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The mechanical behaviour of poly(tetramethyl-p-silphenylene siloxane) [poly(TMPS)] homopolymer 
and random block copolymers of tetramethyl-p-silphenylene siloxane-dimethyl siloxane [poly(TMPS- 
DMS)] of mean DMS block of 12 monomer units have been investigated over a wide range of compo- 
sition and temperature using a Rheovibron viscoelastometer. The compositions ranged from TMPS/ 
DMS wt % ratio of 100/0 to 30/70. The temperature intervals spanned from just above -120°C to 
the point where melting became evident as dictated by the molecular architecture of each system. 
Two amorphous relaxation transitions, corresponding to DMS and TMPS phases, were found for co- 
polymers with high TMPS content (t>80 wt %). At lower TMPS compositions (~<50 wt %) these tran- 
sitions merge together. All dynamic transitions are a function of composition and crystallinity. The 
'hard' TMPS phase provides crosslinks and acts as filler for the rubbery amorphous phase. The percen- 
tage elongation under tensile loading increases with the DMS amorphous content, which parallels an 
increase in clarity and decrease in density and crystallinity. A morphological model which depends on 
composition is proposed for these polysiloxanes. The model advanced is consistent with other physical 
evidence derived from other techniques. Changes in mechanical behaviour parallel changes in specimen 
morphology. 

INTRODUCTION 

According to Hug, gins et al. 1 a block copolymer is defined as 
'composed of molecules in which two or more polymeric 
segments of different chemical compositions are attached 
end-to-end'. Such a definition allows many variations in 
molecular architecture depending upon the polymerization 
method used. A material can be tailored, within limitations, 
to meet certain mechanical property requirements based upon 
a knowledge of the characteristics of its components. In turn, 
the copolymer solid state morphology can be correlated with 
its physical and mechanical behaviour which can provide in- 
sights into the fundamental behaviour of such systems 2-s. 
A thermodynamic description of phase separation based 
upon solubility and entropic considerations of copolymer 
components has been enunciated by Meier and others 6'7 to 
account for their physical properties. Meier calculated the 
most stable domain shape for an AB type system (styrene- 
butadiene) where A and B refer to the two constituents. He 
showed that a range of morphologies and stabilities was prac- 
ticable depending upon the molecular ratios MA/MB within 
the copolymer, in which microphase separation occurs into 
spheres, cylinders or lamellae depending upon composition. 
Of course, there are several simplifying assumptions in his 
analysis (e.g. that all copolymer molecules have the same 
molecular weight, copolymer composition and sequence 
distribution). Such stringent restrictions seldom hold in 

* This paper represents a part of a research project carried out in 
partial fulfillment of PhD requirements at the University of 
Pittsburgh. 

practice. A case in point is that of the polysiloxane copoly- 
mers 8 presented in this paper, which materials were among 
the earliest thermoplastic block type elastomers of their 
class to be synthesized 9 by co-condensation polymerization 
in the early 1960s. Since that time, however, considerable 
interest and expertise has developed 1° in making block co- 
polymers of diverse kinds. Physical methods have been ap- 
plied to gain understanding and check on the synthesis, and 
in some instances it has been found that complete phase 
microphase separation does not occur 11't2 because of inter- 
vening kinetic factors during sample preparation. An 
example of this behaviour is found in the poly(bis-phenol- 
A-carbonate-dimethyl siloxane) 11 in which small-angle X- 
ray scattering suggests that the boundaries between the poly. 
carbonate hard domains and DMS matrix are not sharp. 
Other examples have also been cited 13,14. The reader is re- 
ferred to the literature for detailed descriptions of other 
systems since the main thrust of the present paper is on the 
mechanical property-morphology behaviour of poly(TMPS- 
DMS) and the changes in its mechanical response with tem- 
perature and composition. 

EXPERIMENTAL 

Materials 
The polymers used in this study have been reported in 

previous papers a'9'ls. They may be represented chemically 
as:  
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corresponding respectively to TMPS homopolymer and 
TMPS/DMS copolymers. The latter copolymers studied in 
this work ranged in wt % compositions from 90/10 to 30•70 
with a mean 'soft '  DMS block size of twelve monomer units 
and variable TMPS sequence length. The mean amorphous 
sequence size deduced from recent physical measurements ~7 
is shorter than that anticipated from earlier synthesis formu- 
lations 9 where an 18 DMS monomer block length was ex- 
pected. Molecular weights of all polymers by g.p.c, were in 
the range 105 to 106 so that chain end effects could be ig- 
nored. Many other physical measurements using electron 
microscopy, small-angle X-ray scattering, density, thermal 
n.m.r, and g.p.c, analysis, selective chemical degradation, 
wide-angle X-ray (structure) methods, optical microscopy 
crystallinity measurements and crystallization kinetic tech- 
niques feature among the ways of studying homo- and co- 
polymers. Reference is made here to the many techniques 
that have been used to characterize our materials, however, the 
main thrust of the current paper centres on aspects of mecha- 
nical behaviour as they relate to morphology. 

