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Abstract

An extension of the mean-field approach for the case of two statistical copolymers is described which allows the analysis of cop
copolymer blends of the type,B, , + C;B;_, where the copolymer (8, ,) with the mole fraction of monomer Ax{) = constant is
miscible with the (GB,-,) copolymer betweely = 1 and a single composition limit =y;, wherey; > 0. Mixtures of poly-methyl
styreneeo-acrylonitrile) copolymer of azeotrope composition (28.8 wt% acrylonitrile) mixed with statistical methyl methacrylate/acr
trile copolymers have been studied and one-phase blends have been found with methyl methacrylate/acrylonitrile copolymers of co
up to 21 wt% acrylonitrile. Estimated segmental interaction parameters acting in the system were [@2ii0@ Elsevier Science Ltd. All
rights reserved.
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1. Introduction Statistical styrene/acrylonitrile (SAN) copolymers a
miscible with a variety of different polymers [8]. To dat
There has been considerable interest recently in blendsonly blends oix-methyl styrene/acrylonitrile copolymeas{
involving copolymers and especially in the problem of MSAN) at the azeotrope composition of 28.8 wt% AN ha
mapping the composition boundaries that divide miscible been explored extensively [9—13]. Miscibility studies usi
from immiscible behaviour [1-6]. Frequently, these bound- this copolymer with different acrylonitrile contents hav
aries are used to estimate information about the interactionbeen published recently and miscibilities with poly(alk
parameters between monomer pairs by fitting them to the methacrylate)s, chlorinated polyethylene and poly(vin
form predicted by a binary interaction model combined with chloride) have been established [14-17].
the Flory—Huggins theory [1,2]. The inspection of the miscibility windows for the syste
Owing to the mathematical nature of this problem, it is «a-MSAN-PMMA in the literature [14,15,17] shows tha
well known that this approach alone cannot lead to the only the miscibility/immiscibility boundary in the region
independent determination of the interaction parametersof high acrylonitrile content can be established precise
between all of the monomer pairs involved because the and this limits the determination of the segmental inter
fitting procedure involves more parameters than experimen-tion parameters based on themethyl styrene component
tal information can provide. Generally, at least one para- Recently Cowie et al. [18] published a modification of t
meter is taken from another source, which means that eachmean-field approach which allows the analysis of poly
parameter subsequently evaluated includes all of the uncertainblends with only one boundary composition limit. Its extensi
ties of this value. In this connection, the polystyrene—poly- for the case of two statistical copolymers and the applicatio
(methyl methacrylate) interaction parameter, determined by the blends oft-MSAN copolymers with methyl methacrylate
Fukuda et al. [7] using light scattering measurements in an acrylonitrile copolymers (MAN) is presented here.
optical6-solvent, is mainly used for the miscibility analysis of
statistical copolymers containing these monomers [4,5].

2. Materials and procedures
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3180. The MAN copolymers used were prepared by photoi
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Table 1 o or copolymer is miscible with a copolymer within a certain
Molecular characteristics of MAN copolymers composition “window” [1-6]. For the blends where only
sample  Acrylonitrile Wi%) M,x10° T,(K) Conversion (%) one miscibility limit exists Cowie et al. [18] described a

mean-field approach which allows the calculation of
1 3.7 4.16 315 69 segmental interaction parameters for such systems. Its
g 1;'3 gzé g;g Zi extension for the case of two statistical copolymers goes
4 168 581 373 55 out from Eq. (1) which is a quadratic with a minimum in
5 20.0 5.27 374 52 Xblend When
6 22.0 6.10 376 5.2 ,
7 275 217 375 4.9 f(y) = X(xac — xap — X8c * X&D)

+ (Xsc — x8p — Xcp) T 2Yxcp =0 2

as low conversion materials, thereby keeping their chemical  Substituting foryac from Eq. (2) into Eq. (1) and setting
heterogeneity low. Molecular characteristics of the MAN y =y, to indicate the minimum gives
copolymers are summarized in Table 1. ArMSAN
copolymer of azeotrope composition (28.8 wt% AN) was | ¥)/Xco = Y* = 2Yoy + [X(~Xae + xap *+ Xep + XXae)
a technical product of BASF, Ludwigshafen, FRG, having n v 3)
M, = 1.52x 10° and T, = 401 K ABDFACD

Films of 50/50 (w/w) composition were cast from buta-
none solutions in a closed box under a dry nitrogen atmos-
phere at room temperature. The films obtained were first
dried under an infrared lamp and finally in a vacuum oven
at 370K for 4 days. The blend miscibility was charac- (y — y5)®> = [xcpY3 — X(—xag + Xap — Xep + XXag)
terized using the criteria that a miscible blend exhibits
one Ty and can be prepared as a transparent film + XD T Xerit)/ XcD 4
whereas a phase-separated blend showsTghir both
components and the film is turbid.

