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Abstract

Flory’s lattice theory has been applied to the polymer blends containing a thermotropic liquid crystalline polymer (LCP) and flexible chain
polymers. The phase behavior of blends of a thermotropic LCP and a flexible chain polymer at melt processing temperature can be evaluated
by two quantitative parameters: the polymer—polymer interaction paramatgifd the degree of disordey/X;). From the results of the
model calculation, it has been found that the miscibility is increased with the increase of the degree of disgydéttfe LCP and with the
decrease of the degree of polymerizatigmm(and/orx,). The simulated spinodal curve of ternary polymer blends containing a thermotropic
LCP and two flexible chain polymers has been calculated using the lattice theory. When three pairs of binary polymer blends are immiscible,
the coexistence curve of the three phases appears for the ternary blend having similar vejuesiofig component polymers. When the
LCP is immiscible with two flexible chain polymers, and also when the two flexible chain polymers are miscible with each other, the strong
effect of anisotropy of the LCP is observed in the simulated spinodal curve. When three pairs of binary polymer blends are miscible, a phase
separation is also observed due to fhg| effect. © 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction investigate the phase equilibrium in solutions of tobacco
mosaic virus (TMV) particles. He incorporated the aniso-

Liquid crystalline polymers (LCPs) are known to have tropy of the TMV into the original lattice theory [33]. In the
high modulus and unique properties of the formation of modified lattice theory [33], the free energy of mixing
lyotropic solutions or thermotropic melts [1-8]. The blend- (AG,) was given as a function of mole numbers, axial
ing of a thermotropic LCP with various flexible chain ratio of TMV particles &;), disorientation factory) and
polymers has been of interest in recent years [9—32]. Thethe intermolecular interaction parametey,d between
incorporation of a thermotropic LCP to the flexible chain TMV and solvent. Subsequently, Flory and coworkers
polymers may result in the improvement of mechanical [34—39] applied the theory to lyotropic polymer solutions.
strength and processibility of the flexible chain polymers. Intermolecular interaction was deliberately neglected in the
On these points of view, many investigators have studied thetheory [34—39]. In our previous work [14,23], we have
blends of a thermotropic LCP with flexible chain polymers applied the lattice theory to the blends of a thermotropic
such as poly(ether imide) (PEI) [9-14], poly(ether ether liquid crystalline polymer and flexible chain polymers
ketone) (PEEK) [14-20], polysulfone [21,22], polycarbo- such as PEI, PEEK, and PC, and reported the equilibrium
nate (PC) [23-29], poly(ethylene terephthalate) [30,31], degree of disordery(x;) and the polymer—polymer inter-
and a copolymer of tetrafluoroethylene and hexafluoro- action parameter (i) of the blend at melt processing
propylene [32]. temperature.

Flory [33] proposed a modified lattice theory in orderto ~ The miscibility between a thermotropic LCP and a

flexible chain polymer at melt processing temperature is
—_— an important factor for understanding the physical proper-
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and immiscible pairs [21,22]. However, there are few more exactly by Flory—Ronca theory [40,41]. However,
theories in the literature that describe the miscibility of we adopt an approximated value of the orientational part
the blends of a thermotropic LCP and a flexible chain in the configurational partition function for simplicity,
polymer. Therefore, we hope to describe the miscibility of which will be discussed in this work. The limit of complete
the blends of a thermotropic LCP and flexible chain disorder isy = x; in this work. When the LCP has a com-
polymers at melt processing temperature by using two pletely ordered structure, the orientation facigrias a unit
quantitative parameters: the polymer—polymer interaction value. When the fraction of a vacant cell is limited to zero,

parameter X1, and the degree of disordey/X,). then Eq. (1) reduces to:

In this work, we apply Flory’s lattice theory to the blends mn,
of a thermotropic LCP and a flexible chain polymer in order z,, = [M2Xp + qu]ﬂy(zm j?in =T 2)
to evaluate the polymer—polymer interaction parameter N INpl(Nymg + Npxp) My 5ietie

(x12) and predict the miscibility limit. In this paper, we |ntroducing Stirling’s approximation, one can obtain the
have derived the Gibbs free energy of mixin§Q) of entropy of mixing from Eq. (2). Adding the residual contri-
the blend containing a thermotropic LCP and a flexible pytion to the Gibbs free energy of mixing [42,43], we can
chain polymer from the lattice theory. Also the miscibility optain Eq. (3) after some rearrangement:

limits (spinodal curve at constant temperature) of the binary

and ternary blends containing a thermotropic LCP and —=™ — y |n b, + n, In ¢y + x10h1 XMy + Xohy)
flexible chain polymers have been calculated by the

proposed equations from the lattice theory. + AGorient 3)

where
2. Theory

Y1)

