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FOREWORD

Tre protoelasti: properzies of polyvinyl chloride (PVC) had been subjected
70 prelizinary investization o the principal investicator several years agol»2:3:4,
On the Ttasis of thils, some 07 these measurements were repeated and extended by
fr, Uzsuc 2uring <he past rear whlle he was on leave from the Japan Leather Company

.

2 w2tk In the laTormaories of ile Polymer Research Institute. These measurements

ol

20nfirz rrevious otsermmtions and demonstrate the contribution of both distortional

ani orienzazional contribtutions <o the birefringence. They also indicate the pos-
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“roisz stucdies on partl: Zecomposed PVC which will be described in
a TiTire regort . Measuremen<ts oF dynamic birefringence were also conducted indi-
TANCIND & mesavive §oealn~o9nid coefficient at room temperature consistant with a

socirern iisvworzional zorzrinuzion.

Richard S. Stein




S0MS OPTICAL AND ME=CHANICAL PROPERTIES OF POLYVIRYL CHIORIDE*

A. Utsuo*
Polymer Research Institute
University of Massachusetts
Amherst, Mass,
1, INTRRDUTTION
ome obsermmations of the opiical and mechanical properties of polyvinyl

=lortie (FV2) were carried out, including the birefringence change with stretch-
ing a7 various terperatures, the thermal stress and birefringence cycle within

=re zexperaTire Tange hetween room temperature and about lOO°C., the dynamic stress

ar3 Dimafwd
olifcti o < o

nsence a7 ooz temverature and the preliminary experiment on visible
and infmared 3ixhroisc ctange with strezching. Concerning the last two, unfortu-

ca-ely, oositie results 20212 not Te obtained so far.
a-yy >

uzed for these stuiles was a commercial product named "Opalon 660"
=fzh molerlar welzht PVI romopolimer of Monsanto Company. Some of the typical

properzies 27 zhis polymer are listed in Table I.
TABLE I

Some Twpical Properties of "Opalon 660"

Speci®ic gravi:y 1.40
Svect i *rlscosi‘.y* 0.55
Pulkx densi-<y 0.b47
Volasili<y # wt. loss on heating 0.15

#30luior 0f 0.40g of polymer in 100 ml of cyclohexanone at 25°C.

*7 leave from cJapar. Leazter Institute, Tokyo 1963-64 (Present address)

ts-xppo:'vec‘. in part oy a contract with the Office of Naval Research and in part by
grants Jrom <he Petroleur Research Fund, the Air Force Office of Scientific Re-
sear:r ard <he Arzy Research 0f2ice (Durham).
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This FVO wvas purified by reprecipitation from tetrahydrofuran solution using
me-hyl aloohiol as a precipitant three times, The solvents used were purified by
means 07 Traccional 3istillation a*t least twice. This sample is the same one as
vas used Tor studies of sphermilite growth from FVC solutionsd.

Sa~ple Milrs vere prevared from the tetrahydrofuran solutlon dby pouring onto
a lass plate floating on the surface of mercury. The thickness of the films were
sontrolled tetween 1.3 and T mil., depending upon the purpose of the experiments.
Tre intrared ani uwlitraviolet atsorprion spectra were investigated to confirm that

-

“he MlImsz were Tree Troz solvents and confugated double dbonds.

ins machine. The Tirefringence change with streiching was investigated by a Babi-

me o—persator atzackel o Instron tensile zeszing machine using monochromatic

(o]

=

, wWaish was polarizei at ar angle o7 -3 to the direction of stretch-
izz ani opassed throush the sample, Trhe sample was held in a zlass-windowed chamber
Soroush whish alr ma Te 2irsilaced so as 1o maintaln constant temperature. The

. |
“ze proteiure are Zfescrited elsewhere . The temperatures investigated

fo]

o s
, 507, and B0°Z. respectively. The stress-

sTtralin reistionships otziainei at -arious temperaiures are plotted in Figure 1.
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sed in <erms of percentage of unstretched length. The

. -~ . 2 .
siress Is in unizs of Xz/2x® o2 actual (siretzhed) cross sectional area (actually

I ~tze 2ages 52 <he experimen<s under ho°:. “he rate of stretching was con-
=miles at 1% per xiruve. I2 samples were stre<ched at a rate greater than this,
al=os< all of <hez troxe a5 azout 2% elongation. The minimum rate of the cross-
zead of oir "Instron” <ensile <ester was 0,02" per minute, therefore the experiment

was carried out using <ze sazple strip of 2" in length xlcm width. In both cases,
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a nexxdinz-lige phenomenon wvas observed at adout *f elongation. At room temperature
che za=ple »roke at adour Tt elonmation., At KR, however, the sample could be
streshed withour breaking, after necking occured up to 150t% elongation. Above 60°¢
<ne measurements were arried our at an elongation rate of 2% per minute for which
<he >r0ss-heal speel was J,02" per minute and the length of sample films was 1"

