he c-c-C- c-c --c-c -c -s, a - ‘ c - c -  - _ c - c -c . k a c - .  .c- c -- c - c - c -c-c c- Ic - c - - c - -
Pc-c ac - s c-  of S c - c - c c - cr s c - c - - c - i c - c --ens c c - a c -~~a~~l- - c- a n c - c - c -s - c-~~c -so c- c - s. c - c- c - c- cc-s c- c - c - c -- c - c t  c-o r  n o i s c - - : r c -
ab a-n r c - c - ac - c -. c - c - c - c - c - c - c -c - c - c - c - c - c - c - , c - c c - - c - -c - sc-c - c-f c - ne  c - c - c - c - c - l i -c- c-c- ; c - c - c - c- sc - ,  1;. 3 2 1  -

5 -

- ___

4 
- 

_ __

Fig 23. c - c -c - i c - c t  of ac-c-c-spheric- c - c - c - n ;  -vi c - a c -  c - c r ass  c-i  c - - c - c - c - i n c - c - ic- _ p  c c- S
c-cc-c-c-i c-p c-cc-i- ac-sic-c- b c -c -dc- c - s .

1, 2 — c - c - nc - s c - c - c - c - c - c - c- cc - ag c-c-c an a c - c - c - Ic - c - c - al c - c - c - c - a c -c - s r  cc- cc- c- c-c-c- c- . c - I c -  3 , —

c- c - n c - sp h e r i c -  ac-ac - ; -c-n-_ c r  natural c-on d i c -i c - c- c -c-n s I c - , c-corc- c - ; s -  c- I, I — S i c - c - e n  c -cc - sc - d
c-n Ed3c- 2 c - c c - c - c -, 2 , -‘ — bc -nc - c r  based c-n ED —i - i  c- c - s c - c - .

On ti-c -oasis of c-xist c-c-; c- ic - tc - . c-nc can postulate c - c - c - c - -c-c-c -c-r c -c -ce c - c - L c - c -~~c-c-cc-
Sc- ic - c - c-sc -c- i c - s c - I o n, c- c - s i c - c -n e i c g : c - c - l a c - i c - c - c - c -  c - c - c - cc - c-e-condc -c-y c - c - c - -  c - s — i a n s c - c - c -g a c - s c -  c - i c - c - c -  la
th e s u r f a c e  ic -yen c- f c - i - c - c - c - d a n d e r .  T i-c- c d c - c - p c - c - d c - c - c - c - i  c - r e - cc - c - c -c- I c - c - c  sr-ac-es c-ac  c - c -  c-csc-

vo la t i lI z a t I o n  of gaseous c - n c - c - c c - c - s .  c - c -  c-c-c-notes the dis c - c - c - c - c c- c - f  ccn Oc - c-
range c c - c c - c -  c - c - c - c - c -  c r c -c -n c - c -n ec - :  of tin e c- ’c ac c -c -moi ecui c- s, ic - c -c -c -a - t c - c - n  c - c -f  a s c - s c - c - c c - r~c-
s c - c c - c - r c - c - o i c c - c - l c r  c - n c - - c - c - c - c c - c -  made cc- of c - c - I c - c - c - e d  s i c -c -c -c -nc -, cc- c - c - c c- c- c - ’c- ,ac -ac- c-c- c- f nc-c-c-c-—
-c - c - i c - I c -S c- c- c - i - c -  i n te rlace  of n i -c - se  c - c - ene c - c . s  -

Tic- c- c -r ec : - s an c -c a :  c-cc -ion of c-c- ac -i -, c- c - i c - d c - c - c - s  c-nd sc- sc- -c - cc -cc - c - c-c- c - c - c - ce c - c c -c -r t c - c - c - l c - s  c - c -
i c - c - c - c - i - c  c - i - c - c - cs -d c- c-c c- ic -c -c -  ti c- c- c - c c - I c - c c  - resu l c - c - n g  in su r f a c e  c - c c - c - i c - n  c-f c - c - c -c- c - c - c - c -c - c - c c - S .

One c-c -i ti-c- -,-avs c - c - f  c - l o w i n g  down t i-c- c erosion c-n c - c - c -  s u r f a c e  i c - c - er c-c- c-c - c - c - c - n o —  /c-SI

f-c-ca p h o c - c - —  ac-c-c-c- t ic-e rc -c -c -os t ab i i c - cc - c - s  c-nc-c- c- c - c - c - c - coc-c-p-c-cc - c - c - c - cn c - f c-he c - c - c -c - c - dec - c -  c- i  I c - S c - c -
c i s c - s  t i c - c - c - c - t i c - S .  ::ceir c- c -t ic -n  c-s based c-c-n c - icc - ic - strong c - b c - c - c - c - c - c - c - c -  c - c -  u l t r a - c - c - c - l e t
I c - c - i c c -  c -c -c - i I c -c-c -c -nc - sc -  c - c -  c-icc-c-c-al c - c - c - c -i  p h o t o d e g c - a c - c - t a o r c -. Sac-h - c - o c - c - c - n c - c - c - c - c - f i .  which c-c- sc - c - c-
c-he c - nc - c - re nc- c-c- c- ge c-c - f c - i c - c - i c - c - c - i c c -_ c - c - c - pt , c-nc -Icc-c -pc-c-c-c-s.c - c - ; i c - ic - c -c- c - c- — o c - .1c - sc - cr1 s-c-s

b _ c - c --c - . It i-c- c-s Sec-c- Ic - c - c - c - f c-han c-bc - effecc -i- ;ec-cesc -c-i -c - c - c - nc - c - c - c - - i-c-cs as sc - c - c - c - ic - c - c - c -
c - c - c - c - n e c - c -c-c- c- -c - ac - c - c- c-e - c - c - c - c - c - c -c- -c - cc - c - c - c -n c - f  c - c - c - c - s c - c -  c- c- c c- c - c- c - c -t o ;- c- 1 - c- c -— c- c- -c- c - a c - c - c - c - a - c  -c- c- c-c-c-,c-unc -c-s :
c - c - c - c -c-c- c- i - c - e n s, ac - c - c -c-is . c- i c-c - cI S c - c - c s .  I c - n o  c - c - c - b c - c - c - c - r ot  c-c-c -c- c - c - a c - i c - c  I c - i — c - c - c -  c - f  ~c-c-c-c -I_ :c-c-

S-i
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c - -c- c- -c- c- c - c -



_ c c - e r  p lc -ass  p lc-sc -_ c - s c-arc - i c -c - c - c - dc - c - c - - i  51 of I D — I T O  pc - s  bc - c - c -c-c- i- c-c-c-i- U .  ~ ; of c - c - c - i c - c - c - sa c -c - -c- I-
c - c - c - c - c - i c - c - c (c - c - c - c - percentage is c-c- c - u i c - - c - i a c - -- i I c -- c - c - c -  nc - ce  c-ass c - c -  ni-cc c-es Ic-c-, -

Ic -c - c-c- c - presence c-i su r fc -c - c-c- erosion c-f a r c - i c - c - c - s  in  c - nc  - c - n u r s e  c-i c - c - n c - s c - i c - c r c - c -
c- c- n c- c- ; c-nd c-n c - c - c - p c - c - c - c - c -c - c - c - Ic  a c - c - c - c - c c - s c  ic -c- c - o u p i - c -c - c - c s s ,  I n  ac  - i c c - c - c - a b l e  cc -  c - p c - l i  a c-rc--
c - c - c - c-c- c- a - - c -  o rgan i c  c c - a c - c - c - c -  c-n c-i-c c - c - c - i c - i c - s .  5 ? — 3 2 5  c-pox ’.- p.c- c - c - ct , Uc-ic- .’—l l 3 c- c c - c -SIc -n- c -—
c - a c - I  p c-c -n c-, c c - c - , ,  ac- s  reco~~ enfc-d c-s a c -n c - spher e — and ‘ c - c - c c - c - — c - e c - c - s c - c - r .c- p a i n t s .
Ic-ic -c-s c-icc - c- s c - c - c - c - i c- s are pc - c-c -ted, they should f ic - c - c - be c-c-p c -cc -c -cd .

c-f c-ne p ro c - c - c c - a -c - c - organic- c-c-acing is perIodic-ally c-c-nec-c-sd, c-n.e c - c - c - i c - c - i c - s can
c-c used under ac-c-c-spheric - conditions for long c-e ri c-dc - c-f c- ic - c - cc - . The sc- c - c - c - c -p c - h
c-c-ar c-c-c-cr c-sc -c-cs of Sc - bc - c - g l a s s  c - I c - c - n c - c  c-c-c- _ c- cc - c -c- r c -s c-i-c-c-c-n ;e Ic - cac -gncc - i !~_ ac - c - c- ly
c - c c - c - c - c c -  c c - -cc - c -s c - c - cr c -  no c- n c - c r c - s p h e r I c  conditions (I c - S I c-  312 -

ThSic  35
i c - c - p c - c - p c - c - lc -nc -_ s, kg f / ~~~~, c-c- c-cc -pc-c-sc-jon of cpc-c-c-c-jaa ane glass  c - I a s c - c - c - s  c - S c - c - c ’  c-:~~c- c- cc - c-
c - c -c- sc - c - cc - c - c - cc - c - c - c - C c- c -nc -c-nc -c-c-c-

3
~
onchs

ic-sic- _________________— —____________

- 0 - 12 1-. 26

52 —1 3 epcxyd!sc- ,e ‘ 55.0 52.0 31.2 4 9 . 5
1152—13 c- c -ox c -v s - c - a c - a c - c -  58.0 54 .1 5 2 . 6  - 5 3 . 1
U?—53 ec - c- c-x cc -c -sorc jnc -i c- 57 .5 53.8 - 51. 1 c- 52 . 1

E~~(c-c c t  ni -c -ac -e s- c-c- c-c ‘c-i-c c - c - c - c - c - c - t i c - s of Sc -b c - c - glass pl c- sc - i c - c - c. Zsnc-c5IishI n :
c - - c - c c - s c - c r c -  of c - n c c -b c - c - ge in the p rcp e ’r c- c--c - c- c-c-i a ic-Set  glass  c c i a s c -c - c  cl -_ c -c-c-nn_ c c- cc -ic - c- c-f watc-c- c-s c-f na’cr pc - ac -c -ac -al Importance c-c- d c-n ec -c - inc -c - ; c- :-c c- c - c - c - c - bc - c - ac - c - Ic - nec - ireserve sc - c- c- c -p c-n. ic-ic-tons in c - c - c - c -  c c - s c -p c -  of ar t ic le s .

Inc-c- c - c - c - c c - c -n cc- es i c -c - a c -c e  of m a t c - c - i a l~ is c - s c - ic - a c -c d  I c - c - c - cr t i - c -  s’aiaes of water aS—
s o r p c - a c r c -, change  an nec -c-c -n c -ca l  c - n c - a c - c - c - c - c - C r c - c - c - c - c - c s  c - Sc - c - c -  c-c -c-n c -suns no ‘-c-ac -c-c -, ac-cd c - c h i c - c - s c - c - - c- c-c- c-c - i c - c - c r c ;  c -c - c -c - c - c - c - c - c - c -

The water ac-soc-c-c-Ic-c-, 1. e. , c-cisc-c-c-re content pc - c- c-c -c-it nc-s-s. is i-c-c-cc-nc-nc-f c - c-
c - c -a c - n c - - c - ;  the spec-c-c-c-ens c - Ic - c - c r c - c - c - c - ac - n p c-c -Ic - i - s  of c-cc - -pc-sure  c-c wate r .  Ti -c- i - c - c - c -c - i c - c -  c-c -i
nc - c - cc-ac -er abc -c-c-pc -c-on process ic-s -ac -ua lc -l dc-sc-c-c-bed In c- i--c- c- Ic -rn of sorp t I on  c - - c c - c - es,
~ c-c-~~c-c -c - s c -c -c -pc -c - c - c - c c - i l :.- c - c - p c - c - c - c - h  c - i -c -  cc -c-ac-c-Icc-un vol-ac of e cu i l i b c - ic - c - c - c - c -  - c - ac - c - c -  a b s o c - c - c - j - c - n .

The c-c-c c-c- c- ’c - c -  ic-c- c-c-e c-c -nac -ac -cc -i p c - c c - cc -p c - c - c- s is dec-Cc-c-ic-ed after n:nc c-c- c - c-c - ic -c c - sc-c-c-c-c-ic-c- ~~~c-n c- ac- c-c - c -nc -er  Ic - c c -c -c - c - nc - nc- c-n c -c - c - ac - cc - a l  c - c - c -d in i cn~ (on ac - c - i - s c - c c -ac -a r  s c -en ds  and an
c - c - f f e c - ’c- c-n t c l i c- scac - I c  c - c - c -c c - c s , .

Icc-c- c-c-ac-cr c- bc - c - c - c - c- c - c - n sc-c-cc- Ic-s cc-nd change ic-c- p c - nc - cr c - Ic -a in -c-c-a c - e r  c-i c-c-c-c-c-i c-n c-ne
c-a c- cc - c- ac -c- s of c-c-e c- c-c-c-ac-ens being tested . Absolute Characteris tic-s !c-dc-cc- nd~ c-c- ofc-n’s dimec-sjoc-s c-n c- n c - sp ec - c -nc - nc -arc- c- i -c - diffusloc - cc - nc - c - c - nc - c - (pc-rsc-c-eabjlinv c- c - c - Sic - c - ic - c-c -,

c- c-c- i i a s c - o c - a  c - ecf f c - cac - c-n, c-ol i c - c - ic - c - i - c - c - e S S tc - c - c - c - c - c - c - c - ; . m a c -  c-c- ak -c - c-c- c - c - c - c - nc - S i c - c - c -  c - c - l c - c I a c - c -
c- c-c- -s t i c c c-c- of  water  I c - I c -  c - c - c - c - f  c-c - h c - c - c - c c - c - c -  Sc-c-c-c - c c - c - s c -  c - i c - a c - I c - c -  c-of c - c - c - c -  thicknesses
cc-nd to c-c c - c - c - r c  c - c - I f - c r c - n c -  c - c - c - c - c - i c - I s  c - in . c  one an o th e r ,

The c - c c - _ c c - c r c - l i t : ,  c- c- c - c - c- c c - c - c -  ? , ;/(-c- cr c- c - c - c - c - c-), c - c c - c - c - c - c - n c - n c - c - - c - I -c- - c - i - a c - c - c - c - c - e r  c - c c -c -s c-Sc-c-asc-a,c- or c - c - c - c - s r  c- c - c - c - cr c- c -c- c - h _— c--c-c-c-c-c--c- c- c- c - c -c c--c c - c - n c - c - I ;  nc - c - c -  - i - i c- S c - s i - c - c - c - ac - i - Sic - ic - c - nc - 2 , cm

~
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c - i - c - c - c - cc - c - c - c - c - e s  c- i - c-c-c- nc - c - c - s c-i  c - c - I c - c - a c - a c - c - n ;  c- c-c- c - c - i c - b c - I c - c - : —  coc - :(  ~c - e n c -  c - c - , p c - cc - c - i- I c - c - n c - .

c-i-c - c - ac - c - c - c - c - ic - c - c - c -c - ne ic-sac-Icc-ion c - c - i  w a t e r  c-.n c-he nc- .sc-c-rc-O i .’c-

li-n e d i l l - c-c-si-c -on constant s of 115cc- ;issc-  p l c - ac -c - c -s  a re  dc - c - c r c - I c - c - a  cc -c - c - c - c -  c- c- c - c- c - . :

by c- cc - c - Ic-c -cc - cc - n rc- c-nd c-v so rp t ion . ’ In c- c-e c-ou c-c-c- c-etra c- c-c-c-c-oo , c-n c- c- c- c - c - c - c - - c -

c-s p l c - c c- i  in a chamber c - c - c - cc - c - c - cc- c-c-c-en c-c -ac -er --ac-or press - crc - c-s ~ c-cn c - c - ic - c - c - c c - c - 0c-

c-c-c c- c-ic- , c-nc a vocalic- of IU~
’c- —l0~ Tc-nr is prc-duc-c-d c-c- c-c c - -c-c c-t i- c- c- c-c-dc- .

T:c-e c-c-c-sc -us -c constants arc- calculc-tc-d from 8cc-c-c-c- s ic-c-c-cc- i- sc - c - ”

D= -~~ ’; 
(5)

C)

p~~,._c-l~_ ;  (S c-
Sc-ia

(7)

-c-c-c-c-rc- c-f is c-he c-i-c-c-i-u-c-cc-as of c-ice sc-c-cc -c-c-c-, cm;
S is c-he tic -c -c- ic-p b e f o r e  the appearance of c - c - i c - c - c - c - c - c - ) ,  h ;

Q is c-he c-acounc- of c-sc-olsture -c- r cici -c i-c-s passed th rough  ni-c-  spe c-c -am en c-c -a pc-ic-c-

c- inc - In c - c - c - - c - a l  c- , h ;  
-

S Is c-he area c-i c-he spec-ic-en, c m ;

I? c-s c-i-c p ressure  d I f f e r e n c e , T o r t .

In ni-c soc -pc -I on c-c-eth c-d, the spec-c-cc-ens arc- plc-c-ed in c-c - ac - c - c - c-, ac-cd c - pc - cc - i c - bc - ac - c - c -  ‘iatec-

absorp t ion  is de c-c -c -mined.

The diffusIon coefficient is calculated from a ic -c - c -nu la c-bc -c -Ic-ed f roc -  F i ck ’ s

epc-c-ac-Icn - ‘ ‘

D — --~ — 
S i - n  (c-1c-c- ”Q)

— 
c- c- c-c- Sc - (8)

cc-nc -c-c-c d is the thickness c-i the Spc-c-ic-c-c-, c-c-;
Q is c-he ac-c-coun t c-f moisture c-bsorbc-d by ni -c- specimen during a c- c -nc - c - in c- c - c-- c -

Interval Ic- ,
Q Is the amount of c -crc- i s ture  absorbed 5’; c-he spec-ic-c-n ic-c- a sc - a t e  c- lose c-c- / 5 5

equilIbrium , g.

The p ec -mecsb i l i c -y c c e f f i c -~ ent P is determined f r o m  Sa c - c - c - - c - I a  ( I ) ,  c-sc-c-i c- i c- c sciub c - l c - c - y

c-c-ch ic-ic-nc- Is
(9)

whe re p is c - i - c - p a r t Ia l  .~a?oc - pressu re , b c - c -. at specified n e c - p c - c - c - c - c - r e  and : rc-sauc-e:
v is c-he -.‘oiume c-i c-he spec-Ic-en, cm- .

The ‘c-ac-er resistance of fiber glass plastics is i-etc-c-c-Ic-ed b-i many f a c t o r s :
thlckr.ess of protective ic-ic-a of binder , composition of binder , c-cc-posic-~ c-n c - f  p l c - c - a s ,

s c - c - c - c c - c - c - c -  c-I c - c - c - c - c - f o r - c - c - n c -  c- c -c -ac - eri c- i and c-c-c-hod c-i ~ts -..-ac- ec -p ro c- c- fin c -g c- n c - c -c - nc -nt, c-n c

c - sc i -r c - c l c - c c -3’ c-i  f a b r i c a t i o n .

The c - c - f l - c -c -n c - c - of c-he S ic - fec -  i -u r i c -nc ; ti -c i c - I f -asi c-n c-s c - c - c - es - c - c - c - c - c - - i  by ic-s w a t e r
c- c - c -c - c -abc - Il:’- and c-i-c Se-c-c-eaa e an sc-c-crc -c -nh c-Sc -er c-c-c-c-sc-crc - c - c - c c - cc - sc - c c - c - . The cc-c-sc-
i - c - n c - c - c - s  - c - a c - c -  In t i - c -c- c - c c - c - d c - c c - c - i c -c-c- c-c- -c -f c - n c - i c - I c - s  Sc - c - m i - c - c -—pressed  i a n c c - c -  p c-c- s s p l c - s c - a c - s

-
~~~~~~~~ 
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c-nc n . c - i c - c - a v c l c -  -c - c - a c - c c -—c - c - si c -n c - nc - c - c- i - c - c - c - c- ic - i fcsc -c -n c-c- -c -eifc -c- :ent s ac-c- (1. i-— c-. . 2~ x i- c- — c -

c-m /h c-nc-I a~ e c -n c-n c- 1cc-c - c -c -  c-iT c-i-re c-c-st c - c - c - c - c - c - - n-c - si c - c - a n t po vc - c c -c - c -s . 2-as - ac -c- c-p lc. c-c-ce
dc - i f-c-sc-on cc-effic ient c-i pc-ivpropvlc -c-ne is 1 a 10’ c-s-c-’h.

Ti-c-c- i-ill c-sic -n c-c-efficIent -c-I c-i-c Sic -dc -c- -c-os -c-c-ic -Cc -s with c-he dc -c-c-cc - of c-c - c - c - r c - n . c -
c-nd f-c-nc-c - c-nc -c-c-c- sIlt y c-i Ic-s cocnc-pon c-c-c-c-s . Thus , c- c rc d i i i- c-uc -i- c -c-c -c - coef flcicc -c-c- of a Sc-c- c-c-c-
based an c-he c-c-cc -c-a func -c-ic-nal c-c-sin c-Si-c-I is 3.5— I c-ic-es sc - c - c - I c - c- c-i-an c-he disc - f-c-sI-c-n
c-c-efficient c-i c-i - n c- c - hinder based on c-he bjfuncc-Icnal c-posy c-c-sin 52—li . i c - c - c - c -_ a c-~
ic-c- c-bc curing nine of epoxy bInders from 2 to 15 5 causes a certain dec-c-ic-c-ac -c-on
of c-ic-c- diff usion pro c-c-sc -(Table 29)

The solubiljc-y cc-,c-fiic-ienc-c-s ci binders ac-c- ic-eec-c-inc-f prIrcac-il-r 5’.- c-ic-c c- cc-c-c-c-t
of polar groups in c-i - c - cured pc-I c-c -c - . c-c-lc.-ing c-c- c-i-c fact c-i-an ~c- r a c - c - ac - c - c - l1. all
c-posy binders ha-c--c- c- certain nc-c-cc-bc -c- -c-f polar ;rc--c-ps (hydroavic-) , c- icc -c - a c- c - c- I c -c - d c- of
n c-cc-jr sc-Ic -b ill c- ’ coefficient and of c-ic-c assoc-iac-ec-i equilibrium -c-Sc-c-c- absoc-c- c-ic -n
cc - c - s ic -cc - ac - l i  c- c - c -reeds cl-c- c - cc-rc-espoc -c-ding c- i - c- c -ac - c -c - risc - ic - a oi such nonpolar p01 :-cc -c-c-s-c-
c-s polvolelins c-nd fl-,coroplastlc-s. This is cc- c-i c - s -ne d  by a c- c-cc- cc -c-nc -as -ac-i-ic - analysis c-c- f
au-c-S binders c-s crc oc-<-c-c-phcc-c-l ac-id ec -oc -c -vac-c-cc- ine ones. The ic-c-c-er, bc-c-c-use of nc -c-c
p c - c - s e c - c c -  c- i  ic-c-c hydroc-cc- ’i s c-c- the c-us-c-c- sc-c--act-ac-c, arc- c-c-fec - ic -c - c-c- epc -c -c- :c-c- pnec- c - o l
c-cc-es in c-c-ac -ar c-c-si c-c-ac- ce, c-nd as c-bc- c-c-nc -eric- -c -i c-c-iethanoiaminc- c-ic-c-nate c-c-ac- s.
c- c -c - cr c - i - so rp t io n  c-c-cc-eases ic - c - c - a 0.18 (at 102 c-c-Ieticranoiacc-Ine tic-ac-ac-c) to 1.5.
( c - c -  23 2 c - c - ic - c - c - i - c - c - nc - ic c - m in e  t i c - c - n c - c - c -  in n i - c -  c- cc -c-p ositIon) .

71cc Ic-c - c - c - f cc - c - ion  of plc -sc -c-c-ic -era s c - c c - h  as alip hac - ic  i -c-yd r ox-j l—c -cntai n ic -cg c-p c - c - c - c -I c -
r es ins  355— I , lEG — Sb , e tc .  i n t c  -c-he compositi on c-i c-c-po sy cc - c -pc - s ic - c - s  also leads to
a dec - I c -c - c - in c-,-atcr nc- s c -sc --c-c-ce. In tic-c -s c-ac-c- as well. c-s c-i-c-jr nc-ic-ni-c- s c-o s- c- c-nt
c-Ic-es, -c- ac - c - c - ac - c- c c-pc - c- c -n c-c-creases and c-Sc sc- s-c-n c- c-h dec-nc-c-sc-a (Pip . c-c- j Table ‘c-) ) .  / 55
11cc- polaric-y of c-i cc - c- nc - c-c -l ie groups c-nc-crc-n-p inc-c- c- i--c- p cc-c-pc-sic-Inn of epossycyac-cruc-ac-c-
c-c-sin ac-i of c-he i-yc-Ic- c-c cc;ls c-n ti - c-c - c o m p c - s i c - c - c - c -rc- c-I UP— 63 c-poxyc -esoc -c-c-nc -c-c-i c-asic- ex-
plaIns c-he c-e’cruc-ed water c-c- si c-nc -c - cc - of bic -c-i-c-c-rs c-c-c-d fiber glass plastic-a based -c- cc-
c-i-cc-c-c- in cc-c-c-c-c-c-ac-c-sop . -c - c- c -h h inders and fiber glass plastic -s based on c-I c--pc - 52—13
epc-x’c-,-diacsc- resins ;Fi ;. 25). The c-cisc -cc -c- which has passed c-hc-c-c;h the Ic-Ic-c- c-f
Sic -dc -c- c-c- ni -c- glass— Sic-dc-c- interface ilsrupc-s the adhc-sic-n honda between c-hem.
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- c-—~~~~~~~ :.--——-’c----’-’-— --—’--—-c- ‘—c-—’.”-c- c-- c -c-—”
,‘-J c-c - J c-c- .7-c-i S.c-c-C 551 cc-pc-/ —‘c-c c-i s-cc-I ‘1c-7 b c- c - c - c - .

i-c- c - p .  c- c- c - c- ic- c - c - c ’  c - c - sc - n c - nc - a c - 3 -c- f c- c - c -c - c - -- phe’ c -L glass plc -sc-ic -s c - ic - : c-c-Sic-rent c-c-nc - sc - c-s
of Ic-c-I—i p i c - s c - Ic - c - cc - c - --s c-ur ic-ic-c-r. r c- c- c-c-ctc-osura c-c -c-ac-er.
:;c-a c-cc-enicoI -c - a l c -c c - s ~c-. c-en an c- c-e f c - c - u c - c - c -p r e s e n t  c- c-c p l c - s c - a c - c - c c - c -  c c - c - n c - n t  - 
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The Oh ac-ge c-c- a d h e s  ic - c - c - s t r e n g t h  c-c - f c - i c - c - c - c c - d c - c - c - f t c - c -  p c - c - c l o n c - ; c - c -  c - S c - c - c - c - c - s c - c - c - c
c-c- water is si-cc-c -c-c- icc- F ig s . l b  and 2 7 .  ni--.ir dec -c -ease  c-n sc-i n ,c- s iOn s c - c - c - n e c - c - c -  an
accelerate-i c - c - c - n a c-c- s c-s c- ap i - c-s 30- 351. ic- c-c-cc- ac tua l  _ c-n c - i c - t c - c - c - r n a, c -n c -s c - c - c l ap a s
c-uc -h ic-wec-, bc-a t c-i-c -test s p e r f o r m e d  ccSc-w that c- ic - p c-c-ic- dc-c-c-cc-se c-n c-Sc stc-ec-;cc-
o f c-he S c -b a n  glass  p l a s n i c  c-c- water c-s dec-c-nc-ic-cd by c- i- c r u p t u r e  c-f c-he ac - c - i cc - s i c -n
bonds between glass ac-f binder.

When c-i-c - waterproofing c-dhesi’c-e lubricants 15 2 , 652 , 7-9 and 30 are  used , c - i - c -c-
p c-c -cc - sc- slows dc-c-c-c-. Sorption curves of sized f ib cr  glass p l c - s c - c - c s  are  si-c-c-c-c-c-c -in
Fig . IS. The proc-c-sc-es of n o c - s t u r c -  dc - f Ius i c - c- n c - throug h the Sic-dc-c- c-c -c -c - c - i c c - c c -  ti -c-
glc-ss—blnder Inc-c-c- Ic-c-c- are reversible , and c-S c-er c-he c-cc-c-vol ci c-c-oIc -cc -- c- re, c-he
s t r e n g t h  of c-he f i ber  glass p las t ic-  is c - c - s t o r e d.

The dec-c-ease in c-he sc - s - c c - c -p c - i - c-i the bc -bc - c - plc- sc- plastic - also c-akc-s p lc-cc -ac-s

a res ult -c -f the dc -crc -c-se in c-i -c - sc -nc -nc-c-h c-f the glass fiber , -c-cc-c-c- - c - c - c - c - c - c-cc-c-c -s-ac -c-a
t h r o u g h  c-he I c- c- b c- c -c - an t  fi l m .  The dc-crease c-c- sc-nec -c-c-h c-s specific pc - c c - Ic - c - Ic -- f O r
g lass f i b e r s , whereas  Sc - c - o ther  c-c -pc-s of n a t u r a l  and s - in c - Sec - c - c  S c - h e n s  (cc-c-c-c-rn,

cap s- c -n, c - c - c - . )  c- i - c s t r e n g t h  th c- i- c - mois t  s t a t e  ic -crc -cc -see somewha c- .  The dec -c -c-c - c - c-
c- in c-he a c - c - c c - p c - h  of glass fiber under the c-c-fluencc- c-f moisture is exp lac-c-cc-c- by c-n

adso rp t i on  c i S c - c --c- c- c -c - c -i- a process oi c-Sec-icc-i breakdown . ;ccc-ile c-ice c-fc- c-c-pc -Icc-c- c-fiec -c-
is c-evc-s-sibic-, c- i -c - c-Sec-ic-al c- c -t ack  of the  g lass  f i ber  c-s i s - c - c v er s l b l e .  / 37

Ic-Sic 39
D i f f u s i on  co e ff i c i e n ts  c-f epoxvac-ine b i n d e r s , 10° cc-a /h

Curing Temp er atu r e , - Pc--c - sc-c-c-c-, - c-cc--c-saec - -

ac-sin c- c-c-c-c-, h c- i-c- 1 k g f / c -n c- p r e s s u r e  -

I 23 4 .5 3 . 9
40 I 7 .1 6 .9
-10 11,2 17

- SO 16. -. - Ic -
- 52—13 epoxvdc-ane

- 4.2 3.5
- c- 40 -5 .0  - 5 . 3

- 60 - 13.2 15.0
- c- 80 jI , c-. - .c-cc - . 9

20 - 1.3 1.1
- 13 - 3 3  c- 3 5

I c- 60 c- 5 . 2  3 .1
- - 80 11.-I c- 23

~~ hD c-pc-s i 

-

~~

The c-ac-c-nt c--c- c - c -hi c-c- : -c - c -i - re c - c - c - ec - 4 c - c - c - c-f glass SIc -c -er i-cc-c-ea ses -dec-c-r-is c- c - c - s ic - c - c - abc - .’-
crc- c-c-s -c-i-c-c-cc-c-cal c c - c - c - a s i c - c - o n .  Ic -ic -h decreas ing am ount of . c - ! k c - 1 i c  -an  c- -c -c c- c - c - pc - c - s c - c - c - c - c -
c-f c- i c -c- c - ;l-c - s s, s.c-s -c-sc-er c-c-sc-ac -c-c- c- e c-c-cr-as ses. An c-c-c- cc -c-c-se c-n cc-c-c-r c - c c - c - sc - c - c - ac - c - l s c - c-
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Table  c-c-
Effect c -c- i c-icc cc - c - c - cc - c - of Dc-C—i aliphac-ic nc-sin c-n c-ic c - water resIstance of c- po c - c - _
p henol p l c - c - s  p l a st i c  

c -C c-c-c-cc -c- c-i 3cc-c-c-c-c- scnengc-h , Sc-nc-ic--p sc - c- c -n c- c - i - c-f— ~css c- i sc -c-cc-p c-c-DEC— i., 2 k g f/ c - c -~~ ’- I c - er 2 ‘c-ears of cx— afc -c-r I ‘ears of- 
posicre c-c - water , c- exposure to water ,- c- - kgb/nc-c-- c- Z-~~~~~~~ - - .

.
c- -- . - - .. - 

0 F 6 9 . 0  55.0 22
10 71.0 50.0 3020 - 71.0 39.0 45

50.0 10.0 c- 80
• _ _ •• . _ _ 

- /88

Fc-g . 25. Water absorption of spec-Inc-c-s of
epoxy azic-e glass p l as tIc-s  1 c-c-a c -h ick  (c-sc-
atmospheric- pressure) vs duration c- of ex-
posure to water .

I — based on 53—13 resin; 2 — based on UP—43
c-c-sin; 3 — b c-c- cd on ETsD—l3 c-c-sic-.

________________—

c-’S .21 c-i

Pi p . 26 .  E f e c c -  of prolonged oxp osur e  c-c-
c-ac-er cc-n c -i - c - -idhesion c-S cure-i c-poc-cvsnIr.e
1c c - c - c - c - c - c - based c-c-n 53— i l  and Iyi’.D c-pc-c-c; c-c-sins
:ac-c-c-g for  2 ‘cc- c-c -
— E}3-iD c - c - s ic - c -; 2 — 03— 13 c-c-sin

L.~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



FIg .  2 7 .  E f f e c t  of prolongad cxpoaus-e to water
cc-c- c-he adhesicc- c-i c -us - ed  ePOX ’13c-c-c-Iflc- Sic -fec- based c-n
EKhD resic-.

1 — curing for 2 5 c-c- lSO’l; 2 — -c-urtc-n ic-c- 6 i-c-
at l60c- C.

_ 
_ _

Fig. 29. i’ac-ec- absorption c-i cpoxvphec-c-1 glass
plastic-s vs duration c- c-f exposure c-c- water for
apc-c-Imens -c-ic-h different lubrbcants.

1 — glass f abric wi th  parc -dIm c-c-ulsicc-n lubrican t;
2 — glass fabric- with i-c-Src-c-anc- 652.

results fr-c-c- c - bc - c - i n t roduct I on  of such oxIdes as c-c -p s-c-us ac-c-i c - I c - c - c -j u n  oxides inc-c-
c-ic-c- glass cc-c-position.

Figure 29 shows c-he c- c - c -p c - c -c - Ic - s c-f eposcvphenol glass plc -sc-ic-s based on alunc-no—
borosc-lIcac-e , c - 1 c - c -n iu c - — c - c - c - c - c - a i n i c - c-z c-c- n c-i c oppe r—con ta in ing  glass.  The h ighes t  nc -c -t sr
res is tance  c-s ex h ibc -n c -c -  by glass p l a s t i c s  has cc- on glass S ib4 n containing cc -c -pc -c --c -s

- c - s c - c - I c - .

The c-y zc-c-sc-c-c-Icic -y c-f the ni-reads is 3— IC tImes pc-ester than c-hat of ti-c-c-
c - o n c - c - f c - i a m e c - n  be c au c -e ci addit ional  sorpt Ion c-nc- c-he gaps between c-icc fibers,
c- and it ic-creases is- -am -c-c-t-c -Isc-c-d to tvistcd c-hc-c-c-ds. The i- c - y c - c - c - S c - OP i c - ic -V of glass
f c c - c - c - c - c -  depends on c-c-c- c- - c-avc-e c- -c-p c - .  O ther  th ings Sec -r i g  equal , c - Sc - c - least hv gn a—
sc-c-pc-cc-:’; c-S exnlbic-c-d by cord  glass f a b r i c s  from untwisted c-hreadc- . T i -n c - c -  is
c-Ic-ac-tv iIlustc-ated ay data on the sorption of fiber glass p 1 c c - s c - I cc -  hssed c-n
c -ac - an arc-I c-c-rd ClasS fabrics ‘T able -.1).

c - c - c - c - c - c - I c - c -v . cc- cc - sc -us - c - c-c-i fu sion processes ac-s grearl’: affected by c-he c c - c - s I l t y
c-f c-Sc glass p lastic c-nd c - c - c - c presence of c - : av ic - i s ar’ S c - c - i c c - o d e f e c - : c - s  c - i - c c - c - c - i c -, c-- c - b i c - h
-a c-c-s c - c c - a rc - c - c - c -c-c-c 5’ c- c- c- technolog ic-al c-c-n c-c-ac -ion s c-i Sc - c - c - c - c - nc - c - a n. Thus , c-c-

- - ~~~~~~~~~~~~~~~~ -
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Sic-TI ~c-iO c-CO YSI1T -c-c -

Fig.  29.  c-ac -~~r abc - o s -p c - c - on  S c-f epoxvphenol glass plastic-s based
on glass fibe s-c- of  c - i f f er en t  c-cc-posI t ions vs du ra t i on  c- of exp o sc -crc -
to water.

1 — al -o c - c -c -ic - ob or o s i l i c o c- e  ~ lc -s s ;  2 — tltaniuc-c-— c-ontainir .g glass;
3 — c o p p e r — c c - c - c - c - i c - i c - p  plc -c- sc- .

s c - e c i f i c  p ressures  ic - c - c - c - c - I to 10 k-gb /cm , 3 he p o r o s i ty  c- c- . c-n e f c - b e r  c; c- c -a sa p l c - c - c - c - I c  is
13—112 , and at a pressure above 20 Sc-c-f/cm -, c- ivc- p c- c -c - s i c -v  is 2 . 5 — 3 . 0 2 .  W I t h  c-c--
c-s-easing pc -c-c-sit ’;, the ‘c-ac-er absorption ac-nd rate of diff-asion c-c- c-ice fiber glass
p lc-sc-ic- Increase cc-rrc-sp-ondI:c--ply (Fi g. 30). Ac - a porosity above 41, water absoc-p—
c-ion and uiffc - sic -n rate inc-c-c-ase ahar~c-i bc-c-c-use , along ‘c-ic-h activated diffusion , /90
wh ich has a slow ra te , c-he  cc - s c -  act ive  pr ocess  of cc-p c - l ia r.- c - i c - c - c - c - c - i c - c -  c- c-c-c-nc-s.

c-~~~~~~~~~~~~~~~~~~~~~~~

FI g. 30. Water  absorpt ion 3 of
specimens c-f epoxvohersol glass
p lastic- pressed at d~ ff ec-ac-c-
c-pc -cc- Ic-c- pc -c-sc-us -eu.

1 — I kg f/ cm ’- ; 2 — I k g f c -c- c-m -; -

3 — Sc-) k gf i c m -- .

This phenoc-c-c-enozc-c- ac-counts Ic-c- c-he S i c - i -  -c-ac-cr resistance of f i b er  glass  p last I c- s
ic-c-c-ic-ac-ed by pressing c-c- ‘nigh c-pc--cc -ic -c Pressures in comparison -c-ic-h those fabc-icac-ed
c-v c - ni - c - c - methods (winding, -,acc-c--am compression m o l d i n g ,  c - c - c - . ) ,  des pite the ac-alogous
-c-c-c-position -c- i c- Sc-s Sc -nc -c-n c- , siring c-nd rec-nforcIng materials employed. The,,c-nosc-
c- c -c -n e e c -o-c - s process 02 penetration c-c-f vat -ac- moLecules through the c-spillaries ac-nd
pores in hot—pressed fiber glas s  p l a s t i c s  Is c- ic -c -c -c-c -c-d. The c- Ste of - c - a c - c c -  c - d c - c - —
fus c- or through a hot—pc -ca sed fib-c - c - glass plc-sc-Ic is actually determined by the c-sc-c-
c- f  a c - c - n c - c -.’c-ted - c - a c -  c - c -  - i - c - I f -as c-on c- c-c-s-c-uSc- nc-s fIlc -m of c- c - ic - dc - c - . The i-u S c - c - s i c - c -  ;c-cfiic-ic-cc-c-a
c-f c-c c- c - c - — p c - e s s c d  epox?—g ass pl c-arc-cs arc -c - I. I— c - ) c--c- 10 c c - c - c - h, c-chere.aa c-icc-v sc-c-

— I - Y c-’ - c c - c -  c- c- f o r  epoxy — -glass p l c - s c - c - c - c -  c-ace c-c-itS c-c -c -c-ac-c- b c - c - c - c - c - c - s  cv c-he c-- c -c -h ds
- c-c- i wc -ndc -c-c-2 c-no -/c-cu-cm c-nd c - - c - n c - c - c - cc- c-c,o ..disc~~, c- c- c - c- c - c - c - r s i t c -  c-f c - c - i - ac - h  ic-s c - i - c - c - ce c - c - c - c-uc-
c-c -c -es c- c -- c -c - cc- -c-c - c -—c - c - c - c - c - se - c - c-c- Ic -s c- p l c - a c - c - c - i .
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41
E ffcc - c- of  c- lass  f a b r i c -  ‘c- .c-c-ve c- sc-p c on the  -c - ac -cr  s-c- s- i c - c - c - c - c - c -  c - f  epoc -c-- c-- c - rc - c - n c - cic- .c-Iass
plastic-

- 3c c-c-icc - st r e n gt h , k g f c -’ —

Class Fabr c-c- After boiling After exposure to c - c - a c - c - c - c - i c -vs
fc - c - 4 5  - ______ -

~~~~~ 

________

90 365

C o r d - 5

- c - c - n c - c - Ia. (bc- - —c---- c- -_—
~ -

F 
— c-c -c- c - c - ,  -

Remarks. 1. The pc-opec -c-c-c-s c- s- c- c - i c - e n  i c - c - spec-ic-c-ens 10 c-rn c-i-ic-k c-b-c- 
- c- c - i c - c c - c-’, c-ecc-anicc-l c- c - c - a c - c - c - c - c - c-i epoxyphenol glass p lc-sc-c-c- bssed cc- glass

f a b r i c  c - i c - h  l u b r i c a n t  i - I c - .
2 .  ~uc-eratoc- c - c - dc - c - c - c - c - c - a ac- lc - c - c value of s c - c - c - c - p c - h ;  c - c - c - c rc - c - o r  gives

- Pc-nc-nec-tag s c-i c - c - . c - c - c - a l  -c- cc-I-c-c .

The c-ate of dc-SIc-sic-n ps -c-c-asses ic-c-c-c-c-Sc-c- ‘c-c-c-h tec-pes-ature, whIle c-he vaner /1
v apc-r  p ressure  c - n c - - c - c - c - sc-c- c- Inc -c -cas e s  exoc-c-nentialiy . For example , as c-icc -water
nec-c-pc -c-ac-c-c-re s-c-sc-s to -3C c - C , c-he c i f f c - c - t c c - c -  c o e f l a c i o n c -  c - f  epoxvam c-mc -e glass c - i c - c - S t~~c-
based on 12—il epc-xy c-esc-n increases Sc-c-cc- l.~ c-c- 10 c-’ c-c-c-- c- c - i - c - to 11.6 x 1-Y” c- c-c-c c - c - b

(Tabic -c- c - I) . TIc-c- ic -n c -nc -  c - c - I c - c - c - o n  c - n )  — —i— , ‘c-c-crc 3 c-c- the ic-Sic -sic-n c-ocffi:ic-c-t

an a pu; c-c- c- cc -p c -— ac -c -c-re , cc-c-/h, ac-i ‘2 Ic-c- c - ic - c - absolu te  c - c - c -p c - c - c - c - c - c - c -, K. holds  ic- c- n
epoxy c-Ic-dec -s and c-Ic-ass p l a s t i c s  in c-he 20—d0’ C c-c-nc-c.

Thc - s  I c -n c -ar  c - - s i a r c - o n  makes ~c- poss ibLe to sc-a c-s  c-hat  c-p ox-c - b in d e r s  c-cc-i- c-I c-c-s
c - I c - s c - c - c s  at a Sc - c- c-n c- -s c - a c - Ic pressure c-c -f I ac- S ’ cc-c-c-’- obe’i the i c - c - n e c - c - c - cc-c- a qu a t Ic-n

_ c - 2~ (10)
D~~~~ D.,c- c-c-r .

c-nec -c

( i l l

)
c-c -~ 

D~~, 0~ a ” —  t he d i f f u s i o n  co e f f ic I ent s  of -c-ac -er in c-i-c polymers an /92

ac-andard conditions and temperatures T1 cc-nd Ic- , c-c-spec-tI-c-ely ;

c-i-T
i 

., is c-he d c - f l - c r c -nc - c -  in c- c -rc - c -c c -ac - c -r ca ar c- w h i c h  c-Se i - i l l u s i o n  c c - c - f f i c - c - c - e c - c - s

‘c-c-re determined;
R is c-he universal gas -c- c - c - c - n c - c - c c - c -
E , is ti-ce c - c - c - i c - c - - c - t I c - c -  c-c-erg ’, -c-i the dc- fl-c - si c -n process.

3y c-cc -c-c-cc-c-c-ion energy c-s nc-c-nc- c-i-c ‘c- c-n ec - c--- necessary c-c- c- spa rc-c-a ‘c- i-c-c- c - c - I c - — c - c -

-c - c - c - a c - c - c - c - s E s-c-c-c-c- c -sc-n c - c -h e r  ac-cl c - c - c - eats a ‘ i c - c - c - c -c-c- -oic -cc c-e ’ ic-c-a c- ,h c c-cc- p~~c - e tc - c - rc - ss c-i -c e i-ilI ac -c-np
sc-c-bsc-anc-c- — c - a c - c r .  The c-c -c - n I-i c - c - I c - c c--c- c - c c - c - c - c -  fcc- c- c - c - c - c - -c -c- c- i - I c - S e c - s  c - c - c-c-
c-c-c-’;dc - c - sn c c - c - tc - pc - c - sc - -c - c - c - c c - f I kpf c - - c -m Is ‘i-— kcc-s 3c- ’cc-clc-

c-
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.c-c - c - c - .c-c-

EiScc - c - ci h -c - c - c - c - c - c - c - c - nc - c - pc -cc -sure . c - c c —c - P c -c - c - c - c - c - c - c - s  c - c - c u  c-c - -c - c - c - n ;  c - c -c-c-c-c -c-n c - c - c  - c - c - f f c - c - a c - c - r c -  c c -— - 9 1
ci f a c c -c- c- sc - c - c - c - - c - a c - c r  ic- rc- S a b e r  c - I c - a s  p l c - c - c - c - c - c - s .

~ ‘ c - c -  c - c - c -c - — i-c-
- - - c- c - c c - c -n c - T c - n c - p c - r a c - - c - c - e,c-c- a c - c - c -  g lass  -d c - c c - a c -  - c - c --c- c--c-e , 5 7 c-c-c-c-sure, c-c- cc- c-c- - c- i c - c--c

- - 1 c-c - c - f  
- c - c - n  - - p c - c - s c - c - c - s

F 20 - 1.) 1, -.
F 3.7 2,9

Sc-I 7 2
5)) - 12.5

i c - c - c-s-;c- c-c--c-ac- :c-c- p i c - c - ; c - c - c -  c-c - c - s c -u  cc- -
~~~~~~~~~~ 

-

ED—l3 c - c - c - c - n - 
20 1.7 1,2
c-c- c-) 

- 
L b  1,3

- 
cc-) 5.5

F 30 I c - 7 . i  - .7, -)

- 20 1.1 1.0
c-c- i  1 . )
SO - -. .I  5 , 3

- di 7 . 5  19.0
I c - c - c -c - c -c -c -c - c - in c  -pl c - ac - ic - i-c-ac-f c-n -

EKhD resin 
c- 20 1.-I 

- 0 .9
cc c-c-) 1.3 1.5

50 3.3 5.2
- -I c-) 6. -. II ,)

In c- c - Sic - s c- c -i c-he i i iic c - c - c - o c - c- c - i  c-c- c - c - t c - c -  c - i - n rc - u s c - c Ic - c - dc - c - c - c-nd Sc-b en c-lass p c- aa c - c - c - s /91
c- c- c - c - : l c - c - er c -c- c - s c - c t - c c - a c - c - c - c - e s  si-c-c-c- c- nc - c - at is most Sec - i c - a c - c -Ia no use c-c - c - c - c - c-c - ~~~c - c - c -~
c- ic - c - c - c - c - c - I-ac - c-c- Icc -c c-c-p lc - cc -e d c-c- wc- c- -c- c- at c-sc--c-r r c - c -uc - es c-cc - c - c - c - c - c - c - c - cc- c- i— i-i °-I . Ic-c -c-n
at c- c - c - r c - c - cc -r -a c- .S c-i i-c-: and 30’C , c-c - c - diffus ion c-S -c-ac-er is s c - c - a s - p l c -  s c - c - s I c - c - a c - c c - i,
and c-s c - c - s oc - c - ac - c - c c - c -, c - n c -c-c - c - c - c -i-c- c - c -  a -c-ac --c- alIght c-c-c - c -c - e s, -c-c-c- .c- cc - c e -c- c- c- si -ac - c- -c-ut - c - f nc - c -c - c-
lc - c-.c-~~t c - I c - cc - c - l c - c - is - ac - c -c -on c-i c-c -n e cancer -c-rc-c- ic -- a c - c- c -n c - c - c - c -c -c -  c-f c - i - c --

T i--c- c - , c c - I a r c -z c-si S c - i - c - c - c- Ic -c - s c - l~c - c - c - c - c  c-cc-c-c -ic-c-c-c- c-. - s c - b = s c - c - c c - c  - c - c -  c - ic c - c c - n c - c - c - c - c c -  c - cc - c - c - n
c - i c - c - c - n c - c c - c - c - -c - c - c - crc- c- c- c- Ic -c -c cc - ac - c -cc . ac - c- c- -c- I-c-es sc--- c - c - . .  processes sc - c -c-c -c - c c l t a n c - c o c - c -c - c - l v :

F i - i c - i f ; s c C c -  c -c- n c - c c - sc - c - c - c - a c-c- an c-c - a c - c - c - c -c-c-ed c - ac - c . c - d c -  cr c - c - c - c - c - -c-c-c- c - a c - c - a c - i -c - c - c - c - s c - -c -c - c-  cc-at c-f
c- nc - I c - s -c- c - c - o I e c - c - c c - I a r  i c - c - c - c - a c - n  oi bc - c - -c - c - e c - .  c-nd c-nc -ecc-c c--  I -c - c - c - c - cc - c - n c -  -cc - c -  o f  c la s s  S a c - c r
If c-c -c - i - c - Ic - - c - s ac-n process as c- c- soc - c - c- c- ed -.rc-c-h c-c-c- c-c-crease in c- c- c - c-c-ass or c-nc- c-pc -cc --
c-c c- c- , c- c-c-c- ic - c - nc - c - two ps-c-ceases 1cc-c-c-i c-c-s a loss of -c-ac-es. Ti-cc-i iS c-c-Ic-c- cc-c--.:irc-c-ef by

c-c-c-a c- n c - c - a c - sc - a i-v the c- c -c - c - h a s - c - ic-n a sc -ua -c-- of c-c -c p a r c - s c - c - - c -  c-cS c- I c - c - e s -  g c - c- ss  p l c - s c -i c .
The po c - -c - sc - c - -c-’ -c-c-Sc- d e t e rm ined  Sc-cc - c-he c - c - I f-c - c - s c - c - c - c- c- c -- c -c -en c- i-c- c- -cal cu late-i c-c-c- f c-x’scc-i—
c-c -cc -c -ac dc -nslc - ias - a c - i c - c - c  the Ioc- c-la

p , c- c- c- - - - c- 
- - — — -

c- c-i-

—- -~~~ -~~~~~~-~~~~~~~~~~~~~--~~~~~~-~~~~~~~— - --~~~~---—-—.-~~~~~~~~ 
-c - —c--~~~-- - - - --— -~~~~~-



-__~~~~-~~~~~ -c --- -~~~~~~~~~~ - -~~~~~ ---_---~~~~~~~- ~~~~~~~~ -

-c- c-c rc - c-i c-s c-he resin c-cc-cc-c-c-c- , 0 ;
• S c-c - c- i-c -glass cc-nc - c-c-nt, c-I c-

c- c-s c-he content of c-ac - c - c - c - Ic - s c - c - na, ‘I ;
- , c-c- arc c-Sc- dc-c-sic -icc- c- si ti-c-.. c- -c5 c - c -n . p ss , c-c-c-f f i b e r  -c- I- -c-c - sc - c -  p l c - c - c - a c -,

c-es -c- _ p 1
c-c-c-c- p c - c - c c - c - c -c-- c - s i c -, in c-c -c-c- c- -

The por c-c-sic-y c-f the Sc -bc - c - glass p lc -sc - c -c c-c-c-c-ic -s p ro c- c-c -call:- c-c c - nc - n c - c - c - i-us -ac-c-c-
c- c- c - c -c - c - sure c-c-c- water c-c -c - 2 0C  f-sr up c-c - 720 days. A l t e c -  bo i l i ng  f o r  -c- c- c- c-Sc- pc - s - c - sa c - v
cc - i  ti-c c-1c-sc- p lc-sc-ic c -n c - c - c - ac - c - s to 5—73 . tn vc-ew of c-he c--c-c-c-c-, c-c-c c--c- s-c-nc-c-c-cc -of c-h - c -
water c-c- soc -pc -ic -n and diffusicr. coefficient , dec-c-rc-ic-ce-i- d c - c - In c - p boiling, c-c- c-cc cc-ot Sc
usc-f to c-sc-c-c-arc -c-he c-c-c-c -‘c-ac-er resistance of c-he Sc -i-er glass plc -sc-Ic- . Ti--s c- c -p c -c - c- c -c - c -
c-f -c -c-c-cc - absorpni;c- . obta ined  dur ing  boil ing 15 low T cc-h l c -  - .3 ) .

c-c-c - c - 20’ C , hydrostatic - pressure sic-cc-s Sc-c-cc- the c-diffusion process c - c -c - S h a s  I c - c - c - la
c-c - f Ic - -c -c- on c-i - c -c- magnitude of sc-sui lIbc -Ic-c-c-c- water c-c-bsor ,tic-n of c-he i-ic-cc-c- .s c-ac-f Ic-bc -c-

c-Ic-c-c- p l c - c - sc - c - c -cs, As c- ic-e i-- c- ’s— c -c- sc - c-c -ic - pc -c-c-sc-arc c-nc-c-eases, c-ne dc -SIc-sic -n -c - cc - c - i - S c - -c - ic c - n /73

T i c - Ic - -.3
Ic-c--c-- c-c-c-ic-s c-S . fiber g1c-ss c - c - ic - s c - ic - s c - ftc - n pc-c-Ic-nc-c-d cxposuc-c- c- c- -c-ac -c-c- c-nd b- c - c - Ic - c -p

t4ac-ec- ac-soc -pc -c-c-n, ‘I 3cc -d c-n c- c - c - c - c - c - c - c - i -, -

c-cc- S c -c- c-c-_c-’- -

3ic-cden - , c- - -i -Ar te r c - c - - 0  A t n e c  -c-c- n c - c - c - c - er _ -c-.3 c- - c - c - c - e s -  c-c- n
d c - c -c--s of c -n c— of bc -c -Ic-np dc-c-c- c-i cx— - of b o i l i c - z
pc-sure to pc-sure c-c-

water F - wate r  I

Epoxy phcnol Sic -c- fec- b c - c - c - c - -c-i- c- c- , c -  IIic-c-2 -

- onc -i-~ — I3 c- c - sc - c - ‘ c - c-..

~

-. 

- 
9 3 . 3  10.3

Ep oc - .r c - c - c - c - c - I n e  b inder  base-i on 0 33 
- 

0 c- 3 c - L c-c- i-cc - c - i  -
1)_lI c- c - c -S ic- F - 

9 1 . )  S O . )  
-

Ic - c - c - cyacc - c - c - n c  -bc-c-c- -ic-c- based on c - c  - 6 3 . 0

ET c- K — l I  c - c c - c - c - n ~
‘c-

~ 5 9 , c) 7 5 . 0  -

7poxv -ac-c-ic-e bc - c - dc - c -based on , , 71 . 7 5-. .)
- - 0 . 3, c- 0. c- - -c - p —— c~~— -

P— c-c- a c- c- sc -c -c- I . 3  - - .0  -

c- c - - n c - c - c - c - c -c - s .  I. Pr o p e r t I e s  c- ic-zen f o r  spec-ic-ens 10 c- Ic-ic -k cc-ic-no-c-c- c-c-c -i-c- c-c- Ic -c- I
c- c- c- c - c -nc - c -c -c . I

2. Nc-srenatoc- indicates absolute value c-S strength ; dc -nc-c-inc -ncr )ivc-s per—
c-encase of inc -c-c-al ‘c-na ic-c-e . I

c - c - c -c-e~sc- ec - c-c ’ c - i c -  c-c- c- cc- c- of 1.1—2. At c-he c .c-e c-c-c- c-c e, c - c - c - s c -n c - c - c-Sc- pres curs i-v Ic-C
c-c c - c -  - c - c - c- Sac-c- c - c - n e  c- ac-c-ne c - lfa cc - as I - c - c - c - c - c - c - c - c - c - cc- c - i - c - c - c - c - a c - - a c -  cc -n c- c -c-r c -c --c -c -c - cc-v i c - C. ::cc -water
c- c - c - i c - c - c - c - c - c - n  c-c-nc- an c-he presence c - c - f  t n c c - ;c - a s a n c -  h i - c - c - c - c - c - c - c - c - c -  c- c -c - c - Sc - s - c -  c - c -  .c - f f c- c - n~ d c -—
n w -c - i c -c - c - c - c- c-s  c - c - n i - c-c-c-c-c- c -ic- i c-c- c- e f f e c t s  . 7- c-c - c - Sc - ne c-sc-u , c-s c- c - c - c - pc -a s s u re  ac -c rc  - c - s e a ,  c - i - c - c-



pc-c- Il - crc-c-c- c-n ane rac -I c-s c-cc-p c-c-c-c-c- c-c-, c- I c c c-crc -c-sc -c-c- Sc-c-c-c-s c-en -c -c -cc - c-c-c-c-c- c- c-- c- -c - -c - c- , c-a — -cr c-a c-- c-
the p c-c- .,c- c- c- c - c - ac - c - c-cc - c- c - c - c - c - s e, c-nc c-c-ac - i - ic-i c- c -al ons c-aclec -c- c-c - c- c--c- c cc- c - c - c - c - c - c - c -  c - c - i c - c - c e  c - a c -  c-s c-:c-
-c-ac-c-r c-cc - c-I-c -c-c- Ic-c- a c - c - c - s . c-I c-c- c-i-c -other i-and , c- c- -c-c- c-anc-c- vapor pressure ;r-c -c-c- a c-c- c-n c- c-n-
c-s-eases. c-c -c -c -c c - cr c - c - cc - c - c-n inc-c-c-c-c-c- a c--c- c- nc - da li - c - s c - cc - n c - c - c - c - c -  ac-f an c- i - c -s-c - eil c -c- c- c-f
p-c- Ic- c—c-c-es-s. F- c - c - - cc --c- c-c- c-c-c-3 -c- c - ac - -.- of krc-o c-c-crc- p01cc-c-c-s an lI- c- C , c- ic -c - c- c-f I c-c- c- c - c - :  c - c -c c -c - c - c - c - a c - n
caused i-v c - c - c - sc - c - re surpasses c-Sc- c-c-cc -ease c-nc c - c - c - Ic - c - c c- -c c-.c-eilc -c -c- ) c - c - c - a c - c  c -c - c -c -c -c -—
cr c -c - sc  c-I c-c c - c - sc - c - c - - sc -c-c-c- pc-assure . Tic-c-c-c -fore, c-c- c-c- c-c-c-c-i c - c - c - c - c - r c - c - c - c - c - c, c-s c- c - ce c - c - d c - c - -

S c - c -c c - c -  p ressure  ic - c - cc - c - c - a c - c-s, c - n e  c i - I f f u s i on  pr ocess  51-c--c-c- i -c - c -c-c-c-n .

As c-i -c - c-c-c-er tec-c-perac-urc is raisc-i- c-c- c-,O°c, c-i- c- c- ac - c- re of c-i-c effecc - of c- c- vfc-c-
c- c - cc - tIc - pressure on the c-iffc-sion process c-c-c-c-aine c-i -c - c-ac-c-c-, bc -c-c- is I- c-c-a pr cc-cuc -c€’ c-a.
In c- c - c - c - 10—5c c- C c-ac-ge, c-Se pressure bc-gins to ac-cc -ic-r -ac-c -c-he c-c-c-Sf-ac -ion, The press-crc-
has Ic-s c-c-c-sac-sc- c-ifc-c-t c-c- 50— -SOc- C. l i - c - c - c - , ni-c sisc-ulc-c-neous 5cc-ic-n of c-c-c-pc -c-ac --c -c-c-

c- c-nd hydrostatic pc - c - sc -us - c -leads c-c- not c-ni-c- - qu a n t i c - a n l c -.-e bc - c - c -  c-iso qua l c -c- c - a c - c - - c  -c-Sac-p c-s
c- c-, c-he process c-i c-c-c-c-c-cr dc-f ic-c-sic-n through pc - c - Ic - c - c c - s - c - c - c - c - c - c c - c - c - s - c - c - I a. Dc-Sic-sc-on c-n c - c - is 

c-
c- c-c-

case has c- c-c-re ccoplcx , nonlinc -c-ac- character.

.bc-c --dc -Ifc -a sc - cn c- c-c-cf Ic -c- c-c -nc - c-soc-es to be a c-c-c-sc -ann c-c-i c-i -ce nc-c-c-cc-ao l — c - c - c-spec -c-c-
on ti-c- c c -nc - s c - a c - c - c - c - c - c - of c-i-ce cc - S Ic- c- c-np sc- c- sc -c -c -ce i-c-c-ac-c-c - and sc-c-eEc-c-c-cc- c-c-nc - c - c - S c- c--c e
pc - ic --c-c-c -c-c- nc -sc-c-c -c-c-I, Tic-c -swellirc-p process  c - c - s e l f  under  ni-cc -c-c-c-bc -c-c-d i c - nc - ac - -c- f ‘50—
i-C c- C c- c- c-pc - s- c -c -c - c- c- c -c-nc increased rc- :~c - n c - c - s c - a c - i c -  pr e s su re s  c- c- c-c- t i - c - n u -c- c--c- cc- c-c-- c - c- c -al sc- c - c c - c - c - c -  c - . c
c-c-a-c-c-s. Pc-cc-b c-c -cc - c-c-c-pc-sure of c-i-c a:Jc-c-ic-ec-s to these cc - c - c - ic -c - c - c - s I-c-c-si-s c--c a “I-c -c- ac - sc -—
c-np ’ c-i c-c-c c-c-c-c-c-c-c-re of the c-c-c-crc -a l -ac-c d c-c a c-cc ciin c-es c- soc-p c-ic-n of nc -sic - c - c- re. Tic-c-
c-i-c-c-c-c-c-c-r c-c-’ c-c--c-c -c-i - c -n c - c  c-n c-ne  r c- c - e c h s n i c - a l  p s - c - P c - c - c - c - c - c -  c-s f  Sib-sc -glass p l c - s c - c - c - c -  c-c-
c- c-c-c-c- is illustrate-i by c-he dc- c-c- c-f Ic-i-Ic --c-c -.,

Ic-c-Ic-
Cha n—;c c-n nc - c- s pc - c-pc - c - c- c -cs of epo c- c-- cc - c- :c- c -c - gloss plc-sc-c-cs c-c--c-pc-c-c-c- no c - c c - c - - cc - c - c-.

Coc-pressi-se c- c - c- c -n c - c - c-, 1cc-f/c-cc-c-c-

— ‘  - p - c - d c - c -s c - c - n c - c -  — ~~—c - c - c-a c -S c- 1c-isti, c- - - -- c - c - c c - s u r e, c-c- c-c- atc-c- -c-fl oc- exposure c-c- c-c-Sc -er, c- c - c -vs

1cc-i c- c - c -—

- 
F 0 1 0 53 90 EC c - iSO 170 100

Epc-xyacc-inc 1 - 5 5  55 I I I  54 52 32 c-P c-i-
- glass pc - a s tac - - ~- c- 

- - I - - - _ c- -. - - -- - - — - - .c-c c-: c - c - c - s c - c -c-c-i- c—c - S c-c c-c-. c - 3 . c -  ac- a- .  - .a .c -  -.S.c-cc-c-c-c c-c-c- aD—c -c - c - , 
- 

-

- 
c - c - s c - c  - c -  

- - -

I c - c -c-c -- ic-c-c-c - 1  c-i - c- 63 : ~~ i-~ -c-i - i c-i-l 60 59
c- Ic-sc- p lc-ac-c -ac c- 

- 
- - -

based c-n li-li-c-i) ~c- c - c - c - c - c - c - c - d 5 3 , 5  Sc-i- - 59 53 c - S i . 3  6.1 -c - i - c-I i-0
c - c - ac-n - 

-

~~~~~ F - 
-

c-c-c - i c - e r  - c-c-c- c- :c-c-~ c- c-c-f cc-cc -c -sac-c- c-cc- -ac-c-c-r c- c- :10°C , c-he s c - r e c - c -’ c - c -  c-c-f Sc -bc - c -  c-d .c- c - S
p l ast ic-  c -pc - c - c - c - cc- mn s 5 __ c - ; c - i c - c -1c d e c - c - c - c - c c - e s  i-v c-c-oc - c-ac-c ti-arc -13 1) . The process c-c - f ie—
c- Ii c-c c-c- s c - c - c - n c - c - - c - c - c - sc - c - c c - c - i c-c-as c - c - c  -to c -c -cc -c - sc -cc -c  -to c-ac -cc - c-c-s c-e’c-c-c-c-c-i-c lI cc- . A lt ec -
c -nc c-ce c -c -zc c- .c - c-c-c- c- c-pc i c- - s _ c - , c - he  -c - c - c - c -nc - c -c - c - c - c - I c-nc-c-c-c-zc-i - c-s i c-ice fab e r  p l c - c - s  c - c - I c - sc - c - cc -c-c-
c- c- s - c - s c - c - c - c c -. c - c - c - c - a c - c -n c -  c-c- c -_ c - c - ac - c - cc - c - c - c - ci c - c - c c - c -  c - c - c - c - c - c - a l  nrc - c - c - c - cc - c _-c- c-ac - L— c-c- c-) c - C .  Icc- .c-
c- sc-c- cc - c-c -Sc- stc- c - c - c - c - c - c - c - - c - c- c- c -c-c c - c - p c - c - c -— c -c-c- cc- c - c - c - sm c - c - c -  10°C) iS c-c-dec-c-c-c- c- c-nc - c- c - f i - c - c - c r c - -

c- c - c - a c - c - c  p r c- ss c - r c - .

c-S O 

—-



r

-P c-c-c -p c - ac- c - c - c - c-i ic-c-c-c - c - I - a c - c -  p lc-s c - c - c -  spec -c-crc-c-c-s ‘c - c - hoc -  -c- c- c-c -c -r c-c- I-O’Ci _ c -c -c - s  c-a a
Ic- c- c- c -ar c- cc - c - c - -c -c-c-c- c-I c- c - c - c - c - c - c - c - c- c - ac -nc c-c-c-c- c- c - c-c -c- c- c-cc-a l cc-- c - a r - c - c - c - c - c - c - c -  P c- c-c-c- c-c- c - r e ;  c - i - - c c - a  c-s

p c - i c - c - c - c - a c -i c - c - c - I c -  c - i - c - c - c - c - c c - c - c - a c - c - a c -c - f  epox-vc-tc-jc -e c - i s - c s  c - i c - s c - c - c - c - .  Ic- c - _ c - c- -c- c - c - c - c -- . c -c - rc -c - - c - c- c - c - c - c -c-
‘c - c - c -c-rc - .c-s c-c- c - c - c- C c - c - c - c c - c - c - c - n c - c - c -  c - I - a c - . .  p l c - c - c - c - c - c -  sc- c-c - ac - c -  c- c -cc -- i c - c - c - c  - c - nc - cc -  ccci - c - I c - p c - c c - i : —
c-n c-c-ac-er c - c - c - c - i c - n c - c - c - ce , c - c - c c - s  dc - flc r -s nc -c -c-s c - c - ic - c - c - I c - c- c - sc - c -c-’ c-c - c - c - 1 l~ - _ a c - c - c -  i- i -D c- C .  Ti c - c - s .
after i-IC d.c-vs c - f  c-c --cc-c-sure c- c- c - a c - e r  c-c-c- ‘ c-Y’C , c-c-c- c -b c -n c - c - c - c - c - ; c-c - c - c -rc - p c - i - c - c-f c- pc - c - c - c - - pc - c - c - c - c -
c-lass pl c-sc-ic-s Jc- c- c - c - e a s e c -  by c- cc -—:so , c-c-c-d c-hat c-f c-c-c-c-c--c-- c-crc-ac-c- c - i c - c -c c - a s , i-v 1-I— — S I - .
Ti-c -sc - c - c - c - p c - c -  c - c - f  s c - c - c - h  spec - ic - c-c-n c-. c - I c - c c -  c-i-c-c -c- c c - c - c - p c - s c - c - c  c-c- air c-s c-c -c-c- c-c- c- c-’c-c- c-c- -c - i -,c- c-c - s c - n r c - c - c - .

c-ore abc--c-pc- is c - i - c - c - dc -c- c-case  in c-i-c c -c - c - a r c - c - i -  c -I Sc - b c - c  -c -lass  p l c - s c - c - c -  s c - c - c c - c - en s
d u c - a c i -  b c - t i c -c -p .  Al ter c- c - c - ic-  I n c-i c c - c c - I - ac - c- , ti-c bending sc - r eccpc - c - of apax’c-c -pc - c- ec - no l /95
g lass p l c - c - s c - i c -  sp ec -ac -en s  ic -c -c- educed b- c-- I - c - c - I - , ac-c- c-n c - c -c- c-i c-pc-c-c’:ac-c-ac-c c- ’c-e-c-ac-c-c-rc-s , c-I.- c - I - I - .