Alorient = NiMyyy Inf =] — (XN, + m
2.1. Gibbs free energy of mixing G, Jorient = T2 (X]_ (el + myn)
(Xonp + myn)

Flory and coworkers [34—39] developed the lattice theory — x In[ =<
(Xgmm + Xonp)

in which the orientation of the LCP is considered in lyo-
tropic solutions. This lattice theory can be applied to the
blend systems containing a thermotropic LCP. The thermo-
tropic LCP can be treated as a freely jointed chain compris- where n; is the number of moles of thé&h component

ing m rod-like segments of the same length, such as the (i,j = 1,2 andi # j), x1, the polymer—polymer interaction
lyotropic LCP treated in Flory’s work [39]. For the binary parameter, andp; the volume fraction of componerit
blend of a flexible chain polymer and a thermotropic LCP, Subscripts 1 and 2 denote polymers 1 and 2, respectively.
the blend can be treated as a fictitious ternary blend systemy, andy are the orientation factors of the LCP in pure state
composed of a vacant cell (0), the LCP (1), and a flexible and in blended state, respectively, amdthe number of
chain polymer (2). The fraction of the vacant cell is limited flexible joints of the LCP. In factAgyien is composed of

to zero. In this work, the configurational partition functionis some part of combinatorial contribution and the orienta-

] +ny(my Iny2 — myy; + 1)

—m(miny? — my+ 1)

obtained as follows: tional contribution in Eq. (3). In this work, the pure LCP
is treated as a perfectly ordered polymer at melt stgte:
Zy = [ [Ny — Ny(mx — my)! ] m, = 1in Eq. (3).
(N — xymny)Ing g™ When the LCP has a completely disordered structure (i.e.

, Y =VY1 = X1), AQorient DECOMES ZErO in EQ. (3). Then Eg. (3)
x[ (N = xymny)!2) ][yZmnl] 1 is reduced to the well-known Flory—Huggins equation.

Ny(X—1)
(Nt — XMy, — Xonp) Ny 1Ny

. 2.2. Polymer—polymer interaction parametgr §)
whereny = ng + nymx + NyX,, Mis the number of freely

rotating joints in the submoleculg, the axial ratio of each At equilibrium, the entropy may be maximized with the
of themrods comprising the molecule, the contour length  variation of the disorientation factory)( Therefore, the
of the flexible chain polymer (the molar volume of the equilibrium disorder can be obtained by equating
repeating unit of the flexible chain polymer is regarded as o In Zy,/0y to zero [34] as follows:

1), y denotes the disorientation [34};= X; Sin ¢, ¢ is the _ y
exp( )=1—¢1<1— )

angle to the domain axis of the LCP, ands the internal 4)
configurational partition function for the flexible chain
polymer [39]. The first and second brackets in Eq. (1) are The chemical potential of components obtained as the
combinatorial parts of the LCP and the flexible chain partial derivative of Eq. (3) with respect tg. Then the
polymer, respectively. The last bracket in Eqg. (1) is the chemical potential of components 1 and 2 are given by

orientational part. The orientational part can be given Egs. (5) and (6) after the substitution of Eq. (4) to the

1
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derivative of Eq. (3), respectively: determined from the experimentally measured glass transi-
A,ul b1 y 1 1 tion temperaturesT(s) of the blends as reported in our
+ + - = i
T ( % ) ¢>1x1m( % le) ¢2x1m(1 X2> earlier papers [14,23,44,45].
+2m(1 — Iny) + X My1203, (5) 2.3. Miscibility limit of polymer blends

Eq. (3), which is expressed as the number of moles and

Apy y 1 2Xy volume fraction of each component can be expressed as a
— + - — |+ — X)) + —
R ~ N ¢1X2( Xy xlm) $1d %) y function of just the blend composition as follows:
2 ~
+ XoX1201- ©6) G= ﬂln b + ﬂln b2 + x1201P2 + Aorient (13
Xym Xo
Similarly, the chemical potential of the isotropic phase can Where
be obtained by Egs. (7) and (8), whee= X; :
A,U«1 h 1 AQori d)l | ( )
RT ( ) + dr(xym—1) + Cblem(l - X_z) Gorient = XM
2 14 _y _ _y
—2min X1 + leX]_zd)z, (7) 1 ¢1 1 - In| 1 d)l 1 —
Xy X1

A 1
% =1In ¢, + ¢1X2(1 - xl—m> + P1(1 = Xo) + Xox1o5. X(:i(mln Y —my+ 1).

