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FOREWORD

This technical report was prepared by Monsanto Research
Corporation 5 Dayton Laboratory , Dayton , Ohio under USAF Con trac t
F33615—75— C—5090. This contract was ini~;iated under Project
No. 29lZ~, “Non—metallic and Composite Mater ia ls , ” and Task No.
03, “Structural Plastics and Composites ” .

The work was administered under the direction of the
Nonmetallic Material Division , Air Force Materials Laboratory ,
with Mr. E. A. Arvay (AFML/MBC ) as Project Engineer.

This report covers work performed from 2 January to 2
December 1975.

The report was authored by the Project Leader Mr. George
L. Ball III and Dennis W. Werkmeister , Pr 1nc~ pal Invest igator
in the Polymer Physics and Applications Section , Ival 0. Salyer ,
Manager . The report was submitted by the authors in January
1976. Extensive revisions to the report were made in April
1976 at the request of the Air Force.
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SUMMARY

Th ~-thy l ’~re tP~-p I1y mer aircraft glazing interlayer , desig—
rv~t . -- - 1 E T A X X X O 3? , was de v e lo p e d  t h a t  has reasonable  s t r eng th  to
~60°F w h i l e  r e ta~ r t1ng  e x c e l l e n t  h igh e longat ion down to — 6 5 ° F .
The high temper :tture performance was achieved while retaining
t h o r n  ~nlastic sheet formability at 250°P required for poly—
cae bonrtte. The improved mechanical performance to 350°F intro—
du~~ed no changes  in the  bas ic  ( 5 5 0 ° F )  thermal  s t a b i l i t y  or
t r an s o arency of the  e t h y l e n e  t e r p oly m e r .  The most s i g n i f i c a n t
t mp r o -z er i e ot  in ther m a l — m e c h a n i c a l  p roper t i e s  occurred be tween
+1%~ °F and 350°F , where no measurable performance had existed

0 1 0  t’C

The improved mec o— tu ical performance to 350°F was achieved
through a “cont ro l led  lim ited crossl ink ing ” of the bas ic
ethylene terpolymer system (containing 3.2% hydroxyl). It was
shown that this improved form stability could be provided by
any one of three crosslinking systems . The crosslinking could
he conduc ted  dur ing or a f t e r  fo rmat ion  of the e thy lene  t e r p o l y —
me r sheet. The crosslinking is taken to completion , t h e r e f o r e
the interlayer sheet is completely stable with time .

In add i t ion  to  the s i g n if i c a n t  high temperature  improveme nt
~~ mechan ical performance , ultimate elongat ions of up to 200%were r e ta ined  at —65°F. Tensile and tear strengths were —

inc reased s l i gh t ly  between — 6 5 ° F  and +165°F , while  both  t e n s i l e
inpact and tensile elongation were decreased slightly between
-65°F and room temperature.

ETA XXX O 3 2 bonded lamina tes  of g lass/po lycarbona te  were
shown to survive repeated thermal  cycling between — 6 5°F and
300°F. Failures occurred only In the polycarbonate , wh i ch
so f t ened  and bent , a s ex pec t ed , at the higher  t empera ture .
Gl ass/glass lamina tes  containing the  ETAXXX O 32 survived t h i s
thermal cycl ing and also thermal soaking at 350°F.
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ii . IN TRODUCTION AND BACKGROUND

Aircraft windshield temperatures of up to 350°F are
ant i’ipa tle 1 for high performance military aircraft . These
w indshields must resist bird Impacts , which makes it desirab le
to use bonded plies of glass and polycarbonate (or other plastics).
Effective utilization of these materials requires a transparent
Interlayer , compatible with both glass and polycarbonate , that
will ,  be e las tomeric  over a wide tempera ture  range to accommodate
a variety of thermal expansion conditons. It is also desirab le ,
from a windshield fabricator ’s po in t of view , that  the mater ial
be capable of being processed by thermoplas t ic  ( s h e e t)  laminat-
ing t echn iques .

A f ami ly  of e thy lene  terpolymer adhesives (ETA) ex i s t  that
have been developed for  aircraft interlayers (Ref. 1 thru 5).
The unmod ified ethylene terpolymers lack any measurab le strength
above 125°F but have inherent thermal stability well into the
range of 550°F. Mechanica l  performance had been improved to
÷ 165°F by chemica l  mod i f i ca t ion , without  a f f e c t i n g  the ab i l i ty
to laminate as a sheet below 250°F, in previous programs.

This program was conducted to incorporate useful mechanical
performance into the ethylene terpolymer up to +350°F. Its
othe rwise exce l len t  a i rc ra f t  g laz ing in te rlayer  cha rac t e r is t i c s
were not to be impaired . This was to be done , if p ossible , while
retaining thermoplastic processability at polycarbonate compati-
ble temperatures of less than 275°F.

Enhancement of these elevated temperature mechanical proper-
ties was to be achieved through (a) crosslinking, (b) grafting ,
or (c) polyblending of the basic ethylene terpolymer. Controlled
crosslinking , using fractional stoichiometric quantities of
crosslinking agents, was expected to provide the most practical
approach, but required defining the exa-~t type and amo unt of cross—
linking agent and new processes.

The program included seven tasks , which were :

1. Form s t a b i l i ty  improvement through cross l inking
the ETA (major effort).

2.  Form s tabi l i ty  improvement through graf t ing  the
ETA (minor e f f o r t) .

3 .  Form stability improvement through polyblending
with the ETA (minor effort).

14~ Processing studies on the preparation of the
high temperature interlayer and laminates there—
from .

1
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:‘~i0r~- :- t~. -~n- i physIc al s~~~~x t -  - r ~~h ig  a n - I  sy:;t -u
:,t Ir ::im ’_ L~ r i

?repLt r’at ion of up to 12 :~: 12 inch laminate :;.
7 . Pet a l  led oharacteri Zi t Ion of’ he optimized

system .