The c- c - Ic - c - c - c- cr c - c -a c - n ed c-Ic- t c -~ c- c - c - c - c - vcc - ac-c ifjc-k:c- c- Ic-c - c- icc - dif lusc -cc--c c a c - c - i f c - c - : c - rc n t c  -c -c -d
c-Sec - c- dc-pc -c-dec-c-c- c-n c- c- ce c-ac-c-r n - c - ic - c-r c - c - c - c - c - c - c-c-r .c-i n — c c - c - s c - c - c - c - c -  p c - c c - s c - c - c  -per-c- c - c- c-c- c - c - c -c-c - c - c - -

c- c - i . c  -c- c - c - Ic - c - ic - c - I - c - c - c - c-I c- i -n c-c -c - ac -c - c - cc-c-sorption for this c - a c-c- c- i  c- icc- c - s  p lc - sc -i c -  c-s a
nc - c r c -c- c - a c - n  of c- c- ce c-:-c- c - c - :- c -c-c- c-c-c- of c- c-c -c-arc-ic-c-c-, c-c-nc c-i c -x p o su c -c  -c - c - c - c - c - c - c - cc -, c-ac-c-c- c- c-c-pc-c-a-
t-c-re , c-nc .c - ’cc - c - .cs t c -c- i c  ? c -c - s c -c - c - : c -, c-nc - c-c-fl c -c - c  -bc- s ic  -c- i a c -ac -p-c- rc - son  -c - i c-c- c --c-p ec-c -cnr c-nc -a i
dc-c-s c - bc - c - c - c - c-c - nc - c-Se spc-cIc-ncc- .s, pc -c-c-c-n a c - c - c - e s - c - c - c - c - c - c - c - ncc -  c - i - c - Ic-c-c-c- of s c - c - e n -c - c - c - c -
cc - c- c- cc -pc -n c -c-nc - c- c - any c- c - cc -c - n c - c - -c - dc -c-c- f c-c -ac -c -c- si - c - so c - n c - c - c -c -c c-c-c-c-np a c-nc - c-en n c - c-c-c- c-c-rc-c-c .

i-nc -c-ac - c - c -c- a c - s c - c - c - c - c - c - c - n  as c- c - ic-c-c- Ic -c-c-ed i c-c-c-c- a Ic-c-nc-Ia c- c-ra-,c- c-ci- Ic --c --c- P c - a c - c s c - c c - a c - i c - c - :

‘c - - i -,c - c - l — -~T e - c - I - I )

c- c-c - c-c -~ as ni -c - c- c-c-c-c-nc- of c-c-c-sc-c-c-c-, I- , c - c - s c - s - b c - c  c - .’ c- ic c c-c - c c - c - c - c - c -  ic-c- c - ac - c - c - - i-I
0 c- c -crc - nc- ac - cc - cc - c - of c- c -oic - sc -u re  c- i-soc-i-c-d c-- c - c --c-c- s.c- - cc - c- c -en c-c- a s c - a c - a  -:1 c - c - c -no

c - c - c -c - c - I i b r a c - ac-c- , 1;
c-s c- i -c - d i l i u si on  c- o e l f i c i c - r -c-t , c-ti - c - h -:

-d c- c- c - c- c-c-c- a c-c-c-ac-c-se c- c - f ni -c- sp sc - c - c - c - c - ec - c -, c-c-.

ic -c - ac-c-ic -I-c-s c-f sc-cc -c-c -cc-c- c-c-ne gic-ss p l c - c - t i c - c -, a -c-c -c-c-c-c - a b s c -r c - , c - i c - c c  of i c - I - — c - I. -i c-I ac-c-c-S
c - n r c - c - c - n c - n c - i - c - c - c -  I - - I — I - c -c - I -  d ec rease  c-n s c - c - s n p c - n  cc - c - I l  take place c -c -c - a c-resc-c-c-c- c-c- c-c-c- i I
1c c-c - /cc -’ c-c-i c-c ’c.

I i -c ickn es s , c - 5  10 20 c-c- -I-
Ic-c-c-, years 0.7 2.5 10 33

Fc-eld c - cc - na c - c - f  a r t i c l e s  c-c-c-ic-ri c- c-e c-c-ic-nEc -c-c -c-c-c-s. c-c-c-fc-c-c- l i - c - I -U c s -- s  c- f  e m-c-p c - s c - c - c - c -
c - c - ‘c-ac-er , c-i-c-p pc - c - c - c - I - I c - c - c - s 1.5—3 Ir. ic - c - c - c - c c - s r —c - c - c - c - a c- Sickness  c-i I-F) -c-c-cc- In c-n e
c - c - i c -ac - c - i  c - - c c -c - ion  c - c - i -  n a t  c - c - c - c c - c - c - c - c -c -  c-c-:’ c-Sac-pc c-c- c-c-c-c-cnsc -,-.cc-s c-nd c-hoc-cc- c-rac - c - c - -c - a lI -c-
no c-Sac-ps c-c- c - i - c c - c -  c - n c - c - c - c - c - t i -  p c -c -p er t c - ea .

I-I. I - i c - c - c - s - I c - c - a l  :n e u l a c - c - c - c -  P c - c -p e r  c- ic-s of ic-i -cr Glass  P l c - s c - I c - s

In addition to i-ic-c-. mechanic-al strength , n-c-c-—pres sed cc- c - c c - c - c -  c - I - c - s c - p lc - c - c c - c - c -
possess attractive c-Ic-c - c - c - Ic-al c - rc -J c - I c -c - c - c - c - nc - I c -  pc-- c - p c - c r c - i c - sc- c-c- i-ic-h a c - c - o u c c -  I o n  c-i-c-c-:
c-x c - - c n a c - - - c -  usc- as I nc - c - c - I c - c - _ c - c -c- c - ac - c c - c - c - Is .

::c - c -  c r c - I c - c - c - p a l  I n c - c - i - c-s - c - c - c - . c - c - c - - : c - c r c - z i n s z  c-he c - i c - c c - r a c - c - clc- c - n c - cc-c - I - c -t c - cc - ’c- — s - c- c-c-c-tic-s c - f
Sc -i-c-r glass c - Ic - c - c - c - c - c - c-c-c -cc -c - co n I c - c -c - c -d e c - c - c - c - c - c - a l  c -esc-- ’c - c - ,c - c t . c - c - c - i -_c- c-c- c_ - c - c - c - c -c - c - c - c -I c - c - —
c - c - c -c - c - c - c - c -  - , ‘c- c - c -c --c rc -c -c -c--c-er-c- ‘ :cIc- c-~~c-c- , sc - .  -:Ic-lec-c-c--c-c loss c - c - c - c - a c - c - . !cc- c-c-c :c-: c-c- c-c - I c-c- c-s c - c - c - a c - c - c - s

--



c - c - - - c- c - c -  c-c- Ø ~~~~~~~~~~~~~ - c - c - c -.

c- c-c-c-in :c-l -c - : c - . c -I - c - c - c - i c - h  c - I c - a c - c -c -c - c - c - I  c - c - n c - c - c - I - c - c - c - c - c -c- crc -pc - s - c - c - c - a c- c -n c - p c - c -; ac-c-i- c - c - c -. c-c -- c - c - c - c --c- as -r c - i i~c- h Ic- ic-c-c-c- c-c-i c - c - c - c - c - c -c-

~~I c - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~c - c

c -—:c-~ ~~~ 

c- c - c-be c-i s c- i 1 c-c- c- 0 c-c- c-, I a c-

I- — ic-i-cc - c - I c - c - c -s plc - a c - ia -c - ic - c - c-c-c-c- c-c-cc- c-- c- Inc -c - b c - c - c - ic-c - c - i c - s c - c - c - c - c - c - d  c - c - c - h  11:—I - c - c - s i c -nc-3 — i - l i - c c  -p lc -c-a  p I c - a : c - c  c - c -Inc-c c-c- c-c-- p c - c - c - a l  c-Inc-c-r pl c - sc - c - _ c - c - c c - c - c - i c - h  cc -c— I- c- c-c-an;— i c - c - e r  c - I c - a c -  p l c - s c - c - c -  c - i - c - n  c - c - e c - c - c - p hc -~~c-i bc -a ce r  ‘ac-c-l c - a c - c - c - i z c - c - c -; —
c- Ic-c-a c - i c - c - c - c - c c - c - c - c - i -  c- c - c - c -c- c c - n c - ce  b c - c - c - c - i - er ( - c - : c - p l a c - c - c c j z c - i - c - .

TII1I J
~~~~~ JTL

I 
~~~ _ _ _ _

0 : c-c-JTcc-, :c-c- . c - 7 7 c - c -’ C c-3~ c-c-j c-—E Ic-~I-i :~-c- c -- .

c - c - c - . 3c- . :i-c-~c-c-c - c - c - c - i - - c - c - c - c - c - c - c - c - c - c - c - cc - c- c -i3 c- -c- i i c - i - s r  c - i c - c - s  c - i c - s c - i c - s  c-c -s  c-_c-eo: c - c c -j I c - n p  _nc - c - a c - -c-.’ i-ar ac-c-cc -nc -c- s a c - c - s e a  c-nc- E c - c - Fc - c - rc - c - c -c- i - c - s- c -c -c- c - c-

c-c-c-c-c -c- c-c -c- c -sac-c-c-c- as c-c - c-- i-c- c-c- . i - I  -

Ti-c-c c-Lecc-c-j c-a 1 c-nc-c-las-jon c-c- c-cr c-c-c- s of Sc -b c-c- c-lass c- i c -sc - icc - c- i -c - c -pc - sc - c - sc - c-c-c-flc-be c-cis c-c-c -re cc-nc -cc-c- c - c - c-cc-ic-c-c-i -ic-, ar c- a c- c - c - c - ic - c - c - a rc - c - c - c - Ic - c - c - i -  I-c -c -c-c-c-c-c- c-he pl c- sc - ic -c - areexposed c-c- hips - . n c-c- .  c c - c - - c -c- T i c - c - c -  c - c c - i c - c - c -  inc pc - c -nc - c - c - cc - s  is ic - c - c- c-c a c - c -c- c-c- p c-c -cc -ic - c-I c- c-i c - .( c - c -  31) ac-c - i c - sc - s c - c - n c - c - al c-Ic--c-c-c-c-c-al cc -c -d c- c- c- c- -c -c -c --c- c - f  c-ac-c-rc- I- c- c- c c- c- c-be c- o c - d c -c - c - c - c - i -c- c- ; c - c - c - c -  c-ic- c -nc - ic - c - e l- , pure ‘c-ac-er is a.: c-c- I O~~ c- h c-c-r - cmc-c- c- arc - U cherc-ic-c--c- , c-c--cr. c -p c -c c-- c-- c-I-as-;p i s s c - c - c - c --c -are used c-c- c- i c- c -c - c- c -c - c- ic c - p c - c - i c - c - c c - c -, c- c- c - c - cc - c - c - c - Ic- crc -c --c- c- i- c- sc - c - bc - I - I c - -c of c - P c - c -c - n c - c - c -  c - c - - p e r c - i c - s, c-c- c- c-s c-cc-cc-sac--c- nc-c- cc-se u r c -p i c - s n i c i z e c -j  i - c -n c - ic c - c -, c- c - c - c - c glass i c - i - c - ’ c - c - a .as ‘c-j el l  c-s 1c-rc- — c - c - r c -  c r c -cr c - , ac-c-a t .  ac - -c -c - s- -c - c -c - c- n i - c - c  Sc-c-c-- c - i c -c r-c --c -s c-c- c-c- c-

c-- ~~~~~~~~~~~ - _
~~~~~~~~—--. - - ---- — -



~~~~

c-c-
~~~ 

- - - 

- -  

/c-~c--: - c- sec -~~c- c-~
’ c - I  - j c- . - - a

c-c- c- Is 45
I-c- i -c -c -c- c- i b c - c -  s c - c -  c- c- c-c- s c-c -was-c-r c- c- c- c - l e c - c - r I c - a I  c - c - c - c - i c - c - c - o n  p r c c - c - r c - _ c - s  c - f  c -c -cc - c -pi ac-c- c- Ic - ac - icc - c -i - s - c - p c - c - c c -.- 

- 10’ c-cc - c - ,

~ I - c - ’ c -~~p n c - c - cc -~ p l c -c - a  :cc- .c-c-c -rnjc--.c - c- Ic-c-s p lc- c - c -c-c-

c - - c - a  I- c- r

0 a c - c - _c- c - c-- c - - - c - c - c - c - - c - c - c - c - .  —.3 c c -c- cc- 3. c - c - c -  s c - c - - c -  - c-c- — - 5 , -c -S c - c - c -  - -cc- c- c - c - c- c - c . c- c - c - c -c- - P c - c - — c- i-c-
c-c- c- ; c - s c -  c- c - c - c - j - :  5 . -s c- c -) ~-- - c-c-
5) 5 n c - c  c - _ c -  c - c - c - c - c -  c- -s c- c 2 ) c- c - c- ’ c- c-c-i-23 5 ‘c-c -c -c c - - c - c-

~ c - c- _ c - - s - c- c- ’  c - c - c n c-c ) -c-c- c- - c-
- c ‘c--c - c - - c -  c -c- c-) c - - c -’ 3- nc 5 c - .c —_ c-c- c-- c - c -c - —  c - c - c - .c - -c - . ,  c — _  

- c - c - c - c -- c - c - —c -- c l i _ c - _ c - c  3 c ~; - c - c - c -  c-- c--c c - c - c-c- c- c ‘5 -c-c-c- c - c  c-c-c c - c - - , c- c _ c-c-c p . c -H 2c-c - c - c -  -i c-~c-  3 .2-3 7 .5- c-” 3 -c - — —  — —

Nc-c-c-c- . i-c-c-c-ic-c-c-s n c - c - s c - . r c - c - c c -  1-Cc-i c-c I- c - Ic - C cc 3 c-m c-c-c-c-c -
- 

c- c-c- c- c-c .

Cc-c-is -c- S
I - i - c c - c c -  c - f  b o I I I c - c -  c-c- c -c -_ s c - I c - c - c - c - c - c - c - I  lc-c-u c - c - l ’ c -  p c - n c - c - r c - I s a  of s o c - c - c - c - c -cc-cc-i c - I c -c-c-c- ic- c-c-c - ic -s  (I c- cc -c-c-nc : ., i c - c -  c -c - )

•

~

c-c-c- .‘ac-a 
c- c-c-c - c - c -c- ’, 

aIomic-c-borosc-1i cc-c-c-, C c c - P c r — c - on c - aj c - i c - g  c-sc-
c-c-c -0 1 — 9  -c c - c - i nc -p c-c - s c- c - i c - c - c - c - c c - c t

5 x I -~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~Inc - c - c - c -c-c-_ c c- c-sc- 

~~~~~~~~~~c- c-c-c-c - c - c - t  F 
- - -Pc-c-—c-c- c - c - c - c - c - c - - , 

~~~~~~~~~~~~~~~- 
c - c - c - — c - c-,

I c - i - c - c - c  s - c - s c - s c - I -c-- c - c - -,- , 
- 

:- Ic -c- ’ i c - i c -  li- c-
c- n c -rn -n c -cc- I — I c - c - c  c- c-I c- - 

3 . -) c-c ic-5 c-

c - c - c -~c - c - c - .  i- i c -c -c - c - c - a c - n c -  _ c - c - c -’ c-s n c  -sc - c -nc -a c - i -  c - c - c - d c - c - i c - i s ;  c- c - c - cc - cc - s c - o r  —c - Ic - c-r bo iling Ic - c - 1 3. 

Ti - c -c-  alec- c- c-c-c-c-i i c - c - s c - c - I c- c - c - i c --c -c - p r o c - c c - c - l e a  c-i sc -c --c-c-c-c--c - c- Ic-c-s c - 1 - ac - c - c - c - s -c-i dc - S ic - c - c - c - c - - nc- n c-npc- c--c - . c -In ’ c -  c- c - c - a c - c - p  I- c - rc- p —c - c - c - - c -  cc - c - cc - c - c -rc - c - c -  c -c -c- c-c - c-c-c-c- a c c - i - Ic - n c - c-c-c- -nc-c-,-— c- c -c- c-bIc -~-c-i - c-c-c c- c-c - c - c -no c - c - c - c - . IL ac-c-d 32.

33

_ _ _ _ _ _ _ _ _  A -



E s - a c - c-c - a c -  a c - s c - c-- c - c -c- c- c-c -c -a c-no c-c-c-c- F-c- c -c-c-c- Of  ic-c -c-c-c-c- s-c-c-i-natIon

- c -bc - c - sc - c - n c-c-Sc - c - c - c - c - c - c - c-. c-c-ear inn a S i c - c - c - c - c -  c-i abc -c-sic-/a parc -ac - I - sc -is c- c - c - c - c - - cc - i c - -c - c - c - crc -c-Sc c - c - s c- c - c - c - c - c -  c - f  sc-cc-c- c-ni p c-c- c - c - c - c - c - c  n c - c - c - c - c - i c - p  n _ c - c-c - c- c-s f a n  i - I c - a c - c  -c -n c - c -i c -  c-.c - rc - c - a c - c -c-_ Ic - c - s  c- c - I  c-ac - c - ic - c - c - ac - c - sni ps.

J e c - o c - c - c -  t i c-c i c - c -p s  nc -c -c - e r  c- c -I  c-c-c-c-cc-c-c-c-nc-al snudics , c-ha s-c-c -s c-c-a Ic--sc - c-c - c- c - c - I c - c - c - c - c - -c-c-c-c- nc-c - c - -, c - c - c - c - c - c - c -u n-c c- c c - c - c -c - c - p l c - s c - e l ’ ,  ic -c- c - i - c - c - ,  process c-I ‘c-c-as- in a f low of - c - c - c - c - si c -c- - c-c- c-c - c - c - c c - I c - s.c-n n c -c-c- - ‘ c - c - c -cc- of c -c r c - c - c -n  r c - s se . c r c -cc -c r s, - ’ c-he c-c -c -ac - c - c - c-c-usc-i- by s-i-c-c Ic-c-c-cs- c-f s - c - c - sabc - a si c -c -c- SIc -c-c-. ‘I. I .  Sc -i— c- c- c -v c-arc-i- I. P . ic-bc-i-c-c-, have ac-c-cc-pc-c--c- to carc-c-ianc -abc -c-si-cc -c-c-c-as- -c-ic- I c-he laws c-i cc - cc - c - c - n ; c-c- fatIgue phenomena. I- . Plc -c-c-c- dc-c-c-usc-cs c - i - c - c -~ -c-r c -c-c-c--c-l -,.c-ac- a rc- a i lQ’c-  of c-bc-ac-i ’c-c- parc-ic-las as a cc -c -p lc -c- c-  p roc-ass  c-i-c -c-c - cc -c - c - / I — c - - c - i - - c -  n c--c-c-c-c - c - c - c c - of c-sic-c-cc-ha /c-nc -ps by c-i-a abrasive parc -ic- Ic-c-, c-c-i c-cc-c-ac: ic - t I c - c - c - ac-c-i i - c - c - c - c -—c-S .c-c- c-f c-i-c-e c -ur i c - c a  du a c - c - c - c - pc-n c o n t a c t  c -n c - c c - s c - s .  The c - a c - c -  c- I  c-c-ear is c - I c - c  -c - f l s c - c - s c - d
c-c-, c-Sc- Si-c-pc- ac-c-i- ac-c -n c c-i  c- c- c - c-c- abc-c-c-c-c-c-e c-arc -Ic- Ic-c -, c-h eir -c - c- Ic -c -a c- c- -c, c-c-c-c-d c-i-c-c-c- c-ac-plc-c - i -  c - nc - c - c - c - s c - c - c -,

c-i-c-c -wear of c -c-uri c-ce c- I - c - nc - c - c - ?cr sc--c- c - n  c - Ic - n e Ia p c - c - c - c - c - c - c - - c -c -nc - I  c- c - c- c- c- c-c -c-dc - cc - c - c - cc- c- c-c-c--, of c- c-c- a-c-c-c-c-c- p a r c - c - c - I - c -  c- cr c -cc - c - c  -c-i-c cc-c-bc -c- ci c- c - I - I - dc - Ic - c - of c-i-c c- c -c-c - Ic - Ic -s.

c-c-. c - c - nc - c - c - i -c- c - pc - c - i c -c - c c - c r o to r  de c- ic -c -c  -is used Ic -c - abrasive c-c-s--c-r t c-sc-c- c-c- I; . 33).i c - c- c - c - c - c -cc - c  -In c-c-c -mounted c-c- c-pc -cc - a l  bc - a c - c - c - c - c -  3 Ic- c- c-he sc -a t -c -c- p c - c - c -  c - f  c -i -c -  i-e’.’ic-c- cc- c--c-c-c-nd c- c -cc- c - c - c - or .  ti-ce tests ac-c pc-tic-c-c-c-ce-c- c- c- c-i-c-iierenc - c-c-pic-a c-f Ic - c - c - dc - c - c - cc - c - . I-nc

5 c- c-
~ 

c-
~~

c-c-c-c-/ ,~~~c-<

- c-

Fig.  33. I c - c - -ps - ac -  c-i c-sc--c-nc- c-c-i-c-c -c -cl c--ic-c c-c-c-or.
1 — noppec - ;  2 — i - I c- c-c c- i - I c-  tubing; 3 — c - c c - c - c - ;
4 — c r c - c - a r c -  3 — c - i - c - c c - c -nc - I s ; 6 — two—Sc -c-p pc-c-c-;
7 — c c - i c - c - c - n c - c - . ;  bc - c- c-; P — i-rackets; 9 — c-c- i- ac-h er ;
10 — spec-ic-ens; Il — p l c - c - s — c - c - c - c - r e d  c- c -c- c- n c-c-c-p -

c- I c - c c - c c - c - cc-c-c- c-.ce - c-c n-c- c-bc -c-c-c-c-c -c - i -c - , c - c - S i - c - i c - c - r c -  c - i  ni- c-c c-c-- c - cc - c -c-s-s. Ti-c - c - cc-c- c - c - s c - -.e c -- a rc - c - c - I c - s f c - c l l c - c - p  _ c - c - n c - c - c-c-c -ac-cc-c-c-r c -f  c- i -ce nc-c-c -c- cc-c-cc -c c -I c - c - c -  c - n a n - — c - I c -  S
c-c-usc-c-an c - c - a c - c - I c - s - cc - a c - e d sc-c-ilia; . 

- c - --- -~~~~~ - --- --- c- _ ---.—- _- - _ - -c-. _-- _ --- c  - - - -~~~~ -~~~~~~~~



c-p~~~~~~~

c-c-c-c-c- c - c - .c - Ic -lI -c-c-rc -s c-i  a c - c -n n c - l i c - c - g a 1  f c -c - c -c - .  Ti - c - c  -c-pc -c-d c- i s- c-t— c - c - c - a n  c - i  c- i -cs n c - a r  c-c-c-d c- usc-c-c- c-yes - a -c - c - c - c - c -c--nrc -ac- c - c -.- c-c-c-c-c- c-f c-c c-c-c-tc -tc-c -nsfc-rc-c -c-c -c- Ti-cc -c-c-cc -c-sc-ar-.- c-c-c-c --c- c-c-c-al spceds sc-c adjc-c -stc--5 to -c - s- c - Si c - :31 5-i nec-nc- c-i a c-c-c-i-cc-c-c-c-c-. .c-c- n c - crc-c -Sc- c - c - c - ic-s c-c - s c - c -  no c-d~~u sc -  c-he c-c-c-c -nc c r c - c - r c --_ c - c-,c-c- c-f c-bc c-bc -ac-Ic-e jet,

~~~~~~~~~ -
- - c- c- c- -p - c - )

-; - 
i - c - c- ‘

- - - : ‘ c-~
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c- 
‘
~ r J j i  

c-

i- fl

- . j
~ 

c - c - i -

c-c-

c- c--J c--~ c-J~~ JLJ
Fig. 32. , l i - c - p c - a c -  c-i c -c -I - c -t i c -c -  res~~sc-ancc - of epoxy—
sc-c-ic-c- zlc-sc- plastic - no abc-c-s_ -c-c - ‘c-cc-c-,
1 — c - c - ic - i - c - c - c -  -c-c -c- at c - c - p c  2 — c-c - I c - h  p c - i vp r c - c - c - c - c ls c - c - cc-- c-c-c- cc -;:
3 — -c-It S coating c-i c-c-lycthvI-c-c- .e c-c-dc-i-c-c-d c-c- c-Ic -h
c-OIyc-cc -rc-c-,c-c-’c- d c -c - c - c - lu —c-; 4 — -c--ic - i - cc-sc-Ic-p of fl c- c -c -c - c- c -—
plastic- ic-i; 5 — -c-ic-h pc-lyec-hvlc-c-c-c- coating ; — c-ic-i-
pOlyurc-:cc-c-c-c-c-c- cc-ac-ic-p . 1 — l I - c - - c - velocity , -c-u c-c- c-c-c;

— ilc-c-’c- c-d c-cc-c-’,, 100 c-/sea; III — f I a c -  ‘c-ic-c-ic--c
I-Jo

The _ c-d c-c -c- c-f abc-c-si-ic -c-ear reps -c-sec -c-s c-i-c -c-cc-c-c-nt c-f dc-c-c-c-c -c -n c-c- c- s- c- c-Ic-c-c-I - a c - cs- Ic-V c- -c-c-c-c-c-; c- c- c - c - c - c-i c - ne  c - ac - c - c-c -c-: s c -u i - i c - i - .

c - la)

-c-here 0, and c- c- c-c-c- c- c-s c-ass of c-nc -sc-c-c-ic-en bc -Sc-c-c- and after c-i--c-c- c- c-c-c- ;
is c - c - c - c - c - c - sc - c - -c -  c-i c - bc  cc -c- c - c - c - c -  c- c -ac -c -c -la ] ..

c-c- Ic-c c-esc-clc-s c-c-I c-he c- c- sc - S c-i Ic - i - ac - c- I c c - c - c - lc - c - s -~ cs ‘c - ic - i - c - i-i-i-Ic-c-c -c-c-c- proc - c-c - c -i c -c -c-
c-c-5c -ic -c -S c-re sc - c - c - -.,c- Ic - c- I-c-i-Ic- -17 c-c--cd F i g .  34 . The pc-ac-c-c-tics of the glass c- I- c - sc - c - cc - ic - c - c -c- c -c -: c- c-c-c- -c - - c - c-c- n c-c-p ac-a c--aIs~ gc-/en Sc -c- coc-pc-sriaon. The tests show c-hat the c - c - c -c-c-c-c-c-sic-c-ac-ce c-i p c - I - -c -c - -c - c - c - I c c-Sc-Sc-ic- Ic -c-c- dc-c-crc -c-ic -cd by n i - c - c - j r  c - i c - c - c - i c c - c - -c- c- c- c- I-c-c-c-rc-i-c- elastic - c- c - c - c - c -a c - c - c - c - c-c-c-c-e r Pc-Ic-c-c-c-c- s c-c-c- c - c -, c-i-c b c - c -c - c-c -  c - c - cc - resistance c-I c-i-Cc-a c- c-c-c-c-i c-c- c - c - c - inc -c- c-n c-f c c - c - s c - c c - y e  c - c - c-rc - c - c - i c -c-c-, TIc- c- Si c-i-c-sc- abc -c-c -sc -- ;c- c-c-sc-sc-c-c-c-c-Ia c- c -c - c - ’c - c-c - c- c -c - c c - c - cc- c- c c- c-c-c- - ‘c-c- c-c-c-lc--c-c -c--nc -hane ,

c - S

- - - -~~~~~ -~~~~~~- -~~~~~~~-.‘ - -— ---~~~~~~~~~~~- -c----
c-
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- - ‘-c-~~~~ 
c-

c-n c-~’~~~~~~~~~~ c- c-i- -MM$~~. c-

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~
c-kp

~~ - ~~~~~~

c-sc-_c -c- .
c-c - c - c - sc - c - c - c - c -c-c- c-c- f pc- Ic-c-c-c -c -c-c c-ac -c-c-ic-la c-c- c-c-c-asi c-c--c-car

F - c- c - I c -c-c -c- c-cc-c- 
c-c- c-c-.5 , c - c - ‘.‘ci c-c-c - c-c-c- v , c-/sa c-

- Ma c-crc-al of c-c-ac -c-c-p
- 130 c- Ic-c-c- - 30

P c - c - c - c -  c - I - c - a c -  p l c - s c - i c  0 .2 7 3  ! 0.22 
- 

4.I-2
P01-c-ethylene 0.037 c- 0.033 0.11-c-
Fluorapl.c-c-c-ic- 2.2 F 0.066 O. 0c-c-d -7,023
?o l c - c - c - c - c -c -hc - nc  - 0 .005  - 3.3025

Ti-c-a c- I - c - c - c - Ic - ic - c - c - c-nd hardness of c-i-ne c-c- ac - ic -c - depend subs tan c-c-c -1Ic-c on Ic - c - c -bins— /100
c -cc - sc - .  c-c-c-’hc-c-c- c-c-s c-c-ic-ic-c-c-s of c-i--c-a c-c aning c- c - sc-all , ic-s c- Ic -sc -c-c- prc-pc-:c- ..c-c- arc- c-c-c-
fully nac-iicsc-c-d. and c- i - c- c- c-nc-c-gy cc-pc -c-c-c- ; .’ c-c-i- c-he cc-ac-ic-p -c-c-cc-c-oc-c - c - s, c- c c - c - c - c - s I c - c -c- c - c s
wea r.

c-c --c-- d c - c - a b r a s i v e  s- c - sc - c -c - c -nc - c - . Tic-c -c-c-ndin i-c-c-c- rcs c-f c c - cs - c - c - c - c - c - c - i-c- a Ic -vdc -oa bc -c -sIcc -
c-c-c-i-ac - arc c-i - a r c - c - n c - r is c - i c cc-i c-ac -c-s of pc-c-c-ps ac-i- c-Sip pc - c - c - -c-c- I - Ic - s - c - . :i-,c -ic -nc - c - c - ic - -c
c- I c- i -c - hy i-s-c-cabrasic-c-c c-cc-c-on also c-c-pc -c-c-s c-c- c-he speed c-i c-i-c -c -b c -ac- c-n c -c-c-Ic -cc-c-s-c-c-
s- c-c a c - c - c -c-c - c - c - a c - c - c - n, -ac-c- also c-c-c- c - c - c -particle c-Ic-c- ac-i- c-Ic-c-c-c -Ic -c -c- c-c -c - c - a c - pc - c - s Ic - c - c - c -

c-c-~ t i-c- c - c c - c - c - c - c - c  cc - c -p c - c - c - c - c - c - c-.

Ti-c-c -cc-c -as - c- c-c - ic -c-~~c-cc-_ c-c- i — - c- c - s - c - c - i c -  icc - c - c - c - i c - ac - cd  by  r c - 1 . sc - i -ce  c - c - c - c - c - c - i c - c - c - c -, in
c -cc- c- c - c - c - Ice c - c - c - c - nc - c - t ac - c - -.c-e ic-dex c-s c-c- Ic-  ,c-c-c- c-c-iec-.s c - cn le sc -  c-c-i c-lii cic-c-ic- I- , cc - I - c - c-c - i - c - c - c -c -  c- c-c-c-c-c-
c-bc -Soc-c-sic-

E=4c2I lc- c- (151

where g , , c-c- arc -c-Sc c-c-c-c-s losses c-S c-Sc- c-c-anda c-i- c-c-c- c- n y c - c - c - c - c - c - c- c-c - i - c- ac - c- s- c -c - i,— — r c - sc - c - cc -c - c -, e1 c - :
a .. arc  -c -c-c- c-sc-sc-c-c-c-a of c-ne c-c- c-c-c -c -c - c - c - c - c-n-ac c-c-nc-’c-s sc-i c- c- c - c- c - cd c-ac-c-c -c-c-I- .

The wear c-c-c-ic -s-c-c --c- c- ~f c- c - c - c - c -c - c - c - .c - c- c-c-c-ic-c-c- a: ic -S ec - p l c - c - c -  p l a s t i c  c-c-c-c-c-c-
c - cc -c - c - c - c - c - c - sc - ic -p  c-c -c -c -c -c - ic - c- a ic-c- shown c-c- c-c-si- Ic-c- 48 ac-i- 4 9 .  Tc-c- c-tandac-c nc -c-c-s -c-c-c-i
used c-s 570cc;, c-ic -c-S p1c-c -c-c-c c- c - c - i - c - c - cc - a Cc-c-c-ic-c- . The c - c - o u l c -n c - d  - c - ac - a  d e c - c - I c -  c-c—~c-c- ac-c-c-c-c-
c-he e fi c - c - c c - i - i c - c c -c-c-c- c-i ni -c- cc - s - c t c - cc - c - ’c -c ac - c -c - c- c - c-c - s. I-c- c -a hvd c -cai -c-a si -,’e c -c c - I cc -  c- c -c- t i c-

sand , c- i-c c-c -sc -c-c-ac -cs of ic - i - c - c -p lc - c- c- plc -sc-c-ca -c-ic-i- a cc-c-c- is --;  based c-c-c- c- c- c -i-c-c-c- cc -s c-c--c -
S I - sc - c - c - pl c - c - nc - c I c - S  sc - c - c - c - c - c - es c-he c- cc -si c - c- c-nc - c c-f c-as-bc-n sc-c -c -i,

c - i - c -c d ata ac-c- c- Ic- hvds-cc-abc- c-isic-:e s-ac-ic-c-ac-ce of po i;—c -e c- c- arc -cc- c--c-c-c-c-c-- c- c-c-c- c-S
c-i-c-c-c -prc - yc - c - c - c -c-c-c -cha_-cc- c-al pro c -c-r c -c -c-s. a c -c- c r c-c-c -c- c-c-c-c-c-c-c- c - a c - be -c-c-c-c-c--i c-c c c - i- c -c -c - sc - c - c - c - c - c -c-c- c-
to ‘c-vdrc -c -b.c - a sc -- ic - cc-ear in c-i -c -c- ‘c-ac -es -—sa c -c d c - c - - i - ic -n  is c - r c c - o c - c - c - n r c-c-l c- c - cc-c- c - I c - c - c - c - c c - i c - ,
c-S c - c-c-c -c-c-c-I- ; .c-c- ec- . :c- c-he voter—c -c-n-i c-I c-c-edc-nc- :c, where ic-pc -c-c- c -c- i ic-c-pc - c - c - s - c - c - c - Ic - c  -c- c-
c-ic - sc -crc-cd , ti-ce c-c-c-n-c -c-c - c-f ti-c- bc -c-ac-dc-c-c-r. ( b r e a k i n g  ac-a’, or d c-c -ac -i -c -c- c-c-c-c-,c - c- i i c - i - i c - c - dc - c- l
pc-c-c- c - c -c - I - c - s c-i c -i -c -  c c - a c - c - c - pc- changes , ac-c- -i- c-i-c c-ear c-c- inversely pr c-pc- c r s - i c - c - c - l  c-a c-i -c-c
c-c-c-i-ac-ic -al c - c - c - cc - c - c - h c-i ti -c- a coat ing  cr-ac -es-i-al. Ti-c -sc - c - i - il - c - c of c - i - c --c- c - c - a c - c - c -i c-c c- i c e  /121
c-c-c - ac-c - c - c-c-l c - c - c - - cc - I  ? c - r c - c - c - I c - c -  i -n c - cc - cc - a c - c - c  -c - ic -n c-_ c-cc-c-c - c - c - c -p s - c - c - c c - c - s c - s  c-f tc-c-e c-c-ac-c-c- ;.
Tc-c -pc--c c -c - c -c - c - c - c - c - c - c - c - Ic - tv c -c - c - c- i-c c- c - cs -— p c -c - c c - I - nc-ac-c-c- . is c - c - c - Sc - I - -c - c - c - c - c-s cc -ac - c-nc - s based
c-c- c-c- cc - - c - sc - c - c - n- pc - c-c - c-h c - c- crc - c-c-c-~ c-c -c -c - c- -c-c-n as c-sc - c - c - c - ic - St c-c-c- II - c - :rc - rlc - c - nc - c - I- , c - c - c - c - c -
7c-c- c - c - c - c - c-s c-c-Ic-c-rI-’, i I - ic - sc - s - c -c -c-c-c i- c-’ c-c- sc -c-Ic-c- c-f c - c - sc - s c-I c-c-c-c -c -n ec-s -c - c- c- i- c- c-c-a s- c -c - ; c-cc -c-d

c-f,



Table 3
c-cs i sc -ac -cc -  to i- dc - c- c -c - l b s - c - s c - c - c  -wear ic-c- the c - a c - cc -— s and  c-c-c-ic-c- c- 1c-i c-’c-

c-oicc -c-c -cc - ic-c-c-es, c- ,c-c-c- c -s-c - s i - s c - c - c -c - c - ce
c- Mac-cc-c-c-l cc-c- , c-Ic -cc - 6 5 - 

coefficienc-c-
- of c-c-sc -s

NO—6 S rubber  
c- O . o 2 2 9  

- 
11.2

F Fluoropiasc-ic 06 - 0 .04 52  c- ~~~~~~~ -

- TIc-soc-c-plastic 1St - - 0.112 2.23 -
23 0 .182 - 1. -c-i

F “ 2 0.195 1.31
Pc-ntaplac-t 0.225 1.1-1
Ec-oxyphec-ol glass c- Ic - c- c - Ic - 0.256 c- 1.0

35~~c-4C2 steel I 0.0231 11.1

F 0.080 c- c- O 

—

-

Tablc 49
Ncc-jc-tlnc-e to i-vdc -c-c-ab s-c-isive c-c-ar Ic- tic-ce ‘c-ac-cc-—pc -c-nc-c-I c-edjuc-~~~~~~ /101

,‘ec-c-, cc-c- c- , after - c-c- c-ac- s - c - ic - c - c - c c - i c - s~c- i-ic-ac-sc-ia ! - - - - -
— ~ c-n c-c-sc-s c- c cec - :c -c l ec -c -

F luo rop la s t i c  2 0, 4 5 3. 3 
-

“ 23 0. /c-3 3.1
c- .26 0.60 2 .5 -
“ 2i1 0.62 

- 
2. 1

- N0—48 rubber 0.70 2,1
c-oxvphec-ol -1c - c -c- .c -pl a s n ic -  1.50 1

35c-c-c-c-I-c-GO sc-c-a l 0 .23  6. 5

- 
221. 

c -c- 0.35 4 . 3 -

- Nc -c-c . Fluor oplas tic s  and N 0—63 c-ui-c-er c-p c- I-icc -i c-on c-he c-uric-ce c-c-1 giass
plc-sc-ic spc-cic-er.s

on a typical c-ic-sc-c-c-er i-c-c-c -c-np a nr,arked specific elongation c-c-c-i- low c - c - c -b c - c - i c - a l
s c - r c -n g c -h .  As expected .  c - i -c -  wear s-c-si c-c-ac-c-c-c of Ic -i -c-r -c-las s c-Ic-c-c-c- -c -s ‘c-Ic-S a c - - c - b c - c - c -
c c - a c -ln~ ic-c - i - c - c - i - c - c - s c -  c-f c-I l  p c - Inc - c -c-c-c-c c-c-c-c -c-c-c- c - Ic - in c-i-c-c- -c-i c-c-s-sr—sc -c-a nc-d c-c-c- -ac-c -c- c-ac -c-c-
ic-c- c-i --c-c-a c-c-ac -c-r—-pc -c- -c -c- I c -cc- cc -a rc.

Cc-c-ic-c-tic-c- c-cc-ic - s- c-c-c -c- . The prnpc -llec- blades of Sc-ph—s peed c-c- sc-sIc- , c - - c -c -bc - c - -c - s
c-c-I p c-c-c-s sc-i- c- c - i - c -c - pc - c - c - a of h;idra’c-1ic-,~~qcii c-c-ec-t -Ic - c c-uo~ c-c: c-c- cc-c-Ic-c-tic -c-c - c-c-OSlon.
c-c-c - c - the ps-cc -c -nc - c-c-c-c-, c-c - is c - i c - c - c - i n  ic-eld c- c-c -c-hat cc-c-ic-ac -ic -n c-s-c-sic-c- c-s dc - c - c  c-cr c - i - c - c-
e i c - i - ec: c - c c - e s - c - c- o  ott c - I - c - c -  c-c-c - c - lace by shock waves c-rc-sc-n-; Is-c-c- the c-c-c-c- cc-c-c -c-c-c-c-c -c-f
cc-c - c - c - c - c - c - c - c - cavities. 2-c-ic groups c-f c-c-c-c-ic-c- i-sc-nape c-c-c-ay be distinguished c - c - c - c - c - d c - c - c -
to the nec -bc -nc -sm c - f  ni-c-c-c- Ic-c -c-c-c-ac -ion — mdcc- cc-nd i t ionc-e  -c-f steady ac-i- -c-c-steady
ilc-c-w . Th the first c-c-ac-c-, c-Se boundaries c-c-f a c-c-c-Ic-ac-ion cc-s-c -m y are i-.c - fln c- c c- i c - c -d.
I0’c-ec- the c-c-c-Ic-c-ic -v c-i c-i-c- c - c - c-c-cc -dec -c- flow is su fftc -Ic-c-c-1 nI;c-, c-i-c --c- I o s c - c - c - p  of c-c -—
c - c - c - ’.’c-c -c- c -c - i  c c - c - b o l e s  c -esu l c-s  c-c - c rc - s ic -n  i-ama-pc - -c - f c - c - -c - c -c- c - c - c-c- i ’c-’c-I c- I:-.c-

c-c-c c-c-c - c - c -c-c-i c-c-cnsc-c-c-ac- .’-c- il-c -c- ‘c - c - c -n s - c - c - c - c - c - c - c - i c  -‘.‘ c - L c - c -c - c - : -’ - c - c -  d c - c - c c - c - c - c - c
c-I c-Se c - I c - c -, ni -c -c-ac-cage is crc-c-c-c- c-_c- c-c - p c -cnouc -cc -d, c-nd c-nc - -c - c - n c - c - c - c -n cc’,’clc- c-c-s Ic-c-c- c-s- .

~ 
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c-~~ I I~~~~c-
c-c-c-ac-c abc-c-r-c-c-c- c-cc c - c - c - c -i-Ic-c-c-es of hyc-~caulic n-c - s - c - c - c - c - c - and c-Ic-c- c  c-c c-c c- c-ac-cc- c- c-f c- c c- c-c- c- c-I0 2
c-nc c-not Ic - c - c - c - c - i - c-n ni-c -c-rcpcic-c-r bc-c-cc-c-c-c-asS ,

I’nsc-cadv c- c - n-c - c -c - cc - c - c - is c- Sc - c- ac - c- c-c - c- c - c - Ic - c-f pc -opc -ilc -c-s c-nc- c-ull pc - c - c - a c-p c-c-ac-c-c-c -
c- in c - i -c -  c - c - c - c - c -c-c- I-I -c-s- crc - c -c l- cc -ac - sc - .

Tac-c L ,c- c- 50—53 pc-c-c -c-c-c- c-f cc -c-a c-c- c-Sc -cavc-tac-lon c- c - Sc -a -nc -n c-c -of Ic-i-sc -41555 p lc - s c -c - cs
with ,lc-ifc-sc-c-nc- c c-ac -c-c-c-c- c- .

The quar c -c - t i c - ’  -c-sc-I to desc c -ibc -c- c-Sc cavitc -c-Ic-oc - resistance of c- coa s-ic -c-g is c-i-c
volume ic - s c-  d u r i n g  a c-ic-c-c-n c- Inc -c- int erva l :

c-~~V c - c - c-
~~~ , ( 16)

c-bc -c-c- G I~ 0,, Is c- i-c -mass of c-i-c -specimen before and c- ftc - c - c- c - sc - ic - ; ,

c-c - c-he c-c-c- c - c -s c - c - v of c-Se c c - c - c - c - c - c - c-at’c-c-ic-l, g/-c-c-nc- -

Tc-bIc -50
3c -v c -tac - c- - c -c -resIstance c-i pc-In- c-c-c-c-c-ic c-ac -c-c -c-c-Is ic -c - 5—h c - a c - c - e t c - s c - c - c - cc - c - c - c -  bc -nc -h c -c -sc -s

- Iei gh c- 1c-ss ,c-c-g Vcluc-c-e loss .cc-n c- Cc- c- ic - c- c- i c- c- c-c--
Marc -c-c-c-I - cisc-ac-ce co—

- c- c- i - c - ic- i c -n t

- ?c-lv’c-’c-nvl buc -yc -c-l 6.’i -3.0055 25.0
Pc-I -c - c - I c -c- c--I c-c-c-c - 3.5 0.0091 c- 15.3
Po1 cc -ri-c -n c-c-c -c - 6.o 0,3035 25.0
Fec-c-ac-Ic-sc- F 12 0 . 0 0 9 3  15.1
Epoxyph enol glass p lastic Id - 3,014 : 1.0
L’tc-c-c-Irc-—5 5— 3—l brass  c- 20 c- 0 .0324 c-

Table 51
Cavitation c-c-sc-sc-ac-cc- of pc-I;c-c-c-ec-ic materials ic-c -hydrc-d’rnacc-ic bench c-c-sc-s

- c-Pc- c-igl’ c-t ic-c-sc- Vol-c-c-c-c-ne loss, Cc -c -ic - c- ac - ic -n s-c-cisc-ac-c-c-
c- - c-c-c-p cc-c- c -cc -c - ffc -c - 1c- c-c-c-t c- i-c-sc -i- c-c-c-

Mc -t e r~ al c- . c -- - - c - - c - c - c - f c - cc-c-c-c- 12 —Ic -  c-c-c-c -c- )c- c-c-.rc-er c - c - c - c - c s -  Ac - c- c-c - c - c - c - cs --

- 
3 5  -12 i-c , 3 S U I -c-

Epo:syphec-oL c- lass c - I c - s c - c - c  136 350 c- 0 .JSi 0.175 1
I F l - c - c - c - c-c -c -i c - s c - c - c c -  2 c-’ 32 - — c -c- ) 016 — - —

23 c- - 6 - Ic-c-i-c-c- c-). c- 2 O 3~~O. ) b 2  .2.1..
c - c - I i-  6 109 10.00 3 0 - I - i c  - 3 . 2 c - c -

Fec -c-ac-ic-c-sc - * - 35 — 0.025 — —

I-Ic- aCS-55-3 -L c-c-ac -c - — 123 - 0 , 015  11.5

c -N c - c -c-. TI-c-cc- c- ‘c-c -c - -c-c - c -c - Ic - cc-c-c-s a~ c-l c-c -d on c-i- c -c-c -c - urn-c-cc -c-I li -bc - c - c-ic-c-c-
c - I c - sc - c - c c - c - cc - c - c - c - c - c -c- c--i c - i c - d c - c - c - c - c -c-c-,

ic-S 



Table 5,1
Cc-c- i c - c - c - c - c - c - c - c-cc -c-sc -c-n-c -c -c-I p c - I - -c-c-c-c - c - c - c - c c - c - c - t i c - c - c - la in Inc-pact c-rc -sc-c-n b .c- c -cc -c - c - c - s c - s - - -

- N ec - c - i - c - lc-c-s~~, Volu c-e I c -sc  -c-I- c-c - c - c - c - a c - c - c - c -  s- c - c - c - c - s c - c - c - c - - c -- c-

c-p - c-c-c- c - c - c - c - ic - c - c - c - c - c-c-: c - c - c - c -c-c - c- c - c - c-c-
c- I-ic-c-c-c-c-c-c-I c- c - - - c - ‘ a i c - c - c - I l—c - c - c-~ Sc -4 lc-c-c- c - c -c-c- c- .c-c-r :er c-c-c - c - c - c - c -  A c - c - c - c-

S h  I h  3 h  12 cc -

EpoxvpSenol glass plastic - 435,61 — 0.213 -

Fluorop lcc-c-tic 26c- 50.01 95.0 0.021 0,047.

I “ 2~ 1 
79.2- — 0.039 — S.c-

c - c - sKF—~ 6c-~ c- 12 .2 3 2 . c -~~O . 0 0 6c - 0 . 0 1 3

- 
c- c-c-c- c-c-c-c -note c-n Table 51.

Tc-cblc -53
-c - I - c - c - c - c - a c - c - nc - c- sc - c - sc - ac - c a c-c-I polyc-nec-ic materials c-c-c- c- c-c-c-s c-c- ‘.‘cc-t: c- c - c - — c - c - c -cc-~c- c - c -c - c - Ic-c--

c-c -c c- sec -— cc -c -c- c - c - Ic - , apparatus

- c- I c - ac - c - of Suc -ic-c-c-

I-~a t e c - c - c - I  F ___________________________________ ___________— ________

- After 10 5 c-c-c - f c - e c - 20 ~. Al c - c-c-c -33 5 c-c-c - I c - c s - 5’) c-

E p c-xyphenc - l  glass p l a s t i c- Sur l ace  c- c-c- c - f c - cc - S c - c - c - I c - c - c  - —

ac-tacked c-c- c- ac-tacked c-c- c- ac-tacked c - c-c-
- a de~ c-h c-c-f a c-cc -c -i - of c-c- c - c - c - c -n c-f 

-

I 0.25 __ 0.3 mm - 0.75 c-c-n
Fluc-rc-piasc-c-c Sa c -c -  No change No c-ic-c- as - c - c -c --N c- cc-c-nc-c- c- 3u~~~~~~

c- -c-
3 c - nc - c - p c - c - c - c-c-

c- 0 1- i- nc-c-
c - c - 2* Same Sc-c-me 

- 
Sc- c-c-c-c-e c-c- us-fc-c-c-

- ac - c - s a l - cc - - c c-c-

c- -a dec - c - h c-c-i

- - 0.75 —c-c-n

*Sec -the nc-c-cc -i -c-, c-c-o 1c-s c - I .

Ti-c -cc-c-c-c-dc- c-ac -c -c- c-c - c- c -c-isc-ac-c-c- c c - c - f f c - c I c - nc- cc-c-c- i- is c - c - c - c -c-c-c - c - c - c - c - I  c-c-c- c- c-lanc-e Ic-c-s
-c-I c-Sc- cc-c-ac-ic- c--; c- ac- c- s- c-a l c-c- :1-c- c- standard Ic-ho c- c-Ic-sc- c- ic - sc - c - c - c c - c - c - i - c - cr c - c - c - a ,.n .tc -c- ;c-

A pc -c-ac-al pat c-a c-n 15 observed in tests c-f pc-ic--c-c-eric c- ac - c -c - c -c - Ia : cc -c-ic -c-c-c-c-c-
c-esistac-cc- Ic-cs-c-c-sc-s ‘s-ic-S c c - ac - c - c - ic - ic y. Mac-erlals ‘c- .ini - c-c- c-pc-c-ific - c - I - c -c- n c - cc - c -n c-c- c-
c-c- 50Z. such  as llu orc -pia s c-i : 2 c-nc Pc-c-c-Sc-ic-c-c-c -c - c - c - ic - fec - c-cc - c-c- d c-sc-c-c-c-c-s c-c-
c - c - n- c - c - a c - c - c c - c-c-sc-sc -c-c-c-c-, and c-fc-c-c- c-s Ic-np c- c -c - c- c - c - c -nc - c - c -c-c-c-c-c-I, a c-c-c- Icc - c c - c - c - ac-cc-c-c-c-c
c-f the c - c - c-c - c - c - c - p c - begins ac-c a I- -c-c-ps c - c - c - c - ne c - c- c- f c -c - c - c - c - c -c-c-c- ac-s ic-s-c-c-c . 111 —’

Iiou,s ’ier , c-I the c - c - c - c -c - c - c - ac - c - c - c - c - c- c- c- c- ic -c - c-n c -c - -n :  c-c-c-c-inc-c-cc-s c-s c-c-c-c-cc-c- c - c c - -cc - c -c -c - c- c- c - - c - c - c - -c-c -

c-etc-is , c-c-n c-c- c - ac - c - c - c -of c- h’s i- c-c-c-c- -c- c-c-c-c- c-c-cc-nc-eg c - c - c c - c-c-’ s - i - Ic - c - ;  c- c- c - c - c c - e c - c-,c -c - c-c-c — c - s c - c-c- c- c - , ,

— - S - —~ c-~~~~~~~~~~~~ c -
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_ _ _ _ _ _ _ _  -— - -c-~~~~~-—- -~~~c-~~~~~~~ - - c -c - c- - - c -

c- c - c - c - c - n e s t  c c - c - c - i c - c - c - c - c - c - c - c - c - c - c - c - n c - c - cc - c-s cx hc -c - c- c- c-c-j c-c-v f l— c - r  c - c - c - c - as plasc - c - c - c - ‘c - c - c - c - -c -c-a c-c-c-c-a c-n c-
c- sc-c c -  c-c -c - -c - c -c - c - c - c - c - c - c -  c - p c - c - c - a c - c - c -, c-c-c-c-c - cc -c -c - a c - e I c - t c - -.c- c-c-l-,- I c -c -c-c- nc- c - c - i c - c  -Ic- c-c- -c - ac-c-c ’.- c-sc - c - s e c - c - c - c d .

Ic-c-c-c-.c-.c-ec-, c - c - c - c -c -s c- c- s c-c- c-c- c-c- c -l-c c-U1Sc- irc-cc-uc -ancv i-c-a c-n ec -c-c- c - c - c - c - c - _c- — c - c -c-nc-c- c - F c -c- I c - c-c- c- c - c - c- c - c -c -c  -c-c-c- c - c - c - i - c - a), c-c-cc- c c-- c - c - c - c - c - c -c-c-, c- c-c - c-c - c - c -ac -c ’s c-c-f c- c - c- c c-c-I c-c-nec -s is c-c-c c-c-c -c -i - Sc-c--c-c-c-c- c- i - _ c - c - c- -ca : c-icr c - c -c- I-a. Ti-cc-s c-i-c-c-nc-c-c-c-c-c-c-n c-a i- c-c-c -c-c- c-c-c-c -rel axc - c-c- c-c-n c-har~ cc-er c-i c- i -c c- c - c - c- c - sc- c - .
ccfo rmac-j.c-a c-c-f p c - c -l ’-c-”c-rs ac-i- c-c-ic-ic-c-c-c-l-, ic-ic - c -i-’, c-,c- ,-c- I- c-c- c-c- s c-f c-c-i c-c-c-c -cc- c - ic -n c - c - c - - c - c-c-i- sc - c -c - c - ic - c -c-b c-pc -c-ic-c - . A c-ac-c-c-c-al s- cc - c - c- h c-s c - Ic - sc - c - c c-c- I --c’ s Ic-eq-c - c-c -c-’,- c-s c- c - c-id c - c - i - c - c - -c - c-c-c-—çuen cc-’, c- icc -c - c -hvp c-c -c- c-c- 1c-c- c-c-c-c c-c-f.c-rc-c-atjon cc-c-nc-c- c-ic-’c-elc-p at  h igh fs - c - c -c - c - u c - c - c c - c c - , :c- c - c-c-c-c- c - c -c b c-c-c-,.c-c- c-c- c- c-c-cc- c - u - c - c c - s c - c - c-c-c-c- ‘ic -ic -c-ge pu lse s  is c-Soc -c -c-s -  c - ic - c -n ti-c e r c I - a X c - c - i - c c - c -  c - c - - c- c-ic-c-c mater ia l , b c - c - c - c -Ic- i c - a c - c - u s - s c -  ..c-c ic -s-m ed.  I I  c-he c - c -n c -c -c - c - c - c - c - c - c -c - -c-- c - a c -’ c- c-c-c- c-c- s ic - c -c - c -c -  I I-oc-~ec- f c-c-quc -c -c-c. c- c-c-c-c -c-Se c-c-Sac-c-ation tic-c-c- , c- i-c-c - c -Ic - c - c - c - -c- s-c- c - c - c - c - c - c - c -c - c - c-c -c- -c- c-c- c-- c-t :-c-cc-c- c-i-c -c-c-c-c-c -i-c-i c - c -  p c - c - c - I - c - l c- b-c - s - c - c - e~ and c-ac-c-Ic- dlsc -Ip c-c-c-i- . 1cc -pc - c - c -c- c- c-c- s I c - -  -F c - c - c - c - c-f c- he c-c-cc-c-’, c-c-cc-c-c - i c - c - c - c - c-c -the c- c- ac -es -c -al . At a c - c c - c - a c - c -  I c - - c - c - I  c - i  c - n c - c -  ‘“c -F 
c - c c - c - c - c - ic - c -c - c - n, c-Sc c-c- c-cc -c-a l c-i c-he cc-ac-ic-c- i-epic-s c-c- bc-c-c-c -c-c- -ac -c-c-~ c-- c - c - -c - , - :  - c-

90
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I - F c c - c - c - a c -  I’.. ? c - I - 1 .c-I- ?c -c-
c-c-Ic - i -Nc -J c - . d G I - I - c -’~lc- c-I-c-LI - I - c - c - dES OF c-c- - ‘ c - I -  Ic-u c - N  E ic -c-c- Ic -Ic- c- l c -c-c-1c- I I - c -c-.1~~~~~S

I I - .  7c-c-c- c - c - c - c -c - c - c -c -c- c c-f 3ir.der c-c-nd c-c-c-c-rec-c-c-atc -c-c--c -c-f I-lass Fc-c -c-c-c-c-

As c-as sc-nc -c-c -oravc-c-uslv, plc-c-s f c-c-c- c-c- s c-c-cicc-nc-c-e;c-c- ..c -c-c-c -c - c - c - c - i c-c -i-c- cc c-c-,c-c c- c-n c-cc
c-’c-cc-c-c-c-c-’.c-c-:c-c-; c-c-nc-c-hic-c -e arc- usc-i- as c-c-sc-s c-ac -c-rc -c -Ic- ic- c- cc -c - f a t s - c - c - c-c- c - c - c - c - c -c-I c-c -c -c -r

c-c- i-c-c-c-s plc -c-c - c - c -  c - s - c - c - c - l a s .  Sc - Ic - c - c - c - c -c -of I - n c - c - c-c- c-c- c- c - c - c -pc - ne c - c - n c - c-c-c- sc - c - c - c - c - Ic -c-c-c-c-l -c-c-c-s arc-

-c-c-cd i c-c-c- c-Sc -i c- c -c - c- c-pc - ac - c -c -n. c-1c-ualI -c-,, c- nc- c-ol.vc-nc-s c-c-c-c are c-c- Ic - c - cc - c - c - I—c - c - c - c-c -c-c - c -c-c-
.ilcohol—c-oluc-nc -‘Ic-c-c-c- c-c-ac- c- c - ic - i c - a 1:1 c- c -c - c- -n of c-lc-c-in c-c-cl c-c- c - c - c c - c - c - c  -(c-c- c--c- c-c-.c-c-
Ac -etc -nc arid c-c-ic-c-nc - arc- c-c-Ic-c-nc -c- ic -c- c-c-cxv c- c-c-ins, and c-c-oc-t c-I c- c-c-c -curing c-pc -nc -s

c-c- c-c-S c-ic-c-c-ic -c- c-c-c -alcohol.

In the preparation of c-Sc c-c-c-c-c--c-c- ,atc-c-c- lacquer , considec-abic sc-c-c -nc - Ion c-usc-
i-c -c-c- c-- c-n to c-Se 1c-c-ic-c-c- cc -nc - e n t r a c l c - c - c -, s ince  5’, c - i - c - c - c - c - c - n p c - c - , c-ne c-c-n c-c-c-c - c - c - c - c - i c-c-e
s- c-si c- content c-I c-Sc -impregnated glass inc - c -c - c . c-c-c -c- a c - c s - c - c - c - c - c-c-c-rc-c -c-c-c- c - c - c - c - cc - c-ac-c-,
c - i - c - c - c - is c- linear reiat~on bec--c-eenc- c-i-c Ic-c-pc-c-c- c-c-c-cc -nc - c -c -c -c- -n c -ac-cc- c- c - c -c c-asc-n cc - nc - cc - c -.
ac-cc- c-c-c-a c- c - I c - c - c - c c - is dc-c-f f ~~c-c-c-c- Ic-c- Ic -bc -c -c-s of ac -c- fc-c-ac-.c- -s-c-c-c-c-c-c -c-np -c-s c- c-c-c-c-nc c-i
c- cc - cc - c- ‘c - ac - c -’c-c c-; c-ac- sc - c - ic - c -. c-ic-c-c-e 35 sn-c-we sc-c-i-i a relc -c-c-on Ic-c-c- sc - c - c - c c - ac-c c-c- c - c - c - c - S—c-c - a c - c - .

c- Ic -sc - c - a b c - c - c c - .

TIc-c -i- c- c- c-c -c -n c- c-c -c -c -c- 1c-c-pc -cc- is prepared is-. a c-p c- c- i-a l Sc-ac-cd c-c - c - c-.rc-ic -c-er c - c - c - Ic - a

c - c - c -c - c - c - c - . A c-c-I-c-c-c-c- i-c- ac -c-c-c- c-c- c-i-c c-c-pox’s c- c-c-in c-c-sc-c-c -c-c- ‘c--1c-—70~ C. Ti- c-c- c-c c-c-c-cc-c-c-c-

ia c-~’c - ; c - c - c - c-c-usl’c -a c - c - s - c - c --_ .c c- c - 1 c - c - c - s epoxy c - c - -sc - cc -  d i sc -c-Ic -e s c -n c -p . c -c-c-el-c-, c - c - en  a s c - i c - c - c - c - n
c- I cc - s - c - c - p  ac-c-c- c- c-s added.

Tc-c,lc 54 c-c-ic-c-c.c-c- c-he c -n c - c - c - s c - c - i c - c - cs of c- c-c -c -ac -c -  c-c-cpc-c;c-c-c-c-c-c- .; Ic-cc-c-ac -c- c-sec ic-n s ic -_ c -
c-a c - i - c - c - c - c -  b c - c - c - l i - c - c - ; ,

To pc-s’c-’ec-c- escape of c-i- c - cc - sc - ic - c c- c -c- , c-he ic-pc-c-gnac-c-.c-; I-ac-c-cc-c-c- c-c-c-uI-c- c-c - s c - n r c - i -  c-c-c-

a seabed c-c-c-c-c- :aic-.ec- at c-c -temperature not above c - c c -c . TI-c-s c - n c - b c - I c - c - F -  c-I  Ic - c -c - c - c-r
c - c - c-c - c - c - i c - c -  c - c - i-c-c-c-c-c-c-c-c-ed by c -i - c - c - cc - cc - I - c - ic -y  of c -i -c - c - epoccy c - c c - c - c - c  -c-c -c --c - a c - c -c - c - I -
c-genre .  The greac-c-st sc - c - bc - I - c - ny c-i ‘;iscosic-Is (c -c -es -  90 dc --c - c - ,  c-ic- c)~~C c-s c-xc -.c -hc-tc- c -c-
by  ic-cc-c-c-c-s i-ac-ed c-n ic-c-ic-c-c-nc -c-c-c-c - epoxy c-c-sins c-c-c-c-i- i-ab c- c -c c - a c- c-d c-c -c -c -c-c -c -c c - c - i c - c - c - c - c - c - c - s .
‘i’c-e Ic-c-c-sc- sc-c-c-ilc-.c- (1-I -c-a-c-- c -c-c- 2Cc-C) c- Sac -ac -c -c -c -c -c -c -s l ac cu erc -  c-c - sad c-n s :c - c - xc - r ’ ss -ns- c - c - c - -c-c- I-

c-as c- c-c- c-c -c -c -c- ’ arc-ac-tic polYac- inca .

c- c - n .  35. 3c c - c -e s -  c - c - n c - c - c -c- C c - f  c-c-p c-c - -c-c-ac -c -c-
,, c - c-ac-s i c - c - c - c - c -  a Ic- c - c - c-- c-c- c - c- c- c - c - c - c - c - c c - c - c - c - c - c - c - c -  i-c- c-
I — c - ac - c - n c- I-c-c-c-s Ic-ic -c-c -c-c; S — c- cc -c -—c-c- s-_ ac - c-

c - c - a~ s c-cc-c-c-- c - c - c - .
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Ic-c-c- Ic -c--
C.xc -c- c-s ic-c -c-ns  of c-c-c-s- c - - c - nc - c - c - c - c -; Ic-c-pc-c-c-c-

c-I- c -c -c-pc-nc-c-c-  I Cc-c-c-c-c-c-c- , pc-c-c-s c--c- c - c - c-c-c - c--c-c-

E D- il  c-c-c-c-c, c- c - sc - cc -.3.0 — - 3-, , 3 Cc- -b i - 5 , 3
I T c - D — 1 3  c-pox’~ c-cc-pound F — c - c - S .c - I) — — 

- 
— - —

~i-~nc- epoxy c-c-sin c- — c-,5~~~ I — I — —

T :c-c-c -i-a c-c-cc-ic-c-c-c- c- cc n tic - ac -ac -c 1.5 ...5 ‘c- .5  - — c- 1 5
- Eo c-c - s h c - t c -  i.c-c-c-ucc- c -— — I — c- c-c- c -:9.9 c- —
- D c - c - c - c - c - n -n i - c - c - a i d s  — — — 11.35 0.15 —

Er— c-c-nd 26.2 2b .5 - 25.5 9.35 9.35 - 25.0
I Ac - e t c- n c -  — 25.0 25.3 23.0 c 2 1 1  23,33 Sc- 3d -

DC—lOG c-ac-Son black - — — 
c- 

— 
c- I- I-S I I .  73 -

I li-c-ic-ram — — — — 0.l F 0.11’ -

13c-c-c-. Lc-,ccuc-rc- c-nc-c-c -c-c-c -c - c - c - c - c - c - c - c - c-n c - Ic -dc - s Dc— I c - C O c - arc - _ c -c- c-lac-k c-c-c -I  c - c - cc - -c-c-c-c-c-
c-re c-sec Ic-r i c - c - c - c - c - c - c - c - a c - i c c - ;  ic-cc-np I c-c-c-c-s. -

Th e c - c - c - c - c -’;s- c - ac - i c - c -n  c-c- - f -;lasc- fc-c-bc -Ic- c-c-c-S a bc - c - c - ac - ic-c -c -- c - c - s -c - c-c -c--c- c- c - c - c - c - c - c - c - c - i
c - n c - c - -c --c -c -ac -c -n c- c-croc-i-c-c-c-c-s eqc-ipped ‘c- sc - c -i -  c-c--acing c-Sac-i-cc-a- c -c - c - c - Ic -c-c-c -a c-I -U sc -c-i- Ic -c- sc -pc - c - ac - c - c -e.
c-li-c-c-c- ac-c-Sc-c-cs ac -c -  c-f two c - I c - c - c - c - :  ‘.‘e r c - c - c - a I  and c - c c r c - c - c - r , c - a_ .  c

-
c- c- I- 

c-c-c-c - c - c - c - s  ac-c-
c-os-c -p c - c - c - s i c - c-c- , since c - c - c - a  c-i-c- c-c -pc - c - c - c - c - c - c - c - c - c  -ac--c -c - c -n c -  c- i  c- c-c -c - Ic - c - i -  c-cc c - c - c - s c - c c - i c -  ac-c
d l s rc - c - c - c - c -p  cc -c  -c-c- c - c - c - n c - c - n c - n c -  c-f c -he  i c - b c - c -. TI -c c cc-c-ain c - c - c -cc -c -nc - c-c -s c-c - i  c - i - c --c- c-c-a c- i - c - c - n c -  c-cc -c-
a b a t h  fc -c- c- n i - c - c  -‘c-c- c -c -i -er, c-i-ce i c-c-c- cc - c-c- c-c- , ac - c - cc -c - c - c -c - c -  c-c-LI , c - c - c - a c - c c -p si-c -I c-c -, c - c - i c - c -n ;  c-c-Us ,
d c - c-’j,c-c- c - n c - i c -, a c-cd c-c -kc -u c- dc -uc -c-. c-c-los -c- c - i - c  -nc-c-c c-c c- c-c- c-i is -c-i-ac-c-c- c, c-c - c - c - c-Ic-c-s Ic-bc -ic -
Is s-c-c-c-c-c-nd c-c c- a c -a l ec -dc -c -  or c- c-’s-ic-dc-c-; c-c-c-i-i-c-c- ic-to c-oils c- i sc-c-cc-c-Ic-ed c-c - ic -c -c - , 

c
- F c - a  / 1c~c-cc -ic -c-c-c-c-c-c-c- should be dc-c-ne undec- c-cc-c-Ion. ti-c-c -c-c-c-c-c-c-ic-c-c-c-c-fl s-c-c-’s c-s-c-I c- ec -c - cc - :c- a c - - c - s - s c-n

c-he c-c - c - c - c -n ; c-c-c-cs as-s dec-sc-c-c-inc- i- by c-Se ‘c-c- c-c-c-cc--,.: c-nd c-crc-pc-cc -c-c-c-c-c -c-c-i c - c - c -s bc -c- c- Ic -c-,
c-/pc- cc-I c--c- ic-c-c -nc -, c-c-c-c-c-c- Ic - c - u c - c - c - c - nc - c - c- of c-c-c -b c-c-c-i-c-c-, c - c - s  c-c-ic-i-Ic -c-arc - , and — c -c- i c-c -c-c-I - c -c -
substances c-c -c - c-he c-nc -c-c-c-c-c-ac -c-c -glass ic -bc - c-c- c - .  c- c- c- c - c-i-c-c-s c-c-ox-c- c - Inc - cc - c - c-i- c - c - s c - c - i c c -c-d , c- ic-c-
c-c-c-ic -c- ; c- c-c-c-o-c-c-ac-us-c- c-3 c-nO” IOc-Y’ C , ac-c- tnc c- c- c -c -c-c -c-c- c c - c - c - n c - c -  c-c-crc - c - c - c - c - c -,c- ic - c - c - c - 2 c-- n 3 c-/c-ic-
c- c-c-c-c-din; on c-he Sec -c-Ic-c c- and c-orc-c-c-rc-cc -c-c-c-c -of c-i -c-e c-rc-c-’ c - n c - c -  shaft.

Ta
c
-ols 55

c- c-”c-c-c- .:c-c-n c-c-c-c -’c-c-nc -cal c-Sac-ac -c-eric-c-Inc -‘c-s c- c -c - c- c-nn c-i c-c-ic- c-i-Ic cc - nc - c - of c-c- c- -c- c-c- ic-n c- c-c - c - p cc c-c vc -c- i - iecc -cl
~Ic-ac -plasc-c-c-

- 
I c - c - c-c- c - c-nc-  c-I - Strerc-gc-c-, ~cgi c-c--c-c-c- c- Ic-c-p c- c- c- c-

- soluble pc - c - c - —c--c-—-—- —
~~~~~~~

—

-c - c - bc-c-dc; c- Tenc-j i c  -- 5cc-c-c-c-; 11c-nnc-c-ress c- ’c-’e 3lc -c-ac-c-c-c-.c- c- c- ’ c-c- cc-c-c- —

130 - 5-c- .O F c- c - c - cc -3 .2 c-. ?  — .35I 90 60.0 - c - P . O  37 .3 - 6.9 -c- l
50 I 52.0 57.0 32,0 5.5 c- 3 ’
c-c -c - c-C .-) 

- 
35.0 23.0 c-c-i - - 3.0

fr, 92
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Table 5/c-
111cc-nc-c -c-c-c- c - c - c - c -  - c - c - nc - c - n t  ci c-c-c-nic-abI -c- part c-i nc - c - cc - c - c-c-i c-i-c - sc -c-c-c-c -c- c- c - c - n c - c -c- c- c- i- c- c - c--c - cc - c-c - a c- -c-c-c-
Ic-c- c-Ic-c-s i c - c - s - c - c - c-c-c-c-c-s.c -nc-c-c-c-d c-s-c-c -S c - c - OX c-c-cc-c-c- c - c -n j bc -nc-c-c -

Cc-nc-c-nt c-c-f sc-c-,c-uc-c-I-c-c- c - c-c- c - c -c- f c-c-c-c-c-c-, 
c
-l , c-c - c- c-c-c-c-c-c-ac-us -c-, ‘-C

Sc - c-c-ac-c -c-c-c-e, c-c--s —-—--c--—-

- 
2 5 — 3 1 1  - So c- iS I in c- c - ic - icc - c - ac - a c-..