®) The miscibility limit of the binary polymer blend containing
At equilibrium, the chemical potential of each component a thermotropic LCP is obtained at the spinodal of Eq. (13):
must be the same in both phases. Denoting the anisotropic ,, .
phase by a single prime and the isotropic phase by a double?G _ -0 (14)
prime, respectively, we have Eq. (9) for the LCP d¢%

(component 1): For the binary polymer blends containing a thermotropic

Aup'y = Auf. 9 LCP, the spinodal relationship is obtained as Eg. (15)
Then, we can obtain Eq. (10) from Egs. (5), (7), and (9): after the substitution of Eq. (13) into Eq. (14):

1 1 (1 — (y/x))?
1 I _ _ —0.
In( ii) + Wlxlm(% - ﬁ) — ¢10xm—1) d1xim  hoXo 2x1z [1— ¢1(1— (Yx))] 019
1 1
1 For the ternary polymer blends containing a thermotropic
+ le(l - X_>(¢’2 — ¢ + 2rr{1 + In(%)] LCP, the Gibbs free energy of mixing is obtained as Eq. (16):
2
+ XgMy1o(P3’ — 3"y = 0. (10) G= d)l |” b1+ E'” ¢y + i'” ¢3 + X12¢12
Similarly, we have Eq. (11) for the flexible chain polymer + Xostbos + xa1dad1 + Aloriont (16)
(component 2):
Aub = A 11) For the ternary polymer blend containing a thermotropic
P2 =2k LCP, the spinodal relationship is obtained as Eq. (18)
Then we can obtain Eqg. (12) from Egs. (6), (8), and (11): after the substitution of Eq. (16) into Eq. (17):
1 1 2A 2 A 2 2
In<¢,2,)+¢12(y——)—qb’l’xz(l——) G G | 96 =0, 17
¢ X xm Xm 047 0d1ody | 9b10de
_ g 2X2 2/ 421N
0o~ (g2~ ¢2) + 'y T XoxAdr — 41 =0. XiMey + Xodo + X33 — 2[XyMXe(x1 + x2) P12

12

If the volume fractions in each conjugate phase can be
determined experimentally, the polymer—polymer inter-  + 4&XiMXMs(x1x2 + X2X3 + X3X1)P1d263
action parameterx(,) and the degree of disordey/X,) 4
can be calculated by Egs. (4), (10), and (12) in equilibrium  _ (1~ (yx0) n $s | _ 0 (18)
condition. The volume fractions in each phase have been [1— &1 — (yx))]? ¢z

+ XoXa3(Xo T X3)Pachs + XaXaM(x3 + x1) P13l
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Fig. 1. Model calculation of polymer—polymer interaction parametes) (
with degree of disorder(x;) and apparent volume fractiog): (a) x;m=
X, = 25; (b) xym= X, = 50; (c) ym= %, = 100

where

Xi T Xk — Xik

Xi = 2

Apart from the last term, Eq. (18) is similar to the spinodal

relationship of the Flory—Huggins equation in the work of
Su and Fried [46], which described the miscibility of
polymer blends containing three isotropic polymers. In
Eq. (18), it is worth noting that the LCP phase becomes
an isotropic phase whewx; = 1, then the last term of
Eq. (18) becomes zero. Therefore, Eq. (18) can be used in
the polymer blends containing the LCP as well as polymer
blends containing only isotropic polymers. Also, the effect
of anisotropy of the LCP on the miscibility of ternary
polymer blends can be estimated using Eg. (8) by varying
the y/x; values. The detailed description of Egs. (15) and
(18) is introduced in Section 3.

