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PHASE BEHAVIOR OF POLYMER BLENDS 

HANS-WERNER KAMMER 

Department of Chemistry 
Dresden University of Technology 
Mommsenstrasse 13, DDR-8027 Dresden 
German Democratic Republic 

ABSTRACT 

Major emphasis is placed on the phase behavior of miscible poly- 
mer blends. To understand the complex phase behavior of blends, 
a refined version of an equation-of-state theory is discussed. This 
theory makes the simultaneous occurrence of upper critical solu- 
tion temperature and lower critical solution temperature in blends 
of high molar mass polymers conceivable. The kinetics of isother- 
mal phase dissolution as it emanates from different experimental 
routes is discussed in terms of Cahn’s linearized theory of phase 
separation. The rate of phase dissolution varies as a function of 
quench depth, which indicates the rate is directed by both the ther- 
modynamic driving force and the mobility. 

1. INTRODUCTION 

Polymer blends are combinations of two or even more polymers that 
can either mix completely on a molecular scale or, as is more often the 
case, form a two-phase structure. Therefore, with respect to their phase 
behavior, polymer blends can be characterized as being either miscible 
or immiscible. The term “miscibility” of polymers will be used for their 
dispersal at the molecular level. 

Miscibility of polymers is expected in three cases: 
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FIG. 1. True equilibrium situations in polymer blends can be observed in the 

window bounded by the thermal destruction temperature ( Td) and the glass- 
transition temperature (TJ. 

1. Polymers of low molecular mass which have a sufficiently high 
combinatorial entropy of mixing. 

2. Polymers capable of specific interactions leading to favorable (exo- 
thermic) heats of mixing [l]. 

3. A random copolymer turns out to be miscible either with a homo- 
polymer or a second random copolymer when there exists a sufficiently 
strong “repulsion effect” [2-41. 

The phase behavior of polymer blends is experimentally well accessi- 
ble in a “window” which is bounded at high temperatures by the thermal 
destruction temperature of the polymeric components, and at low tem- 
peratures by the glass transition temperature of the system (cf. Fig. 1). 
Below the glass transition temperature, the phase behavior can be esti- 
mated only tentatively. 

Miscible blends, in general, exhibit phase separation at elevated tem- 
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PHASE BEHAVIOR OF POLYMER BLENDS 1715 

peratures (Fig. 1). The increase in temperature weakens the specific inter- 
actions and the repulsion effect, resulting in a lower critical solution 
temperature (LCST). Some miscible blends display not only LCST be- 
havior but also phase separation at low temperatures. The decrease in 
temperature corresponds to a decrease in compressibility. Thus, in turn, 
it is equivalent to an ascending repulsion between the segments exceeding 
the specific interactions at an upper critical solution temperature 
(UCST). The simultaneous occurrence of an LCST as well as an UCST 
in blends of high molecular weight polymers is considered to be a general 
phenomenon [ 5 ] .  However, in most cases the UCST shifts far below the 
glass transition temperature and, therefore, is not accessible experimen- 
tally. When the glass transition temperature is sufficiently low as in 
systems containing an elastomer as one of the components, the UCST 
could be confirmed experimentally besides an LCST [6, 71. 

Various polymer blends just above the LCST display a very regular, 
bicontinuous two-phase morphology. This phenomenon conveys the 
possibility to manipulate and control the phase morphology in polymer 
blends [8, 91. It may also be interesting for designing new fibers or 
membranes based on phase-separated structures. Thus, a largely open 
field is offered for studies of morphology and structure-property rela- 
tionships. To exploit thermally induced phase separation for the design 
of new blend materials, one needs basic knowledge of phase behavior 
including phase equilibria, dynamics of phase separation, and phase 
dissolution. 

In this paper we mainly discuss phase equilibria and the kinetics of 
phase dissolution in blends containing random copolymers. Due to their 
central importance in directing the phase behavior, thermodynamic is- 
sues are sketched first. Experimental determination of miscibility areas 
provides the individual interaction parameters necessary for predictions 
of various phase equilibria. This is followed by an outline on the phase 
dissolution kinetics which can be pursued by laser light scattering and 
will be discussed in terms of Cahn's linearized theory [ 101. 