To fawntes 3L Te z2nel wizhoutr dreaking up to several hundred percent of

elonmation, The Young's moduld ob-ained are listed in Table II.
TARLE II

Youmz's Moduil of FVI at Various Temperatures

M cope i gl Younz's Modulus dynes/cm2
9. . 9
S20m Termperature (25~27712,) L,6 x 10°
333, Fe7 ® 107
67 5 2. x :Lo8
2, 6.9 x 10"
The Tirefringence zhanze wish stretching up 0 2% elongation and birefringence

targse on relaxation process 4T roox temperature are chown in Figure 2. The stress

—I

an’ Tirefrivcernce crhanze Witz strezching up to 150% elongation at L0°z, are also
Tigxie 2. Iz the case of the otservation at room temperature, it is seen
“zat a zeqative Tirefrirgence is observed and its value is kept almost constant dur-
izg tre period 22 a relaxation. At | O’J. also a negative birefringence is observed
fni=ial1y zp <o atout L.5% elor.zmtion, but after that it becomes positive and in-

creases —onotonizally witk elonza<iorn. This change in birefringence coincides well

vich whe teginning 22 a reczirnz-like phenomena in stress-strain curve.
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In Fijure -, the siress, dMrefringence changes with stretching and relaxation
a: hisher temperatures are plotted. In those cases, no initial negative birefrin-
Qence is obvserved. The hirefringence decreases during relaxation although the
atsolute values is very small. This tendency coincides with that of nylon-68.
Tme values of (“irefringence/stress) at 60° and 80°2. are plotted against elonga-
<ion irx Drure 5. A maximz value is odserved for each curve at about 80% elonga-
. Tmis faxc sugsessts that the mechanism of elongation below 80% elongation is
itSferenc Tvom trnat atove S0¢ elongation.

As & conslusion, the initial regative value of birefringence at lower tempera-
Tite oAy e 3ue 7o a 3istorzional btirefringence, and this negative value is very
izzerestinz, In the cases a: higher temperatures, the birefringence is always posi-
zive, woizh means zhat a FVC sezment is more polarizable parallel to the chsin direc-
TRIE ToAR DEFRERCISUVIAY 1P 1%,

Tnisz Teravior is sirmilar =o trat which has been observed previously for several
9,10

ozrer 20limers such az pol: :hyl&crylate‘, pol-methyl methacrylate and poly-

zT.Tense . Tre Zifferinc origin of Zistortional and orientation birefringence

15,15,17
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Tre regative tirefringence observed at low tempera-
Tires Is 2 consejuence 2T 3istorzion of a glassy polymer and involves such mechan-
lems as Tond Terdirs andé In<ermal rotation andi separating molecules by opposing the
iz=eraclezlar "mn Zer Waals Zorces. The positive birefringence at higher tempera-
wire It a comseguence 0F tre fact that the increased molecular mobility at these
~erperat.res per=!i-s orlenzation of larger molecular segments within the time scale
32 <ze e.peripert and <hat these segments are positively birefringent (having their
Zreates. polarizatili<y in <ke direc<tion of the polymer chain as might be expected
rom <ze stritture 02 P72)., The increasing posi:ive birefringence with increasing
~erperat.re 97 stretching pay be a consequerice of the zreater degree of orientation
produced Tit may also result from the melting of crystals of polyvinyl chloride con-
riciting negativel: <¢ <ze tirefringence. Some evidence for this latter explanation

¥will e presernced Irn the next seztion.
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The maxtmur in the () n/stress) curves of Figure - is consistant with the
o~ientazion of a polymer containing stiff anisotropic elements such as crystals

o= "prozo-crys:als” consisting of long rigid or associated sections of chain and

-

is 2ocpamatle for example with the manner in which the birefringence and stress

shance wpon stretching crystalline polyolefins., For a rubber having gaussian be-

~avior, the siress and direfringence increase at the same rate upon stretchingls.