3. Results and discussion

3.1. Model calculation of the polymer—polymer interaction
parameter f1,)

A model calculation ofy;, using Egs. (10) and (12) is
shown in Fig. 1. In Fig. 1(a), the apparent volume fraction of
component 1 in the component-1-rich phage) (s set equal
to the apparent volume fraction of component 2 in the
component-2-rich phasepg). The components 1 and 2
denote the LCP and the flexible chain polymer, respectively.
The degree of polymerization of componentsqir) and 2
(xo) is set equal to 25. From Fig. 1(a), we can see jhais
decreasing with the decrease ¢f at a certain degree of
disorder ¢/x;). Also we can see thafx, is increasing with

the decrease @, at a certain value gf,. From this result,

it can be surmised that the ordering of the LCP is inhibited
by the flexible polymer that is dissolved in the LCP-rich
phase. In order to see the molecular weight dependency of
the miscibility of a LCP and a flexible polymer, component
polymers having various degrees of polymerization are used
in Egs. (10) and (12).

In Fig. 1(b) and (c) are shown the results of a model
calculation wherx;m and x, are set equal to 50 and 100,
respectively. From Fig. 1, it is predicted that the miscibility
is increased with the increase of the degree of disorder and
with the decrease of the degree of polymerization at a
certain value ofyq,. From these results, it is suggested
that the two quantitative parametepg,, and y/x;, can be

Table 1

Apparent volume fractiond), degree of disordery(x;), and polymer—
polymer interaction parametey{;) of the 0.7 weight fraction LCP blends

$1° ¢5°

Blend

v xit References
LCP-PC 0.9875 0.8671 0.80 0.074 [23]
LCP-PEI 0.9893 0.9785 0.76 0.182 [14]
LCP-PEEK 0.9643 0.9658 0.92 0.066 [14]

2 Single prime and double prime denote LCP-rich phase and flexible
chain polymer-rich phase, respectively. Subscripts 1 and 2 denote LCP
and flexible chain polymer, respectively; = 1 — ¢5 and¢y = 1 — ¢].

b Degree of disorder of LCP in amorphous phase.

¢ All y1, valuse are calculated by Egs. (4), (10), and (11).
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Fig. 2. Spinodal curve of the binary polymer blend containing a thermo-
tropic LCP and a flexible chain polymer with various values of degree of
disorder {/x;) of the LCP:x;, = 0 andx;m = x, = 25.

used to estimate the miscibility of the blends containing a
thermotropic LCP. In our early studies of blends of LCP
with polycarbonate (PC), poly(ether imide) (PEI), and
poly(ether ether ketone) (PEEK) [14,23], we have reported
x12 and y/x; for the blends of LCP-PC, LCP-PEI, and
LCP-PEEK, and the values are shown in Table 1.

3.2. Miscibility of binary polymer blends

For a binary polymer blend containing a thermotropic
LCP and a flexible chain polymer, the miscibility limit

2181

which is found to be similar to the result shown in Fig. 2. For
the flexible—flexible chain polymer blends, it is well known
that the component polymers are miscible whga =< 0
[47]. By comparing the results of a thermotropic LCP and
flexible chain polymer blends (Fig. 2) and flexible—flexible
chain polymer blends with regard jp, andy/x;, both x>
andy/x, should be considered in order to find the miscibility
in the blend of a thermotropic LCP and a flexible chain
polymer. Here, it is worth noting that the anisotropy of a
thermotropic LCP disappears whety; = 1 in Egs. (3) and
(15).

In Fig. 3, the miscibility limit of a binary polymer blend
containing a thermotropic LCP and a flexible chain polymer
has been calculated by Eq. (15) with various valuegof
In Fig. 3, we can see that the critical degree of disorder
((y/x1)¢) is increased with the increase gf,. Also, we
can see that the critical degree of disor@gfx,).) becomes
1.0 wheny;, = 0.08 in Fig. 3. This result suggests that
x12 = 0.08 is the critical polymer—polymer interaction
parameter (¢15).) of a thermotropic LCP and a flexible
chain polymer blend in the case wheym = x, = 25. The
critical polymer—polymer interaction parametey {f).) can
also be determined by Eq. (19). Eq. (19) can be obtained
from the contact point of the spinodal and binodal of Eq. (3):

(X12)e = 2(xym 12 + x; V22, (19

Eq. (19) is similar to the result of Scott and Tompa [42,43]
for the flexible—flexible chain polymer blend.

which is a spinodal curve at constant temperature has At this point, the miscibility of the binary polymer blend

been calculated by Eqg. (15) at, =0 andx;m=x, =

25, and the result is shown in Fig. 2. In Fig. 2, the flexible
chain polymer appears to be miscible with a thermotropic
LCP when the degree of disordei/X;) of a thermotropic

containing a thermotropic LCP and a flexible chain polymer
can be summarized as follows: whem, > (x12)e, phase
separation is always observed in any value of the degree
of disorder ¥/x;). When 1> < (x12)e, phase separation is