1 
- 

100 - ‘ i- Ic - c - - 130 100
I 80 - 

130 130 100
1’ - 65 53 3 -I-c-C 1110

c -10 
- 

c - c - c -c- F 73 1 90 100
13 c-o SI SO I 100
20 35 - -.5 72 - 100 F
30 

- c
-c-~ 3d - 59 10(1

‘SC 26 31 ii 92

Ti-c -ic -c-c-c-c -c-c-c-ed c- Ic- c-c-s fabric c-c - ac -c-c-ad c - Fcc - as - c - c - c - le a used c-c - a r c - p  c - c - c - i - i c - s  build ing
s’nc-ulci be c- I-c-c -c -c- c- c-ni- easy c-c- c-nc -c-c -c -nc -c - arc -ic - ic - s c-f i c c - c - c - i c - c - t a  c- c - c - fL g uc- cc - c - c - : c - c - ,  I-c- c-c-
qu c- 1c -c -Y ci c - c - c c-c-c-c-c-c-nc-c-sd glass labs -c-c c-c-c -c -ac -c -cc - c-c -cc - c-c -bc -c-- c- c-c- cc-c-c- c-nc -c-I cc-c- i c - c - i -c-c- c- .
c-c- I u c - i c -  c - c - s - c -, c-nd ‘.‘ o l a c - c - I - c -  sc-bc-c-ac-c-c-c-. Tic-s c-crc -tent c-I c- c -c -soluble c-c-c-c -c-i c-c-c-
bc - c - dc - c - ac-c-c c-.oI-c-c-i’c -c-c-c-c -c-ac-c-cc-s in c-c-c -c-c-pc-c-- c-c-c-ac-c-c- c-Ic-c-s Iabc-ic- is ad c- uc-c-c-d by c-c-c-c-c-c-;—
c-np c- c- c- c- c -pc - c -c -n c- c - c -c c - c-ac -c or n c - c -n c - es - anus - c - c-i nc -c- c -c-c-:-’Sc-c-c-z c-c-c - c - I c - . Ti - c- c- c- c - c - tent c-i c-i-c-
c-c- c- ic -c-SI c- c-nc - c - c - ci c-he c-c-c-i-c-c- in c-i-c c- cr c -pc -c -- c -c -ac -c d c-Icc-c-s Ic - c - c - c - c c-Sc-c-pea c-ic-Ic- c-c-c-e c-c-i-
c-c-p c-c-c-is c--n c-cc-c -sc -c-s-c -cc -c - c - c - c - c - c - a c - c - c - re. 2c-c -c-nc-c-ease c-Se sc- cc -c -pc - c-c-c-c-, c- S-c -c Ic - c- c - c - c- nc - c-c-c-I
glass Ic-c-c-i: ac -c- cc -Ic -S c-c -sc - c - s- c - i - c-c -a c-c-Ic-c-pc -c-c-c- c-c- c-c - a ne c-c-c-ran-n rc Ic--c c-c-c- 3 c-c
Ic - a sc - c- c- ac -c -c-c-c-ne c - c - I-il to 90 ca~c-s , c-c-c-c-c-c - c - c - c - c -; -nc -c- c-c-c- c-c-c - c - c - c - c - c - c - c - c - c - of c c-c-c cc-nc -cc-sec-c-s .

As an c-c-cc-ic-c-c-pc-a, Ic-c-Ic-s 55 c-c -nc - i 56 c-Ic-ow c-h-c- phv c-c-c-c- c-ne-c i-cc -c- 6c31 pc - c - c - c-rc - i-c-s c- i c-c-
c-c-c-x’-’c- c- c -c - c -o i c- bc-c-s p l c - c-c - c - c - ac -c - a Ic-c-c - c - c - cc - c - c -c-c- c-c-i c-i-s c-c-c-c-c-nt c-i c-c--c -cc - c l-c-c-c- lb c- ac-t c-c-i c-i -c
c- c- c - de s- ac-c-c -u c-an, cc- c - Ic - c c - ic - act of c-Sc condc-c - c - c-cc-s of c-c-c-c-c-c-c- c-f c-Sc- ic -p c -c -c - c- c -c -c - i- c-I-c-c-s
c-c - c - c - c - c - ,

l’c- . c -ic c- c - c - c - c - c - c - c - c - c -d c - c - Cc - c-cc - s-c -c- c-c- c-i-c-e P i r s s i c - c - r c - c - c c - i - c - c - c -j c - c - c -j  ?c-c-c-c c - c -c - c- ie s c-i F i b c - e c- C c- I -a c - s
P l a st I c s

As c-Ic-c-ac-’, c-nc -c-c- c-. ti -c- s-equl:e-c -c -c-c-c -e s- c - n c - c - c - nt c-f c-Sc- 1 c-b c -c - p1c-c-s c- b .c- c-c -c- c-c - c-s
a c-c-c- -c - us-c-c- ; the c - s - c - c - c - c - ac - c - c - c -c-c - I  c- i--c e Ic-c-c-c-nc-c- c-ni c- c - c - c - c - c --c- c-c -c -c-nc -c-i gla ss Ic--c- i - c - c - c - c - s. 71c c-c-
c - c - c - c - c - i c - c -  cr~c-s a cc-- c - c - c- c - c - -c--s : c-c-c - i I c-enc-e  c-an c-c-c - c - c - c - c -c - c - pc - i -  c-c-ad c- Ic-sc -c -c c - c - n c - c - c - s - c - i c - s - c - f c- i- cc-c-
“c-at c-c-ic-i .

TI- c-s i- c-c-c-c-c-c-c-c-c -c-I li - c- c -c-c-c-sUe sc-c-c-n-;c-c-, c-nd n- c - c - c c - c - Ic-s -cc- i c - cc - c - ic - c - at a I c - b c - c -  c - I - c - sc -
c- i- c -c -Sc -i c -c-n c-Se bc-ni-c-c - cc - c-c -c-c -c- i c- c- c - c - c -p c - c - n-c- c-a d Ic- :, c- c - c - f c - l i c - c -cc-in-; c - n c - i - - c - i c - c - cl I; c-c-c--c-I-c-s:

c-= c c- r ,c-—.— ( — —c - rc- c-c-c - c - c- - 1 7 )

‘ c - c - c- c-c- c- I j i - )

- ---- —~~~- 

‘
-

--— ----c---- -- 

-
- c -  ---



- c  - - -

wi-c-c-c- c -, c- , c-c - c - c - c-c - c - c - s c - I - c - sc-c-c--c-c - c - ti - c-c -c- c- c - c -c- fc - c - ’c-s r c-~~~c- c-c- c-c- , _  c - c - c - c -  c-c-c-c -c - c - i c - c - c-

c-c _ c- c- _ c-c-c-c-

c-c- c - c - _c- c - i c - c - c - c  -c-c-c- c- c-c-: n I  t i -c c-c-c- ic - c - c - c - ; c - c - c  -c-~~c - c - c - c-c cc- c- . r c - s  c - -c - c-c- - - , cc- c-c -c-c-s c

5 , 5 , c -s - a c- c-i’ tcoc-ulc- c-I c - c - c - sc - c - c -  -c- c - i  c- c - c - c - I c - c - c - c -c- c-Ic- c- c-, p c-c-c- c- c - c - ac -c- c- I-c - c-., I c - s s- ,
c - c - c - c -  c-cm

S is c-i-se c-cc-c-bus c-i c-c- c-Sc -cc -c-cl c- c-c-e i - c - c - c - c - c - s c -, k g i- n c - ,nc- c-c-Sac-

I- c - c-s c-b -c - c -c - c- s Ic-ac -c- iorc-c-c-ulc-c- (17) ac -c - cf (IS) c- c-c-c- c - c - c-c -c -c-c-c--c-c- Ic-c- c-c - tc-c - c - cc- c - g c - n  ac -c -c -
modulus c-i c-c -c - si- -c-c - ci c-c- f ib e r  - c - I - c - c - s  p l c - c - c - c - c -  c - c - c-s - c -nc - C Ic-c-c-c-c-c-Ic-, c-s - c - c - i -  c- c-c --~~ sc - c - c-c
c-cc -c- c-c-c - . c-Cc --c-c- ,c-c- c- c-’er , c-c-c-c- c-cc ac - r c - c - c - c -c- uc -c -c -c -c-c-c-s-c-c -c-c-c- c- in c - Cc - c - c - c - c - (I- c- c - c - , Cc-c -ac- ,-c-c -c-F’ - , c- c-c- c-c-
b i n d e r  c - cnc - c - ,sc nc-c-t c-c-c-c- c- c-c- reduced Ic--c- c-c- c - c - c - c-c-c-c- Ic-;, I- c - cc - sc - c -c - c - c--c-pc c-I i c -bc - c - c- ic - sc -c - c-s
plc - c - sc - c - c -, c-i-crc -c - sc - c-c -s a ic-c-ic- c-I c- c - c - c - bc -cc-c-c-c - cc-nc -c-c -c- bc -c - I -c- c - c-c -rc -cc -i- c- a cc - c- c- c-nc - c-us c-c-c-c- c-.
Ic -Ic -  c-s no Icc-c-c-r Icc-c-ed, .c-r.d c- c-e c-dc -c -c-s c-c-ne bc - c- c- c-nc; c-i c-c- c -cc c- 1c-c-c- c- i c-c-c-c-c- is c c - c - c - - c - c - c - e u .

- c - c - c - c -_ c-~
c-~~~~~~ / c -

c-c - C

I- c -c - .  36. Ic-c-sc-ic-c -sc - c-c -c- c -c- i-c- c- c -c-f  i I b e c -  c-lass c- Ic - c - ac - c - - c-
‘/s c-c -c-dc -c - cc- c- r.c-c-c-c- C i c - c -  p l c - s c -  Ic - c-bc - c- c -s c-I brands: a —

TS—8/3— I-501 b — I — I - I - ,

5-c-c- S c - c - c - -- .— ’ 
c - c

-
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c-c-! ’
c - \
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-
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\ c-c-
c-

c-n . c - l T  C3’’. c - c - - - . c -_ J ‘c- - c-l

PI p 37. Ic-)n - c-I-us c-c-I c-c-c-sc-c-c- 11 -‘c - bc - c -cc - c - c - c - c - c - c - c - c - c -c- C
c- c - c - glass ic-c - bc - c - cc - c-i nc -ac -c-c-s’. A c -’3— 3-3 — I - 7-I -; S —
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ic-p . 1-3 , Cc -c--c -c-c-sc-c--i c- sc-c-c-c-c- c-’c-c -c-:s bc-c-c-er c-c -nc -cc -c- C- C

Ic- c- c - Cc - sc - ic -c -c-c-c-cc - c-i brands: a — li— ill— lU ; S — C— IS .

I — c- c-c- sc-c- s -c-, 153 I c c - I / c - c - c -C ; 2 — c-c-c- sc-us -c-, 50 .c- ,c-i c-
c- c -c-c- c-

3 — p s - c - c - c - a s - c -, 13 c-c- c- f / c - i ’c-

:1
‘I c-c -c- c- ~~ 1 ,c- ‘s ./c-,M c- — — ‘

~~ ~~~~~~~~~~~~~~

/

- - c - c -~~~~~~~~~~~~~~,c 

-

______

c - / c - c -  -, c -c-

ic -p .  :c -c -- :c- c- e c- ic - c -c -~ c-c- ac- c - c - c - c - c - c - ic -~ sc- c- c- c - p c - h - - - c-c- f fiber glass p lc - c - sc - c - c - c-c- s bc-c-c-c-c-c-

~~ c- cc - c - - a c - c - -2 Ic-c- c-Ic-c-a fabric-a c-f n c - c - c - cc - c - c - c 
- S c -c- c-

3~~~~Ic - i c- 5 — 2—25 .

I — p c - c - c - c - c - us - c -, IS O cc - f c-i’: 2— c -c - ;sa -a c -e, 50 c- c-f/c-c- c-; 3 — n r c -c-c-c -c c - r e , I - c -C Icc -i/cc -I-

TIc- c-c -is c-c-c-ic -c-c-e-c - 5 c-Sc-c -c-c-Il— :ciic-.ed c-c-c-xc-mc-1 on c-c-c- c - c - cs - -c - c -c- c- ci c-c-c-c-c-c-c-c-sc -c-c-
c - c - _ c - c-c-c-c-c-c-c-c-p c- c - c - c - c - c - t i - s  as ic - c - -c -c- _ c-c-c-c- c-f c - c - s  c c -i c - c - c - c - c -c-c- c- c-c-c-c-c-c- (I-c-c-s, 38 c-c-c-i c- a c-

c - c - c-s alsc-s e ” c - c -, c-c-c- c- I c - c - c - c -  c-c-e fi gures c - i - c c - c - c-:;’s -c - c- c- ic -c -s c- c- c- Sic-dc-c- c - c - nc - c - c - c -c-f Iib ’c-- c-
plc-sc -p lastc -c- s is c - c - c - c - s - c - c - c - c - c - by c - c - c - c-I c-pc - -c - I c - c - c - c - I-c - c - c - c - c - .,- c-c-nc-c-c- c- I- and c-c-c-c-c- I- c - i - I n ;
c-c-c-~c- c- c -c - c- e . c-c -c-c-sc-ic--c--p i c -cc -c -  - c-c-t’s- c - c - c - c -c - f c- c- c- c- c -c - c- c - c-c- c-c-c-c-c-c-c -c-c-is -c-c-c-: c- c - c c -sc - ic - p c -c - -c- c- n - c - I - dc - c - c
c - c - - eec - c -ire. c-c-c-c- c-inc -er c-c-c-c-c- -nc -c- should be i c - c c - c - a c - c - S .  ThIs c-c-1c -ac -c-c--c-c c-si- ,c- c - i-c-c -  i - c - c -  c-c c - - c-
~ i - c - .c-’ :se c - i - a c - c - c - c - c - c -  c- f c-c-cc-c- b~~c-i-c-c-r c - c - c- c - c -c - c - c - c - c - c - c - c c -  c-n ic-c-c - c- p11 cc-c-s c-c-

i
c - c - c - c - c - c - S

! 

c-
c
- -c- t i--c- c- -c- c- c - c - i - s c- f  c-l-c-c-c- c - c -cc-c-c-c- S c - c - c - c - i b u n l c -c-c-c- ’c- c- c -c-c- c- cc - -c- c-c- c-c- ,c- c - --c - c -c-S . c-nc--’ c-c- c -n c - c - c - ;  c-c---
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(a) the ciiss ~i onoEi1amen:s in the thread have a ~irc~ 1ar ~r~ sa section ;

(5) at the ~aximu~ packing density , the binder distrthur~~ n berwe en the rs

La triangular ~this hypothesis has been exper~menta1ly ~on~~ rn~: w it h  t c ue L~ ; .

A ~ ia~~r am o f  th e  res in distribution ~n an untwisted primary thre~~ ~s shown in

Fig. 40. The percentage bir.der content in t:iis c~ise is

n= (i—. —~~—= :co = .Th .
\ ~~

‘a / (19)

During the manufacture of cord—broid fabrics frcm such threod and during the
molding of fiber glass plastics , a flatt anin~ of the weft and var? threads takes

place until theLr distribution becoires ‘r tangul~ r (Fig . -4).

rn
Fig. 40. DistrIbution of bLnOer in
untwisted thread.

I — binder; — glass fiber.

/111

F ~~~~~~~~~~~~~~~~~~~~~~

Fig. 41. DistributIon of binder in fiber ;lass laminate
based on bra id fabric un~ ar high molding pressure .

1 — welt; — warp ; 3 — binder; a0, b0 
— cross-sectional

dimensions :f warm threed , ~m ; a , S — esme , w e l t  thread .
y y

The bInder content of a fiber g.ase plastic based on a cord—braid fabric may

be determined Iron the fol .cwing formulas :

~~~~~~
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F

wr.ere ~~ 100=34.7%.

(22 )
2 1 3 )

8 A. .

(23 )

2K.

(24 )

where n is the calculated binder content , I;
5 is the thickness of the ~ord fabric layer, cm;
w

ca the thickness of the cord fabric warp layer , cm;

is the thickness of the cord fabric , cm;
a is the bir.dar contCnt of the cord fabrIc wa rp la’er,
3 is the binder content of the cord fabric welt layer , Z;

Kja~ 
K
w are the densities of the warp and welt threads in the fabric , threads/cm ;

Nwa~ 
N
w are the metrIc numbers of the warp and welt thread , cm;

is the glass density , g/c&;
is the glass content of the thread , ~ 

~~gi — 90.3%).

CalculatIons using the formulas showed that in fiber glass plastic based on
cord—bra id fabric , the binder content should be no lower than 16.

ifl f ibe r glass p lastics based on fabrics of twisted threads with a large
‘.unber of ends , the binder content should be increased as compared to fiber ~!ass
plastics based on cord—braid fabrics. The binder content is increased primarily
in the r—iszed thread itself as compared to the untwisted thread . A diagram c f  the
binder distribution in such a thread is shown in Fig. 42.

The binder content is

n=( 1_ -~ ).~0O~~178%. (25)

:n addition , twisted threads are flattened less during weaving and moldlru
than untwisted thread . At moderate moldIng pressures, the cross sec tIon of the / 122
threads may be assumed elliptical , whereas in the ideal case , at the maximum
packing denui:~~, the binder distribution is schematically represented as shown
in Fig. ~3. Each glass thread shown in the figure already contains 17.SZ of
binder and 32 . 2~ of glass. The remainder of the binder occupies the free space
between the glass fibers . The binder content in such a fiber glass plastic is

(26)

where is the glass content of the thread , (fl
g~ 

— 82.2%).

The use of h i g h  molding pressures causes the threads to be flattened further
ir.i their cross section to change from elliptical to oval. The resin distrIbution
pat tern in this case ~s shown Ln FIg. 3~. .
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Fig. 42. Distribution of binder in twisted thread with a large

number of ends.
1 — binder; 2 — glass thread.

The binder content is

100. (27)

~~~~~~~~~~~~~~~~~~~~~~ 

4 ( l_
~~~ )

K J/where a=— 
K ? C-8)

2(l~~ -2~
~ 4 /

Here a and b are the geometric dimensions of the cross section of the thread , cm ;
y is the glass density, g/c&; N 5s the metric number of the thread , cm; K is the

density of the threads in the fabric , threads/cm.

Fig. 43. Distribution of binder in fiber Fig. 44. Distribution of binder in

glass plastic based on fabric of twisted fiber glass plastIc based on fabric

threads at low molding pressure . of twisted threads at hign molding
pressure.

I — ‘eert; - — binder; 3 — warp ;
a, b — cross sectional dimensions of 1 — welt; 2 — binder; 3 — warp.
th read , cm.

Calculations using formulas (27) and (28) have shown that in the fiber glass /113
plastic based on satin fab rIc of brand S-8/3—250 , the binder content should be

no lower than 2~~ .
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The experimentally obtained optimum binder contents ~f fiber glass
plastIcs confirm the validity of such calculations. ~aturally ,  an ideal d~ atr ibu—
tlon of the binder cannot be obtained in fIber glass plastics , and there fore ,
the experImental optimum values usually are somewhat higher than the calculated
ones. Table 57 gives the optimum (experimental) values of the binder content for
fiber glass plastics based on satin and cord—braid fabrics at different specIfIc
molding pressures.

Table 57
Optimum values of binder content for fiber glass plastics

Reinforcing material 
SpecifIc aolding Optimum binder
pressure, kgr/cm ’-~content,

Satin—weave glass fabric of twisted threads 10 28—30

150
Cord—weave glass fabric of untwisted 50 20-22
threads 150 17—19

15. Molding

Molding of fiber glass plastic artIcles is a complex process whose main para-
meters are temperature and time, heating and coolIng race , and specIfic presaure.
The first three factors determine the chemical aspect of formation of the strength
of the polymeric binder and are practically independent of the structure of the
part. The magnItudes of specif ic molding pressure and cooling rate are determined
to a large extent by the structure and dimensions of the parts.

During rolding, the pressure overcomes the elasticity of the gases and water
vapor evolved during the heating and curing of the binder , prevents delamination
of the fiber glass plastic , provides for contact between the layers and penetration
of the binder between the fibers of the filler , and promotes the distribution of
the molding material over the volume of the mold.

The first stage of molding involves compaction of the entire mass of the  fiber
glass plastic; ln the second stage , under the influence of’elevated pressures , the
binder penetrates into the gaps between the fibers ~~ the threads , whereupon the
contact area between the binder and glass increases. The thIrd stage , which t akes /11.
place at very high molding pressures (700—900 kgf/cm 2), involves elastic deforma-
tIon of the ;iass fiber and forcIng of the fibers Into one another. In the first
two stages , the strength of the fiber glass plastic increases , and in the third
stage , decreases.

Raising the specific molding pressures from I to 25 kgf/cm2 is associated
with a pronounced increase in the specIfic contact area between the glass and bind-
er , an increase In the adhesIve bond between them , a decrease in the porosity of
the fiber glass plastIc , and a regular increase in it~ strength ~nd water resistance
(F ig. ~3). Thus, for example , the bending streneth of spo ,cy;hanc .lic glass p la st i c
pressed at a pras3ure of 2.5 ~gf/cn— is 38.3 kef/~~m~ , and at a pressure of 25 kgf/cm .

~l.6 ~gf / .  E’,en greater Is the effect of pressure on the decrease in strength
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after prolonged exposure to water. The presence of cavities between the glass
f ibers , appearing when the impregnation of the fiber glass reinforcing material
during molding at low specific pressures is ir.suffIz~ er.t, promotes the 7enetrat~ cn of
water molecules and a wea~aning of the adhesion between the glass fiber and binder.
After 130 days , the str ength of specimens pressed at 2.5 kgf/cm drops by 40%,
and that of Specimens pressed at 25 kg f /cm , by 161.

~
.
~ ~~
. 

~~~~~

_________________
A ‘2 3

I . 
_ _ _ _ _ _  

L. _ _
~~~~~ _~~~~__,__~~~_~~~ _.__ .j

a 
______________________

~~ — S 33 15; ~~~~~~~~

FIg. 45.  Effect of specific moldIng pressure p on the physicomechanical propertIes
and water resistanta of epoxyphenolic fiber glass plastic.

1 — for shear strength:.; 2 — for bending strength 
~b’ ~ — for tensile strength

4 — for comoressive strength 0
c ~ — for impact strength a; 6 — for water

absorp tion B of fIbe r  glass p lastic aft er 180 days’ ex posure to water; 7 — f o r
decreasing the compressive strength S after 180 days ’ exposure to water.

Further increase of pressure in the range from 25 to 200 kgf/cm ° 13 assocIated / l f
with only a slight further compaction of the fIber glass plastic , manifested
chiefly in an increase of the stability of dielectrIc properties in water (FIg. 46).
Pressures of 300—600 kgf / c m 2 have practically the same effect and do not change
the properties of the fiber glass plastic. Beyond ‘OO kgf/cm~ , an appr eciable
decline of the mechanical properties is observed , due to the breakdown of the
glass fiber.

S-tO O

L_. 1 i I I I  
_ _______

2 
_____________

~

Fig. 46. DislsctrIc loss tangent tand of epoxvphenolic fiber glass plastic vs
specific molding pressure p (the dielectric loss tangent was determined on the
specimens after boilIng In water for 6 h).
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In selecting the specific molding pressure of artIcles , it is necessary to
consider the complexit, of their configuration. On passing from articles of
simple shape such as plates to articles of complex geometric shape such as pro-
pellers , ~cr.es, etc., the specific pressure should be increased to 5.2—iCO ~gf / c m
because of the shaping losses.

The construction of the article also determines the choice of the coo2in~
rate during molding. A properly selected cooling rate ~a a prerequisite for ob-
taining articles with minimum internal stresses. It is well known chat the cur—
1mg of thermosetting binders Is associated with a decrease in volume , i. e. , so—
called “ chemical shrinkage” of the binder .  For ho t—cured  epoxy binders , the
shrinkage is comparatively small , 0 .5— 1%; the In terna l  stresses caused by chemical
shr inkage amount to only 5—30 k g f / c m 2 (smaller values of shrInkage and s tresses
are observed in binders based on b i func t~ ona1 epoxvdiane res ins , and hI gher values
are observed in binders  based on EKhD and EPOF p o l y f u n c t ion a l  epoxy r e s i ns) .

A much g rea te r  role is play ed by the thermal shrlnkaga  of the b inder  and
thermal stresses caused by d i f f e r e n t  linear expansion coefftciant~ of the binder
and glass ( the linear expansion coeff ic ien t of alu.oinoborcsilicate glass is 2 . 0  x
l0~~ 1/° C, and that  of epoxy binder , (60— 65) x l 0 0  11° C ) .  Even on _ slow cooling
( 1—3° C/mm ) the int erna l  stresses In the ar t icle  are 130—190 kgf ‘ cm— . At a cool— /116
log ra te  of over 3°C/nm , the internal stresses increase by 30—40 % . Slow cooling
at a ra te  of 1—3° C/mm is par t icu la r ly  important  far  f i b e r  glass p las t ic  a r tI c l e s
based on zcre r igId poly func t iona l  epoxy tesins .  Figures  47 and 43 show cur/es of
Internal stresses as a function of cooling rate and chemical structure of the bind-
er.

The molding tempera ture  and time are de termined by the curing kInet ics  of the
binder; and are interdependent factors. The mold ing  t empera tu res  and times are
selected so as to obta in  specified phvsiconechanical p roper t i es  of t h e  f ibe r  p lass
plas t ics .  The well-known relation between the degree of curing and ;hvs icom echani—
cal properties of the binder and fiber glass plastic makes i t  pcssible t ,  u t i l i z e
the dependence of the degree of curing on the curing temperature and time when
selecti n g the optimum values of these parameters.

Kinetic curves of curing of epoxyphenolic and epoxyammne binders are shown
in Figs. i9—54. The illustrated data were plotted on the basis of results ob-
tained from a determination of the degree of curing by the methods of extractIon
in a Soxhlet apparatus and infrared apectroscopy ~: being the caring time , n the
.ozcunt ~f nonextractable substances present in the binder , and C the amount of
reacted epoxy groups)

Extraction in a Soxhlet apparatus is based on the decrease in the solubilit’
of a polymer durIng its curing. This method is carried out 10 a simple apparatus
and may be applied to specimens of binder as well as fiber glass p lastic. The
i n f r a r e d  apectroscopy method makes it possible to follow the q u c nt I r a r i ~~e change
~m epoxy groups from the change in absorption intensity at a specified wavelengt.,

~n films of the binder (Fig. 55). This method can be used only with ~,jality
specimens of binder without foreign inclusions (air , traces of moisture or sd -tent)

The data presented show a distinct correlatIon between tme chem ical
e:r’jcture of epo~~ resins and their curing rate. The highest curing rare is
characterI stic of resorclnol polvfunctional resins. ComposItions basec cn the ~r~ —
functlcoal emo~ -,cv;nurare resin also have a hig h curing rate th :crrariocn .-~ :h
epoxvdiane resins .
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The polyfunctlonal resin EKhD , a tetraglycid y l derivative of diaminod±chloro—

diphenylmethane, cures more slowly than epoxydiane resin. The teactivity of thts
epoxy resin depends on varIous factors having opposite effects. The increased
functionality is Inevitably assocIated with an increased reactivity. On the other
hand , the presence of halogen atoms reduces the reactivity of the resin.

~~, keuisrn” ____________________

_ _ _ _ _ _ _ _ _  

/117

_

20 ~0 50 cO 100 120 140 it’d dot,

Fig. 4 . ~esidual stresses o in films of cured epoxyamine binder based on epocv-
resorcinol resin EPOF vs cooling rate.

— heating of specimens at a rate of 2°C/mm and holding at 180°C; 2 , 3, 3 —

cooling of Specimens at rates of 2, 10 and 60°C/mm , respectively.

20 ~~ 10 dO tOO /20 i40 tSd :JO t, 0

7 1g. 48. Res i cua l  s tresses 0 in fI lms ~f cured epoxyam.ine binders  vs epoxy res in
employed.
I’ , 2’ , 3 — hea r ing  of specimens at a r a t e  of 2° CI r.~n; 1. 2, 3 — cooling of

•‘pectmens at a rota of 2~ C/mmn; 1, 1’ — ED— 13 resin; 2 , I’ — IPOF resIn: 3 , 3’ —

CKh resin.
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Fig. 4 . Kinetics of curing of epoxy FIg. 50. Kinetics of curing of epoXy

resins wi th  p henolic resin at 160° C resins with triethanolamine titonats
(ba sed on ext rac t ion d at a ) .  at 160° C (based on infrared spt :ros-

copy da ta) .
1 — 1J?—,3 res in;  2 — ETsD— ~.3 res in;  -

3 — ED— l3 resin. 1 — EPOF res in;  2 — ED— 13 res in ;
3 — EKIOD resin.

~~g. 51. Kinetics of curing of ED—l3 FIg. 52. Kinetics of curing of
epoxy resin with tr~ ethanolamine ED— l3 epoxy resin with trlethanol—
t I tan a t e  (based on infrared amine titanate (based on extractIon
spectroscopy data) . data) .

1 — 130 °C; 2 — 160 °C; 3 — 140°C; 1 — 180 °C; 2 — 160° C; 3 — 140°C:
4 — 120 °C; 5 — 100°C. .2 — 120°C; 5 — 100°C.

________

7°’ 

_ _

~~ 
,,

~~ - -

Fig. 33. K~net1cs of curing of epoxy— Fig. 54. KinetIcs of curins of EK’OJ
phenol binder based on ED— 13 epoxydiane .emcx” resin with tr1ethanoiaz~ne
resIn ‘based or. extraction data , . tltanate (based on ~nirarei spectros—

1 — 0C’~~; 2 — 180°C; 2 — ~~O ’2; ~~dpY data).

.2 — ‘.3°C. 1 — 180°C; 2 — 160°C; 3 —

C3
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_.
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4ith increasing moldIng temperature , the rote and degree  of curing increase . /219
For instance , in resorcinol and epoxydiane resins in the course of cur ing  ‘sitn
t r ie thanolan ine t lt a n a te  at 140— 180 °C , the epoxy g r oup s  disappear  comple te ly ,
whereas at 1.20—120°C , even during prolonged cur ing  lasting 24 h , f rom 2 to 31
of epoxy groups remain unreacted.

In the EKhD resin , the epoxy groups disappear  at t emp e r a t u r e s  of 180—200 ° C.
In the course of cur ing at 140° C and 160° C , the spectra l  chanp es cease after
8— 10 h , and the band character is t ic  of epoxy groups , 4500 cn~~ , does not dIs-
ap pear comp letely, attesting to the presence of unreacted epoxy groups in the
composition cf the curad products (Fig. 55).

Fig. 55. Spectra  of epoxy resins dur 1ng cu r ing
with tr iethanolamine t i t an a ts :  a — ED—l3 resin;
b — EKhD resin.

i~~ ediatelv before heatIng;
a f t e r  the t empera ture  is

raised to 160° C;
—.— a f t e r  2 h at 160 ° C; 

a f t e r  3 h a t  1o0 ° C.

The curing of phenol—formaldehyde  resin is a c~ o,lex process involving
aever si  react ions s imul taneous ly ,  and t h e r e f o r s , it is p rac t ica l ly imp oss ib l e  to
calculate  the curing ra te  cons tan t .  In c u r I n g  w i t h  t r i et han o lamine  t i ta n at e .
f o r  all the ePoxy binders studied at a cons tant  t empera tu re  of 100—180 ° C , the
sane f rac t ion  of epoxy groups react dur ing  the same time in te rval , as can ne
graphically expressed by the fol lowing l inear re la t ion  (Fig .  56) :

(29)

where C 0 ~s the amount of epoxY groups before curlng, I (C
0 

100 1);

C is the  amount of f r e e  epoxy groups  at a gl en in s t an t , 1;

13.2
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r is the curIng time , sin;
K is the r eac t ion  rate  cons tan t , 01n ’

The L ine a r  r e l at i cn  between r eac t Ion  ra te  and epoxy group c o n cen t r a t i o n  in-
d ica tes  that the curing reaction of the  epoxy resins s tud ied  may be assumed to te
first order ,’~ w h i c h  makes tt possible to ca lcu la te  the c u r i n g  t ine at any g iven ,‘120
temperature in the 130—130~ C range. The curing time of different binders deter-
mined from these kinetIc curves is given i~ Table 5-3.

~: 1 / L_ ~
- -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

FIg. 56. Sem~iogarithmic plot of curing of ~~—i3
epoxy resin w i th  tr lethanolamine t lt anat e  based
on data of spectral analysIs.

1 — 130 °C; 2 — 160° C; 3 — 140°C; 4 — 120 °C;
5 — 100°C.

As was st ated above , for epcxyamir•e binders , the -curing ~±me is determine-i
from spectral ana1vs~ s data; for epoxyphenolic binders , it -is determined from ex-
tractIon data ~becouae of the diffIculties involved ir, preparing specimens), and
the curing time usad is the solubiliry loss tIme plus 301, allowing for  the e r r o r
of the extraction method.

In calculations of the curIng rate and time for epoxyamine binders at different
temperatures , use may be made of the Arrhenius equation (Fig. 57):

(30)

wher e K is the rate constant;
K .3 cc the rreexpor.ential factor;

E is the ac:ioatlon energy:

~~ 
‘~~~~~~~d~~ -



ts the gas co r.s: ,nt :
T i s the  curing t~ npe rat ure .

In estcc,ating t u e  ki netu -c s of cu r I o ;  t o - . o1 . ’cn ~ a s~ u .,lt~ n~ - us cnar,~ e cn
temperature and curIng t~~~ e . I: is o: tut ,r~ s: to tue me :ri~c of
plannino oi the experice- °~n exper imen t-n u0: :u g scn~ ne ~s ~~1ustrai~ u w it u  OC

examp le of epoxuancue otn ie r hosec on J— _
~ re,.:n.

The ecuation obtaiu , d is

R = 83 , 3—  2.Sx --4 16~~— 2 l i - -  
) .O. .2 — i .~~ (31)

where x1, x, are , respectIvely , t o e  c u r :n z  t I m e  a u c  r~~n p c r a t  ir e  in arb Itrar y (121

S Is the degree of cur Ing, I.

Equa t ion  (31) app lies in the temperature ranee irun 2C ’ to ~~3°C.

The final choice -of t i e  moLdIng conditions m u s t  be n i- fe  on tue boats of re-
sults obtained from the ~eternino tccn ~ f t u e  nh :s:come m onica I 2rcnerr:es of the
binders and f loe r -glass p lcstccs .

Fig. 57. Reaction rate constant K of curing of
ED—13 epoxy resin with triethar .olamine tltanate
as a fu n c t i o n  of : a n oer atu : s  in Atrhenius coordinates.

Results ot t e s t s  of the phys icomechanica l  p roP e r t i e s  of epo~~ binde rs and
fiber glass plastics fabricated under different conditions are s:,o’~r. in Tables
59—6~ . Analysis of the results shows that ~n contrast to the degree of curing .
t:-,e mechanical propert ies are determined not c n y  by the molding temperature and

tIme , but also b the heating rate up to the mold ine temperature.
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Tab l e -3
c n Oj t t e n s  f o r  oo 2-c u g  s hip  machine  n u i l u c u g  articles :rom f char g1a~ s p l as ti c s

ba sed on v O rj ~ us b t n u o r s

~doiding S n e c t f :  h c i d t n g  - h e u t : n g
S c n d er  Resin  t . . .g 

t e op er a tu r e  m c i -h ug  t :me at  ‘ rm~e.- 
- .-~gent -
- C p re s su re , - no ic tog  - C/ui tn

- kgf / c m te mperat ure.
tr .in

~poxypheno1- 50-13 Resorc lno l  - 160 25-100 60 1
ic 

-~ type pheno~~
formaldehyde - I

res in
Same 

- 
U?—i3 dane 160 25 100 - 30 

- 
0.5

ZTsD—13 “ 160 25—100 50 1
- Ep oxv amine  — KD— 3 -Triethanol—~ 160 15—50 

— 90 1
amine -

:itanate
- STeP—i) Same 160 15—50 30 1

160 15—50 60 0.5
EP CF ‘ “ 160 15—50 - 23 0.5
EKhD 

- 
“ 130 15—50 - 150 0 .5

50—13 iam in o— 180 15—50 120 1
diphe nyl —

• d i c hi or o —
methane

EKhD Same 180 15—50 180 0.5
E~~ iD Resorcinol 160 25—100 90 0.5

resorcinol  - 
,

Table 54
Physico nec hancoal p ro pe r t ies  of epoxyphenoli: binder vs curSo g umpera tur e  ~tid heat-
ing rate /122

CurI ng t empera tu re , 200° C Curing  t e m p e r a —
- —~ t u r a , 160 ° C
H ea t i n ~ ( 6—8 h)

- r o - p e r t -,- . . -• at ~00 C at a - d e a t ~~ng r a t e l H e a t i n g  h c at : n4  ra t e
ra ts of 20° C / m in I 2 O ° C/mi n r a t e  3° C,mta 3° C/si n
to 200°C - -

Adh esIon , ~gg f/ o ~~
2 0 . 7 5  1.25 1.70 2 . 4 0

Strength , kg f,’~~~~
tensile 1.5 3.1 7.0 6.7
b e u d in g  Slip out of 4 .7  10.0 9 .9

clamps
conmrassi’oe — — - 18. 17.0

:r m l c t  st r e n g t h , 
- 

Slip Out of 3.C3 - 0.331 3.03
kgf n,0m clamps - ‘ -

N o t e .  Adheston of ano:-~-nhen oIcc biuc era was d e t e r n t n e d  by A. F. Ni~~~ ia~~gv ’ 5
method. - . Curto c t I n e  was 21
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T~ b1~ 53
E f f e c t  of heatIng rate no the pru.’a iccuecu an ica l  p r o p e r t I e s  of e 0 0 0- :— -g i osl p~ as~ l os

- itreng th , kg f/nzs

3ending Compressive locarian inor

- Heating - 
- Shear

ra te , — - ‘ ., I -
°C/min mpo xy— j Ep oxy —~ opoxy— Epoxy— - cpo x f ~ PoXY—

phe.’clfc amine p~anc1fc amine - preno lfo 
- 
amine -

59 ,0 50.5 46.0 ‘ 56.0 0. 3 ‘ )

3 I 66 .0 I~ .3 ~5 O  
, 

t0.0~~ 6.9 1,5

3 I 14 .1 50 .0 • 
420 35,9 5 , 4 5 .9

19 . 3 4L1 I 6 . 0 5 1

6 10 .5 n; ,~ 5 1.5 8. 5 0 - 2

~ ~~ 
I 

16. 0 10,0 49,3 1 , 4 ‘ 5.5

Remarks . 1. 50—13 epoxy r e s in .
2. CurIng t amperatiore , 160° C.

T aoi~ 61
E f f e c t  of cu r ing  t e m P e r a t u r e  mu t oe ph eicomechanical  p r o p e r t i e s  of epox ;aniue
bindere

St r enom o • _~~~~~~~~o
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21 31 .9 3 7 ; l 4 1 0 O 7 ;371i 2 0  I I

EPOF 2-3 - ~D . 3 0 , 4  3 .3 2 ,0 0 ,07 20 20 I ‘ 
0 - 3
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‘table 62
E f f e c t  of molding t empera tu re  on the  ph v s i c o r r e c h i ni c a l  p r o p e r t t ~~s ‘o f
plastics

Class  ? l as tt c  Pressing  3cr ~ n g t n , sg f /m m —
I ‘ tempera— —_________________________________

R esIn ;  Cur Ing  A~ ez~t ture , °Cl i ens ile Comp re s— ‘3 enc in ~ in t e r —
- . ‘c:I s it e  laminar ‘

Shear I

ED_ 13~ Triethano 1amine I 140 80.5 54 .0 32.0 7 .3 ~ .6
t i tanate  160 30.0 55.0 52 . 0  1. 2 .2 .7

180 82.0 56.0  ‘ 64.0 - 4 . 5  ‘ 4.3
200 82 .5  55.0 33.0 5. 1 - 4 .0

ENhI -T rj et h a n oj a m in e  I 140 86.5 69.0 98 . -) 9 .3  I 4 . 8
1 t it a n a t e  160 85.0 70.0 100.0 - 3 . 3  ~ .9 3

180 36.0 7 - 7 . 0  - 1C0 .~ I 9 . 3
200 86.0 69 .5  ‘ 99.0 - 8.0 I 3 9

2_ 13 Phen o l—for m a ldehy de  
I 

160 64 .0  4 o . 2  - 0~ .3 ‘ 5.9 I 4 .3
- resin 200 64.0  u2. . 7  69. 1 6 . 2  I

Note . HeatIng rate , 0.5°C/raIn.

Table 63
E f f e c t  of holding time on the ph ysicomechanical  p r ope r tie s  of ap o x y an i n a  b c n 1~~ra - 122

I h . l d i  g at—e ’~gt h k g t / t r a a  as e -  C —

• _ ; ~rapact 
- .rs nst— ,-,cues_ve :rc-o

Resin , 
~~~~ Tensile Com?res— Sendir;g Strengt3~~tt on t~~—srren0::.orr.— ness .

- 
sive kgf r~-l rr De :3tu:e,,og:/ocn - s t ~~~~~~ n~

— . 2 6 . 3  18.0 10.5 0.35 5.5 1. o.2 3 . 5
13 7.1 ‘ 19.7 11.2 0.24 117.1 2 5 3.2 71 .1

2 3.0 25.3 12.1 0. .6 111. ..o 3 /3,3
2,5 : 9.5 27.2 13.7 - 0.12 15-3 m 3.7 3. .. 30..)

Note. CurIng t e mm e r ar u r e , 160°C.

For CpoxvPr.enoitc binders , both exce ssivel’.’ rapid ocari na (5—fl°C/nin, t~~
160—200° C ama pror rac ring of heating stages at 40— 1011 ° -C are b a n g e r s-us.  — •b’ : ica ~ —
iv , the proportions regulred between the rates of the main onu sI d e  reac t i ons
are  d i s r u p t e d  in both cases. On rapid curing, the p o icr ~er obtained is o r c i t e
and inhociogeneous in composItIon . The c~ nai1e , bencing and inrac:  s tr e r - c r i s  cf
o ne b inoer cur ed by rap id heating to 200°C are 2—3 .3 tImes l wer that. cm
at a rote oi i—3° C/—.to. The cmhesi’;e strength of the  o:n ’:er ur rose  .st:r/ 2 a -12e
was lr-mr rlcoe ’o bt 60— 100° C was ‘~—...3 t imee  lower , anj the ~mhes:’,’e ‘traneri. . 3
::mes l ow e r  t o m  those of the  btncer curee under O p t O O I ; m  c o n u o t c o n s .
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Table Sa
Eff ect of no l d ing  t ine  on the p ’nysiccmechanioal properties ~f spOX’fO’/ I 3 OL C 2~~~OS5

plast~ cs

I Strength , k~ f mia 2

- - o;act
Resin I HoldIng Tensile Conpre~sive l 3eniing : :nterlamjnar Str,,ng:n ,

I 
- time, h - shear ‘k;f 0 /cm -

E0 13 - 2 80.0 55.0 82.0 7.2 I 4 .7
15 81.5 56.0 82.3 ‘ 7.3 1 4.6

2 85.0 70.0 100.0 0.8 4.9
15 86.4 69.3 100.3 9.5

Note. Curing temperature , 160° C.

Epox’, resins cured ‘iith triethanolanine tttanate are less sensitIve to heating (125
rate , but fast heat ing to 160°C is also undesl:aole ici this case. Obviously, cm
brief heating to hIgh temperatures , the initIation rate increasesh ~u)—)0C of
epo~~ groups are used up during the first fe’s minutes , but at the same tIme , the
collIsIon frequency of In ermediate poi.’meriz.ation products increases , and the
number of choin breaks bec-aes more frequent. At th~ same tine, the end products
of curing consIst of a mu1t~ tu~ o of short polymer chains and have :0w cohesive
strength.

f/ I  _ _ _ _ _

I ‘ , I I I -

I I
a / ~ a ~ $ 6 7

Fl;.  58. Tempera tu re  d i f f e r e n c e  as a function of heating tima .

1 — in mold ; 2 — In article.

The heatIng race has a stronger effect on the strength of articles than on
t h e  str -en qth of specimens , Ar a high heating r a t e ,  a considerable delay In the

-of t oe n~u d e  syera Fig. ~-3~ ~.s observed in an article because af the
lc’J the~~aL cor.o’oct: irt : ~f one h oer ,ass plastic , causln’; the curing to occur
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at different time’; anu resulting in internal stresses. Thus , f or a b1~de of a
propeller 1.5 m in diameter , wnen the mold Is heated at a rate of 0.3—i. 2°C/rain .
the temperature lag in a cross section with a maximum thIckness of 60 mm :s 30—
20° C. At a heating rate of 5—3° C/mm , the temperature lag of the inner layers
for the sane blade amounts to 90—50°C and is unecceptable .

En the mol.ding of fiber glass p1asti~ articles for ship machine buildIng,
heating rates from 0.5 to 3°C/nun have been established. A heating rate of
0.5°C/aim is used in the fabrication of large—siced fiber glass plastic articles
based on epoxydlan e res ins , when the mass of the mold exceeds 2 tons , and fo r  all
other fiber glass plastic articles (irrespective of size) based on polyfunotlonal
epoxy resins.

Table 59 presents test results for binder specimens prepared at various tempera-
tures. Spacimens cured at 120°C have low cohesive and adhesive strength and raicrc—
hardness , th is beIng due to incomp lete curing and the presence of unreacted epoxy /~~~)
gro ups in the structure of the cured binder.

As the curing temperature is raised above 160°C , the main adhesion centers ,
I. e. . hvdroxyls , dIsa ppear , and t’nermal—oxidative degradation of the b inders
takes place , causing a regular decrease in adhesive strength and a sharp increase
in the brittleness of the cured binder. As the curing temperature of the binder
is raised f r o m  160 to 200°C , the residual stresses at t:oe glass—polymer interface
increase 1 .5—fo ld  (Fig.  5 9 ) .  The decrease in the adhesIve s t r e n g t h  of the b inders
inev itab ly  leads to a sharp decrease in the strength of fiber glass plastics ,
particularly in interlaminar shear. As the molding temperature is raised to
200 °C , the fatigue strength of fiber glass plastIcs under alternating and repeated
static loads also decreases.

