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According to the Flory-Huggins theory, the higher the
degree of polymerization of the polyol and the lower the
value of the H;—polyol interaction parameter, the higher
the polyol concentration as well as Tyg of the eutectic
composition. In contrast to the PEO and PTMO systems,
poly(propylene oxide) (PPO) is intrinsically an amorphous
compound and forms a crystalline-amorphous phase dia-
gram with H,.

Wide angle X-ray diffraction revealed that the presence
of the polyol, as well as variations in temperature up to
the liquidus point, did not alter the crystal form of H;.
This suggests that the melting point depression observed
is a result of the excess free energy released during mixing,
which allows determination of the H,/polyol interaction
parameter using Scott’s equation. The interaction pa-
rameter densities of H;/polyol pairs at their melting points
were found to be By, /pro = —4.63 cal/cm®, By, privo = —3.41
cal/cm?, and By, ppg = -1.21 cal/cm®. The negative values
of B indicate H; and the polyols (PEO, PTMO, and PPO)
form compatible liquids.

The morphology of H, /polyol blends was studied with
a polarizing microscope. Distinct spherulites were observed
for pure H, and H,/polyol blends. With the addition of
polyols, the spherulite radii increase and the texture of the
spherulites change from maltese cross patterns to radiating
fibrous morphologies, especially for those blends that are
of high PEO or PTMO content. The spherulites of H,/
PEO systems are larger in size than those of H;/PTMO
or H,/PPO. This may be due to the fact that H, and PEO
possess a strong interaction (suggested by the low value
of By, /pro) which makes PEO a more effective diluent for
hindering nucleation in H;. In addition, the presence of
PEO may also ease the transport of the crystallizing H,
units across the liquid-crystal interface, resulting in larger
spherulites.
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Miscibility of Ethylene-Vinyl Acetate Copolymers with
Chlorinated Polyethylenes. 3. Simulation of the Spinodal Using
the Equation of State Theory
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ABSTRACT: Chiorinated polyethylene and ethylene-vinyl acetate copolymers have previously been shown
to be miscible and to phase separate on heating. In this paper a spinodal equation based on Flory’s equation
of state theory was derived and applied to the phase diagrams of these mixtures. Using values of the interactional
parameter, X;,, derived from heats of mixing measurements, it was found that the predicted spinodal curves
could not match the cloud point curves unless the entropy correction term containing @, was used. Also
the predicted curves were flatter than the cloud points, suggesting an overestimation of X;;. The excess volume
change on mixing was also calculated and was found to be larger than the measured value. This can also
be improved by introducing @,, and by using a lower value of Xj,.

Introduction

In previous papers we have described the miscibility of
various ethylene-vinyl acetate copolymers (EVA) with
chlorinated polyethylenes (CPE).}? This was demon-
strated by the presence of single glass transition temper-

atures intermediate between those of the pure polymers.
We also have measured the cloud point curves of the
mixtures.! They phase separate on heating, showing a
lower critical solution temperature (LCST). The LCST
was higher for polymers with a higher content of vinyl
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acetate units or with a higher degree of chlorination, re-
spectively, showing that such polymers are “more miscible”
when they contain a higher concentration of interacting
groups.

The postulated specific interaction between these
polymers involves the carbonyl group of the EVA and the
methine proton of the CPE.® This was demonstrated from
a shift in the carbonyl IR adsorption frequency. Fur-
thermore the shift decreased at higher temperatures,
suggesting that the specific interaction dissociates at higher
temperatures.

The heats of mixing of low molecular weight analogues
have been measured and were found to be favorable for
mixing (negative).? They also were found to decrease at
higher temperatures, which is consistent with the idea of
dissociation of the specific interaction. Measurements
using inverse gas chromatography also showed less fa-
vorable interaction parameters at higher temperatures.