LCP is higher than 0.63, which is defined as a critical degree also observed aty/x;) < (¥/%X;).. When xq> < (x12). and

of disorder ((y/x1);). However, there is phase separation
wheny/x; < (y/X1). in Fig. 2. For a binary polymer blend
having a negative value gf;,, the miscibility limit has also

been calculated by Eq. (15) and the result is shown in Fig. 3,
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Fig. 3. Spinodal curves of the binary polymer blend containing a thermo-
tropic LCP and a flexible chain polymer with various valueg/af andy:
X M= X, = 25.

(Y/Xq) > (Y/%1)e, the homogeneous phase is observed at all
blend compositions.

The effect of the degree of polymerization on the
miscibility limit of the binary polymer blends containing a
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Fig. 4. Effect of the degree of polymerization of a thermotropic LCP on the
miscibility of the blends with degree of disordgrx;): x1» = 0.04 andx, =
25,
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Fig. 5. Effect of the degree of polymerization of a flexible chain polymer on
the miscibility of the blends with degree of disordgi{): x;,, = 0.04 and

X;m= 25.

thermotropic LCP and a flexible chain polymer has been
examined by Eq. (15). In Fig. 4, the effect of the degree
of polymerization x;m) of the LCP component on the
miscibility of the blends is shown at constagt(x, = 25)
andy,values(y;, = 0.04). In Fig. 4, the(y/x;). is shown to
increase with the increase of the degree of polymerization of since we hope to present only qualitative features of the
the LCP &m). This result suggests that the miscibility is
decreased with the increase xafn, which is the general
description of the miscibility of the polymeric blends. In
Fig. 5, the effect of the degree of polymerization of the
flexible chain polymer X;) on the miscibility of the
blends is shown at constantm (x;m=25) and yi
values (x;» = 0.04). In Fig. 5, the (y/X;). is shown to
increase with the increase of the degree of polymerization lar to the calculation results of Su and Fried [46] for the
of a flexible chain polymeng), which is similar to the result

of Fig. 4.

3.3. Miscibility of ternary polymer blends

For a ternary polymer blend containing a thermotropic
LCP and two flexible chain polymers, the miscibility limit
(spinodal curve at constant temperature) has been calculatedVe have calculated the spinodal curves for the various
by Eqg. (18). Model calculations have been performed for values ofy; of Case I. The coexistence curve of the three

Table 2

four cases of the polymer blend systems, which are summar-
ized in Table 2. Case | is the ternary polymer blend system
in which all component polymers are immiscible with each
other such thagi, > (x12)c, X23 > (X23)c> @Ndx13 > (X13)c-
Case Il is the ternary polymer blend system in which a
thermotropic LCP(1) is immiscible with a flexible chain
polymer(2) such thaj, > (x12)e; a flexible chain poly-
mer(2) is miscible with a flexible chain polymer(3) such
that x»3 < (x23)c; and a thermotropic LCP(1) is miscible
with a flexible chain polymer(3) such thats < (x13)c
andy/x; > (y/X1)¢13. Case lll is the ternary polymer blend
system in which a thermotropic LCP(1) is immiscible with a
flexible chain polymer(2) such that, > (x12)c; a flexible
chain polymer(2) is miscible with a flexible chain poly-
mer(3) such thaj,s < (x»23)c; and a thermotropic LCP(1)
is immiscible with a flexible chain polymer(3) due to the
anisotropy of the LCP such thats < (x13). and y/x; <
(Y/X1)c13- Case IV is the ternary polymer blend system in
which all component polymers are miscible separately such
that x12 < (x12)es X238 < (X23)e> X13 < (X13)c; and y/x; >
(Y/X1)c12 andy/xy > (Y/Xy)e 13-

In the calculations we have used arbitrary valuegypf
and y/x, that satisfy the conditions suggested in Table 2,

miscibility of the ternary polymer blends containing a ther-
motropic LCP. The spinodal curves for Case | have been
calculated by Eqg. (18). Spinodal curves for the (Case 1)
systems having equal values gf are shown in Fig. 6,
wherey/x; = 0.3. In Fig. 6, the two miscibility gaps appear
along the sides of the triangle and the closed curve appears
in the center of the triangle diagram. These results are simi-

ternary polymer blend containing three flexible chain poly-
mers. The central miscibility gap may be ascribed to the
coexistence of three phases, since three critical points
appear in this curve. The three critical points indicate
three phases having identical chemical potential. The three
critical points appear in the direction of the angular points
indicating each component-rich phase in the ternary blends.

