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, i About 60 polyurethane - sodium chloride composites were prepared. The con-

tent f'or materials filled with single frcin Md from 0to 55per cent#-I
by volume; the size of these fractions from to1373 . Materials with a
content of 50 to 70 per cent'g/by volumC were made by using a -ilxtire of a

U •coarse and a fine fraction.

For these materials, primarj tensile creep and rupture properties, both at

if• various constanrly high stress levels, were determined at room t-Aperature.

Further recovery after primary creep was investigated. The filled rubbers3 showed a typical tensile creep behaviour, related to the growth of vacuoles

in the material (de-wetting). Definite relationships were found between,

"respectively:

uniformity of creep over the gauge length and content of filler;

location of considerable creep on time scale and particle size as wall an

I stress level;

shape of the creep curve and content of fiAler;

I recovery behaviour and final strain during primary creep as well as

particle size;

Srupture stress and particle size, filler content and rupture time;

rupture elorgation and content of filler.

[ Generally, the processes of de-wetting, recovery and rupture were considerably

de.ayed by a decrease in particle size (reinforcement). The effect of de-

wetting on creep, much depended on the content of filler.

* -!
* !

'C
C

'p
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A1. TNrRW~JCTION
In t.e design of solid roe£ motors, gr'.at Importance is .ttributed to the j

mebahwdica behalviour of solid orope-ilant grains. This Is due to the Aoact-
that the presetace or occurrence of -.racks in the propellent during the iD.
tion stage my lead to irregularities in the burning process and to -=l-1 ~function of the rocket motor. Stress cracking in the propellant may O0W"

&nrinig the storage j-iriod, as a result of shrinkage or of thermal stres~es,

or during the combustion period, due to the action o.- the combustion press-

ure or that of the acceleration forces.

For ,he proper understavding of the behaviour of solid propellant grnae o1uz..Fer thhose circusetane es, detailed knowledge of the mechanical properties

I ~o" highly filled elastomners Is essential.* The work described heire, was
started to Investigate. the influence of fiUer characteristics, such as

size, shape, content and Surface treatment, on the methanical behaviour of

th% fillatd elastomwers.

To avoid complications In the presuration and handling of saMplos, tis In-

I vestigation was performed on inert fduAiled materiala. The composite prel-

lant we have in mind, consists of polyurethane rubber filled with aamwoniW

Sperchlorate. he model materials inv6stigated consisted of the saws type of

rubber, which, however, was filled with sodium chloride. Of course, It Is

realized tha'. signifieawt differences could exist between live and inert

filled materials with respect to mechanical properties, especially to those
influenced by rubber-filrer interaction. It Is, tserefore, planned to erify

igeneral tren, and conclusions found for -these polyurethane be chloride

composites, by investigating other model materials and reel propflUest at a

ii later stage.

During this InvestaIgation, model subetances ware prepared an a kcosole -

Only one type of pnlyurethane rbber was used throughout. It -was MUNI _ with

various amounts of several fractions of sodium chloride. Of cse, 1 t hose

Srefractions was varied between I pem and 4eW ou. The eount cocunld be vared
between 0 and 55 per cent. by volume, A filler sonta, t UP to 70 p er se't. Wy

volume could be obtained by using a bimodal filler, treated with a sw t a •o-
tant.

El

Hltr•ae :

ri ~•ti netgtomdl utne eepeae na •
UOl n yeo ~~e~ be a sd • .I lM•t
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". P-s a first step, the thermo-mechanical properties of these model substances

were investigated in dependence on temperature and freque ncy in the small

deformation region of linear response. A comprehensive discussion of the

influence of particle size and content of filler on shear moduli at 1 Hz,

thermal expansion and bulk moduli, was given in preceding Technical
1)2)R3) 4)5)6)
)eports , and in publications Work is still in progress on shear

A and bulk moduli at high and very low frequencies (wave propagation and tor-

- sional creep), and will be reported later.

The small deformation elastic moduli and Poisson's ratio could be described

T by a simple macroscopic theory (Frihlich-Sack-Van der Poel). According to

this theory, the , an ij.n.al properticz of the composite material are deter-

mined only by those of the pure filler and binder, and the filler content.

I Filler size slightly affected the results at very small particle size

(< 30 gim) only. Another important result is the invariancw of the ax-relaxa-

I tion (glass-rubber transition) for content and size of filler.

A further step was the investigation of the mechanical properties of these

I model materials in the non-linear response range, including its upper

boundary (ultimate properties), and of the applicability of knowledge of

Sthe small deformation behaviour to this technically important region.

An experimentai*s-tudy was performed concerning the influence of particle

size, content of filler and stress level on tensile creep and rapture

properties at large deformations. Part of this work was described previous-

1 the completed programme will be discussed in this report. All creep

measurements were carried out at room temperature. An extension of chis
work to other temperatures, as well as to the measurement of stress-strain

... .. -diagrams at various temperatures and strain rates all on the same materials,

is still in progress.

I

I
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2. M1EIMAt3

2.1 . aration 1 retvbbers

All samples rif fi lled and unfilled polyurethane rubbers prepared for tensile

creep measurements, tjre based = a lInear (polypropylene ether)glycol

(Desmophen 3600 ) with a molecular weight of about 2,000. The wolecules of

this polyether were leugtheio-4 with toluene diisczyanate end a'osslinked by
meas of trimethylcl propane in tih presence of a catalyst. Ful details,
concerning the chemistry of the r;paration of these rubbers were gien In

1)2N ,
previous rechnical Reports ; they are nct repeated here. Neither do we

n repeat a descriptlon of a systeiaatic niethod for the preparation of highly

filled rubbers: this method was described in ietail in the most recent

Technic al Reyort7).

2.2 SnEj ofth interias r_ d routine control measurmsents

The aim of the tensile creep prograe mwas to determine the influence of

filler characteristics on the tensile creep properties vf sodium chlorde -

poljnrethane composites by systematic variation of content, particle size

and particle size distribution of the filler. The Infl*ewe of suxfactents

should furthermore be analyzed.

A survey of the materials prepared for this tensile creep progrmme is given

in Fig. I (general) and Table I (detailed). Polyurethane rubbers were filled

with 0, 10, 20, 30, 40, 50 and 55 per cent. by volume of single sodim

chloride fractions. Tk particle sizes of these fractiocn were: 210-300 P

(fraction no. 2), 90- 1 05 .u (no. 4), 33-•40 m (no, 6), 8 -20W t (no. 7) and

I c 8 1Lm (no. 8). Further, six materials were filled with biMmodal filler sub-

stance no. 9. This filler was a mixture, in a weight ratio of C5,d"5 of coarse

fraction no. 2 (21.0-300 pmn) and fine fraction no. 6 (.33-W0 ai). Tin fl11er

concentratkon of these bimodal filled materials ranged from 50 to 70 Per
cent. by volume.

Fig. 1 3hows that many materials were made in duplicate or triplicate. Thi.

was dine to investigate the batch-to-batch variability, or, in 001 o00,20

tc raplace partly s omore be tahes. Further, for most of the coauws-

,÷ions., cue of the materials was prepared with, ad another without, use of

the surf-ct&nt Asole )tin .

") Farben FabrIken Bayer, leverkusen, Germany.
*) AsolectIn (Associated Cca ntrates Inc., Hift York). Filler substwae

treated with a solutiz-a ol Asolectin in dhý nwettnol 2W1, followed
by drying In vacouo at 40 C.
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Details of each batch are given in Table 1*). This table contains, for each

batch, the chemical composition of the prepolymer; the content of filler,

F as calculated from the weights of the ingredients used, and as calculated
from the density; the size and the fracticn number of the filler; the ccn-

oent.-ation of surfactant, calculated aL: weight per cent. with respect to

fllle'r; the equilibrium swelling ratio (% vol. increase) in two different

solvents (chloroform and trichloroethylene); the density, d. Details of
2)

these routine control measurements were given earlier

From Table 1 it is seen that the chemical composition of the rubbery binder
was approximately the same for all samples nrepared (columns 2, 3, 4). This

uniformity of the binder reflected itself in the swelling data (columns 10,

13). From columns 5 and 6 we see that the differences between the volume": concentration as calculated fromr the weig~hts of the Ingredients used and as
calculated from the density are smaller than 0.4 vol.% (except for samples

360W/123, 1,31, 133, 1.34, 223, 242 A and 202 A). Differer.es in this orde±0

were found to be of no importance in the interpretation of the tensile creep

measurements.

A

K

*) See page 25

F
[:
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5- EXPERIMENTAL TECHNIQUE FOR THE DETERMINATION OF TENSILE CREEP

The principlecf the measurement was as follows: A hanging specimen in the

form. of a bar-bell, was subjected to a tensile stress by loading it with a

LoL~n weight. The square cross-section in tle. prismatic part of the
2

specimen was about 8.0 x 8.0 mm , and its length roughly 250 amm. IIme-

dependent tensile strain was measured by registration of the position of

well-defined marks on the specimen, with regard to a precision millimeter-

scale, parallel to it at a dlitance less than 0.5 nm.

The registration was performed automatically with a photographic camera sys-

tem. In most cases, photographs were made at 2, 4, 8, 16 ..... 2k, etc. sec-

onds after the beginning of the creep experiment. This series of observation

times is equidistant on a logarithmic time scale. By using three marks on

the specimen, at a mutual distance of 75 rm, the strain could be- measured

over different pieces of its prismatic part. In this way, uniformity of

tensile creep over the gauge length was checked. Finally, rupture time was

measured by switching off a time counter by the falling weight. i

All measurements have been performed in a temperature and humidity ctmdi-

tioned room (21 + J °c, rel. hum. 65 + 1%). For these creep experiments,

the errors were less than:

0.2 % strain (absolute strain error);

0.1 % + 1 second in the elapsed time; ¶

0.02 hrs in the rupture time, if it exceeded 0.1 hrs;

+ 2 sec. in the rupture time, if it was smaller than 0,1 hmr;

0,5 % in the weight (stress).