Thermodynamic theories of polymer miscibility are in
principle capable of predicting or describing phase sepa-
ration behavior. The theoretical phase diagram consists
of a binodal curve which is the line connecting the equi-
librium compositions of phase-separated mixtures and is
given by

(Aui)s = (Aupp (Aug)a = (Aus)p (1

where (Ay,)s and (Ay;)p are the chemical potentials of
component { in phases A and B, relative to its potential
in the neat state, on the binodal at a given temperature.
The spinodal curve lies inside the binodal, represents the
limits of metastable compositions, and is given by

0(AG) /3% =0 (2)

The spinodal and the binodal meet at the cricital point
where

3(AG) /9P = 6UAG) /992 = 0 (3)

Polymer compositions between the binodal and the spi-
nodal can separate by nucleation and growth, whereas
within the spinodal fluctuations in concentration are stable
and phase separation may occur spontaneously by spinodal
decomposition. The observed cloud point curve therefore
should lie between the binodal and the spinodal. If phase
separation occurs at the spinodal, this fact may possibly
be inferred from the morphology of the phase-separated
structure.

Using a modified version of the equation of state theory
developed by Flory and his collaborators,*® McMaster’
examined the contribution of the pure- and binary-state
parameters to the miscibility of hypothetical polymer-
polymer mixtures. He observed that the theory is capable
of predicting both lower and upper critical solution tem-
perature behavior individually or simultaneously. Olabisi?
has applied McMaster’s treatment to a real system of
poly(caprolactone) and poly(vinyl chloride). Using a sim-
pler form of McMaster’s derivation, ten Brinke et al.® have
studied the effect of binary parameters on the asymmet-
rical shape of the spinodal curves.

In this paper we have attempted to use the thermody-
namic data described earlier? along with other derived and
measured thermodynamic properties, and, using a modi-
fied version of the equation of state theory, to simulate the
spinodal curves to match the cloud point curves obtained
for EVA/CPE mixtures.!

The results can be compared with those obtained by one
of us and other workers in simulating the phase diagrams
of mixtures of various polyacrylates with chlorinated
polyethylene.101!
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Theory

With the notation of Flory and his collaborators,*® and
as shown in the Appendix, the equation for the spinodal,
based purely on the chemical potential of the mixture, can
be derived. In this derivation the pressure effect on the
phase boundary is considered, whereas the effect of poly-
dispersity is neglected. The pure and binary state equation
is given by

Po/T =05'8/(65"%-1)-1/Tp (4)
At atmospheric pressure this equation yields
T = (82 - 1)/0%° (5)

with J being
03 = (8 + 4aT) /(3 + 3aT) (6)

These three equations are equally applicable to the
mixture and pure components where « values are sub-
stituted accordingly, and

T="T/T* = (®P*T, + &,P*,T,) /P* (7)

P+, =~yT52 =12 (8)

P* = &, P* + $,P*, - $,0,X,, 9)

By = Wavky,/(Wavko, + Wiv*y) &, =1-8, (10)
0, = (S/8)®y/((S;/S)d, + @) 6,=1-6, (11)

In the equation of state theory of Flory and his collab-
orators the residual free energy of mixing of a mixture is
given by

]

GR = AHy - TaSY (12)
where

-TASY = 3"NV*[‘I’1P*1T1 In (5, -1 /(Y3 - 1) +
&,P*, Ty In (5,3 - 1) /(83 - 1)] (14)

The residual chemical potential change on mixing is
given by

Awy/RT = P V¥ /RT(3T, In (5,"/° - 1)/ (6'/* - 1) +
1/0, - 1/5 + Py(5 - 5))] + V¥, X1,0,2/RT5 (15)

To conform the theoretical prediction of eq 12-15 with
experimental results the entropy term —FNV*Q),,0,®, must
be added to eq 12 and similarly the term —-T@,,V*,0,? must
be added to eq 15. Further details and full derivations of
these equations are given in ref 12.

Materials

The physical properties, material characterization, code names,
and other experimental data of the polymers, analogues, and
blends referred to in this paper were described in papers 1 and
2 of this series.'”? The values used in this paper are summarized
in Table I.