I 

~~~ c~:::;~x:::::e:i~~ e~~/ I I basea on ~~0F epoxyresorclr.ol resinI / vs curing temperature t.

33 

::. ‘

En vie’s of the fact that the durability of a fiber glass plastic and its de—
lamination resistance are extremely important properties , a molding temperature of
140—160°C is recorraended for shIp otachine building articles. Time load—carrying
capacity of prop ellers molded at this temperature is 20—3C~ higher than that of
propellers molded a: 200°C.

Tables 63 and 64 give the results of tests of binders and fiber glass olastics
molded for 2 and 15 h at 160°C. The tests show that as the holding time is ex-
tended to 15 h , the cohesive strength and microhardness of the binders increases ,
and the glass transition temperature rises. It the same tIme, the adhesive strangth
ama eiastto.2: m f toe binders decrease. The strength of fiber glass plastic
specimens at room temperature remains prac :icailw unchanged wita inc:easintz to2,dir,z
time. tncreasinz the holding time during the ool-iinZ of flher glass plastic
artIcles causes an a7mreclabie increase In neat resistance.



16. Fiber Glass Plastics w i t h  P r o t e c t i v e  Coatings

~4Ith th~ expanding scope of app l i ca t ion  of polymerIc ma ter Ia l s  l~ ship machine
bu i ld ing ,  it becomes necessary to develop mater ia l s  combining  a h igh  s t r u c t u r a l
strength with excellent erosion p roper t i e s  und er  d i f f e r e n t  service condIt ions .

The pr inc ipa l  s t r uc tu ra l  polymer — fiber glass plastic — does not possess the /127
required erosion res is tance in many cases. Fiber  glass p las t ic , f o r  ~xanp 1e , is
charac ter ized  by the erosion of the resin film under the influence of solar r a d i a —
t~.on and low cavIt a t ion  res i s tance  and res is tance to h y droabrasive  and ab ras ive
wear . These disadvantages of fiber glass plastics limit their use for many
articles in ship machine buildIng where their application would be highly promis-
ing,  for example as hydrofoil propellers and pump it. pellers operating In
corrosive media.

The pr oblem of increasing the erosion resistance of fiber glass p lastics is
solved by creating a surface layer made up of various polymeric materials or metals.
The material chosen jci each specific case on the basis of the service conditicns
and technological characteristics.

The materIals used cost extensively as surface layers in ship machine building
are thermoplasts , rubbers . polyurethanes and organic coatings .

The application vi surface layers may be carried out by jointly molding the
mate r i a l  of the  coat ing and the main molding material, or appl y ing on ohs
fIn i shed f i b e r  glass p last ic .  iThen the coating is applied on the fi f l i shed p las t i c ,
the surface of the lattur is subjected to shot b l a s t I n g  and degre a sed ,

Thermop last—base coatings. The therciop lasts used for coating fIber glass
plastics are mainly polyethylene and various brands of fluoroplastics. Ths choice
of a given thermoplast is made on the basis of Its processing and mechanical
propertIes. Thus , polyethylen e, wh ich has a hi gh chemical stabilIty, erosion r e-
sIstance and water resistance , is reco~ nended as a coating for plastic blad es ,
rotors and housings of pumps handling corrosive fluids , operating In abrasive
media , etc. Fluoroolastlc 3, which has valuable antifrietion properties , may be
successfully used in friction components.

m e  application of a surface layer of the~~oplasta Is achieved in several
ways I

(a )  using a lac~’ier of thermoplasts;
(b)  gluing or j o an c  mold ing  of f i b er glass p lastic with a film of thermo—

,‘laats;
(c) c laddIng.

In the f I r s t  method , the ther-moplast lacquer is prepared by dissolving the
polymer in a sui table  solvent or solvent mixture.  Oep ending or. the brand of toe
polym er and Its oiscoaity , lacquers of different concentrations are prepared.

The coating is app lIed In layers with a brush or paint spraYer on the cured
fiber ~~~~ p1a~ tIc. The a;placat icn conditIons are chosen as a i u n c t i c m  of the
requlrea coating thickness , brand of pol:,~ er and solvent. I)n~y so luble  :herm o— /~~~S
p lates — fluoroplastcca of brands 42 , 23 , 2, ato m . ‘5 — may be use: for appL; .ng
one coatIngs.
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The optimum coating thiosness is 120—130 _ ‘n. ~“nen a coatans aver 150
thick is obta ined  in thra manner , its adhesion to the fIber glass p~ o3r~ c ~~~ —

d ines cons ide rab ly ,  so tr o t f i b e r  glass p l ast i cs  w i t h  such co5 t :n-.~s ar-a suitable
only fo r  service under atmosp her Ic  condit i ons , and thei :  use for  p r o t e c t i o n  coacoat
cavIt~ tjon and abrasives is ineffective.

This method is best suited for renewing the surface layer of .arti~~ ea , sinc.~
it is technologically Simple and may be carried out directly on ships .

It is well ktoown that because of their chemical Inertness , all th ormoplasts
have low adhesive strength. To Improve the adhesive properties , the film is
first activated; this consists In treating it with a solution of metallic sodium
in a mixture of naphthalene and tetrahy d rof ur an for  15 sin , then vashing with
acetone and water to remove the organic substances and salts. .\fter the ac:tvatioo .
the surface of the film is coated with an adhesive layer. The adhesive 1~ ver used
may consist of epoxy adhesives, for example of the follcwing conpas ition : 21—5
resin — 100 pta . ‘it. and L—l9 low—molecular polyamide — do pta. ‘it. 3ondin .z af
the activated film to toe adhesive layer Is carried out at a pre ssure of 25—5 0
k~ f f c m ’ and may also be done on the finIshed fIber glass plastic as wel l as der—
log the molding process.

~espita the activatIon of the film , this method does not provide for a d~ —
pendable ser’;ine of the fiber glass plastic under complex conditIons . At the
same time , the method of bonding th~ film during molding, whIch raquiras no addi-
tional operatIons and does not prolong the technolog ical fabrionticto cyci~~, La
S 7cr” promising one.

The most effective method of increasing the adhesion of film ccatingr Is
the introduction of epoxy compositions Into t o  thermoplasts. The cozapositlrr.
of the thermosettlng film is chosen so as to obtain its hIgh adhesion wr.ile pre-
serving all the attractIve properties of the thermoplast. One such material
that has been daveloped is an epoxy fluorcplas:Ic film based on fluoroolastica
and an epoxy compositIon ir. the proportion of 80:20 to 92:8. Fluorop last ics of
brands ~2, 26 and 23 are used in the newly developed film.

To preserve the specified proportion of the components and ens-are ’ the
joint curing of the moldIng material and surface layer , the melting temperature
of the surface layer material should correspond to the curing temperature of the
binder and amount to l50—130’C (depending on the type of binder emp loyed ).

When the melting temperature of the surface layer material is below the cur-
ing temperature of the binder , the molding involves mixing mi the components of
the surface layer and binder , leading to a disruptIon of the specified proportions
and a decline in the properties of the surface layer. When a thermosetting film /129
is used having a melting temperature above the curing temperature of m e  molding
materIal , joint curing of the laminate Is not achieved , and the adhes ion de clines

F sharply.

To make the film convenient to handle ~nd prevent its stIckIness, it 15
necessar, 0: use solii components of an ePoxy compositIon , for example , solid
e~ cx’:diane res1ns with a molecular weight of 300—1200 , whIch are compatible witd
:luoroplastlca . To obtain a long storage period of the film , the curin~ agent

nave a low acr.:vlt’; at room temperatures. Therefore, aroma tic poi’.oaines
maY be used as tre curIng aCeot , wf th a meltIng temperatur e no: below 1-20 °C , for
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example, 3,3’ ,5,5’—te:rachloro—4 ,4’ —dlaminodiphenylrnethane , 2 ,3 ’ — dichlo ro— I ,l ’—
diam .inodiphemy lmethane , 4,4’—d iaminodiphenyl siilfone .

The cladd ing method is based on the penetr-aitl ity of a molten thermop1a~ t .
In cladd in g , adhesive strength is achieved by mechanical bonding of the tnorno —
p1a~ t to the cells of the glass fa bric .

CladdIng consists of the following operations. The thermoplast powder Is
applIed on the shaping blanks of nonimpregnated glass fabric and nelted in a closee
mold under pressure. Secause of the high viscosity of the melt , the th ermoplast
penetrstes only partially into the thickness of the glass fiber , and the other
side of the latter remains free of th~ thermoplast . The clad blank ~s coatod with
a solutIon of binder on the unprotected side and dried until the solvent is driven
off. The blank obtained , one side of which is coated with the thermoplast melt ,
and the other SIde with the binder , Is molded along with the main stack of blanks
under the schedule usually employed for the given type of fiber glass plastic.

In selecting the brand of thermoplast , it is necessary to consider th~ fo1~~ w—
1mg condi tIons :

(a) tne therrioplast mus t have a high viscosity of the melt to ensure only a
partial penetration of the thermoplast into the cells of the glass fabric;

(b) the melting temoeratOre of the therreoplast should be higher t :aar that
of the vi~ cofluid state of the binder to avoid mlxin~ the binder and naterlal of
the surface layer in the course of the nolding.

Rubber—base coatings. Rubber , which has hi ghly elastic properties , withstands
abrasi’,e, h’idroabrasive and cavitation wear better than other materials. 3e-oause
of their hi gh elasticity, rubber coatings absorb most of the k_netIc energy em—
pendad in reversible deformations.

The highest wear resistance is exhIbited by rubbers based on ~airit an’f poly—
urethane rubbers .

Rubberizing may be accomplished in two ways: bonding calibrated un~ured
rubber to cured fiber gloss plastic , followed by heat treatment in molds at a
specif ic pressure of 100—150 kgf / c m 2, and suitable temperatures and rubber /130
vulcanization times , and

joIn t moldIn g of Imp regnated glass fabric with vulcanized calibrated rubber
under conditions selected for molding the given type of fiber glass plastic.

In bo th cases , use is made of adhesive sublavers , the best of which is
leuconate adhesive (y.RTU 6—14—235—69). .euconate is a l9—2l~ solutI on of pars—
triphenylmethane tr aisocyanate in dichloroethane . In the first method , to in—
crease the adhesion, the surface of the fiber glass p lastic is Subjected to shot
blastIng ar.d degreasing , and the adhesi’.’e subla~er is applied on it . In the
second me thod , the adhesive sublaver is applied on the surface of rubber preactivated
with concentrated sulfuric acid.

aubber coatings are easily damaged in service because of the low cohesive
strength of rubber.

?ol.’uret hane—,ase coatIngs. ~r. their properties , polvurethanes are analosous
to ruhoer doatlngs , but excel them In wear resistande. The technology of applica—
:Ion ~f polyurethane coatIr.~s on fIber glass plastic artic.as is sintlar to th a t
of applIcatIon ~f :a.’ure:nanes on metal articleo -atoc Is descrtbei in detail in
Chapter 10.

_____



17. Metalliza:ion of I~1ber Glass ?last ics

Metal coatings Impart specIal properties to fiber glass plastics and improve
their erosion resistance.

Valuable properties of the coatings are manifested when their thickness is
less than 1 act. In most cases, the metal is held on the fiber glass plastic b:.~
the physical bonds between the molecules of the metal and macromolecules of the
binder. when metalliced articles are used at fluctuating temperatures , it Is
necessary to consider the existing significant difference between the linear em—
pension coefficients of the metal and fiber glass plastic (a 2 to 10—fold
difference), which gives rise to internal stresses .

A substantial number of methods of metallizing fIber glass p lastIcs are known ;
vacuum evaporation, cathode sPutterIng, reduction of tht metal from gaseous compounds ,
chemical and electroplating, and metal spraying. In practice , the latter three
m~thcds have become the most popular ones.

The method of obtaining metal coatings by chemical reduction of metals from
salts or complex compounds consists In carrying cut oxidation—reduction reactions
based on electron exchange. The rate of the reaction , i. e., reduction of the
metal, depends on the type of reductant , hydrogen ion concentration (pH), tempera—
ture , and presence of a catalyst. Metal ions bound into complex compounds are /131
most easily reduced. The adhesIve strength of a metal coacing obtained in this
manner is determined by the adhesion between the surfaces of the metal and fiber

-glass plastic and is a function of the wettability and roughness of the fiber glosa
plastic surface.

The chemical metallicatIon method produces smooth , brIllianr~ and matte sur-
faces. Disadvantages of this method include a complex preparat ion of tne earface ,
the diffIculty of metallizing large—sized and shaped articles , considerable labor
intensity, and high losses of metal due to its deposition on the tub walls.
A new chemical metallization method — the sorption method — has been developed in
the last few years.

Electro~ 1ating metallizat~on is based on the deposition of metals from aquecus
solutions or salts by electrolysis, The quality of the coatings depends on the
electrolysis conditIons , concentration of the salt of the deposited net~ l in the
electrolyte , temperature , current density and shape of the article.

In many cases, to increase the adhesion of the elec:rnd~ posic, carbon Slac.t
or graohite , whIch under suitable conditIons hecome~ exposed, is introduced Into
the binder of the fiber glass plastics. The best adhesion oi electrodeposits is
achieved by means of special etching, for e:-:ample in concentrated sulfuric acid
or a mixture of sulfuric and chromic acids. Itching of the surface leads to the
fo~~ation of -mlcrochannels and microcavitles which are filled with chemically re-
duced cop?er , silver , or palladium . The current—conducting layer obtained Is
subjected to copper , nickel , or chromium pLating, An electrodeposit 30 cm th Ick
has a high wear and corrosion resistance.

The chief d I sadvan tages  of e lec t rop l a t i ng  are the hi~ h cost , c~ttplexitv , and
difficulty of the process.
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One of the cheapest and most universal netallization methods is
This is a the:momechar.~ cal process , in wriich the molten metal is pulveri c~ c anto
fine particles b y an air jet and depositea cm the surface of the artICle. The
spraying method may be used to obtain a coating thickness up to several mu ll—
meters. hetala or their alloys with fairly low melting poiors are usCd f o r
1mg.

The t echno log ica l  process of sP r a y i n g  In volv es th ree  consecut ive  ope ra t i ons :
p repa ra t ion  of the s u r f a c e , depositIon of th6 coating, and treatment of the c o a z i r . g .

Preparation of the surface consists in degreaslng it and making It roug h by
means of shot blasting treatmer.t. The spray coating is then carried out In a
special metalllzation chamber.

Dep ending on the Ir.itial state of the sprayed metals and method of their
fusion , the spraying Is carried out by using dIfferent t’roes of equipment:

wire gas type;
wire eleatrm c—arc ty~e; /132
powder type;
operating on liquid metal.

In the metalllcation of fiber glass plastics, the artIcles cannot be heated
above lOO’C.

The best sPraying results are obtained with a normal direction of motion of
the natal particles . If the particles are Incident on the surface being sprayed
at ar. angle smaller than 60~ , they are reflected from It. The distance from the
nozzle of the metallizatlon device to the workpiece should be 10—15 cm . If this
distance is greater , the diameter of th e metal—air jet incteases, the velocit of
the, sprayed particles decreases , and oxidatIon and the porosity of the coatin4 ito
crease . Thus , for example , when the distan ca from workpiece to the nozzle is
30 cm , the oxide content of the coating is 407., its wear resistance decreases
by a factor of 5—10 and its hardness by a factor of two.

For each type of sprayed metal , there is an upper limit of coating thic~tness
above which the metal peels off and cracks. Thus , for zinc this value is 3.15—
0.20 mm , and for  aluminum, 0.3—0.4 mm .

A coatIng obtained by spraying has no metallic luster , is quite porous (up to
60% by volume) end has a rough surface. To gIve the surface the necassary finish
and reduce the porosity, the coating is polished after spraying.

Metallization markedly increases the heat resistance of fiber glass p lastics ,
this being due to the high reflectivity and thermal conductivi t of the metal .
Metal coatings reflect up cc 92% of luminous and thermal radiation. The coatings
increase the chemical resistance and dimensIonal stabilIty of articles used at
elevated temperatures. The working temperatures of mrticles after metailization
are raised by 50—l00’C.

Metal cjotin~ s decrease the water absorptIon of articles made of fiber glass
plastics and increase thetr tesiatance to cormr siva media. The erosion resistance
to abrasive and bvdroabrasive wear of ths articles Is markedly improved . For -ox—
ample , t I-t e scraai’:e wear resi.stance -of iib,.r gl~ as ciastic e rt uc1 ” -~ -:ft-~
a steel coar :n~ is fIve mires 2reoter tman tag .srosccn resastance rI m e  same
articles without a coating .



At tne presen t  tame , the plastics aetall icitco n ma cnoo log y Is ceinc steictI.
improvec , and the ar.iustrial applicatIon of metalliced ?o:y:.ers as r~ p cci - an—
creasmng. Thus , watle In 1965 the oonsumptlan of netalmizsd :B C ccpo1~ ner an
s,-t:p bu ’, ding was 110 tone , In 1970 :t rose to 2 ,1.) tans.

in the metallication of plastIc artIcles , it is necessary to consider tao:
the assortment of p ol ymers suitable for metamilzation ~s 

- er’, 1i—a:ed . Three
main groups of rlasti.cs are distinguished according to the magnitude of adhesion
between the pol ymer and metal coating.

The first group includes polyners providing for high tear resistance (3—5 kc /111
and an adhesion strength stable with time , aucn as special ~r-ades of AIC copolacers ,
pol yp ropylene and polysulfone. The second group includes polyester resins cn~
certain copolyrsets of scyrene , for example with acrylonitrile or butadiene .

~etallization of such polymers is most desIrable when they are used for the f~~: ri ca—
tion of comparatively small articles of spherical and round shapes , since e~ hesicn
In such cases is ach ieved only as a result -~~ the so—called enveloping effect.

The third grouP of plastics , whIch lends i t s e l f  least  to m et a l l i cat i on , irt~
clude~ polyviny l chlor ide , polvamides , epoxy , phenol—formaldeh yde and crea—formaide—
hyde resIns , pol’.car bonaces , and poly formaldenyds. Some of these plastics can be
successfully metalliced by spraying. ~Iowever , metal coatings on artIcles male of
such plastics usually exhibit poor resistance to mechanical and thermal stresses.

Of great importance is a proper selection of articles suitable for metalllca—
tion. Tn each case, the selection of the article is determined by coon- m ac ,
technological  and set -r ice considerat ions , whI ch ars taken in to  account in the
selection of the zetallication method and brand of plastac. The shape and hesi~n
of the article must meet the requirements of the technolog ical metallicazic a
process , since they determine the adhesive strength of the metal coating.

The characteristIcs ~f each metall~ zatIort method must be consIdered; fcr ex-
ample, in electrop lating metallization — the nonuniformity of the metal coami nc
on the surcace of the arttcle : the metal deposits faster on faces and pro jectI on-s
than in depressIons , recesses , cavities and covered areas.

- —-_- - ~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~



Chapter 5. lAdtd ?ALNCI?LdS OF DESIGN -~F SI-tIP :-lAC~ ::;E SillItbI ANT:cl,2s ~l°~DE IF
FIBER GLASS PLASTICS AND S~U tP:I-Et.T F:~l :lutA yOLDING

15. 3a~ i~ ?rincioies -of mis:gn of Articles

As was noted previously, epoxy glass plas tics are used In shi p machine bui ld— ‘ll~
ing for making ship propellers , fan and ~‘om ~ impellers , various t pes of coaran ~ s,
etc. In vaew of tne relatively limitec experIence in the foc rio stion of such
articles from fiber glass plastics , there are no special methods of their struc-
tural design , and -me a rule , the design of such articles is carried out at the
present time by :aing methods adopted for the corresponding aet~ l articles. How—
c/er , all designs used for metals cannot me mechanicall Y transferred to the desagro
of articles madc of firer glass plastics. is necsosarv to consider such
characteristIcs of fiber glass plastics as anlsotropy of physicomechanical proper—
ties , brittleness of gloss fiber , less elastic properties , relatively low fatigue
stren gth , etc.

In the design -of articles made of fiber glass plastics , it is mecessar’, to
ovoid abrupt changes in thickness and discontinuous junctions , since this Is
associated wIth sharp benos and breaks of the glass fiber which inevit ably
result in considerable loss of strength. to obtain equivalent strength snd
ri;idit’- margins of metal and plastic artIcles , their cross sectior,s must some-
t imes be made thicker. In each individual case , the sIze of the thickening ii
determined by the relatIonship between the ultimate strength, a~d elastic modulus
oi the plastic and metal. When shaping th m cross sections , it is necessary to
keep in mind that thin sharp edges of fiber glass p lastics are insufficiently
strong; the ~mal1est allowable radius of curvature of the ed ges is 0.75—1.5 mm , .25
cePendsag on the size of tne articles.

When threaded Joints are made , It is necessary to use metallic reinforcetenr.
The latter should be made of steel , since Its coefficient of linear expansion is
th~ closest to that of fiber glass plastic. The reinforcing material in the article
sh~ u.2 be oriented so that the maximum number of fibers coincide in direction
with the trajector-f oi the principal normal stresses arising in the article dur-
ing s e rv i c e . The remaining fibers should be oriented according to the dIrection
of act ion and the relatIonship of other stresses in the article . - -

In addition , when desIgning artIcles ~t is necsssar to consider the technologi-
cal feasibilIty, relarod to the lImited dimensions of the hydraulic presses ~nd
tie difficulties m o d --ed in fabrIcatIng the equi pment.

The design of ship machine building articles made of fiber glass nlastics is
siscussed in go -mam es t detail by using the exom-ole ci ship propellers ,Fiz. bO~~.

Ship propellers are made in either all—p lastic or composite form sent-aces
of the all—plastic version Include a smaller mass of the propeller , low labor in-
tensity of fabricatIon , and absence of a metal boss and bracing parts.

However , ~n selectln-; the version to be constructed , it is necessary to sort —
sime r the following:

itr;osstbilatv of molding all—plastic propellers Larger tnar. 1.2-1.3 a an Ill
olir et er recause of tne lamited dtmens lrcs ~nd power of rae molding erulom ent :

anp os sairlr t ; of mold~ ne ei i—plost a c prorejiers ravine overlopr~ n,t olic ~~
n nornaj. nr o;ectacrn; ;
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Si;. ~3. All—plastic propellsr.

— farer glass p lastic bLade ; 3 — rei n forcIng buS ; 3 — fsar :ng rut ; —
ing rin gs; 5 — lock washer; 6 — edging.

reduction in the stconzth of all—p lastIc propellers in the region where one
blade meets the 5o~ a , due to the bending of the glass fiber unsvo:dable in this
regIon.

~ost popular are propellers of composita desi~~ , which con sist of plastic
blades , metal bosses and metal bracing parts. The joint between one blades anc
boss is made rlcld for fixed pitch p ro pellers ~FPP~ . The basses and bra cing parts
of propellers are made from the score brands of metals as metal propellers.

The blade cross sections of all—p lastIc propellers are roaco I3—50~ thi ckir
t h a n  met al ones ,  and an -i~ d~ t i-mro , the allowed stresses are reducs~ I-’ : 5—r ID .

To rs c -ac e  the  e f f e c t  of b e n d I n g  -of the  51335 f I b e r  :n the  s t r e n g t h  of the
blade s . t r e  r a c i u s  of the  fi l le t s  is o a k e n  to be erua l to (3.04—0.05 0, where 0
Is t h e  p rope l le r  d i a m e t e r .

The boss -of a1. — ? l a a t a-c propellers is In the  ehape cf  a t r u n c o r e d  con e
a L a r g e r  a a a n e t m r  on the lorcard end of t h e  bos s .  The conacatv ‘f the loteral
surface of the  boss i~ taken to be equal to 1:5 and 1:6. Lakewise, the  use of
a barrel—shaped soss whioh also has a large: diameter on the f-o r-card en-I is
ai.Low-sa . The boss omaneter Ortcu.2 me no greater than 0.2—u. 25 cm the pro relle r
o i ar e t er.

ran: oct— sen toe ill—o.2s:io prop eller ano toe snait ma’ -re mo t or a °ev
and a ane- joint Sac . bl) . :n a se - jo a -.a , toe orr.asal coe nune is re—

-

~

- -

~
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t o r f o r o e d  -c .t h  a met al h u o .  I f  t h ~ p r a p e l l -o r h i s  t o r s o - c e :  0 — e n a - s a  , rei-r fo r- :ed
m e t a l e l e m en t s  are  p r o v a c e d  for toero . To sm o r o - s e  a s  b mnc b e r u e g n  t h e  r e i n f r o —
a n g  h u m  an o the  f i b e r  g lass p lo~~t i c , en u r l a ng an t h e  f~ rn of r a c a j l  and ax a el
c m o o v e s  is s_ice or. to e  0 0 c r  s u r t a c e  of the c m .  in :o.~ coac or a spaa:o,~d3 o a n t  between tore propelle r and sm a r t , t oe  use  uf a rstnicr c :og o h  ma -. be cO~~:t.2 .

‘Io pro- s ide  f o r  t o e  necessary  s t r e n : t h , tor e t o a m : - o n s s-s t c i  t h e  f i b e r  g l a r e
p l a s t i o  las-er  -a : ’u r id  th e  r e i n f o r c In g  cub Is

( 32 )

wroere a is the -diameter of t he  r e i n f o r c an ;  h u b ;
b is the moxirum olime thickness in t:-re root section.sax

Secause 0: the lower shearing streng th of fiber glass rlastlc In cono~ risoz:
with tre:al , all the locking ~1-o-ce::ts (clearance lu-gm of loss washers , screws ,
etc.) are placeu in tore reinforced -cetol hubs. To protect the end of the shaft
f r o m  penetration of -coter fr-c m toe rear and fcrwat~ ends , the boss iS sealed
g skers or cord mauc o: r-cober and foam plas tic . The falrlng nuts are ca f e  as in / 13 7
m e t a l -  p r c p el l e r s .

Si;. s1~. :;laned joint between a l l — p l a s t I c  pm -teller and shaft.

in :e s l gn a n l  r r cp e l l er ~ a n the  c o r p o s  a t e  - r e t - m a - m n ~F i g .  o )  p a r t i cu l a r  a t t e n —
t a o r o  should be ga -en to  the  choice of the type of joint betw een the blades and
b~~ss , C I n c C  th i s c o m p o n e n t  ca r r ies  t h e  h iz re s t  load end is d i f f i c u l t  to b u i l d .
The use of a des~ 2n for mounting plastic blades which d u r l f c a t e  t h e  moun t ing  of
metal blades the ols’mss mad a joining fLAnge ~nd wer e nc-unt ed on the boss by
means -of counting rims) has Led to negative results, i. e. , b r e aka me  of the blade - .
The alades b r o k e  a lon g  t h e  f l ange . ~n anals-sia -of the causes of t hm f a i l u r e
showeo t o_ ct  an t n~ s desacor , a: Is amp- isa_ c Is to cbtaan a olade s l a t  the  SOot -dOn ate
s t r e n c t o , sinca  tb -- glass fabe rs it- . t i e  3 - u n c t I o n  ar ea  m e t - ~eem t o r e  b l s o e  mn - i t h e
:la n ge -rm ace’satael-; suh;e:te-d to be n oa n ; t o o t  laos to a mamse c decrease am
~t rer-r 5t - .
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F i g .  h 2 .  C o r t p o s i t e  p r o p e l l e r
wit  p last
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From the standroint of maoriai m utalami tlon of gIgs fine : st rongtor . toe m est
mounting design is the wedge—shaped t;r;e, I. e. , thu s-c—-calls-c lo scim il , in criaco
the blade root is a natural extension of toe b ii~ e vath a Ocr el am nt o:ucnze an
thickr.ess. -Jedge—shaped mounting os ral~ aols an scra ~~:e an-: reyc ires r r . e  sm a l l —  /11
est boss dimensions. t~’herr cou rote c in th i S -m anner , t OC b _ t o o  ro s  a rcot an t h e
shape of a truncated wedge with a small angle a: t o e  .apeo . A sem e— ;:raged slot
o f s u i t a ble h i n eo r s ions ~~~rrade -a rm to ’ s toss , t o s o r  t h e  b l o o , e  i s ~::ser t e o i n t o  t h a s
slot am - i  r i g i a lv  m o u n t e d .  -

19. Technological Moldi ng qrri7ment

The chIef t-spe of technol-macal equipment scm for makIng soap macname build-
ing arracies from hot_ re-osco epoxy glass rsist~ o are press molds. Fres~ mob s
sus: -meet stringent .mquam e .rero ts f r - c accurac’.’ and f.nian ‘f ore snorI n g rurf .aoes ,
since their qualit - cete— ac.a toe eccurac’ and sur:.ice f a c a s h  of f a b e r  gl a ss
p l a s t i c  a r t i c le s .

Ipetiding on t h e  cam em sions of the molded artacl e , ) mt:r loose and f a x e c  tYpe
press molds ma be employed. Press molds with a mass ru gm- t ote r than 25 kg ma--
be made loose , and as an e:-;cepti n , Irose press colds of greater mass (u p  to I I I
kg) may te allowed f~~r ma~ ans e:-:per~ mer.ta specamens . A s  a rule . fi: ed press
molds , wh ich considerabi -.- facilitate toe solder ’ s ‘cork , are usec for molf:nq
srtiols used in solo -racnmnc building.

Structurally, press molds maw be of open or closed type. The latter or’
most convenient to handle and produce articles of the best qualit :- . Thu s-sam
obtained with -:loss’~ t-rre molds Is practically Irosignificant and does not affect
the dimensions of tore article. However , fabr acati co of such colas f -or Intraca te—
snap-s d arta ol es is very costly, and therefore one:: use as justac ied -only for
ar t i c ls  mf s i m p l ~ c d r r f 5 a u r a t a o n . ~~
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-2:~ rr— t o~ e cola wit s a noramontal srl att im-g pltoe wattu n t a n o  mn_ ici er

~re :sed f-ar fsonimetdng art~ oles of comp lex conf agu rata on suo as ~oap rrcgellu:
blom~ s. tur5am~ aom ’elIerg , etc.

Open—type colas ore easier to fab racote ano :rre~ r design is simp le soc cc-n—
‘lenient to p l a c i n g  the  r i r a s o r m s of molding material ar,d unmoic aroc ohs amtiol -o .
In t oe  c o u r s e  of mcLA~~o; an a u c o r  me _ os , a s~~3iO that must be rem-u ’s-a is farmed in
the  ~unct !on  b e t w e e n  tuC 1i~ at-.c t h e  to t - ce. In steel press molds , tore die ahos:l:
move a encoring lick for pre sume t r i m m i n g  of the seco.

The parts of press molds ma: be divided into two grouPs:
those particip atin g utrec :ly in the shaping of the article (die , force , lim—

an g s , ca r es , anse r t s ,  m a c g a , pushers ), and those per f-o~~ s oealtcrv cocroatc ona ‘ 119
an joining the parts of toe r r ess  mold  and openlrrg , heating and -cc cl - fog it , etc.
force tool-i~ rs , b a n d s ,  h e a t i n g  platens. hea tang elements , upper and layer p l a t en s ,

s~~r p o r t t n g g ba:so g’ :adan ; toe co lumns and insert~~, touri tang Forts’).

Pmuas nold parts of the d a re t gm- our operate at high loaue watt prrlon~zed
heating at l 6 3 — 1 7 3 ’ C. F o r  to me  reason , natmraals -cacti for tn.oss press cold
parts -on o rbd be michinacle ar.c have minimum cefrrcatl~ rrs curing heat cresamso t

tom h i g h h a m a n a s s , aesm resistance , heat re5isranoo and cecnonical strem gtn .
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These naqutrements -are met my tool and alloy sts-sls. Ihen to’s pro-auction
;oLAm~ c-ass not exceed a dew hundred articles , use tee be code of -anesper and
nocoimoole carbon and stru ctur m i allo:., steels.

~1aen the -mcou ct~ on rol -an ,s does not exceed 130 pieces , aluminum alloys ~u~ h
as s iluzmn s  cay be usea for press mold parts of the first group. 5_ loom s a l l o y s
a l m s - ., on the sl ic r i nun —s a l i - c on  sy s t e m )  have t o r e  n e c e s s a ry  - c a s t i n g  m r m ~~ertios c o thimed
-.-mth satisfactocy roer hanical rrdpe m t ae-a. u I-anon press molds are 1,5—2 times less
eopensiie than atecl

-n orp reraamle reduction ii toe cost ~nd labor antensot ;; ci fia rac at-_ mo ’f
m-o 1~ g fo r shin medi ans bua c I-g r :amlms is s c h l e ’ :ea  0’-’ cs~ tog

g r e g ,  m o b s . 5  ._‘o cOsaS  are  S t o  t i r e s  -cne~ oem t050i st eoc c r o l o , -on-a the



- ± u r s t a o n  of to _ s t o  famr aa ta_ in is rel uOtti me a fact or of S tO — - T o :
r o c a m menoco f o r  no l da n , m a small n u n - e r  of a r t a m l e m  ( n c  t c,-ure :oun 22
oi their low ‘sear resista nce ).

‘)e t a l— -c ete ot  p r e ss  mol ds ~F : g.  m l )  oor.s:s:ot the fo i l  t w i n ;  -rain
webce d bc-dI es of the c a s s  and r u n c o r e s  of s n a p a m o  ~nells . faile r , i t  5Cr: l , t S S ,
and pa r t s  f o r  inaro ld ing.  Of these  ~ a r t s , t hose ~uc~~C d t o. t m  the most sear are
movsbl, e co m e s , ouioaan-g columns ooo cushinp s , and t ier e fore in oro m t: raise
the  rosagtsr ,ce, the ’.’ are sub jec te d  to he a t  t r e a r r e n t  and o h r c m i : i o - g . l i — u

Press mold p a r t s  of t iC  second s~r c up  -ar e nade of c a rb o n  s te e l s  in all u s e s .

determining th~ position at art arta :lm in a press m e l d , the followin g
s t ep s  a re t a k e n :

( a) on e — p i e c e  p r o p e l l e r o  -are p lace-i v t t h  t he p lane of t a o  I a s ~ p e r p e n d i c u l a r
:0 t o e  d i r e  o t i o n  o f p re s s ing ,  and w i t h  toe  a u c t i o n  e a r f a c e  f a c i n g  t n e  c i ’ s ;

(ht an~~ -tidual blaces are pbaoe-a with the pIne ~~f toe i cr o e st  pmo ~~eot i-:-n
p er p en - r a - : - o l a m  to  toe  o i a r o c t i c n  of p r e s a a n g ;

~c) ±aa rbn zs ire pla ced with t ot _-it - ax5s in t he J i m e c t a o r .  o f

k i t h  t o e s S  p o s I t I o n s  of the articles in toe prasa mold , the te st molan :
mmnaat iorm e are aooaeved , th e poss~ b1lat’o of slipping of the rarasons -coon a:r °a c o —
taun of the pressure is eliminated , the design of the press told is amn p lii aed ,
an: ats heigot dame nsions are aecmease-i .

Ia making uniuro s  at press mold parts , f L e d  j o i n , t s  of t h e  shaping cores wIth
t he  force and ace , on the  on e hand , sod j o in ts  of gu iding co1-mmn~~~-,-’_ t h
ore achieved h’. nests of tunkang or force fat. l-!ovabla joints cf sten o car~ s
and pushers woth the force anc die are macs - c,~e of runnaom fit , and co’;.sbic
joants of guidaorg columns with bushings — by use of running f it X

3
.

The qu.a!it” of the articles is determined to a large degree be tIe finish
~f the shaping surfaces of  the press tools , which should be i—I classes higher
than tore required surface fiflish of the artIcles. Thus , the shaping ‘urfacs~
of the pre ss aol: die and forco should have a finjah of at least cl_ isa i— iS .

The sur iacs finish of artac lee which do not d i r e c t l y p a r t i c i pat e  in t h e  s h a m —
log of an article lateral surfaces of forces and dies) end the fioriah of the mat—
Ing surfaces -of tie guadtn g elements anc parts (guiding columns and b o s o m  ma )
on-ould n-at be below class 5. - 
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f r e s s  molds f o r  t u l d a n g  shi p m a c t i n e  : o , i b a i m ;  - a r t o les  i n t o
ept x y — g _ a s a p i o s t a c s  rust be heated to la~ — J s~:. ::,- a r..mf:o s a r i  es Pos t
tees a -snafummi temperature field ‘sath is’1a,ti-; :o~ no greater t h a t  - 

aopre’:asole armotoceneit ; of tne force sno dt thaceoresse s - :urlng muic l .og -f
:ntraaete— s,-sac-ed articles Ieo~ u to m a-or ai: fio-ilt a s In o r o. - o - da m. f - r  a u n t O - a r t
temperature fa~~lc . A more unaform faeb~ a-on me otoine- : b’ renc - :or~ neat ttr T_ i
:rom tore sn .toiicg sa r f a ce s  ama reducing the total one-cot of he a t a om”l~~c.ever , all toese steps increase the press mold os atan g t i r e . a .  e. . pr - b_ o r g t ot ’.
mc la i n ; O; ;-cle .

I pr a c t i c . s , s team ari a e l e ct r I c  h e a t I n g  of p r e s s  m o l d s  a r - a  t oe  two p r a n c : n
methods -ass-a . Steam heating is Less coreasioc r.d car’. be clc~ el- -- oo n t m o .sa .
liowe’ier , :: can b-s used Only be plants w i t h  t h e  tscess~ r. - b oi ler c a - t o r m e n t .
heatacg lanes toraugri w a a o o a  t h~ st eam :s ~ :r -ru la te d or . s u o b l  ooa ae Ic  0 5  0
platens, SOU soaoetaoes in the fer~ a or die base itsel f. The total l ’nzt ~ -onc
number ot the lanes are detemmor .e-d by oal-alot~ on coer cIng to tore it ’s :t n  r a r a ~~~ t sr a .

The comaS type of electrIc heatan g ‘ 55 :  1a m press md cc I s o : o m m r  h e s t l a ;
tab alar el~ nen ts.

F:~ . 65. ?ress  t o l d  f o r  p r apel l- :
- iA’: t a ar n g .
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In toe 0 3 0 s t ru et m o n  of p ress  m o ia g  w t : h  a h i en  r . s l a c i - .-e h e i g h t  ( E l  — I—c ,
-snere ~ is the oreigo t and D is the outside diameter :5 tIe ar~ ss mold) , far so —
ample press molds far propeller foam in g -a , heating -ait : o tubular elements as in—
ef za ci -ont and aces nor rrc’,tae for the megu~ red tempe rature un i forml t ” . I auth
cases , tn :uotaon heating w it h  Iooustral im equ onc ” c-arment is used for steel press
mols. The in uct~~on t o i l s  are made in the form -ci animal cviincer s of 0 c ’ er
t am in g .  Thg cal ocla t fco of InductIon h e a t i n g  a mo u n t s  to  feterotining the power
ama a a t s o s a o n s  of the  in du c t i on  c o i l .

‘ss an example , FIgs . 63—65 show press mol ds far abl—ptasti: propellers ,
S a-aes a~d T r a r e ler f i i r : n g s .

— —.-_ _
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lap praorellrs , n-arts of airtoil fans , pump tnpedl m a nc blades  of
pres aar s maCe ci fiber g lo s s  plastaos have n_ ito h an common an tI.e:r ±-lcn a ; .ct i;ra
technoice’;. These r r t a o l o e  are usuall-; made wtto a octal ed ging t:aat
thear snoc~ resa_ itailc e ~nd -operatIonal rela,tbabat’; .

The process of fabr tmstlon of such artIcle s from fiber glass p1:-silts in—
el-aces tha followaog operations: cattin g of the nolding material and pre Paratian
of the easing, placing of the molding materIals in the maid and pr~ fcrtoIre , plac-
ing tne c-aging On to te preform , holing at temperature under press-cr c ~nd co ol in g ,
ao.i f aora l y ,  unrnoldjr ,g followed h i  mactolning .

In the  ocolding of intricate—shaped fiber glass p bastito artIcles , the co eno —
tions m oe_ icin g preparation and pl.acetoenr of the  m o l d i n g  m a t e r i a l  a re  ci po rt l - o -alr
tmm ortance , sam oa the correct placement assures t:ae necesaar’~ geoaetr” sod external
appearance ci the srtmcl~ . ThIs is cue to the fact Loo t a fiber glass a lu s t i a
laminate is charactemiaed b’s a b ’ s  fl~w~~ ili;-: -of h oe r oi l  dims narst-ial , Sc t h a t  las
ab ilt’,- to me redis trabuteor -ovem the ca-;it’~ of the oress mold manoer the influence
of pressure is extremely limited. As an examole , th~ te0000iooZ’; of Sah r i o_ iti n
of all—o lastac and composite shls prooeulet -s is discussed in detail b~ bo— .

SD. li-a Pmoto eilers

The shape an-i dimensions of c o mp o s it e  p r o p e l l e r  h i_ i d e s  r C- : - a a r s o  5y the d r a w i n g
are achieved b’~~’asirtg a packet of blanks of imr re~ nat ad glass fabric , cut in
acc ordance w i t h  the drawing of the articles.

Cutting of blanks out of impr’scr.ared glasa f s~~r t c is car r i ed  out  a c c er c i o g  - 113
to the -ira’-noes, whaco are made as fol lows . ‘The -mmoss so -ot l on s  of tne ce-recopec
contour ci the blade sro cut ever-; 2— 4 mm b’s plot-es r or a l lo l to the chord of the
secttcn . The contours of the t~~a-rpl at es are drawn by using the points cbtained.
A gmap zstoai , version of a c u t — o u t  a r t i c le  is shown itt Fig . bm .
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The required ourtoem of blanks is calculated from the loll-o wing formulas:
number of main blanks per blade

number  -o f b l ank s  shap in g  the  blade root ,

(31)

where t is the blade th_ckness in the root sectIon , ‘mm ;mix
It is the thickness of one sheet of impregnated glass fabrIc , mm;
t is the maximum thickness of the blade root , mm;r

5 is the pressing c oe ff io ient  of the ma te r i a l .

The p ress ing  c o e f f i c i e n t  is determin ed  f rom e x p e r im e n t a l  d.eta ob ta ined  b y
nolding a test specimen:

4’

where t is the thickn ess of the molded specimen , omit ;
ri is the number of blanks.

In prelIminary calculations , the pressing coefiiciemt oi glass fabtics im-
pregnated with epoxy bindera ma’; be taken .as 1.21—1.35.

The numbe r of b lank s , determined by calculation , is conr r o l led  a c c o r d i n g  no
the ~~ss. Theoretical catting Is r e f i n e d  by exper imental  controlled placement
of the charge of molding material In a cold press mold; by selecting the positi on /1-10
of the numbers of sectIons , one achieves a smooth transit~cn of the blade into
the root and the proPer shaping of the blade surface and contour. The charge of
blade molding ma te r i a l  is also more accurately determIned experimentally on the
basis of two to three experimental moldings .

The material is usually cut into blanks manually, using cutters cf L’SA tool
steel (GUST l4S5—d1~~. The molding material to be cut Is first marked with templates.
The latter are made of pol~~ tnyl chloride pba~ tIc Getinaks , aluminum , or other
sheet material. ~“nen mark ing the material , it is necessary to follow st:ictl’:
a specified orIentation scheme . A tass—corr eotoc set of biar.ks is dismantled
str ictly be sectIons and stored In a ref rigerator at 0 t S’C.

The edging is mace of s t a i n l e s s  brass or steel sheet FIg. ôfl .

The f inal  adj ustment  of the  edging is t~ -de on a roodsl of the blade b e f or e
complete adhesion to the model is obtained. The points of the e-feimg sheet are
set so tha t  the  d i s tance  between the m is not  less than twice the thIckness of
the  blade ed ;e. and bent at a 90~ angle.

The I n n e r  s u r f a c e  of t o r e  e d z t m g  is etcnec . washed wath w a t e r , -dr a ~~m , an :
coa ted  ‘s a t n  a lacer of 35— iut-.ar—ph ertol cohesive I C C I T  l 2 l 5 2 — . o e )  - The
But’iar—po -oer.’ri -adhes ive  I n c r e a s e s  t he  adhes i ’’e st r e n e t o  b5 tweec tme so r f a o ?
tb~ c o g a n g s  coo to e  o iaae  m a t er I a l .

l2b
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Fig. 57. DIagram of preparation of edging: a — spresdinz out of the edging
after t he  cuttIng of teeth and drilling oi holes; b — e d z l n - g  a f t e r  p r e l i m b n a r ’-
bend ing ;  c — edging after bending to rzd i-a s and model;  d — ed g ing after aettine
and bendimg of t ee th .

The mat er i a l  iS placed in a prees mold preheated to 40—50’ C. separatine
layer is f i r s t  appl ied  on the  working s u r f a c e  of the fo rce  and d ie .  A K—2l
(MRT’U 6—02— ~57—63) organosilicon fluido f 10% concentration is most frequen tl
used as the separa t ing  layer .  Applicat icn of this f l u i d  r equ i res  heat treatment
f o r  2 h at 2l0—233 ’C. The organosi l icon s e par a t i n g  l ase r  w i t h s t a n d s  10 to 20
moldings.

The lower half  ~f the stack of blanks is placod in the die in or-Ic r  of In-
creasing numbers , and the upper  sy et r i c  half  -of the s t ack  is placed in reverse
o r d e r .  Gu r i n g  th~ placement , all the maIn blanks are i o t e m la l d  w m t h  a d d i t i o r , c l  ‘1— 5
blanks of the  roo t ,  If necessary , perIodIc  prenold in ge  of t h e  m a t e rI a l  are
performed ~n order to compact it at a specific pressure 0.5

After all the blanks have beet p laced , prelorroing is carried out at the full
e f f e c t i v e  m o l d i n g  p re s su re  f o r  3—5 mm at 4 O — b U ’ C,  -

The shaped p r e f o r m  is cu t  along i t s contour  be 2— ~ mm ( d e p e n d i n g  on th e  s i z e
oi the blade~~, then the ed ging Is placed or. the b lade .  The o-d g i o g  as reacted
w i t h  a press for  3— 5 mitt  a t  a speci f Ic  p ressure  of 0 . 2 — 1 . 3  m . .  The c a t - d ol l - ’
placed edging should be unIformly compressed o-;er the  e nt i r e ~ ~o ln t c a a r of t o e  b1ad~
wmt h a maximum clearance of 3 mm , no marks of “biting ” -of the ed gine or unien cing
of the teeth being permitted.

The pres s mold is closed , an-a the mol dIn g  Is earmae d ,out ao cor dacg tc the
schedule -corked out  f o r  the  g iven t ’.-pe of f i b e r  g lass  pbis t i a.

The noldea t Ide  is moi t r . in sd .  The ma ch inm ng  as c ’on f rm m ’ -d
the alice coses , in c rI e r  to ramo ’.’s th e seams -hoc p r c t i o e  0 - c r  t o e  r a d i u s  of 
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cur”at-..re re c-aar sd my  too ur -awic ~ and 1-ar an eu g e  f a n a s o r  not below ‘
~~ ;

the lateral f;or .so of toe m oot of a detaoh ole blade f or p la c i n g  t h e  blad e
in the slot of toe hub b’s slIding fit with thc required s~ au~~.

The removal of t h e  seam along the cotta-ar  ono the finishing of the ‘so  gas aro
done w i t h  a rou n d tool  ~o e t a  ha ck saws , f a l e i t , emery  pave r )  or a p o c u m a t a c  o~ n d
tool. D e r o e n oj o g  on the :hlckoess of the seam and blade edges , us e ta’; be m:o e
of ST—S tr irrars , T h — l  and ?N—5 pneumatIc haoe ~aa’ss, Tsl and TsD~’5—30 disk saws ,
ShP—2 and S~ lb pneumatIc grinders , and h—1’5 trimmers.

The lateral laces of the blade moot are worced -sith a cutting tool ‘t eem fo r
metSi woroang , but wath a srecaal geomet ry  of the  c u t t i n g  p a r t , toe  blade mel ;
clamm ec in a spectal Se-tir e .

Acceptance of tie i aoes Is based on the  r e s u l t s  of the i r  e x t e r n a l  i n s p e c t i o n ,
determination of the bbaS~ sass, pitch and radius , an-a a strength check,
The radius  and p a t c h  are  a c t e r ~ ined 5’, means of  a p o r t a b l e  pitch gauge mountcd
:Irectlv on toe ~rotoeller run . A orelim~nars coeck of the tIde patch is mace
because the adootea desagrs a and m ethod of bonding the plastic blade to tire metal
hua mace at mo ssab le when necessary to correct the blaSe pitch and reduce the
difference in p :tcrs between the blades by rotating the root in the lot of the hub,
,;~~ ustmc nt of the prareiler ptt :h is used within c l U b  -of the nominal pitora . arid
tots has practicall — to effect on the pr :pulsive oluorlt ties of the propeller.

D u r am g  the  assembl y of the propeller , the contact o’t-ciacos of tb ’s p act s  to  be /1 .5
joined are degr em sed  and coated with a thin layer of -~— l5 3 epoxy compound . :he
blade is mounted in the slots of the hub and p r e s s — f i t t e d  ra i th  wed ges.  , f t e r
prssscr.g, the ends of the wedges ore cut oil flusoor ‘sith the en-c o of the Stub.
S-i acor on in -g of m c  wedge ;  is not rs c omm~nded , since  t h i s  cmerataora involves a
crumpling if the root that rosy weaken the joint between t:oe bIde s~ d the h’ob.
During the Pressing f tf.e wedgas, the blade root is subjected t o cootmressic o atd
therefore , the lengtzo of the compressed port of the we-age is c’ i r m t  caloul .st-ad to
provide for the mac oared tension. The elements of lit of the ed ges are oa!c4ilate-i
by a special method. - 5-Seasurements of def~ rmatIcos have shown toat the compression
stresses in the rout during pr ess ing ‘~~th  wedges reach 100 k g f ’ om -

, which arc-ants
to 2— of the compression strength of the fiber glass p lastics end is safe.

The assembled propeller is sub jected to st,srtc balancing on equipment use-i
f-o r balamoing rtetal mropellem s.

The te-choolo’;’; of the molding of all— -t Ir st ic propellers is identical to that
of molding of bljde~ -of composite propeller s . Score changes  are  i o t m o d u o e d  only
jOtO toe :o .ttaorg ano p lacement  of the molding material. The blanes are usually
out f-or coon bl,sue ;eparats l- ’ . since the warp of the glass fabrIc must be exactl y
parallal sionC t or e axis of the blade , and the blades are a : an angle in the  p r - t—
pellc m (Ft~~. h~ ) . The root part of eoch blade blank must end in a ring formios
the hub .

Th~ t o t a l r a - o r o m a r  of b l s n ’.s p a r  p ropel ler  as  Ictemminec from toe lor ’mulo

01 ~~~
— , (.o,o Jp It

a , c’s h,o lero .zto . ‘cm:0
a , t o e  p r - o s a : o - ~ ooe iflcaent;
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It is the thickness of one sheet of Impregnated glass fabrIc , rotor .

- Fig. 68. Templates for cutting

— 

,,~~~~~~, ~oiding material into all—plastic

U
n

The number of main blanks per blade is —

t 8
sax ,,

~ma It ‘ 
(_
~)

where t is the thickness of the blade In the root section mm .
sax

The number of additional rIng blanks necessary for sharing the hub is

n •n — n  . (35)r p ma

Blanks of m o l d i n g  mate r ia l  are  placed in a prede te rmined  p a t t e r n ;  the main /147
ones must adhere closely to the central core . Ring blanks are placed at regular
intervals between the  train blanks . The upper par t  of the hub Is shaped only
with ring blanks. DurIng the placement of the blanks, they are additionally
pressed at a specIfic pressure of 0.5 

~ef~ 
if necessary . Ring blanks are pressed

In the upper ~art of the hub by means of special Inserts at a specific pressure
of 2—3 kgf/cm .

After aoldin g,  the fol lowing pa r t s  are subjected to m a c h I n i n g :
blade ed ges , to remove the  seam and obtain the  required  radius of curvature

amd an edge fInish not below 76;
end surfaces of the propeller hub , to achieve the required dimensions slot-;

the heIght of the hub ~od perper.dlcularity of the s-aprcrt planes to the propeller
axis ;

sp lined openins - in the propeller hub, to obtain the required precision of th~
opening for mounting on th~ shaft.

All— plastic propellers are controlled with respect to mass and geometric
dimensions. The unbalance -of the propellers is eliminated by dr i l l ing  holes in
the hub and filling it with lesi.

Il. Compressor 3lades

Compressor blades -~f shim oas—turb ine installations operate in a moving ‘an—
steady flo’w of gases wbos ’s t-smperature is 500—200’S. Tu r in ;  t h e i r  op e r a t i o n , t h e

129
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oaropresa,,r bljoos are su~~ eoted t the c, rmaoeO act ion of -r~ rit rciug a l arc :-r~ rt cal
farces of a -:oclio character. ~Sar~o’,’rr , the gas tlow contains inol ..sI,ama ‘c
var ious  sol id  arc L a c u a d  ;a rt t - : l e s  w n a c n  collo, ce w tt h the ‘ol,,de~ at ~reeas
100—300 ru 5Cc , oaustog their erosmon -ucur ~rri corros ive fama c.

At th e p resen t  t ime , compressor  b l a d e s  a re  riaoe oh:etl out of smaon ees
steels , f r  example , olul 7Nl .  The m a n u f a c t u r e  ci an t r i o o t e — s S - .ap ed bIoe~ f r o m
sta:nless steel is a laborious process consisting of 50—23 opermti r.s.

The use of p l a st o c s  f o r  compressor  blades makes poss ib le  to reduce t a
labor I r iten si t ’-  of their m a n u f a c t u r e  by a fac t -o r of 10—15 , to decrease  tb-s rues —

of the gas—turb Ine Installation si gmiflcantly , to rarse its effaolano; , ~od to
elIminate corroai’-’e attack of the blades.

Because of increaseo require m en ta for the strength and erosion resiStance
of the material of compressor blades made of polymars . the most suitable material
are fiber glass plastics with a special protective coating. hus , hall s  Sc~-’ce and
‘
~estinghouse ElectrIc mace compressor blades -out of fiber gluas plastics acn— S
reaming phetoolic and polyimace o~ nders , which era ohsra ctera roe by r a cra -eat
resistance. Research is being conducted on the -application ci carbon—filled
p lastios.

Favorable experience in the operation of 1ev—pressure straightener compressor /113
h1~ des of ship gas—turbine installations operating at 80—lC0’C has been accumulated
in toe Soviet Union. ::tese blades are made by hot mold~ ri; in closed—tvp ’a press
molds of -oriented fiber -glass plastic with a phenol finder ~brand IS—IS) . Special
ar.tlerosion coatings . I. ‘a., polyurethan e , metal , and -tth~ ms , ore used to it-.—
crease tore eros ion mealatance of such blades, The technology of manufacture of
comPressor blades is analogous to that of ship propeller blade s.

Exter.si’:e use of plastic materials for compressor blades is limited by th~jr
-o o-m~ aratLve1 y low heat and erosion resistance. y-ost economical at the pres ent tine
is the use of plosrice for -compressors of experimental turbines , permItting a
conslOerabl e rsduction of t:oe labor intenelc-,, cost nod perioo of manufacture of
turbines . ~

55. Vessels for StorIng Oases and liquids

The shape ~f the ve~seLa lot erorir.g lIquId arid gaseous products Is most
frequ ently -cy lir .dricai or spherical , or a combina t ion  of t h e s e  snapes .  host
convenient from th~ standpoint of economy of tore material and uniform stress
di stt-cbu taon as mb -a sp herical shape. The use of reinfo roeo plastics consider-
ably simplafles ttoe technology of manuiac.t-,rrC of the vessels rand reduces their
mas a.

The chief method of manufacture -of the vessels is winding, rehereb’: tie re-
InforcIng mate r Ia l  i mp r e cn am e d  with a bincer is wcund onto a nar,dre~ under
tensIon . The hea t  t r e a t m e n t  is car r Ied  out on the  maoir~ l an a h ea ti r .; chamber .
Sependirt g on the strergth reauireeants of the vessels. di I-~ere.nt combinations and
vers ions of design s f-or p lac ing the reinforcIng mater~ -ol on the mandrel during
t ie  w i n d i n g  a re  use-i ar t  s p e c m f i e u  c ar s ct i c n a .  Tot the  p r o d u c t i o n  ci  cy l :odrlcal
vesaels operating -:r.d’sr mreasra te, the glass fibers are arrangco Or tOSt tb-s
strength of the vessels at: toe smnalr iare ctaofl ira twice as hi~ n as t oOC ctr angtm
an the Lort ;atrod anal aj r s c t a c n .

‘.20
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The choice of ecuiPtrerit f-a r the wandio- ; is oets~~r1nec r b- - the structure of tn~
~mt aole an~a t-.-oe a: ‘einaan~ . - The wincing technology ano eq-raapmen t are discussed
t o - era al La the literature.

Vessel s made by winding wIthout the -use -cf an inner sealing -coating may be
used at effective pressures up to ~—6 kg f/oro . At ele ”ated pressure , such con-
tainers foil because of leaks . To improve the gas tigratness , coatings of rubber

~nd thermoplastic matorI~ ls are employed.

- 53 . Pro peller Cones

In modern shirbuilding, carbon and stainless steels and nonferrous allays

~br~ nze u~d brass) are the chief materials used In the production cf propeller
com es. The -ass of filer glass plastics makes it possible to reducs the cost of
ocoes severalfold as a result of the reductIon (b y a f a c t t r  of 2 — )  an toe
l a b o r  i nt eo t s i t ’ :  of mur .ufuctur-~ and savings of scarce metals , and also to decrease
t:.ear roses by a factor of 3—I in comparison with metal cones, and to
ellorc or ste electrcchemicsl corrosion. Positive experience has n ow been scoumulateri
( i n  tOe course of five—six :‘e oir s in the  opera t ion  of p l as t i c  tones oc f ix e d  and
‘.‘ar i ao le  ~‘ i tc h  p r o p e l l e r s  ‘2 . 3 — 2 . 9  m in diameter fo r  va r acu0  t’rrea of ships.

most oases , plastic cones are mounted on a standard portion of metal
cone wit o-ru t a ohaor ge i:, the joint. In their desi gn , the basis used is the

~tr-aot-: re of t i e  ocrresponding metal cones , the following requirements being
co r . s aa~- r cc :

the surfaces ?ramallel to the  O t r e o t a r o n of p re ssi r,; are made vita technologi-
cal gra-caemts of toot less than 51;

aricerouts ~nd surfaces sath re,-ersao gradient relut :ve to tb-s i~ rectIon of
‘unction are oat s ’.owe c ;

f t  ttaog sates ac e made -er tn a -gap of tlrard grade of n t ;  cli z’cmkang (intOr—
ferencs) t - ~’e fIts are reinfo rceca with metal , since iluout atlcor s in the ftt of
toe mo ding nor tariol pSsO ’_ t impossib i-or to obtuan a grade of fit above t h r e e , and
Interference fits are orao- oil :: wsrahsmed hy the creep of fiber glass plastics;

stIffeocro are rc’st ded to in-cre ase the  rig i-ait- - of the body in cones -over
200 -~~~ in -Oiumetor .

According tot tot s oreratlng -aandations . cones ord theIr structural elemeots
may be dI’stdeo into two er r - c -- a :  those designed only to function -is a stre am
lane-a struottums uta th~~,e scoationally performing toe tunctaor,s ci sesians t:ore

of a ‘-‘oar aoa ’le— or it:rr ororeller . The fIrst group Includes standar d type fixed—
p itch propeila r (2??) across and variable pat oh propeller (V?P) cones with an iii—

~ulated m v d r i u .~~a or oco han ac al 5 ide—set t Log system ~Iiz. or~ . Su o t h  cones
are subjected to  a n’rdrostatio ?r~~sure determined 

by tots -1epth of submersion of
the pripsller and to the ottion of the water :hmnwn b rb -c ororeller. Eecause

tor e small m-a;mitude ~f t hese loads , -cores -o f the first gr-o oo u sua l ly  ar e  n o t
-cesI2~~eS fOr srrsngt or . coo the main ;eo r t e t r tc  o :r o e n - s a - o n s  -are orrosen on the  o -t s : s
of the foUc’samg err ar toal ralra:L0rrs: wall thickness t a 5 0.0125 D; number

~f a-a l -a am;—~~s~ oro it s z g ; d a ar o e t e r  o boiiI:oot—cow~ b o l t s  d > I m 0. 0 5 D ;

thIckness f clangs -ortoe r hol~~ os—dawn b—It s 5 I. 3d. here t is the thickness
of the cone wall , treasure-a oero g— ~~u car le t a toe tor n eent of One outer onn tnu r :
D is tb-s ;ra ro~~ t la ,m e t em at  tooS coots ,

L ~~~~~‘~~~~~~~~- ‘- -  ~~~~~~~~~~~~~~~~~~ -- - -- -. ------- ----—
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Cones of the second group anclude structur al ones users in c~ rtaan VP? designs
w it h  h y d rau ll  c dr i v ~r s and ~e r i a m m l u g  the additional function of  seosl ioo -g the p r -u—
peller hub . Two practical design variants of such cones have been he’,’eLome- ::
one in w~ iah the body of the cone receives the structural l c d  oir ctlv from oil .
and one with an additional partit:on grear v-all) Isolating the - avities of the c - r b
and cone (Fig. P0).

C
a

gear wall

Fag. 70. ?la~ tic cone w i t h  stremgt n
FIg. 69. ?lastlc cone of F?P. bulkhead of “PP.

Ccnes with a loaded body arc used only for propellers up to 1.5 in diameter
because of the danger that the system will spring a leak if the cr - ti e hod
is camaged.

When th e cone bod y is damaged , depressurizaciorr 1 the o’-’drmulic system r iOCS
not oc-:’ur in struc tur ec with an additional partition (rear wail). In tb-Is case , th ’
cone h o d - - Is not loaded , and is constructed according to the empirical formulas
cIt ed. The structural load is carrIed only by the rear wall. wnich is made a m a
simple shape perm ittIng a mare ocnp1et~ urili~ ati,an of the strength f the oriented
fiber scass p lastic - A decrease in stress ccncentrat~on is aohi~ --~d b -or means ci
a smootor tromsa tion from the sprerioal part of the rear dali to the flange r~ d nv
-using speoiul sbospeo washers under the holdin g—down b lts. The rear w-o , i at th~
site cf the scsi ~contaot with the h-aS) is reinforced with a metal ousnime.

The thIckness of the rear wall of the cone is determbored by cab - a l - o t t - n o  cm.
the basis of the foll-o wime assumptions :

the cone material is plane—isotropIc and satasfies the oor.tlouity condf tlcti;
the ca lcula ted  regime Is qu a si — sn a t i o n ar y , c o r r e s p on d i n g  to the ms:-:imum l-oa

? with aor actIon time equal to the operating time of the cone at this load .

The assumptions ased being taken into account , toe otress en the critio-o l - 131
cect i-on of the cone in tb-c -calculated regime is  d e t e r r m o e a  f r o m  a f o r m u l a
emo~~a:-e-u cor boiler 0000;trclctaon for aeaagnsm g ‘all ip ta ca l metal bo tton s losc~ -~

oni form antarna l pressure:
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O~~ r~~ . a r o p J  
~;~‘ (39

-;ooere p as t o r e  effectave pressura . kgf t o m - ;
I as th~ aosid~a Slareter of the cone , cm;

is the wail thtakos~s. cm;
ts the cone heigot , am.

The material for the cones is chosen as a function of the op erating condi—
dons and magmitude of the loau . got—molded epoxy—glass plastics are -used f or
loaded ( s t r u c t u r a l )  cones.

‘h ole 15 .
Secoanioul prope rties of epoa’:—gluss plastics as a functaort of the arogl-s between
the directaan of oota ng force ond the direction of ~l-a ,ss fabric warp

Angle ‘aetr,-een oimeotions of acting b ros ~oid
glass fabric warp,

- -  - -  0 90 - 13 30o a r o s n t c r a e t a - t  -
~~~~~~~~~~~ -

: 0 . 5

O, 0 r O t  ~~~~~ l i t  .- it

- , 0 ,  5 - ... 5 - C - . .  C~~~~ 5 - ,. - 5 _
- m c  m e  - o r  m a  m c  n c  o t  :5 -ar as am a S  a s

St rength , hgf,nm : - - -
tena tle - 64 .0 73 . -) 47 .0 62. 4 53, 0 :33 ,5 20.3 - 39.0
compre ssi’.’e 45.0 56,0 ~~.o ~s . o -  l9.o~ 2--..l ::.o

69.0 ,50.5 55.0 67.0 23.6 35.-) 3~ .J -~~i .

0 Tensile e longa t ion , 1 .Sr  2 .0  1.5 1.? 5.6~ 3.~ - 5.-) 5.0

7!odulus of tension , IO3 - 3.0! 3.1 2.5 2.5 - l.2 1.1 1.7 1.7
- kgf/mrc ° - 

-

Itt -i parallel arraros ertent of ~las~ fabric lu-.- crs , tor e fabe r el se um:mote
an ortnotropac ror at ortal, w it h  toe a : g ae s t  t en s i l e  and menr.ing strenctb, inoices o n - -
in  the pr an c a p al  daco -otlc-ns of reInforcement , i. e. , at -Y and 90’ angles ie:-se~ r
t ns  d i r ~~ot a -a n of t a  glass fabric warp and the Ic-ad applicarlon axis Table ‘55).
.ooer rote Inf - ence of hydrostatic pressure , th e cone walls are i cr a o l a n e — s t o  e s se c
st a t e , th e principal stresses in all the radial directions beaog cor ral. Cor, 5 , o o t u e n t —
1” , a t iber glass plastic with a transversally Isotropic (pl ~ n~— h rotropic ~ S t r a c —
tume should be used in the  m a n u f a ct u r e  of loaded cones, Such a atr -~cture is eohtl -It—
ed my  a fiber glass plo stir In wti~ -ah the direct ion of the va t- to is  cro ift ac by a 1::
s o s n a S b e o t  aa-~le in ‘~snn blank (P’Ig . tj . For to t n utu atu rame boacs -o cones , a
ret or fo roeme nt sc ene as re-to-amends: an woocab - nra ibre -ot lom -of t he  war m as r a d ea
oV i cY-s  20 ’ ..m each blank.
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A000 ruaao to toe satatang t e o h n o a o r g : . cu r in g  t o e  p laoonent of t o t s  m c l ~~ar -g
oca ter til n_ a s. too .’ ~~~~~ m oihe are sut ect,yu to vo l-o re  f r o w l n g  on the t a n  i - r a e  an

at - so t a o o.s ( i t  a —.5’ an g le to tb - c  glass  f air : c  w-orp .r . Ia ~:ve c l u e  t n t  at-’
to tore mcl ,acr a oat raal , tm s o-lu : ,as are heated to -.l— Sl ’C before osa n onar geot.
At tO— i- ) ’ -; • r - - u I  t of -; o n  t o n a n g  of t he  rancor , t he  u~~f o m m u b a i i t  of  t o e
s c l caoo  o u t e r a u k  n o c r o r a s e e , inc a t e  c - ur an g  do~~ not o c c u r ,

/N.-~
- / - ;\~~~~~~~~ _(

~± 9
ha;. 11. Tau~ rum of noca t aun of mY- u_mg roaterial blanks thr -mo.gm patio angle
-of re lo or ora sm ont a .oang p~ aac-rs’t ,

The a :ag-onli d~ t-ec t :ooti of ct - sw - org is d~ tsrained on toe basis of eo- :treraos mt al
ri to.c -oei’m’nuaiooo of amp a goated claris fairic at different ang les of

lua c mYaoa tan or re_ sta .’e to toe tlass fairac -carp . A ciagrum c-f t he  de f or m ab i a ty
of ~.tto -cou;e c~ ass n am rac am color cocrh~.aatas is snown in Fig. 72. In nbot cang
t o e  ~ .it , t t~~i , it Is d e s a r i a l e  to u s-u or Yank contour oorrestr-ooui ng to the curve

tar the S ajar am . rut w t t h  v a t - a  aol w e f t  r ax i~~a . After I’e.o’.g crow-n in the
. a i .u r ’u l  lar eott ons , ,w tme  to tb --s relutl ’:-o disp lacement of toe glass fite t - f i i ~~—
‘err, . s- o a r a blar. s a s s o m  so toe  , n a pe  of t b - s  cone with ut ruoture of tore ~lass
fa ae r Fag. ‘3), o- .- - o r r l a o s  of nb -c a -or-o ra . butts , messes , or ra:.;sa.

l u r 5 n ~ p i i c e m e ot , t o e  ends of t h e  b l a t - k s  are  c l a m p e d  in a special
: r o - ’. iae :  In the o r s i g n  o n  the cruor oro mold arr u o n s u r a n g  u c l i t l on u l  tension of toe

maternal .

To de t e r -m ane t o e  da , oen a ro s and n - r oo s t  of b ’, : nk s , the a c n e  as :.-:a-aea artc
sO o a - ,OtlOt Su -a t aor every 5— 10 ~~~~. The n u m b e r  of  o l ames  an each sectaun is
oc temnanec iran f~~’-’- Ia (33),

The cones arc ~O • ) 1 i ? - i  a-: n a t - c a m e  to the ~oh eu s l e  .sdopt ed I c r  th~ ;a-;en o n’s on
r ob in g mat e r i a l .

The m u t o r i a l  f o r  f a b m : n a t : : c  i o n lo a o e .h ourres can be less stron;. - -ut afis of
rol lang materiols uotaine-s ft-~,m the out al oo g ~f b~~sroys for a t r - o c t o r s l  p a r t s  a n d
pro orell-irs are ‘used for this pur o- se. In order ta m ore , the flow of toe /133
material so uS t O  fill -up toe to ld  m etter , t h e  nut a ff~ ira gro no u p .

SatemaYs -om t a amc d ft - rn noISe ~- :tcffs :- ssess soec-octe str-a r ,ct: iot a — ou ter
resastan-n e am-a ar-s no ~Iffsrant In atr enI tot ir o n  a o c o l u i m g  mater aul as a ’c nu i a r  as

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Toe v o t er  - am.uo - 7 t _ c r o  nid d e c r u e  or s n r e n o t : r  am. m / s t e r  O r  specimeas  nu~ e
of molaco au t o ff o ore --~ -.ou: gr e e t e r  t o r a n .  O u r  - - r _ c r s t e o  i a : , r  C I O S S  p s o a t  0 0 5 . 0)
a r e  s t a ll  v o t o s am tni e -~o o r s t u h .e ru n ’e -. s n e r  ors -u r - o t i o t o  s f t s o - I I )  -au - or , 0 . 2 0 ;
-e t t e n -uso t  - r e o t r e a s O  ar t u t t - e m g t o ,
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72 . Polar daot-srsn of dcf-o rm.ution Fig. 73. Slsnk -of l ’ ~~ o-o ~e t o- ’. o b o r s
of ampregm ated guess foata-n. fabric after ‘-‘-olune arow an

I — war?; 2 —
‘eoom insl ont o Eoar .ooaio Advantages of Fnb em Olass 71-satan

The oaiei purpose of the -se of f ab e r  g b a s u  p l a s t i  c c  in lIeu t- f w-ta ls i-o r
ortia le~ area um rhtp m acma n s b u al o ang is to -e0000 ooao oe s-a m o s  ‘ e t a l s .
labor ar.tena:tn ~f foorroutaun and cost of the uroIa les , and _ onprove th ir ser ’o i o e
o r gertle .

The blades of gr~ i~ I ers . t rb:oes, co~Prea smrs , soc centrlf-oral ocotm e ~om-~ aaOm p lenc a on f a ; - n m s t i c n , -an d t hei r  f a b r i c a t i o n  mus t 0/oct strict pr ’aois ac-n snot o u ’ o f s c -~f a n j ~~or r e g u l r e t n en t s .  5’-orb r : cat z on  of sucor  amt :c l s a  ft -oem m e t a l s  r e c a S t - e u  t h e  to e s
o f e x P e o r s a u c  sp emtal iz ,ad eO ua -sn en t , lom~ c -capital investments In the o- :ani :ati-o
of pmocuo a~~ m inc lim e p r o cu ct i en  f - s ca l lr i s s , and a c o n s i o c m a r o t e  investment
manual lam -ar t o n  n o e 5  r o t  len- I  t rorell er- -cell t o  ooec h snj ~~~t 5or , . 7~ r ex aon m!-r .500 cr - lang  to t o-n hn a a o l  et or-l ards , tb ’s macrantin g of a p r o - s e l l e r  c a s t ing  3.3 -m Sm:a ame t , ~r r e g u a t - e s  2 55 5  r , inc ud1a~ 17-10 h of manual  wore ;  tore  m a c h in i n g  ci a
pt --smeller aosr:m g 0,5 or .a -),cnetsm n’oquar es 2)2 h, inc udine 135 h of m a — c a l
-co rk. Tb~ meoh ~ n a m ; of o o m p r o a s or  5l~~i,e s c o m s a s t s of 27 - o p er a t i o n -s.

se -of  f I b e r  n l ~ ss p l . n s t a : s  m or ass  it possible to dispense neSt -h o ’a chbotnizo g
— no “co a ce “ e or — e-t 5~ . b’. a aw 0
of 5— 1, an t a ,  osse - o f Y — n l a s t i o  -000strnotacn and a factor of 7— 5 in ahe ci~ e
o f ac - a r - omi t s  a a m s : r a - n ~~l on j o-S t ar  reduce the re’o oit -enem t a f : m amd o s t r ~ al f a c i l i t i e s
and oug at orl ~rv-r3tor ennt3 b-or a f a n t o r  f 2 — 3 .  P o e  r sch r nj : at i o n  leve l  Is l i o r °- er ,toe mum o .t r- ci op O - ’ C C s  as r o n - n e d , and tb -c m e s a  f ar  a o s a a u l  m a c n i n e s  is a la oo a nra t coh .

I f  ma ’or or n t a o o u b  - t n t - m o — n a amp n r n a z . -ae i s t o u  e o o n ’o o - ’  of sc a r c e  - --e tY , since
o f  ~l1 t e  a r t f n l c a  are  -- so5 ~m:- n r o n f e r r o ~~ ol Iova -  ama u n o m o less amt ,allov
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s te e l s .  :t shualu also be -nO :rsaOsre -u t i ij t  ts~ ta~ , t  5 1 1  :~~‘ - or o a t _ - cas v e m - .- 1cc. • 3. .~~~~ .i. The rep l u c i a - r o t  of Ore n o n  of  o r St a l  p r c o r - r l l e n - s u n t o
p _ a s t a c  00C r n/ass I / 1 — - C )  ‘on of copper , 35 g— - . r tj  eg -of d o e  ‘In  the  oSse  --
b r . rs s  c r ap c l s m s )  , 1., - — 2 0 0  o-g of cn r -umo -um , ar.u 10—12  0 eg of  n i c ~~el to o the  case
a: a t a . a 1~~ss s o c - e l  p r o p e l l e r s ) ,

P a esal  an- a a sot h-sal  ease , the cost r e d u c t a a n  - a e r e r o s  art t In e batnor p r o d - o n t i c o ,
design , aol sad -s -si tb-s or t l c i s ,  The g r ea t e s t  cos t  r c - J e c t i o n  (b y a f a c t o r  of 3— -.)
is or - o ,em y eo  oar t o r e  p r o d u c t i o n  of a l l’p l u st i c  5 m t l ci s ~ mo b- ‘_ oh  p r e v I ou s ly  lao b eern
ma-c s of s t o r r a l s - a s  sc r ~~l~ and brass, A f u r t he r  r e - S u n t i o n  of t he  cos t  of p l u i t i ~a rn ~~cles na-c be oc ai s veu  by r e J u c l o n g the  cost  of t h e  equ i pm ent  and i nI t i a l  0000poneo r t o,
of n or e f i l er  .zlass  p la s tIc  ( g l o r a s  r e l n f o r c a m g  m a t e r i a l , sport -or r e s i n s  sod c o m I n g
ogent a) . o o o t h - o n- way ct cutting casts is to r a i s e  the level of s t an d a r d i :a t a u o o
o n  desago and 7 0 0 - 1 0 0  t a - Ott ,

in ucdat :ar. to the ecot-,onic advantages of u oog ? l a s t i o o r  ons tead  of m e t a l - s .
ar~ a a- uob’a r -of p er f o r m - o n c e  advantages .

pla sta o omno a le s used in ship machIne buoliiog are -nh.rra cterice c by a
c o s s a u s o - r o l s  mmcc t a s do o c t i a c  due m a  the  lower  d n e r . n - ,  of f i b e r  g lass p l e st l o .  ‘Thus ,
f -_ o e t  g l u e -  0 o l a s t a o  p r - o o - o_ l 5 r s  ar e  t o n e s  to  f o u r  t imes  l i g h t e r  t h a n  a l l —st e e l
rropeiLers and 1 . 5 — 2  n a i c s  l i g o r c e r  t oron cororosi te  ones. The lower  r o s e  of p l a e t a c
p r o p e l l e r s  u a on p l.i _ or s to -o sar  aasemol- ;  on t o t - c  c h a p  u-to ols a - o o s z a m t i s l l o r  r a u c ± o g  t h e
lan-a r l z r n e m a _ t - ,- -of O h s  w o r k  i nvo l -.- c-~~.