2. THERMODYNAMICS OF POLYMER-POLYMER MISCIBILITY 

According to the Second Law of thermodynamics, the state of misci- 
bility of any mixture is governed by the Gibbs free energy of mixing, 
AG". In the framework of a mean-field approximation, AG"of a binary 
polymer mixture is given by 
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1716 KAMMER 

where ri and 'i are the degree of polymerization and the volume fraction 
of component i, respectively. As can be seen, the dimensionless parame- 
ter Xis  a free-energy parameter. According to the thermodynamic theory 
of polymer mixing, three effects contribute to parameter X [ 5 ] :  

1. The segmental interaction represented by the parameter X A B .  

2. The free-volume effect arising from the different free volumes of 

3. The size-effect resulting from the differences in the sizes of the 
the components and represented by the parameter I'. 

segments and represented by the parameter p. 

As will be shown below, even small values of p may have large effects 
on the sign and value of excess quantities. 

The first two terms on the right-hand side of Eq. (1) represent the 
combinatorial entropy of mixing, -AS?. AS? is always positive, Le., a 
negative contribution to AG" results which corresponds to a stabilization 
of the mixture. However, in the case of high molecular weights of the 
components (each r large), A$' for polymer blends tends to zero and 
the entropic stabilization is negligible. This fact suggests that AGM < 0 
required for mutual miscibility of polymers can only result when the 
free-energy parameter Xis  negative. 

The parameter X can be expressed as [5] 

U A  E 9 cVA x = -- ( 2 ~ ; ~  + - p 2 )  + - - rz 
RT K A  2R 4 

where 

The molar configurational energy - U,, the heat capacity CvA, and 
the quantity -UAvi/ iA (iA being the reduced compressibility) can be 
replaced by the reduced volume vA by using a suitable equation of state. 
After Flory [ll],  the following equation of state holds between the re- 
duced quantities: 
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which simplifies in the limit P = 0 to 

1717 

(3) 

p1’3 varies in the range 1 . . . 413. Employing Eqs. ( 3 )  and (3’), one 
arrives at 

As can be seen, the quantities - UA, - UAvi/iiA, and CvA are positive 
definite. Furthermore, the molar configurational energy - UA and the 
quantity - UA p2:pt/kA are decreasing functions of temperature, whereas 
the heat capacity CvA ascends wi.th increasing temperature. Equation (2) 
indicates that the requirement X < 0 for miscibility can only be fulfilled 
when the interaction parameter XAB is negative. For XAB < 0, the inter- 
action term of Eq. (2) is also negative and favors mixing. In the case 
where p = 0, it dominates the unfavorabIe free volume term up to a 
certain temperature. With increasing temperature, the magnitude of the 
interaction term decreases and the free volume term increases, leading to 
an increase of the parameter X. At X = 0, an LCST occurs followed by 
phase separation at higher temperatures. As Eqs. (2) and (4) indicate, for 
p # 0 the second term of Eq. (2) increases with decreasing temperature, 
resulting again in an ascent of the parameter X. Therefore, the interac- 
tion term dominates the unfavorable free-volume and size-effect terms 
only within a certain range of temperatures, i.e., LCST as well as UCST 
occurs. The parameter X and its constituents as a function of tempera- 
ture are depicted in Fig. 2. 

Within the limit, the degree of polymerization r tends to infinity when 
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FIG. 2. Variation of the parameter X(Curve 4) and its constituents-interac- 
tion (l), free volume (2), and size effect (3)-as a function of reduced tempera- 
ture according to Eqs. (2) and (4). The parameters used are: & = - 1  x 

pz = 3 x lo-’. The combinatorial entropy of mixing at 
4 = 0.5 and r = lo00 is indicated by the horizontal broken straight line. 

I” = 6 x 

UCST and LCST are given by X = 0. From Eqs. (2) and (4), it follows 
approximately: 

3 2  

-p2  - XiB 

- P  16 
9 
16 

UCST: 17y3 = 1 + 
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PHASE BEHAVIOR OF POLYMER BLENDS 1719 

7 - r2 

- r2 - xIB 
(6) 

4 48 LCST: = - - 
3 7  

16 

The positions of the UCST and LCST are governed by the parameters p 
and r, respectively. This means the UCST is caused by the enthalpic 
contribution associated with the size effect, whereas the LCST behavior 
is an entropy-driven process PI. 