All of t hl-- hylenl - e c n o Ly ~’I--c Interlayers ace deser-ibed
~~~, : a n~ ne charactec o ode t ha t  si a m ’  with ETA for Ethylene
tt- rncl m -- r Adh esiVe . The second set of three characters m di—

the natu re of’ high tem r eratur-~- mod ifi cation , If any .
.uoso used are ~CX , ~ndicai.Ing no 2 1 ’Q S S l if lkj r s f  or no mod l—
fLcat~~ou and XXX ~r .dicatir~g a ;:r’zslinking modification , by
any our- nor’ of rem:;, to a-~h I eve an interlayer useful to 350°F.

t h e l as t  t h r ’ - : characters indicate the hydroxyl content
to on- - tenth of- a percent . Accord ingly, ETANOXO32 is an
ethyl-- ro. terpolymer adhesive , unmodif ied , with 3.2% hydroxyl.
T h i s  was the ~r~~-1e rc~ ar~ In:” rater~ a1 used in all the experi-
mental effort , except measurement of optical properties.

Except ions exist to thi s code (i.e., ETA138200) that
t~- mitimally do not reveal unpublished information for pro—

~r io ’ acy reasons.

In  order to maintain uniformity throughout this program
with regard to the ethylene terpolyrner used , a 100 pound ba t c h
of ETANOXO32 was synthesized in our pilot plant . Unfortunately
some of’ the reantants contained minor amounts of cont amination
w h i c h  caused the final products to have an above average haz~-ness. Th is actually was no problem since we were concerned
nlrimarily with thermal properties and any changes that might
occur in optical propert ies as a result of treatments to
increase thermal form stability. Therefore , relative and not
absol u ’e numbers were of significance.
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II EXPER IMENTAL D I d C T J ~ SION

The expe r imen ta l  d i s cus s ion  descr ibes  in detai l the
approach taken to achieve high temperature mechanical per-
forma n ce , required process ing  condi t ions , thermal  charac te r i s t i cs
and d u r a b i l i t y  of an op t i m I z e d  ethy l ene  terpolymer  which is
i d e n t i f i e d  as ETAXXX O 3 2 .  The r e s u l t a n t  phys ica l  charac te r i s t i cs
are summar ized In Table 1 and FIgure 1. Data on ETA 138200
(an e thy l ene  t e rpo lymer  u s e f u l  to +165°F) and aircraft—grade
p o l y v in y l bu t y r a l  ( PVB— 3 GH)  Is also descr ibed  in the text  to
i l l u s t r a t e  the improvement and provide a comparison to a be t te r
known r e f e r ence .

A. Th e High Temperature Modification Techniaue

1. ~er1tr .oil .~d Lir [ i ted  Cross  l in k in c -

The physical result of the high temperature modificat ion
i3 illustrated in Figure 2, Creep Elongation Vs. Temperature .
Che:n ic ally  what is done is chain extension followed by limited
c r o s sl i n k i n g .  The c ross linking Is introduced either (1) by
a d d it i o n  of chemical  cross linking agents wi th  thermal ini t i-
ation or (2) through the generation of free radicals by
e lec t ron  bombardment . The ethylene t erpolymer adhesive has
these groups , through other segments in the structure , or

- 
th rough  a carbon—carbon backbone .

a. Chemical CrosslinkIn~

Development of t h e -e t h y l e n e  terpolymer to achieve the high
tempera ture  proper t ies  involved ( a )  i den t ify ing  cross l inking
agents that would be effective in part ial stoichiometric
amounts , and (b) establishing a suitable process to achieve
the  desired improvement in mechanical properties at elevated
temperatures without causing intractability. Two crosslinking
agents were selected and shown to be u s e f u l ;  i sophtha loyl  b i s —
capro lac tam ( i p b c )  and vinyltriethoxy silane . They were
selected due to thei r  known ab i l i t y  to crossl ink the ETA system
and expected good thermal s t a b i l i t y .

3
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Table 1

ENGINEERING DATA ON ETHYLENE TERPOLYMER ADHESIVE ETAXXX~3~

Property ASTM METHOD Value

Temperature at Modulus of t10~ 3

~45 ,O0O psi , 
0J
~ — —27

675 psI , ~~~~ — +17
Stifflex Range , °F _ 1

Resistance to heat , °F _ ? ~45O
Zero T.~-ns1le Strength , °F D16 -;7 3 380
Zer Tensile Elongation , % — 2000

r,a~unate Utility Temperature Range

T~1ass—Glass , °F —~~ —65 to +350
(flass—Po1y~ artonate , °F — —65 to +270
?olycarbonate—Fulycarbonate , °F — —65 to +270

TensIle (Room Temperature ) DI~l2
5

Strength , psi — ~I3OO
Elongation , S l~ OO

Impact (Tensile ) Strength , f’~. lb/in.
2 01822 6 580

Tear Strength , lb/In, thickness D100~~
7 350

“hear Strength , psi D1002 8 300

Transmission (laminate), S Dl003 9 
‘55

Haze (1arnir~i ’ e), S D10039 < 3.6

Laninating Conditions

Temperature , °F _ 1o 250
Pressure , psi —

1St~~ff1ex Range is difference between temperatures at two modulis.
2Zero we ight loss In an inert atmosphere .
3lnd icates temperature and elongation at break with ‘~3 psi loadupon heating at a rate of’ 10°C/mm .
“Based on thermal cyclic exposure of 5 in. x 5 In. glass—glass
and glass—PC laminates with 0.03 In. adhesive layer. Plies
0.25 in. thick.
5Spec imen C , 0.03 In. thiek , 2 1pm crosahead .
6Specimen — Type ~4l2 C ; 2~4 in. drop height .
7Thlckness 0.03 in.
8A 1-irilnum tabs.

on WPAFB Spectrophotometer , 0.03 in. thick
a-~he3 i’ie layer between plies of 0.125 f l .  thick glass.
Re”erenee air.

‘°Typ ical maximum s required.

‘4 
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2,(XX) 
~ i i i i i j,— i i

Tensile Strength
(45) PSI ) 

Tensile Elongation ( % )

1,600 - -

Tear

1 200 — Strength —
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8 0 0/ \  

-
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Figure 1. Summarized Mechanical Properties of ETAXXXO32

A i r c r a f t  In te rlayer  Versus Temperature
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Figure 2.  Creep Elongat ion Versus Temperature for Various
Ethylene Terpolymer Compositions
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The need to  f-Inc tune the sys tem may not be apparent at
r i r st .  Consider the fac t  that  the material  must be processab le ,.
fri t e rn s of making a laminate , a f t e r  it is par t ia l ly  crosslinked .
T h I s  necess i t a t e s  that  a minimum amount of crosslinking be done
to  the  mater ia l  so as to re ta in  as much thermoplast ic  character
as possible.

Crosslinking (limited) of the ETA with either of the two
agents was achieved by (a) compounding the ingredient s on a
mill roll , (b) compression molding and curing under pressure ,
and (c~ at times post—curing. Experimental work was performed
to  arrive at the  op t imum concent ra t ion  of crosslinker , which is
0.2% for ipbc and 1.0% for silane; the concentrat ion of the
chemi ~cal cross1inking agents needed to be present to effect thedesired inc rease  In thermal  form s t ab i l i t y .

Samples were prepared on a mill roll using 100 g batches .
The mate r ia l  was f i r s t  hot milled to remove volatiles and then
cooled. The crosslinking agent and/or catalysts were added
and thoroughly  mi l led  in. The sample was then removed from the
mil l  and a port ion of’ it was compression molded into th in  sheets
at ‘400 psi for 5 hours at +325°F. These were tested for zero
tensile strength temperature .

Tables 2 and 3 are lists of the various concentrations of
the chemical crosslinkers and appropriate accelerators that
were s t u d i e d .  In the case of ipbc , there seems to be a fa i r ly
wide variation in Zero Tensile Strength* (ZTS) temperatures.
This was probably due to  the small sample size , a few impure
crys ta l s  or the loss of a few c rys ta ls  upon addit ion of ipbc to
the mill roll , which could cause a significant decrease in the
ZTS temperature . It was fe l t  that at the 0 .3  phr level a mate-
rial could be made that would alway s have a ZTS temperature above
350°F.

*7ero Tensile Strengt h Temperature (ZTS ) — A u se fu l  screening
test (modified ASTMD 1637) is the zero tensi le  s t r eng th  tempera-
ture  determinat ion . The test  as used only required a forced air
oven capable of reaching ~410°F and simple grips. A simple sup-
port is placed in the oven and a sample 15 mils thick by 1/8 inch
long by l/’4 inch wide Is suspended from the support using clips
(3 psi load). The oven door Is closed and the temperature in-
creased until the sound of the lower sample clip hitting the
oven bottom is heard ; at this point the oven temperature is
recorded as the ZTS tempera ture . The ZTS de terminat ion is rapid
(less than 30 m m )  and qu i t e  reproducible ( ± 5 ° F ) ,  The test
quLckly determines if crossi-inkirig or other treatments have had
a n y  e f f e c t  on the thermal form properties of the material by
indicating creep elongation and fracture at elevated temperatures.

7

_ _ _ _ _ _ _ _ _ _ _ _ _5- —-  - ~~~~~~~~~~~~~~~ 
- - - -55—- - - -5_~~~~~~~~ —~~~~~~~~~~~~~ ’-



5-
~~~’” fl ~”5-V ~~~’ n W  ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ 

__;~~~__5-5____

Table 2

EFFECT OF ipbc ’CROSSLINKER CONCENTRATI ON ON THE
ZERO TENSILE STRENGTH TEMPERATURE OF ETAXXXO32

Concentration of ipbc Zero Tensile Strength Temperature
(phr) °F °F °F

0.00 1140
0.10 186
0.15 221
0.20 332
0.21 309
0.22 302
0.23 305
0.25 ~4O l 368 339
0.27 1401
0.29 365 401
0.30 361 3814 393
0.31 392
0.32 392
0.314 1401+
0.35 ‘401+
0.140 1401+
0.~45 401+
0.50 140 1+

I ipbc — isophthaloyl  biscaprolactam
~ Sample from compl9tely new batch cured at 325°F for 5 hr.

Table 3
EFFECT OF SILANE CROSSLINKER CONCENTRATION ON

THE ZERO TENSILE STREN GTH TEMPERATURE
ZTS LI

3ilane 1 Peroxide 2 Catalyst 3 Temperature
(phr) (pnr) j phr)  

— 
(°F)

0.0 0.0 0.0 1140
0.1 0.0 1 0.01 158
0 .2  0 .02  0 .02  172
0 .6  0 .06 0 .06  357
0.8 0 .08  0 .08  3714

-
‘ 0.8 0.08 — 289

0 .8  — — 381
1.0 — — 1401

1 Silane — vinyltrlethoxysilane .
2Peroxjde — dicumyl peroxide .
3Catalyst — dlbutyltin dilaurate.
~Zero Tens ile Strength of specimens cured at
325°F for 5 hr.
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In the case of the silane (Table 3), a 1.0 phr concen-
tration was chosen for two reasons . First, the requ ired ZTS
temperature for the Interlayer could be achieved without add-
ing a peroxide initiator or tin catalyst. Secondly , extensive
physical tests with 0.8 phr and 1.0 phr silane showed no dif—
ference between the two other than the ZTS temperature . The
higher concentration of 1.0 phr was therefore chosen so as to
add a small margin of safety with respect to processing.

Some difference in the physical characteristics between
the two systems resulted. These are reflected in Figure 2
and Table 14~ The two creep elongation—fracture curves that
reach 350°F resulted from these chemical additives. The
lower elongation (500%) result is for silane ; the higher
(14000%) is for the ipbc type cured product.

The tensile strength , tensile elongation , and tear
strength , as will be shown, were comparable for the two
compositions . However , the ipbc cured system appeared best
with respect to impact strength (Table 1 4 ) .

b. Radiation Crosslinking

A study of electron beam crosslinking on preformed sheet
was conducted. Table 5 shows the effect of the electron beam
on the thermal properties of sheets after they have been sub-
jected to various doses of radiation . At 180 KV the samples
were about 30 mils thick and were Irradiated on both sides;
thus , an uncrosslinked center of about 10 mils remained. At
300 KV the samples were fully cured; however, bubbling occur—
re d and was progressively wor se as doses above 10 Mra ds were
used to cure .

A quantity of sheet material was molded , cured at 300 1W
with a 10 Mrad dose , and tested for tensile strength and
tensile elongation as a function of temperature . The results
were equally as good as the chemically crosslinked system and
are disclosed later in Tables 13 and 114.

F 4
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Ta b le 14

- EFFECT OF CRO~ SLIN K ING ON IM PACT STRENG TH 1

- Impact Strength , f’t . i b/ in .

- 

Tr~mper’ature , °F — 6 5 —14 Q +32 +7~i +200 +3~~

Crc-s~~l l nke r 2

600 85o 1, 150 530 0 0

~i1ane 380 600 1, 100 610 180 90

- - i nb c 960 850 1,390 650 310 1140

~ ASTM D 1822 w i th  DL 1l2 t ens i le  spec imen.
~Silane — 1.0 phr vinyltriethoxy silane cured at

- 2 325°F , 5 hours , 1400 psi.
-

- 

~ip bc — 0.3 phr i soph tha loy lb i scapr o lac t am cured
at 325°F, 5 hours , 1400 psi .

I
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Table 5
EFFECT OF ELECTRON CURE OF ET ANOX O32

ON THERMAL FORM STABILITY

Zer o Tensile
Dos e2 Volta ge Strength Temperature

Sampi~~ Mrad 1W I n i t i a l , °F Final , °F

1 20 180 1314 293
2 30 180 1314 3~48

3 10 300 1314 3514

‘4 15 300 l3~i 366

5 20 300 1314 3714

6 145 300 1314 1400+

7 60 300 1314 1400÷

‘25—30 mu compression molded sheets of ETANOXO32
2Applled by Energy Sciences , Inc . usinR their
Electrocurtain Processor.