TIc so - / c r -n o -s o f  f r - o c r  glass o los ta - :  p r o s e l l e r e  also p e r t  t in s  t o- th e
n o o n  o m o r l o o o , i t o h  _ - nor od or—ed b i r ec t i  00 c/rIps have tI’o’cn n - o a t  th e  so - a t - c e  of
ir i c r ea sco  jat al v spa : a 00 0 an the  ?r cpe il er s o t a f t — . c n z a o e  st’ : ;oem is the  n0000ni/orr: t-,-
of t o t e  t o r t  as- so’ .sxjZ i t o r n / at per c o mp l e t e  r c -’,- o l - a t a n o  on t on e p r o p e l l e r ,  5 :551
. t n r a t a o n  b -u s sri o-:’.- ar/aos e f f e c t  on t o e  o r - o rc h bne r -o r  of n o _ c  n ( p ,  c aus ing  i 0 0 0 e a s r - o
wear -and -in a c r e l e r at -to bceakoo ’cn of i ts  p o r m t s , p a r t i~~-u1ar l -.- r e a r i n g  , O ’ .ar.-.- s / rip
l . r_ l d a n g  c -orp a t - s  ( m a  the  ISA , Fr a l a r ro , FIG , e t c . )  r e c o m m e n d  t o e  use of n r c —  ‘ 155
p e l lcp s  ~ i nh  an i cr e a u c a  onoror oer  of blades , from four—fl -cr to u - c — s i x , as in
e f f ~~r t a v s -  osas- ro - anr a r.orr t s ,naal  ‘ c O a m s t a o n ,  55 tuC  or-s -ar,r p -o f b l o o c s  ior n r-or-o , s,
t or e peak  of r eseor oj a n e  -‘- cb t - a t i o n s  ~ b a f t s  to h n g - r e r  r e a -,za-003j f t - s r s e r o c a c e . n o / a —
tog a decrease of ‘or a t - a t / a n  a np l i t r s n a  In th e  n o m in a l  o a r e r o t a : - a r, of t n t
c - , l c h a r n e t v . h o v e - i c r , 0 0 0 r e a s an c  tore  au n e e r  sf hj ~~~es ln v I t~~f i-, r e sY t  ,or a r e —
d~~c t l o n of p r o gu l l ~~r e f f o o r oc’— . O r - cr a t i n g  es-me rmen oe  s -a . - . r I o t  t h e  -ant of
plastic pr arr el le ra cases a n  ocisible to o r b - r o a m  t a r e  same e : f r o c n  w i t h  m e s - o r - o c t  t —

t o n i ar a l  a e c o l l u t a a r u  and v i b r a t I o n - is w i t o o t u r o n cr s a r. - og t :o re  no cob er of b lades .

The -use or: P i o u s c a c  p r o p e l l er s  a lso  p e rm i t s  a c or o s a - f e r a b l e  r a o -,a c t io o - o  in One
- I b r a t l o r o  of  to r e  hors y  and o r c o u s t a n  m o o s e .  /-.1-ril~ o o r e n - s t b - .’o a t  t he  r a t e d  ‘~e d . a
s tee l  p m a r - e l i e r  se t  up a vabratlon up t a r  95 dl lot t o r e  lC I— l300  -(c mor on s in t h e
a f t u r p e - s a .  n, h eno t o t e  r o e l l c m  was replace-i  I’.’ a a l a s t i n  arot e  t h e  n l h r a t b ,- o  l evs-  I
at toe same roar -ta -S-rcm -os sec by 10—13 u l .  The noise  levol  en th e  ooe’r o n e  ,-‘~~
cressea 1’ 3—7 otT aver  t o e  e o r t m m e  f :e - ;u eno- or r an-ge dur ing  the  opera t ion  i
p /asti r p ropa - /la r ,

The -la or- tor e cm -to o r a t Ion  and torsIonal cotcYlo ti arc hu e  to  the  use
osa stac pr opel _ ct - s as: n-too l- -- a reno lt of torear sm a l l er  w e a g h t  c o m e e c o o c o t
r c a r : n ~~~~ i~ t :~~ o-n’neot of c - n  s r - a u t o  sr,5 sorb -er e n t r a n t  o r o r e r t i r s  or f i b e r  ~lu~ s
: _ a a t a o e  a ir oonnor ras- or - r a t I o  s t r 0 0 0 t a r u .  me t als .~~~~~ 

j p - o s - a l t, t h e  e n s - r o y  -of t h e
n:co — o’rec - .encv o’,on a l l o r t t  ns arIsIng i-i t n t  0 0 0 c r / t i n t  o r - o r n - a l i a r  i-a ‘ki llsd ’ h-c

‘ l a u t o  0 _ a n t s  t o  a r - r o t  n - o r o r s o o r  a u - p r - s  t h r r - nir -n ar r.a.? r saop  a n/ a  ne s t a~c O I S S a O - 0
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caon anto the eumra -5000a :oe noedi,m . At the sans too.-. • t or -e fracr a-s n of s-nero-
tra rracrarte-i by tie pt-ap e_ icr to the oeco-raoae ooa c-sip Ic-a ao t O~ 0 c c - a m a -a s - u  at-

The -use of plastic prcr-sl/ero ~l,rcmsus ee toe o:,n ‘,:ca c .orru tor e rnoral l,sa,ot; am t 0
p a r t s  oi note ngr m e .ns snui t lame soc a n r -p m o v e s  t b - c a r  u a s r o s o a o r g  O t - n i a t i 0 0 0 r ,  Teaao
of f_ h e r  glass  ~ i3 5 t t 0  p r a p e l c i m s  en medi-ucr—oat -sa fasoti a o tr a wler - a coo t R oas t s ’
motor boata as-c e shrar. -n t h a t  f o r  t ire sam e p o w er  la -a s  sri tIn’s ‘slogan s, a
average oscreose on the t e n o p e d o s t u r e  of the paces ir. tore a-;lis ers is aIoe:’cea. The
red-reta on (b-c 3t -_ - . ) 3 )  io tb-i d’onummc and orr e mnorarl loads and r rsanorn oe st r e s s e s  a l so
has a favorable effoot air reducing the wear of frictIon pairs ari d incrc-acint- n:-re -.r
durabili ty .

In seawater , a metal propeller coupled with a n- lI farm s a pa/-c omic
— d u e  t o  th e  r a f f e r o r o r o e  ( or mater ia ls ) , c a u s o m p  a o t t - n.; a t t a c k  a-f to-o s o Il.
Tb-Is Is prevents- i by u sc -ri protec tive aoraelol ng . le ios g a ciels -ctric . fiber g lues
-a la s000  loss rot lot-or a ga l -c ar lo  couple.

0-letal a_ lo / - ’s fmoar whoch ~ hLe propellers are o.oc ha-os b c  ooror si ar - r s —
s i st a a a u .  oxpemieroce sInow~ that a f te r  h — I  nonch s  of s t-vice, can si-aera lo
aomr o u aon damage appears on ciraon steel propellers u-b-ion os-sacs an -irrrc - ciab ,e
O c 5 0 0 0 t a r n  .a p r o r u l s a v e  r-erfermance; after 1 .5—2 :csars , the propel lers are.sk sown
00 Op Ic t el-c

Srsss propel/ers -are also attacked an water as a r e s u l t  of d e z i o o c i o o r g of tn-s 13o
ol :a ’- . - ecanc lo t - z  as caused b-c electroch eors ica] . c o r r o s i o n .  The a c t i o n  -of
gaces ris ta loca l cart -eats based on a potentOal -iif femem :s. T/ z inc  ~s
so r t ’ , a r n i  the  s u r f a c e  of t h e  p r o p e l l e r s  is i t t;  ~~~~~~~ r e d u c i n g  t h e i r  p r :o s l a i -- ’s
charaotaont’tics. It-, contrast to metals , fiber glass p lastics have b- lath 00000slcrr
rs srstonoe , sad therefore , faher glass p lastic propellers und-onto or ooorall - no
eleotrochemical ocmros i-sn in ac-au-are :.

Thanks t o  the high corruciro n resistance of shin pr oreller s- ale of fab er glare
p lasro.c , tacit ‘use an Intu or carbon steel propell ers or. ships of the f.e h a n g  fl~ ’it
aacmeose s toe se~ ,ics life of propellers by a factor of 3—.., and el l o orm n i r tas  co o —
pen dit-urea die to additjoasl dockIog of the shIps atod loss-es lai rs to t h e i r  i d l a o p
for the purpose of rerlaclag damaged propellers.

The speed  of sh ips  -c i t l o  carbon steel propellers is m s - b one d b - o r  tIn-o rc’uehr,rss
of the propeller surface , caused by cor ro s ion .  Th e re fo re , tIns- use of fila r glass
plastic propellers makea it pcssible to increase the shi~ ’~ s-ooed bv an orce r oce
of 0.5 k n ot )  and c o m m a t s o c m c , l n gl” increase the fish c a t - o t Is p e r  s h ip ,  lb-s t o t a l
ssvoags rualioooa by me?laoiog a carbon steel propeller b-s a fiber glass olastia
prop eller ranges from 10 to 35,000 rubles per year Per slip.

lIP

~~~~~~~~~
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: ha p t ’ s t -  7 . - ‘ -°.L T’i T : N I R - 7 . IF  i l / C l / I t  CCyp- _ :;~~~Ts to ,:- F T h T h o . l -k .  l I C T S  yAlE u l
EThER -:L.~Is ELASTICS

The t e c n n o ob o g v  sf manrais ot-are of er-oxa’— r iass :;lssrao prtsl sots r ss - i an sm:p -

m a c m ane b u a l d i n - g  oonsists  of se-act -a l  op e r a t i o n s :  ot - n a r a t i r o m  of b a n r i s m  c - -~lut _ 5tt ,
aechanized im p r e gn at i on  of g lass  ia -b - m a c , mo l d in g  arc  a s sy n o b i s -. I , .rr f u l
st ero o c nt r ~~1, an -f  co n t r o l  of t he  i n i t i a l  m at e r i a l s  at - -a o s - c - a i r s - u  r o t a t o r  q—a. ,l~~t .’
;‘roducts. The ms -aesait -; of stt- Ict s.ep—bv— ster- c-an tt -~~l I ulac due to the fact
that tb-ste are as ::et no sufficiently reliable ret/rotds f-nt detecting defcots in
finished fibs-: glaos plastic products.

25 .  Qualirno Control of Initial Components

-)nu r iit’.’ control of er-c- c-: ms -u n. The ooaln ohara-n tema ,;r~ cs of resin are toe
epooç.’ group content coo gelatiar . period .

Tl ,e .e,oo-o~’ go - ‘ content (epoxy number) determines ti-,e c u r i n g  ag ent qu a l i ty
n-ecuo re or for oonpl~ te 0- arang. The method of letemmanatl-c a oi the epoxy number

--1ST 13157—75) os bcaeai -on the reac t ion  of epoxy grouns -sooth h-,-drccolom ao acid
f n t - - o r c o r p  to-s  crorresacnciorg chlo- roh ydrin.

I’soaa llv , resins with a gelation period of 1.0—2 .5 h arms used for hot— nt -ass~ d
eponcy—glass p1astI~ s. The dependence of phvsiccr.echanical propertie s of eroo-ov;h e—
oroli-o nib -er g lass pl.istics on the mc-actlv itv of epoxy resIn is sr.o~-n on Tsnlc kb-

Table b--S
?hveiauoooeooraoacaj. prc- -,ert ies of epoxyphenolic fibs: glass p las t Ics  vs reactlvat” -‘I l - c
of s-pox : resin

Gelation period of epoxy resin , h
- ?r riert-, - -

______ - 
c,— 2 .5 5 — 5  8—10 -

- 
St r-or .gth, ep fln omnt - 

0
- tensile I 64.0 - 55.0 - .9.5

- 
comp ress ive  43.2 35 .8 

- 
29 .0

IotCerThmnoo nor shear 5.9 6.5 
- 

5.6
- later absorption , ~ : 

-

- a f t e r  220 days on water 0.30 3.65 
0 

1.1
aft r I b- of  b o d ing 0 . 3  - 0.2- i

- - - - 5 5 . 3  13, 1  0 8 . 3Tensang s t r e m p t o  o t t e r  _ _ 0  day s in —
~~~~

--- —s’p—
u-at - e r r -

Remarks. 1. Baks1~~te lacpu er  wIth a r-ol--srrer izati oo rate of SI sec was
- used am the prep aration of the bitrccr. _

- 
2. Noomn erat -or to-liactas aots ’lute values of streon -gt or at-. erf/oom , ann Se—

- 
r.omjor -stor Indacates oar oc-rrto ;es of anataal values,

L .,~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —._ -——-*~~~~~~~~~ 
.



o n  oto o rtoat ~~~~~~~ T m a et ( o a n c l a z a i n e  t i t an a t e  .r
p r o 5 n o i — : t -n o a j c e n oe n e c  it - .  oak s--late lacquer) are the out-an- ; s -p o in t s  mc ’s  t
osed f o r  I c r — a o r r i o g  h Is -c r glass plast ics .

Troetnanolamins- rarasn ate Is a thIck transparent liquad -sith a bro s-rn r n  c oo - ;—
dam at-acm’. OQIOt . Ths- rain -nc-r.trollable Indices ire t Oe  t I t - a n l u m  c o n t e n t  (in terms
of t::anj-aim dicaaae~ and relatIve viscosity . Tb-re titanium dioxide contar-it is
determined b-v axad:un n-s a ‘c-eaghs-u amount of trieth~no1arnine tlta.sate with r .ioraa
acid , then nalcining an a ~ ‘u f f l ~ furnace for 2 h at 600— 700’ C untIl the organic
m.sttet- as crm~ ketely dra’cen oti . After cslcination , the residue consIsts of
titanaum Slontace . The amount of titanium dioxid-a si’oauld r a ng e  f r o m  20 to 211.

The relative vIscoSity as determined with a standard fa11Iri~—sphere ,- isconccter.
The r e l a t i ve  vls:usit-; -used is the time required by a s teel  sphere  7 . 8 3 — 7 . 9 7  ow.
an diameter ,ir.o a mass -pf 2.046—2.054 g to  travel a listonce of 100 norm between
0-so marks on a glass cylinder ln— 19 cm long and 21-22 mm in d i ame te r , f i l led  irit a
t raetriar.ojaw.ane tatanate. The tcst is carrIed cut at 50~0. The rilati-ce ‘cia -noosity
rust not exceed 80 Sec.

The main “erifianle an-dIces- of bakeljt~ lacquer are the pclvmerizatlcrr rate
and dry t-esidu~ .

The r-ralvo-oeraz~ tIon rate is determined or’. a r-olv-ooeracstion plate heated ton
153 3’-: GIST 901—71). The polymerization rats use-i is the tito s elapsed fr-sr
m ate instant when tb-s resin wos applied on the plate until the formation of brsak— Ii-)
ing threads . The use of bakelita lacquer with a pol’-m-ertzatlon rote of 30—115 sec
is recommended for roe preparation of epoxvmherrnllc fiber glass p lasti~~~. A re—
i-action of the polymerIzation rate to 50—60 sec Indicates sartial polycoodar.s~ tian
of the rescl resin , due tor a decrease of its reactivity . The use of bakeli:c-
lacquer of :‘scuced n- s-aotlvit-, l~a~s to incomplete curing and a decllr.e it-i t:~ep nvsscomec (n nlaal prcner zirs of the  fiber glass plastic (Table 67)

Table 87
?hvsi coreahanjcol nro:em tl-ots of -srcx-.-pher.ollc fiber ~iass p lastIcs ‘.‘s reactiv ity
of haa keltte Thc~~ure r

Pol merizotiori rare of
o bakel.ita lactuer . sec -Property - - 

— -

- 50—100 50—60

S t re ngth , k e h / m m : I
tensIle 64.0 52.1
compressive 69.0 57.5
b e n d i n g  - 43.2  - 30.2 

-
- /~ater -ab sorp t Ion  a f t e r  ThI) day s  ~n wate r , I - 0.30 0.33

5 5 3  3 1  -Sending strength after 220 days in water  - —~~~~~ 
.—

~
-
~~

-— 
I

Remarks. 1. Eoox-.~ rea.on. s-i:b a qelatton ps-rico of 2 h u-es used in the
preparatio n of toe b I nd - n : .

1. Numerato r- iooiaatCs Sosoloors values of stren gth in b-g ina -; dencooina n r- r-
arca:ates percentages of t o i t is i  o s lu e s .

- -At- - 
- 
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Toe recta- ce at - ~~~~~ue r : a t n o e o , t m , c t a c n  n,s o,00anuo t b - -  or i,o; ~s we:,nr,eu
amount locqaer to constant mass in a toermostit at 100 no 5’C. Tb-c _ ec q - a s - r
co r n c e n t r a n on an o t - e a s e s  an p r o l o n g e d  s t - c r a p s  necarors - of  vo ia ta ln n or ta nmn a: the
alaonr -o i coo l- rent , ins tae rof are , af this ,aooro raa temast oo as n u t  au n t r c l l s- o , t he
proporrao!-is of one nornrnre- n s--nn s ors- -upset.

Cu , i l i t v  conto -ol c,f~ jlas-ota fab rin s . Glass fatrics ar e  checkec b: oo.aar.s ci
the b a b es of breaking e r t - e a g a n , moisture content , anti sizing igeot content.

The breaking strength of a fabric is determined by teatim e specimens measur-
ing ICC a no-ant on a t e m s r l -a tester . Fact -n-a s of reoruced e tm e n o t ir are not aco~;p t—
osole for the f~ br Ioat iotn of products ueed an ehip ooaohine b-t il ling .

TIre notature content of a atlaas fabric is determined from roe  mass laa~ of
tb-ne specimen a f t e r -  the latter is dried to  c o n st on t  mass in a t herm ost a t  a t
l lO~ -O . ?t-aoo r :0 Ior;recnaticn , a fabrac u - i t o a h a g n i  m o i s t u r e  ‘no ont ent must ue
dried.

The moist-are ocntert of a glass fabric may also be Set s-mm toed by means of - 1k - b -
a a p e - n a i l  a n a t r - ,.noo en t , the  :‘;s—g f i b e r  glans  p l a s t i c  0 0 0 0 0 0 tr e  m e t e r  desIamed by
1. L.  N o v i t s k i - : .~~ Ib is instrument operates on the prInciple of cotilomomet-ria
determ ination of the mO ist-ut -a content of a p r a i r i e d  gas wrrich is passed through
a c oat - rb - em c o n t a i n i n g  t h a  glass f a b r i c  spec imen to be ahec-’ned . where the latter
as  m u i a t e o e o o .

The sizing apeot aonter.t of the glass f a t - n c is d s-ter mine d b-v -oulcanao. : a
weighed -amount in a muffle fur-moos at 400-’óOO’C.

2-6 . QualIty cnt :oL uf toonpregnating Lacquer and it-rrore;oated Glass Eubma -n

~ the preparat:an of ampmegoatan ; lacquer , t oe  concen t r a t i on , p-o l ’ ;mer ins—
tnsn rate and deosat -: ire controlled , wnereas in the preparation of epcao pheooliu
laoomue r , the rata c of the zaI~ components (mporoy and p h a n o c l i n  t-esn os~ as c~ ntrr 1s-a -

the lacquer croons -titratio n daterminee tin e ofepcaitio n of resin on tire f - s i t - i c
trurann r :mPregna:ion , and hence , toe ms - san c on t e n t  of the onr:iola . The dcnsatv of
e-oox’; Iaco’uera is -oDtalneo by means of a type lila s-lass dems lnor eter GIfT 12CC—

The p r o o p o r t i c - r o  of the components  is checked by means of tire m on o -bet of earonc
gr oro ps  iti t ine  ‘apox- .-pr ,en-olic lacquer (epoxy resin conten d)  b’s- o t t o a r i m ;  a -e s - la ths - on
amount of lacquer - ). 7—0.5 p9 with a solution af h-;-ircchlorio acid on acet otne ,
A 70 : 37~ epoxy resin content of t b -r e  lacquer is allowec .

The po1~~eriza:ion rate of imp r e g n a t i n g  lacquer  is Setero n in ed by means ci
toe procedure d~ acr6bed above for Sakej.Lte lacquer. rjsoaall:. the polymem izati-o r
rate for e~ oxy-themclic lacquer is 100—150 sec. T:ntas ir .dran-n permits a correct
determination of the rtcldin; ccndItion~ of tine at-tac lss.

The prIncipal fri-dices c-b aooo :egnatamz lacquers rr ov a d io g  for- the req - sat - er
qual at of mpre00100eon ;lsaa fabriaa ar e  ;i;en in Leole 63.

oj i l a t - ,  of toe a anp r e-gn at ad rI sos  fiamac as one nrc -i a~; means of  toe
aheot-Icaj, uaoro p osi o -n ‘ -i d str-sn-eto of ep s o a r o en s  ‘n o . a e a  f r t - o n  o n .  Tb -re ar o e n a c a r .
o~ -’.rmsatooo ’. rfto:s re tb - s - ccotsnr t -of ;ol~.ta, e~~, :‘nos ao,, anti it.s soluble part

~~~~~ 6 9 ) .
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The r e a l m  c on t e nt  Cr is determined by ign i t I n g  a we aghed  Sdm p iC of nroic im ,n

ma t sr i i l  to constant mass in a muffle furnace. The calculation is ma~ie by means
of the formula

~~~~~~~~~~~~~~~~~~~~ ( 1 0)

where C,~, is the cont ent  of volat ii~s ,

C is the con ten t  of s it i ng  agent , 0;

a , b is the mass of the  samp le be fo re  and a f t e r  i g n i t i o n , g.

Table 68
Prope r t i e s  of impregna ting  lacquers / 161

Curing Agent

‘ Phenol—
- P rope r ty  Tr iethanolamine  T i tana t a  f or m a l o e h :d~
- . resin 

-

ED—13 ETsD—12 UP— 63 ED—13

Content  of dry res Idue , ~ - 52 = 2 52 2 52 2 50 ± 2
P o lym e r I za t i on  r a t e  of 12—13 -~— 9 I 3—8 1.7—2.5

lacquer at 160 m 2’C , SIn

- 
V i s c o s i ty  of lacquer accord— - 12—14 12—14 12—11 - 12— 10

bri g to  VZ—4 v iacomet er  at 2O 0 C ,~ I

Density according to O .9 i — 0 . 9 S ~ 0 . 9 5 — 0 . 9 8  0 .95—0 .98  0 . 9 4 — 0 . 9 6
densimeter at 20C C , g/0m0 

I

Color and appearance Tran sparent  solution , yellow to light
brown , contair . ing no f o r e i gn inclusions or
undissolved res in  par tIc les

Tab) ,e 69
Propert ies of Lmp ra ; o a t ed  glass f abr ics

Cur ing  Agent

30— 13
I Property
- T rb r e t b-an o lam ln e  T i t anat e  formalde-

hyde

- 
r e s o o

ED— l3 CTsD—13 .‘P—63 - ~Kh0

- Sirider a o r o r t e n t ,  ‘1 30 3 30 = 3 30 : 3 :30 3 30 no 3 -
Con ten t of .‘oL~~tIlres , ‘I 0 . -~:0 .2  ‘0 . 4 ± 0 . 2  3. 4-0.2 0.4:0.2 1.2:0.2
C - n t - r e n t  of suluile part ~ f 90 - 90 - PC - 90 - 97

b r ood e r , I, not tot em -

~~~~~~~~
- 
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~har, the inoregnatioo conditions or st-or-age conditions of the ampr e~~nate-d
mat~~r i a1  are  d i s rup ted , a partial curing of the rcsi:r takes p lace. Tb-as pr o c e s s
Is checked b-v determining the amour.t of res in  capable  of d i s s o l vi n g  o s o l - o t o l s  p a r t
of the r e s in ) . The spsc imen of i m p r e g n a t e d  g loss f a b r i c  (100 a 100 1 is p l a c e d
f a r  15 Sir, in acetone.  The s-aisle p a r t  of t in e r es in  is

C ,, = 
~ 

- iCo , (4 1)
I CO

where  C is the con ten t  c-f soluble  par t  of the resin , 1; /162sol
a , b is the mass of the weighed sample before and after b-is-solution. g.

I~.o1ding material s-ith a 100% con t en t  of the  s o l u b l e  par t  ensures  t h e  f l o w —
a : I l itv  tieti sasare f o r  ob ta it i iog  qu a l i t y  a r t i c l e s  of i n t r i c at e  shape.  For a r t i c l e s
o f s imp le shape , mater ia l  of sons-what r edr ucad E lowoib i l i :v  w i t h  an 5 0 — 9- 90 co o t -c t , :
of the aoluble p -a r t  nay be emp loyed.

Comple teness of r emova l  of the solvent from i~~~regmated -glass fabr ic is
aoeoked  b- means of the con ten t  oi volat iles , whi ch a re  ie t e mma n -o d ’o , ~ or v in g  a
re elg in e a sample of the m at e r i a l  ~n a t he rmos t a t  at  103 :5 C C f o r  3-) Sin.  Excess
solvent - active 1—20) causes an increase In t h e  p~ rositv of th~ fiber glass p laa t i n
anti hence , a decl ine in the q uality -of the articles .

The prIncipal controllable characteristios oi the ,nechamical pr oper-t oes of
specamens molded from ioopregnate-i glass fabcl are zinc tensile , como orres~~f o e ,
bending and ar.tarlaminar she-sr strengths. Their detarmination is ru.ire a t- c or d-
ing to s u i t a b l e  s tandards  on specimens cut out  of molded p la tes .

2 7 . Qu a l i ty  Cont ro l  of F ist -  Glass Piast~~c .°.r t l n l e s

Fabe r  glass p l a s t i c  a r t i c l e s  may conta in isolated d e f e c t s  tine to the exist-
ing l e v e l  -of manu f a c t u r In g  technology of the  m at e r I a l s  and t h e i r  pr cces , e iog
or - i to  a r t i nl e s .  The most co~~ on d e f ect s  in hot—m olded f i b e r -  glass p l a s t i c  a r t i c l r e o
sod their causes are l Is ted in Table 70.

Tb-c p r inc ipal methods of qualit-: con t ro l  of f ib er  g las  S p l ast i c  a r t i c l e s  a r - c :
v Isua l  control ;
contro l  of in t e r n a l  s t r u c t u r e ;
contr o l  of s t r en g t h  ~~ random d e s t r u c t i v e  te t i r .g c f - o n e  or more  a m t o o l e s  lot

a ba tch . °’
V a~~uaI. c-o ot r-oi as the simplest and permIts e prellnor inar v re~ ectior of ar ticle s .

Thai me t o d  ta beosed on the fact tr.at the appearance of tine article iodit-ettl :-’ m e—
f 1ec t ~ its q u a l i ty .  F o — exan~ le , the  presence of different shades on the surface
of  t h e  a r t_ d es may acr e as sot Ind icat icn  of r edum ~ d ~cr - e o z t h  aw i n g  to  th e  f~~~t
tnos t no u n I f o r m  t em p e r a t u r e  field ha-i been provided for. The presence of zr-eases ,
res inous orsas , on local b leach ed  areas  an d i c at e s  sir ± n o n ~or o p r i a t e  c h o i c e  of
m re os s u m - s  atod d e p a r t - a r e  f roo n  cutting p a t t e rn s .

It should ore n o t e - a , nowe’;er . that n e  r -el u o - a-n s r r a r b e t -n - r e -s-mo o r e  - o o t e ’f t o r e
a u r f s c e  of so ar : ac l e  and I t s  c - o s r i t ~: is not a I e , ~r - — o t - at -~a: oce t o e  j r -r e a r - a t - i c e -of  t o e
,om t atlc _u lee ri fe ct o c by many eec-or-.com n o a - o : o rs  u o n r  s- t oe  a o l o m  o f  t O e  f,r~ r - a ot

— -~~~~~~~~~~~~~~~~~~~~~~ . - - - ~~~~~ -—,—---



und resin , t ore -g -s o i l l t i  of toe  l u b r i c a n t , s - t a .  A n - o t o o r e r  01 a-sd-’ant es -c -of t h e  :o.s r a a l  : 1 m 3
metood as i ts  s - r a ’ - r o t a v e  n a t u r e , am i  It  is th ~~re f- ,r e  -use- or a o l . - as art a o d a t a o n a i
m~~tou. r  an o o z r ) - s m n t a a n  w i t h  o t h e r s .

Table  70
D e f e o t s  in f ib e r  glass plastic articles

Defect  Possible Causes

Pins , cracks and delamina— Improper- charge; f a l l in g  b e t w e e n  l a - e m s  of
tlons ioa~ de the article material durIng maldioto of a i l  s u i n a t a n o u s

B l a s t e r - a  on the surface 3igh content of volatI1~ a , ltS r -ap ttc-r of
t echno logIca l  mol ain g  c~ndl : a~ nu snn rcl -bi og of -

- article -~-athout coolane)

- Format io n of c:eases on the  I In a c cu r a t e  c ut - t i n ;  of mol di : r ;  m a t er I a l
- surface c-f ar t a c i e  - blanks, d is p iacen o e n :  of b anks c u t - o n e  alc :o’at

of p r - i s a  molds;  local de : ic ie~ t iy o r s a c s - r a t s  ::
molding n a t e r a a l

- In c o m p l e t e  molding of ed ges Inaccurate c-ott-in ; ci molding ma teria l

- 

blanks

Local or evs r al l  wh i t an ing  M o l t i n g  pressure above per -macn ab - Is - ~or .~ -e -

- of surface

- t i o r o h le  d i s r up t i on s  in
f a b - r o o  teo- t ar e

- Chan ge in color of a r t i c l e  
- 

liar-action of t-000no ero ,:ure oc r - .dat - a on- s cf -

a s co m p a red to standard nrcidin-)
specimen

Of the  second group of method s  f o r  c h e c k i n g  i nt -u t -n a i  St r u c t u r e , b r
c - no on is u l t r - a s o n l  f l a r e  d e t e n t i o n .  It  e e s a mt l a l  - . aatna~ sta an tb-c fact n-n _ a t
dur o o g  t neir  pa s- so-i s t n r n o u g h  a b - c o y ,  u l t r a son i c  waves t e n d  to  c h a n g e  v e l o c at y
cot s direction of p r -op aga t i cn  yn son t r av e r s im t or, the an t e r f a c a  be tween  m s - a i d  of b - i f : e r —
en t ‘aeosj :v and el a s t -~~c i t r , ant to be differentl y sb-so t -b -ca b -v me-a t _a of  - b - i b i s - r e n t
d en s a t - :. Cltrasound can be -rs~ d to s t am ina  the densic-,  of a o r a t e r a u l , f a r s - a g n
a nc lsion s , d e l a m a n a t l t n s , cavitIes . e t c .

On the  basis of the phy s ical  m r i o o i p len u n d e r - l y i n g  the n a r . t rc l  m e t h e o d a  ooid
enu ip o e nt .  -one - a-sn d I s t i n g u ish  the pu l s e — e c h o  shadow , i mp e d an c e , p- r i se  and on O e r -
m et h o d s .  -

The pul aa— cho m e t h o d  is based an tor e d e t e c t i o n  of def-~cts b’s- noa-urt s on -slot- no—

~cp Ic tulses r-ef1~ cted :rons the d e f e ct s .  Tine :u:<—a: sl:rsamac puise—sooI .o
a e t r e c t o r  Is b e t  c o lt - s - b - to tore control of artials a n ode  s- -f b - t s r  alas s p i s - a t a c

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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t o e  a o e t r - - .cu-n t I s- s - ne a t -  n -era f a r  nna c .nntr --’l ci fabe r ncsrs - c i r r r s t o - a a r : a o l c s-
up to ;0 tom th us -os- .rrr ,n aeaeot a b-l .a-os oen to ,~n ire s of C mom o r  l o t - s - o c r - .  Tine
urn onuroro- ; - at - u e n e r m a o u t . o o r  a~ t O ne  asp to -1 oi oc ‘ n o r m  0 0 c r  as - i 3— f . -~~ : n e a s - - n n t a g .  o r
t ine I t - a t  ouneo r n tore s-s-n t n. b-.co It  as  s r r l - r  be ..s-oero to oe p o r r c o r o n s - r : s-a t O t s . o t - e o  s - s - f
th .c  S t - r O t .  ::ts aost ro . r , en t  a., sLr to .e sit e _ - s -  no oa000 t 0  -operate .

Th~ s- o a -a-s me thod  I.; irasrO t on tree set -co tt on -o f ::oc ro sa-o r.- rrffec t b - t ,- t a t
a flow. Tb-er--c arc several ;ems oon s  of t o c a  Or s - too d , Inv-elvlr n rn - b - I f icr -on ce-, 000
Of ectr0010 p~i t - t  or on t o t e  de sogn  of t:-.e s- c -an t i s ;  part. Tine ahanoa re n at o- u as -s ac - -

inn - the 010-—It ul t r - s-r~a:oaa flae detecto :, desaonre d is-o r e e m o a u t o n o s t o c  c o n t r o l  of
p l s s t ac  pr~~~cLl~~r~ and notoe r a r t i c l e s  mace f f o b e r  glass  p l a s t~~c5 . a o c a u r e  f l a w
u c t e cto r a  b -a n o t  r e t - m a t  t h e  d e t r e n -n a i n a t i - ; r a  of tb-ac de p th  -of tine flr c n  this is a
dasau atanto;e , sorb - t o n s - n - s n o r e  wren this depth Is to be treasured , i t  os  - e l s a
n e - a e s s a r -  tO 00cC the 1101—12 p ror l se— e cno f law d e t e c t o r .  A draic o- ac k -of  the
t -n r s r r - om e n :  is its 000ootss-t-aamanaes. An advantage is a t s  a u n op l i c lt - ;  son -i  c c o / e na c n c e
of eleat:cnaa e a f u s o n e n t , p r e senae  ai au toma t i c  f e a t u re s , an d the  a b i li t  to -on-
t a a r r  a -s-e r, clear flaw ds-tectloot diagram ana : is an o b j e c ti ve  docun o en i t -of con-
t ro l.

The a m p eo o ur n s  aco -os t i c  m e t ho d  is t h e  basis of t he  I~. _ 2  and 0 0 — L  f l s - -e f -no —
tectoma. Par tac -orio rl; effective as t he method used for checking acnded and
lsnan .jr stt --c-ntur-O ,- s-~i tO  a r---sxiaersa t h i ckn e s s  of 5—8 muir for detecting ielslmatiooe .
Zn 7lac~~~c s o e i ~~- r i l d m m t . g , t r i o :  a re  successfully nised for Ohe o t ar n t r - o l  of n-siding and
t t : m — w a i l s - d  a t r u o n - u r e s .  aa ’ , ant aass  of toe  m e t h o d  are t h e  ci~~p 1 ic i ty  s-of t h e  s-~~raop—

I t s  p o r t a b I l i t y , ant i t he  s-absence  of an i:r~~e t - a L c u  m e d i u t r .  lcair-no re rt t oaseS
uti the In -o m e n - a n - n a it s -t i n -s-t O complements the o ulss -e—ccoi~ n e t o n c u , t o which  t 0 C t - O r  Is S

‘ b - c i a ’ z one  oi 1—3 tom ;  tinls cur-ne as oheo sed w i t h  omp edance  a m s t r -u m e 0 0 0 .

Tine f r e e  o , a o i l a t  I -n- -n me t i n o c  i r ~~:- P—2 and i’.’S—l flaw detect er -a ) Ia b a sed
an t on - c s - t u b -  of t i-a spect r -sor ci fr-es oscillations ci to-s-re st r-u ctro r-~~1 p - o r - r o o m  ‘o -s - r ano o
oo o ,ecke-o . F aa  - . :ru ot o m o l  c l e m e n t  has i t s  cn a r a c t s r a c t a c  -c o r t i o n of to re  se-ott -t oot .
ha’s-tog as -let -te d -o po rt i on of tot e spectrum or-i a qudl it - r- por t b - a t m  of toe m a t e r - t o i l ,
or e can c o r r a l .- - _ ‘t r e c t or mar s - s - - S  c ha n g e  Inn am o Lituc e  on the  ir r d a c a t o r  -c ite -n t o e
g auges  are nc ’r r . oec ;  on th~ ? om t 0 0 0  of  ot~~t-o r ia0 w i th  r ie lammnat ioma .  T~-.s -  on- .strroo—
orent s ~ rro u ls -3  be used 1 r  o r - e n k a n g  a r t a n i e s  ir o n  2 to 15 c~ t o s l a k  - c t - n h  a s - -o r - f aa
b - m Ist ’, rio t below Ti .

All t o r e  above—descrIbed me to no ds  of r - c n d e s t t - ”c t I v e  - o o r t r - O  OaKe It  o r c s s ib - Le  to
6000 certain flaws of an article, but do rot give ar.y ides cC it-s strength.
Por t I r e  r~ asoo , t ine in - b -u st r  also uses the pulse nonetn ior s f r  c ot - s - a s - coo t:rs p. ’y s o n ’ —
me chanIcal p m o r - -s -er t :os  -of tn - re r - .at eraa l  of an a r t i c l e  I t h e  1019—I , 1KB—l an- , to:z—20
azt d 1219—7 I o s s t r o n n o e n a a ) .  The method cm n a ~ st5  in t re a s u r i n g  toe  t i me t mk r n o~: an
ultrasonic tu l s a  to m o v e r  a known distance (base) in .  the o n . a t e r a n l  on-n a oh e  pui se
a t t - e n u s:ion tIt --e , - an-a calcula t Ing  the pulse p r o p a g a t i o n  “r e l s o ir o . The - a l a s t i c  and
st r e n e th  c ha r a c t e r i s t i c-i  an on t i re  poros i ty  of t ins-s ma te r ia l  ci  t ins ar t icle  os-m e
bated fr - o r , ,  the propagation  ve l oc I t y  and a t t e n u a ti o n  r a r e .

The FXS—L tnStr-snooem,t Is  t rans ist or i zed , arid toe 1)03—b and llk— 0 i n s t r u m e n t s
In -s-y e e l e c t r o n  tuoes ;  the i:as tr uoren t s make i t  possible to  p e t - f o a m  meas~:rc ooeot s of
os ’r t r - a s c  ~n-d Ci c O it :  over a wide f r eq u e n c y  r a n g e , f t- r n  5 to  300 Id-I c , w i t - h  b - s- sr-r e .11—

sr -rn - ro m e f r - c - r i  0 to ~QO mr-ri. A ac -aooorr diaa d’nno irs -t .sg e of  t h ~~.a e I n s n t - n o otr cr -.t s  is t i r e
of  ga-sees f o r  ex z a t ln - z  :r- an -ns : mse waves in tote motat - cmn .’ . 
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I
The L’~~ S— Instrument as onir - a -at ema z~s--u by t oOc fact that at is desi gned for-

lab-orator’s - n-oaosuremen trs f longitudina l and transverse ultrasound velocities - h I
at f r ecu en c a c o  ci l . ó t — 5  )‘tb-{ on on em.sil  specimens m e s s - c r o o n ;  5— 50 ome. 1110 pre—
ols ion  f sic aastt--sm~ ot  ~s :oagber than that of 1019— 1, 1K B— I s  and 3101—20 i n —
st r u m e n t e .

To b-e t~~rm irie t i n e  p o r o s i ty  and m ech an i - na l  p r o p e r t I e s  oi the material of to C
articles , in odda : t,a n to toe propagation. velocities of ultrasonic waves In faber -
glass plastic , it i~ necessary to know the biod~ r content of the article. Tb-s-is
paramet er- may be deosronaned with the aid of the IKI instr -orr s-rnt .

Control of blade r i ua l i tv - 2 includes:
visual inspe-atiort ;
d~ te~ n-intation ci mass;
detection of delaminations noI air inclusions ;
determination oi elastic and strength onamactemistics ar.d den~ itv of the

blade material; ‘
~

deterninataa- n of blob-sr content :
calculation of the porosity si n:ne material;
rest -s for stren;tia to fr,acture.

Focternal inspection of blades I-\-;olves aheckln-g for the presence of otis -Ib is
crc-n - ne sb-recta, swellings and local squeezing cut of bim .der, int-omplete nole~ione ,
area “biting ” of toe eds-itig .

Tine mass of each blade is checked , s i tar  rsoao’;in; tb-a seam , by ‘aeiooioim ; on a
teohniaai balance os - I nh  a r,axlnum error of 3. 5’~.

De laombnat lons and aIr izrclusi~ ns ar-a d e t r o c t s - r a  os-sin a 31K—It u l t m a a a n n - i a  f l a w
detector.

Itt Sets—— otlon-; tir e elastIc and strength ohat-cc :eristica and d e ns aty  of  a
natarial b-n th~ u l t r a s c n u c  aeth o C , t h e  p r o p a g a t io n .  veloc nlt ,’ of bons - It--Oiotal wa’,ee
is meaa-sre-s from too -b -a -ec t ior ,  of oo ae d r iv ing  su r - f a a~ of the blade in  three direc-
tions a10onz the warp , .-efr anod a t  a 050 angle in toes - plaone ci tine fa -rlc s:oeet.
?ie:oels-otrlc transducars with a f:e~ uency of 80 kJ!z arrr used for the measurement.

Tract- ore nests of b l a u ’os- at -ned ot  ob - et ermiointc ties -or load—carr’.’ine zopsoit
ar -re performed n- ’ n-er-n-cs-log tb -ro ach an an ;le ; t h i s  method most closely approximates
the aer-;icre condations ann corresponds to tine c~~~n-ncotb ;r emp loys--b- Taylor talculation
scheme . Irs -man e t:rre tests , the t ooo e of the start of bl~ce fracture (Indionaten by
the far-st audible crack) , toe time cf si-ace frootur a (in-aicated b- the -as-o ur
reading oi t.n -e b - vns - nm om ete r  of Se tesosri and the d~ f leon-a-a r-. at tb - c  end of tn -c
blade ( f r o m  zero load to c o m p l e t e  f r a c t u  me of t h e  b lade )  are recorded.

Tire test results are - oa~ b- n o  c a l c u l a t e  the s t resses sr-nd pint gr ap h s  o f
stresses and deflection at the end of nine b la d e  as functIons of the load , and
tb-ne reserme f a ct o r  Os o sl a ul an e d .  

-- —,. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~- - -
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3d . Z o l ; o r m a a e s

?ol rim id es nt - a  h i -g is—r -on o lecul ar  l inear  compounds hue e ma r-o r r o b c o - s l c s  acotsist - In - u
of f lex i b l e  m e t i n v l s - o c  cha ins  and polar  am-ode groups  — 0 — l b - i — t -ee- siar ly a r t - r i m s -re-a

U

a long  toe r oam s. Th~ p resence of an idc  g roups  cap-able of for-or-rIo; b - as - St -n -gem ocr -is-ne

between o n - e i z h bomnl t a g msororno i ecuie s  de t e rmines  no -c p iny s : ao r r - re rnre o c re000l  ?r-~;~ r-ta s-~
cur-coon to all ?oavan-elce a.

len- coding on tine l oca t i on  of the  anISe ;ooucs , pol varorl -des s- os -m ob S c i f f e t - c o :
o r v s t o l l a : om s -  capaci t ies .  As the  degree of c n ’ v s t a l l a r ~ot - .’ a n o r e a s es , so do tb - c
s to a n ; o o , i n a r ob - o coe s  and -sear r e s i s t ance  of the  o s - m t a a l e~~, and t he ir  i e f c r -m a o i l i t s -
decreases. ls-’tth omc r-easing num be r of am-is-I rs g r o u P s  a n the ria cr 000ire cu le , t he
m e l t - o o t g  p oiot  roses and the har an ess an d r i ; i i i t v  cf the  polymer  10cr -eas e .

In ex te rna l  aPpearance , th ese are solid p r o s -a c t s  r ang ing  f r o m  sno te to l c ;n :t
;.-e l ba ’ -c  am co lo r .  They ex nt b i t  apprec iab le  n iecn -eooa ool  st r eo ; ta , pa r t i cu l i t -b :.’ ar t
::n-e o m a ~ o.t ed state , b - job - -sear r e s I s tance  p r - -a r emnles , a low c o e f f i c i e n t -  of f r - a c t a c n ,
a h s.n aosop im-g c a n - a s - o i t v , r e s i s tance  to im pact loads , inS elastaoit;.

lice s t a r - a n ,’ m a n s r o ,a l for  pci :  ant-des  ar-c a,mon o sc ab - s  or the i r  l a c t - o m s ,
am-ames one d o o s - r b u x - ; L a o  ,ac:da.

t-or -endoon~ on the  raw m a t e r i a l .  er-og le ’s-b - , p o l v a n i d c s -  a re ai .’Ion s-o -a i n t o  rilIom rs-ooic
anuS a t - o r - ma r io  on e s .  Thea f a r , a l t - m b - a n n a  tn-c l- soo n. usa ins -n -v- s been uses mo s t  eon t - s - eos i c—
I-.- ~n ane d us nr ’s - . In the  19b0’ s , in sr-a ct  to increase toe  t e a t  r c s : st anrn e s-rn -oa r-at: a

polvanides were svncthesizsd. Among su n - b - a t m polot’anoacs , t on - ose  o f c r am -ca 5 , ‘o h .
ar _ a  12 at - c being produced  In t ine  Tb - SR s-o n an in duso raril scale.

A mnumnrs- rr cysts-m oe as - c i d e l n  used f o r  ,6~ s a c n n - . s -t a n ;  the  s-ohe nI aa i  co c- coosaOsn  o f
pol s-nri n.s -~ca .  A n om i v ao oma de  -o~~t ’s - c n e o  f r - cm no te n- orn100 aca c  is b-erect -coo in’; ri s a n g i e  moo r-it-er
o-o rmss000oomn e no th r ~ r - r sm-aer of carbon a toms  it -i one  m a  t o o l  am-so sca b -  ( f o r  cocoon b e ,
p o t lu a m i - d e al is a 70 1 mn -er of aminoun decoanoic a c o a l

A com b i n a t i o n  of t-co numbs-n-s Indicates  that  the pr o l am-i d e  ‘ass oina inens fm s-o tr

a d a s u ln e and a a i ’ a r o - o o c y l i c  sole .  Se p a r - a t e  mun s -c e rs  a od a a at e  toe con t en t  -a - i oj r b o n.
Santa in t i r e  ah a a o s  of n ine  dt am lme e ass - i  - r i c o r t - c - o n t - v l o c  s-cia ( f o r  en-r ani p la , o’ol- - :- m n a a u
66 is a p - o l - --n -e r- bas ed on h exa t r e th ire n ed i o iome in e  ~~~~ l C - i j

6
lIH 1 and a5ipao n--an-a

- u 3Cin~ . 
— — —

Pci  arm-dc 6 _s produced In -nhe largest -.- ol - o cn r e io t in e I S o -n-.: a ts  raw o o s t c m o~ai
05 - 0 — c o p  m o l s - s ot ami . lit p r - a c t - a c r e. h ’ s - d r - a b u ts s-sos a o e l a o o c  nn rc b um :ocr - aa . a r a c m of ‘n—c oat -na —

b a a :a ’n - e  is e r -tp l c - ’ s- : .  Io the f i r s t  case , tn -,~ catalyst ors ‘n—amIoccap r-~ IC actS ,
for m -a ol osy n in e r~” I t - eo lvs l s  of a lactaor , or - AG sa l t  — t h e  r e a c t i o n  j r - o a r - a c t
o f s - ’ e - s - i m ob a r  ar c-r ots  of r d i p i c  acid n - itS hen c a n n r e t o - b e n e b - a a a e o o e  The poal’s -on -er- o s t ’ a n ’ e n
i s -  -a a l b u m  c apron  and is processed b y p r e s s u r e  c a s t a o e  -at - x t m o o S o - 0 n .

.-r 0 0 0 0 c - n  m c l - --t oe r - a : a n a c m n in’,olves ton - C - i s s- s- of a a n n a l s - t a o  s y s t e m  n o n s o  s - t o o - .. o f
— o s m t - iOs - 0 0 0 - :  s - o s - b ar. aa _ t - -c ot s c c n 0 0 0 l : ; e e t a  N .~ o u e t - :b o r i c r o l a c :ao m a o l _ l an e a a : s s - - —

a - an- -r n- e s- • Tots o m 0 0 0 0 a  :o1- ~~eraoam aun r eact - a cm Lo e s - no ~c to p ls - t nn -m r o t  1.1 r, . Tb-c

s-~~s - O
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po lo-nc r - is .- ‘ O t - omo ,.ne a d i r - -s- _ t I- ; an t i ne  molds  sn.I b -o , s -s ms - ct r - -s - s-n u _ r - e  w ea n - c o g  or -  or - v r o n .
The pc i -s-ncr c t - t a r s - n - e d  by a o oaoem ac  p ol y s - n s - r - o o a t n s - o s -  O i l l c S  n a m r a ioo.

Pol’,amid,ss ~~6 an-i 5-3 are o ot i l n ed  f r - am -i i annooens- ares -i i I n o . r b a n o ; i r s - n  s o a c e ,  I i o e a r -
synrineso s takes place in two steps:

~oe p repa r e r -as -an of .‘s-G sa l ts  f r o m  h e x am e t r e -i en ~ a aononooa  en d a n a ? a c  r o a n  ( n - s - a . —
ama de 6 6 )  rir.d SC sa l t s  fr - c - or  o s o s - a cce thy i sm ed n a an ooa  an,, sebsoic a s - n o d  ( o o l - o m r ~~n~ n - n a  -

( b)  pol- ; noo-aemsa :ir c n of tb -ce s a l t s  obtain e -a  an  J 7 0 — 2 d 0~~C.

Poiyam .ide 12 was syn t in e s i r t ed  b -v in d r aly t Ic  p o l y m e r - I a n - t a n s - i  o f  .s- —-s-d s - n l o m o t a r m.
Two brands of p o ly sm i d e  12 ar -c p r o n s o c u  t t - i  t he  S o ’s-j et  I r . acn :  cast  c’- o 1~~~~.. an-I
ex t rus ion  b rand  121. La o t s  p r o p e r t i e s , pol , ocs-~ de 12 is analogous  to  t i r e  l :a ’ r o t
pci aniSe 11 (r ib s on )  ond d i f f e r - s  i s o - o r - s o l u  f t - a m  o t h e r  po lvamides  In i t s  ina ;m ’s- t-
moi s t u r e  r e s i s t a n c e .

The pr Inci pal o h ys ic ontc cb - .- r i rn lcna i  and d t - e l e - n n r a o  p r - c n c r t i e -s of pol ;.’onoodes  of
the enumerated br a nds -a re gay s -n  an  Tam a le  7 1. 0.5 is s-n’;ods -ot from tine n -ao l ; , -all
the praiyacoi -de ; b -a-;~ smm -ul ar mechanical p ro p ern ae s  lo the I n i t i a l  sa t e
b- sb-test  o m n n a c m  s - o r~~n o n h  and e longat ion ar-n - e s - a a b a t~~ ‘c’s- o -os iv0001as -m I . . ~ll  p o l y— / 168
asses are o o r a r a c : e r a c e c  ‘cv so—called cold f low or creep .  L’od,o r ac-an ti-s I t e s t —
log c a r o b - a t - i o n s , p ol osntool~ S has the gr e st r e s  creep.

Tab l e  71
P h - ’s a ot - cm e aham i  oil :st-ops-r000a of pcl y amos -n. d c- s-

Poiyaxrmi de -

Prope r t - ;  — I -

6 I Il 66 11 - 6 d b -

Densot~~, g,f co rs- - 
- 

1.11 I 1.11, l.li;l.32 1.10—1.11 -
S t r e ng t o , kg f nmrme : - - 

I 
-

- t e -n - s i e 7 .0  7 . 0  10 . 0  7 . 0  i 5 .0  -

- compre ssive — — - 1-2.0 6.5 I 1 2. 0
bending 

- 
9 . 0  - 10.0 11.0 -5 .0 1.0 -

l icdu lus of e l a s t I c i ty , 10’ 1—2 - 2 16 là 100 -

I k-g:/m_m- 
- - r -

- mp a c t  a t r a n g t o r , k f oa/c m m - 1.3 — 1. 4 - 1 . 0  1.2  -

- E l o n g a t I o n , I - 25 0 300 - 130 353 10-0
Brinell hardness. kr’f /r_na - 5 5 10 — 25

H eat  r a s L s t n - m c e, ~C:  - - 
-

- 

- la r t cns 33  - 55 - 55 I 43 50
0 160 0 160 

- 
230 laO 

- 
175

- 
Brittle temperature . ‘C s- — 2 5  — 3 3  —25 — 

- 
—

Ec ui l l br la n no n oa t e r  a b s o ra t b c n , ‘0 8—12 - 0 . 3 — 1 . 3  7 — 5  1.7  5 . 2
The rmal . o m o I s u t i - i i t c m e t - o i c o e m t, 3 .2 1  — - 3 .23 0. I f  —

b- l/ -
- Soecb±~ c n- s-at s- ag o -cit -a , 2.1 2.3 - 2 . 0  2 . 5  

- 
—

I K)  - - -

- Volu me re sos t i ’ s -i t - ; , - h n  n orm l ) -  I I ’ s- bC i ’  1 0 °  - 0-: 13’ ’
l i c l a o o t r o o  o o ’ r s - t n - .’n -t a t 13” Ha - .2  3. 7 -. .0 3 . 5  ‘ 1

a r e l e o t r - a n  1 5 5 3  t nog eot - i t  - 0 .) :  0.1- f - 0 . 32  3. -Il 0. -I l l
10’ dz -

0



1 o s - r - sr o o o e n t - 1i  a u t o  as - ro e  th at toe  g r e a t e s t  t m s - n t - s -r sa  n o n i o r m at io n  o a e s - a
an t b - cs -  f i t O s - n- O s-me te r n -s ci m o o t - a  of t e s t a m g ,  toe  m , u b a e n - o e n t t am c m , 5 0 on n -s- n s r - on a t : a r -r -
ien.og sli ;ht .  A t  s t r e s ses  close to  t h e  p r - o p o r t - i o i n - a l i t ’ ;  l ima t , 1 3 0 — a r  : e i o r - ’ n a o a n m m s
increase c r an s a s - n - c n - s a l , c ut  s-jo on-or re ach t ine  l a o r m a t a r r 5 “aloe.  At 2 c m .  s t r e s s e s , n ote
100—hr aeform.aoaa-rt s are  c isc  to b o o st in g  ones .  F-o r exoc -c l r ~, for m c I - a m - s a c  na at
s t r e s ses up t o mtO k ;i n m m — , ae f o r m ox t oo ns  a f t e r  110 h ami000t  to 7 9 .5 1  ci i a m o t a o s -
ones.

At s t resses  g r e a t e r  th , rn  the  p r o o cr t i cn a l lty  l im i t , t h e r e  is ob a er v e d a
guolinative ~‘amp in t i n e  behavior  of the  m o s t e t - i a l , lea d i m o g  to a ?r o m c u o c - ; oo b - Ic ’s of
the nn ,o te roa l  ic l l s - o .ed  by f r a c tu r e .

I on- the b-sign of articles nor de of po lyamide s , c re ep be ing  t aken  irs-to anmmsii et - i—
n i o n , t ine a 1lna~ ed s t resses  mus t  not ex ceed 0.1 of t b - s  t e n s i l e  O t t e r s - s - t i n  at  n c r -ms -mI
t e m p e r a t u r e .  The -- a e O n po in t  of noia - amm-oues d ep e n d s  s u b a t n o n n n . o I l n - -  or-i t a e  o o t - °o n o : s -  - 159
t e m p e r a t u re.  k’ s-o r ,,ncanig o ,s , or-.e s-a d d p o i n t  o f oo r coy a cm n ro e m a o  on t h e  t a o - g e t - a t - a r c
range  f t - - on  20 to 110’C d r n - p s  fr - co os - ~ .30 to 1.50 k -g i!mns ’.

TI-r e lcng—to mis- and f e t - o g - _ re  s t r - ;n gtb - s  of po lvamidas -m r -c s-b- ro t rs r -o 010rs -a  t a  a n m o s i o s r -
ab1~ ,s-n :t~ant  I-r t ine l-oaoo a :me cond it Ions , t ln - is -  b e in g  r s - o l a t e d  n o nb - a  phen roo tn a rva of
sei a — h e a t a n g ,  - enj o in  ace o mora r a c ter i at lc  p r n n n - a r - i l - s -  of a l t e r o a t n o z  l m a o s .  t o o s -~t r - o p —
t i ons in the  course  of f a t i g u e  t e s t i n g  s - o b s t m a t - i a i l - s -  a f f - o c t  the f r a c t u r e  tint s
of the s- s-p .scann eoc a and s - h o r - p l ame s-n t- ease the .r  f a n a g u e  l a m a r - .  The r e gu l a r i t y  ci
toots increase makes in - p o s s ib l e  to conc 1ud~ tha t  cu rIo ;  the o o t - o c r u p t a o n , tine
abo Ilt ’s- of the n e t s - s - r a i l  to r es i s t  loads is pa r -t i m - I l ’ s -  reoc-s-’, o t - eb - .  Tine s t r e n gt h  may
o~ r - - s - a n a v c r m - b -  ,O ol t n O i S t C is-’, and in some cases eveoi ion excess at tIn-s inra na s - aai oe.

A valuable  qua l i ty  of polyamides is theIr  exceptIonally higlo samm~ r-.g nn ooa c lt .
- eb -mich cons iderab ly  surpasses that  of s teel  a r c  even r u b b e r .  The  l o r v a r i n h r i a
r a n m i n g  d e c r a n en t  f o r  Ti steel is 3.22 , fot  vacuum r u t - o a r  -1. 1-1 , so f o r  p m l o - o m n . c e s -

0 . 3 3 .  ?arnj o ’a ij r l ’ ;  advantageous  in t -he  us~ of col  no -l i e s  as a n a t e rla l  f-o r b ear - -
on es  Is t he fe -a n too t  in t i m  t e m p e r - a t - ar e  ra n -ge  f co mm 50 to  O C C , oh s -  -a s - mr- r on- r oot
r eom oo mes a ma ximum ( 0 . 3 6 ) .  Barium sulfate , mmo i b d e m c o ’rm d i s u l f i l e  mr-s - u  ;r - at -o ’- i t e  are
s-oare d as ann ifrict ion a~ -b-at-i-;es to ~ cl y o i r t r a n e s .  Tire n - m a ; o e s t  as -e ar  r - e s o s - t 0 0 0 r
c o a t -a c t -c razes sp ecoci ent s - s t - t b -  a 23—250 a d d a t  a- an of 5 a r a u o  s u l f a t e  or — — -II oi ± s - n a t : o o r-m
i f  g r a g n i l t e. P o lu a ma e oomposi t ions  o r a t o r  mc1- -- oeso ru r ~~~:’su l f n o r e  son- s-n s-r,op ioite also
Possess t -ap id b r e s k i o c g — i a  c h ar a c n e r i s t a c a .

The presence in n I -m e s - n t - s - r o t - o r e  s-n i  -ocl ’;acroaem of pol ar - a’oiae ct - cups  a .oh for-me
la b - ro s en  h oods oai t -b - w a t e r  tos -- leculc e aca -o -a on - ns  f o r -  n - n e a r -  h a s - m n  l ov z r - s - teccn - roiS  -
t o t e  of d l f f - n s a o m  of m o i s t u r e  sm-a d eg ree  c f  -aao ar  a b s o r o o r o : c o  n - o p e n s  an the  - c o t e on -
a f  po lar ano mI e g r - m n u p a  soil 0~ . t in -~ st r u c tu r e  on t n -s- re  n’ol ’n- e r .  The l ower -  to- s- c o o n
0000 of san-ide soaps , tore b a -en - ton e ea t e r  a b e c r p t i o n a .

In  t ine se r ies  of a l a o r r - a t ~~o po l usorini e s i e s c t - t a e c . t b - :e  n r - s - - n - t a : t -  w a t e r -  u n - a s - a r - n a -
to -n -n Is en- rosb otam a by p-ob i a anr o oi s-o 6 I 5 — l _’ 11 , a nm the  g r e e n e - s n- m e a t - a t -  r e s i s t - an c a , 0:-’
n -o iva ’ t a i -o  10 1.71). Moisture has  a p i a s - r t i a a : ln s  r e t f a c a  on-n ps -o- l y a n a b - s - s, s-co o r s -on es
elast ooltu , and s o o n u l t o m o e o u a i v  re fu tes - nteo~eanLoai atr - crm c nin. o--s -dsl-a~ ~f e lma t o s - an
ari d h a r d n e s s .  DurIn g  to re  s t a t - a - g e  of  p01’s-asides ~rt s-air s-st 2 20 and 03’) rs -L ,s -tius -’
o - o m i u a t - ’ , toe co a s t s - r e  0 - a n t - a n t -  t e co a roras c o r - o r o i c t s - l y  s t a n o l i n e - o . Ins -n cr -  these c c n c o a —
t acos , t a m  -, - a c s - r -  m o s a r o - t a c o  of ~ c i s - -s - m a a e  an-
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lomp b e t s - l a ’  -as -m r r - s - - t r - , en s--a ps -a l s o - e a r n s loers 0 0 0 s - n _ r -  e l c , s - s - t a c a o -  ama beccme a os - o r s
5 r - a r t l~ non c m l ;  os -e couse  ci  r - -s - trs - - s-al  of  t o o s  s - l a s - t a - o n - t s r , i. e. , water , car t- a l cc
b~~osu sc o f p a r t ia l  ws - o a n - — - : u t  a t  the l o w — t n s - a I s - n o u l a r  f c a r o ~t a c o s .  in d e s - t o n - n i n e s -
n - r t o a l s-s , i n  as access-cr’, to conan -oc r to e s -  c mn eo r :a  In t i n s -  ,ao- s-s- r, - s - a - c m s  of n o n e  o sr - s
as the  n-ea ter  abaorpt ior ’  p r o ce s s  n -a ce s  p l o - a r e .  P a r - n - c  las-n e s-t i  o- oi a-ace o ooes - s - h s - a n r _ o
a o e o t u an  a ccos t s - an t -  s - n n o u n n  of m o a s t - s-s rrs -  an d a i f e r e n t  i n u r a o : n a e a  of t i m ’s - sr -n t - as -on
medium ant o r d e r -  to ococ e, . s - .s --a cons tan t  -a a io r a n n s i c o s  of no t e p - a r t s .  1 0

From the  t an d g r a n_ n t  rtf s t ab-  al s,  -or t h e  r t m e r - s - S O o orns on thu  p- tel anu
;mec ie-s ’ s- s- cu l  prope r t i e s  at h i g h  h u m o r a c n i t s - , p olo - Omorl e 1.1 is b e s t .  It s  b s m d i n s - n
s t r e n g t h  a f t - sr  or,accamer oo s u t- a n o a t a o r r  o s - c r - e a s e s  i rs -  15—131. a~ d a f t - e r  s - o i t o s - n - 0 0 0 s-e. ar - n a
medI an of all r - e l a t l v c ’  b - os -nr , a , . a t ’,’ , n’s - 3 — a l .  lo b --a r t i n e  ms-on e s-n s-n crs -l i t i ot rs , t n - c  -~~C n-eaSe
in s t re n g t h  of pcl y s -m - io e  ~i as -i i- ar c s 2 b 1 , ones t ,o ,r t  of p s - j  soar n- , 2 oeo -_
375 , r a s o ec t o v el .

The d t -m ens lon a l  s n a m a i l o n - ;  and mechanical  p r o p e r - t a n s  of ooc _ .s-r,10e put -ta a r - n
also c e t e r m r l n e u  b :r t he  c o r e r - o s - t a n ;  n s o o - o € m r a r - u r e .  n - / i t : r a s a o n ’ t e n o n - e r - a t - n r a , pr a _ ;:a n-r o no  -

be come moor - s  e las t ic  and t he i r  t - r e m e g n h  and no b -u I -as  of e l a s t i c i ty  0 0 c r - s - u s e .  Is- .:—

In~ long—te rm ser’ s-o c a , c’s-era at smal l  loads , sam ’- ’ oem - c p e t a t s  o n l y  i t  a t s m n ; s - - t- -m —

ture no higher n o n - u n -  103° C. Thus , a f t e r  p01 am os - r e p a r r - s  ir e  rao n t f o r -  — s -I a a v m o  at
lO-O’ C , n h~ ’,’ lose ± 5 0  of t m a m a r -  s t r e ng t h .  At loss on n in e  c r - a c t -  m b -  1 5 . 3  k c n / an -m ” ,
tn te  ope ran t - a g  t e m p e r a t u r e  most moa t  sxo sea  5-I s- C .  The lowest h e a t  con-os-s-ott as- no on-
of po l yamide 5.

‘e3een exposed to inigo tenpre rn -tu r ca for- long per -no ds , pol1s-at-ra-ce s-rtan las a c -ac n e
it-It-tie -s-no wear out  roo t -u I~~.

The oster iora tion  of c p e rat a nz  c o n d i t i o n - a  of p o l l - am- ice  n - s r - t o  at  e l e v a n s - a
t e m p e r a t u r e s  is also in cr eased b’s- t r e a t -  low n i ne t -ma l  o c n d u r a t a s - ’. _~~~, TI-s t o n s - Sa l
c o r n - c u o t e v o t y  aoeffi~ i~ nt of pci-s - n-os-ass Is 0 . 2 — 0 0 , 3  n-I r s- ( an I-I) , Th - - r - s - cn - eo ’s - o b of  n - i n n
h e a t  p roduced  5w n r - a a o s o n  du r Ing  the  s - o p e r a t a - o n  s- o f noe s- oar -ne is ps-oc r - • r- e a u l a a n - s -c
itt the  r isk of local ~‘s - er h eu t - I o s -n. The therm-al  s- o o eo -n- s ct a : at v  is am on -n r -c - ss cs -
duc l og an e t i f :° cn lon  add i t i ve s .

Po l l  anodes a re c h a r a c t - e r i t e -.r b~’ a I-.i ;I-o s - o c e f f l a . e m n t- ci l i n e a r  s 0 0 0 a m s 0 0 0  r a t
i s tan coo -es g r ea t s  n b - an  t m a ~ of a t s - t e l .

The lower llmtt of -son-none temperatures is niener-mn ir-,e-I by t b - o s -  b - r a ’ n t l e  ma- n -n - s -n - s-
t or e ;  I-co is — 6 0 ° C f o r  n - a l  s-s-n o. as 12.  Ac t-he ’; are cool e-a n ’s -lo w 5° C . p oI son s-t oe  p - o r - o s
p a r t i a l l y  lose t I - r e a r -  e la s t i cs , .  Un der  load , sucn g a o - t n -  can o p e r a n t - s  an —i ll s - C .

Polyamides o r - a  -aide t o t s - -  o m r t a c l e s  by - ± i i f s r e n t  m e t - r n - o d e :  die casna r . g ,  c o-o a r - mr s
or -  cen t r a f - aga l a a s n :m r - g . I s - cause  ‘0 toe absence  of t h e  p la st a c  I - e f o r m e a t a c r r  car- s-
and la me v i s s - o s a . t ;  -t O the  me l t , p-t i a~n - Id -as are n - s- c t  worked a -aoi ci ons - .

tic -Ike -‘_ a s o i l n g  on  neal- or-m ade m a r t S ,  it as occessar”  to c o o n - a - o a r -  t he  c o a t - c o t - a r - -
a - a t - s o s  -of t I r e s - c  nater - -ie1~~: s na rrow :oe lt im z  to n s -n , low - ‘n s c c sj t ’ :  o f  t a r e  me lt ,
oe - o r o p h a l i o  m a n o r s , a~ d nj p n ’r e r n :ab l e  in f luence  of p r o c e s s i n g  c s -d it a .on s  on :i t a a r
st r - u c n - s - a r - C  -and s - n t - n - n - o a t h .  The aac o, a: m s - t e m p e r a tu r e  oiepeo ~~ s-ore t-m e t o e l t a m ;  t e m p e r a t u r e
of n ine  oa t e raor l be ing pccoeased , and should be :c °c i ig f ~~r- m oran - . the m e i n l : m  t a o -p - a n--
s to re of the  m a n - o r - t a b ,  In s- coo a a - a c i b - i c  case , n n e  t a m o g e t - a t u r e  i-a da t- an -nones moo r -c
m c a u r - s - a t e b - e  by as .ora ’-n emta i  oon e os- rm S as a O s-not IOn of the c a r s -  coo s - o n - r e  f t oe  i_ n o
a r - a d s - .  3ec~ u se of t o e  r ca - i c r o X a a 0 z 0 0 1 l a t ’ of 0 0 1 : s - o m a o s - ,  an t o e  0 0 0 j n - - O , s- t m t a .
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toe  s-o a s t a ;0 c t r a n s - - s - s  to~~st  cc c a r t - a s - n  . cc s - a t .  - e .m t oe r - o s - a  s - n - .  1 f r - n-i r s - : _ . o _ oo: s- - I _
I

in toe o n o _ t s - e m C  s-~~~ ,~~ -° o . r roe s - n . r - t - s - c o o a c l r n  10 n . : t o  oa f  - s - 1~~~ - r n - a mo s - c  s - t - c

t o e  a s - a t a n , ; n a t e , : r r a o t c t ocot - m n  t o s - r e  ? ‘ n -~~~n - d  5 t _ S

? o 1 - ro n : o a s t s - -’~ a 1:-s m e l t  ;a s c r n s - a t -  , r — . n-n I I s -  P .  1o— - o a l _ o -  of no n e
e l t  I - s - a  a re a . a 0 0 0 m - o : d s -  am s - o : s - . l r - c a n ;  of  t n  -o s-os - I . :  an - m d n. ,-es- _ t  n- c -s- s - t o o l s - ,  n o -  o o t s - , o e  t o n n ’ ~

~~rllu n at n a o l ’ c s of a:o m - nla n - n  a i r s - r e .  m : w r n ’:- ,r - , - s -u s - _ to a n - o s - i t  n - a .  l o o k  out  ct  t o t s- -to o a . e
e s - e n  -.ea o . m c u n  05 so _ o -sa s -t m on  c r - - o s - o s -.rc , r - - s - . d r e , s- I / n o e s  o - a t a m g  t s - o . a . s - n - s -  ci
a -n - stoop oaoo:aoo e r - rn cl - cool - ’ f a n - t a, ama  oo .o - - -s as - _ i— - a i a s - no g ~~.oa 1s- s- .

?ol y.accic-s-s ar- a  nc s- i r - o - ar mi lic o r - -ors - i s - a s-ot s w m o o o l m  oct . ’r t irs -en c c - m t a i o m  s a p m e n f l d o . r o t  so - c - c o a t
or -  n e l a r u r - r e .  P r - o _ e s - a i m m  of o n - c o a t  poI nt s-roe nooses  t n s o t - —r ’ r ; o - o - l - s - t- on . s- e l l _ . .  o f
n o n e  mass . i orm s-s- t oo .a n s-si  n o r - f t - a c - ‘n o o r s - - a r o s - c l n , an -a  o e n i o m s - m  n or s- 5 t t -~~o - ,, tO0 c f  n ic e
a r t I c l e s .  T h a t - s b - o r - c, nc - sot  n o f a b r a  n o r t a : n  - n b -  tine ar - ’n a s- o.~~s- . n - o l y a o t i c s - s -s sn - c
ar -se-a a t  5 C — 5 5 ’ C ar t a l,s- - r e r -  3— -. cm -_ n c c , n  am -a “ ac t s - arm fo r 1— 2 - .  in - a r m m n l l  c _ _ s  -m,.oas’ n n t - - S

- a a rn t - a n n of toe  o n - o s - sn  is no h a o o o e r  toa ’n- C. II.

s - o r - s - r o to r s-  s- a0 n’ oiss -am aoI -es in t h e  m t o s o a m m e c  s t sc l e  is -.no l e i  I .  -s -n- C t - moo s- n o ~
ton s- n - r a c s s- sa n.- d - c o s - r a o a s - o me s-s . .m. r t i a l s - s -s o s-s -t on a a r - v c n - a l l i o , e e t - : o o t a r r e  s-cr c d o _ n _ n-s- _ n a:
the  sIt in :or 1~~cns-i I n t o  a -n- s- al a  b - a s - s - t e d  no -10— ’or3 ’C soo n- .rc -toic as - I . e . - - 0 0 0 l s - s - d .

as wr e . _  ,00r. wma t o u t -  a -cr-’s-n:oa~~lam ’s- s t r n s - o t~~rc a n - n - s - nt - n - s - a ss - s t n -s- c n - S e n - s o s - - c  s - s - t r s - o n p t , n,
r a g a d a t s -  no-a h s - s - r - d~~~ns- s , ar-s-I art - an Ion s - io n -n  such a a n n - a t  . ram n - a s -  .1 o s - r - t O - s - r - .aS
f r - I - a r s o n  r - e o s - i a t s - r r o e .

C o s t i n g  inn - a cm l i  -n- o ld sod r a p i d  o c c i i n - .m ca- :es- .  o a t - o o d l e s - - i n  - s - b - s o l o
n-leas -e o o c - - o o i c m n a m a o s o . ntoso - :- e d a- .’ ii o n - a g o  - s - l a s t i m a t  cr-s-es t o - -n o o n  s n - n - s -s- ::er .
aas n in t ; ci p a l - -i s - a :  .rc cob-a mc I d a  I S  m - o a e s a b l e  onl ’ an  toe f a t -  r a a a t o - O nt co t o ot—
w a i l s - I  s - a r t I c l e s  - I s - s  c o :t a m ;  of l a r g e— s i z e c . t o - a o s -~~~.e - t L  I s - -  s- .r -c a s - l e - o n - s - n - i n - e s  t . e
000 5cr  of b - c m o s - m o a n  of s ar i r r - n o a s - m  c o w a n - _ re’ s - . is- s- as - ,  is ,aue _ o o s - t o m  t I - O s - o s - i l  a c o o - a d o n - a s - —
f t c : tin - a p o I . s - s -n - r i d S  l_  a-a loc.s-t s-d os-a t -  tot s- -~s - s - i I s -  - s - f  :-. c a l - . sIb -  so l o- _ a n : , n l r ~
s o n - n - i s -  - of  m a l t  a o - n o  o f f , s-n o to re a o n o a n - a o r  of t oo .  m r - t o o l s - i  n - t . l I  d o o c a a m a  a I :o~ a . _

moss , s- on - Io n cm alLfIfi - nat i s - n r. p t - -of-noes s-hr -tn - Snip e.

Th to n - S cn n - c -of I r r - c — e _ a s - i  I r t i d I S s , tn- c LOW t on - -a r— al  : o d u c t a : a t  of pal —
amides n - l a o  cs - s os - s -co os- ( s -s- ’ ; , ama jot h e a t - o n  mrs-ci a  aa sn i :ms -)  s-on- a n i n c n o o n o -s - os - Es - c U s - C  o c s - i r - a e — s - ’ o s - ’e r - o  l a n e
o r - s t a l l i o n -  s t n t n s - n : o s - r s - a  -sn,to t n -. a p r - s~s - e o o n  -o f  a s n - n - m a c - n -  so -cr --m s-m oos - Is -s-s - o r - .  1- obre ar -
p O t t i  w ocoo a in om s - - ge o s -  c o.s- o° t n’ ,a— - s - t - ’ mn - r e r - a l i  o r - o o t~s- r e , as-n oon -noo ns - s- I ot ’ s-’ t s s -.000 - s-mon -a t-

:- —::j°c is r aca -on- - en c s n - d . T im -s  t s r - o s - n - a d o  oi t o n e  los-s t n - s - o s - a n n - s - s - n o  s-Os-n-’r n-. cs-  n - mm t o e  t m a
m e s s  of toe ar-n- ic ic inc ramps -m s fr-c-n I n-a -5 a t .  lloe s n - m i s - a l a s  ar - s  -s- s - mn~~: n - s - a t s - s -o an ~
- a - a s t or -cool nod am a os-oem of os - s - I - lor an - n - s - a n n - a c e, sodoco m a t r o n s  . r n  _ p o ts ,  - .m o s -c o n - a t e
in t o t e  n - c - mo o n - o r - t o - sm of  l r l r _ ’ . -

As pr c-.’ic-n sl-s - m s - a t - a r . t o e  p t - o n - c t - t o s s  on ’ b - m a I m — n o t _ t o m  a r c  b - o - c n - t u s - n r l ’.’ sm n m a n - m . ”o-_ on ’s-

-a s - som e s - a r - a c - a s  b - a l  l o t - s -  s - u - a n n  -s-os t o l O , g r o a n - r a t e . too vo ra s o . or om n - _ s - uo±t s -_ e . s - o r  o a r - n  mm

s u l f i t e .  The iot rs -oe s- f-a t ts - n n - of f o i l er s  an- ,- a r a  c - - n - no n o .  h a n - a n t s - e s  area s n r - ,r n-o t h  of t : s -  1 1 2
p s - n I—n - er eonS o m o r a n - , ; in - s -n - m r s - .s- n r - e s o 1 s t  ins-a- n , sm a t o  r - a o t a : r m  : t - c o o s r t a e S  im o s-r s - s t - e r
SiitlOn - 0 -s- . s- so -s-s- s -e r , n in e ann -a-on a n t - s - o n t o  So n - e r as - o s - me a n n ’ s - t e e  ; r c n - s - o r t a s - on nor  n - m e

l t  is on - oa t  o d , s - o t s - s e a m s - . s -  n _ S l .n - t r -o c c - o- a  t i e  f o I - I e r s  s I r - - a t - i ’  - i c r - a n - a the
of :s-’I’s--c o a a n s - n os- , s - a m o s -  r. o n s - : t  f I l _ , s - r - c  so s- -as-a t- r . s t n r n -  t b - n  r a t s - c  of b-- nm - m a con  - o f  ps -c . —

saa a s- C s .
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T I-re o n - t a r o m  somos-,nn -m s- an f a .Ier  is s s - t s - s - r - m s n r e n a  3 toe  f - n o - a n i o n  a n  n _ n e  mna n s - s - r a s - i .
A o a u o - u l s - a t s --f e o O e m t e t s - c c  tanS s-s-cs-..’t-m t h a t -  n - e i - s - r r r n e t - - n s - es s - r o t s -  i_ l o l l f O I l s - r n- a r - s- a n ’ s - f o r
r - a l a s s - ole o o e r a t a cn  f no on s  p e r - t a  as i cs-s-n om !s-s-, coos r -n , and ms.a r o , r g s .

m o  l - ’o .  ,‘.ao s- or n g a r o n , r t a a  oclyan ne _ ones. t i n s - n  .3oVt-5 slt r i s S t t - -’ s - t - O s - O i s - O C S  0 - s o O t ’ 0 —

rs -ol.’—r - s-— r s--,eo- n-s - I rer-oasor!n- totaonma ..c, ms r a ,am as tn - os  -pal c o rn - o s - S a ta o n  p r o s - o s - n a n  oaf sn s - r - 0 0 0 a t a s - n
-olarnime ~mno—o- n ,s-nv Le oe s-ntcma ooc; anoi -ser-on’ata-,ss of osriecratoc s - a a n a r -oon-r 105 -s co ot s ( a s - s - -s -n —
pb - t b - a l a s  acl ) . ‘

3.r -omatj c dj anines of low rearan-IvIt’; do riot t - c aa n warns c a c a r - r c o n o y i a a  a s - n o d s , oj in d
n m - a c t - c O o r s , ins n e a  of a dicarboxv l~ c mr s -na t , -use is made of n - n e  toots - n - s - s - c on - a -- re
nns r-ovani-s -es, di_nn -iorlfes , and nmre r-rsectssn Is -c c a r r i e - a  out  at l o s -  t snmn -er -at- ,tna an
sa lu t ac t .  or at ohs - i nt e r f ac e .

Lake o t i s - sr  a r o m a t i c  po lvarn ides , b - s o i l _ t o  is a o - i t - s c n a r - t a - sa c m  m a _ t —. a omp r - s -s-oan -’ s
sn r s n - o ; t m , exce l len t  a n t o f r _ s t a o a  p r o p - a r t - a c e  on -n a h agh  c o e m n o - a a l  s t - a o l _ o n : -’; as p l a n s
t r a n s i t i o n  t emp e r a tu r e  ( l I D s- C) as -md me l t i n g  po a mr t ( lb s- C )  rer--r- .it l c r m o — n e r’r use sf
nine articles at high nemperat-ares . T-s-e cs-ol e -sol a r  OSSi 00  b- .s-oolco ss -.ataiale for
pr-ooessang into articles Is 20 , -J IG — 10 ,000 . T h r e  o m s - v s  a a on e o n e a : n o  ccl p r - s o r e r -  t S -a or
b - e m i l - o n  a re given below.

D~~~sit v , e s-s- cot s- 
_ 3 3 — I .

Tensile s tr eng th , k r n f j r—” - 12.3
C o mp r e s s i v e  s tr e n gt n , k p f / o - ane 2 - 1.0

nm p a ct -  st r ength , k g f  mm ,’ .oot 2 . 0  
-3lodulus of cor000ressiori, k g f .’ mnts~ -. .5 or 11Th

3rlnell hardness , ~s;b - /
s-
o-~m ’- 3/.

‘~icc t e mp e r a t u re , ‘C 210
Fr -o st  r e s i s tance , ‘C —70

F e r m I - a n — b a s e  molding ma te r i a l s  are used in ship  machin e i n - n i l d i n g .  Tb o ey  ar cs-
f onel y -divioso wh ine  arid pink powders (bulk s-leosi:’r , 3. 12 — 3 . 3 5  r i - a m 0 ) .

Par - ta  n-es- ide of feo nailon are f a b ri c at e d  in n - h o t  m r o i d i n - s -e at 320 ° L’ a- os -  ~ sn - sc a b - I c
pressure  of 1000—1500 k g b - / c o o — ;  i n-e lf i n;  tin-ce under p ressure  is 3—15 ‘n- i ns , s- ins -I - t h e
ar t i a l e s  n-rust be cooled under pressure  to 22- O s- C.  The p o i w n - e r  In n -ms press n o d
is heated to the molding temperatur e without pressure.

P cnalo n has s t r e n g t h  c ha ract ar j s t~~cs sj rnj lar  to those  of a l s - n o s - t a t i c  pci : —
ami-.ies. Th en - e lastic modulus of b- em olac n - is c o os id er - a in l ’s  h ip hcr  t b - s-on t b - o s - ne -an
sli p lea n i a  pcl-iaaeiSs. The chief ao ’an na g e  -of b - s o i l s - r n  is t i n e  n - s - O S s i b t l I t~ -of
-aa t n g  toe a r t i s - o l ’s- s n ’s -er a w i n e  n eno on - er -a t ure  r a t - g e , t- r-am _ .s - s - J s - :  nor  — l b - s - I s- C .  P-s-—. os - ld n
is a l e c  marked by h igh  a tmospher ic  r e s i s t ance .  I n  is s inUs :  in s-en -ar r--asane t an-n ce
to  c l f p h a t l a  poly as-n ide ne .  Tb’s-s or s-n - irs - earn -sater -absorption of b - g oal - one is P—i-T i .
It is a good dI e lec t rI c  whose p r o p e r t i e s  - a r - f a r g o  c c r t n - a r a n i v e b n -  l i t t l e  s- oo snzs-
a f t e r  exoosure to atmosp her ic  -conditions and ne rosmt i ca i i -m er a’ change ins t h e  n’s- mop er - a -
t-ore range fr-am 20 to l2o~c.

F o i l o n  has at tractive an t i f r t c t l s - s -n  p r on - e r t l a s , stob le  over  a s - t d 5  n c r - p e n - n - -
n - s - o r e  r ange .  Thanks no a h i g h heat t - c s - i m t a n c e , i n  - so t - o s  t o n -o s  n -m imer f r - f _ o n i o n  I os -~is
t in -an slip ha t i c pro l at-r o s-j es .  Ian - s - f r .’ f t - o a t - f o a m  oi on-tos t s tee l . i t s  b - r - i c t a o o o o s - e f f n c  sent-
Is O. sl, The wear realos -t ance i 0 ano l . n o at n- s-co o n e o n - n e - e r - s t a r e  is I s -— I ,  3 t h e n  of
o a t ’  n - n o b - c  5. F i l l I n c -  o f  i s - o i l s - on s - i n - c  pr - com m on s ann--a -n-c i n - n r e o s-ioa d a a u l f  ass s- - o n e  t o-
b - . 5 l )  s - s -i n e t i o n a a i l ’  a oooan ro ’s-es a t s  a n t -_ c r - o c t _- o n  ? r o r - r e r - t . s - r .  

- . , . 
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lan-rob in- - r ecen t  ‘ceonra , a -sos-ce !-; n - p p  i_ s-i 0n - r s - t n o a  ace t m o e  35S 1( an-a  s o a r - a d s - a
amvc’ln’es t o r e  p r - s p o t - i t t - o n  of Cr to cls-s  use-c an s - O s - i ?  n.as-nh arn ,a b n sa ln an s- g f r - o mm ?c- i :o sro a s - ne --
b -v  ann - ion i c  ( I c - s — c e m o c p r n - r a t u r e , b- b ce)  p o l v m e r a n n t n s - m n n  a i r - s o n - I ’  an toe n -m o l t s ,  Ta,, -a ’f
t - i s - i n  -method make s in poss ib le  to p r - o c e a n  t i ne  p o ly n eer  w i t h o u t  r e s o r t i n g  to  e x p r e r - o s t - n . c
as -n - s t i n g  machine s  arid molds , on -nd to o b t a i o  l a r p e — C o s o ast logs  n e a t - h  m m n i r n o~ eon u o ,n —
or es- rat costs .  The an ionic  p s - oal m e r i : a n l s - e n -  met - ins - os-s oc n n a r t a _ s - o l s - o r - ly e f f e c n a ’ i ,s- an non e
pro s-n nncna -oIn- of sms -op a s-s-olsi n ; arton1~ s f r - s -n -g ’ ae n t i ’ ;  enc ounter - i sa  in o s - h a p n a u a l d a o r  and
produced in’. small  ba tches , sus -n i-m as stern bearings , n-s-ncf ’n-n- sns-s-ce, bearings on s n ip s ,
cutter-s and tes -se boats , -s--d ye bonn e ts , f a l t e r -o n ;  c a r t r i dges , coo o t h e r  p a r t s .

At the  p re sen t  n ine , tb ’s-s -st a r t in g  m at e r i a l  most -  cor n - s -mon used in the  p r o d u c —
Us-r n s-o f a r t i c l e s  b’~ t h i s  -m s -re t -hod  is - o — -a a n s - ro io l cnaon - , t o e  n - s- at - er -UI based t h e r e o n  i c i n g
koo’..’n as capro loro  or cap r o l i t -e .  The n-oiy ns -ermn -at - Is-an s-of n o — c a p r o l a c t a m  is c a r r i e d
out  in the presence of alkali ,nat ai ’:s ts  and a c t - i - n a t - o a r s  l oocat a l : .- s t s )  in an i osr t
r an  a tmosp here  at no rma l  p ressure  d i r e , n t l ’ln ohs -n oba  a t  l I O — 1 8 1 a’C.

In comparison -satin colyan ~de S ( s a n e r - m o o , woi -o h is coa~~ogous in.  c i n e n -n o a a l
s t r u c t u re  -out -  is prepared  in -.’ hvdr ol tic pol-.’m er-istaam , caprolon has oetts-r
mechanical  Pr o p e r t i e s  (Table 12 1

The ba sic p a t t e r n s of change an tin- s mne -_ t oran aoa l prooarertae n s - of can -rn -i on acts -f
op or .  b y s - at e r , a t m o sp o e r a a  c o no lt a u n s  s- oj  s l e ’, n - n s - s t s - o n n s - ,s - r - a o a , r s - cs ar - s  c r n a l c n o - c u s  no
t m- o se sscr abed p r e-.~i n u s l y  f or  o o l y a . m a _ e s .

The maximum water absorpnian or b - s-nton -r -Oi o o n-o 
: n- s- s- ; Is ‘os-Il . Ft -m n - no sapinn ~,ears

or - s  -required to achieve the mec a nc m anun o -son- sr  i m n - a - p t _ _ t n -  of b u s - m b - i n s -_ t I n  a r t i c l es  wh en
no n e n-c all . t h i ak o r e s e  is 15—2 0 n-rn . The n b m em s i . s-or on- s-s- at t n - s - c ort so leoc in os - ar - -s -os-se nSacou ’coio,s-—
on-s-si- : with water absorption. A t  the o s -’to<f— - . - r n s t -  s _ t s - s -- r l t _ s-oan , n - h e  d i a m e t e r  s f  / 11/.
no-c a rt i c l e s  o b t a t o e d  ( s o ks , r a n - g a  sos-i busc n a ongs  s- aoareases ny an Vs-r-aze of

Tab le  72
?h ’is l ccooe eolm oini.ncl properties of c -ap r-on -soon na n - raI n

Pr - o n - e m -; C a p t - a n  C a p r o l s - o n

Os -oat -n ’s-, 4 /c m 3 
- 

.!s ° 1.16
St r e n g t h , k ; f s - m r n n  

-
ten sile 

- 
2 . 1 — 7  - 9 — 9 . 5

conpressi ’;e a . 5 — L - b  1 — 1 2 . 5
bsn-aarn -g 

- - 
9 i 3  12 15

!ocalus of teostors-, 10 k~~f_t
s- ranrn- 0 . 2— 1 2 . 0 5 — 2 . 3 1

- 
occa ct s t r e ng t h . k g b- n / cm -  1. 0 — 1. 3  1.0~~l . 6

Tens i le  ‘cb o os-ga t io n , 0 s- 100— lb -s - I  123— 130
I Sr inel l , hardness , k;imnmn - 8—12 2 1—2 1

b-c I t i n g  t e m p e r a t u r e , ‘C 210—215 220
I- eat  r e s i st an c e , ~C:

Pick 160 220— ls-J
Marten s I 55 

- 
—

Thermoal ccoducn-a’ta :’.’ coef b - t s - na e n - ,n , 0 . 2  
- 

0.25
/ 7 ( 0 K)