Dynamic mechanical measurements 
These measurements were made with a Dynamic Visco- 

elastometer Rheovibron Model DDV-I I  with a low tempera- 
ture chamber manufactured by the Toyo Measuring Instru- 
ments Company Ltd, Japan. Experiments were conducted 
over all available frequency ranges, namely, 3.5, 11,35 and 
110 Hz, using a range of test lengths for each polymer speci- 
men in order to obtain a correction factor for the measured 
value of the dynamic force. The correction procedure 17 as 
detailed in the literature proved to be important in the case 
of our materials which range from the fairly tough opaque 
poly(TMPS) homopolymer to translucent elastomeric 
poly(TMPS-DMS) copolymers as high as 30/70 wt % ratio 
composition. 

For the dynamic mechanical studies, the homopolymer 
and the copolymers were carefully melt-moulded at 200°C 
for 5 min in a hot press into bubble-free sheets varying in 
thickness from 0.014 cm for the 90/10 to 0.032 cm for the 
30/70 wt % copolymers. All specimens were quenched to 
room temperature and allowed to crystallize for several days. 
Samples were then cut into rectangular strips varying in 
length from 2.5 to 3.5 cm and width 2 to 5 mm to provide 
a range of dimensions suitable for the modulus of elasticity 
measurements. Measurements were made on (a) materials 
which were cooled in the Rheovibron to approximately 
-100°C or lower and subsequently heated slowly during 
measurements to a temperature where incipient melting was 
indicated by the instrument and (b) crystallized samples 
which were also investigated during cooling from room tem- 
perature to as low as -120°C in a few instances. 

Samples used in the Rheovibron instrument were charac- 
terized by density gradient measurements, optical microsco- 

RESULTS AND DISCUSSION 

Sample morphology 
All copolymer specimens were spherulitic in nature. 

They contained negatively birefringent, finely banded en- 
tities with a typical Maltese extinction cross in the polarizer 
and analyser directions. The poly(TMPS) contained fibriUar 
negative spherulites. Typical patterns are illustrated in 
Figure 1. In all samples the crystalline TMPS phase coexist- 
ing with amorphous DMS was tetragonal. The small-angle 
X-ray spacing depicted in Figure 2, which covered more 
than a three-fold span in spacing, is consistent with a two 
phase morphological model of a lamellar nature a~a, the hard 
(crystalline) TMPS phase alternating or interdispersed with 
the 'soft '  (non-crystalline) DMS one. Observed T m and 
equilibrium melting point, Tin, data are recorded in Table 1 
along with calculated values from random copolymer theory, 
using 12 monomer units as the average DMS sequence length 
for all polymers investigated. Table 2 lists a wide range of 
crystallinity indices ranging from 0.13 to 0.60 for the same 
polymers. The lower the crystallinity the more elastomeric 
and clear the specimens, in line with the change in crystal- 
linity. Samples such as the homopolymer and copolymers 
with high TMPS contents are opaque. The sample clarity 
improved as the elastomeric nature of the copolymers in- 
creased. Furthermore, the elongation (%) at 3000 p.s.i, after 
prestressing under tensile loading (plotted from Merker et al., 
Figure 3) rises markedly with wt % DMS in the copolymers. 

The correlation between the two sets of crystallinity 
results over the entire composition range in Table 2 is sur- 
prisingly good considering the complex nature of these 
polysiloxane systems. 

Dynamic mechanical properties 
It is well known 19 that the dynamic Young's modulus is 

a linear viscoelastic function which is represented by a com- 
plex function, E*: 

E* = E '  +/E" 

with a loss factor tan 6 = E"/E, where the storage modulus 
E '  = (E*) cos 8 and loss modulusE" = LE*I sin 6. These 
quantities are of physical interest in characterization of the 
mechanical behaviour of the polymer(s). Tan 6 provides an 
important measure of the internal fraction in the system and 
this is a thermodynamically irreversible process providing 
information on the conversion of mechanical to thermal 
energy and consequently on the nature of internal molecular 
motions under applied stress. The position of the so-called 
primary transition in amorphous or semicrystalline polymers 
is determined by its glass transition, the magnitude of the 
modulus plateau depending on composition, crystallinity 
index or degree of crosslinking. The results obtained in 
Figure 3 for polysiloxanes in this work are no exception to 
this generalization and the interesting changes that occur 
can be correlated with morphological observations as des- 
cribed below. 

