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Synopsis

The glass-transition temperatures (T’s) and specific heats (Cp) of poly(vinyl chloride) (PVC)
and PVC plasticized with 5-120 phr di(2-ethylhexyl) adipate (DOA) and tri(2-ethylhexyl) trimellitate
(TOTM) have been determined by differential scanning calorimetry (DSC). Measured T,’s were
compared to predictions by the Couchman and Karasz (C-K) thermodynamic theory, three related
empirical equations, and a new equation obtained from the C—K relation by assuming the product
T, AC; to be constant. It was found that the T;’s of the PVC/TOTM mixtures are adequately
predicted only by the C-K and the derivative relation. The T’s of the PVC/DOA mixtures follow
a sigmoidal or cusp-like dependence on plasticizer composition as has been observed for some other
PVC/plasticizer mixtures. In this case, the approximation afforded by the C-K or derivative
equations is still superior to the empirical models over a wide composition range. Dynamic me-
chanical analysis of the PVC/DOA mixtures suggests that the DSC transitions may consist of two
overlapping phase transitions. The reported sigmoidal composition dependence of the DSC T,’s
may therefore result from the measured T’s being weighted towards the temperature corresponding
to the predominant dynamic mechanical transition (i.e., the high T, phase at low plasticizer con-
centrations and the low T phase at high plasticizer concentrations). In such cases of partial phase
separation, the C-K or the derivative equation may be used to estimate the composition of the two
phases at each overall plasticizer concentration.

INTRODUCTION

Over the years, numerous equations have been used in an attempt to relate
the glass-transition temperature (T) of polymer mixtures to component prop-
erties.! These have been either totally empirical or derived from thermodynamic
or free volume arguments; however, none of these have proved totally successful
in predicting T,’s of both polymer blends and polymer/diluent mixtures.23
Recently, Couchman and Karasz*-6 (C-K) have offered a thermodynamic deri-
vation based on the continuity of mixture entropy at Ty. The form of the C-K
equation is given as
W2AC ,2ln(Tg,2/Tg,1)
W1ACp,1 + WoAC, 5
for components 1 and 2 in a binary mixture where component 1 is the low T
component, W is the weight fraction, and AC,, is the difference in specific heat

between the liquid and glass states at T,. The utility of eq. (1) in predicting the
T,’s of miscible polymer blends was demonstrated by Couchman for two blends

In(T,/Tg1) =

(1)
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TABLE 1
Thermal Properties

T,  ACp, TeAC,

Polymer Designation  (°K) (cal/g/°K) (cal/g) Ref2
Poly(2,6-dimethyl-1,4-phenylene oxide) PPO 489 0.0528 25.8 30
Poly(a-methyl styrene) PAMS 428 0.062 26.5 7

Poly(styrene-co-a-methyl styrene-co- P(S-AMS-AN) 396 0.072 28.5 7
acrylonitrile)

Polystyrene PS 378 0.0671 254 30

Poly(vinyl chloride) PVC 360  0.074 26.6  This study
Poly(vinyl chloride), stabilized — 358 0.077 27.6  This study
Tricresyl phosphate TCP 221 0.114 25.2  This study
Tri(2-ethylhexyl) trimellitate TOTM 201 0.136 27.3  This study
Di(2-ethylhexyl) phthalate DOP 186 0.145 27.0  This study

Di(2-ethylhexyl) adipate DOA 173 0.154 26.6  This study

2 Reference to values of both T and ACp.

of poly(2,6-dimethyl-1,4-phenylene oxide) (PMMPO)> and more recently by
Leisz et al.” for four additional polymer blends including two PVC blends.

Couchman?® showed that under certain restrictions, eq. (1) reduces to several
empirical relations. For example, if AC,, 1 = AC, », eq. (1) reduces to the loga-
rithmic rule of mixtures®

In(Tg/Tg1) = Woln(Ty 2/ Ty 1) (2a)
or upon rearrangement
In Tg = W1 lnTg,l + W2 h’ng,Q (2b)

If the ratio of the two components Ty’s (Tg2/Tg 1) is not very far from unity,
second- and higher-order terms in the series expansion of the logarithmic terms
in eq. (2a) can be neglected to give the following equation which is known as the
simple rule of mixtures

Tg = Wng’l + W2Tgy2 (3)