~

Zowever, “or a suspension of 2rystellites in a rutber-like medium, the initial

-

irelrinzence Increase will be more rapid than the stress giving rise to an in-

= . ’ - * 8
srease iz tne (A= szress) ratlo. Eowever, the rate of increase of birefringence
will Zecrease as the orystals approach total orienzation while the stress will

~2rease aT an increasing rale, giviuz rise to a subsequent decrease

in sme [ r ‘s=ress) mazio., This lazter “ehavior also is found for rubberth at

I P ; g 19,2
=iz extension or sziff ckains where non-gzaussian behavior is evident 9, 0121.
-, == THERMAL 3TFZ3S ARD ZIREZRINGENCE CYZLE

T-e “rerma’ stress and Tirefringence cycles for several different elongations
were imvestisatel Wwithin the zerperature rance frox roonm temperature to 105°¢. .
Toe sa—>le was allowel =D szani for more Than one hour at 80°2. before measurement
vas oale, streschel To a Zven elonmation, and relaxed for two hours at this <em-
Derature, After that, both the siress anéd birefringence were determined as a func-
=ioz of Zezpera-ire, Tae experimental apparatus and condition were the same as in
<oe case 07 the measurement 0f stress-stirain and birefringence relationships except
~za alm=iniz plates whick had a pin hole were used instead of glass plates as
ez windovs., This was cdone because the birefringence of the glass windows result-

irng Zroz thermal s rain was found to contribute appreciably. The rate of tempera-

o
chanze was 2ontrolled to 1°C. per minute. A copper-constantan thermocouple

i
d

vas ised ~0 meagure <he “emperature and it was set as near as possible to the posi-
<ion on <he surface of sample vhere the light bteam for birefringence measurement

vas passel,




The thermal s:ress cyvles and birefringence cycles for 200, LOO and 600%
elonga:ions are shovn in Figure ¢ and 7 respectively. In Figure 0, the tendencies
of <he s:iress change vitk temperature agree with the previous studyh. However,
<he zeniencies in zhermal bYirefringence cycles odbtained slightly differ from the

23
resulls nreviously nporseée‘?'“’.

An irreversible decrease in birefringence rather
than an increase is otserved when the temperature of relaxation is exceeded in the
present experimenz, I: is seen that the slopes of the birefringence-temperature
relazionships Iiffer adove and helow the glass <ransition temperature. The pre-
viously otserved irreversidle increase in the birefringence of unplasticized poly-
vizyl chlo-ide has teen Interpreted as resul:ing from the production of distor-
Tfomal straln furing tte initial elongation which is then relieved irreversibly up-
oz Teatinz atove the elonzation temperature by molecular flow producing additional
oriezzation azcompanied Ty an irreversible tirefringence increase. Similar observa-
tions -ave “eer mwie on subtsiituled polyamides and on polyvethyl acrylate at low tem-
pera:u:esggfgf. Witz plasticized PVZ, however, <the birefringence irreversibly de-
creases, ratkzer :zan increasing upon heating. This is a consequence of the plasti-
cizer per—izzing more easy molecular flow with less distortion in the initial elonga-
<ioz, Tze irreversitle tirefringence decrease otserved in the present studies may
res it Trom <ze rolecular weight of tre present sample being somewhat lower permit-
<ing more relaxation prior <o heating.

TZe presex= Ootservation that the birefringence reversibly decreases upon cool-
ing a% cozszant length is zonsistant with previous observationsl’h’25. Presumably
~ze degree Of crys=allinizy of <ke polyvinyl chloride increases upon cooling. This

-

stwo2lf result in an increase of tire’ringence as observed for rubber2°’2h and for

sakeTiTaed pol::a::idesl’e3 unless (&) <he crystals grow with their chain axes oriented
in <he sire<ching direc<ion tut have negative birefringence (greatest refractive index

perperdizilar <o <he 2hain direciion) or (b) the crystals are positively birefringent




Tut Trov vith their chain axes oriented perpendicularly to the chain direction.

RS (s\ is true, this mist mean that the birefringence of a PVC chain in a crystal
=:57 Y 0f opposize sign rom that in the amorphous polymer, since the total bire-
fringence oF PVD is ovviously positive as seen from the present and previous data.
Tats coull occur as a conseguence of the possible appreciable contribution of aniso-
sropic inzernal fleld <o cmyrstal birefringence2;126r27. The situation (b) has been
otserveld ir the case of zhe crystalliczation of crosslinked polyethylene at low
extensions, vhere the :rystals are found <0 grow with their chain axes perpendicular
20 the orienzation dirextion™ . Towever, such crystallization should cause an in-
crease in sTress mather than the slight decrease seen in the higher temperature
mesions o7 Tigare ¢, (The increase observed at lower temperatures is undoubtedly