Rheovibron measurements were made on different test 
lengths of each polymer sample, except for the 50•50 speci- 
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Figure I Spherulites of poly(TMPS) and TMPS--DMS copolymers. Samples shown are" (a) poly(TMPS) crystallized at 90°C (x380); 
(b) TMPS/DMS (30/70 wt %) copolymer stepwise crystallized at 62.5 ° and 25°C, respectively (x375); (c) TMPS/DMS (50/50 wt %) copolymer 
crystallized at 30°C (x400); (d) TMPS/DMS (50/50 wt %) copolymer crystallized at 60°C (x400) 

men where material was limited. This approach was essen- 
tial in order to apply clamping corrections which proved to 
be very important in this work. There are a number of ins- 
trument and sample factors that can cause significant errors 
in these measurements. These have been documented in de- 
tail elsewhere t7'2°. Suffice it to point out here the magni- 
tude of these effects and to illustrate them. Generally, the 
total correction factor is usually greater on the low tempera- 
ture modulus end of the relaxation spectrum. Typically the 
errors in E*  and tan 8 as a function of temperature are 
shown in Figure 4 for the 90/10 composition copolymer. In 
summary, the correction errors in E* for the homopolymer, 
90/10 and 80•20 copolymers are about 10-15% at room 
temperature and 45-50% at -110°C. For the 50•50, 40•60 

and 30[70 copolymers the error is approximately 25-30% 
at room temperature and 65-70% in the -110°C region. 
Since poly(TMPS) is included in this copolymer series, for 
reference it is appropriate to illustrate (Figure 5) how its 
E',  E "  and tan 6 at a constant frequency of 110 Hz varies as 
a function temperature. Note that two major transitions are 
observed; one in the region of 0 ° and the other around 130°C 
for this frequency. The high temperature one is the primary 
amorphous (glassy) relaxation of TMPS homopolymer which 
has a crystallinity index around 0.6. This relaxation peak 
agrees closely with that found by Murray and Markovitz 2~ 
for this particular homopolymer. Using d.s.c, and dilatometry 
the glass transition 22 for poly(TMPS) of high molecular weight 
is found to be -20°C, since these techniques normally cor- 
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Figure 2 Small-angle X-ray spacing of typical melt formed poly- 
siloxanes of wt % composition ratios of 100/0, 90/10, 80/20, 
50150, 40/60 and 30170 (after MeManus and Magill, unpublished) 

Table I Melting temperature of polysiloxanes 

Melting 
Ratio of TMPS Observed* Equilibrium t temperatures~ c 
and DMS (wt %) Tm (°C) Trr7 (°C) (°C) 

100/0 - 160 160 
90/10 139 153.6 156.4 
80/20 - 145.6 152.1 
50/50 100 127.3 132.8 
40 /60  69.5 122.2 122,0 
30170 - 110.5 92.0 

* After Merker and coworkers9; 
t equilibrium Tn~ values were obtained by the Hoffman--Weeks 
extrapolation method. Plots given in ref 20; 
~c calculated from theory with 12 monomer unit DMS sequences, 
by the method of Mandelkern 

perature is raised above 20°C; and a2, the crystalline 
relaxation. 

These details are introduced almost parenthetically here, to 
indicate the limited nature of Rheovibron measurements in 
pursuing detailed mechanisms. However, it is still a useful 
instrument; especially for comparing the dynamic mechani- 
cal behaviour of related polymers and their major 'loss 
peaks' which are related to molecular architecture and mor- 
phological texture, as well as to the mechanical property 
differences that are associated with sample fabrication 2a-2s. 
Figure 5 shows how E', E "  and tan 6 vary with composition 
and temperature for poly(TMPS) at 110 Hz. Similar trends 
are noted at other frequencies in the 3.5-110 Hz interval 
with small shifts occurring towards higher temperatures at 
the higher frequencies. This behaviour happens to hold for 
all the polymers examined. 

For the copolymers the trends in behaviour are illustrated 
in composite graphs (Figures 6, 7 and 8) forE' ,  E "  and tan 
6, respectively. 