It is evident that if the C-K relation is valid and if the T}’s of the mixture’s
two components are widely separated as they are for polymer/diluent mixtures,
then the linear relation of eq. (3) would be a poor approximation to actual mixture
T,’s. This also should be true for eq. (2) which was obtained on the assumption
that AC, is constant. As Boyer and Simha®0 have shown, it is the product of
TgACp, rather than AC,, alone, which is approximately constant for amorphous
glasses. The assumption of constant AC,, on which derivation of eq. (2) depends
therefore also implies the limiting restriction that Ty 5 =~ T, ;. Boyer! has re-
ported that for 30 different polymers, the product T, AC, was found to be 27.5
cal/g. We have determined values of T3 AC,, for six polymers and four amor-
phous low-molecular-weight plasticizers (Table I) and found that T, AC, ~ 26.1
cal/g in good agreement with Boyer’s value. As shown in Table I for a variety
of amorphous glasses whose T ’s range from 489 to 173°K, AC,, is not constant
but varies between 0.0528 to 0.154 cal/g/°K.

As published Ty data rarely include values of component AC,, it is difficult
to assess the validity of eq. (1) for other mixtures, particularly polymer/diluent
systems for which T, varies widely with composition. Under such circumstances,
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TABLE I
P(S-AN-AMS)/PVCa
AC, Glass transition temperature (°K)

Wi (cal/g/°K) expt. eq. (1) eq. (4) eq. (5) eq. (2) eq. (3)
0 0.072 396 — — — — —
0.2 —_— 387 386.8 386.2 386.6 387.0 387.4
0.4 — 378 377.9 377.0 377.6 378.2 378.8
0.6 — 369 369.3 368.5 369.0 369.6 370.2
0.8 — 362 361.0 360.5 360.8 361.2 361.6

1.0 0.074 353 — — — — —_

a Reference 7.

a useful form of the C-K relation is obtained by allowing the product T; AC,, in

eq. (1) to be a constant. Upon rearrangement, eq. (1) then becomes
W2 ln(T,,g/T&l)

Wi(Tg2/Tg1) + Wo

In the limiting case where T ; = Ty 2, truncation of the expansion of the loga-

rithmic terms leads to a limiting form of eq. (4) which is the inverse rule of mix-
tures or Fox equation!!

In(T/Ty1) = (4)

which also may be obtained through an expansion of the logarithmic terms of
eq. (2a).

Tables II-IV show comparison between literature values of T,’s and those
calculated by use of eqs. (1)—(5) for three PVC systems. As indicated for the case
of a blend of PVC with a miscible terpolymer of styrene, acrylonitrile, and
a-methylstyrene (Table II), all five equations give good predictions of actual

TABLE III
PVC/DCHP?
ACp Glass transition temperature (°K)

Wi (cal/g/°K) expt. eq. (1) eq. (4) eq. (5) eq. (2) eq. (3)
0 — 350 — —_ — —_ —
0.009 —_ 348 —_ . 348.1 3484 348.7 348.4
0.018 — 346 —_ 346.2 346.9 347.4 347.9
0.039 — 342 — 341.9 343.9 344.5 345.4
0.058 — 337 — 338.1 340.1 341.8 343.2
0.107 —_ 329 —_ 328.9 332.2 335.1 337.5
0.209 — 315 —_ 311.8 316.8 321.5 325.5
0.306 —_— 303 —_ 397.6 303.4 309.0 314.2
0.405 — 292 — 284.9 290.9 296.8 302.6
0.408 — 284 — 284.6 290.5 296.5 302.3
0.455 — 277 — 279.1 284.9 290.8 296.8
0.503 — 268 — - 273.8 279.4 285.2 291.1
0.556 —_ 262 —_ 268.3 273.9 279.1 284.9
0.608 — 256 —_ 263.3 268.1 273.3 278.9
0.652 —_ 252 — 259.2 263.7 268.4 273.7
0.706 — 248 — 254.5 258.4 262.6 267.4

1.0 —_ 233 —_ —_ — — —

a Reference 12.
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TABLE IV
PVC/DOPa
AC, Glass transition temperatures (°K)

W, (cal/g/°K) expt. eq. (1) eq. (4) eq. (5) eq. (2) eq. (3)
0 0.0770 368 — —_ — — —
0.20 — 303 294.3 291.3 306.1 320.0 331.0
0.30 — 270 269.4 266.3 282.4 298.4 312.5
0.40 — 239 249.4 246.6 262.0 278.3 294.0
0.50 — 222 233.2 230.8 244.4 259.5 275.5

1.0 0.145b 183 —_ —_ — — —

a Reference 13.
b Values were obtained in the present study.

blend T,. This is a consequence of the relatively small difference between
component Ty’s, T o/T, 1 = 1.122 satisfying the condition for which egs. (3)-(5)
are valid approximations.