Full details concerning the technique of grinding and further preparation

of specimens, automatic recording of strain and rupture time and the proce-

dure of the measuremezits were given previousl .

eI
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[1 4. TM* REIATIONSFIP BEiEEN Md•NLLE CREEP, FIUBA CHARACERISTICS AID STRQ-

4.1. Tensile creep data of killed and unfilled rubbers

Two types of routine measurements have been performed: primary creep and

tensile strain recovery. Here. we only present data of primary creep exper-

iments; thoso of the recovery measurements will be given and discussed In

Chapter 5.

"The ,complete set of 195 experimental creep curves is givert in Appendix I

"Each figare gives creep ourves under various high stress levels") for one

or two materials with the same filler characteristics; however, in some

cases differing in the rmount of surfactent used. As symbols for fracture

and unloading, resveci-vely crosses and arrows were used. Subscript g of a

cross indicates that fractare was likely to be premature, due to holes

I visible In the fracture surface.

In view of the inp.stercurve representation discussed in section 4.5, it is

not ,tecessary to have all the figures of Appendix I at one's-disposal. Only

three typical results, given in Figs 2, 3 and 4, are presented in this

report; these three figures are sufficiently illustrative.

Figs 2 and 3 show tensile strain e vs time t ,rder various high stress

j levels for polyurethane rubbers 3600/108 and 3600/134, respectively. Material

3600/108 is an unfilled rubber, 3600/1•34 contairts 50 per cent. by volume of

" [I sodium chloride fraction no. 2 (210 - 300 Wn). Finally, Fig. 4 shows tensile

creep eu•-es for polyurethane rubbers filled with various amounts of coarse

"sodium chloride fraction no. 2 (210 - 300 gim), under the same stress level
of 3.00 kg/cm2 . The meaniag of symbols in Figs 2, 3 and 4 is the same as

discussed above.

4.2, Uniformity of tensile creep_over thegaug_ len _hirjdLbiltj of the

measurements withi,i one batch

It is an important question whether the creep phenomena observed were uni-
form over the gauge length of the specimen, or not. If so, the strain should
approximately be the same at all places of t~he specimen. If not, the mater:lal

; [ would be highly strained until rupture in one or more small regions, and

*) Appendix I will be distributed on request.

**) In th.s report tensile stress a is always calculated with regard to the
original tross-seertion of the specimen. Further, creep cures are always
plotted on a logarithmic time scale.
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relatively less deformed at other placus of the specimen. Clearly, this
non-uniformity would highly complicate thel interpretation of tensile creep

data.

Nor-uniformity of tensile creep is illustrated in Fig. 5. Tensile creep
curves are given for polyurethane rubbers filled with various amounts of
sodium chloride fraction no. 6 (33 - 4 0km)i Symbols like dots, triangles
and rectangles, denote strain values as found over the entire gauge length.
Vertical bars indicate the differences between strain measured over theS1upper and that over the lower half of the gauge length.

Fig. 5 demonstrates that non-uniformity chiefly occurred in the steeply
rising parts of the creep curves. It increased with an increase of the con-
tent of filler. This behaviour was observed for all polyurethane ribbers
investigated, not only for those represented4in Fig. 5.

By analyzing all creep data available, we found that the non-uniformity was
less than 1 to 2 % strain for materials with a content of filler smaller than
40 per cent. by volume. For materials filled with 40 and 50 vol.%, strain
values lost their significance during the steep ascent of the creep curve.
However, consideratýble creep was present and its location on the time-scale
was very well de! ined, due to the high value of the slope (see Fig. 5).

SFor materials filled with 55 to 70 vol. %, creep phenomena became essentially
non-uniform. The specimen showed creep only in small regions. The overall
strain of the specimen became smaller and smaller, the higher the content of
filler was. This is demonstrated by Fig. 6.' It concerns polyurethane rubbers
"filled with bimodal sodium chloride filler substance no. 9, a mixture of
coarse fraction no. 2 (210 - 300 pm) and fine fraction no. 6 (33 - 40o m).
Fig. 6 gives tensilu creep curves for materials with a volume concentration
of 50, 60, 65 and 70 vol. %, all under the same stress level of 4.0 kg/cm2

'creep phenomena completely disappeared at a filler content of 70 per cent.
by volume. As a consequence, we shall discuss the behaviour of this last
grcup of materials separately (see section 6.4.).

Strictly speaking, the non-uniformity should be compared with the reproduc-
ibility of the measurements for specimens originating from the same batch.
This, because upper and lower half of the specimen, compared for non-uniform-
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I tr *are from differunt, Prts of the bat!h, Just as do two different

s po imans. Typical renults for duplicate mensuremerrs werz discussed pro-

Uk V1oil - mee also Apendx I, vi~s 10~, 18~, 19, 36 and 58). It Aias found

that tho variabill.,r o -tbe resultn. within one batch waa of the same oider

a- -s the ff -ercncer., in cxee9 bdttween- upper and lower half of the gauge longth.

- . - It ls7 still an unanswered question whether non-uniformity of ereep either

oriin-&'tea from the bigh value of the content of filler alone, -or also

Udepends w the -poprpcrtivs of 'he rubbery binder. A d&taliod cIscussicn of

- 1is beebcalb l important qaestion .hs been given previouoli by Bills and

I:-a gweid To obtain some information, we compared the b>hav:our of our

S-- teralals with that of "Model Substance .ThLs Is a polyurethane - potassium

5-...c h loride - alum2.num composite with a ccntenm of filler cf 61 per cent. by

volume (52 vol. % 10l, 9 vol. % Al). Creep curves for this material are given

" ir Fig. 7. Essential'y non-unif-rm creep was t•bs*-rved, just as for our
mato1rels wittn approximately the same content of filler. Aiowever, this ques-

tion of non-uliformwty of tersile creep is far from being clarified. It will
' \•e•ed further attention. Especially such conditions as type of rubbery bindev,

amibient temperature and humidity rhould be varied systematically to obtain

adequate infornation.

4 •.3. Tbe meha• sme•___•_i__• _for tensile creep; eneral structure of a primary

tenesie _ct.Eesrve

In the most recent Technical Report it wa.4 zhown that the tensile creep
phenomena cbserved were related to vacuole formAtion in the material. These

[ vacuoles are caused by stress concentrations in the vicinity of the filler

particles. It is not sure whether these vacuoles were formed at the rubber-

filler imtrface (de-wetting), or in the rubbery component itseLf (internal

crack3in), or at both pldces simultaneously. However, we ccntinu( 'ntify-

ing vacuole formation with the somewhat obscure word "de-wetting".

De-wetting is a lestructive non-reversible phenomenon. Once de-wetted, the

mechanital properties of the material are permanently changed. This fact is

1w0 , de trated by the results of a simple experiment, summarized in Fig. 8.

It cotce•rs a test on cne and the same specimen of polrarethanro rubber

St600/215 A, filled with 50 vol. % of soditm chloride fraction no. 4 (90 -
105 gtm). Fig. 8 is divided intc two subfields., the left one, Fig. 8 A gives

*) Aerojet 3enaral, obtained through Prof - Fr; Aenthad (Columbia University,
New York).
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gives creep curvcs in terms ox' tenslle complIanee e-?b.

ITbe test consistedA of -various experiments carri~d. out ir. sucecsnion. ?'ir-t,
*24th<ý virgi~nal specimin wfzz subjected to tke lcw stress level of 3.-X' kg/cr

I(curve 1). N~o ccnaider'able creep occurred aud the 1-ecovery was instantaneous

5and complete- (curve I A-). During this :ýxwriment, the material properties --

did -nox change creap and recýovery curves~ reprodueed when the experiment

i was repeated (data aot shown).. We call this virginal st~ate of tha wateriial

the "non-dlawetted" state. All sr-a21 deformation measurements reported ear'-

I hier, had baen per-forrmed when the material wab in this nc-n-dewetted state.

*After this first part of the te~st, the material was subjected to a highar

I ~~stress level of 3.75 kg/sm2  Strain 8 and compliance C/o eUCnsiderablY -n

creased with time (curve 2). Af tei, unloading, recovery was nct instantaineous -

(curvs 2 A*'. Finally,- the sir.cfi-dn was x-eloaded Wo the original, low stress
2luvel of 5.300 kg/cm (curve 3). CC?.Apexed with the original curve s;'- 5.00I 1g/em2 the- compliance was incrvased over a factor of I0 It was ý.*i tý6 ur3er

of th,: valuv at tbo %.;nd -,&P th%. second ckep ex~peirim~nt (cuwet 2)-.