I

11

_ _ _ _ _ _ _ _ _ _ _  _ _  _ _ _ _  
—- 5 ’ _____  ___________  ~~~~~~~~~~~



F— • 
~~~~~~~~~~ 

“
~~~~~~~~~

- 
~

‘

~~

‘

~~

‘

~

‘ 
~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—5---- —.
~~
.-..-- 

~~
— —

~~~~~~

-

~~~~~~

-— - -

An electron cured system is part i ally attractive , since
no addition of material to the ETA is required , which may
otherwise affect its processability or durability in an air-
craft window. The electron cure is accomplished after sheets
are made , thus simplifying the sheet making operation by
eliminating one processing step . It likewise gives the user
the option of making several thermal performance grades of’
Interlayer from the same base sheets. Thermal performance
could be controlled within limits by merely adjusting the
electron dose given a sheet .

Samples of’ ETANOXO32 which had unreacted ipbc or silane
as accelerators were also subjected to electron beams. The
samples were crosslinked to a higher degree than samples given
the same radiat ion dose without either chemical present . Thus
degree or unf’ormity of crossl inking through the interlayer
thickness could advantageously be controlled , but with the
addition of one process step .

2. Grafting and Polyblending Modification

Caprolactam was the monomer selected for’ grafting onto
ETAUOXO32. There were several reasons for using caprolactam
monomer. First , to gain high temperature form stability the
graft must itself have a high heat distortion temperature .
Caprolactam polymer , more commonly known as Nylon 6, has a
heat deflection temperature at 66 psI of 365°F. Secondly, ipbc
repor ted ly  can be used as an initiator for caprolactam .

Accordingly , samples were prepared in which caprolactam
was mi l l ed  in to  the  ETANOX O32 at concentra t ions  of 5 an d 10 phr
along with 0.1 phr ipbc. The samples were then oven cured at
257°F for  16 hours .  In both samples.  the ZTS t empera ture
remained at 175 to 185°F which is the value for ipbc alone at
0.1 phr. Because of thi s , it was fe l t  that  it was not worth—
while pursuing this approach any further , especially since
several good crosslinking systems were already in hand . These
alone would require the majority of the effort available for
detailed study .

12

-— -‘---5 5 . -- “ -- ‘. - - - - - - — 5-.-

~~~~~~~

5- ” ” ’5- ’- 



________________ ____________ 
95- ‘ “— . ? . n,r, - ..,~~~~~~~• “ ~ 1r — —,- -‘ — - -

P o l y b l e nd ir ig  was a tt e mpt i ’d  us ing  Ki ~~ton ~X6 5o~~, w h i c h  Is
a c i -a r rubber block copolymer made by ‘h e -li ~ h ’ m i c a l  Company .
The aa t e rlal  has a ZTS t emp e r a t u r ’ of 291°F.  Th~- Kra t on  po ly—
mci ’  alo ne forms  a very  poor ’ bond to r~lass  ar vi  i s  qu ~. t~ u n s u i t —
-~b le  as an in t e r la y e r  mat~- r i a l .  The idea was to  maV a polyblend
of’ th o  Kraton  and ETANOX O3 2 in an a t temp L to  c o mb i n e  the h i g h e r
t u m r erat ure p rope r t i e s  of the  Krat on w i t h  t he  e x c e l l e n t  adhesion
of the ETANOXO32 material. A polyblend was prepared using a
50 /50 m i x t u r e  of the polymers. The re~—u lt Inp hleni i had a ZTS
turtn )

~ rature of 225°F. The blend was not clear at r’oom tempera-
ture . A laminate was prepared in order to obsoi’ve how severe
the haze was. At room temperature , the laminate with a 30 n i l
interlayer appeared translucent. The laminate also showed 

—

signs of poor bond ing .

From t h i s  one sample it was concluded tha t  whi le  some
increased therma l form s t ab i l i t y  resul ted  from a blend of
ETANOXO32 and Kraton, the loss in clar ity and adhesive proper-
ties outweighed the benefits obtained. For the above reasons ,
no further work in this area was performed.

3. Thermal Oxidat ive C r o s s l i nk i nL ’~

A marked increase In the zero tensile strength temperature
(ZTST) had been noted in a ter’polymer containino’. 6% OH. This
resul ted  when the terpolymer was subjected to ionr  periods of
time in a toluene solution at 35°C and subsequently annealed
at 110°C in an oven for 14 to 8 hour s .  Th is was ar~~ributed to
ether linkage formation .

The ability of the 3% OH r :iat~eria1 to behave in the same
manner was then investir’ated. A sani le of ’  3% CH e t h y l e n e
terpolymer  was d issolved in toluene and mai nta aed a’ 3~ to
‘40°C wIth constant agitation . A capillary tube was Inserted
into the solution and oxygen was bubbled Lh~~ou~Tb af the rat~of 20 cc per minute. $aapies were talo n at r’t- ~-’ 4iar intervals
for 2 weeks. These were dried at 110°C for e~ the r- ~4 hours or
16 hours and then tested for ZTS temperature . In no case was
any appreciable change in the ZTS temperature or the material
observed . The experiment was discontinued after’ two weeks.
It was fe l t  that  any cha~-ige which might occur af ’ t e o  this time
would be of dubious value .

1~ 
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B . Sheet 1 -:Inrr t:’~~~ :es~~~e3

In Lh~- m:ikin~-~ of’ a mcli p 1 y t r ’an :a~ar -  - a t  laminate containing
an trr ~. ex ’l— zye i -  , s jr --s I r-abie that an i at r-layer sheet first
b~- fabri- -:ited with near t h-  desired final thickness (u s u a l l y
20—~ O ml ls) . rl ~ h i-~-t  is then plyed with other transparent
m a t e r i a l s  mac la m i n a t e d  (3e~ t i o n C). Processes  examined for
a(r hievir1L~ these ~lr~ et.s included: compression molding (with
simu 1tan ~-ous cur’ino ) , the block a ni  skive method , and extrus ion
(with si: ’ i l t aneous curing).

I . Thn~ rezsion Moldin~

~1 - ~:~:--r-essi on moldin g consists of’ the application of
elevate-i t~ :r~oerature and pressur-~ to a material within a mold ,
where s. it takes the s i ze and shape of the mold. The mo1dinr~
is uscaily accomplishe l with a thermoplastic by first heating
th~ plastic to a m~ lt , applying presscrc- , and then cooling.
A the r’ncsettins plastic will require a specific time at an
elevated t e mperature to cure , i.e. allowing a chemical in addi-
tion ta just a phys~~cai change to occur. If curing is extensive ,
coo1 i~a

-: s usuallj not required since the part would be form
stable a:.o easIly removed from the mold .

In rhe case of’ the ethylene teep lJrr r~r (ETANTX 032) contain—
inr : a cros slirkiri g agent rnoldira : is conducted to provide both
the f :rm (thin sheet ) arid Introduce a limited degree of cross—
linkia;. Thus it . is moli~:- 4 as a thermosetting plastic , but  must
be cool-a I to be removed since it remains a t h e r m o p l a s t i c  (of ’
much higher viscosity).

The particular moldi ng and simultaneous curing conditions
for  the  r esu l t an t  E TAXX X O 3 2 i n t e r l aye r  are dependent  on the
crosslinklng agent . These were discussed in Section A.l.a. for
the individual systems (either the ipbc or silane crosslinkers)
and are very sensitive to the amount of c ros s l inke r .

A slow curing is desired to introduce the limited cross—
li n kiri ; agents thus the molding time is usually long and/or
followed ~y extensive oven (or autoclave ) post—curing so addi—tional chemical conversion does not occur in time with use .

14 
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p vi- ical o - r t ~~- : ’ - -~~~~h - n  mol ti ng -:y le consist s of a molding
st -

~~~~“ -~~ h~-:’ - p:’- -ssa - s .  of 300 psi are :Inlied to the material at
I2j~ l-’ !‘ ‘r’ 3 a- a~~~. ; .  This Is ~‘- ) 1l ,o- ’r by i low p r r - s n r-: V~~~~

1
~

cure st ;e of heo t - in e  ~ he inter’layer up to 250°F fu r ’  on t o  6
ha ir s  (usually -1 i - ; he laminat i rig proce ss it self) . This
‘y a l e  ~as c o n v e n i e n t  ri the laboratory , however shorter post
cures are possible , If’ des red .

The  mold ~s ’- - - I was only a samp le picture frame type (20—30
ai l s  thia k) placed between two 15 in. x 45 in. Teflon coated
c-ao l sheets. Thus t ho pressure reduces to nearly zero during
t~~1~ o p ex a t~ on wh~~r~ ~he frame Is contacted . Th~- mold is always
cooled before reco-i ng the part . Sand blasted Teflon coated
mold surfaces are recommended to prevent sticking and provide
a rough molded surfricr e f’r-~ m which air can readily be expelled
in lamInating .

2 .  Block and r-kivc ;7beet~~4aking Process

A conven ier t way to process polymers into sheets is to
at 111cc the sklvtng technique. This process consists of two
separate o~-ermt ior~s——f ’iost , fusion of t h e  polymer into a block
b~ nd~ ri to a s t ee l  n- la te and second , the cutt ing off of thin
layer s of this blorm- : t o  yield sheet of the desired thickness.
~i r a r r’e 3 ( a )  sL ’i s a full size block mounted on a skiving machine .
The knIfe Is fIxed to an -circa that can be indexed down to cut
oft ’ sheets of’ the -desired thickness from the block. The table
t h a c  tb- block is mounted on moves back and forth under the
knife thus cu ati n - off sheet as shown in Figure 3(b).