Note that 90/10 and 80•20 have two transitions with 
peaks in the loss tangent (tan 6) and loss modulus, E" ,  plus 

Tab/e 2 Crystallinity indices of poly(TMPS) homopolymer and 
poly(TMPS--DMS) copolymers 

Density Crystallinity* Crystallinity 
Sample (g/cm 3) index (density) indext(d.s.c.) 

100/0 1.046 0.59 0.60 
90/10 1.036 0.51 0.53 
80•20 1.028 0.44 0.50 
50/50 1.009 0.28 0.29 
40/60 0.999 0.18 0.17 
30/70 0.994 0.13 0.13 

* Calculation assumes additivity of copolymer phases for the derived 
relation Xc (density) = (v - ~Tal) + c ( v a l  - va2  ) l ( v c  - v a t  ) = "wc, where 
v, Val, Va2, and Vc represent the mean specific volume of sample, amor- 
phous TMPS, amorphous DMS and crystalline TMPS, respectively. 
c denotes the DMS composition in the system and wc is the weight 
fraction of crystalline TMPS. 
t Calculated from the relation Xc(d.s.c.) = (AHf + 2Oe/I)Ahfwhere 
AHf is the measured heat of fusion, ~Lhf is the value for the perfect 
crystal (13 cal/g) and oe is the interfacial crystal surface energy 

8 0 0  
respond to a lower frequency of measurement (e.g. 1 ° C/min 
Tg in dilatometry). 

Undoubtedly, the high temperature transition reflects the 
onset of melting via a rapid drop in the storage modulus, E ' ,  600 

and a strong rise in the damping, tan 6. Measurements were 
terminated in all samples at the onset of melting because 
softening and sample distortion usually occurred in the grip 
holders of the Rheovibron. The d.s.c, and optical hot stage ~ 4 0 0  
melting behaviour of TMPS is about 140°C for this sample 
moulded as already described. The Rheovibron proved to be 
insensitive to several other smaller secondary transitions de- 
tected by Murray and Markovitz 21 using a very sensitive com- 2 0 0  
puterized instrument which covered a frequency range from 
0.002 to 500 Hz and temperature span o f -190  ° to 100°C. In 
their detailed classification of the mechanical transitions the 
corresponding morphological features were assigned:/~, pri- 
mary amorphous transition;Tt,non-crystalline relaxation; 0 
3'2, crystalline relaxation unaffected by spherulite size;3'3, 
low temperature relaxation of unknown origin; a l ,  associated 
with non-crystalline regions increasing in intensity as the tem- 

Figure 3 

y/ 
' ' ' 8" 0 40 
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Elongation at 3000 p.s.i, as a function of non-crystalline 
DMS content (wt %) after prestressing at 3000 p.s.i. 
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Figure 4 A, Uncorrected and B, corrected (E *) and tan 6 of 
90/10 copolymer plotted against temperature at 110 Hz 
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Figure 5 A. E', B, E"  and C, tan ~ of the TMPS homopolymer 
plotted against temperature at 110 Hz 
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xation peaks increase as the DMS content is raised. Further- 
more, it is found that the position of the peak for short DMS 
sequences corresponds closely to the transition found 26 in 
oligomeric DMS. It is important to realize that the measure- 
ment of damping is the summation of the responses of all 
components in a given sample. The melting temperatures 
of 90/10 and 80/20 are relatively close (Table 1) since their 
crystallinities and lamellar thickness are comparable (see 
Figure 2). 

On going to the 50/50 polymer the trend is similar except 
that there is only one damping peak apart from a small 
shoulder due to TMPS in the low frequency results. For 
40/60 and 30/70 the two relaxations are combined, moving 
to lower temperatures. Summarizing the behaviour at con- 
stant frequency it can be concluded that: 

(i) the relaxation temperature due to the amorphous 
TMPS component moves to lower temperatures as the DMS 
content increases; 

(ii) the relaxation temperatures due to the DMS compo- 
nent first move up scale and then back down to lower tem- 
peratures as the DMS content becomes larger, causing the 
two relaxation peaks to merge; 

" O  

O ~  ~o IO s 
.9o 
U') 

i i I 1 i I 

-120O - 4 0 O  4 0 ' 0  120'O 

Temperature PC) 