'This bebaviour was not or-lyv reN.-ze±ntAtive for zpaci±31 ,wsterisa 36o&/215 A,.I
but was found to be cha-acto-ristic for all the filled polyuretbane rubbers
investigated. Furtheiwiorp tne caa'atlon of the experiment, short in Fig. 8,
di",d not influence the pictuixŽ.-

~With this &e-wetting mecktanism In mind, _rf cozastructed a general -tensile

creep curve as given in Fig.. 9.4 t short -times, the materia2 Is in The ucu-

dewetted state. The low (cors tant) strbdn levvi is aor'trolied by th vtresw-I
strain relationships ecorrespondcing to this s,'&te. Yts machnieal propertifi:
are discussed in eactioii '!.4. After sottie tinte, de-wetting beconas notic.'able

as an increase of stratiý. with time.* The effect of the de-wetting process an

strain, and its location on the time scale, will depend on stress level, size-1
and content of f~iller (sectione 4.5 and 4.6),

Tbe de-wemtting disorganizes the mater Lal. It is poselble that the jiubber7-

cinder carrncet endure this, so tha~t the -,pec~men breaks Oiuewhere In ths

steeply increasing part of the- creep curve before de-wetting is tdoalet*eý
This twheviour wias actually found for all the materials investilated. Clearly,

the rupt~ure properties are, in this case, largely conncted with the do-
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wetting propert~ic;45~ 6,2. and 6.5.). Howevi~ir, whet! tbe rubbery bli~de'~ .
S- stMrQgino-• h to ondure the- -Ilsorg-- zatioa due tc1 de-wet-inA, a c4nstarAt

-end is-jel for ttxe 3tra,-n shottld b found Cddottae liz inv Fig. 9). As -.tsted

-- b)ve,- t copoplqtely de-wetted stae- before rurture has never- been founa for

il-I'our xaterialh..
4.-. The mkonca-2ertlea in the non-.e..tted state

The snalk deferoation-as well as the short time*) tensile t,.)e- wasuxements
""crr.ened tk n-on-devetteai state. It is an in',lresting question wLe cher for[-- tL~s noi-d-wetod atate, etress--train relations-hips and tneir dependence on
-iee characteristica for large deforma~iors can bN predieted from the zorre-

-ponr4lng knowledge about small deformation moduli. T3 cý'eek this. the relativeYcunI s W-d'JIus E r of th• oin-dewetted material was calculated iq two ways:

First, from small deformation sheer modulus G ann bulk modulus K, both at
21 CC; and, sec¢nJly- from the appreximately constant le'i'el of tensile creep
curves at short times

-. 1est.Its are given in Fig. 10, where the relative modulus E is plotted vsU rI • •the -iar,"cle size on the filler, witlR the contznt of filer as a par--mcter. "J Hori2.oxitl bar-, give values for E from tensile measurements. Me lenrth of
the barr. !oznesponda to the size width of tle filler f_•action. Small deforma-
tior. r.ýduli are given by symbols like triangles etc. placed at the logarnth- j
ume size mean of the corrxesponding Iiller frectior.s

?Frcm Fig. 10 it is clear that both moduli fairly well agree with each other.

Consequently, the cxistant strain (level) at the beginning of tensile creepj curves can be predicted from small deformation moduli. We refer to previoua
work 12)3)k)6) for a detailed discussion of the influence of filler character-

[ istics on these modilt.l

ft) Of coarse, the time that tl* material stays in the non-dcwetted state
depe.-Ais un the stress level.

+) The relative modului of a filled material V; t'.e ratio of the moiuJu% of
the filled to that of the unfilled material. This relativz measure of the
i-ifluence of the fi.lcr was introduced to avoid complications d to difl-
ferences in expeririental conditionQ between sear, bWlk, and tensile Leasare-S~ments (rel. humialcy ).

12
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.e of the stress level on"

Sa zime-stre•-s shifting procedure for data reduation

Tenrivie crep curves of filled jolyurethane rubbers largely depended on th .. W:~

utress level; thihi ts iilustrateft by th set of V•eep curves under various

IB .nfluen::e of the stress lev'el on tte location of the creep process in tJme

Sscale. A change in stress from 2.0 to 3.5 kg/ci induced an acceleration by

a factor of 10 4. Howaver, wv got the impression that the shape of the creep
i cur, ee only slightly depended on the stress level. Furthervore, thin depep-

dence almost vanished when creep curves were replotted as -ýnsile compliance

S~F vs the logar:.thm of time.

- ! H

-4 Thrs fact, i.e. the shiftinr by varlation of strths without considerable

chan in shape, forms +t-h basis of a time-st shift procedure used for

Sda-& reduction. It was presented previously, and could be explained by a

qualitativa thoretical discussion.7). The procedure is analogous to the

Ielkontm-eprtr reduction method9•) used for mechanical and dl-

elect;rical relaxation data of ano.-pbus polymers in the glass to rubber
I trnsition,

Fe•. ie demons÷p a Cts ohe method. It concerns polyurea rubber d WO/p d ,

filled with lv -elol. % of coarse scdium chloride fraction no. 2 (210 -tAio).

11,nzile com~pliance F Is plotte•d va log t. Pull lines are the exp~erlntal !curhg z, measured at. various stress lvens.We choose the stress 0a Ot 3.00e

221

ka cmf and the core sponding creep compliance curve as references. auresr

at other stress levehls are then shifted to best overlap with the reftrenhe d

curve. alose shifted wen crep a rvesn in F e. tt as thin dotted lipes.lae I
shift factors used, in decades of time, are noted above the arrows tcimec-

Ing originaJ arAi shifted lines. A subfigure in Fig. 11 (top left) gives theshift bv a i (ofs0) as a tetin if tte stress a.se e

cn usefulness h f this proedure is measured by the raxi eu r width or the
strip In the ctn liance-sime p rme in which all best o erlappIn cbryes am

situated.ivn tie. 11, thi s miuss width is p iocated bi aapltal S. For

dmaterial e00l13, tbis scattea S was lare. Mob better resglts were ob-b

t er -other matvrils. tes alyaes.e chter t0 stres s 0 of

ýl4-
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Sclearly in which imanner S has been defined.

rl Thl¶i method w. applied to reduce all tensile areep data of Appendix I. The
"true stress" formula

H: • was used for the calculation of the compliance. Results are given in Figs 12-

18. Figs 12-16 present the mastercurves. Each figure concerns materials fill-

* Ied with the same amount of various sodium chloride fractions. The sequence of

Ithe figures is that of increasing content of filler. Materials with different

batch numbers are distinguished from each other. The reference strezs so in

all figures is 6.00 kg/cm2 . Numerical data for scatter S are given in Appen-

dix II, Table 11,6 for each mastercurve.

** Shift-stress relationships are given in Figs 17 and 18, numerical data in

Appendix II. Fig. 17 is divided into 5 subfigures, each concerning materials

I filled with various amounts of the same fraction. Values for log a(Go0) as

found for materials with different values of the content of filler are dis-[ tinguished by different characters. From Figs 17,A to 17,E we observe no

systematic influence of the content of filler on the shift-stress functions.

The absence of a large influence of filler size is illustrated in Fig. 18.

All data of Fig. 17 were replotted in this single figure. Values for
* log a(co 0 ) as found for materials filled with different fractions are dis-

tinguished. The scatter in Fig. 18 is somewhat greater than that in each
subfigure of Fig. 17. The maximum deviations from the mean curve are about

oupe time decade. However, compared with the total variation in log a(Oo 0 )

rom -7 to +4, this scatter is small.

Finally, we observed that the scatter S in the mastercurves, due to the time-

stress reduction was smaller than the batch-to-batch variability. This justi-[ fies t1e data reduction method. As a consequence, we shall further discuss

the influence of filler characteristics on the.development of tensile creep

[ by using these mastercurves only.

K I
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I �4.6. The influence of sizc and content of filler on the develo•ent of iensile

The mastercurves of Figs 12-17 were replotted in Figs 19-23. Now each fig-

ure concerns materials filled with various amounts of the same sodium Ohlo-
ride fraction. The sequence of the figures is that of increasing fil•ler i
size. The reference stress level agaitn is 6.00 .g/en2  Mstersures for J

materials of the same composition but different batch numbers are not dis-

tinguished. Each curve gives the mean course of the creep curve for the

corresponding filler characteristics.

We observe the influence of filler size from the first sst of figures (Figs
12-16) and that of the content of filler from the second set (Figs 19-23).I!
We make the following remarks:

(a) Creep phenomena became more and more pronounced, the higher the content

of filler was; see for example Figs 4 and 21. This effect is comected

with two others. First, the compliance Fu in the non-dewetted state

largely decreased with increasing content cf filler (see section 4.4).
Second, the mean compliance at break Fbr equalled the value for the un-3 filled rubber within a factor of 2 for all materialu Investigated (see
secticn 6.4). Both facts are given in Fig. 24 for materials filled with

0 to 50 vol. % of coarse sodium chloride fraction no. 2 (210 - .30OI).
The compliance range covered during de-wetting equals the difference

between Fbr and Fu (see Fig. 24). We clearly see from Fig. 24 that it

cansiderably increased with an increase of the content of filler. For

materials filled with other sodium chloride fractions, analogo results

were obtained.

M (b) The slope of the creep curves largely increased with Increasing filler

concentration; this can be seen clearly from Fig. 4. At a low content

11 ~of fill-e±, the creep curve was approximately a straight line vs log ti(see P, 12). At a high content of filler, the creep curve consisted of

a constant strain (compliance) level at short times and a very steep up-
ward part Just before break (see Fig. 16). This effect implies that the
logarithJic time interval In which most of the de-wetting occurmed be-

came narrower, the higher the content of filler was. (compare, for in-

IIj
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[I stance, Fig. 11 with Fig. 16. It is therefore possible to define a

characterietic de-wetting time - for materials with a high content of

-filler. We define r as the time at which F reached the value of 0.025U ~2
kg/cm , approximately halfway between non-dewetted state and break.

I We see from FiPs 15 and 16 that the time interval in %which most of the

de-wetting occurred lies around T and has a width smalltr than 0.5 to 1

time decade. This was true for rubbers filled with 40 and 50 vol. % of

sodium chloride; ¶ lost its significance for materials filled with less

( rlthan 30 vol. nna

shorter times with an increase of filler size (see Figs 12-16); the in-

fluence of filler content was much smaller (see Figs 19-23). A further

I illustratiot of both facts is given in Fig. 25. For rubbers filled with

-30, 40 and 50 vol. % of sodium chloride, characteria;tic de-wetting time

e. is plotted vs particle size in a double logarithmic diagram. Again we

"f Iobserve that ¶ did not depend much on the content of filler; however,

the influence of filler size was very large. From fine fraction no. 8

I (c 8 pm) to coarse fraction no. 2 (210 - 300 Am),¶ changed 8 to 9 de-

cades in time. This delaying effect of the smallest rarticles implies

reinforcement. This is demonstrated in Fig. 26. Stress a, necessary to

produce a T-value of 0.1 hrs is plotted vs the particle size of the

filler for materials filled with 40 vol. % of sodium chloride. Going

from coarse to fine fraction, we observe a reinforcemeit by a factor of1 3.