This sheetin g process has several advantages such as:

— asility to hanile crosslinked material (i.e. mate—
~- I  u s  w i t h  poor f low )

— ab ility to process sm all samples
— ease and versatility of gauge selection and

control
— r e l a t i v e l y  low cost on small and i n t e r m e di a t e

product ion scales

The logLc for using the skiving process is as follows: it
allow s us to compound the ETA with the desired crosslinkin~material and then to perform the crosslinking of’ the polymer
dam r’ing the block formation , wh ich Is done under heat and
t re asure  eondt t irns . Thus , the sheets tha t- are skived. off’
t h e  b lock  sh o u l d  he cross]  I ab ed and capable of B ;h t e m p e r a t u r e
~/ a i r ~rr -~ drying he f°re lamination ,

15
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(a) Formed block (~ 6 in. thick) 
3

mountea on skiving apparatus

I 

- 

_ 

~ci
(b) Sheet (‘bO.03 in. thick)

being skived from block

Figure 3. Illustration of Large—Scale Block and
Skive Interlayer Sheeting Process
(30 in. x 60 in. sheet )
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lii I i r h ~ of tt se -- ioi ; i r~Lag -:; , i t sos  i a - c i - ’J -c to  use th i s
- s r I  f i r tec hri- pIne to prepare b in ch x 10 1 rich s-imp lea . A

a o l  1 f lock mold was constr’ucted. r fh e mold consists of’ a st -el
: - s - -  r 1 - t~o- with grooves cut In it , to provide a rrechani cri~ t i e
fo r’ ‘ ii ’~ polymer , removable sides and a top insert . Figur’e 14(a)
a he base plate and sides of the mold disassembled.

I go r’ -~ a ( a )  shows a close—up of the grooved base plate.

A t I - a s k is made by placing about 14 pounds of’ ETi~B O YO~ 2 on
a m i l l  a r d  compounding In the desired amount of’ cr-ossllnker.
Th-~ rn - ’ er- i - c l is then removed from the mill and laid onto rh o

~~i se lito of’ the block mold as shown in Figure 5(a).

A fine w ;aVe nylon bleeder cloth was then laid over the
a p tud sides of the slabs , in order to allow air to escape
-lurins - the fusion of’ the block; then the sides of the mold were
fastened -irr as shown in Figure 5(b). A top plate was then
plaoed on the mold and the mold subjected to 50 psi at 320°F

14 hours. The mold was then cooled and the top and sides
r - -e 5 - - -,veaI . The result was a well—fused block as shown In Figures
6 (a) and 6(b).

The white appearance of the blocks in Figure 5 is due to
t he  n i l - c - n bleeder cloth which becomes embedded in the polymer
-i - r ” :~o t~ a~- molding operation . This present s no problems as it

eas ily sctved off with the first sheet or two of’ material.

I n order for a material to be skived it must have a certain
r’igt iity. At room temperature , the crosslinked ETANOXO32 was
coo rubb ery and it would bend under the knife rather than cut .
Th-~- block was placed in a freezer and cooled to —20°F , however ,
i t wa ; still too tough to cut . A cake of dry ice was then
p o ~ed on the block. This hardened the material sufficiently
so that It could be skived. ~igure 7 shows the block mounted
en the s ; - c i v i n g  machine as it is about to pass under th~ kn if’e .
The  block was skived into 10, 30 , and 50 rail sheets.

Laminat es of glass/glass , acryl ic/acrylic , and a - r ’ y i I c / poly—
sarbonate were made from skived sheets and checked for clarity.
It was noted that boundary lines or marks appeared in  the skivo l
sheets where the m ill roll slabs were fused together d iving the
block making process. It seems that the ethylene terpolymers
cannot be fused optically r-I thout using melt shearing.

A second problem was encour~~ered in the sk ive d b locks ,
snich sas non—uniformity of curing throughout the block. Fep
exam p le , a block was prepar’ed using 0.8 phr silane as the cross—
liaibir ~ ; agent .

17
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( a )  Base Plate  and r’~~ i— ‘rab]e s’ 1~~:

:

~~~~~~~~~~

i:
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-
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-

. . .
(b) closeup of t1~e base p late

showing channels to improve
bond inp~ area

Figure 14 . Block Mold (8 in . x 10 in.) For Use in
Sk i v ing Sheet Process
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(a) Iciil4 -~1 c ‘ - :  •~ ‘r’  r. ’ - r-layer
slat s la y ’ d a a h’ block
ca — id b _s’ -

p

- 

-

(b) Block mold with nylon bleeder
cloth over the milled slabs.
Sides bolted into position
ready for compression molding
and curing.

Figure 5. Initial Steps in the Preparation of’
a L imited Cure bloldr d Skive Block
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(a) W ith one side of mold removed

(b) Block of’ ETANOXO32 cured in
place with ipbc crosslinker

Ptgure 6.  Block of Interlayer Material (8 in. x 10 in.)
Compression Molded to Base Plate for Attach—
mer.t to Skiving Apparatus.
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Figure 7. 8 in. x 10 In. x 1 In. Compression Molded Block
of Interlayer Attached to Skiving Apparatus for
Sheeting . Block attached to oscillating table
that passes under indexing knife (rear).
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The block mold was cure d in the press for 16 hours at
320°F and ~j0 ps i . Once the block was removed , a corner through —

t r °  t h i c k n e s s  was cut off. ZTS t e m p e r a t u r e s  were determined on
material at three depths on this corner. The results were :
to 309°F, middle 3147°F, and bottom 255°F. The block was then
sklv- ’cI . The resulting shoots  were tested for ZTS temperature
amid foural to be: top 160°F , middle 186°F , and bottom 282°F.
These results indicated that the curing was not uniform through-
out t b —  block so the process would require further extensive
devel op ment. - i irice process development was not a major task
additional wor’k was not done .

3. Extrusion of ETANOXO32 Containing Silane Crosslinker

The data  on pa r t i a l  c ross link ing  of ETANOXO32 with vinyl-
triethoxy silane (A.l.a.) indicated the reaction goes rapidly in
thin sheets which are press cured . The data also indicated no
cu r ing  rate  d i f f e r e n c e  for  samples which  contained an i n i t i a t o r
such as peroxide.

The data obtained on the skiving block indicated something
q u i t e  d i f f e r e n t . The b lock  showed l i t t l e  or no c ross linking
had occurred in the center of the block (after 16 hr at 320°F
and 50 psI). The cure result demonstrated that there was a
reasonable chance for extruding the material , i.e. that suf-
ficient time was available to extrude to form before curing
prevented f l o w .

A sample of’ ETANOXO32 containing 1 phr of silane was corn—
pounded for  e x t r u s i o n . The ex t ruder  was fitted with a sheet
die and run under the following conditions——barrel temperature
250°F , die tempera ture  260°F , back pressure 1000 psI at 140 rpm.
The sheet die was set for about 140 mils. Good quality sheet
was easily extruded . A sample of the sheet was checked for ZTS
temperature and it was 167°F. This indicated very little cross—
l ink ing had occurred during extrusion since the starting mate—

- - rial had a ZTS temperature of 1140°F.

A piece of the extruded sheet5- was placed in a vacuum oven
at 330°F for  3 days a f t e r  which  t ime  the ZTS t empera tu re  was
measured to he 187°F — a rather insignificant change . It was
decided that perhap s the peroxide catalyst is necessary when
sample s are to be e x t r u d e d .

A second ex t r u s i o n  run was made using ETANOXO32 compounded
w i t h  1 phr - s i n y l t r i e t h o x y s i lane , 0 .1  phr dic umyl  peroxide , 0.1
phr dibutylt in dllaurate. The addition of’ the catalyst made a
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dramatic change in the way the mate r ia l  handled in the e x t r -~~b - r ’ .
With the extrusion conditions the same as before the back pres-
sure Increased to 2000—2500 psI. The extruded sheet was wry
non—uniform in thickness and width. Increasing the final
temperature caused the problem to worsen. This indicated that
an increase in temperature caused more rapid crossliniking of
the material rather than Increasing melt flow. A sample of
the extruded sheet showed a ZTS temperature of 310°F. A
d’—cr’ease in the amount of’ catalyst or the use of a peroxide
with a longer half life (di—t—butyl peroxide) at 260°F m Igh t
solve the problem and give an extrudable formulat ion .

Similar experiment s were run using ipb c in place of the
silane . In general, the ipbc crosslinking reaction was so
rapid that  the material could not be extruded.

C. Laminating Process

The ETAXXXO32 is a thermop lastic sheet that can be
assembled wi th  p la tes  of any known glazing material to bond
them together using moderate temperature and low pressure .
It has been specifically tailored to be usable with poiy—
carbonate , where laminating temperatures of less than 250°F
are desirable .

The fabr ica t ion  cycle used in our laboratory for the
preparat ion of laminates is shown in Figure 8. Whereas this
cycle is known to work , it is expected that much shorter times
can be used if heat transfer were better than that provided
in the air—type autoclave used .

The laminating technique is a multi—phase process which
can be described through the use of photographs. Figure s 9
thru 11 illustrate an acceptable procedure for laminating a
5 inch x 5 inch glass—polycarbonat e laminate. The lamninat I rig cycle
consists simply of heating the entire vacuum bagged composit-e
to 250°F , applying a pressure of 30 psi (~ P = 145 psi because
of a vacuum applied to degas ) and cooling the part  down . This
low pressure cycle is especial ly  a t t rac t i ve  for minimizing
residual strains. It is also almost identIcal to that previousl y
described for the ETA 138200 material (Ref. 1) except that the
pressure has been increased by 15 PSi.

Materials such as glass , that can take temperatures
greater than 250°F, are best laminated at 300°F. Laminating
t empera ture s greater than 300°F are acceptable  but usua l ly  of
little increased value since care in preventing degradation of
the iriterlayer or other plys becomes a problem .
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(a) Detergent Wash (b) Interlayer and glass cut  to size

_ _ _ _

Cc) Initerlayer placed between glass ply (d) Layed—up plies

Figure 9. CleanIng and Laying Up of Laminates Containing
ETAXXXO32 Sheet Interlayer
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(a) Wrapping with porous nylon (b) Covering lay up with silicone
bleeder cloth bag

Cc) Sealing the silicone sheet
with rigid base

Figure 10. Wrapping and Autoclave Bagging of the Lay Up
Containing ETAXXXO32 Sheet Interlayer
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,a) Vacuum bag in autoclave (b) General view of autoclave
during ope ra t ion

~~~ - 
C

5- 

5- . 
-‘

(c) Bagged laminate just prior to (d) Fabricated laminate
removal with vacuum still
applied

Figu re 11. Autoclaving and Finished Part Conta ining
the ETAXXX032 Sheet Interlayer
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The laminating cycle shown in 1”Igure 1-3 Illustrates the
application of a vacu-nn to a bagged laminate during processing .
It Is desirable to minimize the possibility of any entrapped
vapors. If routine aircraft windshield pro—drying procedures
are used , however , vacuum is probably not necessary .