Parameters Used in the Simulation

Application of this theory to a binary mixture requires
the following state parameters of pure components: (a)
the specific volume, v,, = 1/d; (b) the thermal expansion
coefficient, o = (1/v)(dv/8T)p; (c) the thermal pressure
coefficient, ¥ = (dP/3T)y. And it requires the following
binary parameters: (d) the surface per unit of core volume
ratio, Sy/S;; (e) the interaction term, X,,.

The specific volumes of pure components were obtained
by equal density titration as described in ref 13. Mixtures
of saturated sodium bromide solution and distilled water
were used for the titration of CPE. Mixtures of 1-propanol
and distilled water were used for the titration of EVA45,
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Table I
compd code name Cl content, % M, M, M, /M,
chlorinated polyethylene H48 44.05 1.82 x 10%¢ 2.39 x 10* 7.63
chlorinated polyethylene CPE3 52.65 1.2x 10%¢ 2.29 x 10¢ 5.22
ethylene-vinyl acetate EVA45 (45% vinyl acetate) 2.56 x 10%¢ 3.77 x 10* 6.79
copolymer

Cereclor 52 $52 53.1 437b

Cereclor 45 845 45.7 3950

sec-octyl acetate OC-AC 192

(2-ethylhexyl acetate)
% Relative to polystyrene, obtained by GPC.

Table II
X, dem3
mixture 73.08°C 83.5°C 90 °C
OC-AC/S845 -4.2 -2.63
OC-AC/S52 -6.5 -4.9 -3.2

All these titrations were performed at constant tempera-
ture.

The thermal expansion coefficients were determined by
dilatometry as described by Orwoll and Flory.* The
known amounts of polymer solids were placed in the di-
latometer container, which has a total volume of about 1
cm®. The container was then filled with clean Hg. Air
bubbles were removed under vacuum, and the volume
expansions of the materials were measured in the range
50-85 °C. The Hg and glass expansions were considered
as explained by Orwoll and Flory.!

The thermal pressure coefficients of the polymers were
estimated from their solubility parameters, which them-
selves are related to the cohesive energy density (CED) and
hence to the strength of the internal pressure of the
structural molecules. According to Allen et al.,'® the in-
ternal pressure, P;, at a given temperature is related to v;
by

P = Ty; (16)
where
P, = m(CED) = mj? amn
or
mé2 = T, (18)

where m for most polymers is close to 1. The solubility
parameters can be obtained from the group contributions
by using Small’s theory.’6 Small calculated the molar
attraction constant of different groups from vapor pressure
and heats of vaporization data. His values were recently
improved and updated by Hoy!” and were used to calculate
4 and, hence, v of the polymeric materials at 25 °C. The
values of v calculated in this way for polymers for which
data are available in the literature!® agree within 10%.

The binary parameter S,/S; was obtained by the me-
thod of group contributions.!®

The X, parameter was obtained by fitting eq 13 to the
experimental heats of mixing of analogous materials as

b Obtained by vapor-phase osmometry.

reported earlier.? The X, thus obtained are given in Table
II.

In the simulation of phase boundaries the temperature
dependence of v,,, a, and v at atmospheric pressure must
be considered.!%!

Vgp = Ugple®dT (19)
a = ay+ o (1 + 4ayT)AT/3 (20)
Y =%~ Yol + 200T)AT/T (21)

The state parameters for pure components at 83.5 °C
are given in Table III and were used in our calculations.
Simulation of the Spinodal

The spinodal condition is given by

A A
_6_ _._‘_‘l =_(_3._ .ﬁ =0 (22)
a8\ RT J;» 9%\ RT J,;

The addition of Flory—-Huggins combinatorial chemical
potential of component one

Aul/RT=1n <I>1+(1—r1/r2)<1>2 (23)

to eq 15 and differentiating the assembly with respect to
&, gives the spinodal temperature, Tgp, as