I
£

-.4.

|e
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..5. .IIE STRAIN RECIr/I l I
Part of the primary creep experiments were finished by unloadin of the

specimen. After that, its recoy'ery was studied as a function of time.

Results are given in Fig. 27, and data about the corresponding primary creep

experiments in Appendix III. Fig. 27 is divided into 4 saubfiges. Each of

these concerns polyurethane rubbers filled with vartous amounts of the same

fraction of sodium chloride. Note the nomenclature 6' for strain during re-

covery.

Recovery curves, given in Fig. 27, were plotted in double logarithmic dia-

grams. In this way, we easily observe an important feature. All the curves

I of Fig. 27 are approximately parallel to each other. They can be superposed

by a vertical shift. This shift along the logarithmic strain scale means

division or multiplication on a linear scale. Consequently, normalized

creep curves, obtained by dividing strain s' by its value at a characteris-

tic time tI, must reduce to one single mastercurve.

The choice of t0 is arbitrary. We used a value of 1 h, and denote strain S'

at that time by q. The mastercure is given in Fig. 28*)." Data concGening

mdifferent filler fractions ame ditlng-ished by different characters. The

scatter around this curve, representing the .30 recovery curves of Fig. 27,

turns out to be 10 to 20 % (relative error). The mastercurve is independent

of size and content of the filler, and of the history of the specimen during

Sprimary creep prior to recovery. This means that a recovery curve Is cow-

pletely dete-mined by the strain value a, at a recovery time of 1 h. Hati-

] plication of the mastercurve given In Fig. 28 by this parameter q results

in the actual recovery curve.

Consequently, we can restrict ourselves to a, for studying the Influence of

filler characteristics and history of the specimen on tensile strain recovery.

ii I

In practice we initially shifted all recovery curves to best overljap. IAfter that, we shifted the masterturve obtained in this anm r to
be 1 at a recovery time of 1 h.
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This parameter e% is related to the history of the specimen 3nd to particle

size. This is demonstrated in Fig. 29, where el is plotted vs the contribu-

jj tion 8 d of de-wetting during primary creep. ed was calculated eas the dif-

ference between emax at unloading and strain so in the non-dewetted state.

From Fig. 29 we observe distinct correlations between a and e d Within

I to 2 % strain, e' was proporticnal to 6d" However, the proportionality

constant e d depended on particle size. It was observed that the recovery

after a recovery time of 1 h was the more complete, ttA larger the particle I
size was. This means that, Just as was found for primary creep (section 4,6)

N_ • and for rupture (section 6.3), also recovery was considerably delayed
for rubbers filled with the finest fractions. Howiever, we believe that for

the case of creep and rupture and the case of recovery, the reasons for this

effect are different. At a later stage of this investigation it is planned I
to return in more detail to the recovery behaviour of filled rubbers. J

r!

~I [

S*) Somewhat better correlations could be found between "and the contribu-
tion of de-wetting to the tensile compliance at unloadng We restricted
ourselves to 8d for simplicity.
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1 6. RUP1JRE PROPERTIES IN BET ATION TO FILLER CHARACMERSTICS

6.1. Data of -rapture stress

Rupture stress, depended on size and content of filler and an rupture

time, tbr* 7he experimental data varied frr. batch to batch and might be

influenced by the concentration of surfactant Asolectin. We investigated

the influence of all these variables by using a method illustrated ii Fig.1130, It concerns polyurethane rubbers filled with various ahownts of coarse

sodium chloride fraction no. 2 (210 - 300 gm). Rupture stress, Oa.,o: is

plotted vs rupture time, tbrl for various values of the content of filler.

We determined abr for 4 fixed values of tr by graphical interpolation.

These standard values were 10 , 100, 101 and 10 hrs. Figures like Fig.30

were conrstructed for all materials investigated, and the same interpolation

method has been followed.

Numerical results are given in Appendix IV. It was found that the influence

of surfactant Asolectin was in the order of the batch-to-batch variaticns*).

We therefore neglected it and averaged all data available for materials of

the same filler characteristics.

6.2. The relatior..hi. between rupture time and up!ture stress

Tll From the experimental results given in Appendix IV we derived t fipms.

One of thcse is given in Fig. 31. Rupture stress, Obr, is plotted vs cam-

tent of filler, c, at various values of the 2iller size, 0. The rupture

time for Fig. 31 was 10 h1rs. Analogous results were obtained for the other

values selected for thr (101, lop andi 102 his). Ruture stress, I1w was
found to depend linearly on the logarithm of rupture time, tbre his is

demonstrated by Figs 32 and .3 in the following way. We chose a rupture

time of 1 h as -L iefereuce. Obr at other values of th, could be found from
the corresponding value at the reference time, by adding a qujantit S(tbr),

given In Fig. 32. In formula:

Obr(hr) = o,(1) + 3(tbr). (2)

*) Also for moduli at small deformation, no significant Influence of siur-
factant Asolectin was found; uee Report CL/65/88, Quarterly Progress
Report, March 1, 1965, through May 31, 1965.
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The wresult of this~ reucioi n me~thod is gvnin 2ig. 33. This figure con-
.11ive 0 1 2

tains all superposed data for -rupture times of10 , 10 , 10 and 10 hrs.

In FUg. 33 we observe a scatter in stress of about 0.25 kg/cm . This scat-

ii ter is 5 times smaller than the mximum value of (thr) (1.25-kg/cm2 ) used

for the superposition.

The principal result uf this superpositioa me rhcd is that we, can now see

from Fig. 13 that the influence of size and content of filler on rupture

IIstress is nearly independent of the influence of rupture time. This at

least holds for the experimental time range from 10 1 to 10+2 hrs (3 decades).

6.3. The fluence of size and content of filler.on.ruture, stress

i We clearly see from Fig. 33 that there exists a relationship betumen %r"b
tho contin... of filler, c, and the particle size, 6. For coarse fraction

U no. 2 (210 - 300 Pw). r decreased monotonica]ly with increasing content
of filler, c. For mattials filled with fractioas with a size smaller than

r" [ about 100 .m, ar showed a maximum at a content of fill,,r between 20 and 30

. rar cent. by volume. Finally, we obsery- that for bimodal filled rubbers

*-with a content of filler exceeding 50 vol. , was approximately 1fldepen-
dent of the content of filler.

The rupture stresses for the filled rubbers could be higher than those for
the unfilled rubbers. This reinforcement became the more efsetive, the

smaller the particle size was. This is demonstrated by Fig* 34. Th ratio IV

"of the maximum stress 0 b over Obr for the unfillel rubber is plotted vs

particle size. 'Ile reinforcement amounted to a factor of P for the smallest

particles. Note that the results given in Fig. 1* are nearly independent of

the rupture time.

[Finally, we plctted Cbr vs particle size 6 at various values of tne content

of filler in Fig. 35. The value of tbr for this figure was 10 hrs. Result-:[ shown in this figure are exper~.mental data, without use of the reduction

methkyd of formula (2). Results for other ralues of tbr can be found by a~ing

j the shift fnmction of Fig. 32. We conclude from Fig. 35 that the particl4

Esize is at least equally himprtant for the ultimate strength of the filled

polyurethanes as the content of filler.

S~E

i!
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6.4. The influence of size and content of filler on rupturesatrain

For strain at break Cbr, it was not po,3sible to construct figures like Fig.

-- 7-_30, and to derive from those relationships between br' the filler charac-

teristics and the rupture time t br. The spread in the results was too large.

The same was found to be true for the compliance F at break, defined by
Cbr 3br

lbr -Obr'( + (r:)

Therefore we used a rough measure for these two quantities. All. experimen-

tal values of ebr for the various materials of the same filler characteris-

tics, found for several values of the rupture stress, were averaged. This

results in an arithmatic mean sb. In the same manner we found the mean F
br'_ br

for the compliances at break. From experimental evidence, and F give

the mean levels of both quantities for fracture between 10 and 10 hrs.

Further it was observed that the actual vailues of 8 br and Fbr dit not differ

more than a factor of 2 from 8 and F.
br br*

Results are given in Fig. 36 for 8 and in Fig. 37 for F Both quantities
br br Bt uatte

are plotted on a logarithmic scale vs the content of filler. Results as

found for materials filled with different sodium chloride fractions are

distinguished from each other by different characters. The dotted line in

Fig. 37 denotes the compliance Fu of the non-dewetted material.

For filler concentrations smaller than 50 vol.. %, r and F did not vary
hbr br

more than a factor of 2 with a change in the content and the size of the

filler. However, for filler contents exceeding 50 vol. %, both quantities

drop over about 1.5 decade. This considerable decrease in 8b and Fbr

probably will not be due to the bimodality of the filler but due to the high

filler concentration. This because the "bimodal" point at 50 vol. % lies

between the points found for "unimodal" filled rubbers and the "unimodal"

. poin'c at 55 vol. % lies between the "bimodal" points at 50, 60, 65 and 70

vol. %.

The reason for this strong decrease in the ultimate strain and compliance

with increasing filler content is as follows: For highly filled r-bbers, the

specimen creeps non-uniformly (section 4.2). There is only de-wetting follow-

ed by rupture in small regions. The total strain of the specimen remains small



CENTRAAL LABORATORIUM PTO - DELFT (Holland) - Report No. CL/66/61 - page 21

and becomes approximately equal to that of the non-dewetted material. This

can be seen from Fig. 37. Consequently, for rubbers filled with 65 and 70

Fvol. % of sodium chloride, Fbr equals Fu. We thus find that non-uniform

creep is the reason of the large decrease in ultimate strain.