~~~~~~~~~~~~~
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:m at a . r n n a b - r - t a n a r o t n -  p r o p e r - n a s - a , ca p r o l on  has ‘ ‘en -v  b - o g r e  a m - l a c e s  i n s  fr -ac-
ti on pair S i t O  net-ala at n i i s - m I t - cg sp eeds ft - con to 5 n - s - s - s e c  and s - o n e a i f o s - n  p r e s s u r e s
op to IS k; b- /,n .~~ The wean ’ r e s n s t a r - e C e  cf ca ? r o i s - n - sr - oc r  - o e r n , a n c  -a s-s- o - d t - t~~oon
surpasses n - n a t  of o t o c e r  n a t - cr i sI s  s - g o -m i -n- a , :s-o- o- t a l I t ~~, r o :ab e r , wo o-i  l a m i n a t e
u sed in the m ao rn f a - a n - .s-r e of s t e r n  o c a r i m i g s .  Thus , ‘so t in i r s  t i n e  r. mo-, c of sh I l l s - ;
speeds of 0. 5—10 ms -s- sec and apes -m U to pressures - s -p  n o  10 k g b- , Coo s- , t - I - se r a t e  of -s e am
of capro lon does os-a t exceed 0 . 1 — 3 . 13  _ nnr ; h , whereas in is 3.19 _ m i h  f.n r z-saaac ,
rubbe r  sno t e x t - a l o n e , and 0 .22  _ m s - h  b - o r  ‘soc-a lo an  o s - i d t e s .

The most important factor ds-tsrmanlog tos - , a n -n - op er -n -a s-s s-of tine p s - m i n e r -  ou t - on -a moc o
is the choice of ca t a lys t  and ,n o c o n a l - .- s t  c a c t l v o s - t s-r . The m a t - a l - s - s t  -a s ,s- o 03

met a l l i c  sodium , and t ine  a c t i s - o t - o r s  a re  mono— , d o —  and t r U ’ s - n o n b - o r s - a i  ,mm o ’an - s-s-da ,
f o r  e’camp le acety !cap mo la cnaoo . N — N ’ — a c e t v l b o s . m o n a o o , N — , N ’ — , ~“ — n - r - o n e s o n o o ’ l —
t er cap ro l act am , t oluvlene  , i i i a o cyun at e , an -a :- m on - o , on- s-t in - .- l s - o oc  dii soc oam .na n e .

The structure ‘of t h e  pol~s-mn -ncr - s-ins on-s- s p rom e rtas-3 ’:cr-’o con -tb- ann ; to toe
f uoc t t~ oah l t- ;  of t ine a c t l v at o a r .  N c n - c f u r . c t a cm o o l  c c t a - .- oo n - o r - s  pro’;id e f o r - g r o n e t h
ci p o lymer  c n - s - a i n s  in cen-lv one dir rc s-nnto n. To ob ta in  a branched pol~~ce: cb - h i gh
~~ 1scns l~~r- mass , i t  is desirable  to s-see b - i —  and t r - i f - a n - . c n l s - o n a l  a c t iv a t o r s , h l o~
cause t in e capr o ls-on molec-oj ie no ;r -aw in n - .ro and thr - , �e d i n- e c t i o r s .

I: has been - ,  f ound tb -c o  p o i y - s ma a e s  n o t - s i nn e d  in-, tin .a presenc e of mis- nr a—, O s - a—
and t r i f - az t c t a o n a l  a c t Iva t o r s  ina ne a -nr ’ -’s t n i l i n - r e s n r s - i - a n u r e ;  n - . c  f e a t - e s  -U s- o r ;st a l—
b ln a t , ’n a-m ar-eases wit -h an cr e a st n g  fu r , c t a o m m a l t t - m  o f toe a ct iv a t o r , ieo ar-o ; on e
part-acular n-a a deer -ease irs the  hardness ~f :o.s pob-oooer -s .

F 
The use of r - .ew n -o l ’.- fu n c t - i c n a i  actIvators opens t i n s  p o c a i b i _ I n  -~ of ‘:arving

the proper t ies  ~ f aa pr o iar . . t h u s ex t en d i n g  tin - s - s cop e  of i n s  app l i a a t - a s - a o .

To ob ta in  a pcl~~ er of morn i an s -nna molecular -  mass , t h i n  ca z o : ’ s- sr . scti’.’aoor an-I-
c a p r - o l a cn o n m  in the  r e a c t - I o n  s Y s t e m  should be pre sene n in s - st - ri5 ‘ v equ imolor  an - . cu on s - .

P i g . I / c . P b s - s--s a b o a g r a r n -  ~ f .ses- et-oblpr for black polymerl:atico of a m p r — l o s - n no n n - c

L 

Of ac~~-ar i lp eornan ce f o r  mar r ’: in J  out -  the  process  at as - o s - n c i  c pc l-n oi’: -oa atio rn
is th e i s - i h e r e n a c  t o  tine tencp erat ’sre condIt ions  . ( t s n m ? o r a t - o r - e  of t o i ’ ono ll . .b-r-sI-ng ,
o - n - l - - — ’ e r n o a n -nlOni sod c o o li ng  U no n e a rt I c l e s )  . l- en - o rr -o s- r e b - r n - n  t o e  n e o n - e r - e n s - r e
o a o o .: a o — m e beads no - n - I t - i n s t  s decrease on po l ’-’toero za niao -r  r a t e  mmd a n , n m c s s - e e u  c o o n - i s - n

P r - n - a - o c t - s  -at below—optImum ne oerat’ure , - m n - a ’ sn mnt ens n -Oasattons
of ‘on - c a s - s - n t - s - as - en - a s -n - or-a -m ess i~ d b-cr-n-natIon of s-n ’ cfs - c te (p o r e s .  ca ’;a t - l e n r . e t a . .
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A b - l a w  s-disrrac ne of the appara tus  f o r  block pol ;’~~er i z o c n t s - o o of c o n - r o l c - n t a n  as
shown in F I g .  I /c , The process t a k e s_ p l a c e  as b - a l l o w s .  s- apro la ct am is -a n - s - a r - a r ,c
in to  r e a c t o r s  1 and , w h e r e  it mel ts  at 10—100°C , then tine molten -o-a?rc aac ’nom

is heated to 125:2 ° C in a st r eam of i n e r t -  gas (n i t -roger .  or a rg o n )  and is c r i e s - a
icr 1.5 in to a moisture content of 0.022 .  An l o s - r n  m ed ium is a oecesssr’s- re—
qu i rement  b - o r  carr ’ ; in - s-; out  anionic  p o ly m e r I z a t i o n , si nce the  s l i g h t e s t  a -mount -  of
oxv oen (over  3 .052~ prom otes  ox ida tIon  of c o p r o l a c t o m .

In reactors 1 and 2 at 138— 140 °C in a at-ream of Inert gas , caprolact-am is
mInce d w i t h  a catal ’,st (metal lIc  sodium) , and the  reac t ion  takes p lac e v i g o m n e u s i - n
wi th  the  l i be ra t ion  of hydrogen:

CO (CH~)5 NH—Na --CO (CH~)s- NNa— _LHn-~~.
A~ ac t iva to r  ( t o l uy lene diIsoc ’,a rra ts)  is charged into r eac to r  2:

2 (CH~~CCNH -~- OCN (CH~h NcO — CO Cl ic )  s- NCONH CH n r i —

— N l-iCO (CH n - ) s- NCO.

The n ’s -  the mel ts  f rom the two reac tors  are fed t h r o u g h  mixer 3 down t onIc I in to  /176
mold 5 p r e h e a t -e d  no 170 °C , where  the  poi y mr e r l za t i o o  takes p lace.

To obtain articles wit -h a high dimensional  accuracy ar.d a gua ran teed  c o n—
st a nc ’.’ of p hysiccroecin-sn ica l  p rop er t i es , it is necessar i to maintain a gl en mold
tempers -inure to within :5°C. The cooling rate varies with  the  t aicknesa of the
castings , and on average , t ine  r a t e  of decrease of the temper-at-ire of the article
should not exceed 6— 10 °C per hour (t o  reducc the internal  s t resses  in the  c r U c i a l .

In some cases , c rack ing  and premature  f r a c t u r e  of pa r t - s  as observed in
caprolon cast ings  d u r a n g  t h e i r  service and s to rage .  These phenomena are cause-I
by a nonuniform supermrols-cular structure of the r-s-n-lvmer, which  accounts  b - o a r -  t ine
inadequate s t a b il i t y  ci mechanical properties and considerable fluctuations of
shrInkage. The pr -mb -leon - oi d_rected control of the suts - e r oncleconia r  snruct-s-n- re of
caprolon during its synthesis Ia one of hig h cur rent  i o n e r e s t . ° s -

There exist a number of methods p e r m I t -t i n ;  t ine  con t ro l  of pci~~ er s t t - - a c t o n r e s
for the purpose of obtaining materials with  op t imum a n ech an a.cal p r o p e r t i e s .  T I-m s-
most -  acceptable  methods  of control  cf n in e supemmolecular  s t r u c t u r e  and n - n - o o e r - t i s - s

L - of caprolon are op t t m iz a t i or i  of the t e m p e r a t u r e  condi t ions  of s -mn -n - thes i s  and i n t r o —
d u c t - I o n  of s m n i f ~~ciai  c ross—lInk ing  nuc l e i  (A CN)

The In t r o d u c t ion  of ACM into polymers has been dealt  w i t - i n  inn - tans y ‘ct -o s-di s -s,
ACT ore  usu al l ’.’ i n t r o d u ce d  i f lt O  the  s o l u t I o n  or m c e l t  of the f ir ia l  n - o l ’.mcner-s-n-
a n d  nake p e r t  on ly  in the c rys ta l l i za t ion  of nt - r e o r o s - l o c t .  ‘ s t - n b - o u t  .a b - f e c t a o . n  the
p o ly m e r i z a t i o n  process .  In n ine case of anionic polymer~ z st-ac-n , °s-CN mus t  be i O t t - _

f a c e d  in to  the monomer  me l t  s imultaneously w i th  the  c an a l ;  t ic  sy s t e m . and n ine
s ot - i r e  process o f  po i~~ e r izs t ion  fo l lowed b -v a~~— n - t a l 1iz a t i on  of tin - c ‘ro lyrn ’n- r- s h ’.s-l ’o
b e car-toed out in their presence. Therefore , .\- N add itions should b~ irs-en-n w i t h
respect to the  c a t a l y t i c  sy stem.  The c ross—linking  agents  used r n - n a Y be f i n s - b y
-l i-tided solids — oxides of aluminum (A1 20 3) ,  lead (Pb -C) , t i t anium (T iO _ )  as well.

-mm carbon b -lac e  and g r a p h i t e .  A d isadvantage of such solid c r o s s - l i n k i n g  n - 4 e n t s
as t h e  oc r ,un ab -o r ’nrj t ’ ,  of their - fiatr-Ibution over the entare tans of t he  e e o o s -s - n a o ce
lot  r educed.
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~!uch more  o rooois io, ;  la the  use of - a r o ’ s - s — l l o s -’, i ng  a g e n t s  so lub le  in tb - 5
caprolacts -im mel t , such as t I - re  do-es capr oaso l  reo C and a s - n t - i -.me p h n n a l ~oc’ .’a o i n n - e b l s - s - .
The on t r o d u ct s , c r-s- of a ’s-es a n t - a  t oe rss s- ,naon meininure omnpro ’.’es t h e  m c e n n o a r , o c a l  p r -  p et--
ties of caprolon -

Studies of the supermoleculsr  s t ri c t u r e  of roaprolon modified with I -es have
shown t h a t  the homogeneity and size of nine  sp h e n - u l l t e s  c ha ng e  w i t h  changing con—
cen t r at i on  of the dye In t roduced .  Thus , the  average d i ame te r  of sp h er u l i te s  of
unmodI f ied coprolon and caprolon obtained ‘s it -h  0.0052 p h tha iocy an ine  blue is
30—35 ~m , the diameter of spheru l i te s  of caprolon ob t a ined  w i th  0.01% of the s-I-ye
is 20—25 am , and w i t h  0 .05 % , about 15 mm. Thus , as the concentration of piethalo— /177
cyanine blue increases to 0.05% , the size oi the e p h er u l l n e s  decreases  by a f a c t o r
of two , and the  homogenei ty  of the macrost r ’ac tu r e  increases .

:~ addit ion , the introduction of dyes createa the condItions for a ur.iform
di s t r i b u t i o n  oi n rys t al li : at ion  centers  t h r o ’a r i n o o t  the p o lym er , l e a d in g  no a
simultaneous crystallization of the polymer for t - red  In the  en t i r e  volume of the
casting, a decrease in. the volume of shr inkage  cavi t ies , more s table  valu es oi
sh r i n k a g e  ~n he ight , and a more un i fo rm d I s t r i b u t i o n  of dens i ty  over the  cross
section (Table 3).

Table 73 
-

Densaty , g!cm m , of caprolon castings with a cross-linking agent-’ 2

istance from center of
- Caprolo n ~ 0.Qa-. of -c” s-~~r .d r i can  cas tIngs  , , ‘ . . s- - -

-
- 

- s-,nwn-odi, t ied  C.aproaon caprosol  rca C --0 n~~ ~n diameter and - -120 =

2 1.145 1.134
o 11 1.149 I 1.156
- 22 1.155 1.158

- 
31 1.157 1.158 -

2?, Polvcarbonan-es

?s -l ’csr-bcr.at~ s are po1~condeasation products of carbonic acId and ?oa :-mtor-.ic
-alcoho.,s , ‘shocin- ‘n-roy b-s allpesatic and aromatic alcohols. Of greatest ind s-as trb -ai
_ as - scr tanc s at the present time is s-olycarbonate based or. dlpneny lol propaoe .

tn t h e  USSR , polycarbcr.ate is produced under the name diflon. The industria l
method of p r e P a r a t i o n  o f po lycarbonar e  consists  ire the direct phc sgsoazs -sni aen-
di ;rseoyh ol propane. Quality polycarbonate can be obtained oni , by ising dip hen;-’loi—
propane n-f a h i g h  degree of pun t-v that has beers- repeatedly recrystallIzed. Of
n-major import -an ne is the degree of washing of the polymer obtained no remove tn - s -c
excess  a ka li  -and sodIum b i carbcnate.  Traces oi alkali and sal t-s  inn - t h e  polymer-
coarpi’; rs-s-a-s ,ne its resistance to steam and boiling water.

The rh ’siacmcechansical rrcpertie s of nnoi’.’car-bo~ ane depend on tine nolec- olar - onas o
and ? - o h Y ’ o i a p c n - a i t - ’  -o f the pra~ ucn obtained. For articles -seed ire ch a p  a n n - c o t - o s -

0 0 )
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bua ldiog and other structural articles o~ tatned by die cc sna oe g , at as o u s t - n - o n - I c
to use pjmlvcarbonat -e w a t h  an av~.rage molecular os-ass of 30 , 00 0— 3 5, 000 .  ,A b - a r t - h e r
increase of tine molecular mass of polycarbonate complicates n b - c  t e - n i n n o i u g v  ~ f i n s  -1 18
processing because of increased viscosity of toe melt -.

Of no less importance than the average molecular mass is the ?c1yd:~~Iersi ty
of t ine p roduc t - .  The presence of low—molecu la r  f r a c t i o n s  in the  pol ym er  composi-
t ion  increases i ts  water  res is tance  and s t r e n g t h .

The polycarbonate structure contains an amorphous and a cryatailine phase.
The ‘,ohnrae fractIon of tb-a crystallIne phase in the artIcles can be as ha gh as /c03.

The supermolecular  s t r u c t u r e  of po lycarbon a t e  cons i s t s  of regions In the form
of flb r ils and sp herulitea of radial , mixed and radial—annular n’:pe. The ~the r-uliteS
are up to 8—10 mrs in size. The structure of polycarborn-ate determines ats po :s-SIOO —
mechan ical proper -nice. Tine highest strength characteristics are en -s-hib in ed b-v
polycarbonate with a homogeneous fine—ep her nllta structure. 22

Articles -ased ir. ship machine building are usually made f r -o n e  polycarbonate I’
die casting on machines with screw conveyer olasticizati-ron . tecos-ase oi the s-nigh
viscosi ty of the melt , the die casting of polvcarbonate is carried out at pressures
of 900—2000 kgf/cm~ at 260—300°C. The diameter of the pouring channel sn-,oul-u be
no smaller than 1.2

The super-molecular structure and mechanical properties of polycarbons -ate are
determined by the specific pressure , cast-in --.; temperature , shape and rate oaf cr-el-
in; of tine articles and the mold (Tables 71—173 .

Studies have shown57 that the optimum castlosg temperature of pelv ar-bcn ate
is 300° C. The viscosity of polycarbonate ms-In at 300°C is 4000—60C0 F. The
optimum mold temperature during casting is 100°C. A fine homogeneous sp in s-rn -n -lit - jo
structure is obtained at this temperature.

Slow cooling creates the most favorable cor.ditionss for an-n- ordered atr-oct-sre .

Table 74
Effect of die—casting temperature on the mechanical properties of polvcarbonat-e

Strength , kgf/nom 2 -
Die—castIng temp e~~_________________________________________ Tensile e1on~ ation .

at-ore , ° C , - -
Tensals r o s -e n d in g

250 6.33 
- 

10.14 43.6
230 - 6.58 10.17 37 .6
300 6.75 10.17 2S.0
320 6.31 9.96 25.0

The m e c han ic a l  p r i c e r - t ie s  and super-molecular structure of pol ycarbor.ste moo
be imoro -,ed b-i e,rbee ’onm ent inc -at treatment- and introduction of small as-tout-ens of
nr osn -—l om con ; agent-a into the col car :-oanats composition ’,, heat treatment of to n - 119
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articles is ~jn-rjod Out- in silicone ~il at 135°C for SO mire , f~ l1owed b y slow
cooling ins tI-sc mold at a r a t e  of 16 25’C s-h . The cross— linking :zent5 -ased for
polycarbonate are finely divided hi-g h—m e l t in r u oxides of met -ala , ~~. e. , t i t a n i u m ,
germanium and zir-canium . The introduction of cross—linking agents , for example
titanium dioxide , In amount-s up to 0.2% makes in poss ible  to increase the
m os -j on iu s  of normal elasticity by 25—30%.

Table 75
E f f e c t  of mold temperature  on the mechanical  p r o p e r t i e s  of pcl ’icarb onat -e

S t r eng th , kg f/mm ’t-
Mold temperature , - Tenrsils- elongation , —

I °c Tensile Sending

o 40 6.43 I 9.96 I 2 2 . 6
- 60 6.56 10.11 - 11. 1
o 50 6.63 10.13 15.0

130 5.75 
- 

10.17 14.0
120 6 .88 

- 
10.20 lO.S

Table 76
Effect oaf specific castIng pressure ore the mechanical properties of pol’;~ arhor.ote

I ‘ Strength , kgf/r~
2

Specific pressure , Tensile elongation ,
kgf/ c m’ Tensile Sending

750 6.14 9.95 - 13. -I
I 830 s- 6 .36 10.17 2 5 . 2

1070 6.41 10.27 I 2 7 . 2

Table 77
Effect of hold ing time during cooling on the mechanIcal properties of n’el’icarbonate

I Strength , k g f / n~~0 , , - - - Tensile elonsatfs-on ,ei o l a n -n g tarn -e , man I - 
-

Tensile Pendang -

3Q I 6 .23  10.20 i-. .6
60 6 . 3 7  10.20 - 2 2 . 0
90 6.36 10.20 - 2 5 . 2

I 120 6.40 10.36 27 . -S

The extensive and rap idly increasing use ~f polycarbon ats - is explained b’ - 120
It; excellent mechanical. prt-~ ernies . tn ship machine bu~~liirn ;, of p a r t i c u l a r
Imp or t ance ar-S such P r o p er t I e s  of po lvc arbona t s  as r - ; i a t i v e i ’,’ o s - i g in  s t - n - u n -n - n o n -  an ’s - n
on - s -p a c t  resIstance (higher noo ns- ins a l  r. o e r m o p l a n n - t s ) ,  di oneosnonal  s n a o i a t - - -- ove r
S w1,nt t e m p e r a t u r e  r a n g e , I-o w cr - e ep  s - f o r  th e r - m o p l a r o n s  , w a t e r —  s-n o d s n o n - c s p m e n - I~
n - S s n -s tS n n - s-O e , a t t r - a c : t - ’.’S a n t f f n - t - cn o o n  p r e r e r t o e ~~, Soc ,e l f — e x t a n c n mo T a r l e  ‘~3 -
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s-0D~ e 0
?hy eic -a rne c inann -ica l  p r o p e r t i e s  of polvcarbona:es

- C h a r a c t e r i s t i c  Makro lon Lek san t a f l o n

D ens I ty , 5/cm s- 1.2 — 1.2 -

Impact strength , kgf ne/cm ’ — I — 1 1.23
Streng th , kgf/mm t-: s-

tensile 6 . 2 5— 6 . 5 0  5 .60—8. 60 6 . 0 0 — 7 . 0 0
I compressive 8.40 I 7.70 8.00—9 .00

bending 10.00 — 10.80—10.50 -

I Elongation , 60—100 — 50—100 I
:;ardness, k g f/ m m  12.3 — 11 16 -

Elastic modulus , k g f /m m :  
-

I t ensI- 1e ( 2 . 2 — 2 . 5 ) x l 0 n- 2 . 2  x 10
compr essive 2 .5  1.68 —

Poisson ’ s ra t io  - — 0.36
I Linear exoaresion coefficIent , 50 — 60

10” °C~
1 - -

I ~
‘an er- absorption after 24 I-s . — — 0.3

- 
hart-ens yield temperature , °C 135—137 - — 135—140
Glass transition temperature , 140 543 140

0 Degradation temperature , °C 310—340 I 
— 320—340 -

Melting range of crystalline I 222—230 — r —

phase , °C I
- 

Cold resistance , ‘c I 8elow —100°C

Under service loads snd at high memne erat --sr-s, the creep of polycarbonate is
accompanied b-v a peculiar form of brIttle fracture of polymers , i. e., the forma-
tion of “silver s -’ cracks. Silver cracks constItute a region of the same material
but- wi th a different rafractive index. Thus , the creep of polvcarbonate 15
accompanied b; partial separation of tine material into layers.

The impact resistance of polycarbonate remains almost unchanged on-c the temper-
ature range from —120 to 120°C. -

During aging at camper-at-urea up to 70—80°C, the strength and elastIc Droper -ti ss
of poly~ arb~nate undergo pract~ call’i no change , and only the  elongation decreases.
Ac 90 and 120°C, the initial period of thermal aging of polycarbonate is even /111
characterIzed by a strengthening and increase in r i g i d i t y ,  which are explained
by a general ordering of the structure under the ~nf1uence of hea t  treatment -with
stress relaxation.

:n. the course of further aging, thermal -degr adation of polycarborn-ate begins ,
and 1t3 strength gradually decreases. Stabilization. - of these competing processes
takes place nor oooar-atlvely rapidly , and p ractic alln - no change ion- properties is oar s-—
sero’so even after - 3000 or . The g lass transition. tsn”sratonre of ps-o l-mcaroonia te
13 3— 1 1 2  ‘ . At tn-r~~o~ n’m n-nom eratur es, the -strength a rc  elastic charact er-actocs of to-s
“n- a t e r n . -aI :es -n l ane sen- cs- rnnlv .
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To increase the  s e r v i c e  l i f e  of p oly carbon .n-te  a r t i c les  and ext - cOo the a crv a c e
temperature range , the pal mer is f~ 1led with final’~ chopped glass fois -r.

‘Sigh—m olecu la r  p o lyc arbona te  i-a a re lat i”el ; ’  w a t e r — r e s i a t a o t  m at s -r i a l  on - room-
t-emper-ature. At 20 an-ed 50°C , cqu ilib r-t-um is established raoidly, and e~~o s - a i i b r i - m m
wet-cr absormtion does not exceed 0.2—0 .30. TI-n-c mechanical prop erties of p ol --
carbonate under brief loads remains almost unchanged after exposure to water. how-
ever , on specimens located in water at 20°C , after prolonged loading, sil’,-er ”
cr acks are formed a f t e r  ~n l ’  300 in , analogous to the cracks due to thermal aging
for 50—100 in at 90°C. The formation of cracks causes a decrease in the durabilIty
of articles operating under constant loads in-n- water in comparison with articles
used in air. The adsorbed moi;t-~r-s can be removed by t-reating the specimens with
700 su l fu r i c  acid , whereupon the  d e f e c t - a  d I sapp ear  and ton e mechanical  p r o p e r t i e s
are comp letely r e s to red .  Thus , at 2 0— 50 ° C onl y a p hysical  i nt e r a c t i o n  on w a t e r
with polycarbonate takes place which  reduces the dur a b i l i t y  of the a r t i c l e s , and
no h y drol ysis occurs .

During exposure to water an 70—90°C, the acIng mechanism of pol,carbonane
changas .  A chemical react ion of po l7ca rb on a t e  wi th  wa te r , i. e.,  h ydrolysis oa f
n o -s-s polymer , takes place. One can postulate that - the water causes rupture of n-he
b o n d s  a t  th e car hon i b r idge  with  hy drol ysis  of t ine end groups. The hydrolysis
products are not washed cut of the pol p~ner arid occuPy a greater - volume than the
an lt i a l  molecules. This gives r ise to n on u n i f o rm  i n t e r n a l  s tresses caus Ing  r u n - t o r e
of th e  in te rmolecu la r  bonds and f o r m a t i o n  of cracks.  The f o r m a t I o n  of cracks
always begin s-s at  a dep th  of 0 . 1— 0 . 3  mm f rom the  - s u r f a c e  of the specimen , confirm—
1mg th~ difference bet~aeen the properties of the material of the outer and inner
layers. Such cracks do nor disappear a f t e r  t r e a tmen t  v i ta  70% su l f u r I c  acId , as
in t ine case of service fan- w a t e r -  at 20°C , and reduce th e durahilit’, of the  a r n b c 1 e ~
much more substantially.

A d istInctive characteristic of polycarbonate is the stability of Its di-
electric properties Over a wide range of frequencies and nemperat -ures. 5-oar ex-
ample , the volume resistivIty of polycarbonate at —30°C Ia 1O~ Ohm cm , at 100°C .
2.1 or .0s- t- Ohm cm , and at 150°C , 2.5 x 10, m Ohm cm. The oas Is-ct-rio chat-act -er— /112
ist-ics of polycarbonate remain unchanged in tine range of c u r ren t -  frequencies ft-cot
10 to  l0~ Hz.

I mp o r t a n t  advantag es  of pol ycarb onate  are i n s  a t t r a c t i v e  a r s - t i f n - i c t - o o r .
properties (Table 79) and high wear resistance.

Table 79 -

Antifrictiom properties of poiyner-a

- 
ha rdn ess , - F r i c t i o n

Pclt -~~er Densi tY , g/c 3 k~~f ,’mm C o e f f i c I e n t

Polvamide 6 1.13 I 5—12 0. s-.
Polycarbot sat e 1.2 I 15—li  3 . 2 6
?olvformaidehyde 1.4 I 20 25 2.21
F e n s i l o n 

- 
1.4 21—30 1 0. i
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30. ?ols--ace tal lest-na

:~ their molecular structure , mo 1 y ac et a l ~ irs s a mp l e  ps-o l y et he r s  of the
gso-.er al  f o r m u l a  -0h 2 2 ) .  P o l v ac et a l s  o b t aIn e d  f r - n - c s -  :o r ms - ol d e . s - s -de m c i — s - n e  p o l v —

:orotalceny ce into Ins copolymers.

The excellent mechanical. d~~ lectric ~nd antifr-iction characteristics -if
pal  aceta ls combined with water r e s i s t ance , fin -t ens iona l  s t - a b i l i t y  and u s ab -I l i t ’
over  a wide t e m p e r a t u r e  range make these  ma te r i a l s  ve ry  p romis ing  f o r  ship machine
bui d i ng .  The volume of p roduc t ion  of p o ly ac et a l s  is increas ing  r ap id ly . In
1960 , 7 ,300 tons of acetal resins were produced  t h r o u g h o u t  the world , and by
1970 , the  p roduc t ion  was a l read y 100 , 000 tons .

The Industry produces polyiormaldehy de — a I-n -omopol yme r conta inIng  acetal
end groups  arid copolymers of t r ioxon a and et h y lene oxide , t r ioxane and dioxolane ,
formaldeh yde and dioxolane , etc. A topical representative of the  I -n -onn op ol vra er is
D e l r l .-s- , made by the Dupont  C s . ,  and a typical copol ymer is H o s t a f o r m  C , made b y
Celanese Corp.0.~A) and Hoechst (FRG).~~

t

Copolymers based on SFD formaldehyde and STD t r ioxane  are produced  in the
fov as -o t Union.

The hcnes -opoI~oter has a high degree of ~~~~~~~~~~~~~ rigidity and hardness.
Cop ol : -m er - s  have a s l igh t - I - i  lower ~rv st a l1 In n -ity ,  r ig Id i ty  and hardness , b u t  have
the adv a ntage oa i h i g h t h e r m a l  s t a b i l i ty .  Tine f u t u r e  be l on gs  ta copolymers ,
since  t on e  low therma l s na b i l i t - :  of po ly forma l dehyde  considerably  i n t e r f e r e s  s-~~th
i ts  prcces s ing  in to  ar t I c les .  —

The raw r~ ter-ia1 for the prod- act-loan oaf polvicronaldehyde and cooolymers based /133
thereon is high-parity 90.9%) f~ tmaldehvd~ contains-jog no more than 0 .05 %
mno~ 5t -O r-e n-nd -up to 3.03% fcrric acid. Formaldehyde is chemically unstable , which
consIderab ly  n o a m p l i c o n e s  it - a  p roduc t Ion  t e chno logy .

In a d d I t io n  to f m r -r - a l d e n v d e , triox ane ia also used for preparing pol-~acst -a la .
T r ioxane , a c o l i c  t n - a m e r  of foro to lde h ’— d e .  is p ol ter ized b-v a cat-Ionic  mechanism
v t - n h  -n -p enlo ’. of t h e  ‘- o n og .  The p o lym er  formed has tine same chemical structure as
p o l y f ar m a l c e n v - c e .

The f n n r - n e d s - n - o t i o o r  t o n o  the m o l e c u l a r  cha in  of po 1yox’~~ethv1ene (po ly form a l -n einy de)
-of an it a of a f l f f e r e o n  an r u c t -u r e  which p revent chain deneo l mer i zat l on  makes i t
p o s s i b l e  to I oc r s a s e  the thermal stab -lilt -v of polyformaldeh fe consifsraolv . The
con -p l eo lt - : of tine problem lIes in the fact that the copolyners ginould contain the
minimum poss ible  amoun t of c-oasolvon -er  (less than 2—5 mole percent) , -anifornorlv dis-
t r i b u t e d  over t ine  nolan-n-dir chain , and the end groups of tine r-acromcie-c-jles most-
Includa -s -n i t - s  of  th e  cop ol ’.-ner.

~ inin increasing cop s-n-1~~er fraction , tine stabiliz ing effect Increases , b-ut n -n
t h e  same time there is a decline in the most valuable properties of the pol-.~ner ,

s-o r s tu l . i n i r i , r i g i d I ty  and hardness .  E thy l ene  oxide sno diox-olane ar - s - s
t ine  coso l - ime rs  mos t nmn --nonly employ e d.

?-oal --ace nils ar-s sroa -me ss e- oa b y  die -m ia to rc e n -m .d  ex t rus ion s . A r t a t l e s  use-c an
snip ma-non -ne oaIon - ms - o are -asually maus b-v toe casting vat-h tor e o a s - ~ of -m ast an g
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machines and a p r ep l a st l c t :~~r , s- quit -n - ed -slab exhaust vs-rn-ailaciot - .. ?r-ocessing sit -h
such macnines giv es  a 000ogen t ecus  c a s t i n g  mass , an t ine  m a t o r i s - l  ma y be one t~ d as
a lower temperature .

:~ p r o c e s s i n g  po1v fo rma lde in -~ c , In is necessary  n-a consider tine low thermal
stab -n-dat -v of the melt. The onion-noun temper ature of the melt must n-rot en-:cs-e~o
ar. tine minimum, 190°C. I-lith increasing casting temperat ure , pol y formai dero-o de is-—
composes wit-in tine evolution of monomeric forotaloshyce , causing further autocanal yn ic
decompos Ition-s of tine polymer.

The optimum processing t e m p e r a t u r e  in the 190—2 20 ° C r an g e  is se lected e m p i r i c al l s
f-o r each t~~~,o of machines. The material cylInder of the casting machIne should be
equi p ped wi th heaters with close temperature control (:0.5 °C). In addition to
selecting the aczepta’ola cast-in-; temperature. in nine case of processIng oaf homo—
p olymers , it is necessary to de te rmine  t ine  residence time m of the  polym er  mel t -
irs the cylinder of the casting machine and to make in comparable to tine acceptable
stability tIme of the melt at the ;iven temperature. This --al- c e is usually calculated
f r o m  t -he f o rmu la

where m is tine volume of the material in the cylinder , cm 3 ; /151
Is the volume of in~ ect-ed material , c m ;
is t-he duratIon of one oastlng c’,cle, m m .c

To prevent- the material from decomposing, it is o.ecsssary to match the size ci
the artIcles ~vo1ume of the Injection) to the volume of n:oc casting machine c linder - .
and the ratio gins should be kept optimal (lob or 1:10). The lImitations relaned
to the duration of heatIng of tine copolymera cmnsisn in the fact that at 200°C, the
polymer must not remain in the cylinder of the machine for more than 1 in , and at-
220 °C, more than 30 mm.

Polyacetals as we.l as polyamidea are characterized by low vIscosity of the
melt - under the processing conditions . For this reason , various shutoff devices
prevent ing tine otelt frjri lcaking out during the return of the plunger ate used dur-
ing the c a s t i ng  of po lv iormaldehyde .  The pressure  du r ing  the casting is .‘aris d
f rom 500 to 1200 kgf s - c m 2 and is selected more or lsss precisely depending ore t h e
intricacy of the mold and wall thickness of tine a r t i c l e .

The c ry s t a l l i z a t i on  ra te  of polya~ et -als Is vet-, high , and c ry s ta l l Iz a t i o n
can take place when the mold is incomple te ly  f i l l e d . There fo re , the casting is
f one in molds heated no 70—110°C. In this case , a slower cooling rate
and ins -once, a more uniform po i nt -er structure is ,bts-eined.

The relatively high crrat-allinn-itv of acetal resins causes an anpraclable
shrinkage of the polymer (from 1.5 no 3.5%) during its hardening in nine mold.
t n-c mold is heated above 33’C, in addItional 0.2—3.3% shrinkage ma:— take place
after nine masting is removed. To stabIlize the dimensions n- i such articles and
om ta in a n-s-ore homogeneous mn-icr-n-structure, the articles are heat—treated in oil at
about 150°C.

n-re among nine  ~tiff sst and s t ro n .n e s t  the ro t op l a s t a .  Their  s t r e o . nt h
:m sr - a o : s r a s t a c s  are at to-n- c level of the oorres000anc-n-g coraroec :eristncs n-f polv—
C:: es  sn-o f poivcarn-onite . The normal e l a s t i c i ty  modulus  of m o l v a c o t a l s is on . ;h er
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than that of the renatnane structural thermo~ lasts. In resistance no inn -act loads
(specifio impact strength . 1.23— 1.30 k;f m/ cm~~ , polyacetals ire similar to p01.—
an-aides , b-ut much more brittle than ~ol’jcarbonate . Among thermop last-s, polyacemals
have the highest fatIgue strengtn values and ooans iderabl’ , surpass ?o:ycarb 00ate in
their resistance to multiple Impact loads.

Drawb acks of polyacetals ion-d ude a sharp decrease in-’. specific ant-pact
strength during testing of specimens with art tzod notch. The Impact strength of
notched specimens is 0.07—0.09 k;f n/cm ’-. and therefore , when constructing parts
exposea to Impact loads , it is necessary to avoid stress concentration as much
as p o s s i b le.

The ph ysicomecha coical  p r o p e r t i e s  of pol y f o r m ali e h y de are given below.

Density, g/cn 1. ~ / 163
fnre ngth , kg i /mm ’-:

tensale 6.50—7 .00
compressive 13.00
aendin g  6 -30—1 1.00

E l a s t a c  modulus , 10-
tensile 1.2
bending 3.5

P oi sson ’ s rut-Is 3.35
Impact strength . kgf m/ n-.- 1.20—1.30
Srinell han-dnes s , kzn- mim~  20—25
C o e f f a c n - . e n t  -oaf iricta n --’ 3 3 5
wick temperature. °C 150—170
Dielectrac loss na n -ge nt a’ x l 0 ’
Dielectric constant- on 13- sit 3.3

In wear resistance, n - n - lvaco t j I-; are :n fen- -_ cr on - n i to ol- :.amodes . sun-pus an-n ;
them in camn en saoan nai st io t ll t— inc on castar e re sas too ce . The noecn aoo-nal crcn’e rtoea
of nine spec imens  d e c l n . r n - s  c o l .  sIn - it - t I ifts-r t h e ’  n - r e  kept  f~~r 365 days in water
at room t e m p e r a t u r e .  The n r e e p  )t specimens imcn -s-rses-i tn w at e r  In c r e as e s  s l i g h t l y
~b 2— 10%) los - c o a m t r a r i s c o r  e a t o n  t h a t  of s p e c im e n s  kept  tn -n - s n - n - .  u r l n g  service in
boiling water , tore enren eno oaf t -- .s ~‘oeoamers dc-cr-eases soar -p ly us a result of
i r r eve r s i bl e  breakdown , i. e . h v d r o l . - s i s .

In :i eles-o ’nr- ic  p r r n or - s n - t o e s . 0 - o l v a  n s t o ~~s a r e ~I m ii ar  to  paivomonli es -

The i n - e l e c t - n -n --c o r - o p e n - t n - e s  on  p c l v f o r -m n - a l d e o n v d e  rem o an m r a c t a c a l l v  u n c h a n g e d
f r - - o n  1-0 - to lY h z , and ce~~I a n e  c o - r I -.’ s l i gh n l :  d a r o o g  sen--vace at 100% r e l a tIv e
h um id itv .