L1 prpaye + By + Xl 22220 ) - %02
T, 1D(1/0 ) 2\ 53,9, 12V

R
1/, -1Q- "1/"2))V—* +
P*, D 20,7,
IOFEEEIE T
where
D = 85/3%, = ~00 /3%, (25)
T 3p/3-2
{B ¢ T ng }/{_ T 308 @3 - 1)2}
(26)
B = 8P/3®, = P/P*[P* - P*, - 0,X 5(1 ~ 0,/®,)]
@n

C =9T/o%, = TB/P + (P*,T, - P*T,)/P* (28)

Table I1I
State Parameters for the Pure Materials at 83.5 °C
v, d-em™3
material 10%, deg™! deg! vgp, cmg ! v¥gp, cm3g ! v T* K P* J.em™@
OC-AC 8.850 0.4893 1.2442 0.9877 1.2596 6067.21 276.930
S45 6.575 0.6708 0.9025 0.7506 1.2022 7200.98 345.854
S52 6.625 0.7360 0.8306 0.6901 1.2036 7167.45 380.305
EVA45 4.5103 0.8043 1.0636 0.9288 1.14509 9250.29 376.182
H48 4.4199 0.9544 0.81506 0.7134 1.1424 9384.51 444,342
CPE3 3.6546 0.9592 0.8089 0.7223 1.1198 10790.13 429.477

%1atm=0.1018J-em™ = 0.02422 cal-ecm™3,
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Figure 1, Simulated spinodal curves for EVA45-H48 mixtures
using Flory's equation of state theory at the following conditions.
(Temperature plotted against H48 fraction.) (A) X;; = ~4.2 J.cm™S,
Q2 = -0.0108 J-cm3degL. (B) X;, =-2.63 J-cm®, Q5 = —0.00678
J-em3deg. (C) X,y = 0.5 J.em™, @5 = —0.00138 J-em™.deg™.
(Sy/S; = 0.98, ry/r, = 1.68, V*; = 200000 cmmol™.) The dotted
line is the experimental cloud point curve.

These equations are more fully derived in the Appendix.

By use of eq 24-28 and data given in Tables II and III
a number of spinodal curves at various conditions have
been simulated. The effect of state parameters are gen-
erally in agreement with the findings of McMaster.’

The spinodal curves were simulated for EVA45-H48
mixtures by using the values of X;, shown in Table II for
octyl acetate/S45 mixtures (845 having a similar chlorine
content to H48). A constant value of Q,, was chosen in
each case to fit the theoretical spinodal to the experimental
cloud point at the minimum of the cloud point curve. The
full spinodal curve was then calculated. This was carried
out with X, values obtained from heats of mixing mea-
surements at two temperatures in the region of the ob-
served cloud point. The results are shown in Figure 1.

A larger negative X, causes the spinodal curve to be
flatter as the terms in X, and @,, dominate the spinodal
equation. Both of the simulated curves are flatter than
the experimental cloud point shown, an impossible situa-
tion as the spinodal should lie on or within the observed
cloud point. A third spinodal was also simulated using an
arbitrary, lower value of X, = —0.5 and an appropriate
value of @,, obtained as above. This came closer to the
observed cloud point. It should be pointed out that despite
the known temperature dependence of AH and hence X,
within the range of temperatures covered by the calcula-
tion this treatment has used constant values for each
simulation. We also consider that the heats of mixing and
hence X, values obtained at any given temperature could
be critically dependent on the model system used to
evaluate AH for a specific interaction showing a strong
temperature dependence. We therefore conclude that the
failure of the theory to include a temperature dependence
of X, and inadequacies in the model compounds used to
evaluate AH values are the main reasons for the initial poor
fit of the data.

The spinodal curve was also simulated for EVA45-CPE3
mixtures using the value of X;; shown in Table II for octyl
acetate/S52 mixtures at 90 °C (S52 has a similar chlorine
content to CPE3). The results are shown in Figure 2.

Again the curve is much flatter than the observed cloud
point, which could be explained by the considerations
mentioned earlier. The minimum in the cloud point curve
also occurs at a different composition than in the spinodal.
This can be corrected by choosing a different value of v.
The values of v are only estimated to within 10%, and a
variation in v can affect the skew nature of the curve to
a large extent even though it does not affect the temper-
ature of the minimum in the curve very much. A curve
using an adjusted value of v is also shown in Figure 2.