This behaviour of highly filled polyurethane rubbers helps us to predict

the compliance F at break. As F equals the compliance F of the non-
br hbr u

dewetted material (see Fig. 37) and F equals the value as found from small
U

deformation measurements (see section 4.4), we can consequently predict FbrJF! br
The only variable not known is the time of break tbr.Its dependence on the

br-
stress level and filler characteristics will be investigated extensively in

a later stage.

Further it is an unsolved problem how to predict shear modulus G, and also

Young's modulus E, for these highly bimodal filled rubbers. As mentioned
6)

previously , actual values for G differed 50 to 100 % at a content of

70 vol. % from the values as predicted by Van der Poel's theory from filler

content only. A revised theory, taking into account the bimodality of the

filler, i.e. the mixing ratio of coarse to fine fraction, is in development.

- - -

I
!*

I
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I:
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J CONCLUSIONS

1. Polyurethane rubbers filled with 0 to 55 per cent. by volume of single

e1 sodium chloride fractions could be prepared. The size of these fractions

ranged from 1 to 300 ým. Materials containing 50 to 70 vol. % could be

made by using a filler with a bimodal size distribution.

2. A semi-automatic method was developed for the determination of tensile

creep, tensile strain recovery and rupture properties under high con-

stant stresses, at controlled temperature of 21 + ½C and relative

humidity of 65 + 1%.

3. The strain within the gauge length of the specimen was uniform for poly-

urethane rubbers filled with 40 per cent. by volume or less. Non-uniform-

II ity increased considerably when the filler content exceeded 50 vol. %.

Essentially non-uniform creep be-haviour was found for rubbers filled with

65 and 70-p6r cent. by volume.

4. The variability of creep properties was much smaller for specimens from

the same batch than for specimens from different batches of the same com-

position. This batch-to-batch variation was smaller than the differences

between materials differing one step in the experimental series of values

for the content of filler (0, 10, 20, 30, 40, 50, 55 vol. %) or for the

_.... / particle size of the filler (210-300 Lm, 90-105 Pm, 33-40 •m, 8-20 pm,

and < 8 pum).

5. Tensile creep phenomena observed could be related to vacuole formation

in the material (de-wetting). At shorttimes, the material was in a non-

T dewetted state. After some time, de-wetting became visible as a monoton-

ical increase with time of strain and compliance. Mostly the de-wetting

process was interrupted by break of the specimen. An obvious end level

for strain at long times was never found.

6. Dc-wetting is a destructive, non-reversible phenomenon. Once de-wetted,

the mechanical properties of the material have permanently changed.

S7. The tensile properties of the non-dewetted material could be predicted

from small deformation moduli.

1± j
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B 8. Creep compliances, relating to the same material under various stresses,

could be reduced to a single mastercurve by a time-stress shifting proce-

dure. The time-stress shift functions turned out to be independent of

content or size of the filler.

9. The position of the do-wetting process on the time scale largely depend-
ed on size and slightly depended on c'ont(nt of filler. The change in

strain induced by de-wetting, Cd, considerably depended on content and

slightly depended on size of filler.

10. When all tensile strain recovery curves were normalized, i.e. divided

by the strain value at a recovery time of 1 h, all experimental points

lie on one single mastercurve. This mastercurve was independent of

siz, and content of filler and of the conditions of the primary creep ex-

periment preceding the recovery. Strain s was proportional to the con-

tribution 8d of de-wetting to thestrain during primary creep. However,

S/d" the fraction of the strain not recbvered after I h, much increased
with decreasing filler size, i.e. the recovery was delayed for the small

particles.

i L 11.Rupture stresses, abr' depended on size and content of filler, and on
rupture time. The influence of filler characteristics on rupture stress

S£was independent of the influence of rupture time on rupture stress. For a

coarse filler (210-300 gm), abr decreased monotonically with increasing

content of filler, for finer fractions a maximum value for was found

at a filler content of about 25 vol. %. This reinforcement amounted to

100 % for rubbers filled with the finest fraction (<8 jim). Further,

there was a slight, linear dependence of rupture stress on the logarithm

of rupture time.

12. For highly bimodal filled rubbers, rupture stress was found to be inde-

pendent of the content of filler.

S13. The strains and compliances at break did not vary more than a factor of

2 for rubbers filled with less than 50 per cent. Ly volume. For higher

Sfiller concentrations, rupture compliances dropped over 1.5 decade.

Values equal to those of the non-dewetted material were reached at a[ filler content of 65 to 70 vol. %. The reason for this effect was the

non-uniformity of creep.

11
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Table 1 Composition and properties of NaCl filled samples p

1 2 .3 1 5 7 8 9 1

sample no. composition prepolymur filler content fraction NeCl-filler surfactant
g/100 g polyether vol. % NaCl No. particle concentra- (%

Desmophen 3600 size tion
from from (weight % chl

TDI TMP DB ingredients d Pm on NPC1) ) o

3600/108 20.4 4.o .5 - - -4

.600/2•.. 19.7 4.0 - -3

---------------- ------------------------------------------- r.--------, -----
3600/138 20.4 4.0 3.5 9.8 9.9 3
3600/123 20.4 4.0 4.0 19.5 20.3
3600/131 20.4 •." 3.5 29.5 30.2 3
3600/133 20.4 4.0 2.5 39.6 40.4
3600/222 19.7 I 4.1 3.0 39.5 39.9 2 210-300
3600/230 A 19.8 4.0 2.5 39.6 39.6 0.11
3600/134 20.4 4.0 2.0 49.6 51.1 4
3600/223 19.7 4.1 2.0 49.7 50.0
3600/231 A 19.7 I 4.0 2.0 49.7 49.5 0.11
3600/176 19.7 4.0 1.5 54.8 54.0
3600/177 L 19.7 4.o 1.5 54.5 54.4 0.55
3600/203 A 19.7 4.1 2.0 54.7 54.9 0.02
3600/204 19.8 4.1 2.0 54•7 54.9

3600/210 19.7 4.1 3.0 19.9 19.9
3600/211 19.7 4.1 2.0 29.8 29.9
3600/214 A 19.8 4.1 2.0 29.8 29.8 0.04
3600/212 19.7 4.1 1.5 39.9 39.7 4 90-105
3600/216 A 19.7 4.1 1.5 39.8 39.8
3600/213 19.7 4.0 1.5 49.8 49.4 00
3600/215 A 19.7 4.1 1.5 49.8 49.7 04

3600/164 19.7 4.0 3.0 9.8 9.8
3600/217 19.8 4.o 3.0 9.8 9.71 6 33-40

•) At 20 °C except as stated otherwise.

A Azilec.tin ....... L Lecithin
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Composition and properties of NaCl filled samples prepared

5 6 7 8 9 10 11 12

filler vontent fraction NaC!-filler surfactant swelling 23 °C d *)

vol. % NaC No. particle concentra- (% vol.increase) (g/cm3 )
- size tion

from from (weight % chloro- trichloro
ingredients d Pm on NaCl) form ethylene

- __-412 310 1.0715
383 292 1.0722

9.8 9.9 396 300 1.1792 (2,1
19.5 2o..3 402 3o4 1.2928 (230)
29.5 3. 394 305 1.4016 (23 0
39.6 4,0.4 410 310 1.510 (23W)
39.5 39.9 2 210-300 370 282 1.5092
59.6 39.6 0.11 391 291 1.5068
149.6 51.1 410 301 1.6,309 (230)
149.7 50.0 365 273 1.6200
49.7 49.5 0.11 385 295 1.6155
54.8 54.0 324 256 1.6865
54.5 54.4 0.55 376 285 1.6689
54.7 54.9 0.02 385 285 1.6714
54.7 549340 265 1.674+0

19.9 19.9 .365 281 1.2902
29.8 29.9 345 265 1.3Y96
29.8 29.8 0.04 386 293 1.3988
39.9 39.7 4+ 90-105 389 2,94 1.5070
39.8 39.8 0o.01 381 297 1.5084
49.8 49.4+ 370 276 1.6142
49.8 49.7 0.04 385 287 1.6170

•o ~291 .79
9.8 j .r 63-0378-- 289 1.797

_ _ _ I _ _ __ _ _

se.,

9 .89 .76 11 0 7 8
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Table 1 (continuect)

1 121 4 6 7
sample no. composition prepolymer filler content fraction NaCi-

g/100 g polyethcr vol. % NaCI 11o. parti
Desmophen 3600 i size

jDBfrom from
'IDI TTMP DB ingredients d

36o0/66 9. 4.0 2.0 19.7 19.6
3600/218 19.7 4.o 2.0 19.8 19.8
3600/168 I19.7 4.1 1.5 29.8 29.7
3600/219 19.7 4I.o 1.5 29.8 29.93600/239 A 19.7 41.o 1.5 29.8 29.4 6 33
3600/170 19.7 4.o 1.5 39.8 39.7
3600/175 19.8 4.0 1.5 39.6 39.3
3600/240o A 20.1 4J.o 1.6 39.8 39.7
3600/220 19.7 4.1 1.5 39.8 39.9
5600/205 A 19.7 4.1 1.5 39.8 39.6
3600/206 A 19.7 4.1 1-5 19.8 49.5

3600/178 19.7 4.0 3.0 9.7 9.9
3600/224 19.7 4.0 3.0 10.4 10.6
3600/2,32 A 19.7 4.0 3.0 9.8 9.5
3600/180 19.7 4.0 2.0 19.8 19.4 78
36o3/n.25 19.7 4.2 2.0 19.9 18.2
.3600/203_3 A 19.7 4.0 2.0 19.8 19.8
3600,118). 19.6 4.1 1.5 29.9 2)9.8
36'o0/,234 A 19.7 4.0 1.5 29.8 29.7
36001235 A 19.7 4.0 1.5 39.8 39.7
------ -- --------- ------------- 1 -- --I- ----- -
36oo/185 19.7 4.0 3.1 9.9 19.7~
3500/ý256 A 19.7 4.0 3.0 9.8 j9.8
3600,,"j90 19.7 4.0 3.0 9.9 9.7 1
,3600,'16 19.7 4.0 2.0 19.8 19.8 8<
3600/2,37 A 19.8 14.0 2.0 19.8 19.8
;76oo/186 19.7 4.0 1.5 29.7 29.7
_3600,'23ý- A 19.7 4.0 1.5 29.8 I29.7
30600/191 L 19.7 4.0 1.5 39.8 39.5

3600/208 A 19.38 4.1 2.M~ 49.7 49. 65:2
3600/241 20.1 4.0 2.0 50.0 49.8 165:2
3600/209 A 19.8 4.1 1.4 59.8 59.6
3600/242 A 20.1 4.o 1.5 64.8, 614:2
5600/202 A 19.8 4.1 1.5 70.0 69.3
-3600/207 A 19.7 4.1 _1.5 70.0 69.6

* )At 20 0C except as stated "otherwise.