In c o n t r a s t -  to p o i v o n o l d e ~~, wreose brittl eness alread y manifests Itself an
t e m p e r a t u r e s  bel ow -3° C , articles made of ~o ly - ac e c a 1 s  can be used an t e m p e r at u r e s
dcwn to —6 0° C ( T i b I e  ~~~~ The m e l t i n g  range  -n -f 70 1 f o rm a l d e h y d e  is 160—1 57° C . and
t n-s - d e f o r m a t i o n - n -  t e n - p e t - u t - J r - S  l a n  a load of :6.5  k g f , c m ’-) is 110— 130 ° C. On h ea t ln o g
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Table SO
Therma l p r op e r t ie s  of aceta l  res ins

Property !iomopolymer Copolyn-ner
(Delrirt) - (Host-storm C)

- Melting range of crv~ tal1ine phase ,°CI 175—15 0 164—167
Glass transition ten-uperat-ure, ‘C —60 —60
WIck temperature . °C 167 154

o Thermal conduct lying coefficient at 0.17 0 .37
20°C, kcal/(n-a in °C)

SpecifIc heat capacIty at 20°C , 0.35 : 0.35
cal/g  ‘C 

-Linear expansion c o e f f i c i e n t ,  ° -
~~~~~ 4 .5 x 10° 1.3 x 20~~

t empera tur e  of s ta r t  of therma l 150 145
oxida t ive  degradat ion , °C

- Tenn pera t ’ur e  on’ s ta r t  of therma l 250 270
- degradat ion , ‘C

to 100—120°C , polyacetal art a c l e s  are still fairly ri g Id , b u n th ey
cannot withstand service under these conditions. The upper limit of working
temperatures for parts under load Is 55°C. Tine higher heat resistance and
water  res is tance of pol y fornualdehyce are responsible f o r  tine f , n - c t  that under
hea’,v du ty  condi t ions  an h i g h  r e l a t ive  h u m i d i t y , 60— 80 ° C and appreciable  loads ,
p o a l y forona ldehyde ar t ic les  p e r f o r m  less re l i ab ly  t h a n  ar t I c les  made of o ther  the n -mo—
p la sr s .

A d i sadvan tage  of pol yace tal s  Is t h e m —  low l ig h t  r e s i s t ance  and the i r  c c m b u s t i —
biliny . Ultraviolet light accelerates the reaction of oxidative degradatas -on of
the po lymer ;  t h e  mechanical proper t Ies  decline  sharpl y ,  and the b r i t t l e n e s s  or’ t ine
pol ymer increases . The ir tt roduct ion  of phot ost~ b - l1 izer - s  and inh ibit c r s  in to  pol y—
acetals slows down aging to some Cxtent.

Polyace tala are combustible , burn practically without a residue , and their-
combusticn rate Is similar to th~ r of polyethyl ene and polystyrene.

31. Polyimides 
-

?oly imides are a new class of ini;h—onn- oaiemular—w eieht- compounds. The first
po l’.’mera w i t h  Ins I de  r Ings  in the  cha in  were obtained as long ago as the b e g in n i n g
of the 20th century . However , only after the development of a tw o—st ep  S:.’-ntheaIs
by the Dupont Co. (USA) In the late l95C’s dId polvirnides come to be widely stub-ted
and a~ p 1ied. At nine p r e s e n t  tIme they are b e i n g  succes s fu l l y  adop ted  in t ine  US SR ,
Japan , ~ngiand . FRG and o ther  coun t r i es . 0

Thanks to a valuable combInatIon of excellent mechanical p r-on -en -tI e s and
except iona l  h e at  res istance and thermal  s t-a b i l i ty , po l-cimides are  n - en - v promis ing
mater ia l s ,  In s chemical s t r u c t u r e , nine ’, a re  h e t e r c ,n i n o i n  p n - 1-.-vers w hose l i n e a r
chains consist -of aromatIc and Imide r-inss .

The starting materials f- n -  the svnnhesLs of poly~mides s- re dertvan i:es -of
ar c-mat - I c  t~~t r .~c ar b o x : L i c  acids , a r - n - m a n i c  and a I m — b o r i c  i l an in e s . -ii— and net -ro n - -
e s t e r s , fn - i ’os - iose ,  acid ch -:r lies , a n-nd diisoc;.-anates .

1- 
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Accoan -sin; to their - m eth od of p r 0 o n - a n - a t a c n , pol’.-o. nn - d es  n - a — n ,, u n - - / n. o ;s - n o n - t o  n --es
group s :

-in- nh  a i i e h at l  un i t s  in t h e  main - c h a i n - ;
- a t h  a r o m a t i c  un i t s  in toe main c h a t - o n .

s-Can -tn-ar-n; tine n - h v s n - c n m e - c:-..~n oo c a l  p roper t ies  ~f a rc o -u n -t i c  p s I . - o.m n - a~ . .o t h  a n - s
c h e m i c a l  n - t n - o c t - n - n - c  oa f  ,a on -n un - e r  ano n- , t i n e  p 0 0  o n - n - - es s t - u - c n - e d  n-nan- be u~~n - t i e - c  o n t o
i s - / n -  nos or g n - o u p s .

Polvimid’se an the f i r s t  g r o u p  c o n t s n - o  on ly  sr-sn - - a nn - c  r io ,n s j o o n - n -e-u n- s each otoc:
d ir ec t l y b” mmn - 2~ n - n - o n - p s .  The;.’ are n -n - g l d  n o t - i s o f  t ens ing  y o l o n - e r s  e o n - c o  at 20°C on-a-ce
an em— sn - ic modulus of 10 1 k g f . n n - m  ar,u at 100° C , over 3 :< l3~ k e n - -  o n — , a. e . ,  n - oeon - e n-
tha n-n- t h e  m a j o r - n - t v  of carbon cha in  poly mers  at 20°C.

? o l v a n - a d e s  of the second gr cup  n -nc luSe  s i - - n - en - s  - e n - n - n -  nen -ancs nc -n.s In t o e a n - —
a o n v d n - a c e  cc ooon-oaneon-t ws--,n-ooa ;oln oe nzenn - e rlnrg s , r i g i d i i  l n - n o s~ d by amau ~ n -nr ,gs  n s  tos s
a r — I  n - sun - ca l  oaf n o n - s dloonc .me comp onent .  Pd —in -n - ides of tn - i s  p t - cup  so o s - n  n - s o t  c t
s c f t ~ n e n - t n - e r . n - nd t he i r- e l a s t n - c n - t n -  is Ic-s .

?o 1 , n - m n - o n -~~ of nh n - i n n - n d  g roup  contain he te  roan-sn-s ens-i’; n - n - . t he  In - s - mn -ne  con -non - COt -
These :ui--’c/en-s f o r m  r i g i d , s t r o ng  an-no elastic films , their slsnc n-cion at rupture
n - s 13— 501 s-n -en at —1P3 ‘C. The else l-c modulus increas e -en -nh non -s l a o c n h  of con -pusoun - ,
nc i.ign temp eratur e . Thus, on rapid nestins to 100’C , tone siesta-c mocalus c- u rn - n - .;
tor e i n - n - s n -  i n--s ~ecmnd s Is on-i t n - c  o n - n - e n - o f  L u  kgf!oon-nn- , tn-sen ropn-c:.v I n c r e a s e s  t o
103 k g f ! m z m n -  -

?ol’;imodes of the Io -u r h and l a s t  g r o u p  have h e c e t -~~at r m s  n- n -n - b o t h  n - he  d is n - n - os - y—
r l de  and -di ann-ne c o m p o n e n t  - t h e s e  polymers  at -c  e l a s t I c  it-n d are n -am i d  6’,- t he

_ ose a s n -  Cern - sn - c .

Tine p roduc t ion  ci or t i c l e s  f r o m  polvim ides  Invo lve s oroa 3or t e - c i n n o l c g i c s i
di ff lc- aln - :e-j. The latter at-c on- n -me n-al cue no tn-s necesson’, of r-emo vnn - ; large
amounts of solvent (solutions of n-ol’.-smLdo acids on - a tom no more thart 20—331 of
O n- son- s - s - sn - sn - c e) n-n-o s-n w at er  eve n --e e l  n-s- on -lo g n-n-ot.rl catlonn -.

As an th~ case of epoxy resins , direct cca-n-ersi s-s-n- oaf  cc rtc n t n - a t c d  solut ion
of po lyanido acid i n - , t o  a poi n-mide block has , f o r  all p r a c t a - o u l  p u r p o s e s , ne t  3

been -used to i st e ,  To o b t a i n  p las t i cs  in-eon- m olyamsie s , nin e pol l-n -n-dc a- o n - i is
usuall-, sn - s -mn - rate-I in -n -n-n - the solution in the for -n- of fi lno s , powders , or  c o a t l m o o s Os.
a g lass taos; partial or -nomplete imlflca tion 5” chemical or n-hen -n-al means is
c o r n - n - c - n  -os -n t , no ’s-n n- in-s n - s t e r n - s I  i~ processed into a rt i c n--s i n .- ool c n - zn -g or s n - o n - t e r n - o n - p .

A whole series of polylmide—base oims -n -~ rp n-sn-ce been-n- c e - a n - l o p e d  in - n - f n - o e r  n - l a s s
p l a s t i cs .  ?s i ’ ,n .mn - de bon oer s  f i n - s n  n - r o - ’n -seo fo r  a stabie structural st - n - C n n - t o : of
in -be r class plastic at temperature s above 3 0 0 ° C , -sin -c re ss i o n -  a f I b e r  g l ass p l a s t i c
o~ sed or-n the  t r a d i t i o n a l  ph ern -o l it  b i n - d e n - , the  -aer’,ice lI f e  even at 2 50 ° C Ia n - n I
150 in . Tin e phv sicorr eohnnl cal  p r o p e r t i e s  of f I b e r  gl a ss  p la s tl : s  b ased an p01’;—
In-ide n i— n - i c r - s are listed in able -61.

In - t a -ea t ing n - ce o - Its ha-sc been -. obt aun el by  using DFO noboo.ni ;oe as b oo n - us -- n - .
IFs-n- coi n - in - n - ce s - oft - en - n - s at ~~-) °C ano In the  2i-)— -./lrl ’C n- n o ; ,, n-s n-n n o-an- - ‘ n - o s - s-n c i l -an -
-s - c u t - c. n - . a.. n-s a t . r e r m c t l e s t .  i 1 o l u i n g  n a n - n - r n - a l  based on n - n  i n -  ob c o n - o e - j  DY
pr- -n- n on - an n - cc un-rd- sr p r es in - -u n - C  a n - n - 5 5 n - n - C i  an - i -oos - lc n - on - e -n  g l as s  t o - ro e  -en -t in 15 so s - u t - t o r n -  n - f
p c i - s- roa n -no n - o n - :, n - n - e n - -nm -n -np and n - eo t-tr ea tn -n; n - r n -  ,i -- a c-us - on - -es -role -o n - us u a l— n- o n - en - on -

- - - - - l s - -~~~  s- s- -. -~ 3
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tir e temperature to 300°C. Compression mci-ding is can -rn -ed oa:s -t ~n- 37G—390 ’: -n - c
pressures in-ca 500 to 2000 k g f . and is f o a l l . u s e u  in’; cool ing  ond , , n -  omessure.

Tsb L~ 81 /1606
? imv s i c o a ech a n i c a l  p t - o p e n - n  ics of fiber glass pl astn -cs 0 0 C c  0 - on - n - Con -l n - n - rOdS im:,.ncrs

- B inder  S en d i n g  s t r e n g t h , k g f o - m m
Ce rn-c n-n -rn

- Brains-. - -
of s - n-s- n I — tn n - n i t I a l  s- A t t e r  the rmal  s p a n ;  on 300 -- class

- be n -  - S t-ate loss .pOlyi~0.de 0 - - -- - glass -
0 binder 

p las~~~at 20°CI at 100 in - 500 In- 10/3 0 mn- 155.0 is 2000 h- , 
~300~C l  - 

- 
- -

- l O P — I  C S — I C  55— 7 0 ‘2 3 — 3 3  3 2 — 3 3  30—36 -Ci ~—30 15—Cl 10—13 0.7~- STP —C :2 5 — 3 0  - 22 23 14 - — n- 14 14 2 . 0
Stp—3 25—20 36—44 23—25 0 23—27  2 3 — 3 2  C l — C )  lC—l 9 - — i.0
lTD—S 23—Cl ‘ 6 5 — 6 7  30—36 32—46 32—— S — / 35— 37 - 30—3 1 0.5
STI’— ’ 35—40 32—37 — 

- 
31 29 Cl - — - — - —

- 
Note . Tine tests were performed on specimens n-season -n-tog 55 x 5 x n-n,

Tine fn -b en - glass ?iustn -c obtained is-as the f o l n - e n - n - g  ?n :o - s i o n -n - e cr s - a n i c a l  p r o p e r t i e s
(at 30~ glass cairn - c content):

D e n s i t y , gl cm 3 1.90
t1n -~ t- n - c n-on- 1-u s at 2/1°C , ogi s- n-cr - 

- Seas on -n-; $tre ng non - at 20°C , n- f/omai 2 32 .0
Thpact snnength k;f n-/0m

Thanas to I t s  csn -p aron -n ’, e l -.- low -s i s cca i n- .- ( about  10 P at 3-50-s- C : , D E C  p o l e—
b ide can be processed not on ay b y molding but also die castIng. estinS of lEO
pcI-s -n-os-ide specimens have shcr.-n that t h i s  p0 1-c a n -I ce has a b e t t i r  c s m b m o a n - n - o s -r-s- of
pn :’n-an-oamecoanical properties than all existing n i r e n - o o c p l a s t s .  tts Ijok tanners-
n-n -re is 6:’C hign-ser than-n that of the n-soar he at— resi snu rn-t of mcd~~mon- th en --ocr -iso -sn -n - —
pcl’cn -mn -en-ov Is- s-ne oaxlcn -e . DFO polvimide retains h I 4 h  n-n r en - ;ti n - and n-igi-a~ n--s at ten-n-er-n-
t-n-ares aoc’:e 200°C , wn-sers other thermos1ast~ cannot e n - r h e t o n o  in- orimun-ri m e - on - en -n - n - a l
l oads :  at is cnn -tn - en - el m resistant no ultraviolet rai n -- n - tn - on. Or,  n - r a - d i a n - l o ’i  w i t h
a p e r - n -u t - -’ lamp f a r  2/30 in , t ine  p roper t i es of n in e IFs-) f i l m  r n - m a i n - s c  ion - n - cha n ced , eon - er - C—
as samnru ltaneous l y t a s t e d  fj ln - m s of n-ol ’.’eco -n -vl ern -c , , i s y s s - : s -  and n - a n - r on  or n - - s n - e d  s-r i o
comp le te i ’o  lost the i r  elasticin’; .

The Dupont C .~~C IS producing Inn- eo<n-e:ln -mnentn-I r s - o n - n - n t i t i e s  t in e p la st Ic  n.5-n - in - 51 .
n..rnfilIec ( S F — I )  and f i lled with 15% graohite (SP—2 ) in the fo~~ s-of ~I s-nks . from
-e n - o n - h  p a r ts ar e made echani:ally. The properties of SF— I p l aston - are listed 139
belo’s-j .

Denolt ’, , g i n - n ’ ~~,
‘tn --o rn- ,n on- , k gf ~~~~

-

C o n s o l e  at 20 ° C 8. 75
t e ns I l e  an 2 50° C 3 .00

- k~e 1 LFJ~~fL*~~~ IIIf DJP$.l~~~~~~~~~~~~~~~~~~~~~~~~



Elastic modulus , 10 kg fion -m
at 20’C 3.3
an 350°-C 1.34

In re n - s - ; t o s , op f , :am — r
compressive at- 20° C 15.50

I? plastics have low n-eater absorption and acId resistance , are in-n-solub le In
organic solvents , but are decomposed by strong alkalis and super -sean-eu steam.

SP—2 plastic Is used In the manufac tu re  of fue l  line pa r t s , compressor p i s t o n
r i n g s , e t c .  Te sts of the par ts  have proven this materI a l  to be ‘.-e ry  p r aais or s- -g

Highly promising is the use of polyimides as solid antifr-iction man -en-is Is
ren - un - n -~mg no lubrlcaoion. The use of polyimides makes It possible to raise con—
s i s e rab l  the upp er l imi t  of wo rking te n - n - n - er - s - s - s t - s - o re s  and the permissiole  mo o s-n -mum
loads -n -n a specs- i s .  Because of their high wear resistance , Ic’s friction c eiiiclen t
( 0 . 1 0 — 1 17 without a lubr icant )  and high mechan ica l  s t r e n g t h , polylm ide s  a re s-o s- ca
for s.s-li—l ub ricatin --g slidIng bear ings designec icr long service am high tempera-

tures. to their wearing characteriat~ cs , pcivimices considerably surpass teflon—
base materials. Tine best .antlfricn-Ion properties are exhibited by p01:/an-ide fIlleS
- s n - t o - n -  i~ b rou s  c op p e r - .

32. Therm oplasts  R e i n -n - fo rce S  ‘sit-h Glasa Fiber

to recent years , in t e r e s t  In r e i n f o r c e d  th e n - on - on - l a s t s  In-as b e en -n -  steadil :.’ in
crossing. The posit ion-c economic aspects of their die casting per - nit o n - a i r

n - s - c for nin e fabrication of stronger part-a. Irr s-n -.sstria l productIon of glass-n--
f i l le d  c h er m op l a s t s  was fi r st  s t a r t e d  in 1355; two brands of glass—fILl—u poL _

n-m n -de s- were fabricated. In recent years , the assortment of filled thernoplasts
has expanded so much that over 1000 diffetent brands are now inn- existence. At  the
present t I m e . alorost all thermoplasts can be fiIle~ with glass fIber. By 1970 ,
t O C  p r - C C - a c t i o n  of r e in f o r c ed  th em mop i aat s  In -n - t h e  ISA had increased se’,enf old
o’,er lubn

The I t n - t r s - , d u c t i o n  of a n - Las s  f i be r  f i ller into themn-ropiasts has considerably
n - n - t e n d e d  t h e i r  scope  o f  a p p I a n - a n i o n ,  The prese n ce  of excell ent phys~ com ec i samn - Ina l
Prope rties at normal as -sell as d en-ate -I ~nd particularl y subzero temperatures ,
h i g h  dIn-er.si on-n-ai sn ab i t i  . ri gid -tv , low den s it y  and small shrinkage all :~ n-— . 130
n it  n -he  us - c  o f  t h e se  o- . s o - e r - i a i s  In  - c l -/ e n - S C  areas of :e s-ion-no logy. n-

:~ reinfor n -o p ooem000-n ia sn - s , ~ t is necessary to consider all toe factors aff ec t—
in-s tore n - r o n - e n - t n - c s  n - f n-ore materIal , chemic al  nature of the polymer and f~~1i or .
phase Stan -- , n-t th e n-us -lum en -, s - nin es - I n n of the polymer and filler , condi tIons of icnn-ooa—
t I n - -n n - c t - .e fs - led ;n- I —s - en - from s-al-st -Ion or melt , nature of treatment of tn-c
- n - l I e n - surface , - ture of n - n - s distribution In tine polnm’re r mass, etc.

Peinfurc ion - ; -~ ith ~Iass fib er doubles and in- some cases triples the breakIng
‘n -n e t s  n - C  Pros: 7n - _ ers .

t’-..r- ninocmns n - n-ral snasil it ’s- u s-s- rIn g scm -Ice n- proves , so n-rIn- .kage decreases , -saner
-:, n - nnoaon - n - r n - p s -  n’s- .1°—:-)i , n- n-s-a t oe on -d In - o n - s - s - n t f tor ermal -?xpsnslon aen-re sses by

- — is - —n-n- n - n - ed to n - —o- o r ,rs -n -n- mn - tn -r c sd t h en -n - e n - last s - . The properties of glass— in -i-er—
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n - e n - r n - n o r - n - s n  o - s - emn - os - ot.as t S aep cn -n - n- t o  1 o r : s n - c e n - a S~ n- n e o n - c e  on-n t o , , l e n - e n - n  n- f n - n - c  glass
n - n - be n- Soc n - - n - n e  of s n - S l o g n - s - a n t - s  e n - p s - s - - s - a - n -  . / . c  s - n - r a n - C t - n -  ci n - s - an - a n - n - a l n - s  s n - on - o a r,
tn- c l o n g e r  tis~ n - n - O n - n - n -  n - . a  C a s  ooo e r t s - r o , is-s- - H o - se - s- er, horogeneous cast n- arcs
c a n -n o t  oc n - u n - , ,  n - n -n - en  ton -c . n I ’s- i n - o c r - s  are  I o n s .  :~ n - o s - a  l.s-s-r l a w v- n - a r , .  a sp or t
;l~~ss- t t b e m  2 7  o I-a n-n- c n-as -  n-a-s -n- p r n - - ,s- -s- e s-n o n - n -  n - o n - P o o r - c o n e  n - m e r n - s - i p i a s t s .  - i n - t c n - o~~Is
n - e n - z s n o r c , s -u - s o n - n -  n - o n - n - s  n - s - - n e  s-on i :o,s - n-’ are n u n - n -  c o - n - s o l o  pIns - ot - n - s - n - co-u, so n - - s - a n  l ower
pre ssures is-os-u t e o o ) e n - a n u n - s - s -n- 1.s- s- ;—’ _ C e d  or’. os - r e morn - s- _ o n - c t - o r - c  si parts.

The opt ion -s-un ann - s-nt of glass u i-er in n , ivcns - des is 30—33 1. Inn chc p r - en - en -ne
of th i s  glass  f n - o e r n - o nte nn -t , s-n- f an - n - I’s - high stn - enp t on - e al s - n - g of tioe material takes
place , and n -he c a e a c n - n - .- o f n on e  m a t o c i a l  to ore processed by  sic c a s t I n g  n-s pm eser -ed.
Glass—f illed ruIn -an-aces of bran-o n- cd/S . n o r t S - t  coo s-n - Id In the f o r m  of g ranules  are
?rod ’n-ced by  n-in -n-n - Soviet in-n-ustr :n -.

At a ccnn -an- atlJ eiv low den - - s - i n - v  ( 1.35 gicon - ’), glass—filled polyanides u n - n - ic r
adv ant ageou s-i - ;  n - mom -ann-f I l led ones in--. a -es - Ce o p e r a t i ng  t emp e r a t u r e  r ange :  f r o m
—60 to 13-2 — 17C C under load and f rom —20 / I to 200 ° C w i thout  load. dluss—filled
p ain -an - id es  are cin -ara c cericed by hIgh  s t r e n g t h  p roper t i es  and a low coe f f i c i en t  ~f
l i n e a r  e xp a n s i o n  ( 1 . 3 — 3 . 0 )  a l l _ n -  C~~

n- , so t h a t  they  can be used  f o r  a c o mp a r a t i v e —
I: eas f a b r i c a t i o n  of n - a r t s  w i th  comp lex f e r r o u s  octal i n - n - t o n g s .

The manufacture of semifinished products in tine form of granules makes  i t  easy
t o  p rocess  n - o n - e n -  b’s- t he  usual  m e t h o d s n  die cas t ing  and extrusion at- 2 50—270 ° C aria
a s n - c - n - i f - c  p r e s s c m a  of 1000—1400 k g f / c n -°. G l a s s — f i l l e d  pol yamidea nay be su ccess—
i n - i l . ’ used fo r  bn - n t - i c s t e — s i n a n - e d  pa r t s  mn - e t e a c  of such widel used f i b e r  g lass
mater i a ls  as AG— o-.V and 27—S:V~ at tine same time , the labor i n t e n s i t y  -of n -he f ab r l c a —
ticnn is reduced b~ a f ac to r  of 6— 10.

Glass f i b e r -  I long Is int roduced ioto p o lv ca rb cna t e  in’. amounts ‘up to  301.
This Improves in-s n-mechanical p r o p e r t i e s , ra ises the upPer limit of working tempera-
tures by 13—20 °C , and lowers its sale price by 25 1 (Table 32). Inn n-be presence of /191
a higher gloss fiber cant-cot, n-he rigidi ty and hardness of the polymer in-cr-ease,
impact s t r e n g t h  decreases , densi ty  increases substant ia l ly , s-nd p roces s ing  becomes
n-tor e d i f f I c u l t .  C l a s s— f I l l e d  pol ycarb ornat e is processed by die c a s t i n g .

Tab le  32 -

?hysiccmecnn -anical properties of glass—filled polycarbonate

lonfilled poly— Polycarbonane
Property - carbonate - c c n n a i n m n - o  30’S -

glas s f i b e r

S t reng th , k g f / r ~~~ n
tern -able s- 6.5 9.0
bending 10.0 lo- s-.5 

-
Tensile elongation , ‘S 80 ) 3.0
Modulus of tension , 102 k~f/mrn ’- - 2.2 5.5 -
Impact strength , kgf rn/cm — 1.5 0.45
Poi sson ’ s ra t io  

- 
0.36 0.27

F a t i g u e  st r a n ;cio , k g i s - m o - (based on 2 . 0  2 .5
13 cycles) - -

C o e f f I c i e n t  of l inear  exp ansion , ° C ’ 50 x l 0 ’  2 7  a l0~~
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Table 83
Mechanical properties of glass—filled poly formaldehy de of brand Ivur ak on  7 R — 2 9

Fi lled p s- iv— U n f I l l e d  n - u I --- —o Proper-n’ ; - - , - - - -
o : s m n-a s u e ny de - n - o r m a n - a e o r y c e

Tensile s t rength , kg f /mm : -

- at 23° C 7 . 7  - 6.2

at 71°C 4 . 7  3. 5
5ending s t r en g t h . kg f /~~ 11.0 9 .0
Elongation at 23°C , ‘S 2 60 /

Modulus of tension , 102 kgf/ n2:
at 23° C 7 - 2,38

at 71°C 4.99 
- 1.5

The Introduc tIon of a glass f i l le r  in-to po l v fo rml adehvde  permits a subs tan t Ia l
imorovernent of the strength indices , heat resistance , and particularly dImensional
stabilIty of the parts. Usually, 201 of glass filler is in troduced , this amount
of f i l l e r  being s u f f i c i e n t  to raise the maximum service tamperature by :0—301 and ‘192
the modulu s of be rn -di n -g by a f a c to r  of over 2 (Table  83) .

Table 84
Prope rties of g lass—fi l led po ly oropylen e

Content  of glass f I l ler , ‘S
Property

20 40

Strength , k gf m n n m 2 :
tensile 3 .9 6 .3
bendIng 4.9 7.7
compressive 4.2 4.9 -

Ilongat~ on . ‘S 3 I 2
Heat resistance at load of 18.5 140 - 150

k;f/crn , ‘C -

Glass fiber fIller can be Introduced into polypropy lene in amounts of 20—40 1.
In - comparison with other  g lass—fi l led  thermop lasts , polypropy lene has tine advantage
that -  It can be used no make articles of i n t r I ca t e  shape such as propel lers  f o r
boats  w i th  outboard mot ors.  Class—fIlled polypropylene can be processed with worm
gear tn-p c casting machines under tn-c following condItions : tn-lInden’ temperature ,
2 2 0—240° C ; mold temperature , 60—80n- C; specific pressure , 700—800 k;f cm . The
proper t ies  of glas s—fI l led  polyp ropylene are lIsted inn- Table 84.
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Chapter 9
TECh N OLOGY OF ~I°,NUFACTURI OF 5 i 5 F  ~1A C H I N Z — 5 U 2 L D t N C  ARTtC l.E S FPooh THERSSOI’L,ASTS

33. Stern 3earings

The reliable operation of s te rn  bea r Ings  is d e t e r m i n e d  In most  cases by t h e  / 193
properties s - f  the a n t l f r i u t i o r -n -  materIals used in the “ propel ler  — ben-n-ring bush”
f r i c t i o n  pai r .  It  is well known that the material used for propeller shafts is
steel, lined with bronze or stainless steel in the  region of the working necks. A
wIde assortment of materials are used for stern bushings .

Studies have shown t8 ’ ~~ t h a t  one of the  oronn is ing n -acer - I a i , s  is caprolon.
Stern- bearings made of caprolon are successfully used on tugs , irebreakers , f in - s-h—
ing t r awle rs ,  and crew boats .  Caprolon ensures a re liable  operat ion of propel iCr
s h a f t  bear ings  with  l inings ~f OTs lO—2 bronze  and s tainless  steel.

Use of caprolon stern bearings reduces the mass-n of bearIngs b y a f a c t o r
of 2—3 , the  fab r i ca t i on  labor i n - t e n s - i t - n -  by ~C — 3 O 2 , and t h e  cost  of oear ir .gs
by 50—601.

According to their design characteristics , caprolon sliding bearings may be
divided into the fol lowing types :

t:.’pe I — bearings in the form of a amooth bosh pressed into a stern- bush-
ing or bracket (for snafts 30—130 mm In diameter) ;

type TI — bear ings  in the  f o r m  of a bush  w it h  a f lange  pressed  in to  a
stern n--abe or bracket (for shafts 30— 500 n-os in-n dIameter) ;

type 111 — bearings in-n the form of a smooth bush pressed Into a meta l
bushing ( f o r  s h a f t s  250—500 mm in d iameter ) ;

type 1’? — bearings 10 the form of several smooth bushes  pressed I n t o  an -n 1191
in te rmedia te  bushing ( f o r -  s h a f t s  260—500 mm in diameter) ;

ty p e V — bear ings  with a act of bushes made of caprolon p l a t e s  ( f o r  s h a f t s
200—500 mm in d iameter ) .

Caprolon sliding bearIngs  are prepared  by f r e e  cas t ing  followed by mechanical
t r ea tment .  The ar t ic les  are cast In open an-d closed t ,’pe molds . The select ion  of
the type of casting mold is determined by the b a t c h  p roduc t ion  of the  cast pa r t s
and tine vol- n- or e of mechanical t r e a tme n t  of the cas t ings .  In s ing le—uni t  or sm all—
batch  product ion ,  the  cas t ing Is made in open molds of s - imn - l l f i e i  des ign .  In the
m a n u f a c t u r e  of l a rge  series -~f bush ings , It  is desirable to cast th em by c en t r i f u g a l
cas t ing.  The casting molds should be made of a ma te r i a l  t h a t  Is chemica i l ; - ’ r e s i s t - an o n
t o  the  act ion oi the alkaline cap r o l act am solut ion , t h e m — a l l —  s table  an tempera-
tures up to 250°C , and su f f i :i e n tly r e s i s t an t  to the  loads a r i s ing  in t ine course
of shrinkage of nine material and daring unmolding.

Parts oi the mold , i. e., i n t e rna l  cores and f langes sub jec t ed  to loads durIng
un -n-molding, are made of stainless steel ; parts shaping the  outer  surface of n-ne cast-
ing are mada of aluminum ailoys to reduce the mass of the  molds .  In d e s I g n i n g  the
molds , i t  is necessary to consider the shrinkage of the  mater ia l  in the course of
polymer iza t ion , c rys ta l l i za t ion  an -nd cooling.

TIne sh r i ok ace  of fIn ished a r t i c l e s  is as fo llows :
n-n open—mold -n e s t I n g  — 3.5— 3 .51 along n-he -outsn -de in-son -eter, 2—2.51 alor,g n- on -c

in - sn -dc diame ter , and 5—7’ s l on - og the  h e i g h t ;
an-n n-l-n -se-u—mc i-i na snn - n - r-e — 2—2 .51 along the  n u n - s n - o s  and o r - n - s n - c e  Cn - a m e t e r - s  an-n o 31

along n -n e  h e i 2 h t .
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Caprolon n- n - stings obtain-n-ed by the free-casting method are subject-n -d to
me cnan lca l  work in g  and assemble-i . Mechanical  w ork in i g is domi e ’wm n - h  s t anda rd
metal—cutting e-~uiprenc , Caprolon is satisfactoril y worked win-n all types of
metal-wor king tools.

The technology of n-echanio’.il working Is determined by the structural t p e  of
the bea r In g .  For examp le , the  working of type I and II bearIngs  includes  pre-
t r e at m ent  of  the  blank along t o r e  outside sr.d inside d iameters  and coda , finIsh-
ing of t ine ooening and ends , as well as f i n i s h in g  of ou t s ide  f~ t t - i n g  d ia me t e r .

Type I I I  bea r ings  are worked by pressing oaprolon bear ings  in to  an i n t e r —
media te  metal  bush , then the f i t t i n g  po int s  of n in e  int ermedia te  bush and side
p o c k e t s  are f in i shed .  The opening is f in -i shed  according to the drawing onl y when
the bear ing has already b een  mou nted  in the s te rn  t u b e .

I ’ lt t i n g  of a caprolon star -n-  bear ing  cons i s t s  in pressing caprolon bushes
into an intermediate (metal)  bush .  The pressing may be carr ied out  wn -th  h y d r a u l i c
and manual presses as well as clamv~ ng devices. 1195

The mount ing of capro lon s tern bearIngs set up in the i n ta m me d i a t e  metal  bush
sn-nd caprolon bearIngs — bushes pressed d i rec t ly  Into  the ster n -n tube  — is don-se
ac c o r d i n g  to the process flow diagram used for  mount ing r ubbe r—meta l  bushes and
en - h e n -  mater ials  by means of special devices.  ~‘hen caprolon bushes are pressed
d i r e c t ly  into the stern tube (wi thou t  an inter-mediate metal  bush) , it is ooeceaaaz- ;
no take aJ.l steps to pro tec t  the  su r faces  of the bushes  f r o m  orechanical damage.

In csprolon bearings , the mount ing  clearance decreases a f t e r  the shIp Is
launched because the material  swells .  On-n -ri ng the f i r s t  month , the s-w e l l I n g  takes
p lace f a i r l y  rap id ly ,  and dur ing  the subsequent months and years , s lowly . Swell-
ing of the bea r Ing s  compensates the i r  wear during the f i r s t  three  to f~ ’oe years
of operat ion.  At the same time , swelling of the bearing apprecI ably  decreases
the mount ing  clearance when the shi p is a f loa t  and should be taken into account
when drill ing the inside diameter of the bear ing prior to l a u n c h i n g . For ex-
ample , for a nominal bearing diameter of 40 mm , the bearing is drilled to a size
of 40.3 0.5, which provides for a suffIcient clearance in- the first period
the most Intense swelling of the bearing and fo r  i ts  prese rva t ion  dur ing subse-
quent years of service.

Quality control  of caprolon castings is accomolished by u i tr a scn i c  and x—ray
methods. The ultrasonic method , which is most promising for large—aimed cast-in-ge.
involves Ine use of the same instruments  as in qua l i ty  contro l  of f ib er glass
p las t ics : DU K— 17 , IIJK—n-6 , e tc .  The x—ray method is used mainly for control of
castings up to 200 mm thick by an-cans of R U T — 5 O — 2 0 — i  u n i t s  us ing 3PV—6 0 x — r a y
n -u s e s .  These control  methods make i t  possible to de tec t  such d e f e c t s  as c a v I t i e s .
cracks and p i t s .

23 . Shim PI p ing

The chief cause of p r e m a t u r e  f a i l u r e  of meta l  pip ing is the action of sea—
water , which is -n -cry  corrosive , on t h e i r  inner  s u r f a c e .  The ‘n -se of poln-’mers a t
h igh  cor ros ion  res is tance t ar  the n-n-sin components of p iping, i. e. , tubes  and
f a t t i m n - g a , is of d e f I n it e  i n t e r e s t , s ince it  7cm-its n - rn Ion- s-nrecse In n - h e I r
c u r - a n - il
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At the pr isent tn-.me , in addition to tor e s-s-se of an -ee l totes wn -th pr otective
coat ings , po l y e t h y lene Sun -eS , which  have a h i g o s -  n - o r r - o s i -cn r e s i s t a n c e  son- u a small
mass, have f o u n d  use n-n n - n c i ’ i n - d -sal s - n i i p i - u i l d i n - n - g  syston-ns . /196

In foreign shipbuilding , tubes made of pol yvinyl chloride , p01- ethylene and
polypropylene are used for coolIng systems of storage batteries , washing off
ra~ ioactj’te deposIts , and for cold and hot water supply systems at whaling bases.

The Soviet industry has mastered the manufacture of extruded tubes of Ic-i
and high density polyethylene. The tubes are produced in three series. They are
designed for long—term service at an internal pressure of 6.0 and 10 kg f/cm -. n - S

Tubes of polymer materials ccmb in-s-e a high corrosion resistance with an adequate
erosion resistance in a medium of high—speed seawater, For this reason , the
permissible velocity of water in tubes made of plastics or metal tubes lined with
plastics is 5.0 n-i/sec versus l.. nr,’sec for- copper tubes and 3.0 or/sec for steel
ones. Hence . whe n-n tubes of polymeric materIals are used , the overall dImensions
of the systems may be substantially reduced.

A successful combination of n-he mechanical strength of the n-n-etal shell
and high corrosion resistance of the polymer can be achie’,ed by using metal tubes
lined -iithn- polye thylene tubes on nine inside . The metal tubes are lined by combined
mandrel—free drawing of the net-al and plosrlc tube (for small—diameter tubes .’ or
by reducing the lining insert.

The lined tubes are ben-n and flanged for joints by means of standard ecuip—
mer.t used in a copper t uba  plant. The components of branches are made In the foror
of shaped parts whose metal housines are lined with polymers by die casn-Ine . The
tubes are designed f o r  long—term servIce in sea and f r e s h  water  at p ressures  up
to 10 k g f / cm ~ and te~~ eratures up to 65° C. P ip ing made of lined t u b e s  is used at
the “Vostok” fishing base and other ships of the fishing fleet.

k —- , 
- --
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Chapter 10. ?0LY~~~IC COATINGS USED IN ShIP MACHINE 3Ut13I~:G

35. Coating M a n e r n - a l s

Po lye th y lene is a n , ’picai th er m o p la s t ;  i n - s  industrial production was fir -sn
set up in 1935 in- England  ~nd In 1939 in Gem-any.

Three types of p o ly e th ylene , low , h i gh  and m ed Ium pressure , found  technical
application ~Table S5). For c o a t in g s , it is best  to use high p r e s su re  po lye th y lene
(HPP E) , which forms coatings by n-he p a r t i c l e  fus ion  met -hod more easil’~ than  the
o ther  types.  In addition , H.P?E has n -he  h i ghes t  r es i s tance  no t h e r m a l  oxldati’j e
degradat ion and l ight  aging.  P o l y e t h ylene coat ings  p r o t e c t  a r tIc l e s  f rom t ine  ac-
tion of corrosive media and have a t t r ac t ive  physicomechanical  and el ec tr I ca l  Insula-
tion p rope r t I e s .  -

The high chemical s t ab i lIt y  and wate r  res i s tance  of pol ye th y lene are due to
it - s  h igh  crjs ta l llnity  and close packIng of macromolecules  in regions  of crystall ine
formations .

The in t roduct ion  of f i l l e rs  (glass f iber , t it an ium oxide , a luminos ili ca te)
i n t o  polyethy lene substantIal ly improves i ts  s t reng th  cha rac te r i s t i c s .  The h ighes t
s t r eng th  is exhibi ted by compositions with glass f iber  5 mm long at up to 20 n -i
c o n t e n t .  The ‘sat-er absorptIon of the coat Ing  increases when the f i l l e r  con ten t  ~s
above 30Z , ind ica tIng  a loosening e f f e c t  of the  f i l l e r  on the packing of macro—
chain-s at the phase boundary .

In- hardness and decorative appearance , po lye thy lene  coat ings are i n fer i o r  to
many o ther  polymeric coat ings .  Their- chief disadvantage is a pronounced  cracking
tendency d u r i n g  service.

Table 85
Proper tI es  of po ly ethy lenes  / 198

P ooert’, High p ressure  Low p ressure
- ‘ pol ye thylene  po lye th ylene

Density, g/rm 3 0 .92-0 .94  0 .94 -0 .9b
Molecular  mass 10 ,000—45 , 000 70 ,000—4 00 , 000
Degree of crys ta ll in i ty , 1 53—67 80— 90
T e m p e r a t u r e  lImits of aopl lca ticn , ° C: - 

-upper  85 ! 110
- lower —70 —~5
- TensIle strength , kgf/cm ° 120—150 220—280

Elongation -n at rup ture , ‘ 150—600 - 200—SO0
Modulus of tensIon , k g f / r m  

- 1, 500—2 ,500 5 ,000—10.002
- Dielectric loss tangent at 10° Hz ( 2 — 5 )  x l0~~ ( 2 — i )  x -

In shIp building, polyethylene is used fo r  p ro t ec t i ng  p ip ing ,  d r i nk ing  wate r
tanks and other equipment.

Polyvinyl Sut”ral (But-var) is a pol’vin”l ace t o r l  — a c C r i a ’ a t I -.’e of n - a l v in - I o r i o n - —
h o l .  :n is obtained b~ condensing pol~,—,Invl alcohol - i n - t i n  butvralde hs-ie n-n the
ore s-en-c e of nv-o r -orc inl crn -c an-iS . ?oL vn-n’.’i but - ’,-rs-sl Is an amor-ohous wr,n-te pc’s-ocr n-or,—

- -



n a m ing 750 b u t y r a l  arcS and 2-3% a c e t a t e  g r oup s .  In- Is p r o u u c e a  in p l u s - n - i o n - m e d
and unpias t ic ized  f o r m .  Flexible (plasttcn-zes-n pci -vin yl but yral oron tal n o 16—11%
p l a s t - i c i ce r  (dibuc :.’l p h t h a l at e , dl b u t o r l  sebacate , s - t n . ) , wn cs e i n t r o c s - s - c n - i c n  n-ak~ s-
the f I l m  h i eh l y  flexible and cold r e s i s t an t .

The properties of rigid and plasticIzed po v ’Iin -n -y i n - j t -  r a l  a re I i u t -~ d i n s -  Table
56.

Polyvinyl bu tyra l—base  coa t Ings  are c h a r a c t e r i z e d  by h igh  atmosp h e r i c  r e s i s t a n c e ,
s tabi l i ty  to ozone , and good wear res is tance.  The c o a t i ng s  are gas and oil r e s I s t a n t :
a f t e r  being kept  in ormne~ al oil for  7 years , n -he  samp les re t -sin  t h e i r  cr i ~~ina l
p rope r t i e s .

In shi p bui l d i n g ,  po lvv irv’l b u n - v r a l - b a s - e  n oa t  n - n g s  a re  u se d  f o r  p a r t s -  n- g L ie
the latter protective and I o r at i v e  or i o n - s u l s - t m o r~ prop e r t i e s .

The coatings work well in dry  and moist- alt , sea f o g ,  -oil and fu e l  medIa at
t empera tu res  up to 60° C.

Polyvinyl bu ty ra l  n-nv be used to obt aIn - i  coa t Ings  of d i f f e r e n t  COiC r-5 . The
pi-;ment s used f o r  polyvinY l bu ty ra l  are zinc ootide , t i t anium d iox ide , ocher , u l t r a —
mar ine , gas black , et c.

Table 86
Physicomechanical  an’S e lect r ical  p roper t i e s  of polyvinyl  bu ty ra ls  - 199

Polyvinyl  b uty r a l
Property - 

-

Rigid P las t Ic ized

Dens i ty ,  g/ cm 3 1.07—1.1 1.05
- Tensile strength , kg f/cm 2 280—300 - 140 -

Elcngat ion , -~ 5—1,5 15)—n-cc -
Elastic modulus . l0~ k g f / cm - 0 . 2 0 — 0 .2 4  —

Martens nemp erature , ‘C 48—5 4 — -
C o e f f i c i e n t -  of lInear expansion , ‘~~‘i  8 x l0~~ —

- ~ a ta r  absorpt Ion , 0 1.0—3.0 -
Dielectr ic  constant  at 10~ Hz - 2 . 8 — 3 . 3  3 . 9 2
D i e l e c t r i c  loss tangen t  at lO~ Hz 0.0065 - 0 .06

- Volume r e s io ti v i t y ,  s-inn - cm

The best  coating qual i ty  is given by “sli t ” polyvinyl bu tyra l , whose mel t
spreads ‘sell over su r faces  thanks to a lower v i scos i ty .

The coa t ings  are app lIed by gas—fl ame , j e t  and ‘:ibrovortex s~~r - a v I n g , sp r a Y i n g
in- an s le c t r o s t a t im  f ie ld , and o ther  methods.

? Cn t a n - i a s t  is a t he rmop la s t ic  o s - n u l l— c  pol~rns er . ::~ h i~~:n- chlcr ine nor ,n -en -t
(~~~~~. 5% )  and -:er- - ian-se o~~~sta i  s t r u c tu r e  provide  f o r  -an exceptIona l  nnenicai ine r t -
ness and r-e~~is tancs  no So l v e n t s .  Th e ohicr ome:h :;l  g roups  of the  poi -mer are li— ken-



n-i those  c a r -b an  atoms of the n-s-a m chain where  n - h e r e  are no h y drogen  a t o m s  near  : o , r b - .
Cn he a t ing , th is  precludes the de tachment -  of h ydrogen chlor ide , h i c h  asuall .
accelerates further thermal degradatIon and gi-ces p en t a p last  a high them-oil , n - a n - i l j t~~,

Pentap last Is marked by high water resists-n-ne . t r e r .-~th , h a r d n e s s , and Is -o w
coef f ic i e n t  of  f r - n - c n n - o n .  The wa te r  a n - s - o r p t n - o n  of pen-tapl ist after 260 cave ~s
0.13 , and nine mechanical p r o p e r t i e s  and d imens ions  of the a r t i c l es  remain  oon- , n - a n t
a f t- e r  exposure to wate r  fo r  a long time . I t  has hi~ h chemica l  s t a b i l m n - -.- , aeor
resis tance and excellent  d Ie lec t r ic  p r o p e r t i e s .

The physicos-r echanical  and e l e c t r I c a l  p rope r t i e s  of p ent ap last are g Iven be low .

D e n - sn - t v , g/ cm 3 1.4
S tr e n gt h , k gf / c m 2 :

tensile 400
compressive 750—900
s t a t i c  bending 680—700

- l o n g a t n - o r . at r - - u n - t u r e , 
~
‘ 30—50

Sp eci f~ .s- impac t  st r eng th , k g f  cm/c m 40— 80 / 2 2 0
~am n - e n s  t empera tu re , ‘C 45
Elas t Ic  n-oduius , k g:/ cm’ - :

at —6 0° C 52 , 000
at - 20 °C 10 , 000
at 80° C 5 , 000

3 m — n e ll narco s-e ss , kg i /  n-s-5 13
~°un e :  abso rptio n - 0.01
C o e f f i c l a n t  of linear thermal expansion , ‘C’~ ( 3 — 1 0 , 3 )  x 10—6
Volume e lec t r Ica l  r e s i s t - I ’ s - n - t v, -Ohm cm I x
5n s- r fams e l e c t r Ic a l  r e s i s t I v i ty , Oh m 5 x IC’ ’
J t o l e c t r n - c  p s - n - - n - e s - i n n - I n - t v :

at 50 Hz 3.1
at lO° Hz 2 .8

The f o r m a t i o n  of p ent ap last coat ings is n - o n - p l I c a t e S  by the cr ’,’sta L i zu t i cn
process , whi ch a f f a c t s  n-any p r o p e r t i e s  of the f i l m s , the magnitude of ~n n -erna1
stresses , and the  adhesion of the  coa t ing  to the met -a l  s u r f a c e .  Pentap las t  in
coatings is usual ly in the c r - i s t s l l l n - s -e  s t a t e .  By chansing the condi tions of t-h eir
format ion , one can o r o r n - t r - o l  the ~r sta l l i za tIorn  r a n - c  and de~~ree  of c r n - e n a L l i n I n - y
of t h e  polymer . sn-i d hco r~ e , c ge i t s cechan ica l  p roper t ies  and c rea te  cond i t i on- s
fo r the  Sam--at - ion of n i g h -q us - I l t : .’ coa t ings .

S n - u d i e o — 7  have es tabl ished n - h a n  by n -hanging t ine  -n ondit ions of co o l ing  s- f
the coat ing  (cool ing in air , r ap id  c n - o l i n n -  in wa te r , slow 000l inO C in air)  , one
can o b t a i n -  a polymer w i t h  a d eOr ee  of cr,s- s tal l i n i ty  f rom 0 to . f % .  Sudden cool-
i n g  of  the p o l n o r e r  heated above the  n - c i t i n g  p o i n t -  of the cr y s t a _  In - n - se phase
s t a b i lIz e s  a nor . s iderab le  con ten t  of th e  amorp hous pi-,ase and is- ralied q u e n c h i n - g .

-) u e n c h l n g  In wa te r  fol lowed by slow c ry s t a ll i z a t i o n  at 20— 5 ‘C t o 161 cr ’s-st-al-
l i o n - n - n - - ;  p ermm n - .c  on e  n o  obtaIn c o a t i ng s  wi th  no i n t e r n a l  stresses , no sh r inkage
s - f : e r -  removal f r c~ s u b s t r a t e  and h i g h  adhes ion  to the metal  su r face .

or h r  000ling to n-he same segr-ee f or- stalllnit’; , t ine  i n n - o r - n - a l  s t r e s ses
form ed s - en - r- -na ’e r o e  a ch c s n - c n ;  on s low -noo l :n -~ n- or air , n -n e  n - n - -n - r e a - - ,s- n -n n - n - t e r n - a l

s - a  it- s - p - o r - e o n - a s - l a  tins -i: n -he  ac he s - i -no - n - or u o n i c a i l  d r - c p a  n -c z e r o .
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Thus , the optimum concitions of far-no-ait-lon of -: c - s -t n -r gs n - n - cn - ,o e s - n - ’114a n - ar-
quenching -an -n - n a temperature Siffer~ n-ce fr -n - n - 200 to  2 0 ° C :o L 1 c , . e - ~ b
crystallizann-on af the polym er, Durn-ng the cr ’s- sn- .ail: zurn-on of n- inc n-cl -n-er ,
carrIed out by keep ing  the l a t t e r  b r -  at least  -. h at  2~ — 2 5 ° C , rel.a:- :u n - :on s - f
internal stresses n-ak-s -s p iace w i t h o u t  osc i k s - i s - i n o  t ine SOn -cs -ion of n-ore Silo -or n-a
the substrate.

Pent ap last , a ri gid c ry s t a l l In e  poi mser- . has nigh s-ea t re in -stan -ce fun - in-
s u f f i c i e n t  e l ss:icl t-y  and cold r e s I s ta nc e ,  The gl.ase n - ran - sn - n - n - on temperature of
amorphous segments of pentaplast ranges from —5 no 7.5°C.

n the temperature range from 0 to 20°C , a marked change takes place in tine - 201
Seformat ional  as-id s t r eng th  pr ope r t i e s  of p e n t a p l u s t :  the in-ps -s-s-n- n- s t r e n g t h  s- i  the
specimens at 0 ° is 10 kgf cm/cm 2, vera’s-s 140 kgf cm/cm - at 23 °C.

The introduction of liquid pl~~ ticizers (dociecyi p h t n n - a l a t e , d lb u t -  I sebacate)
into pentaplas n- leads to a certain improvement in impact load rcsistao,ce St-id
lowering of the brittle point.

Pentap l ast -  is used f o r  coat ing various p a r t e  used in shI p machIne b u i l d i n g .

To protect artIcles used under tropical conditions , practical applicati on of
pent-apIs-st is p asible only if the stabillzstion problem Is solved , since in tine
un-stabilized polymer , elevated temperatures or ultraviolet irradiation in air -e
rise to extensive changes which impa i r  the In it i a l  phys icomechanica l  p r o p e m n - I c s  of
pentaplast.

Pol-eamides are heterochain polymers containing am ide repeating groups
—C—NH— in the main chain of the n-acm-molecule.

0

In hardness , mechanical strength , heat resistance and adhesion to su r faces ,
polyamlde coatings surpass polyethylene ones. Howe’s-er, because of m n - s u i f in - l cn t
moisture resist-as-ice, they are not used as anclcorrosive and weatherproo f coatings ,
but primarily as ‘sear—resistant ones.

Poiyamide coaclngs~~ should be used between. —10 and 100°C. Prolonged exposure
to a tmospher ic  -oxYgen above 100°C leads to a marked decrease  in the mechanica l
strength and adhesion of the coatIngs . When the parts are used in oil, a ten-n-s-era—
ture  of 130—110° C Ia permissible. At room temperature, coatings 320—3 4 0 m t h i c k
provide protectIon for 60 Says In dIstilled s-eat-er and seawater. At higher tempera-
tures, polysmide s-n-oat -in -ga swell considerably ,  lose their adhesion and peel off.

The pr oper t ies  of polvamidas are monsiderabi’- Improved by the introduction of
various fillers — graphite , talc , molybdenum disulfide , glass fiber , etc. The
f i l l e r  is introduced in amounts up to  ICC b y m ix ing  m a n u a l l y  or in ball n - n - l O s ,

Polyanide coat ings  are applied b y sp ray ing ,  i. e . ,  flame , e le c t r o s t a t Ic , t ’iSrc—
vortex spray coating and other methods. Of fundamenta l  importance in the  technoio~ y
of production of polvamide coatings are tine coolIng condit-lons . Depending on n-he
p urpose -s-f n-n.e coatings , “arn-cus cco0imn~ con-dIn-ions may be chosen. f high wear
res istance is required , n-he coating should be heat—treated in an organosillccn
li ,s-ic or min er -n i  s - n - I  p r - i cr  to n -he s - o o l : n g ,  S u n - n  t r e a t - n - e n -  t- ‘romotes cr-’; st -n-llf zs -s-—
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t-ion of the polymer, n-ncr-eases hardness and ~ecrcases the coeffIcient of slidin g
fr- In -n - Ion and moisture ab s - or - n - t is - n -n of the fu n-’. To obtain elastic s-nd fls -x n -bl e
coatIng s of improved oidhesion, rapid cooling of n-he article is required (quench — / 2 0 2
ing n-n cold or mineral oil)

Cpox’a’ compositions have been Included among powder coatings comparatively
recently and have already found app lication. This is exp lained by the f o l l o w i n g
advantages of epoxy—base coatings over other powder compositions and materials :

the films are formed at lower temperatures (100—200 °C) ;
the properties of the coatings may vary with the chemical con-posit-Ion of the

materials  (brand of eros-c, resin and curing agent);
the coatings are characterized by stronger - adhesion ;
attractive protective properties are obtained with a small thickness oi the

coating.

Epoxy coatings are obtained by using powder con-posit -ions based on resins of
brands 3—40 , 3—05 , 3—Il , 3—33 , etn - . 5n -

Epoxy resins in powder systems are cured primarily by usins the following
curing agents: c’:anamides , complex compounds of incron trlfl-ooride with amines ,
aromatic amities, an-hydrides of polybasic organic acids , etc .

The composition of epoxy mat ar ia ls  include m o d i f i e r s , f i l l e r s , s-nd pigments.
Among modi f ie r s , the one used most extensIvely Is pol -in ’l but’s-ma!, introduced
n-n t he  amount of 5 % .

The f~ l1era and pigments introduced into powder systems should be stable no
heat and inert to cu r in g  agents , and be capable of becoming highly dispersed cur--
in-p the preparatIon of powders. Th i y o t - r o p i c  agents , which control the -s-n - so n -sit -v
and spreading of the melts , n-u.s- n- be int:couce-o into powder- ct-mpos itlon s to ensure
the qualIty of n-he coatings.

Epoxy coatings are characterized S7 high adhesion , mechanical strength , dis—
n-in -ct -lye electrical insulation properties , and chemical stability, They are stable

— to water-, oils , and fuel. ’

Powdered epoxy composItIons can be app lied in different va’ s , but n-he vortex
and electrostatic methods are most cormonly employed. They adhere to vertical s-s-lIe
practically without rooming es-en when subJected to considerable overheat ing arc
present in large thickness , and undergo pracnicall:.- no oxidative de s -ru -is -tn -on.

Powdered epox’; coatIngs wit-h fillers (titanium oxide , al-on-m um p owder) ar-n
commonly emp lcveo for prot -ecn -lr.g Cn - n - s -ir - o -.Cn.t and pip ing used in seawater.

~en-ent-l:.’, extensive studIes have been cn-nos-s-otea for the purpose s-f In-cr-easin g
the ela sti- cmn - , of epoxy resins through n-odin -Is-ni t-s-Cot-. n-s-itn pc’ivnmloes . robbers. and
fluoroplastlcs , for example, the epc ocv— C ;ovo la o  block c-n-polymer ENI Cs- .

To Increase the elast-Icmn-;.’ of films and coatings based on - pooc —Novo lac r --s - sn - - s-s,
use is ms - ide  of various o l i g o m e r -  and pol --os -er O a t - e r - l o i s -  as ~odidIer~~n po ;.ethens ,
rubbers , ool ;tnvl inut -n --ra ls, s-nd fluorn -n an -e- J iny~ r-ccs-rfons.’ - 2)3

The reaction -s-f the en-s-ox’s- groups of 02C with the n-ann --ox’s -I gm-ups at 0- s - s - Per
n-n’s-n-Owes n- s -s e fom-~ tn - cn- of a n-sonar; epo xy—:l on -’oioc— rn -s-s-s-oer block n- cp ol---n - sr - . I n - has
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been found that - as n-he s-mount - of rubber increases . the elastic pr -n -p .s - rn - n - e s of n-ne
films improve , whI le  their strength propertIes decline. The op -on -un - carbonation

- 
- of elasticit ’, str-engnn and content oi the insoluble component s-ru e ( : s ib in -eO 5 ’

ullms containing 13—102% rubber.

Coatings based on these con-posItions ha’s-c a ni— a appearance , hig h values of
rh’s-slcomecinanical properties ~els -sn -ic it-y, shock resistance , adhesion-~ and an-tract -jo’s-
d I e l e ct r i c  proper t ies , and r e t a in  these indices when used In seawater .

Combining the block copolymer and I~ V fluoroplastic in the presence -of the
catalyst- triethanolamine formed PEN lacquers in which the ratio of the initial
components ENBC and 12V fluorop lastic is 1:2 s-nd 1:2.5.

Coatings and films based on PEN lacquers are elastic , weatherproof , water and
neat resIstant , and possess excellent physicosmechanical and insulating properties
(Ta b le d 7)

Table d
Proper -ties of films and coatings based on t he  ep oxv—No volac  b lock cop o lv oe r  and
comp ositions based t h e r e o n

Pro p er - n - ’ ,  ENBC — 
KEN—SO , KEN—ito - F N— 12V

- 
F u n -  densIty , p / c m 0 

- 1.1 1.2 1.25—1.3 —

Tensile strength , kg f/ c m - 1200 
- 

2 10—330 190—220 350—370
Elongation, C 

- 
1—2 15—20 ~~~—“ 60—65

In -m acn -  r e s i s tance  measured - Not res Isn-~ 50 - 50 50
- with C—l Instrument , (ngf om/cm~ at-n-ce 

-
Flexibility measured - s i n - h  Same 

- 
1 1 1

ShG— l instrument , 
-

Relative hardness 0.95 0.7 0.16 0.6
- water absorption after 30 0.-. — 1.0—1.2 0.5—0.6

d ays , 2
Volume d ecor -foal resIst-i’;— - lO~~0 I x l O ’ s-  2.5 as- l0’~ 3 x lO’

It’;, ohm cm

Epox’s-il-acroplastic coatings con - hIs - s - n - the hlph mechanical -on-c s-ns-hesn--:e s - n o - s -n - n - n - h
o f epoxy r e i n - n - s  wi t h  n - s e  e l a s tl cn - . s- of F—IC f l u or o c l a s t - i c .  The ; h a r c e n  an e l s - .-~~n-cs -s-
and room t-s000eratn-s-res and acds-er-a s t r s - ro~~l :s- to m ets - Is. The Pr-on - s - e o n - s - e s s - I en-’o:-nv—
fluoroplastic films and coatings are listed 5e1o-

Tensile snr - en - e n -n -, kgf/cm IGC— .3O /201
ElongatIon , Z 200
n~an-sr absorption if n -er  30 days, — 0.6
Impact resistance measured with U— i instrument-,

kgf cm, cm 30
Yles- (jbilit’,’ measured win -h m O—I insn~ ament -, mm . I 

-
s- Volume -s-lu tr :cil resn - son - ’in -t ’ ;, s-nm a x

_ _ _



- cs-s-st- n- s-n -I- -n -e ri c n.s-n-er n-s-Is-n s-se-.. as protc; n- s - -ie coat:s.gs , s-- i - - - :anos--;s s-old a
specs -ns -~ s - o s s - ’ooa r s  n - e s - s - u s - c  -s- f n-heir excla ss-ve l.- high elas -r i ci n- - . Chn - -s - o s - e s - s - I n - s  in
an e x c e p t o o n - o l l - .- s - s - g o resi st-an-os of coat-ir.gs based on t ine s -n -  to s-s-rae. - c s-n-a :n-vdre—
aer-oss -p e er os - s- s - fl s-os-n - als-o n-a c s - v n - n - a n ss - na1 forces- .

Ss-s-cn- s- os - t ongs  are s - e n - n - e r  a S i c  n- i -s-an s - then - s  to w o n - b i t - a n d  m u l t i p l e  n m n - e m o a n s - o g
s-e for - -n s-m t s -n - s - s, i n d s - .  /n -b r an - n - c— - 10035 , s - os - sn-amp n - an - s - en - s - n - - o r e flu cn -n - s -nis -ns, Also
of n - s - s - ar irsteoc st are n- s - s - coo souns-i—ab sorbirs g , d a m P I n g  s-ni s- SIa n -n - -os- or s-s- ,s-rt -ie s.

A. I. Labuts-n~~ has des-eloped a whole serIes of liquid rubb er—coating Cooposi—
n - ion - s  ( S K E — 7 , sn K—8 , en-c.) based ott pa l-ne st-are , St-s-n - tine best combir.an-i-on of
?r- O P em n - le s Os- e x h I b i t - e d  by compos i tI ons  based on SK U — ? F l.  rubber, 5K1—?FL. n-in -ed
s n - n - h  n -ha vulcaniz ing  agent 3 , ) ’ — s - ± i n - h l s - r s - —-. , s- d l n - s - o o n - o i s - p h e n y l a e n - f a - se t n - a n - n - t
s-s-i n- can - s - I— s t oleic acid yIelds elastic coat -logs which sum --o s-s s-ny on - s - s - co pa l --s - s-sr-ic
mater-Isis n-n wear resists-n-ce,

The s - s - - o s - a r - s - t i e s -  of workIng con-pu s-in -ions Con- s-lo ts n-os ot I s- s- n - rn - -s - -s-c O-n000n -Cn-n-s be-
f o r e  n -o s-c n-n - n-notIon of the s- as -t n -n -co. To prov ide for the re-s-un-os -nI adhes ion- ar-n-
vat-er resootance of t n - n e cn -’ an -Ins -o. n-he rubber — coat-in--s conposi os-ens are s-oplied an
a pr n - s - s s - n - ng  I s - s - e r -  p r o v n -d t n -g  an o s - d i n - i on - a l  b a r r i e r  t-a m o i s t - ar e , - s -b l o b  a i f f - s - s a s  n / s - r o u g h
n -ne pol - - ar e n h a n e  coa t ing  f I l m .

The yn -ysn -con -ccn -a000 s-1 Pr op s-rn - s- cs of films arid coan-In~s ba~es-j or. EPI’— ?YL os - b o a rare I s - s n - n c  n-n - asis Ed . The ch emi cs- l  s t - ab s - l i t - ,  of s - i t n - s  p re p a red  f rom S K I — p l C .
is low , bun - n-niv re els - n - tine action of many d i l ut e  a c id s , a lka l i s , nt-sd n-irs-era).
salts .

Is - n - -s - s - i n - a i r - in - s are low—m olecul ar rubbers, The y  s-re obtain -ed by ohs -n - is - al
oem -a- dan -ia-n of an-ln-roprene robbers .

A mass—preduced rubber is  s- as - nI t A . To increasa n-he mn - lu hilip - ;, s-he required
n -n - c e n t  of s u l f u r  is introduced in the  (s-rs-o of a so lu t ion  in m in e r a l  s-i l  or as an-
s-sue us d i a p e r - i s - o n  Oil and d i s : s- er s- e  na i r i n s , r e sp en -t iv e ly , a re  tb-s - s  o on - a l n e d ,
-er ich on-s-crc-n -cc -gradat ion more rest-ill-, than other n -- s - es - cf n- s- fr - In in s-he on -s -rca of
o o I n, s-os n-n-c presence of tcn-zaet-hvlthiur .ssn d l - ;IfIie Ct - hi - os-rn 3) with n-b e f-n- rn-a-
n - n - n - fl of la.r— -s-soiec-s-lar product-s. Soluble low—os-nIec-ali s- elasnome rs suit-sole fn-r
s-se as fs-Io— oors -ns - :n~ substances are os -us ob n- s-jr s-ed. O’Uicartin -~ d coat s-o s - p s nosed on
then -  possess es-nih -ant p c r v s s - c o r r e c h s -r r j c aj ,  p r o p e r -n i c e  an -s -n - r e t a in  the oil t e e n - s n - o n c e
cinar ac n - e s- to of cini000prene robbers. /2)1

lr’s-s ts - 13n - zs - ng n-air - In - of brand NT ii the product of p-ol -s-rerI s- s - n -Ion of sn-his-rn--
pr -soc -s -n-s -er ;pscn-al n- o n d i n - n -- omos x -s-n - r - mn - of brand NT feon-rososes - no fr- ron- is -nw—
n - s - s - n - I s - c s - i s - n -, s-- s-as-ill- ; soluble s-ro d- s-n -n -s -as --nd as base for r- ub be r—c s - a t - i n --g n - o n - r o s I n - i n - r n .
These pr - -n - o s - an - s ran -s- in n - n - e n - n - s - In - i n - n - , to cr’:stalllze an - rn-on- n - e s - rpeoan - -o re; c s - s - n - s - n - csba ics -  on n-n -a-s pt-s-v be used in- -;;s-lca,n-jzed as well as un-v’aj,canjn-ed fn - rn -, so n- han- theirscope of oppln - cs -t - Is -m Is natural)’, exp osed.

The solubn-lltv s- f in-c -ad n-aIr- Its is so ‘.I~h tin-u t E5—s -7 solutions of rubber
s-ns - en -- s - r s - s based on n- i-s-en- n-eve the cortsisten-cv of ordins-ry oil os-inc at-rd corn be
s-s-pi n-ed w o n - h  a br-sb.

t s - .o s - n - g s base-a an Ii-g- s -s -d n-sn-p its n-c n-an i-save ti -- c necessary adhesion n-r- -s - e n - s - i-.n -d a re  .p all e s- s- s- s-n- or s- -s -s -cr -i, the  most s-sef s-si -n-f -.s- -r ioh is- -n - i - I c r - Ins - ic e - i  n - s - s - r n - n - s-rn -n - cr.
prt s--s-er n-a— n-c oosplje s- -o tt t in e su r f s - c e  s - / t i ’.  a Sr-ash • s-v sPos-vizIg, dtpn - s s-s --s- s- , s-no
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s - cs - s - rin g .  it pr o - i-n -es f~s - r -  s t ron g  as-i / s - e s - I o n  of nai r-~~t- as - a n n - n - g o  to b u n - n -  I C r - r o ss as s-c
o s o s i f e r - r o u s  m e t s - i s .

Auhesi-o r of nairts- an - oti s - spa to metals is also provided be ac s - s - s - s - In’ee — I - n - s - n - s - n - s - n - c
s-na S d —N - s - i a - s - c s - e r -, !e s - C n - n - a n - e  -n -un -n -Ni reacts - c s - s -n  so i sn - or - e  and -s- art- s-he r -a fa r- c be
used only s-s- i-sen no s e h u m i d i t y  n-n -cs rot- exceed 65) .  i--’,oreoveo , in -ice s not- n - n - es - ne as;
a d d i t i o n a l  b a r r i e r  to tn - a  p e n e t r a t i o n  of eater and c l a m - r n - i - o n - a  s a l - s - n - n - o n - s  to n -he ra n - a l.
3 d — n ;  a d h e s i v e  is free  of s -hese  d i sadvan ta g es , b u n -  i n - s  s-p pll s-s-n -n -ass Is h r - is - n - i
by i n - s  s ho r t  w o r k i n g  l i f e .

T a b l e  55
?p:;s-Iccrsechanical  p r o p e r -t i e s  of f i lms  and s- s - an -i n -p s based n-n SKU—i’FL pc!- o r-m - i - s - a s - s - e

- - Vu lcanIzat Ion
Pro~ert-y

at 2O~ C i n -  i O s-C

F~lrn den - sin -v, gIn -rn3 
- 1.1 -

- Breaking st -no n- zn-h, kgf/n-rn- 150—250 200—350 -
longa n-Ion , 1 350—n -.50 i00~ l53

Os-esidual e l on g a t i o n , I 
- 2—9 5—210

- Shore bar -is - s- es - s. k g i / cm n- 31—id - 5 - 3 — 9 1  -

- B r i t - n - l e p o inn- ,~~~C —70 —70
F l e x i S i i in -v  measured s-In -h S hG — l  1 1 -

- inscrumenn- , mm I -
tn-pact resist ance measured win -n - i—l - 50 s- 50

instrument-, on-/cm2 -

s- n-an - cr absorption- after - 30 days an- - 2 1 -

I 2O~ C , S -
Gas and oil r -es i s t -ance  an - 2i-YC Satisf s-c t-or-c
Dielecn-ric properties at- 50 9::

F ‘ dielectrIc loss tangent 0.036 — -

- dIelectr ic  ron - s tin t -  4 . 2  —

Volume r e s ist I v ity , Ohm cm lO u’ - —

Sreakaors-so voltage , kV/~~ 22 —

Cold—dried rs-n-vvs-lcs-nized coat-Ings - s - n - n - h  liquid 1? n-a Ir - In- hiv e are levcn -d of /2~ ’s
elas tIc  p rope r t i e s  and have a nor rn ar at s -.-iel ’ narrow range of -s - n - r Klo.n - tan p er-at -ur -es,
Err-n- —25 to 5O~C . At - temper -sn -cr-es- above 5O~ C , ‘s-nvulcaril:ed coatings -s-n-Icr-pc -n - r - s - ep
when  simul taneous ly  s s-bjm-ted to a load.

ds-s-ls-5n-ize d coatings wit -h a 1In-u~d NT s-tain t- base arc 3 to 10 n-In-es n-crc wear-
resist-ant than coatings n-f oil and in- s-s-arsed n .airIn-s end are similar Isp this - -
respect to ?ol— ’-nr -ct-hs -n--a els-stoon-ers, -chic /s- ore e s- n o es - n - e l-- wear -resistor -n- (Table 59).~~’
NT nairit—base coatings are characterIzed by water resistance,

Lin-uid neoprene , produced abroad in large s- - as - n - tn - n - l e e, is used in n-he for-m
n - f  r o b b e r  coa t ings  on a o h l o r - m n - a t - e d  rubber p r / o c r  (n e o p r c c a 2 ~ p r i m er  l O P ’  n - cm pro—
n - s - c n - I n - g  a r t i c l e s  used in chemical machine h s - s - i l d i n - g  s-s-sd ehn- :hs-s-ildlss -c fr - n - ri o n - rn - - s - s - n - vs
- s - c in - a  m a  azIra si- ,e s-nd er -n -si -na sea r

1 9

~ 
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Tab le  39
?h-,s-ln-omes-hars-ical proper -ties of n-air it— Sase films s-nd coat-in-ps

On -e s-s-s-n-rae ;T n - o s - o n - n -
- - n-air -It,
I — ,,-uicaniza— Urs - -:s - s - l s - s - an -n -~~~iVu 1c anizeu-
- a r - O n - e r - n - ,  -- tn-on n-or I r a: 7_ lU C -

j 2l h at
- I

D e n s i t y ,  g / a r 3 
- 

1. 3-1.5 I 1.3 : 1.5
Breaking  s t r eng th , kg f s -’cm S5— 90 50—60 ; 30—90

- Elongation , I - 200—220 I 25 0 150
FlexIbil i ty  measured r~~ th ShG— l : 1 - 

1

ins t rument , mm - 
-

- Inn-pact- resistance measured s-s-in-h U—I I I 
- -

instrumen t- , kg f cm/ cm
Brittle point . ~C —30 —10 —30
,kdheslon n -a Sn .  3 steel on- chlorInated 35—43 — 30

- n a i r i t  p r imer , k g f / c m n- I

idat er abs-o r -p t - ion  a f t e r  30 day s an - 3—10 - 3—5 
- 

2 - I  -

/ I
- 

s-il res~stan-ce 
- Good - -

- 
lielectrlo properties - Un sa t i s fa c t o r-

N u n -  is used in shIpbui lding f o r -  coa t In g  l n sn - E -s- s-r s -en -n - s s-nd dc ’s-Ices nt - s- ed n -n
service maintenance of tankers and other  tan-s-k ships t r anspor t ing  hn-phiy inflon-n-o.n-hle
products .

Fl-aororilast-tcs are crystalline polymers in -chin -h fluori ne has been substItuted
for hydrogen at-os-n-s. Toe fluorine is bounded very strongly to carbon , also r e i n - f o r - n - -
n-no tine major carbon chain of n-i-se polymer molecule.

The ic r - s - e sn- Ic  Industry is producing a large n-urn-her of f l u o r o p la s t- i c  b r - sn - I s
-ehich are L~dividual and modified pol’nmers of f l u cr o o le f i ms  and their copolymers:
f i t - s - o r - o s - l a s -t i c s  4, 3, s-.M, iN, 2, II, 30, 421, 32 , 40, 1, 33 , 25 , lb. /207

Oluoropis -stIc coatIngs possess hIgh ly  p r o t e c t i v e  p r - s - p e r - n - n - e s - :  s - n - n - n -j i l t ’ ;  n-n -
on - ro ost - -nc n-e~ n - a , good insulating properties , low frlctlos-’. coefficient , resistance
c-a in-p an -c , and Sean- and cold resis tance (Table 90).

ls--’r fr-in - n - s - n - n components operatIng at- low n- a n - per - an - cr - es, ilocropls-ast-ics of
ir an-is is-) arid -.21 are used as ants-f n-lotion coatings.

-los-tin -ge based on fluoropiastics 3 ar-s-s-i 3M have high strength , elec trical n-c-
a n - sn - an - ce and hardness. The diff usion coe ffn -clen -t - of fls-soroplastlc 3 is 1/100 than-
of fl- s-s-rn -plastic a ; n- i- s- is makes i n -  possible to use it as a protects-h ’s-s on - - s - tn - n i ,
s - l oon - -s - go s-n n-s Infer -n-or no fIns-or—p lastic -. is-s d ie l e c t r Ic  p r - on - er -n - Ice.

ll-s-or-:n -io st - ics I. I s-ni :n-t n - re the n-ar-lest - and strongest s-n- f -s-li f l c c n - n - o , o l v m e r s z
n-ne’s- e x n s - m - n -  - o s - s - o s - .  vs - .h -- n-so n I s-w .In n- / s - c an-lI st-at-a, are rs-n - gsslv w e a n - n - s n - n - r n - n ;0 , -wear-
rn- sn -scant s- s-s- a /n - s - s -~ n - :s - ;-n - s - h L  s t -m o l e ,

110
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Is-bl e 90
?h vs icom ech an i c i l  and electr ical  p r o p e r t i e s -  of f l u o r o p l a s t - i s - s

Fluorop lastls-n-
- P r o p e r t y  -
- 1 3 2 -

Density, C/cm 3 1.35—1.40 2.1 1.7—1.8 1.7—1.3
Tensile strength , kgf.’co~ 500—600 350—400 500—600 

- 
450-550

I Elongation , 5 70—140 70—200 10—250 - 300— 100 1Modulus of h ess-are , 10 10—14 11.6—14.5 15.2 —
I 

kg f /cm n-
Fusion n-emserature, ~C 180—190 210 170—130 153 163

- 
App l i c at i on  t empera tu re , ~C —80— —195— —60— —60—

+150 +150 +150 -~l5O
I Brimell hardness , N~ h/ n-~

2 10—12 10 13—15 7 9
Nat-er absorption alter 0.0 0.0 0.015 - 0.01

2 0. h . ‘1 I

I’d -s-me electrical reals—— 1015 1.5 s-c 101S 7 x 101 2 lO-~~~I3~
tI’s-it-v at 10° Hz , ohm cm 

- 
-

DielectrIc loss tangent- an- 0.02 3.01 0.136 —

i lO° Hz I /

Fluoroplast-ics are -as~ d f a r  coating parts of compressors , vai n-es , n - ou , l I n - g
glee’s-es , fast - en -n - n -n - u, etc.

F 
the s t r eng th  an-I wear resistance of flus-s-ropLs-st±c coat ings  ms-v be ‘s-ar -n -cc ,‘208

over wide 1~~ m n - s  iv In tr oduc ing  r e i n f o r c i n g  f i l l e r s-  ari d s- cu 3 l ub r i can t- s  i n t o
their cons -os -in -b r.. The fillers are varlsus metals and glass; the solid lubricants
are boron mn -n -rId e. molybden um disulfide , graphite , etc.

The use of various glass fiber-s and filamen t-any crystals (rnuliit-e) as the
filler red uces the Internal stresses and irs-cr-eases n-he adhesion n-c metals. Fl--in-rn--
plastics are as-plied 5

~’ 
spraying met-hods: flare , h ig h— vol— age elect-r-ic-f~ eis- and

slurry spr-a~Iog .

To in - o r - o n e  n -he s - s - ec h ann - cal  s t rength  and adhesion cha rac t - ar - i s t - i c s, cer n - an - n
fluoropiasn-ic coatings are quenched is-i cold water.

As-i i - n c r - s o s - c  in adhesion arid decrease n-s-s loners-sal stresses’ is achieved by
p r - i n - i n - S  the menal surface -win-h sealant-s prepared from fluoropiast-ic robbers and
used is tor e form -n-f solutions. Use of these primers tn-cr-eases adhesion by a factor
of 5—15 .

Production of brands of modified powd~ted fluOroplaanics designed lot the
pr -sp a r - s-n - ion of coatings (30, 30?, 40, 400?, etc.) has been star-ted races-in-I-
tepcnds-ng ott n- he function of the protect -i’s-s coa t -n -n -g , these powdered s-olymers n-s -s -v
he -s-sed no crest-a cn-n - s- osm n - icris that ma/ce in- up s-in -cable n-n- specified s-er ’s-n -ac
n - n - n - di n - ion-s. This is accomplished by Increasing the /s-s-l/c den -sn-n-v s-nd selen-ning
n-he par tic le size n - i s - n - ri /n -ut - n - n - n Snd shape of the powder 7 .r -n - cies . n - n - has  sees
found - n-h at as the bulk density Is-s-creases, n- he protect - s--s-s proper ty of n- /n -c film 
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Improves , as s-loss i t- s  dens i ty ,  since nine n -ore u n - i f s - n -rn the packing  s-nd smal ler  n -he
numbe r ~f loose—packed regions in the lan-er of n-he polymer powder particles , n-he
smaller - the n-umber of pores obtained a f t e r  the po1~ner has been partia ll fusec.

Ti-se compactIng cperat-ion consists in heat—trea ting the polymer powder at
elevated temperatures. The optimum heat treatment - temperatures for powders of
brand 30 are 200~ C , ‘n n - h  a t r ea tmen t  time of 60 n-sin; for brand 40, 240’C , 50—7 3
sin; for 451, 220~ C , 30—50 sin. In films of compact-ed fls-s-oroplastics 30 and 40,
internal stresses decrease considerably, and specific elongation markedly in-
creases.

CopOlymers of hexafluoropropylene wit-h tetrafluoroethylene and vlnyliden-e
fluoride — vits-on- , teflon — 10031 , KYeL—F , arid polyvinyl fluorides ’ are vilely
employed in foreign technology at the present - tire.

36. Properties of Coatings

Adhesi on . Adhesive s t r eng th  depends on tine na ture  of the p oi-on -er and
composition n-f the adhesive. A nonpolar adhesive wets the metal surface s-well,
and therefore , even j r the  absence of actIve f-s-nctiorial groups , a cern-aim ad—
seas-ye strength is achieved . A much stronger bond between the polymer and metal /209
iS achieved wiser, ti-se s-oi’n-ter has funcn-lor,al groups n- hat - interact- ‘wit-in the metal
surface . - -

I t  is Impor tan t  that t he adhesive rot merely contain a certain number of
polar  g r o u p s , h-a t ran-/s- er n - s - s _ an - these groups be capable of s t rongly  in t e rac t ing
wIth the surface grouPs of the m et-s-i.

Tin e presence of 3 .57 s-of car-boss-I grouos in n-he polymer provides for snr-ong
adhesion (up to 2-60 kg f .- cm~ - pol~~ers containing h; aroxyl groups in the molecule
also possess high .s-h/s-esi’:e strength.

Of m a j o r  interest- f o r  adhesion s’.’stems is the mechanism of i n t e r a c t i o n  of
polymeric adhesives -woth n-he oxide film formed ott practically any met-al surface.
As a result , 10mm— bonds nay be for -med an - the polymer-mat -al  boundary in many cases.
This type of bond occurs nost frequently in n-he cent-act- of metals wIn-h car-box 1—
and hydroxyl—contain icsg p01 .-roars.

Considering the s’ariety of factors affecting adhe si-ce strength , one should
expect n- /hat he mcdlf v i n g  not only the bin-Icr but also n-he metal surface , os-ne could
a hieve a sign-if In-ant in-cr-ease in adhesive strength. The chief n-en-hod n- f obtai n-—
ing such a modifIcation is n-c create additional chemical bonds acting at n -he  ad-
hesive—metal Interface.

The stability of tine adhesive bond ray be increased by s-retreati ng the metal
surf -ace  -wi th  substances  tending to f o rm at least a sparse  network of chemIcal  a d—
hesive bonds between the metal and polymer. A chemisorbed monolayer Is for-n-n-ed os-i
n -he meta l  sur face .

The in-crease in in-sin -n-al adhesion and stabilization of propert ies in tine presence
of an adhes ion—a ct i -n e  sublayer Is due to the  f o r m a t - n - a m  of covalent  adhes iv e  bonds
in the  s y s t e m .  The molecules  of n - /s - c  sub lay er  i r e  i n - i n - i s - I l —  chemisoroed -an n -ne

- -
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m e t a l  s u r f a c e .  Ti-n - n- f o r m a t I on  of chemical bonds  between - n - h is -  m a c r o m o l e c u l e s  of the
p01-n-s-sec as-id t he s u r f a ce  compounds on- the  n-en -al is-  h igh l y probable durn -nig the for-n-a-
t - l cn  of the polymer coating.

The adhesion-—active substances used are toluylers-e IIIscn-yanate , s- — amino—
prop’s-Lox-;si jana and oleic acid. Of these , the most active is toluylene diisocvan-ate ,
obtain-cc by reacting phosgen-e ‘with toluyienedlanmine .

The extent- of the adhesive con-tact is largely dependent on the chemIcal nature
of the  metal  an-I the i n - s - i c r — r e l i e f  of Its  s u r f a c e .  The most ext -ero sive and c h e m i c a l ly
ac t Ive  su r f ace  under the coat ing is ob ta ined  by sho t-b l a s t i ng  the metal  w i n - h  sp l i t
shot , the sharp edges of ‘which produce the required roughness on met-al surfaces.
k i t h  increasing he igh t  of nicroir regulari ties  (sanding,  san - db la sn- ing)  , n-he adhesive
st - r a n - n- t in of the coatings increases. At the sam e time , wit-is in-icr-easing heigh t of
the cn-icr-olrr-eg-olaritles, the int ernal stresses increase , causing a decrease in ad— /213
healve s t r e n g t h .

The maximum adhesive s t r e n g t h  I~ achieved when th ~ he igh t  of the p r o j e c t i o n s
n-s 10—2/. m. /.mn-en the pro jec t ion-s  increase f r -n -n  24 n - n -  200 ,m , the In ternal
stresses  Inc rease  and the s t r eng th  of the  adhesion- bond decreases .  Si t h  in c r e a s —
1n~ n-en- gr it of the microirregularitles, the growth of internal st-resa.as causes
cracking of n-he protective fi lm .

Tables 91 and 92 p resent data  shoving the e f f e c t -  of n -he  degree cf sur f s -ce
t r ea tmen t  and brand of net -al  en n -he  adhesion of coatings.  ~

Table 91
Adh s-s i - ,e s t r e ngt h  vs brand of me ta l

Adhesion , k g f / n -m 2 
/

in-e n - a l  -

Capron Polyvinyl butyrall Penn -s-pin -st

Steel St. 3 310 340 220
Steel  S n - .  45 350 400 —

Br—se i—il 230 260 1 135
Alu mmn -uri 400 - 320 24 0 

-
Bronze  — 200 

- 
110

N ote .  Adhes ion  determIned by the  “mushroom ” met -ho- i ; metal  s u r f a c e  t r e at e d
- 

yin-h sand. 
-

T u e  p roper t i es  of a coat ing  and the s t r e n g t h  of adhesion to t h e  m e n - a l  a r - a
largel y ds-spe n -dent on the film thickness: the th inner  t /n - e  f i lm , the n -n - ro n -p ar - Its
adhesIon to t h e  me ta l .  This increase in adhesion- ‘wit-h decreasing n-hickness
may be explained iv the orientIn g n -n f l u er r c a  on - n -he  so l id  s u r fa c e , -w h i c h  is s trong-
er f o r  n- s- - sn -n - fI lms . A s s . g n n - f n - c a n t  r o l e  n - a a lso n - l a - - a c  5 n-he sn - n - s - c f a s - s - n - c r, s ince
n- he s - r n - n - a n -  n - In -nv a f e r ’ s - l a t e r ,  cc of n - s - c f e --n - s  n -n t h e  a s - o s - e s - n - c :0:-er- n - s- n - cr - ea se s  5.-i n- s-s-
i t s t h i c k n e s s .  