Another interesting fact results when one calculates the volume of 
mixing in the same approximation as the Gibbs free energy of Eqs. (1) 
and (2). It follows: 

When there is no size effect in miscible systems, i.e., p = 0, and XAB 
< 0, then the volume of mixing AVE is negative. With increasing p the 
sign of AVE will change, whereas AGM keeps the same sign. As a result, 
AVE > 0 can occur for miscible systems. This effect has been observed 
in blends of poly(methy1 methacrylate) (PMMA) and poly(ethy1 acrylate) 
with poly(viny1idene fluoride) (PVDF) [12]. For the system PMMA/ 
PVDF, the simultaneous occurrence of LCST and UCST has been con- 
firmed (cf. Fig. 3). The LCST and UCST are reported to be about 325 
and 14OOC for 50/50 blends [13]. These values can be used to estimate 
the quantities XA, and p from Eqs. ( 5 )  and (6). 

We choose the polymer PMMA as the reference substance A. The 
thermal expansion coefficients for PMMA and PVDF have been found 
to be CY = 6.3 x K-' [15], respectively, 
in the range of 150 to 200OC. Employing 

K-' [14] and 7.6 x 

p1/3 - CYT 
1 =  

3(1 + aT) 

and Eq. (3'), one immediately obtains the reference temperatures. It 
follows that 
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I I 

0 0.5 I 

WPMMA 

FIG. 3 .  Phase diagram of PMMA/PVDF, after Ref. 13. LCST behavior was 
observed in the hatched areas. 

PMMA: TZ = 8100K; PVDF: Tg = 7320K (9) 

The quantity I' is given by [16; 

Furthermore, we note after applying Eq. (3'): UCST (at 14OOC) and 
LCST (at 325OC) correspond to vi'3 = 1.0658 and 1.1135, respectively. 
One can extract from Eqs. ( 5 )  and (6) the upper limits of the quantities 
X,, and p. It follows that 

where X,, agrees pretty well with the result X,, = -0.007 submitted in 
Ref. 17. 

Employing the values of the parameters as presented in Eqs. (10) and 
(l l) ,  one can calculate the excess volume according to Eq. (7) for a 501 
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PHASE BEHAVIOR OF POLYMER BLENDS 1721 

50 blend of PMMA and PVDF at 447 K ( 17A’3 = 1.0732). It is AVE/ 
V, = 1 . 1  x again in good agreement with the experimental result 

In conclusion, the simultaneous occurrence of an LCST and anUCST 
is associated with positive contributions to the Gibbs free energy of 
mixing due to the free-volume effect and the differences in segmental 
sizes, respectively, where the latter effect is most striking at low tempera- 
tures. When the size effect is negligible, only LCST behavior is experi- 
mentally observable. 

1.9 x 1 0 - ~  [121. 

3. MISCIBILITY PREDICTIONS 

As outlined above, the thermodynamic theory can predict, in princi- 
ple, the phase behavior of blends. For miscibility on a molecular scale, 
as a necessary condition, the Gibbs free energy of mixing must be nega- 
tive. Due to the extremely small value of the combinatorial entropy of 
mixin[ 1 the case of high molecular weight polymers, the only way to 
get a negative contribution to the Gibbs free energy of mixing [l]  is for 
the overall interaction parameter X,, occurring in Eq. (2) to be negative. 

The following discussion will be restricted to blends of poly(styrene- 
co-methyl methacrylate) (SMMA) and poly(styrene-co-acrylonitrile) 
(SAN). It is well known that blends of the homopolymer PMMA and 
random copolymers of styrene and acrylonitrile are miscible within the 
range of 9.4 up to 34.4 wt% AN content in the copolymer SAN [18]. 
In that very range of copolymer composition, the PMMA/SAN blends 
display miscibility and LCST behavior. The LCST sensitively depends 
on the copolymer composition. Therefore, for blends containing SAN 
copolymers of varying AN content, one observes different binodals. This 
behavior can be rationalized in plots of the phase separation temperature 
at constant blend composition as a function of copolymer composition. 
For PMMA/SAN blends, one observes a “window of miscibility’’ in the 
temperature-copolymer composition plane as depicted in Fig. 4 [ 181. 