D. Thermal Characteristics of’ t he  I r i te rlay er s

For any material -to function mechanically up to 350°F , it
must exhibit the rmal stability up to and beyond that temperature .
The thermal sta’oillty of the ethylene terpolymer adhesive (ETA)
is i l l u s t r a t ed  in Figure 12 by thermogravirnet r ic  analysis (TGA )
curves up to 1000°F. These curves show that no appreciab le
weight loss occurs at temperatures below 550°F.

The thermogravimetric analysis was conducted in an inert
atmosphere (helium) to prevent oxidation at the higher tempera-
tures. Interlayers usually are contained between plies of
other materials that exclude air. These data are thus valid
for this type of configuration . A similar TGA curve would be
expected if air were present , but genera t ion  of’ color (due to
oxidation ) would be expected at t empera tu re s in the region of
300° F.

The mechanical performance over a similar temperature range
is well illustrated in graphs of c reep as a function of tempera-
ture . The temperature at which failure occurs under a 3 psi
test load is referred to as the zero tensile strength (ZTS)
temperature . Figure 2 shows the ZTS temperatures of the un-
modified ETA (119°F) and of a modified ETA (ETA 138200)
developed earlier (178°F; Ref. 1, 1 4 ) .  The ETA 138200 was
reported to be useful as art Interlayer up to 165°F and process—
able for laminat ing at 250°F.  This adequate r )rocessabi l i ty  and
mechanical performance of ETA 138200 as an in te r layer  would be
anticipated from the Illustrated ZTS cha rac t e r i s t i c s .

The two additional curves in Figure 2 illustrate the
performance  of the  newly develcped mater ia l  re fe r red  to as
ETAXXXO32 (two variations) to 350°F. These curves show that
these mate r ia l s  would have some , albeit minimal , use fu l
meehanical properties at 350°F. However , it is not entire ly
obviou s that this material is processable at 250°F. These
data illustrate a point that must be considered to resolve
what may seem to be a contradiction in properties versus
processability . ETAXXXO32 has a limited degree of thermo—
p l a s t i c i t y  at 2 50°F , which  provides s u f fi c i e n t  flow for
laminating of plies of glass or plastic. It Is not a thermo-
plast~ c in the usual sense since it r~~~~fl not fl- —~w In to a

- -~avity to make a part , nor does it contain thermally re-
versible chemical bond s such as those available In somea~reth’in~ s.
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One last mention of the creep elongation data must be
made to answer the question “Why not just increase the zero
tensile strength temperature to well above 350°F and thus
be assured of good mechanical performance in that temperature
range?” The answer lies in that processing temperatures much
greater than 250°F or higher pressures would be required. The
system would then not be compatible with polycarbonate , for
which it was intended. The possibility that zero tensile
strength temperatures could be further Increased and higher
performance materials made available for use with plastics
capable of processing at higher temperatures is anticipated.

E. Mechanical Characteristics of the Interlayer

The physical performance of the high temperature ethylene
terpolymer adhesive (ETAXXXO32 , average of data on Interlayers
cured both with silane and ipbc) is best illustrated by
tensile strength , tensile elongation , tensile impact , and
tear strength data.  These phys ica l  charac te r i s t i c s  as a
function of temperature from —65°F up to +350°F are summarized
graphically in Figure 1. The same data are also shown in

— Tables 6 thru 9 and Figures 13 thru 16 where comparison is
made to the earlier developed ETA 138200 adhesive that had
been determined to be usable to 165°F. Data on a more familiar
t he rmop la s t i c  mater ia l , p las t icized  polyvinyl  butyra l , PVB—

- - 3GH (Ref. 1), are also included for reference. PVB—3GH , not
being crosslinked , would not be expected to perform at the
higher tempera tures .

The mechanical, characteristics of the ETAXXXO32 illus-
trated in Tables 6 thru 9 and Figures 13 thru 16 merit dis-
cu ssion , especially compared with the characteristics of
ETA 138200. Any differences between these two reflect improve-
ments or degradation in properties attributable to the limited
controlled crosslinking. During the development of a higher
temperature material , degrading e f fe c t s  were to be min imized .
Beneficial  e f f ect s , other than improvement in the mechanical
properties above 165°F were considered an added bonus .

In all cases (tensile , impact and tear) Increases in
mechanical performance above 165°F were achieved . The magni-
tude of these properties , while low, were deemed adequa’te for
an aircraft windshield interlayer application . This is because
the primary func t ion  of the interlayer is to bond the actual
load—bearing materials, glass and polycarbonate (or other
plastic) together and transmit loads to them .
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Table 6

TI~~SILE STRENGTH 1 OF ETHYLENE TERPOLY MERS AS
A FUNCT IO N _OF TEMPERATURE

S t reng th , psi
Tempe~’ature , °F —~~~~~ . ~t40 +32 +714 +165 +200 +350

ETA13B200 ,200 8,800 6,000 3,600 20 0 0

~~~~Y~ O32 2 10,500 10,000 7,000 14 ,300 —~~~ 2 14 2
8,900 7,1400 5,600 14 ,300 195 — —

12 , ~~ec~ men C , 2 in . / m in crosshead , ~0.03 In. thick.

~~~~~ ~~rs~~le sp~’cimens used due to high elongation .
a ’ L — S  data  not ob ta ined  or ava i l ab le  in l i t era tu re .

TENSILE ELC~1 ~A?::~~’ oF ETHYLENE TERPOLYMERS AS
A RJPCTION OF TEMPERATURE

Elongat ion , %
5- Te~~~~~~~~~~~~~__ tture ~~~ 65 _ 1~40 +32 +7 14 +165 +200 4- 35o

ETA Ii38200 146o 570 1,1400 1,200 600 0 0

~‘T A X X X 0 3 2 2 220  360 900 1, 1400 —~~~ >2 ,000 >2 ,000

P7~ —3~ H 10 210 2420 320 1,100 — —

1
~~3T~-~ D 14l2 , Specimen C , 2 in./min crosshead , “~0.03 in. th~ c~’:.2 Micro  tensi le  specimens used due to high e longa t ion .

3 lnd icat e s  data not ob ta ined  or ava i l ab le  in l i t e ra tu re .
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Tab le 8 
5-

TENSILE IMPAC T STRENGTH 1 OF ETHYLENE TERPOLYMERS AS

A FUNCTION OF TEMPERATURE

- 
Impact S t rength , f t lb/in . 2

Temperature , °F — 6~ — 14 0 +32 +7 14 +165 +200 +350

ETA 1 38200 360 890 1, 100 1, 100 135 0 0

ETAXXXO32 600 670 1,100 580 _ 2 300 120

PVB—3GH 100 220 1,510 1,290 )-110 — —

‘ASTM D1822 , Spec imen Type2 lndicates data not obtained or available in literature .

Table 9
TEAR STRENGTH 1 OF ETHYLENE TERPOLYMERS AS

A FUNCTION OF TEMPERATURE

Tear Strength , lb/in.

Temperature , °F — 6 5  
_ 210 +32 +724 +165 +200 +350

ETA138200 1,100 1,000 1410 180 5 0 0

ETAXXX O32 1,300 1,150 780 350 ~ 2 10 3

PVB— 3 0H 1, 800 1, 300 790 3~40 23 — —

1ASTM D100 14 , Specimen ~0 .0 3  in .  t h i ck .
2lndicates data not obtained or avilable in literature .
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‘
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Figu re 13. TensUe St rength  of the  E thy lene  Terpolymers
and PVB—3GH from —65 to +350°F
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Figure l,14. Ultimate Tensile Elongation of the Ethylene
Terpolymers and PVB —3GH from —65 to +350°F
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F1~~ure 15. Tensile Impact Strength of the Ethylene
Terpolymers  and PVB — 30H from —65 to +350°F
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Figure 16. Tear Strength of the Ethylene Terpolymers
and PVB-.3GH from —65 to +350°F

36

_________  ~~~~~~~~~~~~~~~ _ _ _~~



-- ‘ - — 5- - — -
~~~

- - —-- ‘~~~~~~~~
5- -— 

~~ -5 - V ’  ~~~~~~~~~ 
—

The b1~~ est difference in properties between the two
:-a t~-i ’i -a ls  occurred between room temperature and —6 5 °F.  In-.
(~~~~~ ) :~ t 5-~ ; in t ensile and tear strength , illustrated in Figures
H ar~ 1~ were achieved. Over the same temp erature ran ge ,
e~~ -~- -t.~e~; In tensi le  elongation and tensile Impact were

t ’~ n i h i ° ed . While  some decreases In tensi le elongati on were
~‘ i t  ~cI n a t -d due to the modif icat ion , the low temperature

e l o n - -- t lon s  were still quite substantial, being as high as
~~~~~~~~~ at —~ 5%. In both materials, the elongation at yield
~ i s  ~~- -~ t 10% o-f the ultImate elongation .

i’h~ shear strength of the ethylene terpolymer adhesive
~ ~~O°F was demonstrated by heating 5 inch x 5 inch11 :~I~v~~e~; to 350°F with one of the plies clamped in a vertical
~~o: ~ ‘- 1 n . A shear force consisting of the weight of the

ier 1/1-4— Inch thick glass ply (0.02 psi) was exerted on the
la- -sive . Upon heating, a slight deflection (1/16 inch) of

t .h~- suspended ply of glass was noted and could be related
to 4h ~ expected change in modulus. Also , no creep was found
~ flo wing 148 hour exposure to this temperature .