In the case of two PVC/plasticizer systems for which values of AC,, were not
reported, predicted values of mixture T, by use of egs. (2)-(5) vary widely.
Comparisons of experimental and predicted Ty’s for PVC/di(cyclohexyl)
phthalate (DCHP),!2 and PVC/di(2-ethylhexyl) phthalate (DOP),!3 are given
in Tables III and IV and illustrated in Figures 1 and 2, respectively. These show
that as the ratio of Ty 9/T; ;1 increases from 1.50 for PVC/DCHP to 2.01 for
PVC/DOP, egs. (5), (2), and (3) predict increasingly higher values of Ty compared
to the experimental results; however, agreement between eq. (4) values and
measured T’s is satisfactory. In both systems, the measured T’s [although
approximated by eq. (4)] appear to follow a nonmonotonic dependence on
plasticizer composition (W;). Pezzin et al.1? suggest that the cusp-like character
of the PVC/DCHP T, -composition curve represented by the broken line curve
is due to elimination of WLF free volume by the plasticizer below 0.4 weight
fraction DCHP. This cusp-like behavior has been predicted theoretically by
Kovacs!4 on the basis of Kelly-Buechel® free volume theory. A similar com-
position dependence is evident for PVC/DOP in Figure 2.

1 T I 1

PVC/DCHP
Tg, /794" 1.50

8333

HONW

L L
o] 02 04 06 08 10

Wy

Fig. 1. Glass-transition temperatures (Tg) of PVC/DCHP mixtures as a function of weight fraction
DCHP (Wy); data taken from Pezzin et al.}2
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Fig. 2. Glass-transition temperatures (T) of PVC/DOP mixtures as a function of weight fraction
DOP (W;); data taken from Ref. 13.

It is the purpose of this study to compare the predictions of egs. (1)—(5) with
experimental data for two other plasticized PVC systems for which sample
preparation and measurement techniques are precisely controlled. The two
plasticizers chosen are di(2-ethylhexyl) adipate (DOA) and tri(2-ethylhexyl)
trimellitate (TOTM) whose thermal properties are given in Table L. Comparison
is made between predicted and actual T}’s as measured by differential scanning
calorimetry (DSC) and conclusions concerning system miscibility are obtained
from dynamic mechanical spectra analysis.

EXPERIMENTAL

Materials

PVC resin was supplied by Diamond Shamrock Corporation and was specified
to have a K value of 70 (0.5 /100 ml cyclohexanone at 25°C) and typical plasti-
cizer absorption characteristics (internal pore volume of 0.270 cm?/g). The resin
had a polydispersity index (M,,/M,,) of 2.5 as determined in tetrahydrofuran
by gel permeation chromatography (Waters GPC/ALC 301). Plasticizers used
in this study were di(2-ethylhexyl) adipate (DOA) and tri(2-ethylhexyl) tri-
mellitate (TOTM) manufactured by Monsanto Company and Eastman Kodak,
respectively. During dry blending, 3.5 phr liquid Ba/Cd/Zn stabilizer (Mark
2109, Argus Chemical Corp.) and 0.5 phr stearic acid lubricant were added.

Sample Preparation

The PVC resin was mixed with stabilizer, lubricant, and 0-120 phr plasticizer
in a Hobart mill for 5 min at room temperature. Each sample was then trans-
ferred to a 340°F (171°C) two-roll mill and melt blended for another 5 min after
which time the milled sheets were cut to appropriate size and compression
molded in a steam heated press for 8 min using a four-step pressure cycle (first
2 min, contact; second 2 min, 700 psi; third 2 min, 1400 psi; and final 2 min, 2100
psi). At the end of the heat cycle, the samples were slow cooled from 340°F to
ambient temperature in the press at 2100 psi. Total cooling time was 13 min.
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Films prepared by this procedure were clear, free of voids, and ca. 0.010 in. (0.254
mm) thick.

Measurements

DSC thermograms were obtained at 40°C/min (Perkin-Elmer DSC II) using
samples weighing 10-25 mg for molded films and 10-16 mg for liquids (plasti-
cizers and temperature standards) at a range of 10 mcal/sec. Sample weights
were determined to a precision of 0.1 mg by means of a Perkin-Elmer Autoba-
lance (AM-2). Samples were conditioned in the DSC as follows: heating from
140 to 420°K under a helium purge; equilibrium at 400-420°K for 2 min; cooling
to 140°K at 160°K/min; and reheating at 40°K/min.