In terms of a mean-field approximation, the overall interaction pa- 
rameter x,, in a blend containing a homopolymer A (segments of type 
1) and a random copolymer B (segments of types 2 and 3) can be ex- 
pressed as a linear combination of individual segmental interaction pa- 
rameters xu [2-4, 19-21] 
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300 

200 

100 

FIG. 4. Miscibility window of PMMA/SAN 60/40 blends [18]. 

where p represents the mole fraction of component 2 in the random 
copolymer. As can be seen from Eq. (12), miscibility may occur-at 
least within a certain range of copolymer composition-if the mutual 
repulsion between the segments comprising the copolymer exceeds the 
repulsion between these segments and those in the second component of 
the mixture. 

Employing the theory sketched above, one can extract the individual 
segmental interaction parameters from the experimentally observed mis- 
cibility-immiscibility boundaries as a function of copolymer composi- 
tion. For blends of PMMA and SAN, it has been found [16] that 

Now, let us turn to blends of two copolymers containing a common 
segment, i.e., to blends of the type poly(l-co-2)/poly(l-co-3). Blends of 
SMMA and SAN are considered as an example for which two limiting 
cases with respect to the distribution of the components in SMMA co- 
polymers will be discussed: SAN as a random copolymer is blended 
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with 1)  random copolymers of S and MMA units, S-r-MMA, and 2) 
block copolymers containing these components, S-b-MMA. 

First, we may establish that the same parameters as in Eq. (13) also 
become operative in blends of the two copolymers SMMA (polymer A) 
and SAN (polymer B) to regulate the phase behavior. In case l) ,  the 
phase behavior is directed by the net interaction parameter XAB, which 
in analogy to Eq. (12) can be expressed by [4] 

where x and y denote the mole fractions of components 2 and 3 in the 
respective random copolymers. 

As mentioned above, the system PMMA/SAN exhibits a window of 
miscibility in the temperature-copolymer composition plane. If one 
gradually replaces MMA units in PMMA by styrene, the range of misci- 
bility with respect to the AN content in SAN must be reduced, finally 
leading to immiscibility in the limit PS/SAN. In other words, the win- 
dow of miscibility in S-r-MMA/SAN blends shifts with increasing sty- 
rene content in S-r-MMA to lower AN contents in SAN and, addition- 
ally, the range of miscibility shrinks. 

A convenient representation of the phase behavior can be made for 
these systems in the form of an isothermal composition-composition 
plot displaying the miscibility-immiscibility boundaries as a function of 
the copolymer compositions. The miscibility domain of SMMA/SAN 
50/50 blends at room temperature as estimated by visual inspection of 
the turbidity of solvent-cast film specimens is shown in Fig. 5 .  The 
molecular masses of the S-r-MMA and SAN copolymers were all in the 
order of M ,  = 40,000 and M ,  = lo5, respectively. 

The curves result from the thermodynamic stability condition and 
were calculated by using Eqs. (13) and (14). The projection of the misci- 
bility window of PMMAISAN blends occurs here at the ordinate for 
AN contents ranging from 9.3 up to 33.8 wt%, in excellent agreement 
with experimental findings. 

From Fig. 5 it may be concluded that the overall agreement between 
the experimentally determined and theoretically predicted miscibiliu re- 
gion is excellent. Therefore, it can be established that knowledge of 
individual interaction parameters is valuable for the prediction of the 
phase behavior of blends comprising two random copolymers. 

A great deal of interest has also been shown in miscibility of mixtures 
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FIG. 5.  Miscibility domain for 50/50 blends of S-r-MMA and SAN. The 
experimental data points refer to miscible ( 0 )  and immiscible (0) blends. The 
solid curves were calculated from #AGM/&#? = 0 by using Eq. (14), the parame- 
ters of Eq. (13), as well as r, = r, = lo00 and 0 = 1 6 0 O C .  The broken curves 
refer to the infinite molecular-mass limit [ 161. 

of block copolymers and the corresponding homopolymers [22-261. 
Here, we present results concerning the miscibility of diblock copoly- 
mers, S-6-MMA, and random copolymers, SAN, as estimated by optical 
inspection of solvent cast films. 