A -Asolectin L =Lecithin



LABORATCO•IUM TNO - DELFT (Holland) - Report No. CL/66/61 - page 26

(Continueu)

5 6 7 8 9 10 11 112

filicr content fraction NaCl-filler surfactant swelling 23 °C d
vol. % NiC1 :N.o. particle concentra- (% vol'. increase) (g/cm3)

I size tion
frcom from (weight % chloro- trichloro

gredient2 c, r I pm on NaCI) Form ethylene

19.7 19.6 370 282 1.2871
19.8 19.8 365 276 1.2890
29.8 29.7 365 277 1.3980
29.8 29.9 360 268 1.3995
29.8 29.4I 6 33-40 0.05 380 273 1.3944

39.8 39.7s 341 265 1.5070
39.6 39.3 337 261 1.5036
39.8 39.7 0.05 378 266 1.5089
39.8 39.9 356 265 1.5090
39.8 139.6 0.1 377 278 1.5061
49.8 I 49.5 0.05 383 281 1.6144
-- --- - -- - - -- - -- - --- - - - - -

S9.9- 363 271 1.1804

10.4 10.6 362 274 1.1878
9.8 9.5 0.05 372 281 1.1766

19.8 19.4 7 8-20 367 279 1.2854
19.9 18.2 365 275 1.2719
19.8 19.8 0.05 372 275 1.2896
29.9 129.3 331 260 1.3990
29.8 1 29.7 0.05 367 265 1.3982
39.8 39.7 0.05 371 261 1.5079

-1------------------- -------- ----------------------------- -----------------
. 9 I7 351 270 1.1783

9.8 9.8 0.06 370 277 1.1796
9.9 9.7 339 261 1.1782

19.8 !9.3 8 8 336 262 1.2888
19.8 19.8 0.06 360 256 1.2892
29.7 29.7 .340 264 1.3977
29.8 29.7 1 0.06 355 246 1.3984
39.8 39.5 1.9 403 308 1.5058
----- ---------------------------------------- -------------
49.7 1 49.8 165:210-300 0.02 374 276 1.6182
50.0 i 49.8 9 35: 33-40 310 245 1.6188

59.8 59.6 0.02 375 278 1.7258
64.8 64:2 o.02 315 2.35 1.7766
70.0 69.3 0.02 348 266 1.8.321
70.0 I 69.6 0.02 349 266 1.8246

trwie.

.thin
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Fig. 1. Survey of the materials prepared and investigated for tensile creep

properties.

Fig. 2. -ensile creep under various high stress levels and tensile strain

J recovery for unfilled polyurethane rubber 3600/108; temp. 21 °C;

rel. hum. 65%..

[ Fig. 3. Tensile creep under various high stress levels for polyurethane

rubber 36Co/13i4, filled with 50 vol. % of sodium chloride fraction

no. 2 (210 - 300 jim); temp. 21 0C; rel. hum 65 %.

Fig. 4. Tensile creep for polyurethane rubbers filled with various amounts

3 of uoarse sodium chloride fraction no. 2 (210 - 300 pm) under the

stress level of 3.00 kg/cm2 ; temp. 21 0C; rel. hum 65 %. The curve

w shown for the unfilled rubber was interpolated from results given

in Fi-. 2.

3 Fig. 5o Tensile creep curves for several materials as measured over different

parts of the speci.men. Symbols concern strain values as found over
the entire gauge Length. Vertical bars denote the differences between

strain values found over the upper and lower halves of the gauge

length.

I Temp. 21 C; rel. hum. 65%.

Fig. 6. Tensile creep for polyurethane rubbers filled with 50, 60, 65 and

70 vol. % of bimodal s xoium chloride substance no. 9 (210 - 300 1m,
~~ .2o33 - 40 under the stress level of 4.0 kg/cm . Temp. 21 °C; rel.

hum. 65%.

Fig. 7. Tensile creep under various high stress levels for "Model Substance[ B", a polyurethae rubber filled with 52 vol. % KEI and 9 vol. % Al.

Temp. 21 C; rel. bm. 65%.

"B ig. 8. Mechanical test series of specimen 3600/215 A, no. 5, containing

50 vol. % of sodium chloride fraction no. 4 (O - 105 9m); temp.

21 °C; rel. hum. 65%.

Curve 1 : tensile creep of the virginal specimen under the stress

level of 3.00 kg/cm , unloading after 0.044 hrs.
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I Curve 1 A : recovery stopped after 0.24 h.

Curve 2 : tensile creep at a high stress level of 3.75 kg/cm ;

unloading after 0.2 h.
Curve 2 A : recovery stopped after 0.55 h.

Curve 3 : tensile creep ,uder the original low stress level of33.00 kg/cm2; unloading after 0.1 h.

The experiments were performed one directly after the other.

Fig. 9. Schematic tensile creep curve for a filled polyarethane rubber.

Fig. 10. Relative Young's modulus Er of non-dewetted materials vs particle
size; content of filler as parameter. Horizontal bars give E cal-r

culated from tensile creep measurements. Characters like circles
eta. denote Er, calculated from small deformation shear measure-2)

ments reported earlier )4)6).
Temp. 21 0 C; rel. hum. 65 % for tensile creep and 0 % for shear

measurements.

Fig. 11, Illustration of the time-stress shift procedure on creep data of
material 3600/133, filled with 40 vol. % of NaCl fractioa no. 21 (210 - 300 iAm); temp. 21 °C; rel. hum.65 %.
Full lines represent the original creep compliances; thin dotted

•I lines the shifted creep compliances; the dashed line is the master
curve.

Fig. 12. Tensile compliance F vs time for polyurethane rubbers filled with
10 per cent. by volume of various sodium chloride fractions.

Temp. 21 °C; rel. )um. 65 %; reference stress level 0 6.00 kg/cm2

1 : 185/190

2 : 236

3 : 178/224
4 :232 A

: • 217
6 164

7] 71.38
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Fig. 131. Ditto but 20 per cent. by volume.

" [1 : 186
-2 : 2:237 j

iI 3: 180

24 . 225/233 A

5 :218

Zb 6 166

I 7 :210

8:123

Fig. 14. Ditto but 30 per cent. by volume.

I : 188

£ 2 : 238 A
3: 181

F~ 1: 2314 A

£ 5:168

6 • 219

L 7 : 239 A
8 :214 A

S9 :211

10: 1)1

SFig. 15. Ditto but 40 per cent. by volume.

1 : 191 L

2 : 235 A

3 : 170

4 : 220

5 : 210
6 : 205 A

7 : 212

8 : 216 A
9 9:133

10: 222

11: 230 A

ii
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Fig. 16. Ditto bu&t 50 per cent. by volume.

1i : 206
2 :213

3 :215 AU

4 : 1.34

15 5:223
6 231 A

3 Fig. 17. Time-stress shift relationship for tensile creep of polyurethvaeh
rubbers filled with various amounts of several sodium chloride frac-

A :no. 8 (<.8 jm3 B: no. 7(8 -20 gim)
C :no. 6 (33 - 40g.Lm)

D .no. 4(90 - 105 9m)I

Reference stress co = 6.00 kg/cm; temp. 21 0C; rel. kim. 65 %. -IFig. 16. Time-stress shift relationship for tensile creep of pulyurutbane
rubbers filled with variouta amounts of several fractions at SodiU"I2 0chloride. Reference Letress a = 6.00 kg/cm; temp. 21 C; ivl. bus.
65%.

I ~Fig. 19. Tensile compliance F 7s reduced time for polyurethane zW*be2s Miled
with various amounts of sodium chloride fraction no.8( &i41 0temp. 21 C; rel. hum. 65 %: eference strcss 00 6.00 kg/=".

Fig. 20. No. 7 (8- 20gmz) ditto

IFig. 21. No. 6 (33 40gm ditto

PFig. 22. No. 4 (_0-105 jiir') ditto

Fig. 23. No. 2 (210 -300 jim) ditto

Fig. 21&. Compliances F and b-' respectively for the noD.-dowetted stit and
-~~ u ~ r

at break, vs the content of filler, for pol~yurethene rubbera filled
with sodium chloride fraction no. 2 (210 - 3W;L~m). T*M 21 0C;

rel. bham 65 ~. defined accozding to section 6.4.