Following the DSC measurement, the thermograms (second heating) were
converted to specific heat-temperature plots by standard sapphire calibration
procedures as detailed by O’Neill.16 Temperatures were calibrated by reference
to transition temperatures of standard samples of indium (429.78°K), high purity
n-octadecane (302.4°K), and n-heptane (182.6°K). Indium was purchased as
a DSC standard from Perkin-Elmer Corp.; n-octadecane and n-heptane from
the Humphrey Chemical Co. (lot Nos. 3200579 and 7040579, respectively). The
glass-transition temperature (T) of each sample was determined as the tem-
perature at the midpoint (Y2 AC,) of the transition as described by Fried et
al.17

Dynamic mechanical spectra of molded films (ca. 20-25 mm in length and
2.5-5.5 mm in width) were obtained at 11 Hz using a Rheovibron DDV-II oper-
ating in the tensile mode. Values of dynamic storage (E’) moduli, loss (E”)
moduli, and tané (E”/E’) were determined at intervals of 5°C over a temperature
range from —140°C to sample T,. In the cases of the unplasticized PVC resin
and two TOTM samples (5 and 10 phr), values of E’ and E” were corrected for
system compliance, sample yielding within the tensile grips, and system inertia
by the method of Massa.!81? Dynamic moduli determined at three different
film lengths were used in the correction procedure.

RESULTS

Sapphire-calibrated DSC thermograms for PVC/TOTM and PVC/DOA are
given in Figures 3 and 4, respectively. As illustrated by Figure 5, the thermal
transition from the glass to liquid state occurs over a wide temperature range
with the transition being broadest at 40 phr for both PVC/TOTM and PVC/
DOA.

Glass-transition temperatures are plotted as a function of weight fraction
plasticizer for PVC/TOTM and PVC/DOA in Figures 6 and 7, respectively. As
shown in Figure 6 and by values given in Table V, best agreement with measured
Tg’s over the largest part of the composition range of PVC/TOTM is obtained
by use of eqs. (1) and (4) which give nearly identical values as a result of the near
equivalency of component T, AC,. Above 10 phr TOTM, egs. (5), (2), and (3)
predict increasingly higher values of T, compared to measured values, while at
5 and 10 phr, eq. (5) (Fox equation) gives better fit to experimental points than
eq. (4).

It is noted that although the agreement with the C-K theory is satisfactory
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Fig. 3. Specific heat (C,,) of PVC/TOTM mixtures as a function of temperature.

for PVC/TOTM, the experimental results at low TOTM compositions are sug-
gestive of the cusp-like behavior exhibited by PVC/DCHP as was shown in Figure
1. This anomalous behavior is even more pronounced for PVC/DOA as illus-
trated in Figure 7. As indicated by T, values given in Table VI, both eqgs. (1)
and (4) predict the same values of T; within approximately 1°K as would be
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Fig. 6. Glass-transition temperatures (T}) of PVC/TOTM as a function of weight fraction TOTM
(Wy).

expected by the nearly equivalent values of AC, T for both components (Table
I). Asfor PVC/TOTM, best agreement at low concentrations (5-20 phr) is found
by use of eq. (5) (Fox equation). At higher concentrations, eq. (4) [or eq. (1)]
overestimates T, but overall provides a more satisfactory fit than either egs. (5),
(2), or (3) which significantly overestimate T, compared to experimental values
for PVC/TOTM. The inadequacy of egs. (5), (2), and (3) compared to eq. (2)
is expected because of the large Ty 2/T, 1 value (2.07 compared to 1.78 for
PVC/TOTM) which invalidates the expansion approximation by which egs. (5),
(2), and (3) are obtained from eq. (1).

