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Summnary

Lagser light scattering was used to study the miscibility
behavior of PMMA/SAN blends. These systems tend to phase
separation at elevated temperatures., Above the lower critical
solution temperature (LCST) a regular highly interconnected
two-phase morphology is displayed. The region of stability
of this structure is determined. Finally, the binary inter-
actional parasmeter is estimated. It is negative due to the
sufficiently repulsive intramolecular interactions relative
to the repulsive intermolecular interactions.

Introduction

Most pairs of high molar mass polymers are immiscible
due to their low combinatorial entropy of mixing., Misci-
bility of polymers is expected in three cases:

1. Polymers of low molar mass which have a sufficiently

high combinatorial entropy of mixing;
2. polymers capable of specific interactions leading to
favorable (exothermic) heats of mixing (1).
3. systems of a random copolymer and a homopolymer which
have a sufficiently strong "repulsion effect® (2,3,4).
Miscible polymers tend to phase separation at elevated tem-
peratures, This lower critical solution temperature (LCST)
behavior is typical for miscible polymer blends.

PMMA/SAN blends are classic examples of miscible blends
displaying LCST behavior (5-8). STEIN et al. (5) observed
miscibility of the two components varying the copolymer
composition from 9 to 26.5 wt% of AN. For systems in the
composition range from 26 to 30 wt% of AN there is some evi-
dence that also an upper critical solution temperature
occurs (9), In contrast to thermodynamic requirements, how-
ever, BERNSTEIN et al. (8) could not prove the reversibi-
1lity of the phase transition near a LCST.
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Furthermore, they reported the cloud point curve to be in-
dependent of the heating rate in the range from 5 to 15
K/min, Therefore, a study of PMMA/SAN blends was carried
out over the whole composition range using laser light
scattering. Another interesting feature is the following:
These systems display Jjust above the LCST a regular highly
interconnected two-~phase morphology, as also observed in
the system polystyrene/poly(vinyl methyl ether) (10). Re-
sults are presented concerning the area of stability of
those regular structures.

Experimental
The SAN (m = 2250003 m/m = 1,82) containing 31.5 wt%

acrylonitrile came_from VEB Chemisches Kombinat BUNA. The
PMA (M, = 430003 Mw/Mn = 1,72) sample was prepared at 60°C

in butanone-2 using 0,02 mol/l AIBN as initiator and a mono-
mer concentration of 8 mol/l. The molecular weights were
estimated by g.p.c. calibrated with polystyrene standards.
The SAN and PMMA semples were dissolved at 5 wt% of total
polymer in 1,2-dichloroethane, The solution was cast onto
a cover glass and the solvent evaporated at room tempera-
ture. The cast films were transparent and showed a single
glass transition between the glass transition temperatures
of the pure components. (The difference in the glass tran-
gition temperatures of SAN and PMMA was observed to be 14 K)
The cover glass was igserted into a high temperature
cell under Np. The Kr'/Ar® ion laser beam %150 mW) of
647 nm wavelength was applied vertically t8 the film spe-
cimen. The scattered light (measured at 90°) was focused
onto the slit of a Reman spectrometer (11). Experiments
were carried out at different heating rates. At the cloud
point phase separation occurs resulting in a drastic in-
crease in the Tyndall scattering. The light microscopy ob-
servations of the films were carried out with a hot-stage
plate under a Zeiss microscope.

Results and Discussion

Elevating the temperature the light scattering inten-
sity stayed constant up to a certain temperature T
(cloud point). Above Tp the scattering intensity ilcreased
with temperature (Fig.1). The Tp corresponds to an onset
temperature of phase separation and varied with the heat-
ing rate, Selected results of Ty vs. heating rate plots
are shown in Fig.2. The intercept of T, at which the heat-
ing rate is zero may correspond to theAbinodal temperature.
Similar experiments were carried out with various compo~-
sitions. Obviously, due to the temperature dependence of
the viscosity the slope of the T,-heating rate curve de-
creases with increasing temperatlre. The binodal points
thus estimated are indicated by dots in PFig.3.
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Fig. 1.Scattering intensity vs. temperature. The
temperatures Ty and T corregpond to the
cloud point and the dIssolution of_the re~
gular iwo phase structure, respectively.