Conditions of polymer—polymer interaction paramejer) and degree of disordey/k) in four different cases of ternary blend systems for the calculation of

spinodal curves

Case Binary blend Resultd
LCP(1)+ Flexible(2) Flexible(2}+ Flexible(3) LCP(1)}+ Flexible(3)

Case | Immiscibley, > (x12)c Immiscible 23 > (x23)c Immiscible 13 > (x13)c Fig. 6

Case Il Immiscible 12 > (x12)c Miscible, x23 < (x23)c Miscible, x13 < (x13)c. Fig. 7
YIXy > (YX1)ca3

Case lll Immisciblex1o > (x12)c Miscible, x23 < (x23)c Immiscible, x13(x13)c, Fig. 8
YIXy < (YX1)cas

Case IV Miscible 12 < (x12)c. Miscible, x23 < (x23)c Miscible, x13 < (x13)c> Fig. 9

YiXg > (Y/X)e12

YIXg > (Y/X1)c13

2 All results have been calculated by Eq. (18).
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Fig. 6. The spinodal curves for the ternary polymer blend containing a Fig. 8. The spinodal curves for the ternary polymer blend containing a

thermotropic LCP and two flexible chain polymergm = x, = X3 = 50, thermotropic LCP and two flexible chain polymersm= x, = x3 = 50,

(xXj)e = 0.04, (y/x;) = 0.3, x12 = x23 = x13 = 0.09 (Case ). (Xj)e = 0.04, (¥/X1)e13 = 0.72, x12 = 0.06, xp3 = 0.0003 x;3 = 0.0001

andy/x; = 0.1 (Case IlI).

phases has appeared only for the systems having similar

values ofy;;. of mixing. In Eqg. (18), we can also see the compositions
The spinodal curves for Cases Il and Il are presented in with three negativey; values satisfying the equality. This

Figs. 7 and 8, respectively. The same valueggiphave been  may be caused by small differencejipvalues, which is the

used in Figs. 7 and 8. The valy&; = 0.8 is used for Fig. 7 so-called|Ay]| effect [46,49]. In Fig. 9, the spinodal curves

andy/x; = 0.1 for Fig. 8. In Figs. 7 and 8, the critical degree have been calculated for Case IV whgre, = 0.8. In Fig.

of disorder (y/x;)c13 is 0.72. Therefore a thermotropic 9, we can see a phase separation curve in the central region.

LCP(1) and a flexible chain polymer(3) are miscible in The phase separation may be due to the effect, since all

Fig. 7 and immiscible in Fig. 8. In Fig. 8, we can see that component polymers are miscible with each other.

the spinodal curve is bent near the axes of components 1 and From the results of Figs. 1-9, it is suggested that the

3. The bent curve is not seenin Fig. 7. The bent curve shownproposed Egs. (3)—(19) are consistent quantitatively with

in Fig. 8 may be due to the strong effect of anisotropy the miscibility behavior of the binary and ternary polymer

(y/x; = 0.1) of the LCP compared to the anisotrofyyx, = blends containing a thermotropic LCP and a flexible chain

0.8) of the LCP in Fig. 7. The spinodal curve shownin Fig. 8 polymer at melt processing temperature. The two quanti-

is similar to the phase diagram of the ternary blends of tative parameters, the polymer—polymer interaction

poly(ether ether ketone)—poly(ether imide)-LCP, which is parameter ¥1,) and the degree of disordey/%;), can be

reported qualitatively by thermal analysis [48]. used to estimate the miscibility of the blend of a thermo-
One would expect a concave surface of Gibbs free energytropic LCP and flexible chain polymers.

of mixing for a fully miscible ternary system. However, a

hump may appear in the surface of Gibbs free energy of

mixing with a phase separation. For this case, there are4. Conclusions

compositions that satisfy the equality of Eqg. (18), which

are the inflection points of the surface of Gibbs free energy In the blends of a thermotropic LCP and flexible chain

Flexible polymer(3) Flexible polymer(3)

2 phases

Cmmmiiie e

/
Vi

Flexible polymer(2) LCP(1) Flexible polymer(2) LCP(1)