The effect of low concentrations of TOTM on the dynamic mechanical spectra
of PVC at 11 Hz is illustrated in Figure 8. For PVC without plasticizer, a well-
defined 8 transition appears at 235°K (—38°C) with a maximum in the « tran-
sition (T) above ca. 359°K in agreement with other studies.2-?* For our slowly
cooled samples, we found no evidence for a transition at ca. 300°K recently re-
ported?s for quenched PVC films. With increasing TOTM concentration, the
B transition reduces in intensity beginning from the high-teqlperature side as

T T 1 T

400

PVC/DOA
Tay/Ta4= 2.07

200

L 1
o] 02 04 06 08 10

Fig. 7. Glass-transition temperatures of PVC/DOA as a function of weight fraction DOA (W,).
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TABLE V
PVC/TOTM
phr AC, Glass transition temperature (°K)

TOTM W, (cal/g/°K)  expt. eq. (1) eq. (4) eq. (5) eq. (2) eq.(3)

0 0 0.077 . 358 — — —_ — —
5 0.046 — 347 342.1 342.0 345.6 348.6 350.8
10 0.096 — 334 326.8 326.6 333.0 338.7 342.9
20 0.161 — 308 309.3 309.0 318.0 326.2 332.7
40 0.278 — 382 283.4 283.1 294.1 304.9 314.4
60 0.366 — 267 267.2 267.2 278.4 289.8 300.5
80 0.435 —_ 255 256.7 256.4 267.2 278.5 289.7
100 0.490 — 247 249.0 248.7 258.9 269.8 281.1
120 0.536 — 243 242.1 242.8 252.3 262.7 273.8

—_ 1.0 0.136 201 — — —_ — —_

observed for other PVC/plasticizer systems;20-22 however, there is evidence of
multiple transitions within the ( relaxation of the 5 and 10 phr TOTM samples.
There appears to be a low-temperature peak at ca. 210°K and a high-temperature
transition at ca. 270°K at 5 phr TOTM. The high-temperature transition is
shifted downward to ca. 238°K at 10 phr TOTM. These may correspond to the
B relaxation at 273°K and a 85 relaxation at 223°K reported by Kakutani and
Asahina?5 and speculated to result from molecular motions in the crystalline and
amorphous regions, respectively

As also shown in Figure 8, E’ increases with increasing plasticizer concentration
at temperatures above the high-temperature side of the 3 transition as a result
of the suppression of 3 relaxation and gradual elimination of the corresponding
" small step decrease in E’ for pure PVC. This behavior is one manifestation
of the antiplasticization effect widely reported for PVC/diluent sys-
tems.20,21,26-29

Comparison of the dynamic mechanical tané spectra for PVC/TOTM and
PVC/DOA is given over the composition range between 5-120 phr in Figures
9-16. At 5 and 10 phr (Figs.'9 and 10, respectively) the low-temperature side
of the « transition of both the PVC/TOTM and PVC/DOA samples appears steep
while the 8 transition of the PVC/TOTM sample is more strongly suppressed
compared to PVC/DOA. At 20 phr (Fig. 11) the « transition appears to rise more
gradually and a minor transition appears at about 223°K for the PVC/DOA

TABLE VI
PVC/DOA
phr AC, Glass transition temperatures (°K)
DOA W, (cal/g/°’K)  expt. eq.(1) eq. (4) eq. (5) eq.(2)  eq.(3)
0 0 0.077 358 — — — — —
5 0.046 — 344 335.8 335.1 341.2 346.2 349.5
10 0.096 — 326 315.2 314.0 324.7 333.9 340.2
20 0.161 — 301 292.6 291.1 305.4 318.4 328.2
40 0.278 —_ 259 260.9 259.3 276.0 292.5 306.6
60 0.366 — 231 242.5 241.0 257.3 274.3 290.3
80 0.435 — 219 230.4 229.0 244.3 260.9 277.5
100 0.490 — 206 221.9 220.7 234.9 250.7 267.4
120 0.536 — 202 215.5 214.4 227.6 242.4 258.8

— 1.0 0.154 173 — — — — —
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Fig. 8. Massal®1? corrected values of dynamic storage (E’) and loss (£”) moduli as a function of
temperature for PVC and 5 and 10 phr TOTM films.

sample. At 40 phr (and higher) DOA concentration (Fig. 12), this transition
increases in intensity and decreases slightly in temperature until at 80 phr (Fig.
14), it is the dominant transition and becomes merged with the high-temperature
transition. By comparison, the « relaxation for the PVC/TOTM samples is
sharper and occurs at higher temperatures. There is evidence only for a small
low-temperature shoulder at 40 phr and higher TOTM concentrations.

At all compositions and for both systems there is an appearance of a beginning
of a small transition below 150°K. Similar observations have been made for
other PVC/plasticizer systems by Kinjo and Nakagawa2® who attributed this
relaxation to molecular motions of alkyl chains of the plasticizer. For DOA and

T T T |
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Fig. 9. Dynamic mechanical tand (E”/E’) as a function of temperature for 5 phr TOTM and DOA
films.
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Fig. 10. Dynamic mechanical tand for 10 phr TOTM and DOA films.