8 consezernze 27 <he thevmal tontraction of the sample having a modulus which in-
2reases with dexreasing texperature as one passes through the glass temperature as
“As heer previously observ il’”\. Turthermore, 17 perpendicular orientation of the
a-estals o2ours, the amount of this should decrease with increasing elongation
wrereas tze posizive slope o <he tirefringence-temperature curves in Figure 7 is

seer 70 I-2rease wizh elongation. X-ray diffraction studies with varying temperature

wo:li be Zesiratle %0 es-atblisz whether alternatives (a) or (b) are reasonable.
ifnomher possidility, (2), 1s <hat the birefringence of the statistical segment

o7 a—orpzous PVC mar change Witk temperature because of the temperature dependence

27 <ze popula=ions of iis rozational isomers., The existance of such rotational

isomers ari <he Zepeandency of thelr concentration upon temperature has been demon-

o OB = la 4

strazed » Thne eZleziive size and anisotropy of the statistical segment is de-

pexdern Ipor ~ize contentration distribution of rotational isomers. In this way it

s conzeivatle that <he tirefringence of the amorphous PVC chains may decrease as

~ze ~e=perature s lowered (favoring the more extended and more anisotropic isomers).



T+ is suggested tha' tirefringence measurements on crystals of model compounds
similar -0 those used by Krimm for his infrared studies<? 72 would be useful for
zesting this hypothesis.

A fourth possidilizy, (&), is that the birefringence changes with temperature
~ecause 07 the increasing nesstive birefringence distortional contribution as the
zexperazure is lowered. This accompanies the increasing stress on the saumple (seen
in NMgure ©) as the texmperature is lowered past the glass temperature which results
oz the zendency for thermal conitiraction of the sample accompanied by an increasing
20dulus as the temperature is lowered. It is not probable that this is the major
contrituzion, nowever, since the stiress does not begin to increase with decreasing
zezperaTure until atous 0-70°Z., (Figure €). However, as seen in Figure 7, the
tirelringence decreases at all temperatures starting at 105°C. where there is not
likely 20 te an appreciable distortional contribution, since this is above Tg.

There apvears o0 te a slight increase in the rate of decrease at about 80°C. indicat-
ing perhans a small diszorzional contribution.

Jalculaced values of tirefringence temperature/stress [(An)T/c] for various
strezczing are ploized in Tigzure £ as a function of temperature. It can be seen
~hat wizthin <he zerxperatiure range vetween about 95°C. angd 75°C. the values of
[(22)7/<] on cooling process are almost independent of temperature. These constant

‘alzes o° [(An)7/-] are 11s-ed in Table IIT.

TAELE ITI

The Values of [(an)T/o] for Various Elongation When the

Sample was Relaxed a+ 80°C. Treated at 105°C.
Stress/(An)g dynes/cm®
Zlonzation relaxed at 80°C, treated at 105°C.
2007 2.8 x 10 1.7 x 10
T
wOA 5.2 x 10 3.0 x 107

o0 7.6 x 10" L1 x 107
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As a reference, previously reporied this value for polyvinyl chloride and some

other polymers are shown in Tabdle IV.
TABLE IV

The Values of Stress/(An)T for Several Polymers
Stress/(An)T dynes/cm®

Rabrer Loahe 1% lO7

Polivinyl shlorid 3.0 x 10/

Dolixisodutylen (295550 8 < 107

TolwsiiTene -0.5 x 10

I7 zar he seern that the 'mlues obiained are quite reasonable comparing
Tatle ITI and TV. I: is very interesting, however, that the value of o/AnT are
lepenient pon the Zegree o elongation and temperature in the case of PVC, namely,

i7 Iznzreases with increasinz elongation ané decreases with increasing treating

cexperaiire.
T e e 5 =
3, TE=Z DYRAMIC STFISE AT BIFEFRINGEXRCZ AT ROOM TEMPERATURE

Tze Z:mamicz stress and Tirefringence on PVC were investigated at room tempera-

sime within <he freguen:y ranze 2etween 0,00253 and 8.6 cycles per second. Techni-
. . L 6
szes 2F <he =<upe previousl: deszarited were used3 13553 .