1 phase

\

Fig. 7. The spinodal curves for the ternary polymer lend containing a Fig. 9. The spinodal curves for the ternary polymer blend containing a
thermotropic LCP and two flexible chain polymergsm = x, = x3 = 50, thermotropic LCP and two flexible chain polymersm= x, = x3 = 50,

(X” )C = 004, (y/Xl)cV13 = 072 X12 = 006, X23 = 00003 X13 = 0.0001 (X” )C = 004, y/XJ. = 08, X12 = _05, (y/Xl)C,lz = 03, X23 = _02, X13 =
andy/x; = 0.8 (Case Il). 0.02 and(y/x1)c13 = 0.78 (Case IV).
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polymers, miscibility has been predicted from the model
calculation by the application of Flory’'s lattice theory.
From the results of the model calculation, it has been
predicted that the miscibility is increased with the increase
of the degree of disordew/fk,) of the LCP and with the
decrease of the degree of polymerizatiogn{ and/orx,).
In addition, the phase behavior of the blend of the LCP and a
flexible chain polymer at melt processing temperature may
be evaluated by the two quantitative parameters: the
polymer—polymer interaction parametey.f and the
degree of disordery(x,).

From the results of a binary polymer blend containing the
LCP and a flexible chain polymer, it has been predicted that

phase separation occurs for any value of degree of disorder,

(¥/x1) at x12 > (x12)e- When i, < (x12)c, Phase separation
is also predicted ay/x; < (¥/X1)e. When y15 < (x12)c and
y/X, > (Y/X1)., @ homogeneous phase is predicted at all
blend compositions.

From the results of ternary polymer blends containing the
LCP and two flexible chain polymers, it can be concluded
that the miscibility of the ternary blends can be estimated by
the application of Flory’s lattice theory. When three binary

42 (2001) 2177-2184

[5] Shinn TH, Chen JY, Lin CC. J Appl Polym Sci 1993;47(6):1233-41.
[6] Amundson KR, Reimer JA, Denn MM. Macromolecules
1991;24(11):3250-60.
[7] Done D, Baird DG. Polym Engng Sci 1990;30(16):989—-95.
[8] Jackson JR, Kuhfuss HF. J Polym Sci, Polym Chem Ed
1976;14(8):2043-58.
[9] Nobile MR, Acierno D,
1990;34(7):1181-97.
[10] Nobile MR, Acierno D, Incarnato L, Amendola E, Nicolais L,
Carfagna C. J Appl Polym Sci 1990;41(11):2723-37.
[11] Weiss RA, Huh W, Nicolais L. Polym Engng Sci 1987;27(9):684—-91.
[12] Bafna SS, Sun T, Baird DG. Polymer 1993;34(4):708-15.
[13] Lee S, Hong SM, Seo Y, Park TS, Hwang SS, Kim KU. Polymer
1994;35(3):519-31.
[14] Jung HC, Lee HS, Chun YS, Kim SB, Kim WN. Polym Bull
1998;41(3):387-94.
[15] Mehta A, Isayev Al. Polym Engng Sci 1991;31(13):971-80.
[16] Acierno D, Naddeo C. Polymer 1994;35(9):1994—6.
[17] Bretas RES, Baird DG. Polymer 1992;33(24):5233—44.
[18] Zhong Y, Xu J, Zeng H. Polym J 1992;24(10):999-1007.
[19] Zhong Y, Xu J, Zeng H. Polymer 1992;33(18):3893-8.
[20] Isayev Al, Subramanian PR. Polym Engng Sci 1992;32(2):85-93.
[21] Kulichikhin VG, Vasil'eva QV, Litvinov IA, Antipov EM, Parsamyan
IL, Plate NA. J Appl Polym Sci 1991;42(2):363-72.
[22] Golovoy A, Kozlowski M, Narkis M. Polym Engng Sci
1992;32(13):854-60.

Incarnato L, Nicolais L. J Rheol

polymer blend pairs are immiscible, the coexistence curve [23] Lee HS, Jung WH, Kim WN. Polym Bull 1996;37(4):503-10.

of the three phases has appeared for the ternary blend
having similar values of; between component polymers.
When the LCP is immiscible with two flexible chain
polymers and the two flexible chain polymers are miscible
with each other, the simulated spinodal curve is bent near

the axes of components 1 and 3. This is due to the strong

effect of anisotropy of the LCP. When three pairs of binary

polymer blends are miscible, a phase separation is also

observed due to thig\y| effect.
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