TOTM, this sub-T}, transition may be due to local motions of the 2-ethylhexyl
substituent groups.

DISCUSSION

There is a suggestion of slight curvature of the C,, plots of both PVC/TOTM
and PVC/DOA (Figs. 3 and 4) above T, and at low plasticizer concentration.
Although we feel the present data may be inconclusive in this regard, it is noted
that Bair and Warren3! recently have observed a distinct second amorphous
transition occurring about 20°C above the T, of PVC for other PVC/plasticizer
blends at low plasticizer (<25 wt%) content. This high-temperature transition
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Fig. 11. Dynamic mechanical tand for 20 phr TOTM and DOA films.
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Fig. 12. Dynamic mechanical tané for 40 phr TOTM and DOA films.

was associated with microdomains (100-200 A) of syndiotactic sequences of PVC
molecules. Direct evidence for a related nodular structure in PVC has been
reported by Gezovich and Geil.32 Bair and Warren have suggested that at low
plasticizer concentration, these domains (characterized by a high T, due to their
syndiotactic character) become swollen but not completely dissociated by
plasticizer molecules. As a result, their Ty decreases at a slower rate than ob-
served for the more highly plasticized amorphous regions. As no sequence dis-
tribution data for the PVC sample used in the present study is available, com-
ment cannot be made on the weakness of the high T, second amorphous tran-
sition (if any) for the PVC/TOTM and PVC/DOA blends compared to those
systems studied by Bair and Warren.
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Fig. 13. Dynamic mechanical tand for 60 phr TOTM and DOA films.
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The dynamic mechanical spectra appearing in Figures 9-16 clearly indicate
the presence of two coexisting phases in the PVC/DOA mixtures; a high T},
(PVC-rich) phase and a low T;; (DOA-rich) phase. For example, at 40 phr DOA
(Fig. 12) the transition corresponding to the DOA-rich phase appears as a pro-
nounced shoulder on the low-temperature side of the main « transition with a
maximum intensity estimated at 263°K. At 60 phr (Fig. 13) this DOA-rich phase
transition appears to be shifted to 233°K. By comparison, the PVC-rich phase
transition of the PVC/TOTM mixtures is relatively sharp and well separated
from a minor phase transition occurring at 208°K for 60 phr TOTM (Fig. 13).
At 80-120 phr (Figs. 14-16), the DOA-rich (low T}) transition is the predominant
transition while the corresponding transition for the PVC/TOTM mixtures is
a minor shoulder centered at 193°K. The low-temperature location, small in-
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Fig. 15. Dynamic mechanical tand for 100 phr TOTM and DOA films.
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tensity, and relative compositional invariance of this minor transition for
PVC/TOTM suggests that it may correspond to the « relaxation of a small
amount of pure TOTM (DSC T} of 201°K) not dispersed in the PVC resin.

The conclusion reached by these results is that TOTM forms a more homo-
geneous mixture with PVC than does DOA under the conditions by which these
samples were prepared. The good agreement between measured T’s and those
predicted by the C-K equation for PVC/TOTM mixtures above 10 phr supports
this conclusion. This is also suggested by a comparison of the solubility pa-
rameter (Hoy) of PVC (9.54) with those for DOA (8.08) and TOTM (8.62) which
suggests a higher thermodynamic miscibility of PVC/TOTM (62 — 6; = 0.92)
compared to PVC/DOA (62 — 6, = 1.46).

The anomalous T -composition dependence indicated by the DSC results for
PVC/DOA may be explained in the following manner. Atlow DOA concentra-
tions (up to 20 phr DOA), the PVC-rich (high-T}) transition is dominant and
as a result the DSC transition reflects a high T, compared to the C-K prediction.
At high DOA concentrations (80-120 phr), the low T, transition in the dynamic
mechanical spectra is the dominant transition resulting in a low T, measured
by DSC. The consequence of these effects may be the observed sigmoidal T-
composition curve illustrated in Figure 7. It is possible that such reasoning may
be used to explain the similar composition dependence of T, observed for
PVC/DOP (Fig. 1) and PVC/DCHP (Fig. 2). Further study of these systems
appears warranted. The reason for the slightly high value of Ty observed for
PVC/TOTM at 5 and 10 phr (Fig. 6) is not immediately clear although there is
a suggestion of the beginning of a high-temperature shoulder in the Massa cor-
rected E’ plots at these concentrations (Fig. 8).
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