The glass transition temperatures of the samples and films
were determined using a Perkin—Elmer DSC-2 differential CP1-y are
scanning calorimeter, scanning at 20 K mirand T, was Vi = Yo * {[xcpYs — X(—xas + Xap — Xeb + Xxas)
taken as the extrapolated onset of the baseline shift. Phase
separation of the blends on raising the temperature was + xep + Xerit!/xco} *° (5)
detected visually on the microscope hot stage by heating o ) )
them slowly at a constant rate. The onset of turbidity was Where, for polymers of finite molecular weightg. is
taken to be the lower critical solution temperature (LCST) c@lculated from the equation:

of the blend. Yot = 0.5(N®5 + N ©5)2 (6)

The first two terms on the right-hand side of Eq. (3) are a
difference of squares, i.§% — 2yoy = (Y — Yo)*> — Y5 and as
in Eq. (1),f(y) = xcit at the phase boundaries, then

Thus the general solutions for the limits of miscibility
(y,, i=1 and 2) for copolymer #B;_, in copolymer

with N; and N, being the degrees of polymerization of the
3. Results and discussion copolymer samples closest to the miscibility boundaries.
The final equation for blends of two copolymers with a
The segmental interaction parameters are usually deter-common monomer B, 8;_xand GB;_,, wherexag = xap
mined from the composition boundaries dividing miscible andygp = 0 reduces to
from immiscible behaviour in polymer blends, which for

_ _ ] 0.5
two statistical copolymers 8;_, and GD;_, are expressed Y1 =Yo * [(XenYo — XaXas + Xer)Xco] ™
by the equation Providedy, and one of the;; values are known, Egs. (2) and
. (7) give a means of determining the remaining tyopara-
Xolend = XYxac (1 = X)yxsc = X1 = Y)xap meters in blends with one miscibility limit.

The industriala-MSAN copolymer of azeotrope compo-
sition was blended with statistical MAN copolymers of
—y(1 - Y)xep = f(Y) 1 different compositions. From these measurements a misci-
bility window was constructed and the phase boundary
wherex, y are volume fractions, expressing the copolymer composition was established. The experimental data are
composition andy; are the segmental interaction para- summarized in Table 2 and these results show that
meters. For infinite molecular weight polymers phase MSAN copolymer of azeotrope composition forms miscible
separation occurs wheity) = 0 = xcit. blends with MAN copolymers with composition up to
Many systems have been examined where a homopolymer21 wt% acrylonitrile. The minimum irypeng IS Obtained as

+ (1L =X~ Y)xep — XL — X)xas



D. Lath et al. / Polymer 41 (2000) 3871-3873

Table 2
Miscibility data of the systena-MSAN copolymer—methyl methacrylate/
acrylonitrile copolymers

AN content in MAN (wt%) Ty (K) LCST (K)

0.0 385 494

3.7 389 535

7.2 384 534
13.0 386 522
16.8 388 503
20.0 387 482
22.0 375+ 399 Turbid
275 372+ 401 Turbid

the maximum in the LCST data at 5 wt% AN and along with
xuma_an = 0.46 from Ref. [4], the described analysis leads
to the estimated values for the acrylonitriterethyl
styrene andx-methyl styrene/methyl methacrylate interac-
tionS OfXAN-(x-MS = 08 anan_Ms_MMA = 003

These segmental interaction parameters are also available

from the published miscibility windows for the system
o-MSAN-PMMA [14,15,17]. Here only the published
miscibility/immiscibility boundaries in the region of high
acrylonitrile contents can be established precisely and
boundaries at acrylonitrile contents from 37 to 42 wt%
have been found depending on the molecular weight of
the copolymer samples used.

For a homopolymer A mixed with a copolymeg[®;_,
the blend interaction parametefi.nqis given by the follow-
ing function of composition:

Xolend = Yxac + (L = Y)xap — Y(1 — ¥)xcp €)

The combination of these data [14] with the established
boundary composition for the blends of acrylonitrile
copolymers studied (Table 2), corresponding to the misci-
bility of two statistical copolymers with a common mono-
mer AB,_, and GB,_, where

Xotend = X°Xag T (Xac — Xas — X8O)XY + Y Xac 9

allows the determination of the interaction parameters of
a-methyl styrene segment with the acrylonitrile and methyl
methacrylate segments, respectively.

The calculation of the segmental interaction parameters is
based on Egs. (8) and (9) using the value for the acryloni-
trile/methyl methacrylate interaction parametgf_vyva =
0.46 derived elsewhere [4]. This analysis led to estimated
values for the acrylonitrile/-methyl styrene and.-methyl
styrene/methyl methacrylate interactions gfn_o-ms =
087 anqu_Ms_MMA = 0045

The comparison of both results shows their close
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agreement, which substantiates the use of the mean-f
treatment with only one boundary composition limit f
the determination of segmental interaction paramet
between the components in polymer blends. The o
exceptions are the systems with the so-called miscibil
“chimneys” in the LCST region, where the propgivalues
cannot be determined [4].

The value ofyan-o.ms iS large and close to that for th
acrylonitrile—styrene interaction, vizan_s = 0.83, which
is not unreasonable as the heat of mixing of polystyrene
poly(a-methyl styrene) is small and close to being ather
[20]. The comparison with the corresponding SAN blen
shows that the substitution aFmethyl styrene for styrene
leads to a small increase in the repulsive interaction betw
the copolymer components.
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