Figure 6 E' of the homopolymer and copolymers plotted against 
temperature for 110 Hz. ~, TMP8; D, 90/10; A, 80120; O, 50150; 
+, 40160; &, 30•70 

one melting transition in the 120°-130°C range. The tran- 
sitions in the copolymers fall below the poly(TMPS) values. 
The tan 6 transition in the - 4 0  ° to -50°C region for 90/10 
and 80/20 is associated with the relaxation of the amorphous 
TMPS and with randomly distributed DMS. The E "  peaks 
occur at -42°C for 90/10 and -48°C for 80•20 in accor- 
dance with a shift of the relaxation behaviour to lower tem- 
peratures due to shorter 'sequence' lengths of TMPS in the 
main chain plus the presence of more flexible DMS compo- 
nent. The tan 6 damping for the amorphous TMPS/~ relaxa- 
tion first increases in 90/10 relative to poly(TMPS) before it 
decreases again on going to the 80•20 specimen. This trend 
is attributed to the lower sample crystallinity which allows 
greater energy dissipation. The intensity of the amorphous 
TMPS relaxation decreases even though the crystaUinity 
does not change very much (see Table 2). 

In the - 1 0 0  ° to -90°C region the oDserved relaxation is 
believed to correspond to the DMS component of the co- 
polymer. This assignment is based on the fact that the rela- 
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Figure 7 E" of the homopolymer and copolymers plotted against 
temperature at 3.5 Hz. 0, TMPS; D, 90/10; A, 80120; O, 50150; 
+, 40160; &, 30/70 
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(iii) at the higher temperature end of the spectrum, the 
rapid rise in the loss tangent due to the onset of melting 
moves to lower temperatures as the amorphous (DMS) con- 
tent of the copolymer is raised. 

Based on these results and the morphological results cited 
here and elsewhere, the models (Figure 9) provide a rational 
explanation for the observed behaviour. Selective chemical 
degradation work coupled with small-angle X-ray scattering 
indicates that all copolymers Is have a common crystalline 
core of about 60 A. 

(iv) the shift in tan ~ with increasing frequency between 
3.5 and 110 Hz only amounts to about a 10°C movement 
(maximum) to higher temperatures for the TMPS/3 
relaxation. 

Storage moduli and correlation with crystallinity and 
composition 

In the glassy state E '  is about 4 x 101o dynes/cm 2 and it 
gradually decreases with increasing temperature before 
abruptly passing into a rubbery condition about 20 ° above 
the transition region (see Figure 5 or 6). Beyond this tem- 
perature the storage modulus decreases until a steep drop 
occurs at the onset of melting. Changes with copolymer 
composition follow a pattern that indicates a shift from 
plastic to elastomeric behaviour on going from poly(TMPS) 
to the 30•70 copolymer. Note that E '  drops from 1010- 
1011 to 107-108 dynes/cm 2 in the rubbery region. The 
microphase morphology can account for this behaviour. As 
the amorphous content is increased, the copolymer texture 
changes from a crystalline TMPS continuous phase of lameUae 

iO o 
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T 7" T 

to 
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Figure 8 Tan 6 of the homopolymer and copolymers plotted against 
temperature at 110 Hz. O, TMPS; [~, 90/10; A, 80/20; (3, 50150; 
+, 40•60; A, 30•70 

alternating with a small amount of amorphous material to a 
situation where the amorphous phase is the major component 
as supported by selective chemical degradation and X-ray 
long period results ~s. In the plateau region typical rubber- 
like behaviour is observed for all copolymers. At room tem- 
perature deformation occurs affinely. At break, these mate- 
rials are reported to exhibit high elongation 9 (see Figure 3). 
For sufficiently high temperatures, the effective crystalline 
TMPS crosslinks are melted permitting the ends of the rub- 
bery segments to move freely as in a typical thermoplastic. 

The behaviour of the dispersed TMPS crystalline phase 
with a modulus far in excess of the DMS amorphous cons- 
tituent can be analysed in terms of the morphology. Rele- 
vant data is found in Table 3. Treating the system as being 
comprised of filled material of modulus E, and matrix mate- 
rial of E0, a modified Mooney expression 27 can be written 
to show the effect of particle (crystallite filler) shape on 
mechanical behaviour. I fP  is the aspect ratio of the particle 
and ~2 is the, volume fraction filler: 

( ' )  InE/Eo = 1 - 1_4~ 2 x {2.5~b 2 + [32(1//)-  1)$2/15~r] 

[0.628(1[P - 1)dp2/1/P- 0.075]} 

When P = 1 the equation describes the reinforcement of sphe- 
rical or cube-like particles or crystallites. For values of P less 
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Amorphous TMPS 