Tre parpose of <hese measurements was t0 determine the time dependence of the
stress ani Tirefringerce charge during the periodic deformation of the PVC samples.
I= appearel protatle -ha% <he relaxation times for the distortional and orientational
consriTitions would e differenc, and that dynamic measurements would serve to resolve
“zese,

Tre <hizimess oF sazple 211 used was about 6 mil. One of the results obtained

igire 3, The meesurement was carried out at a elongation of 2.04% for
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orisinal length. The magnitude of vidration amplitude was 0.8% of elongated
length. The general tendencies in dynamic mechanical properties are reasonable.
I: is noted that the value of the real part of the dynamic strain-optical coef-

ficient, X', is negative and tecomes more so with increasing frequency. This

face 20incides with the fact that a negative birefringence is observed when PVC

3
0
m

-rezched szatizally a: mooOm temperature up to 3% elongation. The negative K'

R4

0
w

consequence 0F the shor: relaxation time distortional contribution. At high-
er Trecuencies, there is less time Tor this contribution to relax out during the
vitrational period, sd the nesative coniridution is greater at high frequency.

It is expec:zed zhat at low ernough freguency, K' would cross to positive values
vher “he orientation zontritusion would dominate. The curves should be shifted to
<he riztt at hizher zemperatures (toward higher frequencies) and the positive X'
Talies would then zonirituze at higher frequencles. Such temperature dependence
Deasuremeny oulE Te ©F inzeTeisi.

L maxi—im of <he zan 2 curve (where X is the phase angle between birefringence
ari sirain’ is seen 8% 8bout .0l 2vzles per seccnd. There is some indication that
ke zan I turve is increasing Toward a second maximum at higher frequencies.

T-e res]l par: of zhe modulus, E', increases monatonically with increasing
meguency ani zan 5 (ihe prase anzle between stiress and strain) decreases indica-
“ive of a loss maximm at freguencies less than 0,001 cycles per second. It is
lizelw <ha< <his low frecuency loss maximum is associated with a chain orientation
meckarisz and 1t is probable that this is associated with the high temperature loss
=axi=z= (~ 23°2, &+ abous 0.2 - 15 cps) found by Schmieder and Wwo1r> 1238 ana Kono”?
associa~el wiih <he glass termperature, It 1s expected that their smaller loss maxi-
== 8- 1ov sexperature (~ -3503.) may correspond to the distortional process. It

szoudZ e noted <hat thics high “emperature loss maximum is also probably associated

with ~he infeztion Iin the s<ress relaxation curve found by Shen and Tobolskyuo.
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A very nigh temperature inflection is also seen by these latter workers and

o)
associated wizh a crmstal melting point at 17470, (which might be compared with
: ; 3 P & 0 h°~ ©
a mioroscopically measured melting point of 191° - 20L°C. ).
. DICEROIAM OF VISIRLE LIGHT
I oxéer %0 et some information aboul the molecular chain orientation with

u1,b2,k3 o

sTrezching, the measurement on the dichroism of visible light used
~he case of TV, howewver, w0 methods of sample preparation are available for this
irst one s the method using PVC sample thermally decomposed, second
is The 2ne uging TWT sample suizatly &iyed as same as in the cases of polyethylene
terenzthalate and other polimers. Joncerning the first one, as well known, the
thermel lscomposizion reaztion oFf PVC s assumed as a introducing reaction of con-
‘ematel 2outle tondis inzo the pelimer main chain by successive removing of hydrogen
doloriie T, These confumetel Zoutle onds thermally introduced may be expected
22a%e I amSrpnous reficn of <he matrix rather than the crystallites and also
ce expeltel as a source of a dichroism change of visible light with
gTreTning, Trherefgre, a thermallr treated PVC sample film may be used for the
DegguresenT 07 The present tuvpose, Conterning the second method, however, there
Iz 2 usell informection alout suizatle Zres for this purpose at present. Therefore,
Thermell Zecomposed FUC film was used for <he present investigation.

Tze za-ple stxled was a TVC film which was treated in a silicone oil bath for
30 =izuztes a1 1-T + 1 2, The experimental procedures for the determination of
; ere..l,:.z,hz,i.g

sewh

. The strain rate was 1% per minute

an® <he “erperaTire WAS ’;fjo‘,‘..
_ze weriatione In tre perpeniisular and parallel intensities of light which

pasgsel Throush the sarple were investlzated over the period of time including the

) . : o
rening protecs:z Up 0 2007 elongation, relaxation for 90 minutes at 90 C. and



«]l2a

0 o 0
ke chermal cycle process for X7, o0 110 . to S0 C. (the rate of temperature

. o
change was controlled within 1

~

J. per minute), and are plotted in Figure 11.

As 8 result, it Yecoames clear that this procedure is not sultable for the
present purpose, although some appreciable changes in perpendicular and parallel
intensizies 20 the direction of elongation are observed. Some of the major reasons
are as Fallows:

{a) Tme mechantcal properzies of the thermally decomposed PVC differed from that
27 e origingl TV, Some Of them are listed in Table V. One of the thermal stress

2vxles 87 200 olongmzion is shown in Figure 10 as a reference. The experimental

procelure was the same 8s that mentioned above except that film was conditioned at
AT 2, sTrezchel 81 zzis temperazure., A thermal stress cycle for original PVC

s alel
ig c2ompared wizth thaz of decorposed PVD using a broken line in the figure.
Some —ore Zecomposizion reaction proceeded during the period of measuring in-

2luding streiching, relaxatiocon, and thermal cycle at such a high temperature as

TABLE V

ome Mpctarnical Proverties of Origiral and Thermally Decomposed

Solivinyl Thloride Film

Original Film Thermally Decomposed Film
i dynes/cm® L.5 x 108 dynes/cm?
Tensile elongazion >600% <Loo%

Tezsile sirengzh ca 300 Kg/om? Ca 150 Kg/cm?

Younz's oodalus 2.0 x 10

= * .0
Zlags ~ranci-ion ~emperazure Za 7577, ca 85°c,
L J

Tale gliass transizion Temperature was determined as a temperature at which a

{nflec<ion on the <rzermal s:iress cy:le is obaserved in Figure 10.



Jince “he oloy o7 oo zamnle teramc feewe ‘urin- the experiment, it was
irmpossitle o calxidate 8 ascurate Sichroism ratio. As a reference, one of the
resulis obiained are ploized in Figure 11. [Recent measurements, by Mr, Ryo Yamada,
vhich will e described in a later report, have been successful in obtaining values

of dichroise for dehydrohalogenated PVC and PVC-ethylene copolymers. ]

T. TET DICEROIM OF INFRARED AT ELEVATED TEMPERATURE
Iz oxder 0 ge: information of orientation of both crystalline part and amor-
prous part with sireichins separately, the preliminary observation on dichroism

P -

manges of infrare2a /"' was performed on sample films which have been used for the

[¥)

easur nIs oF tirefringence changes, DBecause some of the infrared absorption
b8-57

=anis hetveen the wave lengz=k of 1L and 17u have been assigned as shown in Table VI

Tre oesasuredments of ztheir change with stretching might be useful for the present purpose.
TARLE VI

Infrared Zpecirum and Assignments for PVC

Sezween zhe Wave Tength 1k and 174

»ave humber wave Lenzzh Polarization Phase Assignment

o 1€.55 o c v(ccl)B,
£is 1%.23 o A v(cel)s(A)
€328 13,58 g A v(CCl)SI'm(A)
5.0 5. é2 o c v(CC1)Ay
Ao 14,60 o A v(ce1)sg,(A)
552 1L,L3 x

- : perpeniicular A : amorphous

® : vand shows x dichroisz at low draw ratio C ! crystalline

x : parallel v : stretching
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A Perxin Slmer 21 double beam spectrophotometer equipped with CsBr prism
vas used. A silver chloride polarizer was placed in the spectrometer between the
light source and detecior chambers, However, the shortest wave length which could
e resgolved Yy this JsBr prism system was 15u, It was found that for the thickness
of the films used, which was about L mil., was too thick to get accurate absorption
inzensities of each tanis within <he wave length range between 15 and 17d. The
opzinam thicimess 0f the sazmple for this purpose should be 1 mil.
A plan for the major experiment was designed considering the following three
points.
1) The zhickness of the sample film should be about 1 mil.
2) The disnroiss chanze with stretching at elevated temperature should
7e otserved, These resulis ottained should be compared with the re-

sulzts of Tirelringence measurements.

\

A

In orler <o 20ver zhe wave length from 1lb4 <o 174, a KBr prism should
e uzsel ancd the window of the oven shovld be KBr plates.

~z2ording 0 tnis plan a new sample extension mechanism in a small oven which
can Te set into zhe clearance Tetween & Agll polarizer and detector chamber of s
Perzin-Tlmer 21 Coutle tea= specirophotometer, was constructed. Unfortunately,

~he ecul nT was not cozplezed in time for the writer to complete his studies

efore leavinz.
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otserved initially when PVC was stretched at a
—e—perat.re lower =harn 0%z, At higher “emperature it showed positive bire-
Prirzernze, ani “he Lirefrincence increased monotonically with stretching.