The components again have the same molecular weights as indicated 
above for the random copolymers. The phase diagram for blends con- 
taining S-b-MMA and SAN in a 1/1 ratio is shown in Fig. 6 [27]. Within 
the area bounded by the dashed curves, microphase separation may oc- 
cur. However, macrophase separation can be observed only outside this 
domain. For the sake of comparison, the area of miscibility for S-r- 
MMA/SAN blends is indicated by solid curves. The difference in the 
miscibility behavior of SAN blended with S-r-MMA and S-b-MMA, 
respectively, is striking. For a constant content of styrene in the SMMA 
copolymer, the window of miscibility with respect to the AN content in 
SAN is remarkably more extended for diblock copolymers than for ran- 
dom copolymers. Obviously, the SAN copolymer dissolves into the 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
3
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



PHASE BEHAVIOR OF POLYMER BLENDS 

40 - 

1725 

D 

P (S- 

FIG. 6. Miscibility domain for 50/50 blends of S-b-MMA and SAN. The 
broken curves are drawn just to separate the areas of micro- and macrophase 
separation more clearly. There is no theoretical background behind these curves. 
The other symbols are as in Fig. 5 .  The solid curves of Figs. 5 and 6 are identical 
in meaning. 

b- M M A )  

MMA block of S-b-MMA, and this happens at higher AN contents than 
in mixtures with a random copolymer S-rMMA containing the same 
overall amount of MMA units as the block copolymer. With respect to 
miscibility, this means that the block copolymer is more similar to the 
homopolymer, PMMA, than to the random copolymer, S-r-MMA. The 
enthalpic contribution to the Gibbs free energy of mixing resulting from 
the parameters of Eq. (13) and governing the miscibility of PMMA and 
SAN seems to  prevail over the entropic contributions characteristic for 
the solubilization of polymers in block domains. It has been shown that 
this entropic effect is sensitive to the molecular weight ratio of the poly- 
mer and the corresponding block of the copolymer [25, 261. When the 
ratio exceeds unity, as is the case for the systems under consideration, 
the entropy change becomes unfavorable for mixing. Here, the suffi- 
ciently large negative value of the net interaction parameter exceeds the 
unfavorable entropic effect within a certain range of the block copoly- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
3
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1726 KAMMER 

mer composition, and miscibility between the MMA block and SAN 
occurs. However, the solubility limit is expected to occur if the molecular 
weights (at high styrene contents) of the MMA block and the SAN be- 
come too disparate. 

4. KINETICS OF PHASE DISSOLUTION IN POLYMER BLENDS 

Many experimental and theoretical studies have been made on the 
kinetics of phase separation in initially homogeneous polymer mixtures 
set isothermally into the thermodynamically unstable region [28, 291. It 
is the primary objective here to discuss the kinetics of isothermal phase 
dissolution of phase-separated structures after a rapid temperature jump 
from the two-phase region into the one-phase region below the lower 
critical solution temperature. The unmixing in the unstable region pro- 
ceeds via spinoidal decomposition. 

According to Cahn [lo], this process is considered to belong to the 
linear regime, i.e., phase separation is caused by a thermodynamic driv- 
ing force which initiates a diffusional flux against the concentration 
gradient. In other words, the unmixing process is treated as being entirely 
diffusion controlled. This is an approximation which is valid only for 
small changes in composition. There is experimental evidence that the 
spinoidal decomposition in the early stage and in the small q regime is 
described approximately by the Cahn theory [30]. Let R, be the size of a 
polymer coil and q the wavenumber for a particular Fourier component 
of growing fluctuations. Then the small q domain is characterized by 
qR, Q 1, which means that the wavelength of concentration fluctuations 
is much larger than the coil diameter. The period of time in which the 
early stage of spinoidal decomposition is expected to exist can be approx- 
imated by 7 = R2, /6 ,  where b is the apparent diffusion coefficient 
which governs the rate of phase separation. Thus, the quantity 7 de- 
scribes the time required by a chain molecule to diffuse over a distance 
comparable to its own size Ro. 

The apparent diffusion coefficient is given by [lo] 

where G is the Gibbs free energy of the mixture in which the concentra- 
tion of one component is given by a constant value C#J and M is the 
mobility constant which is positive. 
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So far we have discussed the process of phase separation in a thermo- 
dynamically unstable region. Analogously, one can study the kinetics of 
phase dissolution after a rapid temperature jump from the two-phase 
region into the one-phase region below LCST. Then the phase-separated 
structures are dissolved by a continuous descent of the thermodynamic 
driving force responsible for the phase separation. Hence, phase dissolu- 
tion is the reverse of phase separation, and the theory of phase separa- 
tion can also be used to discuss the dynamics of phase dissolution. How- 
ever, unlike the case of phase separation, the linearized theory now 
describes the late stage of phase dissolution. 