The following summarizes the simulated spinodal shown
in Figures 1 and 2 and the results of other simulation
calculations not shown here; (1) Increasing the size of X,
(and the appropriate value of Qy,) causes the spinodal
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Figure 2. Simulated spinodal curves for EVA45-CPE3 mixtures
at the following conditions. (Temperature plotted against fraction
of CPE3.) (A) Xu =-3.2 J‘Cm-a, le = -0.0063 J'Cm.a'de & (72
was adjusted as described in the text to 0.8335 J-cm.deg?). (B)
Xyp =-3.2 J.cm3, Q,y = —0.0083 J-.cn3.deg™! (v, values were used
as shown in Table III). (S,/S; = 1.03, r;/r, = 2.86.) The dotted
line is the experimental cloud point curve.

curve to be flatter. (2) Decreasing the molecular weight
of either component, through its effect on V* and/or r,/r,
increases the miscibility and skews the spinodal toward
the appropriate component. (3) Varying the values of «
alters both the position and the shape of the spinodal.
Making the o values of the two materials more nearly equal
tends to make the two polymers more miscible. (4) Var-
ying the values of v does not affect the temperature of the
minimum of the spinodal very much but can affect the
shape of the spinodal. This effect is also dependent on
the values of «. (5) Altering the value of the ratio S,/S,
within a reasonable range has only a small effect on the
shape of the spinodal, but large changes can significantly
affect the results. (6) Our results show that the values of
X, obtained by fitting the heats of mixing of oligomeric
and low molecular weight analogues are too large by a
factor of 10. This is probably due to the temperature
dependence of X, and/or the inadequacy of the analogue
model.-

Similar calculations to the above could be pursued to
find the binodal equation though this has not yet been
done satisfactorily and appears to require further ad-
justable parameters. The cloud point curve should lie
between the binodal and the spinodal, and the binodal
would be a-useful further comparison. In this case there
is a further problem in simulating the binodal. As
McMaster has shown,” the binodal is greatly affected by
polydispersity whereas the spinodal is not. Our base
polymers are very polydisperse.

Excess Volume Change on Mixing

The volume changes on mixing were calculated for
EVA45-H48 and EVA45-CPE3 mixtures at the temper-
atures at which the heats of mixing of their model com-
pounds were measured as given in ref 2. The values of X,
for the model compounds were assumed to be equivalent
to those of analogous polymer mixtures at the same tem-
perature. This assumption may not be completely correct.
The volume change was calculated by®

=t e (29)

where
P = &0, + By, (30)

The values of § used in these calculations were obtained
using eq 5. The result is shown in Figure 3. It is evident
that the volume changes on mixing of EVA45-CPE3
mixtures are larger in size than those of the EVA45-H48
mixtures, and also both values become smaller at higher
temperatures. The theoretical value of AVM/V? for a
50/50% (w/w) blend of EVA45-CPE3 at 83.5 °C is -13.8
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Figure 3. AVM/V? theoretically calculated, as described in the
text, for EVA45-H48 (dotted lines) and EVA45~-CPE3 (solid lines)
mixtures at (@) 64.5 °C, (X) 73.08 °C and (0) 83.5 °C. Their values
are plotted against the fraction of CPE3. The values corre-
sponding to the curve marked by a slashed open circle are obtained
from the EVA45-CPE3 data at 83.5 °C after correcting for the
entropy dependence of the interaction term. The curve marked
by a slashed darkened circle is obtained in the same way from
data at 73.08 °C for the EVA45-H48 system.