45 a rezzlt of <he dynamic measurements at room temperature a negative value

o ' also vas otserved and <his value decreased with increasing frequency.
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Thermal siress and birefringence cycles within the temperature range from
™o texperature (o 10:°:. were investigated. The general tendencies on
+hermml siress oytle coincided well with the results previously reported.
Jonzerning thermal birefringence cycle, however, an irreversible decrease
in YMrefringence rather than an increase was observed when the temperature
27 relaxstion was exceeied. The constant values of AnT/c were obtained
vithin the Zemperature range between 75 and 9503. on the cooling process.
These values ottained are nearly egqual to the value previously reported,
Tzt they seened 20 e dependent upon the degree of elongation and treating
tezperatiire,

Dichrolisz change of visiole lizh: wizh streiching, relaxation, and thermal
c2xzle wvas exazined on tne thermall: decomposed PVC within the temperature
rarge Detweern SO and 110°7.. As a result it became clear that the thermally
Zecompeosed FYI was not suiztable and some suitably dyed PVC should be used
5= =g pregent TorpisE.

A1Trougs e measurenents on the dichroism change of infrared with stretch-
izg at elevazel texmperazure had Tteen planned, unfortunately they could not

e :a:—-—* o ou -

- -0




n

M

*n

(3,

o

O

10.

-16-
REFERENCES

R. S, Stein and A, V. Tobolsky, Textile Research Journal, 18, 302 (1948).
T. Alfrey, Jr., N, Wiederhorn, R, S, Stein and A. V. Tobolsky, Ind. and Eng.
Chem., L1, 202 (19%9).

7. Alfrey, Jr., N. Wiederhorn, R. S, Stein and A, V., Tobolsky, J. Colloid Sci.,

R, 3, Stein, S, Krimm and A, V. Tobolsky, Textile Research Journal, 19, 8 (1949).
3. Yamada, ONR Technical Report (in preparation).

A. Utsuo ané R, S, Stein, Polymer Letters, 3, 49 (1964).

D. A, Keedy, 2. J. Volungis and H, Kawvai, Rev. Sci. Inst., 32, 415 (1961).

X, Xavai and R, 5, Stein, OKR Technical Report No. 68, Project: NR 056-378,
Coniract: Nonr 2357(0l) Polymer Research Institute, University of Mass.,

Amhers:, Massachusezzs (196L),

Z, Xolskyr and A. I, Scearman, Proc. Phys. Soc., 55, 383 (1943).

J. R, McLoughlin, "Physical Studies of Some High Polymers", Princeton University

Dozzoral Diss. (1931),.

0. K., Trapeznikova ané M, N, Zhurina, J. Phys. Chem., (U,S,S.R) 2k, 1471 (1950).
Z. Xolsky, Nature 1&€, 233 (1950).

0. X, Trapeznikova, J. Pays. Chem., (U.S.S.R) 22, 395 (19i8).

. Pd¢ and B, F, Gurnee, J. Appl. Pnys., 28, 1096 (1957).

R, S, Stein and A, V., Tovolsky, Textile Research Journal, 18, 201 (1948).

. P. Gurnee, J. Appl. Phys., 23, 1232 (1954).

. Steirn in Die Physik der Bochpolymerem, ed. by H, A, Stuart, Vol. 4

)

Springer, Berlin (1334), pp. 110-125,
S. Zoszino, J. Powers, D, G, leGrand, E. Kawai and R, S. Stein, J. Polymer Sci.,
ZE, 125 (1962),

W. Xuhr, J, Polyvmer Sei., 1, 330 (1964) .




BoRE 3

n

n

[£Y)
n

AN

«Q

=

L. 3., G. Treloar, The Physics of Rubber Elasticity, Oxford (1949).

R, S, Stein and F, H. Norris, J. Polymer Sci., 21, 381 (1956).
Reference 17, p. 12L,

R, S, Steirn, An Investigation of the Relationship Between Polymer Structure

and Mechanical Properties, Ph.D., Dissertation, Princeton University (1948).

W, Yau, X, Sasaguri and R, S, Stein, ONR Technical Report No. 54, Project:
¥R 232378, Contract: Yonr 3*337(01) Polymer Research Institute, University
of Mass., Amhers:, Massachusetts, August 28, 1963.

3, 3, Stein, ONR Technical Report No. 71, Project: NR 056-378, Contract:
Fonr 2337(01) Polymer Research Ins:titute, University of Mass., Ainherst,
Massachusetts, August 7, 1064,

M, V. Volkenstein, Jonfigurational Statistics of Polymer Chains, Interscience,

-

%ew Yorkx, 1943, Chapter 7.

eedv, J, Powers and R, S, Stein, J. Appl. Fhys., 31, 1911 (1960).