Similar experiment s were conducted with  a glass/poly—
~trbonate laminate to temperatures of 300°F, as shown in
~~ure 17. In this case , the clamp caused compression and

bend ing of the pol ycarbonate p ly ,  but still no sliding or
separation of the glass ply resulted.

Tensile lap shear strength properties of partially
crosslinked ETAXXXO32 were determined at room temperature
using ASTM D—1002 test procedure . Aluminum tabs were used
which were sandblasted and , washed in hydrochloric acid ,
rinsed and dried. The data showed the tabs, bonded with
the partially crosslinked interlayer under typical laminating
conditions , to have a cohesive shear strength of 300 to 1400
psi while the uncrossliriked material was 150 psi.

F. Physical Characteristics and Durability of the
Interla~er and Composite Laminates Containing It

1. Environmental Expos~.’re Tests

A number of lamInates (31) of glass/glass , glass/poly-.
carbonate and acrylic/polycarbonate were prepared using various
types of the ETAXXXO32 interlayer. Included were ETAXXXO32
cured wi th  Ipbc ( 0 .3  phr ) or silane (1.0 phr ) and controls which
were not crosslinked. The laminates underwent three types
of ex posure , as pictured in Figures 18 and 19. The first was
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(a) Lamlnates held by a clamp attached
to t~ e polycarbonate ply only . Shear
introduced through weigh t of glass
ply . No creep at temperature of
250°F.

- t

(b) Clamp sinking into polycarbonate at
300°F. Maximum d ef l e c t i o n  of inter—
layer 1/16 inch. ~o creep .

Figure 17. Illustration of High Temperature Shear
Strength Test. on Lam~r~ates Bonded with
Ethylene Terpolymer ETAXXXO32
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(a) Laminates positioned in the
outdoor  weather ing  rack at
Dayton , Ohio , facing south ,
inclined 245° .

(b) Laminates fixed In the Atlas Cc) Water spray cycle in the
weatherometer  to be exposed weatherometer .
to carbon arc ultraviolet
l ight  and water spray .

Figur e 18. Env ironmental Testin g of Lam inate s with
Various Glass and Plastic Plies Bonded
with ETAXXXO32 Sheet Interlayer
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(a) Sunliner Instrument which
uses three G.E. RS— 14 sun-
light bulbs for accelerated
rate of lOOX (1 week expo-
sure — 3 y e a r s ) .
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(b) Samples of ETAXXXO32 in
pos i t ion  on the turn table
of the Sunl iner  Ins t rumen t .

Figure 19. High Intensity Ultraviolet [-~~p sal’e of
ETAXXXO32 Sheets and T - ~n i~~-atcs
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outdoor weathering duri ig the months of ~-Jovember , December , and
January  in Dayton , Ohio. Second was accelerated weathering in
an A t l a s  Weatherometer .  Third was high intensity (b OX) ultra-
violet - exposure In a Sunllner , shown in Figure 19, containing
t h ree G .E. RS— 14 sunlight bulbs.

Table 10 gives the de ta i l s  of the specimens , exposure
c- re~1tions , and results at the conclusIon of the test . In
p~t - ri~ rai , all of the laminates containing a partially crosslinked
interlayer did well. The aerylic/polycarbonate 1~ rriinates were
t he  most sens i t ive . A large number of buL-bles (see Table 10)
formed 1n these laminates exposed in th~ weatherometer that
was at a r e la t ive ly  higher tempera ture  ( 1140°F)  dur ing  the
t-x ~)osure period. Penetration of moisture through the ac ry l i c
or p o ly c ar b -~n at e  is the suspected  p rob lem.

The crossUnked interlayer material exposed directly to
high intensit~i NV , as expected , was severely degraded . The
ZTS ter~per’ature o~ this unstabilized interlayer was loweredbelow 1:5°F. The specimens melted and flowed out of the
supporting holders. Laminates of the same material survived
~he h igh  UV condi t i o n s  wi thou t  any not iceable  change . The
p la ss or plastic plies screened out the detrimental UV radi—
atio n , as e x p e c t e d .

2 .  Thermal Cyc l ing Tests

The p h y s i c a l  i n t e g r i t y  and f u n c t i o n i n g  of the ETAXXX O 3 2 was
f ur t her i l l us t r a t e d  th rough  the therma l cyc l ing  of g lass/poly—
caroonate , glass/glass , and polycarboriate/acrylic laminates
containing the ETAXXXO32. 5 inch x 5 inch three ply laminates
were prepared using 1/14—inch plies of glass , polycarbonate , or
a c r y l i c  and 0 .03 0  inch of in terlayers . These laminates were
repea ted ly  thermal  cycled (100) between — 65 and +165°F with
occ assional  ( 2 4 ) excurs Ions  to 350°F ( f o r  g l a s s/ g l a ss) ,  or 300°F
( for laminates  con ta in ing  p o l y c a r b o n a t e ) .

Repeated thermal  cyc ling  of the ETA bonded lamina tes
descr ibed above resul ted  in no v is ib le  f ai lu re s  of any sort to
the ethylene terpolymer adhesive , or to its bond with any of
the laminate plies. The only degradation occurred with the
polycarbonate due to the softening and deforming during ex—
cursions to 300°F, whfth ~s above its 277°F glass transitiontemperature.
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3. T 1-: r~” 1 5 - 1 O O 5 -’- T h~ ~O l k t 5 r

A s- mole of PTA ;Y03 wat- ~~ r oA :nde-l with 0 . 2 9  p hr  of ip b c .
j9~— :;- t rrpl€ x (30 mi 1 th i- -k ) war a - j o - r d  in 4 a sh e et  [or  2 hours  ] r i
Oht - 

~~
- -~ -~~ :s a t  3 0°F . the PTA eml eratuf- -. - ~-as -‘i])O°F . r!~ S ~;h-~et

was vacu 5-n dried o-iei-n pot at  15 6’5- F Or :- i tb- -a laminated between
glass. A f~-w sr- :n 11 L :i2 L-les wa-re noted a’ ar ha ‘--ipes . The
0 ear lo was t h - n  ayr-d t ar  2 24 ho Ara -at 3 5 Q 0  I , W1:O1’C~~ - e~~~ all
:-or -L le r- disappeared .

‘tli-:. above  l a m In a t e  war  n - - l i  i r ~ a ‘J ~~~~ A 
~~~ p o s i t  ion an-9

t - a-a b t: - ci t o  -~ s: :rp- )r 5 - t b]J O n 1 ~ T one uan - of plar.: . The sarriole
Wa S t L--r1 ihruptly immerse-i J r b o  an ov-r n a~ 109°F and held
f a r  2 1 h o u r s .  Th~- :Jass plate , wh ich n-is Or -a r 5- - o rrio -J -a , did
ri ot . T b -  lana be was th- n p- lacel in the ~a - i  ~-a~~ner~ ture 

-tal cha r 1L- -r - o l  ar- cird ei~~ht t~ m~ s n r r  ?14 hour
rer icci becwa- o-n ~bO°F to lb0~

>A (160 t;c —6-0 ‘-a 1.5 hour , — 6 0  to
160 i n  0 . 5  hoijr ’ , sr-ak a 1 160 f -- -r 1 h o u r ) .  The ~-~o i n a ’ 5-e su r—
- - m ed all tes ’ uer’Oect]v ao l  ‘ir- :- orij~-inal b a bb l e s  never  :I~~d

e r r - -ar .

second cos--- d san: ~e -contain I r io 0 . 3 2  phr  ip b c  :-ias s u b —  
I first to a 2-4 hour- 3-50°F exposur~ an] then th e r m o cy c i e d

-na — 60 to +160°F. The i ot  - : ayrr’ hal ci ZTS tE- raoer- --iture of
360°F. A bubble— free laminate was obtain - - I . This l amina te

0 - :  :e-:ted to 214 hnirs at 350°F and than 30 day s of thesmo—
-c:;nl~ np from —6 0 to +160. The lan - ate r e m a i n e d  bThble—Ih 
~ ith ri o - ova - n c- n A . of the  r L ~~: S S .

0. Anal : ; - . i - - a l_ R e s u l t s  A :hi - - -red Duria~ the D e v eT hpm en t  E l f o r t

In h i1 ’ section , ‘r-t - -:irl analytical data — :h. ch were
~enrr-tt ed as a part of he development effort , b u t  w hi ch hav e
nc-~ ar’eci i ca11~ be e n ina-luda previroosly , -ai-e :Tiven and r 1 1 5_

suss °-t . Th~-se Ir c l o de : (1) Rheomoter curiri n of ETA ; (2) dif—
c i ]  s c n : i n i n r -  r a l o r ~ met v (DAT ) data on nartia]1 by cr’c— ss—
ETA ; (3) Clash— - - a -  d a t a  on t h e  p - -r - ially crosslinked

P t A ;  rer l ( i  ) t e n s ile , eb on - at ion , - (  t ear St0000th data on
t he  s ;irne r i a t e r ~ a1. E-k:ch of t h o s e  wi  11 he i e s cr ’ib—- d s e p a r a t e l y

0; 1- ’~ al l .

- his t- L5- -- ,n 0— in h a t - .’ hxtrusica Rheameter A oP ro Atudies

have nob 5 3  rm les of t rio PTA he c i  o lym er ’  w i ’  bl eniei voith
i i  ha  i n  order ~-o esi -ftlish a ‘ 1nir ~ ‘V O r !  : Avr - tb — m a te r i ai

- - - cr s 20 an-i 21 sh~ w the results of coil blend Hp Hhc or
0.5 phr into - ‘TA ar t: c u - m o it. H the ex cruro i on n: T n l A a t e r .  The
load to extrude at -u consr ant ~~~~ e f - b r - : a 1 .00 - in- -h - anp x
0 . - n ob i i  y irr- ~ -~ a- -- (1 ‘1) i (-, . 67/ ma~ = fl fl I I A n ; ) A T  f’i - 5 - 0
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—- —.--— - 
~~~~~~~~~~~~ ‘ ‘y  5 - f l C~~