..-- - .. ...
-7 - - -
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Fig. 25. Characteristic de-wetting time -, vs particle size for polyurethane

rubbers filled with 30, '40 and 50 vol. % of various sodium chloride
o 2

fractions; temp. 21 C; rel. huin 65 %; stress level a = 6.00 kg/cm

Fig. 26. Stress level 0, necessary to produce a characteristic de-wetting
time of 0.1 h, vs the particle size for polyurethane rubbers filled

with 4o vol. % of various sodium chloride fractions; temp. 21 C;

rel. hum. 65 %.

Fig. 27. Tensile strain 8', during recovery vs log. time for materials filled

with various amounts of several sodium chloride fractions.

UA : no. 8 (< 8
B : no. 7 (8 -20pm)

[C : no. 6 (33 -4o im)

D : no. 4 (90 - 105 Pm)

Temp. 21 °C; rel. hum. 65 %

Numbers written near each curve indicate batch and specimen. For
each specimen, the corresponding primar-r creep data are summarized

in Table III,1 of Appendix III.

Fig. 28. Normalized recovery strain s'/s3 vs log. time for polyurethane rub-

bers filled with several sodium chloride fractions. e denotes the

i[ strain at a recovery time of I h. Temp. 21 0C; rel. hum. 65 %.

Fig. 29. Strain S' at a recovery time of 1 h vs the contribution 8 d of de-1 d
wetting to strain at unloading. Temp. 21 °C; rel. hum. 65 %.

Fig. 30. Rupture stress 0br vs rupture time tbr for polyurethane rubbers

filled with various amounts of coarse sodium chloride fraction no. 2
(210 - 300p m). Temp. 21 °C; rel. hum. 65 %.

Fig. 31. Rupture stress abr, necessary to produce rupture after 10 hrs as a

function of content and particle size of the filler. Temp. 21 0C;

rel. hum. 65 %.

Fig. 32. Time-stress shift relation S(tbr) for polyurethane rubbers filled

with various amounts of different fractions of sodium chloride.

Reference rupture time 1 h; temp. 21 °C; rel. hum. 65 %.
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Fig. 33. All data of rupture stress, shifted to a reference rupture time of

1 h, plotted vs content of filler. Temp. 21 °C; rel. hum. 65 %.

The quantity plotted on the ordinate is ab (1) from formula (2).

Fig. 34. Reinfcrcement factor v vs particle size of the filler, 6.

Temp. 21 C; rel. hum. 65%. .

Fig. 35. Rupture stress %r vs particle size 6 of the filler for various

values of the filler concentration. Rupture time tbr for this

I figure was 101 hrs. Temp. 21 0C; rel. hum. 65 %.

Fig. 36. Average rupture strain vs content of filler for polyurethane

rubbers filled with various sodium chloride fractions. Temp. 21 C;

rel. hum. 65 %.
-4

Fig. 37. Average rupture compliance F vs c6ntent of filler for polyurethane
br

rubbers filled with various sodium chloride fractions. The dotted

line is the compliance F of the non-dewetted material. Its strange
course for filler contents higher than 50 vol. % originates from the

3 bimodality of the filler (a mixture of 65 % coarse and 35 % fine

particles). Temp. 21 °C; rel. hum. 65 %.
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AfrPENDIX II

NIJPfRICAL DATA CONCERNING THE T!tS-STRESS REDUCTION

5Tbles I.! to !I.5 2-ummarize numerical data for the time-stress shift for

all msa'eriais of ohich creep curves were reduced to master curves (see sec-

tion 4.5). Each table concerns materials filled with various amounts of the
same sodium :chl-crcid fraction. Th" first (upper) row gives filler size, the

3 second filler content, the third the batch number. Values for the time-stress

shifd log a(0,0o) are given in time decades as a function of the stress level0
0. The reference stress level a in these tables is 6.00 kg/cm•.

For several ma.erials no creep curves at the reference stress 0 = 6.00 kg/cm2

uere available. For these materials, initially another reference stress

.as chosen. These levels are indicated in Tables II.1 to II.5 by a cross at

the shift number belonging to this -tress d. For instance, a level aICIO
3.O0 kg/cmr was used initially as reference for materials filled with frac-

tion no. 2 (2]0- 300 wm); see Table IT.!. Afterwards, the shift data wereI ,2
transroozed to the reference level °0 6.C0. kg/cm by adding a factor found

;y int•- or extrapolation of the shift function.

I Table 1I.6 gives nu<merical data of the maximum scatter, S, of the shifted

lexperimental points, around the master curves .soe section 4.5). S, concerning

Figs 11-15 and Figs 15-2Ž, is giv-,2n is scale-units. I scale-unit for these

f igu rEs e qu als -.5 mm.

II
"t~
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Table !I.1 Time-stress shift log a(oo); ° 6.00 kg/cm 2

210- 300 p•m

o10% 20o% 0 30o % 50%S; • kg/cm2
122 230 A 134 223 231 A

2.0 -x) - x) - x) - x) -5.9G -6.69

2.5 -5.69 -5.6: -5.41 -5.48 -5.392.-3.20 .6 15.6 5 0*) , ,
3.0 *) -4.50o -4.5o50* ) -4.55o* -4.5o*) -4.50 -4.s5o*) -4.5o*)

3.5 -3.20 -3.55 -3.57 -3.50 -).82

4L.0 -1.7 1.-2.76 -3.05

11 0 4.55 0'5.5 1

STabl- 11.2 21ri1e-stress shift log a(21) 30 6.00 kg/cm2

0

90 - 05 Pm° 121"2o 21 214 A 212 2.1 A 13 250 A

"3.0 -4.34 i-3.94 -47 !-4.55
i~7 -• i .

3.5 !-2.78 -3,18 I-3.09 -2.51 -3.50

I 4.0 -2.00 -2.09 I-2.14 1 -1.92

,.5 -1 .50 -1.5o 0 --. 5o*)I-i.5o*) -.1o*)1-1.5o*)

5.o -1.oo I-o.84  -1.08
5.5 -050 -0.54 1-o.64

6. 1.00 100
6.5 o.4, 068*)i

7.0 I
!1 7.5 1.56 I

x) cre',-p curves not. used for time-stress reduction
I *) initial reference stress a'
.1 o

I
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'iTable II.3 Time-stress shift log a(O,ao) o = 6.00 kg/cm2

33 , 40 Am

a 10% 20 % 30% 4o % 50 %
164 217 166 218 168 219 39 A 170 240 Al 220 205 A 206 A

n4.o -2.52i

4.5 i-2.65
15.0 1.22 i.4- -1.77 -1.22 -1.48 -1.18 -1.35 -2.11

5.5 -0.82 -0.80 -1.13 -0.52 -0.8

6.0 0.00 0.00 0.00o o.o00i 0.oo 0.00 0.00 0.00 0.00 0.00 0.00

6.5 , 0.53 0.43 0.5*)

7.0 0.91 0.75 0.60 1.04? 1.18 0.81 0.58 1.00

7.5 1.32 1.11 1.68 1.11

S8. 1.43 1.00 1.50o 1_.381 2.00i 1____

Table 11.4 Time-streass shift log a(O,ao); o = 6.00 kgcm2

I 8 - 20 Am

T o10 % 20 % 30o 4o 4%

kg/in 178 224 232 A 180 225 233 A 181 234 A 235 A

"0 -1.00 .I .
T 5.5

U6.0, 0.00 0.00 0.00 0.00

"" 5 1-, 0.50-

".0 0.90

7.5 1.00 1.18 1.3o0 .25* 1.25*) 1.60

3.o C 2.48

8.5 2.09 2.90 2.00*) 2.06 2.74

9.0 3.40 3.28

__9.5 3.4o 3.25 __, 4.08
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Table I1.5 lrime-ztress zkift log a(Oo); o 6.00 kg/cm2

F < 8 j.m

S10 % 20 % 30 % 4o %
2 185/190 T236 A 186 237 A 188 238 A 191 L

4.o --0.92

• " 4.5
5.0 -0122 -0.48

S5.5 -0.57

6.0 0.00 0.00 0.00 0.00
6.5

0.,.90 o .48 o .c48) o.34
•7.5 1.12 0.88 *

8.0 0.93 0.93

t 8.5 1.64

1. 9.0 2.48 1.66
9.5 2.90 2.90*

10.0 2.5 2.59 2.47
10.5

11.0 3.11

0r
I

0,

S--I1-
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Table i1.6 Maximum scatter S of shifted experimental points around the
maizter curves; S in scale units (1.5 mm)

c on'er~. f210 -300 JLm ~90 1 05 ýLM 33 -40 4tm '-20 gm < 8 ýPY

filler i. • " no. no. , no. s no. S

18 12141 09' 7 0.9 185/190o.