-
-~

2

)
o e

Iy

uige an

(=]
€y

R. S, Stein, J, Appl. Phys., 32, 2357 (1961).

(£7]

o Xrlm, V., L, Tolz, J. J. Sripman and A, R, Borens, J. Polymer Sci., Al,

Y

£21 (1963).

n

tn

. ¥rimm and S, Znomoto, J. Polymer Sci., A2, 669 (1964).
Ce J. Stipeman, V. L, Fol: and S, Krimm, Spectrochem. Acta, 18, 1603 (1962).

S, ¥rime, V, L, Fol%, J. J. Shipman and A, R. Borens, Polymer letters, 2,

S. Zromozo, M. Koguro and M. Ahasina, J. Polymer Sci., A2, 5355 (196L).

S. Onogl, I. A, ¥Xeedy and R, S. Stein, J. Polymer Sci., 50, 153 (1961).

R, 5, Steirn, 5, Onogi, X. Sasaguri and D. A, Keedy, J. Appl. Phys., 3k, 80 (1963).
X. Sasaguri and R, I, Stein, J. Polymer Sci., C5, 139 (1963).

¥. Schmieder and ¥. Wolf, Koll. z., 127, 65 (1952).

K. A, Wol?, Z, Electrochemie., €5, 604 (1961).

2, ¥ouo, J. Phys. 5oc. Japan, 16, 1793 (1961).



[S2%

wn

AW i}

\n

\N

n
IS

n

\n

N
o

-3

An

=18<

¥, >, Shen and A. V. Tobolsky, ONR Technical Report RLT-76, Contract:
Yor.r 1838(07), Project: NR 356-3T7, Frick Chemical Laboratory, Princeton
University, Princeton, New Jersey, April, 1964,

F, P, ‘happel, Polymer 1, 409 (1960).

D, Patterson and I, M. Ward, Trans. Far. Soc., 53, 1516 (1957).

R, Yamada and R. S. Stein, Polymer Letters 2, 1131 (196k).

2. S. Marvel, Organic Chemistry, Vol. 1, Wiley, New York, 19i3,

X, Xawvai and R, 3, Stein, ONR Technical Report No. 63, Project: NR 356-378,
Jonzrac:: Nonr 32337(01), Polymer Research Institute, University of Mass.,

Azhers:, Massachusetts, April, 19cl.

7]

X, D. B, Fraser, J, Chem. Phys., 21, 1511 (1953).

Ellfot:, Azbtrose and Temple, J. Chem. Phys., 16, 877 (1948).

S. Xrimm, Fortsch. Hochpoly-Forsch., 2, 121 (1960).

S, Xrimm, and 2, Y, Liang, J. Polymer Sci., 22, 95 (1956).

2, Germar, Xoll. Z., 193, 25 {1963).

S. ¥rirm and S. Znomozo, J. Polymer Sci., A2, 669 (1964).

S, ¥rimm, V. L, Folt, J. J. Shipman and A, R, Berens, J, Polymer Sci., Al,
2621 {1963).

S, Mizushima, T, Shimanocuchi, K., Nakamara, M, Hayashi and S, Tsuchiyws,

C. Them. Pays., 26, 970 (1957).

J. J. Shipman, V. L. Folt ané S. Krimm, Spectrochim. Acta., 18, 1603 (1962).
S, ¥rimm, A, R, Berens, V. L. Folt and J. J. Shipman, Chem. Ind. (London)
«:2 (1959).

7. Shimanouchi and M. Tasumi, Spectrochim. Acta., 17, 755 (1961).

T. Shimanouchi, Z. Tsuchiya and S, Mizushima, Kobunshi, _8_, 202 (1959).



Figure

Mgure

HMgure

-

n

[0

(@]

L0

10

O
FIGURE CAPTIONS

The stress strain relationships up to abeut 20% elongation at wvarious
temperatures,

The stress and birefringence change with stretching and relaxation at
roon temperature.

The siress and birefringence change with stretching at hOOC.

The stress and birefringence change with stretching and relaxation at
60 and 80°:.

The variation of the value of birefringence/stress with stretching at
60 and 80°z.

The thermal siress cycles for various elongations.

The thermal birefringence cycles for various elongationms.

The variation of the values of birefringence x temperature per stresgs
with temperature for various elongations.

The ariation of the dynamic stress and birefringence with frequency
at room temperature.

The thermal stress cycles of thermally decomposed and original PVC
for 200% elongation.

The variation of the perpendicular and pearallel intensity of light which
passed through the thermally decomposed PVC film with stretching,

relaxation, and thermal cycle.
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Figure 8
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