WiS an 5- ;l :-OOS1y ar : a it o re  r - ~ h o u r s , oh-  c- - - : :  1 rP r ip  m a t e —
I - -:- ;s tab- -n f r - ari 5- h i -  b a r n - e l  Axfyi the P1 A c : n p C r - c r t Ur :

‘- - - 5 - A  ia - - i  ~:- :-~ri tn auch 5 - h - - c u- v- t i r . l i - - -;e - o a t  rho ZTS
- C I r A U t ~~ of  - n- r:~~t on1 -o l sho;-ic: H r I n : r 5 -’ - 21 ho -i c i l y  r- - ’ c h - - - i

~~~~~ ) °T ~ r t t i O  :1 :0 no t  as gao l : i ;  wh--n  he - c , t Er r - l O l  wa:: 1 - r s
o~ c r e - I .

2 . D t r e c e r : t 1 : J

~~~f~~~~~- ’~~~~~ - i a h l i -  ‘ r ,o~~~~~l T fl1 I L’rAH’! -J2

first er:intherrriic iceak nate -I H a DSC p2ot
s coniri r :Cc -5 - - I co b-~ the piass trari sit irri 4- em per-ature (T ) of

a l ” a r e r . The T - 
- I o t a  o b r a i r r e d  in t h i s  Cour i e r  on a

ser’i#-a of r - ar- t molly cr-os shin keJ E T A A O X O 3 2  i r i t i  rlayera appears
H T tie 11 , alorco c-c l th o t h e r  p e r t i n e n t  thermal data.

~~~. ~~ p~~r~e r i a F r i H :  of Aipid ity Y]lash—Berg)

of Fciro b l Ip _ C ro s sl i  r~- r- l E2fU-i0 X 1J32

The C lash—Berg Lest provirles a quantitative meas-ar’o of the
m od al rro of a p o ly m e r  over -  a r-anpc of t—- nperat :r-:-s. Analysis of
c-raphs of t h e  data can be used to locate its :‘lass to rubb-r r
ti-ons itfon enrperature (T

g
)~

i n  t hI s  metho d , a sample of sp e c i f i e d  d i mens ions is
I in. a thermostated bath , start ing at a v e r y  low tempera—

Lure ar i d  the torsional modulus then determined at per i odic
intervals with a steady rate of increase in t e r r b e r c r tu r e .  From
the  dimensions of the specimen , the tors ional load applied , and
the anp ie of deflect Ion observed , the apparent she -ar  m o du l u s
of  a- i gi dity -at that temperature is calculat -:-d . A curve ran be
plottc-d from a series of points so obtained. The r iots show the
absolute liaise of m :‘i-alus at all temperatures art i that t~~-m er a —
ture where the r a t e  of  change in mo -I-al to is m o st  rapid , I .e.
the p—lass transit ion temperat u re , Tg~

In additi -an to c’-raphi cc plots of apparent shear na- -iuli s
versu s  t n r : r c  a r- - s ure , two other ‘pines of data :ir~- - av- dl -a t -l e f r i
the Clash— hi-np -- a t: the T . (temperature at modulus of
145 ,000 ps ) a .  I the T 6 ~~ 

ps~ (~~he t -mp’r~ati :r- - - y b - - r e -  t he  m at - —
5]  aT 1 e c r  QAn s veiL !  ~~ifi . and rubL~~ry)
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lOtle 11

THERMAL CHARACTERISTICS AND qLA:’O TRANSITION_ TE M PER A TURV PT~~~~~)

— DET ERM I N ED DY 1)1 i!I 1 KhUTIAL PLAIIDIUC CALOP EMI - ;TRY

OP PARTIALLY CROSSLITIKED ETANOXO32

- . Temperat ure , °F 
____________r’:sshinker - — _____________

Conc . z-rs  
-~~~ 

T (~~) T ( 1 ) (i ~~)
~2_h r )  Tern r , or c i t u r a  145 ,000 TGA -

‘L iane o 8  p8~4 —3 1 —18 52’

P b lane 1.0 101+ —32 —214 527

b o b s  
- 

0.25 -33 -22 536

ic 0.30 381 -27 -20 536

bla nc — 1140 —31 —29 5~45

{ ‘ 5- l a n e  — -ilnyltr iethoxy s il a r i e  press— cured ~t 32 5°F
‘ j r ’  3 hours.( a )  ic - h : — i~~oph tb a 1 ay l h 1 s c a p r - : 1a c t am  o red at 32 5°F
fa~- 3 ho rn s

( t )  Z ’- r o  ‘fenshle [btrength Temperature.(
~~) Temperature at Modulus of 145,00 0 ps i .
(i) ~Yi a s s  transition temperature obtained by DSC .
(e) Z e r o  w-:-ipht loss up to this temperature .

2~ 7

— - -- - - - 
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The R e s u l t s

The sample identification and src:;slinkirip cori ccentrations
al rip with the numerical apparent modulus (Clash—Berp ) data of
th- - and T675, are summarized in Table 12. 0raph ~ c p l ot : ;  of
ti-ic modulus versus temperature are shown in Figures 22 t h r u 2 5.

Examination of the data in Table 1.2 shows that the limited
crosslinking of ETANOXO32 using silarie or ipbc had very little
effect on the T1, therefore the polymers should still show good
low t emperature properties. The fact that the skiving blocks
which were made required dry ice temperature (—140°F) before
they became hard enough to be skived , substan tiates this data.
As noted previously, form stab ility and ZTS temperature of these
limitedly crosslinked materials is greatly increased over that
of uncrosslinked controls.

14~ Mechanical Properties of Partially

Crosslinked ETANOXO32

The efficacy of the chemically crosslinked ETANOXO32 was
determined as a function of temperature (—65 to 350°F) with
the follow ing tests:

— Tensile  St rength
— Tensile Elongat ion
— Tear Strength

The tens i le  t e s t i ng  was done using a non—standard  m i c r o
tensi le  specimen.  It was necessary to use this small size
specimen because the envi ronmenta l  chamber se .r erely r e s t r i c t s
the travel of the Instron testing machine . Even with the use
of small specimens , the ultimate elongation of the samples at
elevated temperatures  could be measured to only 2000 percent
(If the specimen did not fail — an elongation of >2000 was
reported.

- ‘ The results of the physical testing are presented in
i t graphic form in Figures 26, 27 and 28, and in tabular form in

Tables 13, iLl and 15.

Examination of the data makes It c lear ly  ev ident  t ha t  the
pa r t i a l l y  crosslinked samples show the same excellent mechanical
properties at low temperatures as the untreated ETANOXO32 . The
significant difference , however , is that the partially cross—
l inked ma te r i a l s  retained sufficient mechanical characterist ics
for an interlayer up to 350°F.
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Table 12
MODULU S OF RI G IDITY OF PARTI A LLY CROSSLINKED ETAN OX O 32
AS A FUNCTION OF CROSSLINKER TYPE AN D CONCENTRATION

Crosslinker ZTS’
~~

~ 
Conc . Temperature T145 000(c) T675 (d) SR(e)

Type a (phr) (°F) (°F) _(°F) (F°)

Sllane 0.8 3814 —31 +13 144

Silane 1.0 1401+ —32 +16 148

ipbc 0.25 363 -33 +15 148

ipbc 0.30 381 —27 +17 )-h14

(Silane — v ln y l t r i e t h o x y  silane p r e s s — c u r e d  at 325°F
( a )  for 3 hours.

~ipbc — Isophthaloylbiscaprolactam press—cured at
325°F for 3 hours.

Kb ) Zero Tensile Strength Temperature.
(c) Temperature at modulus of 115,000 psi.
Cd) Temperature at modulus of 675 ps i .
(e) Temperature range between modulus of 145,000 and p175 p si .
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Table 13

TENSILE STRENGTH OF PARTIALLY CROSSLINKED ETANOX O 32

Crossl inker  Tens i l e  Strengt h~~ psi 2

Conc
Type 1 phr —65°F -~40°F 32°F 73°F 200°F 350°F

sllane 1.0 8,870 i0,E~00 7,3- 0 ~,900 2

silane 0.8 13,300 10 ,300 5-( , l~ 0 3, 910 l~4 1

~pbc 0.3 9,990 ~~~~~ 7,L~~0 14 ,3 l0  13 3

RadiatIon 3 0 8,80o ~~,5oo 8,100 2 ,800 29
none 11,300 10 ,600 8 ,180 3,800 0 0

~ Pil ane — v i n y l t ri e t h o x y  sliane pr ess—cured  at 325°F
for 3 hours at 300 psi.

~ ipbc — i soph thaloy lblscaprolac tam cured at 3 25°F
for 3 hours at 300 psi.

2 ASTM DLI12
Rate — 2 . 0  1pm
Microtenslie Specimen
30 mils thick
Data average of 3 specimens

~ 30 mu thick sheet given 10 Mrad dose on each side
by 300 KV source.
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Table l~4

TE~ NILN ELONGATION OF PARTIALLY CROS LINKED NTAUOYO -H

Crc~- ol iriker 1 
______ 

NiongaLLon %2 
—

Cone
r h r  —65°F -140°F H°F 73°F 200°F 350°F

sbla ne 1.0 233 39 11 914 14 1580 >200C) 1100

s i la r o . 0 . 8  305 366 914 14 l~.80 >2000 >~-G0~