10 2100.9 228 A 236A 1.5

-----------------------------------------

123 1.5 210 1.8 166 1.2 1180 1.2 186 0.9

20 1218 1.5- '225 1.2 237 A 0.9

- 233 A 11.2

1.31 6.3 211 1.5 1L68 3.0 181 1.2 188 0.9

-30 214 A 3.9 219 2.4 234 A 1.2 238 A- 0.9

I1 2.39 . 1.5------- 
--------------- 

---- ----

133 7.2 27p 10.8 ;170 1.2 235 A 5.7 191 L <0.2

222 1.8 216 A 5.2 1220 3.9
230 A 2.1 i205 A 4.2

~~~~~~~~~~-------------------------------------- ---- --0 A,--4--- -----------
p--- I

5 ,215 A 9.0
a ______ _____ ____ . ,I 4 _J
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APPENDIX III

NUMERIJCAL DATA CONCERNING TE~NSILE STRAIN RECOVERlY

Table I11,1 summarizes for each specimen used for tensile strain recovery

Ii experiments from left to right:

(a) the specimen number, the number and i:-7e of the fraction and the con-

tent of filler;

M (h):typ••al. data on the primary creep experimene, preceding recovery. These

data are the stress 0 r.creep the elapsed time t1 and the strain m
I~r~reepmax

at the z,;mcrnt of unloading; the strain Fo at the beginning of the primary

creep experiment as calculated from the modulus in the non-dewetted state

(see section ;.4) and, finally, the contribution E eo of the de-wet-

. t'ng proces to strain e

(c) the strain c, at a recovery time of 1 h.I

17
!
!
I
I

: II

I
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Table III.1

Isocc.no. frac~imi NaCl t 0 Sax

vol.% kg/cin hrs M% (M M% M%

185/2 8 10 7.5 1480 27.65 15.0 12.7 6.37

185/4 < 8 4m 10 7.0 1440 24.00 14.0 10.0 5.66
I 8 5,/ 5 10 6.0 13Coo 17.52 12.0 5.5 -
236 A/' 10 4.5 1000 14.10 8.8 5.3 2.52

I 186/1 20 7.5 1200 21.15 9.0 12.2 6.56

186/2 20 7.0 1300 17.40 7.2 10.2 5.80

1 186/6 20 6.0 1400 13.95 6.1 7.9 5.20

237 A/2 20 4.0 1000 8.43 3.7 4.7 2.74

30 6.0 1600 10.76 3.4 7.4 5.20

188/2 30 7.0 1500 14.85 4.o 10.9 7.65

188/3 30 8.0 1500 21.9 4.5 17.4 11.00

188/4 30 5.0 1300 8.14 2.8 5.3 4.40

19i L/I 40 5.0 1550 1•.8 1.8 16.0 11.60

191 L/2 40 6.0 1500 34.4 2.4 32.0 22.00

S224/1 7 10 5.0 980 17.8 11.0 6.8 3.21

232 A/i 8-20 1m 10 6.0 930 23.1 14.5 8.6 2.78

I 234 A/5 30 6.0 1oo0 34.2 4.9 29.3 10.15

i64/5 6 10 5.5 1340 26.4 14.0 12.4 3.70

1 217/4 33- 4 0 ým 10 lOGO 19.6 12.2 7.4 1.80

218/2 20 850 18.7 7.0 11.7 3.20

"168/4 30 1030 21.7 4.5 17.2 6.20

"219/4 30 980 26.8 4.1 22.7 6.20

175/1 40 1460 7.89 1.8 6.1 3.20

-'k'
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-:pei-.n(. iract-[;.a. no. NaCi (pr.,r. t! CmaX 0  I.ox - e1

* 210/5 4 20 4.5 1010 21.2 7.5 13.7 1.8

S. 214 A/5 9C - lC5 w! 30 5.5 890 16.5 3.4 13.1 1.4

S212/1 40 3.0 1100 15.1 1.7 13.4 2.7

212/3 40 3.5 910 25.1 1.8 23.3 3.8

50 3.0 1150 1 .5 0.7 12.8 3.0

138/2 2 10 3.0 820 12.65 8.0 6 .- 0.30)

123/1 210- 300 - n 20 2.0 1000 5.49 4.2 1.29 0.06

131/1 30 2.0 960 4.75 2.2 2.55 0.32

j 1/3 30 2.5 420 10.50 2.8 7.7 1.1

133/1 40 2.0 850 6.20 1.2 5.0 0.94

20,4/2 55 2.0 1000 5.90 0.4 5.5 1.26

I
!

mr
i I



CENTRAAL LABORATO

APPENDIX IV

Table IV.1 Thaptu
and of

abr' k

c t br 210-300 gm 90o-05 n, 33_-°40r ,,

vol.% hi': 4 W. A ~ A______ [ W. A 4_A M W. A A

10 5.60 5.60 x 7.85 7.35

100 5.00 5.00 x }7.00 7.50

10 10 4.25 4.25 x 7.10 6.50

102 350 3.50 x 6.1o 6.75

.. 0- 4.70 4.70 6.75 6.75 8.00 8.25

10 4.25 4.25 6.30 6.30 7.50 7.70
20 10 1 3.80 5.80 .80 6.90 7.10

10" 3.3C 3.30 5.25 5.25 6.50

i0-1 4.30 4.30 6.45 7.25 6.45 8.50 8.00

30 100 3.80 3.80 5.65 6.50 6.07 7.50 7.70

102 3.30 3.30 4.85 5.60 5.25 6.80 6.90

10 2.75 2.75 4.10 4.75 4.42 -

10 4.00 4.oo 4.20 4.10 5.30 5.30 7.00 7.20 6.90

40 100 3.45 3.50 3.60 3.51 4.40 4.80 4.60 6.50 6.50 6.25
10 2.90 2.95 3.00 2.95 4.10 4.25 4.18 6.10 5.75 5.60 5.60

i0 2.30 2.30 3.90 3.75 3.82 5.70 4.90 4.90

10- 3.25 3.35 3.50 3.36 4.40 4.35 4.38 6.10

50 10° 3.00 2.80 3.05 2.95 4.00 4.00 4.00 5.55

101 2.60 2.40 2.50 2.50 3.50 3.65 3.57 5.00
* .0 1.90 1.90 3.00 3.30 3.15 4.45

*) W.A fampl,:s not treatcz with Asolectin A:sample treated with Azolectin

De1ft, Ji.ne 3, g9'56
St r/'i.
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APPENDIX IV N•UMERICAL DATA OF RUPTURE PROPERTIES

.Table-M1. Rupture stress 0 br at various values of content and size of the filler,

and of the rupture time tbr.

abr' kg/cm2 vs content of filler, tbr, particle size

33 - 40 4m 8 - 20 ýL < 8 ým

W.A A m W. A A M W.A A M

7.85 7.35 7.60 8.50 8.50 10.70 O.1O 10.40

7.00 7.50 7.25 7.50 7.70 7.60 10.00 9.35 9.70

7.10 6.50 6.80 7.25 7.25 9.25 9.25

6.10 6.75 6.42 6.75 6.75 8.50 8.50

751 8.00 8.25 8.1o 9.60 9.00 9.50 9.40

>0 7.50 7.70 7.60 8.60 9.10 8.70 8.80 11.50 10.50 11.00

nO] 6.90 7.10 7.00 8.10 8.50 8.10 8.20 10.70 9.70 10.20

25 6.50 6.50 7.70 8.00 7.85 9.75 9.75

45 8,50 8.00 8.00 9.65 9.65 x

07 7.50 7.70 7.60 9.00 9.00 x

25 6.80 6.90 6.85 8.20 8.20 10.40 10.40--- - x 7.45 7.45 x

30 7.00 7.20 6.90 7.10 9.50 9.50 x

6o 6 50 . 6.25 6.42 8.75 8.75 x
183 6.10 5.75 5.60 5.60 5.75 8.00 8.00 x

82 5.70 4.90 4.90 5.10 7.25 7.25 x

6.10 6.10 x x

1o 5.55 5.55 x x
57 5.00 x x

151 1 i4.45 4.45 x x

ated with Azcler! tin M mean value



ODX.XJ,'AT1IOR CONTROL DATA - R I D
i]eczrity classificaticn of 0i1le, to1y ef abstract and indexing annotation ;ust be entered when the overall

report is classified)
1. O4i.i, i• .CTIVfiv (Ccrpor-te authorl 2a. REPORT SECURITY CUSSIFICATION

F.R. ?S~arzl
2b. CROUP

3. REPORT iLE
4echaxical Properties of 1ighly F-lld [lactomers V, Influence cf Filler Characteristics on Tensile Creep
at Lare [eforatfons, On. Rptare Preprties and on Tensile Strain Recovery

4. E•.CRIPTIVE :CTE (Type cf report aed inclusive datesi

iech'ical 7epcrt Mc. 5
5... TO (Fi(rrst nave, niddle kiitflal I.-t name)

Leendert C.E. Siruik,4 'endrlcus Pr. •e Friedrich R. Schoarzl
5. REPORT DATE April 1956 7a. TOTAL NO. OF PAGES 7b. NO. OF REFS

S 41[ 9

a. Co',T ACT L, IP T '2. ;i 6255e 9a. ORIGINATOR'S REPORT NU•BER(S)
PFCJ[CT %0. 38S4 Technical Report lb. 5

3. 9b. OTHEP REPORT NO(S) (Any other numbers
that may he assigned this report)

CL/66/61

10. D1iSTC;RUTIrN' STATE4EnT
Distribud-cn List for Urclassified Technical Reports Issued Under the ORR Contract Research Program in
Structural Eecha!1cs . -

1j. 'UFPLEMEýJT1RY NOTES 12. SPONSORING i:ILITARY ACTIVITY

I Office of Naval Research, Washington DC
I13. A•TRACT

Sccut 0 polyurethane - sodlua chloride composltes mere prepared. The content for materials filled mith
sincle fracticn: ranged from 0 tn 55 per cent. by voluce; the size of these fractions from I pmn to
3)0 xý. U1aterials with a content of 50 to 70 per cent. by volume were made by using a mixture of a coarse'

' and a fine fraction.

For these -aterials, prlrzry ter lie creep and rupture ornoertles, both at various constantly high stress
leveis, vere deteroired at room tenperature. The filled rubbers showed a typical tensile creep behaviour,
related to the grauth of vacuo!cs in the caterial (de--etting). Definite relationships were found between

respectively:
uniforaity of creep over the gauge length and content of filler;

location of censider27le creep on time scale and particle size as vell as stress level;
-hape of the creep curve and content of filler;

rupture stress and particle size, filler content and rupture time;
rupture clonqation and content of filler.

Generally, the processes of de--etting, recovery and rupture were considerably delayed by a decrease In
particle size (reinforcement).

UD F OR:4 (PEI Unclassifled
1 NOV. 5 1473 (PAGE 1) Security Classification

V/N 0101-pw-ý-811 A-31408