In the context of the Cahn theory, it follows for the intensity decay in 
the diffusion-controlled regime that 

where t is the annealing time after the temperature jump and I, is the 
scattered intensity at annealing time zero. When the scattered intensity 
decays exponentially, Eq. (16) yields the apparent diffusity d accompa- 
nying the dissolution of the two-phase morphology below LCST. 

From Eq. (15) it follows that the apparent diffusion coefficient com- 
prises a kinetic aspect, M, as well as a thermodynamic aspect, c ~ ~ G / C ~ + ~ .  
If one keeps in mind that the dissolution process progresses after a 
temperature jump takes place from the two-phase region into the one- 
phase region, then it is immediately conceivable that M is related to the 
final state of the temperature jump whereas a2G/d$* characterizes the 
initial state. Therefore, if one chooses different experimental courses as 
shown in Fig. 7, one can study the different aspects of 8. Temperature 
jumps from one single temperature in the two-phase region to different 
temperatures in the homogeneous region below LCST (Fig. 7a) corre- 
spond to a variation of the mobility M as a function of temperature 
whereby the thermodynamic driving force is kept constant. The route 
indicated in Fig. 7(b), on the other hand, focuses attention on the influ- 
ence of the thermodynamic driving force at constant mobility. 

The results are shown in Figs. 8 to 10. The diffusion coefficients 
governing the phase dissolution below LCST are of the order of 
cm2/s. Figure 8'reflects the influence of the mobility coefficient on phase 
dissolution. As can be seen, the apparent diffusion coefficient increases 
with increasing temperature, which solely expresses the temperature de- 
pendence of the mobility coefficient. Furthermore, the linear relation- 
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t 
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FIG. 7. Courses of the experimental procedure in phase-dissolution experi- 
ments. (a) The thermodynamic driving force is kept constant. (b) The mobility 
remains constant. 

6 00 1200 1800 2&00 3000 t / s  

FIG. 8. Changes in the relative scattered intensity after temperature jumps 
from 21OOC to different annealing temperatures below the LCST for the system 
PMMA/SAN-31.5 (50/50). SAN-31.5 means 31.5 wt% of AN in SAN [31]. (.) 
180°C, ( 0 )  16OoC, ( x )  140OC. 
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FIG. 9. Arrhenius plot of the apparent diffusion coefficient for the system 
and the procedure as indicated in Fig. 8 [31]. 

70 30 50 AT / K  

FIG. 10. Apparent diffusity as a function of quench depth for a 50/50 blend 
of PMMA/SAN-31.5. The phase separation temperature of the blend and the 
rapid decay of the regular two-phase morphology occur at 200 and 22OoC, 
respectively (cf. text) [34]. 
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FIG. 11. Light micrograph of the regular two-phase morphology above the 
binodal; PMMA/SAN-3 1.5, 60140 [33]. 

ship of In D and 1/T suggests that the mobility obeys an  Arrhenius-type 
equation (cf. Fig. 9). 

A completely different result occurs if  one pursues the experimental 
course of Fig. 7(b). The variation of the apparent diffusion coefficient 
as a function of quench depth AT = T - T,, where T, is the spinoidal 
point, is presented in Fig. 10. In the first instance, the apparent diffusity 
increases with increasing quench depth AT,  which is in accord with the 
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mean field theory. However, when the quench depth is further raised, 
the apparent diffusion coefficient starts to decrease. 

We have to recognize that various homopolymer/copolymer blends 
display a very regular, highly interconnected two-phase morphology just 
above the LCST [32, 331. An example is shown in Fig. 1 1 .  In a certain 
region of temperature above LCST, this morphology is relatively stable. 
However, above a certain temperature the regular two-phase structure 
decays rapidly into an irregular two-phase morphology. The descent of 
diffusity presumably begins when the temperature approaches the stabil- 
ity limit of the regular two-phase morphology. This result strongly sug- 
gests that the thermodynamic driving force depends on the dispersal 
of the phases in the two-phase region. Hence, the dependence of the 
thermodynamic driving force on the interfacial energy has to be taken 
into consideration. If one pays attention to it, at least a qualitative 
explanation results for the change of the apparent diffusity with quench 
depth [34]. 
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