~~~l c 0 . 3  222 327 850 l~409 >2000 >20 00

Fa ibat 1o~~
3 0 200 350 750 11150 >200° >2000

none 0 278 ~405 878 1580 0 0

~~~ Pi1ano — .vinyltrlethoXy silane p r e s s -m r -ed at 325°F
for  3 hours at 300 psi.

~pbc — isophthaloylbisCaProlaCtam cured at 325°F
for 3 hours at 300 psi

2 ON Tb 4 D 1412 ( ult ir a t e  e longa t ion )
Rate — 2.0 1pm
b4icrotensile Specimen
30 mils  th ick
D at .a average of 3 specimens

~ 30 mil thick sheet given 10 Mrad dose on each side
by 300 KV source.
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Table i~.

TEAR .~T R NNGT H OF PARTIALLY Ci-~u PSL N~~FD ~-TANOX 0 32

~x -ssl1 nke r 
—

~~~~~~~ Tear S t renp 5- . h , ~~~~~~~ 
2 

- _______

Cone
— 6 5 ° F  —11 0°F 32°F 73°F 20 0°F  350°F

s i l -~n -~ 1.0 1360 1070 262 117 8 14

0 .8  1370 1260 261 120 111 6

-
~~~ 0 . 3  1314 0 1260 26 11 123 7 1

n~-n ~ 0 1280 1210 25-8 i66  0 0

1 Silane — vinyltriethoxy silane sr-ess—n ured at 32 5°F
for 3 Lo-~r- s- at 300 psi.

— l sph tha loy lbi scapro lac tam p r e s s — c u r e d  at 325°F
f ar  3 hours at 300 psi2 ASTM Dl0011, avera~;e of 3 specimens
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t . On tical Properties of Pai-tia iIy Cr-oss1inked L[r~ P)X 032

In orde r- to 1o r
~term l r e  the effect that cr- -assl ruN : :i; of the

ethylene t e r - p o ly m - r ~ has on opt ical properties , the % t r a n s n l tt a n c e
and th e ~ haze of v a r ious samples were measured at  -

4-: :- AF B , accord irn~
to A f T~’l 0— 1003—61. Included were samples crosslir N-- 1 by electron
beam r a d i a ti o n  or by chemical means with silane or ~1~u 

- . R e su l t s
ob tained are given in Table 16. The total  % t r a n s m i t t an c e  of
~i l l  sarsoles t e s t ed  was close to t ha t  of the c o n t r o l .  Th er e
were some s~ - -n ificant differences in % haze , however (the am —
curacy of the test is reportedly ±0.3% haze). All crosslinked
ethylene terpolymer samples show at least a s1~~~ht incr°ase in

~ h az e  wh en compared to  a con t ro l  that  was not  c r o t u l i n k e d .  For
the 3.l~ -DH samples crosslinked wi~ h ipbc , this increase is cu i t e
small; It is somewha t greater for the sh ari - - crosslinked material
(+1.3). The electron beam c ross linked  materIal exhibits the
largest increase in % haze of any tested , up to -8- 14 . 8 % .  I b i s
such of an increase in % haze could be d e tr bm ~.eru ~-al art-i w u 1-t b -
an a rsumen t  a g ai ns t  use of the electron beam mot h-s-i of cross—
1~~n k i n g  the e t h y l e n e  t e rpolymer  fo r  t h i s  sp p l i ca t i s r .

0. dominates Delivered to the Air Force

One fo c~ square laminates were prepared and reli vr- r -
~ 

t o
4 - h e  A ir’ Force as part of the program requirements.

These la rJncies were prepared using the vacuum bac~ cut —
d ave t e — h n i q u e . The first laminate consisted of po1ycar~ onate(0.25 i n . )  and a c r y lI c  ( 0 . 2 5  in.) sheets bonded together w~ th
an iruterlayer of FTA~~OX032 (0.032 in.) part ially crosslinke -~w i t h  0 . 3  phr  ip b c .  A m ax 1mum t empera tu re  of 2 39°F and a t o t a l
p ressure d~~fferent ia1 of 

~5 ps i was used in the laminatIng
c y c l e .

The second 1--ircinate was prepared using glass (0.025 in.)
S i L - J .  poiycarbonate (0.25 in .) sheets. The 30 mil ET A N OX O 3 2 i n t e r —
layer  was p a r t i a l l y  c rossl inked  w I t h  1.0 phr silane (vinyltri—
ethox :J cilane). The maximum laminating temperature was 2149°F
r’rith a 115 ps~ t o t a l  p ressu re  dif f e re n t ia l .

The t h i r d  la m i n a t e  was prepared  us ing  two s h e et s  of g lass
(0.125 in.). The ETANOXO32 interlayer (30 mh z )  was p a r t i a l l y
cro ss~ inked with 0.5 phr ipbc . The l am I n a t i n g  t-empe rrt 4- ure was
P eaked at 336°F w i t h  a 145 i-si tot-al pr~- -ssure  - i s iffe rent ~~a1

a soo-i s tra ~ n and b u b b l e — f r e e  l - - ~~ - u a t e .

A l l  t h r ee  lamina te s  w h i c h  were d e l i v e r e d  to  the Air Force
were of r -ood q u a l it y  and b u b b l e — f r e e ,
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TabLe 16

O P T I C A L  pRo im ;F- :TI1 - o OF Ltdo T LALL ( ( -t - t ’ j i t K t - ’

}sL 1A NO: : ) 3 1 I~~ - -1 I ~— T1-:0 ‘

h iss le D€:s cx- i - t i -an2 ~ Tr- ru ;m~ t t ar i ee  h R 1  ,
~~ 

h {a ~-~- - o

1 unct- ossl t n k e d  85.2 1.5 1.8
d o n t  rol

2 l~ SL1-u e 83.5 3.0 3.6

3 0.3% t~ t -~- 87.0 8.1 3.6
c r o s s l l t kr - r

11 0 . 1 4 1  ij bc 86.0 2 . 0 2 .~- r re ssl~~u t k er

5 0.5% it-t m 85.5 2.5 2.9
cr - - m s - s l i r : k e r

6 15 ~r-ads
5 87.8 s.8 6.6

elec t2on  b eam 85.5 11. -I 5 .1
- o r e s s l in k e d

1 3 p l y  l a m i na t e s  c o n s i st i nq  of 2 p l y s  of 0 . 12 5  i n c h  t h i c k
w I n  low lasa b o n d - i - I w i t h  0 . 0 3  I n .  of t h e  Ie~ i~na t  ed r i t i - r —

2 f~~~~~. :al - -rtI c-a t y  i n ter l a y e r  b a t c h  p repared  w i t h
3 . l~ Oi l , I ut  r e -~ - m t O  s l i c rh t ly  h~~- - -her 1~~vels of crossl.i rh-:erz-

‘c,r - 1 - ms ~ 1’c- j f rs- sa - aL ~ l~~ y .
o-Lc iso~~~ h - - - - ? 1 b i s -sa~ r - o l a c t a r s  cured -at 325°F for 5 hours;

-
- lane cured at *25°h f ai -  5 hi — c u r-s .

~c~o~:-: D—10 0 - — 51 i - - - r f o r - m - - - i  at  -J~~A F B .
~UR = Haze Rearing ft-am , sn-m --t t oph- stc~~o- ’r , irsto [-er~~-u’a - -t a 4

-4PAf B.
a. ~rmur- b - u b t los a~-p a r e n t L y  pr esent , a f f e c t  un known .
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T~~ eO’ t -Lfl m iH - A0 f~ RE- ’ t - : H I - 1 J p c ~TI o N - :

cu hv ncn e  t e i q - o t y i a - - r  aircraf t {iaz i n t -  m t  es i iyer h u m
t e l - u i  h-veioped in o.he coutur e of t h i s  r u r o ~ - 0 - , r-~h~~ch b i as  r - - a s - - r u —

- ri le s tr e i qth  -~ip o ~50°F w h i le  i o t a ~~rWn; h e l o r n - ; a t i - n  d o wn
o — 6 5 ° F  as we l l  us: ttuermoi larr t Lc she t - : - u u i b i l i t j  at . 2 50° F

-i i no- I f-~r po £ vu u r b a n  ate ) . The I sir r ev - - 1 t h e r -m a  1 f o rm
stab ility tu ;50°i- was achieved throu sbu “ c ofl t  rol led l i mi t e d
cr-os sI ti k of t he  ethylene terpoiyrs- -r- v I t  one — f  thre--
cro ssid !uh -: i r : g  s y s t :r r s .

Ba a - -d -u ~ t h e  rca-s  l O s  - sb t -a in -d in this- s t u d ,- , the  foil ow— 
sc - - s O O t  l ans  m i r a -  r~i O-i~~ for  f ut u r e  w o r N  in t h i s  area;

1. rL -r the ele r t r u r i  b eam me thod  of cr o s s 1 i n k ir i t ~ the  e t h y l e n e
t-m r~- r1ymer warrants further , more detailed study;

2. that the economics of the three crosstink~ nv: systems should
be st u01 -d for comparative purposes;

3. t h a t  r u  a r a tio n  of a s u b s ta n t i a l l y  larger q u a n t i t y  of the
b u~s0 ~a : r i/ o r  m- st e c o r i a - t u i c a l )  of the t h r e e  cr o s s l i n k e d
m a t - - r - i a l s  shou ld  be unde rt aken ;

0 . t h a t  a store e x t e n s i v e  ah a r a c t - - r i z a t i o n  of the  - t i -  n ee r~~rsa
p r o r - r - r t  es of b o t h  the -cross l i n k e d  t e r p o ly r u e r  m at e r i a l
i tse l f  ar d laminates c--n ta inm ng i t  should  be p er f o r m ed ;
and

5. t ha t  f u r t h e r  e x a m i n a t i o n  of the  e t h y l e n e t e rpo lymer
sys t em to  c~m h i e v e  a p ot e n t i a l  1150°F m o d I f i c a t i on  ( u s i n g
or -u - s s l in k i n m - ’  in a l - ac e )  should  be done .
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