—

SANIPMMA

70/30
2204

Lo mm T 60/40
/10/90
204 -

20/80

|

2
! Hecting Rate ('c?mln)

Pig,2 T, vs. heating rate
The intércepts with the
ordinate represent the
binodal temperatures

115

T°c)

240

2207

2004

180 1

20 40 60 80
wt% SAN

Fig.3 Phase diagramm
Binodal~full curve
Stability limit of the re-
gular structure-dotted
curve (see text)



116

The binodal displays a minimum at 187 ©°C for a blend con-
taining 20 % SAN by weight., For blends with less than 10
and more than 70 wt%, respectively, no phase separation
could be observed.

In order to confirm the reversibility of the phase
transition we carried out experiments as follows (cf. Fig.4).
The homogeneous film specimen of the 50/50 blend was heated
until phase separation occured. This was followed by cooling
of the sample below the binodal temperature. Below this tem-
perature appreciable change in the scattering intensity with
time could be detected. The intensity decay of isothermal
annealing (at 190°C) in Fig.4, leading after a certain time
to the original intensity, corresponds to phase dissolution,
Starting again heating the cloud point occured at the same
temperature as before,
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Fig, 4 Light scatfering intensity vs. temperature to prove
the reversibility of the phase transition (see text)

Just above the LCST the blend displays a very regular highly
interconnected two-phase morphology. Fig.5 shows a typical
exemple,

Fig, 5 Light micrograph of

e regular two-phase mor-
phology above the binodal.
PMMA/SAN 60/40
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The increase of the scattering intensity in the temperature
range between Tj and TB as plotted in Fig.1 reflects this
microdomain structure, Obviously, the intensity decay above
T¥ corresponds to a itransition of the regular two-phase

s

ructure in an irregular fwo-phase structure. This is shown
in Fig. 6.

Fig, 6 The morphology of the 60/40 PMMA/SAN blend as
a function of temperature, FP———— 5 un

The temperature Tp was determined in the same way as the
temperature T, representing the binodal. The points thus
estimated are indicated by open circles in Fig.3. So, &
second curve can be drawn in Fig.3. The area between the two
curves reflects the region of stability of the regular two-~
prhase morphology. For a blend containing 20 wt% SAN the re-
gular structure could be observed at 195°C over a period of
8h. Appreciable structural change did not take place,
According to the thermodynamic theory the condition on
the free energy of mixing for miscibility is only satisfied
when the interactional parameter X p is negative (4,12). In
the case of a mixture consisting o#Ba homopolymer (A) and a
random copolymer (B) the parameter Xyp is given by (2,3,4)

X5 = Bx12 + (1~ %)%3 - 5(1-8)x23 /1/

where B represents the mole fraction of component 2 in the
random copolymer and x.. are the respective segmental inter-
actional parameters. C%ﬂsidering blends of PMMA and SAN we
let 1 = MMA, 2 = S, and 3 = AN. Here, we employ the solubi-
lity parameter approach to estimate the para.metersxij :

v 2

Xij = (53-_ - 53) /2/
RT
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where ©6; are the solubility parameters of the respective
components and V is a reference volume., For V it has been
taken the geometric mean of the molar volumes of the in-
volved polymer repeat units. Following the route of
KRAUSE (13) and employing group molar constants according
to (14) we obtain for the solubility paramgters (dgnsi—
ties: Py = 1.16, oy = 1.05, 03 = 1.20 g/em?) at 20°C:

& = 9.3, 5é = 9.1, and 55 = 13.0 (cal/cm3)1/2. The para-
meters 83 and 6% refer to the pure homopolymers 2 and 3,
respectigely. ngever, this is not the reference state to
be used in calculating the parameter Xﬁ@ for a homopolymer

A and a copolymer B formed from monome 2 and 3. Using
the above solubility parameters we get

Gém=35é+(1—3)5'3=10.9c

On the other hand, we can consider the copolymer as a
"homopolymer" with the weighted repeat unit 2 + 3 and
again calculate GSAN applying the above procedure

(Pgay = 1.07 g/cm3). Ag a result we get
GSAN = 5’62 + (1 = B) 53 = 9,7

in excellent agreement with results submitted in (15). The
parameter g,y refers to the appropriate reference state.

Assuming that the difference (séAN - GSAN) reflects corres-
ponding shifts of the respective solubility parameters one
can calculate the "true" solubility parameters of the com-
ponents comprising the copolymer: 52 = 7.9 and 63 = 11.8.

Inserting these values in Eq./2/ we get for the parameters
Xijz Xqp = 0.31, X3 = 0.66, Xpy = 2.13. Therefrom, the

interactional parameter /1/ results to be XAB = =-0,06, This
result confirms that the so-called repulsion effect can
Jead to exothermic mixing in the absence of specific inter-
actions.
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