X 107 in comparison with its experimental value of —7.2
X 107 obtained by measuring the (d7'/dP)., the change
in the cloud point produced by increased pressure, over
the temperature range 82-96 °C (cf. ref 2). This discrep-
ancy may be due to the assumption of Eichinger and Flory?
that the volume changes on mixing should be less de-
pendent upon entropy than the energy. This may not be
true for the case where any specific interaction affects the
entropy of mixing. Reducing the entropy contribution of
the energy term by using the following equation

Xy = Xy = TQhol (31)

reduces the value of AVM/V? for the same blend at the
same temperature to —-10 X 107 and that at 90 °C to -9
X 104, The remaining error may be due to an overesti-
mation of X;,.

After making this entropy correction, we obtained a very
small negative volume change on mixing for the EVA45-
H48 mixture at 73.08 °C (just above the phase boundary,
see Figure 3). This can only be explained by the fact that
the reduced volume of the mixture, J, just above the phase
boundary will not exceed the additivity volume of the
mixture. Fourier transform infrared studies of the fre-
quency shift in the carbonyl group have also indicated that
the specific interaction will not be totally dissociated until
temperatures well above the minimum in the cloud point
curve.?

The important factor which affects the volume change
on mixing is the reduced volume of the mixture, §, which
can change the sign and magnitude of AVM/V?, The value
of ¥ in turn is related to X, inasmuch as a strong specific
interaction can outweigh the variational effect of S,/S; and
other related parameters. This is indirectly related to
discrepancy between the theoretical and experimental
volume change on mixing observed by Shih and Flory?' for
CeHg—PDMS mixtures. These authors without using eq
31 were unable to match the theoretical results to the
experimental finding by any reasonable variation of the
82 / Sl ratio.

Residual Free Energy Changes on Mixing

To calculate the residual free energy changes on mixing,
G%, eq 12-14 were used with

FNU* = vy, = Wivk, + Wovky, (32)

The values of GY; at 73.08 and 83.5 °C for EVA45-H48
mixtures obtained in this way are given in Figure 4.
Reductions in the free energy changes of the mixture at
higher temperatures were observed. Introducing the en-
tropy correction term -v*,7Q,,0,%, in eq 12, positive
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Figure 4. Theoretical residual free energy change on mixing of
EVA45-H48 at 73.08 and 83.5 °C calculated from Flory's equation
of state theory plotted against the fraction of H48. (A) X, (73.08
°C) = -4.2 J.-em™3, @5 = 0.0 J.em.deg™; X, (83.5 °C) = -2.62
Jeem3, @p = 0.0 J.cm™.degt. (B) X, (73.08 °C) = —4.2 J-cm3,
Q12 = —0.0108 J-cm™3.deg™; X, (83.5 °C) = -2.62 J.cm3, Q5 =
-0.00678 J-cm3-deg™.

Figure 5. Theoretical residual free energy change of mixing of
EVA45-CPES3 at 83.5 and 90 °C calculated from Flory’s equation
of state theory at the following conditions. (A) (—) X, (83.5 °C)
=-4.9 J.em®, @, = 0.0 J-cm>-deg™!; (—--) Xy, (83.5 °C) = 4.9
J.em, @5 = -0.01 J.cm™.deg™; (—) X5 (90 °C) = -3.2 J.em3,
Q12 =0.0 J'Cm-s'deg-l. (B) (_) X12 (90 °C) =-3.2 J'Cm_s, ng =
-0.0063 J-cm™3.deg™".

values of G& for the mixtures at 73.08 and 83.5 °C are
obtained as shown in Figure 4. This trend conforms with
the simulated spinodal and experimental cloud point
curves. A similar calculation of G for EVA45-CPES3 at
83.5 °C correctly predicts a homogeneous mixture by using
either Q5 = 0.0 or -0.01 J.cm3.deg™! as shown in Figure
5. It also shows a homogeneous mixture at 90 °C when
€12 = 0.0 was used and inhomogeneous mixture at the
same temperature when Q;; = —0.0063 J.cm™>-g™! was used.

Conclusion

When using the equation of state theory to simulate the
spinodal curves of the polymer mixtures it is not possible
to fit the calculations to the experimental results without
using a noncombinatorial entropy correction term. This
term using @, as an adjustable parameter can be used to
fit the spinodal curve to the experimental results at the
minimum of the cloud point curve.