~~~~~-~~~~~~~~~-- - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ - - -
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Table 92
Adhesive streng th, kgf/cm 2 , vs method of preparation s-nd n -in -rn -relief of St. 3
steel  su r face

Coat i n g
- - . - s-Grade ot~ I- .-!etmn-os-n- or s-urn-ace Pre~aration . . , - , , -

- tin-i.sh Capron P—’n-8 POs-a’vis-vs. Pent-a—
butvral~ p last

Gr inding 6 310 200 250 200
I Sandb lasting 4 360 - 260 - 340 220
- Sandblast ing arid phosphat i z— 4—3 420 — 380 260

104
- Shotbiasting 3 300 240 320 260
- 

Note. Adhesion determined by r.ormal detachment.

The anticorrosive and Insulating properties of thin coatings are not nearly /211
as good , arid they wear out faster.

The oo t-~~mum thickness of polyvin-yl but-yral, p olvamide and pers-n-ar’laat coa tings
is 0.11—0.3 mm ; as the coating thickness increases from 0.2 to 0.6 i , the ad—
hesi’.’e str ength between the coating and metal drops sharp ly (n-he adhesion s-n-i capr-on
n - n -  S t .  3 steel decreases by a f a c t- o r  of 1 . 3 — 1 .5 ) .

One of the chIef f a c t o r s  determining the properties of adhesion bonds is the
molecular and structural mobility of the polymer.

A reduction in- molecular and structural mobility usually leads no an increase
In- adhesive strength. The introductIon of fillers and artIficIal cross—lInking
m aclet is i i n e  best ‘way of altering the structural s t - a t - a  of a polymer. in - s this
cas e, the character of tins - change in adhesive and cohesive p roper t i e s  Is similar.

The adhesive strength in- a s-olymer—metal system as a f un c t i o n  of the content
of filler -s in n-he adhesives Is frequently described by a characteristic cur:e wit-h
a maximum . Obviously, the role of free functional groups in the adhesIve n-a mani-
f e s t e d  here as ‘well.

Internal stresses. The mechanism of formation of internal stresses In- films
formed n-n a solid substrate consists In- the fact- that as the solvent volatilizes ,
the f I lm  can contract only in thIckness; as a result , stresses parallel n-c the
su r f ace  of n-I s-c f l I n t  arise in- the  l a t t e r .

Stresses  ma’; also arise durIng o ther  processes associa ted s-with  a decrease  in
vn- l s-an~~. Since n-ne process of film formation frequently takes p lace at high tempera-
tures , cool ing of the system causes an increase in Stresses as a result of different-
coeff~ oients of Linear expansion- of the coating and substrate , as well as
cry stallizatIon shrinkage.

R a p I d  cooling Inc r ea se s  In te rna l  s tresses hen - s -use  of i n su f f i c i e n t  r e l a x a tI on ;
slow - n - n - s - n - is - s - n -; p r o m o t e s  more complete  r e laxa t ion  processes s-ue to o r i e n t a t ion  of t i -s-e
s n r - a c n - - a r a . -s-cements , s-e s-n -n -n - h fenr -ca se s n -he sn-tosses n-n n-ne -cCat - s-ng .
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On ran-ic cooling, the degree of crystalline order in p o ly e t hy l e n e  typ e
polymers s-leer-eases. it would seem that a decrease n-n cr -v st all i ro n -n - , n - . a. , a
certain amorphizat-ion of tn-r e coatings on rap id cooling, should ins-ro te :he cr - s-n - k—
ing reals-n-ann-c, but despite the specific s-al rs-;,s-tion va1u~s an-I in-n-act s-nr - er - s - ;th,
whin -h are n-hereb y increased , quenched coatings break dow-n is - st - e r. Ti-n-is - pr .ar-s-cs-n-eraors
is due to the more active effect of nonr-eln-s-eed internal stresses , ‘which are
greater n-Is-an in s-l.n-w coolIng, and n-he breaking strength is lcwer.

Ta b le 93
Effect of cooling rate and heat treatment on the mechanical propertIes oi low—
pressure polyeth ylene coatings

Degree of Internal 3teaklrs-g - -

i Condition-s of Pr-n-p ar s-n -ion -of -erystallin— stresses , - strength , il o n g a n - I s - n -s-n- , I
- CoatIng s- 

~~~ I kgf/cm— -kg f cm ’

Cooling conditions: -
- rapid (quenching) 75 62 s- 150 6.8 -

I slow 77.5 I 58 1-83 3.2 I
- Heat tr eat -m e n -n - for 4 hr -
- at 180°C 75 I 32 180 I

at 200°C 76 I 30 160 7.6 -

To remove n - inc  i n t e r -n -a l  Stresses and Increase c rack ing  res is tance , t h e  coatIng /2 12
should ie heat—treated at elevated tempCratures . As a result of prolonged action
of heat , the internal stresses in the coatIngs are reduced by a lmos t  one—half ,
wrslje adhesIon ~:acraases .

Coatings based on certain fluoropolymers , pol yvinyl but:,ral and pentaplast
should be qulokI’s- cooled in water during their formation-; the Internal st-ressea
thus formed are small, and -with time decrease to an insignificant value.

This nay be explained by the din-similar structure of tine at-er-in-i and coating,
formed under different con-din-ions. On- slow cooling, the n-os-tn-n-s i-in - s a more
crystalline structure~~ and compact packing, it-s volume is smallar , and hence , the
Inner-ms -I stresses are higher In- this case. On rapid cooling, an amorp hous
s - n - r - ucn - u r e predominates in-s the coatings. The degree of cr— er- of the macromolecules
is lower , and the internal stresses are also small.

The Internal Stresses , -whIch increase In -  :he course of aging of polymeric
coatings , r- eacn- values comparable to the strength of the fr-Ins , and in man y cases
s-su n- c cracking of the films or theIr spontaneous peeling. Of particular interest
therefore are wa’s-s of controlling the stresses in polymerIc coat-Irs-ga . In particu-
lar , b’. changing n-he temperature of film formation , moisture content- of the medium ,
proportIon-s of n-he components , amourit of plasticIzers and pir-n-nsent, one cs-ro an -n-lye—
1” affe ct the magnitude of internal stresses and their build-o p kinetics.

3y -alter -in - ; the nature of t i-s-e support sad using elastIc primers for polvn-ter-ic
coat -in-ga, one can alter the adhesI ve n - n - r s - n -s-n - ;n -h and n-he rsbv n -n -n n -r -oi n-he n- n-s-t ar-n-n-n-i
stresses ar,d n-en -s-ce, the useful In-fe of nine coating.
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As a re s ts - in - of tn-c damping n -n - Il-s - en cs - s- of n - s - r n s - s - s - e r - i s -, n-ce n- s-s - s - rn - n - n - n - n - s n - u n - ar - s -c s-s s-no
ela st i c i t y  of the coa t Ings  ar -a apprec iso l y In - c r - e n - s e c .

Fillsrs have a n - u n - s t -s- n - ti n - I influence on- the intern-al stresses n-f coatings. /212
On n-he or-s e han -n - , i n t e rnal s t resses  s-re decreased by n -he i n t r - o O u c n - I o r s -  of f i l l e r s
ices-use tine c o e f f I c i e n t -  s-of thermal exoansis-on of the  f I l m  n - n - a n - e r - I n - i  e c r - e s - s s e s, ant I
on the ocher hand , n-he:; Increase , since the relaxation processes are inhibit-ed
t t h e e l s s t i c  modulus increases)  and the -glass t r a n s i t i o n  t e m p e r a t u r e  r ises .  The
resul tant  of these processes is usual ly  posit ive  in tin-c case of amor -phous  polymers
an-I negatIve in the case of crystal l ine ones.

In ternal s t resses  in pol ymeric  coat ings  are d e t e r m i n e d  by the  o p t i c a l  me thod
and method of ben-ding through an angle according no GOST 12036—67. The latter
method is based on measurement of de f lec t ion  f rom tine i n i t i a l  p os i t ion  of n -he  f r - c e
end of a cantilevered elastic metal p late ~~n-h a polymeric coating.

The internal stresses o . are calculated f r o m  the formula
3.

- ll s -5 ,s -z 50
‘where lh Is t i-se de f l ec t ion  of the support  f rom the i n i t i a l  posi t ion , cm ;

I Is the elastIc modulus of the suPport , k;fs-’ -nm’- ;
a im the th ickness  oi the suppor t - , em;
1 Is n-he working l e n g t h  of the support , cm;

-Is is nine th ickness  n -f t ine  polymer f I l m , cm.

~a te r r~ sj st -ance .  The ‘water res is tance of a coa t ing  Is det e ’ - ad b-i its
porositY and swelling capacity . The very slight- n -rue  p e r - n - s i n - v  of hI;h—s-oolecular
f i lm—for ming  subs tances  Is due to the  presence of a small amount of so lvents  or -
p lasticizers. The format-ion of a three—dImensional reticular structure promotes
a decrease In structural porositY.

The service l i f e  of a polymerIc coat ing is represented  by the  ra te  of penetra-
tion of ‘water molecules in to  the po l ym er -  mass , i. e . ,  by the value of t in e  d i f f u s i o n
ccefflcIen-st. The technique for determining diffusion coefficients is s- .escribee in
Ch. III. Given below are tine diffusion coef ficient s , in l-l~~ c m - ’h , of various
polymeric films, determined dv the sorption- met-hod.

SKU—PFL. (co ld vu lcan iza t ion)  5 . 1
gEN—50 2 .3
KIN—ICC 4.1
L Kt2—?F ’L + 5Z SKIN 110
Pentaplasn 2.0
Fluoroplastic 3.6
Polye thy lene  2 . 0
Epoxyfluoroplast ln- lacquer 1.3

The diffusIon coefficient of the SKU—?Fr .  u r e than e e la s tomer  is somewhat
d i f f e r e n t  (6 x l 0 °  em s-/h) f r o m  t ine  c o e f f ic i e n t s  of polymeric  ma te r i a l s :  this
correlates well -with the higher ‘water absorption of these sin- stoner-s. The intro—
ntu ctlon -s of filler -s (3—151 of SKTN rubber) reduces n-he -water resists -ron -a of pu1 —
n -ret -n oneS and causes tine d I f f u s i o n  c o e f f i ci e n t  to Is-icr-ease to 1.1 x L- ’’ cn-nt /h.
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S ome in v est i ; at ar s~~ believe t h a t  t ine  wa te r  absorp t ion  -n - f f u n-s and n - .n - c i r -  2 14
Impermeab i l i ty  to  w a n - c r -  depend on the  r e t i c u l a t i on - , whi ch is associa ted  s - t n - n - h  t in - c
formation of internal stresses; t-he Latter n -n -v give rise to Isolated -n-as-t itles
t f s - i ch  promote  b e t t e r  pene t r a t i on  of wa te r  vapor t h r o u g h  ti-s-s-s film s-ncr s-n n-ncr -en -se
in its ‘water permeabilIty.

As a rule , the introduction of pigment -s promotes a decrease in ti - s -C p e r -n -n e an -~~1I t :
of coat ings , p a r t i c u l a r ly if the p ar t ~ c1es are  sca le—shaped ; however , when n-he
crit ical  volume content  of the p igment- is reached , the pe rmeab i l i t y  of t ine f I l m
increases.

The best results  (F ig .  75) f o r  the ‘water -  r es i s tance  of po lym er ic  ma te r i a l s
-were obtain-ed ‘with films cured at high temperatures; the water absorption of
pentaolasn films Is in-signifIcant.

:‘:j -~ ~~~~~~
.,~ ///- - _~-----H- -

1;

Fig. 75. Water  absorpt ion 3, 2, of coatings.

3. — SKU— ?F L polyurethane (cold vulcanization) ;
2 — k.~N—50 compositIon; 3 — SK’J—PFL poly-
urethane (hot vulcanization); 4 - K E N — l O O

composition; 5 — FEN—42V compesr -t-in-n. 
-

Capron , polyamide 68 , low—pressure  po ly e thy lene  and pol’r:Is-n-vl b u t - ’  ra l  have
poor ant lcorrosi-t e  p rop er t~~~s: coatIngs of capron and pol yamide 68 peel o f f  a f t e r
2 — 3  months of e:<posure to water , ‘rod those of pol’tvmn-;.’l but -yr -a l  and po lye thy lene ,
a f t e r  4—5 months . Coatings based on f luo rop last lc  are w a t e r — r e s i s t a n t  and can- be
used under h i g h  humidi ty  and t rop i nal  c l ima te  condit ions.

The proteclive capacity of the films also depends on n-he thickness and number
of layers of the app lied coating. m n - h increasing number n-f layers . n-he protective
capacity improves  as a result  of mult Iple overlap of the pores in tine film and
lengthening of n-he pan -h of moist-are hui f-usieri n -n -ward the  sup p o r t .  The more severe
n- n- -s- c se r’:ice n - c o o n - i o n s , the great -er n-he n-hic:s-rses s ‘which n-he coating s-hon -Id ha-,es-
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in- n -he presence of constan t act-Ion of s-eater , t h e  t h i cknes s  of n- s-n - c s- os -tn -n -;
s-hould be no Less tins-n- 200 .m or even 300 .m .

Tine decrease In- n-he adhesn-ve an-id mechanical chsracter-is-n-i :s of coatings;
d u r i n g  long—term ex p o s u r e  to seawater-  is d i r e c t l y  p r o p o r t i o n a l  no n- i -n -a wan -er
absorptcon of p c i — m o r n - c  in-Ins F ig .  76)

The long—tern strength of pentaplast - coatings n-s sin-own in Fig . 77 Ic being
the e f f e ct I v e  Stresses and , tine l ength  of the  t es t s )  . The combined  o n - t i n - n -  on -
th e corrosive t edIum and loads s i g n i f i c a n t ly reduces tn-se l ong—te rm s t r e n g t h  of
the coatings.

Dielectric oroperties. The principal dielectric pr -n - s-per -t ies of thin—film
polymeric coatings are given in Table 94.

Table 94
Dielectric propertIes of thin—film pma sn-~ n- coatings s-s - 2 13

Thiclaseas Dielectr~~ s- 3reakdos-,’n Electrical
Coating of layer , loss : vol tage , r e s i s t iv i t y ,

- -n-a tangent - kV/mm ohm on-s-s

- Capron 450 — 33 0.1 x 10
7—6 8 polyamide I 300 — I 43 I l0~ ° -
Pol yvinyl but -yr-al 280 2.0 x 10— 2 72 0.8 x 10 Ls

P e n n - a p i s - a n -  200 1.6 x l 0 -  I 3 0 — 1 00  ~
- —

70 po lye th y lene I 250 I 4 x l0~~ 
- 43—60 2 x 10’

Po lvepox id es  I 2i-’O 1 4 x 10~~ 60 3 x LO ’~
Poivohic- ron-rifluoro— - Zb O  - 4 s-c l0~~ 150—200 1.2 n-c l0~~~

etin”lene I

Coatings based on polyethylene and fluorop lostics ho- ’e excellent ele :n-r-ical
insulation properties over a wIde temperature range, line low water absorption and
hIgh chemical resis tance ensure n -he s t ab i l i t y  of n -he  e l e c t r i c a l  insulat ion p rope r t i e s
when the coating is used in corrosive med a.

The electrical ins-ulan-Is-on prope r t i e s  of elastomer coatIngs  change w it h  the
type of electric current-, duration of act-ion of the vo l t a g e , and reiat-I-,e humidity
ci tn -s e ambient  medIum. in n -he presence of d i r ec t-  current , even ‘win -h a h i g h
vol tage , n-he h r s ak d oy m  vol tage ci e l a s tomer -  coatlnzs  is 2 — 2 . 3  t Imes t h a t -  of 50~ Hz -

a l t - a r -n a n - i n - s  cu r r a n t .

The appreciable drop in n-he breakdo’~s voltage of ~ Lastot ser - s  un -d er -  me s-ch s -n - Ic al
load is due no the par t ia l  r -o l a r i zab il i t v  of the mater ia l  in en -~t an sion , and to
t-he accelerated oxidation of t ine elastomer , which is in a s t ressed  s tare .

in- s tud ying poi -neon - c  ma t e r I a ls  use-i for pr - c t - c o nin g sr-tid es operatmn-z in / i b
eorr-osl ’,e media , n-ne chief  c r n - n - e r l on  fo r  - n - s t - n - m a n - I n - s  n-he ;r o t e c n r - v e  c a p s - c r - n - ’— n-i
n- cs-c n-n-StIngs is ti -- s-s-a electrIcal n - esn - s - t - n - v n - n - ’ , of t n-s-o s - Tn - Is - n, n - re- en -tn -c; n-h-a mn-zr-a-
n-Ion s - n - i ions as-s-d radon -in ; n-he corrosion current to s-sn is -n -si ir .ifin -n -n -t s-i-slue.
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F ig .  7 ) .  A dhes ive  s t r e n g t h  A , k; i / cm , Fig . 77.  ~a efu l  l I fe  -n-f pent-n--
of pentap las t- coatings wi th  steel  and p la s t -— b a s e  coa t ings-  on steel vs
brass vs t i m e  of exmosure to seawater  sn - r e s s .
(normal detachment  method) . 1 — in a i r ;  2 — in-s wa te r - .
I — St. 3 st-eel; 2 — L—6 2 brass

The h igh  resistsn-ce In n-ha initial State and the ability to maintain it at /21 5
this level during prolonged exposure to sCawater in-dr-cat -c an in-sign-if Icant
p e r m a a b i l in y  of the coat Ing to ions of the electrolyte , and hence , excellent
an-t - i c - ,r r -os i- , e  and elecnr ical  i n su l a t i on  p r o p e r - t i e s  of n -he  coat ings .  The p rocess
of cn-arn--ge is-n- p r o p e r t i e s  In water  may be broken down i n-t o  three periods:

(a) a comparatIvely ran - id  decrease In resIs tance  due to d i f f o s i o n  of
n - o r - r n - s i t e  agents  said an Increase in the i r  qu a n t i t y  in the  f i lm ;

(b)  a s n - a t e  of equ i l Ib rIum , when f ut t i n e r  wa te r  absorpt ion and drop in-
r e s i s tance  cease;

In- ) in-t~n5jv~ corrosion of metals under the film and breakdown of n-he n-os -t-
in -g a ;  f u r t h e r -  drop in r e s i s t ance .

D u r i n g  n -he f i r - s t  few days of exposure to w a n - e r , the  r e s I s t ance  of most  f i l m s
drops b y 1 no 3 c rder s  of magni tude , whIch  cor responds  to the s-n--ixioum water - ab-
sorption by the films and an active diffusion process. Am er 50 days , a state of
eguilib ri-u n-s-i is established in- the ma~orIn-v of the coatIngs , and n-he v at -er - ohs-cry—
n-ton s-s-s-d decrease in- resistance cease. A certain inerease in resistance s-in-er-
t h r e e  days of exposure of p ent-ap is-st—base coatIngs to ‘wat er  s-n-say be eOcpis ined b”
the format ion  of an-s oxide f i lm  on t i -n -c su rface  of the  specimen , and the  r e a l s - t a n - c e
of t he  f ilm s  subsequent ly  undergoes a c e r t a i n  decrease.

4’hen pentap la st—cm ated specImens whose edges are ‘well—insulated are exposed
to seawater , practically no dr-op in resistance occurs because oi the slIght ‘water
absorption .

The i n n m o s - 3 u c n - t o n  of p i g m e n t - s  i n n -n -  f i u c r o p l o s t i c — b a s e  c o a t i n g s  n -uses  a
cer n - a r - n  declIne n - n - d i e l e c n r n - c  p r - n - p e r - n - l a s, altn-sougn -s in s ln - ;h t l v  n - n c r - - n - s e e n -he
Stability n-f the films e:c-~oss-d n-c seawater. The most sn-able d~~e L e c n - r - i n -  p r o p e r - t n - e s
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a re  n -hos e  s-f coatings 5s-sei on KilT-I and FilTI lacquers . n - n - s - s - n - .  c a r r e l s - n - c s  w i n - s - s  - t -ne
vs -ncr un - s s - s- r - p n -t on s-c inet ics  on - cc;t :ngs bn-sos-s- on these Lacquers.

E r o s i o n  ~~~~~~~~~~~ An adequate atos-unt of I n f o r m s - n - s - o n  has - been n - o l l e c t e c  c-n
the erosion resosnass-ce n-i n-n-on-n-Is, but - in n-he case s-s-i n -n -a cros s-c-n resi n-n -once of
plastics and s - v o n - h a n - i c  mater  a1s-s - , n-he data ore sc orn - c us-sd is’. man’, oases contra—
i - i n - t o ry .  The h i g h e s t  c s - o v n - t s - n - i o n  r e s l s r - a n n -n -  is en- shn -bi teo by elastic svnthetin-
materials , i. a. , polyurethanes and ruib er- . -

Jan-an-ese Scientist-s have conducted many studies to deter-mine the ca-.-in -at lon

~~ res i s tance of chrom ium and n icke l—base  po l ur e t h a n e , r u b b e r  and e l e c t r o p l a t e d
coatIngs .  The highest resistance to cavitation erosion is exhn-bited by ohm— s-n-i s-on , /217
and among polymerIc coatings , rubber n-n-es are only slightly inferior to chr-om~um.

A c t o r - d In g  to n-he Japanese researchers , tn-c high s-n - s-yin -s-t i n-n resisn-as-,ca ‘:al-ues
obt ained f o r -  r u b b e r -  c o a t i n g s  are due to the  a b i l i t y  n -f a i s-s t ic  m a t e r i a l s  to ab-
s - or b  pu lsat ing impact  loads. The tes ts  enabled t h e  . apan eae r e s e a r c h e r s  to
recomme nd neoprene coa t Ings  along w i t -h  chromium i- or  p r - c - n - e o n - I o n  of t h e  p r - c - n - s - c h ar- n -
n-i fast ships.

Results of tests n-f coatings based on polyurethane compounds have shown g-n-ci
p r o s - p e n -n-s f o r  n-ha a p p l i c a t i o n  of the e labora ted  u r e t h a n e s  as p r o t e c t iv e  c o a t i n g s
ior- abrasive and hv s-ir-c ubrasive erosion and cs’s-in-at-ion .

:n- t es ts  on a hvdr -od yn amic stan d , the erosIon r a t e  is so h i g h  n -ha t  t ine s t - o r - t
n-i destruction of tine cost-log Is d i f f in - s - s - l n -  to record , an d a c o mp l e t e  de t ;ch r - s -en -n -
n-i n- ne films takes p lace in just- a few s-s-s-in-un-es.

Testing on devices reproducing tine oa-.’itat ion process win-h a h i g h  r a t e  c-f
ac n - n - o n  (of s -n - s - g n e t o s n -r i c n i o n  v ib ra to r  n - ”p e)  nov appreciably dis tort n-he results
o b t a I n - c u  b ecause  of the  d I f f e r - a nt e  bet -ween the  cavi ta t ion  processes  in - n -an - s -o re
s-nd In the resting chamber.

The s -t n - iT :  -of t in e  re la t ive  s n - s - f i l m ; and de te rmina t Ion  of n -he  m e c h a n i s m  ci
ca vitatIon breakdown n-i a coatIng make It necessary no r - s - p r e d u c c  a ca ’ :in -n -t -ior .
p rocess  a n a lo g o u s  to the  n a t u r a l  process.  Under  L a b o r a t o r y  co n d i t i o n s , t in d a Is
i n - o o n - n o l isned by u s i n g  c a v i t a t i e n -— e r -o S i on  s t ands  e n - u n - n - p o d  w i n - i - s a V e n t u r i  c h a m b e r - .
The n - set -hod f o r -  t e s t - i n ;  ‘s-h e pe l t s-erg and t h e i r  res is tance  to erosion w e a r -  La
gm ’s-en mn - Oh . 3.

The erosI on r e s i - st a n c e  of coa t ings  tested n-n a vibrator and in a Vent; : !
cham ber at f i n - v  - t e l — c i t i e s  ‘op to 35 rn/sec is gm’s-en in Table 95.

Ma c er - l o l a  h a v i n g  e l a s t i c  cha rac t e r I s t i c s  and n -he  a b i l I ty  to e xt i n g u i s h  s - J n - n - p -

pulsating In --n-is - exhibit- the highest resistance to en-osion wear. In- their resistance
n-u e ros ion  wear - , coa t Ing s  based on SKV— PSI.  po lyurethane  and n - a i r - i t  c o n s i d e r - a b l y
s -u r n - a s s  carbon steel  and approach  chrc sai s- sm—nickel s t -e e l .  ~ n-en n -he  adhes ive
s t r e n g t h  i t  u n s a n - n s f a n - n - o r - ;, a weakening of adhesive contac t  and peel i ng of t h e
c o at I n g  o f f  n -h e  su b s n - : an - e  n-say occur during tine n-eating.

Ma t e r - i n - lu of g rea t  i - s - a r - n - n - a s s  and rig s -n - in - :’ (n -enn-ap lasn - ) are n -he  l o s - s n -  sn - s - n - .b l e
n-n- n-s-i’: n - tan - s - s - s- n -.
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r-es- Ion - arcs . The w~ s- n -n - ern - ng re sist s-n -ce oi en -at -n-n-p s s-s st u n -men - s - s - n - s - i - e m
f m e l n -  n - n - nor - tn - on - s s-nc n -n s r - n - n - f I n - n - n - I  c l imate  n - a ’ s - n - n - c s .  A dh s - s - sn - .’e con tact n-en -w ea n n- s-s-e
polymer and metal substantIally ~f!acn-s n- s-s-e p r c p e r n - I e s  on -  n - ha  n - o s - n - n - n - g a, in n- t h e r e -
f ore , the p rocesses n - i  s - gn - n - g  n -nd - ! a s n - r - - u c n - m o n -  of c o a t - s - n - e u  u n - s - o e m a t - m n - s n - h e r - n - c  n - un - n - n - -
n-Ions differ from n-he ,s-roccsses na kmng plan -c in n-Ion -an-s an-d fr-ce films .

Table 95
C a v i t a t i o n -— e r o s i on res is tance  -of pa ils-mer le c o a t i n g s  /213

- -

- s-Thickness n-in Our -s-tn -on of I - - -Coatmn-g - - - I,at-ure or Sr’oas- dow-n
coating,mn- tests , n-i

— S~iU—?FL vulcanized coa t Ing  1.5 200 No b r e a k d o w n
on LNt-sZh—53—3—l brass

Sane on St. 3 steel 
- 

2.5 - ~~00 I San-n-s
- Vulcanized coating based on 2.0 i- 300 i n - a r - n -  n-i c a v i t a t i o n

- 
~T n-air-it on St. 3 steel (epc-cy — cr - o s - n - c o- n an - rn -n - pr -im er- ) -

- KhlSNlOT st-eel — I 100 No breakdown
St . 3 st-eel 

- — 15.0 S t-a r t  of c av i t a t i on
- erosion

P e n - t n - p I n - s t  on A2h1—9— —4 0 .I SO 3.5 Er os -as - ia ;  o f f  ci coat -— -

bronze  - In -g a t n -he ca ,’i n - a —
5 I tin-n center-

- F 1 u - o r o n - I a s r i c — l  on AZ hN — 0.160 20.5 C o a t In g  peels f r - o n
9—I-~ bronze - n -he edge

5—.— 7 1 paint on l T i i n - a i - —  0.300 80.0 —

55—3—1 brass -

FENI— n -2 v on brass  s- 0.160 29.5 90 of coa t i ng  pee lec
o f f

KEN— SO on brass 0.180 0O No br-en-kocs - .-n

The s t a t e  of n - i - -a c o a t i n g s  is-uris’s the studies is estimated fr-tm the change in
chemical and optical 7r-cp ert los , micr -ohars -i-n-es s, Impact- hardness of the coating
material , and ran -e s- sn- t on-n- n- i adhesive n-on -t act.

The stud’, of the  c h a n g e s  e n - c u r - r i n g  In - n-he en - en -n - in - a l  c o m p o s i t i o n  n-i a pc - I n - s - s- o ri o
n- coating Involve deter -n-n-is-s-un-Ion of n-he molecular mass of the mater— al (-:!sn-orn-etr-’:

meth o d ) ,  cr-ys t -allin -n - itv of n-he n-cl-c -ncr tx—ray dIffract -ion an-s-i’s-s-la), sod changes
in- n- i - se c ry sta l  l a n - n - i c e  lTn-s-ethos- : s-i s - s - i c -on - ro n d iff rac tio n - i - . Tine sn-ate n-f the surface
-of tin e coatIng Is estitn -n-eu from in-s r-efl cctn - :It ’,- by measuring its briLlIance.

In n-he course of n a t u r a l  -u t - n - o n - n - u n - e r i c  ag ing  o f pol y e t hy l en e  cc at - in ; s ,~~ i t -  ‘w as
noted that after n-nI; 6 n-cnn -in s of exposure , a network of cracks appeared on n-he
b r- ad s- at -ed portion c-f t in - c sn-co in -on - s . Tests of pent-aplast coatings under tropical
clImate conditions showed than - the; undergo appreciable changes -n - ft - er - 8—10 months
n-i exposure to atmospheric condItions; n -he  s t a b i l i t y  of the p01 :-mar -s is a f f e c t e d
s-s ot -  so much b y t ine I n - n - - t n - s - s - n - - ,  of t h e  radiatIon as be in-s ‘wavelength.

s-,bsor~-’t ion n - i -s -h tr u-jln - l et in -go t m s - n - i n - n - a n - e s  tine n—o r -n - - s - re s-o f n i-s-e s-s --ols -culn -r cs-s-n- n-s-s
n-f pol;.-e ts-s’-iene and n - r o n - c - t e a  n - s - s e  f a r - m a n - n - o n  s-of oxIde s- s- car -s -n -n :s- li - ;r-oup s . vs- s-n -co s-n-



1IF’sw ..A043 565 NAVAL INTELLIGENCE SUPPORT CENTER WASHINGTON D C TM—ETC F/a 13/10 

- 

N1
POLYMERS IN SHIP MACHINE BUILDING (POL IMERY V SUDOVOM MACHINOST—ETC(U) .
At fl V V SAKHAREVA . I A KONTOROVS KAYA

(MCLAGSIFIEb NISC—TRANS—39** . it
3 r c3
AS
AO~3 585

E N D
o A T ~

9—77
0°C



turn are active centers of radiation absorption. The appearance of oxIdized
groups is demonstrated by the increase in the dielectrIc loss tangent, the value
of which depends on the relaxatIon of the carbonyl groups in the coating sat~ rial.

A considerable change in the compositIon and structure oi pentaplast nay be !219
detected in the Infrared absorption spectra of films aged under the same condi-
tions as the coatings.

Analysis of the infrared spectra showed the presence of hydroperoxy groups;
the spectrum contains an absorption band around 3480 cm t , corresponding to 0—R
stretching vibrations of hydroperoxy groups , and the 845 cm 1 absorp tion band of
0—0 vibrations of hydroperoxy groups.

These data make it possible to ~osculate a mechanism for the process of
oxidative degradatIon of pentaplast. ~

The initiation is accomplished by the detachment of hydrogen from a nethy lene
group, which is the most vulnerable unit of the macromolecule. After the addition
of oxygen with the formation of a peroxy radical , the chain propagation process
proceeds via the fo rmation of hydroperoxide , whose decomposition leads to the forma—
tlon of aldehyde. ester and acid groups. The relative quantities of these groups
are determined by the different probabilities of bond rupture Lu the peroxy radi-
cals , which propagate the oxidation chain or recombine.

Thus, the oxidatlve degradation of pentaplast develops as a chain radical
process , the inhibition of which requires the use of thermal and light stabilizers
of the initial polymer.

Additional crystallization of the polymer occurs in the regions of rupture
of straiOed bonds. This is z’anifested in an increase of the deg ree of crys tallini ty
and microhardness of the coating material. At the same time, cracks along the
boundaries of spherulitic formations and the appearance of fibrous structure in
the spherulites of the polymer are visible in the field of an optical microscope.

Processes of rross—linking of the coating material take p lace along with
degradation processes under the influence of ultraviolet irradiation. In cross—
linking, hydrogen splits off  from the hydrocarbon chain, and the free bond thus
formed links up with the analogous free bond of a neighboring molecule , forming

ross— links.

The degree of cross—linkine of a polymer is characterized by the Insoluble
fraction formed , whose quantity increases with the exposure. Significant changes
in the chemical structure of the coating are reflected in the mutual orientation
of the chains , i. e., the characteristic regularity of the supermolecular structure
is markedly disrupted. The optical picture of the spherulites disappears , and
individual protuberances appear. Numerous cracks running along the boundaries of
these protuberances are observed. The reflectivity of the coatings decreases
appreciabl-i .

4hen tested in an artificial weather device , the coatings undergo signifIcant
changes. After only 30 h of testing, the pentaplast coating darkens , th e surface
becomes rough, and a decrease in luster (Fig. 78) and increase in microhardness
are observed. The increase in microhardoess during the initial period of aging
I~ due to additional crystallization causing an increase in r~gid1:y and hardness.
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SubsequenUv, the crystalline structure breaks down , microcracks develop in the /220
material, aziorphizarion of the coating takes p lace , and the tnicrohardness de-
creases (Fig. 79).

1~_____________________ _____________________F i i  I

~LLJ ~J k~
100 2O~1 J~ ’t, ’

Fig. 78. Change in luster of penta— Fig. 79. change in microhardness
pla.st—base coatings during aging, of pentaplast during aging.

1 — nonirradiated side; 2 — irradiated
side.

After 500 h of testing in the artificial weather apparatus , the coating
effectively loses its protective functions , cracks , and crumbles . The cracking
and peeling are due to internal thermal stresses, which arise under thermal
cycling conditions and a~e due to the marked difference between the coefficients
cf linear expansion of the material of the coating and substrate.

Testing of polyamide coatings established that ultravio1e~ radiation also
causes degradation and oxidation of the material, a decrease in molecular
mass , and a decrease in dielectric loss tangent. The changes taking p lace in the
polymer lead to an increase in the degree of crystallinity. The supermolecular
s t ructure  of a polycap roanide coating undergoes ‘risible changes.

The introduc tion of fillers shielding polymers from the action of light in-
creases the stability of polyamide compositions; the ma~cimum increase in stability,
up to two years , is achieved by adding graph ite. On the whole, polycaproanide
coatings are more stable to ultraviolet radiation than polyethy lene ones and may
be recommended ~or use in regions of dry trcpical clImate in components and parts
p rotected from direct solar radiation.

In tests of coatings under light filters absorbing ultraviolet irradiation ,
their breakdown takes place much more slowly. After 12 months of exposure, only
isolated local microcracks in the supermolecular structure of the material are
observed , evidently due to overheating of local regions.

One of the methods of stabilizing polymers to light involves the use of
compounds which intense~.

y absorb ultraviolet light without undergoing photoivsis.
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Thermal oxidative degradation of pentaplast is inhibited by introducing in— /221
hibitors, i. e., antioxidants (phenols , aromatic ami~es , es ters of phosphorous ,
propionic and laurlc acids).33 The best protection from light is provided by
polymers which are derivatives of benzophenona , beazoic or salicylic acids and
resorcinols, and which absorb the ultraviolet portion of the spectrum. The intro-
duction of the photostabilizer 2— (2’—hydroxy—5’-methylphenyl)benzotriazole (tinuvin
P) in the amount of 0.25% of the mass of the polymer powder into the composition
of the polymers increases the stability of polyethylene and polyamide coatings by
a factor of two to three.

37. ~tethods of Preparation of Coatings

The methods of applying polymeric materials on the surface of articles are
quite varied. This variety is determined by the type of materials emp loyed,
technology of their applicatIon and equipment used.

Discussed below are the most co~~only employed methods of applying polymeric
coatings and new progressive methods.

Vortex spray—coating. In vortex spray—coating (application in a fluidized
bed) , the preheated article is dipped in a bath with a powdered polymer contained
in a fluid~zed bed. Af ter removal from the bath and additional heating of the
article , the adherent particles melt , and, spreading over the surface , form an
even coating.

In mos t cases , powders are fluidizad with compressed air. However , because
of the the rmal oxidative degradation of finely divtded polymer powders , ~t is
pr eferable to use an inert gas.

The fluidization rate affects th~ properties of the coatings , partIcularly
adhesion and continui ty, and one should therefore select a gas flow rate at which
a uniform and quiet boiling of the powder is observed.

The film thickness, quality of the coating and its adhesion depend on the
preheating temperature, residence time of the article in the bath , height of the
fluidized bed , and duration of the fusion process. The optImum heating tempera-
ture of the parts during application of coatings based on epoxy resins in a
fluidized bed ranges from 160 to lSO C. If the temperature conditions are disturbed ,
the properties of the coatings decline sharply, and for this reason, It is not
recommended to change the thickness of the coating by changing the heat .ng tempera-
tu re.

The principal technological parameters of the process for  obtaining coatings /222
f rom various polymers in a fluidized bed are presented in Table 96.

Devices for applying coatings by this method are simple to build and operate.
The coating may be applied both manually and on conveyer production lines.

Disadvantages of the vortex spray—coating method include the difficulty of
coating articles of different thicknesses, cumbersomeness of the equipment ~or _
coating large—sized arti cles , and nonuniform coating of edges and corners.~~~’
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Table 96
Technological parameters of preparation of coatings from powdered polymers in a
fluidized bed

Prehaating Residence Additional Duration or
P01 r temperature time of heating additional

of part, ~C part in be c~$ temperature heating of
sec jof_part , C part , mm

Low—pressure (stabilized) 250—340 3—20 200—220 2—7
polyethylene

P—68 polyamj.de 230—300 1—15 220—250 2—3
Polyvinyl butyral 230—360 3—20 220—230 2—7
Pentap last 280—330 5—25 230—240 3—20
3N fluoroplastic 260—280 6—10 210—270 240
Epoxy resin 140—160 4—10 150—180 120—180

Vibra~pry ~~~~~~~~ coating. The method essentially consists in bringing heated
parts in contact with powdered polymers in a suspended state through vibration.
Two types of vibratory apparatus have become most popular: in the fIrst, the vIbra-
tions are executed by the entire vessel containing the powdered polymer, and ~nthe second , only the elastic bottom vibrates, while the walls of the apparatus
remain stationary.

The fluidization effect in these devices is achieved by subjectIng the powdered
material to forced oscillations of definite frequency and amplitude.

The vibratory method has some advantages over the vortex method: the preheat—
ing temperature of the parts may be somewhat lower, since there is no cooling of
the polymeric material by the passing gas flow, and no powder partIcles are blown
out; no compressed air or gas is required.

The construction of vibratory spray coating devices is fairly simp le. The
vibrators , which are the chief element of the apparatus , may be mechanical, pneumatic ,
electromagnetic , or electrodynamic.

The vibratory method also has several drawbacks which limit its application. /223
They include a small coefficient of volume increase during fluidizacion (up to
about 1.15), higher requirements for the polymer (finely divided powder) and the
necessity of a careful selection of the components with regard to mass and
particle size to prevent demixing into fractions; nonuniformity of the fluidized bed
with respect to the height and cross section of the apparatus , causing the coat-
ing of the article to be nonuniform with respect to heignt.

Vibratory vortex method. This method is practically free of the drawbacks in-
herent in fluidization by vibration. The simultaneous action of gas end vibration
on the polymer particles creates a homogeneous structure of the fluidized bed and
in addition, precludes separation of the powder. The role of vibratIon essentially
amounts to separating the particles, thus decreasing the friction between them , and
the ascending flow of gas (air) keeps the polymer particles In a suspended s ta te .
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The vibratory vortex method yields a uniform fluidized bed when various
powders are used , including those that are difficult to fluidize by the usual
vortex method.

Coatings prepared in laboratory vortex spraying apparatus have a uniform
and much greater thickness than in other types of devices. It is no longer
necessary to select a powdered polymer in narrow particle-size fractions, since
there is no demixing of polydisperse mixtures during fluidization by simultaneous-
ly acting vibration and gas; this is particularly important when using a materiel
with various types of additives (fillers, stabilizers, pigments , etc.).

Centrifugal method. The centrifugal method consists in applying a layer of
polymeric material on a suitably prepared and heated surface of a rotating article.
¶Then it comes in contact with the heated surface, the polymer powder fuses and
spreads under the influence of centrifugal forces. This yields a coating of
uniform thickness.

This method is used to prepare thin—layer polymeric coatings on large—sized
parts in the shape of bodies of rotation: inserts, bushings, connecting flanges,
or stators of electric motors.

When this method is employed, the additional action of centrifugal forces on
the fused polymer provides not only for a high quality of the coating but also for
its stronger adhesion. The centrifugal method began to be used in the Soviet
Union and abroad f o r  coating the inner surfaces of metal tubes.

Electrostatic method. The method of application of polymeric coatings in an
electrostatic field is one of the most promising ones. The coating is applied by
usIng the corona discharge effect due to the action of a high—voltage current.
The ions thus formed , which have the same charge as the corcna electrode, are
repelled from it and move in the direction of the oppositely charged electrode.
A high—voltage electric field is produced in the space between the electrodes. /22~.
If polymer particles are introduced into this space , the ions charge them on
contact. The charged particle moves toward the electrode (part) of opposite
charge and settles on its surface.

After deposition, the charged polymer particles can remain on the surface
cf the cold part for a long period of time, this being due to the property of
dielectrics of retaining polarization even after the electric field is removed.
This extends the applicability of the method , since it peymi:s application of
polymeric coatings on parts even without preneating.

Two types of processes have become cOmmon: pneumatic and electrostatIc spray-
ing of the polymer.

In the pneumatic spraying method , the powdered polymer at low pressure , 0.8—
1.0 kgf/cm2, is fed into the space between two electrodes. The sprayed particles
acquire a negative charge and deposit on the surface of the part being coated .

The application of a polymer powder by electrostatic sprayers Is analogous to
the process described above. The role of the sprayer in this case Is played by the
corona electrode.
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Thin—layer polymer coatings may be obtaIned in an ionized fluidized bed .
This method essentially consists in the fact that the cold part is immersed in
a fluidizad bed of powdered polymer acted upon by the corona discharge of a high—
voltage electric field. The polymer particles are charged , and , acted upon by
electrostatic forces , uniformly deposit on the part , which is moved to an oven
for fusion.

This method may be used to apply almost all of the known polymeric materials
withstanding the temperature necessary for fusing the powder. The coating obtained
has not only a uniform but also a ptedetermined layer thickness.

The thickness of the deposited powder layer depends on the charge of the
particles and residence time of the article in the high voltage field. The higher
the applied voltage, the thicker the powder layer. Sy changing the magnitude of
the electric field, one can vary the thickness of the coating over a wide range
(from 20 to 800 um) . Practice has shown that the residence time of orticles in
an ionized fluidized bed is 2 to 10 sec.

Manual devices and automated mechanical lines are used for electrostatic
spraying of polymeric materials.

A series of installations of mechanized and semiautomatic lines have been
developed in the Soviet Union. One of the most advanced industrial installations
for preparing polymeric coatings in an ionized fluidized bed is the “R.aduga ’ type
mechanized line, which makes it possible to obtain coatings on both cold and pre— /225
heated articles.

Control of the lines involves automatic and manual operation. stepless ‘iaria—
tion of conveyer speed , and control of the high voltage supplied to the bath ,
residence time of the articles in the fluidized bed , and power of the fusing oven.

Flame spraying. In the flame spraying method , a stream of air containing
suspended particle of powdered material is passed through the flame of a gas
burner. The polymer particles heated in the flame soften, fall on a prepared sur-
face , and fuse on it; on cooling, a continuous polymeric coating is formed.

The temperature of the gas flame is 65O—700 C or higher , and the speed of
travel of the polymer through the flame zone is 20—30 a/sec.

Polyolefias , polyamides, polyvinyl butyral , fluoroplastic 3, pentaplast, etc.
nay be used for spraying. Most suitable for spraying are powders off polymeric
materials with i partIcle size of 0.10—0.25 mm. To obtain coatings of large thick-
ness on large—sized articles, it is best to use a powder with a particle size of
0.13—0.25 am; for thin coatings , the sIze of the powder particles should be 0.10 mm.

The preheating temperature of tne surface to be coated is given below for
certain polymers in ‘C:

Epoxy polymers 133
Polyethylene 200
Polyvinyl bu t ’ral 230
Polyamides 200—210
Fluoroplastic 3 

197



r ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _ _ _

The flame spraying method is bes t suited for applying polvroers on large—sized
articles , and even coatings made of inert polymers, fo r example polyethylene ,
exhibit satIsfactory adhesion. Flame spraying is performe d with L’PN—.~. units and
used mainly to seal off cavitIes , coat welds, ann seal joints and parts. This
method is used for coatIng storage battery containers , fans, pipes , parts of
pumps , etc.

The powdered material and combustible air—acety lene mixture are fed to the
sprayer burner by means of compressed aIr at 3—6 kgf/cni ’.

The flame spraying method has not found wide application for the following
reasons: partial decomposition of the polymer during spraying and decline of the
physicomechanica]. properties of the coating; difficult sanitary working conditions;
necessity of using equipment operating under pressure; low output; complex ccr.trol
of the technological process of applicatiOn of the coating.

Preparation of coatings from suspensions. Suspensions are used to prepare /226
coatings based on polymers with a high temperature of transition to the visco-
fluid state, close to the degradation temperature. To eliminate coagulation , the
suspensions are stabilized with surfactants. The thickness of the coating depends
on the concentration and viscosity of the suspension. With increasing polymer
viscosity , the thickness of the coating increases, but an excessive thickness of
the layer promotes the formation of cracks. Suspensions prepared from fluoro—
plastics , synthetic rubbers , or pentaplast are used for the preparation of coatings.

The suspensions are deposited by dipping, pouring, or spraying. The air
pressure during the spraying is 3—4 kgf/cin , and the distance of the nozzle from
the surface being coated , 30—40 mm.

Films obtained from a suspension based on pentaplast and fluoroplastics 3 and
3M, after the solvent is drIven off in air, are fused at 200 ± 10 and 270 5’C,
respectively. After the last layer has melted , the coatings are quenched with
water.

When the coated part is cooled slowly , the polymer crystallizes, and a tough
solid coating is formed. Since the coefficient of thermal expansion of the coat-
ings is 8—10 tImes greater than that of steel, stresses decreasing the adhesion
to the metal are formed at the interface on slow cooling. Quenching removes the
stresses formed at the interface; on rapid cooling, the polymer passes to an
amorphous , rubberlIke state and forms elastic films resistant to impact loads.

The amorphous coatIng crystallizes for 10—20 h at room temperature and is
transformed from a soft material vulnerable to mechanical damage into a strong ,
tough material suited for service.

The formation of films of fluorop lastics 1 and 2M proceeds via the formation
of a gel whose drying requires a temperature of 80—90’C. The first and last
layer are fused at 250 ± 20’C.

Films of fluoroplastics 1 and 2M are characterized by high density and uniform-
ity. Quenching promotes the formation of smooth lustrous films but is not an
obligatory operation, since the internal stresses during the formation of the coat-
ings are email.
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Radiant heat method. The radiant heat method surpasses the flame method In
all parameters, being more universal and highly produc tive. In this method , a
jet of powdered polymer is directed into a powerful flux of radiant heat rays.
where the particles of the material melt and are deposited at high speed on the
surface being coated. The polymer thrown onto the surface bonds With it , forming
a coating. Heating is carried out with NIK—200 quartz lamps.

A comparison of the efficiency of the radian t heat and flame methods in the
case of deposition of a polyvinyl butyral—base coating on steel is given in Table
97.

Table 97
Comparison of the efficiency of the radiant heat and flame methods /227

Method
Property

Flame Radiant heat

Adhesion, kgf/& 378 455
Consumption of material, kg/a’ 1.04 0.76
Removal of powder (waste) , Z 36 —

Output , m 2/h 1.5 3.8
Energy consumption , kcal/m2 20 ,800 5 e00

It is characteristic that flame spraying gives a very loose , inhomogeneous
coating with a large quantity of microctacks and gas bubbles. Use of the radiant
heat method precludes such defects , since a homogeneous structure is formed.

Thus, the radiant heat method ensures a 25—30% lower consumption of polymer
powder; the efficiency of the method is 1.5—1.8 times greater than that of the
flame method. Moreover , application of coatings by this method may be carried
out in inert, explosive and inflammable media.

Rubber coating. Rubber coating is a method of protecting a metal or ocher
surface from corrcsion and other attack by means of rubber. This method can be
used while simultaneously molding the rubber with metal fittings, gluing rub ber
sheets , or applying liquid rubber— coating compositions. The first method is most
commonly used for articles where the rubber coating, in addition to providing
protection from the working medium , also functions as an elastic element of the
structute. The second method is widely used for protecting various reservoirs ,
tanks , and housings.

For rubber coatIng, use may be made of high molecular nairit rubbers , as
well as special resIn— and paetelike compositions based on nairits of low
molecular mass and polyurethanes. Leuconate glue and a chlorinated nair i t  primer
are used to increase the adhesion of liquid nairit—base coatings to the surface
of metals and other structural materials .

Rubbe r—coatin g composit ions based on nairit s are app lied with a brush, by
dipping, or by spraying. Polyurethane compositIons are applIed by airless electro-
static spraying, since the use of air—type paint sprayers does not produce quality
coatings.
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Rubbe r—coating compositions applied at room temperature  have optimum physico—
aechanicar properties 14 days a f te r  application. To reduce the vulcanizatIon time,
the coating may be heated for 2 h at l2O~C after exposure to air. In anti— /228
corrosion protection of small parts, coatings O.d—l.. thick are used .

The coating quality is checked on the basis of appearance , thickness , adhes ion
to metal, and continuity. The appearance is checked visually. This involves
checking for the presence of cracks, depressions , irregularities, or blisters .
The coating film should be smooth and of uniform color. The color match is checked
by comparing with a standard.

The adhesive strength of the coating is checked on blank specimens coated
simultaneously with the article. The adhesive strength is determined by means of
the grid notching method in accordance with GOST 9754—61. When a millimeter grid
is applied, the coating should not peel off.

Th~ contInuity of the coatings is checked by using instruments based on
different princIp les and designs, i. e., electric spark and electrolytic flaw
detectors. The thickness of the coating is determined with various measuring
instruments, from simple micrometers to radioisotopic thickness gauges.
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CONCLUS IO~

At the present time , polymerIc materials have become some of the basic /229
structural materials used in many areas oi science and technology . In ship
machine building, polymeric materials began to be used comparatively re-
cently — since 1959—60 , so that the technical literature on this subject
is limited.

The present book makes an attempt to reflect the experience with the
use of polymeric materials in Soviet ship machine building.

Most wIdely used are hot—pressed epoxy glass plastics , since they com-
bine high strength and water resistance and permit fabrication of an article
with a high dimensional accuracy and surface finish without addItional
mechanical treatment. Epoxy glass plastics are used in the production of
ship propellers , fa i r ing s, fan blades and turb ines. The authors present
experImental data obtained from many years of studIes on the water , atmos-
phere and eros ion resistance , short—time and long— time strength of hot—
molded epoxy—glass plastics.

Among thermoplastic materials , the most detailed description is given
f or caprolon , which is widely used for fabricating bearings and other parts .

A promising direction in ship machine building is the use of polymeric
coatings , the most frequently used of which is pentap las t , which surpasses
other polymers in water resistance and adhesion.

Extensive adoptIon of polymeric materials in ship building makes it
necessary to conduct a number of studies aimed at mechanizing and automating /230
the technological processes involved in the manufacture of the articles and
at developing reliable nondestrucrive methods of control.

The adoption of polymeric materials is determined by the progress made
in the chemical industry , which in the near future should master the produc-
tion of such promising materials as high—strength polyfunctional resins ,
polyimides , and epoxyfluoroplastlc films and lacquers equivalent in quality
to the best specimens of foreign polymeric materials .

The material pertaining to coatings was written on the basis ~f the
results 31 studies and with the participation of V. F. Afonchenko.

M. A. Mlrkin. L. S. Koretskava and T. I. Tkachenko took part in the
st udies of atmospheric and water resistance.
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