Amorphous DMS 
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Figure 9 Morphological model of  the crystall ine lamellae in 
poly(TMPS/DMS) melt  crystallized copolymers for  (a) 90/10 and (b) 
30/70 which cover high and low crystal l in i ty,  respectively 

Table 3 Degree of  crystal l ini ty and storage Young's modulus ratio 

Composit ion Xc* by X c by 
TMPS/DMS weight (%) volume (%) 

Storage Young's 
~b2 E'  modulus ratio, 

2.303 (1 - 1.4~ 2) (dynes/cm 2) E' /E '  0 

100/0 59 56 
90/10 51 47 
80/20 44 41 
50/50 27 25 
40/60 18 16.5 
30/70 13 12 

1.127 8.4 x 109 420 
0;598 3.5 X 109 175 
0.4.18 3.0 X 109 150 
0.167 4.0 x 10 s 20 
0.093 1.2 X 108 6.0 
0.063 5.8 X 107 2.9 
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Modified Mooney equation showing the storage Young's Figure I0 
modulus ratio E'/E'o against volume fraction of (TMPS) filler 
(TMPS are the crystalline regions) for various crystallite aspect ratios, 
P. A, Logl0E;) = 7.3. Slope = 8.0 

CONCLUSIONS 

(a) Two amorphous relaxation transitions corresponding 
to DMS and TMPS components were found for copolymers 
with TMPS contents >i 80 wt %. A morphological model 
consisting of lamellae alternating with less ordered amorphous 
polymer explains these results. 

(b) For polymers of lower TMPS content (-<<50 wt %) the 
two relaxations merge when the TMPS crystalline phase be- 
comes dispersed in the larger rubbery DMS matrix. 

(c) Typical thermoelastic elastomeric behaviour is dis- 
played by these polysiloxane copolymers especially at the 
50 wt % to the 70 wt % DMS levels where samples of rela- 
tively high clarity exist. 

(d) All dynamic mechanical properties are functions of 
composition and crystallinity. On the rubbery plateau the 
storage Young's moduli of the copolymers of DMS content 
between 50 and 70 wt % can be accounted for by the rein- 
forcement effect of plate-like crystalline Idler in a rubbery 
DMS matrix with an aspect ratio P = 1/10. 

(e) All copolymers are spherulitic with the crystallinity 
index decreasing from 0.53 to 0.13 approximately, as the 
DMS block content increases from 10 to 70% with some de- 
pendence on thermal history. This decrease is explained in 
terms of the number of TMPS segments with long sequence 
lengths, well in excess of 60 A, the minimum lamella thick- 
ness is deduced from small-angle X-ray results on chemically 
degraded polymer using 48% ttF solution. The small-angle 
period in untreated copolymers is strongly dependent 
upon the amorphous DMS component that is excluded from 
the crystalline TMPS phase. 

than unity the equation should be valid for plate-like or disc- 
shaped fillers. This can be tested for by rearranging the above 
equation to give: 

logl0 E = logl0E 0 + Np(~2/[2.303(1 - 1.4~b2) ] 

where 
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N p = 2 . 5 + S 2 ( 1 / P  - 1)[151r- [ 1 / P - 0 . 0 7 5  ] 

where logloE'  plotted against ~2/2.303 (1 - 1.4~b2) should 
give a straight line. The more elastomeric copolymers of 
30•70, 40/60, and 50•50 compositions exhibit this behaviour 
giving Np = 8.0, corresponding to a P value of 1/10 and a log 
E '  = 7.3, givingE' = 2 x 107 dynes/cm 2 in fair agreement 
with the result found for untilled poly(DMS) of 0.9 x 
107 dynes/cm 3. Table 3 contains data appropriate to this 
analysis. Storage Young's moduli ratio E' /E '  0 as a function 
of filler volume fractions are tabulated as well as plotted in 
Figure 10 for different filler anisotropies. Here it is again 
clear that deviations from linearity for P = 1/10, which best 
fits the data, move toward even smaller P ratios as the TMPS/ 
DMS content is increased. Based on the validity of the modi- 
fied Mooney equation, values of the Young's modulus ratios 
E'/g'o are in fair agreement with experiment for 30/70, 
40•60, and 50/50 copolymers. At higher f'dler contents 
(¢ > 0.4) these deviations are not unexpected, for example 
in the case of 80/20 and 90/10 copolymers, since there are 
changes in sample internal morphology. Such behaviour 
noted elsewhere, give results for highly Idled polymers that 
are lower than predicted by the modified Mooney 
relationship. 
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