If we obtain an interactional parameter, X, from the
heats of mixing of low molecular weight analogues, and
adjust the value of €, as described, then the full spinodal
curves can be calculated. The resultant curve is however
much flatter than the observed cloud point curve. One
needs to use a much smaller value of X, (and thus also
®12) in order to fit the curves. This is attributed to the
temperature dependence of X;, and/or differences be-
tween the analogues and the polymers themselves.

In a similar way the calculated volume changes on
mixing are overestimated. If we take into account the @,
term, volume changes closer to measured values can be
obtained.
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Appendix

The chemical potential of component 1 in the mixture
is given by

Ay /RT =In &+ (1 - ry/ry)d, +
P+ V* /RT[3T, In (5,3 - 1)/(B**~ 1) + 1 /5, -
1/6 + By(d - 5] + V¥, X140,2/RTS - V*,Q1,0,%/R
(A.1)

Applying the spinodal condition, d/d®,(Au,/RT) = 0, to
this equation yields
8/0%y(Au; /RT) = -1/&, + (L -1y /ry) +
(P*,V*,/RT*)(-D /(5 - 0*/3)) + P* V*.D/RT%* +
PV*D/RT + V* X ,20,°0,/RTo®,®, -

V* X ,D0,2/RTi? - V*,Q,,20,%0,/R®,®, (A.2)
where (see eq 11}
00,/9%, = ©,0,/d,P, (A.3)
and
0 /4%, = D (A.4)

By differentiating eq 4 in respect of $,, we obtain

oP oT
{(EU +PE)T PUE}/TZ
ai a0 ‘
=9/8(m1/3 _ N2 _ =-1/3 5Y3 - 1)2 +
{ 0 1)6@2 ] 6@2}/3(1) 1)
—_— + §— 2
{G%T an)Q}/(TU) (A.B)

Multiplying both sides by 7/ and rearranging we find

9 o oT(P 1 2 Te0 -2
08, (09, 98,\T To 5 308/3(g1/3 - 1)?

A6
To obtain 3P/3®, eq 9 is differentiated as follows:( !
_p%’_
2 = —P* + P*, + 0,X,, - 6,0,X,,/ %%, (A.7)
or
565_2 = %[P*l - P - 0,X15(1 - 0,/%)] (A8)

To obtain 37/3®, eq 7 can be differentiated as follows:

- T f ®P* P P%
T== +
PP( T T*,

il p[ oP* d, P* | P* p*
A T 2)+§P(__1+_3)

6‘1’2 9 2 T*1 T‘*z T‘*1 ’T*2
(A.9)
or
aT T eP T P*, P*
o Lo A2 1 (A.10)
or simply
of _Top PuTL-PnT
b, P o9, P (A1D)
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Substituting eq A.8 and A.11 into eq A.6 will give 80/3®,
(D in the spinodal equation).

Glossary

d density
GY,  reduced free energy of mixing
AHy reduced enthalpy of mixing

P pressure

P, reduced pressure of species !
P*, hard core pressure of species i
P reduced pressure of mixture

px hard core pressure of mixture
€12  interaction entropy parameter
FN  average number of segments in the mixture
R gas constant
r; chain length of molecule i
number of contact sites per segment in species i
reduced entropy of mixing
temperature
reduced temperature of species i
hard core temperature of species :
reduced temperature of mixture
hard core temperature of mixture
molar hard core volume of component 1
specific volume of component i
reduced volume of component |
hard core volume of component ¢
reduced volume of mixture
hard core volume of mixture
weight fraction of species i
interactional parameter
interactional energy parameter
thermal expansion coefficient
thermal pressure coefficient
solubility parameter
segment fraction of species i
site fraction of species ¢
Au; chemical potential of component :
Registry No. (Ethylene)-(vinyl acetate) (copolymer), 24937-
78-8.

- »n
A
2w

=Rl e oy

C e oo
* o ¥ $*
.

=

i

—
1)

D> R
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