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We investigated the kinetic as well as thermodynamic aspects of surface segregation in blends of random
copolymers of styrene and acrylonitrile (SAN) with different acrylonitrile contents (22.5 and 27.2 wt%)
annealed at 163 C. A comparison was made with equilibrium data collected by Mansfield et al. on the
same system using neutron reflectivity. The lower-AN-content SAN, which is labelled with deuterium
(d-SAN), was observed to segregate to the vacuum/polymer interface. Time-of-flight and conventional
forward recoil spectrometry were used to determine the depth profile of the deuterated component. The
apparent diffusion coefficient D, controlling the segregation kinetics at a bulk volume fraction ¢ of d-SAN
of 0.34 was obtained. It was smaller by a factor of approximately 1.5 than the mutual diffusion coefficient
D at ¢=0.34 calculated without taking the expected thermodynamic slowing of diffusion into account.
However, D,,, was larger than the measured D at ¢ =0.34 by a factor of approximately 3. The mean-field
theory of Schmidt and Binder was employed to extract the Flory interaction parameter y, which was found
to be smaller than but close to its critical value y.. The value of D computed using this y value was in

good agreement with the independently measured D at ¢ =0.34.

(Kevwords: surface segregation; styrene—acrvlonitrile; random copolymer)

INTRODUCTION

The surface composition in a multicomponent system is
expected to be different from the bulk because each
component generally has a different surface energy, 7.
This segregation impacts practical properties such as
adhesion, wetting and friction, so that understanding
surface segregation has a technological as well as scientific
importance. For polymers, this effect is amplified owing
to a small combinatorial entropy of mixing, which means
that even a small difference in the surface energy between
Fhe components can cause massive segregation. In the
1sotopic homopolymer blends, the thermodynamic! 3
and kinetic® aspects of such a surface enrichment process
have been studied in depth. However. only a limited
number of investigations of surface enrichment in
practical polymer blends can be found in the literature” ©,

Random copolymers (SAN) of styrene (S) and
acrylonitrile (AN) are some of the most widely used
materials in the thermoplastics industry, for example as
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an ingredient in acrylonitrile-butadiene-styrene (ABS)
resin. When SANs with different AN contents are mixed,
the mixture forms one homogeneous phase until the AN
content difference reaches about 5%!°. For such miscible
blends, however, the surface composition will not be the
same as that of the bulk: the SAN with a lower AN
content is expected to have weaker interchain bonding
than the one with higher AN content owing to the polar
nature of the AN unit. Thus the low-AN-content SAN
molecule would be energetically favourable to place at
the vacuum/polymer interface. Indeed, after annealing
above the glass transition temperature, the surfaces of
blends of SANs with different AN contents have been
observed to be enriched in the lower-AN-content
component''. We report the results on the kinetics and
thermodynamics of surface enrichment in blends of SANs
with 22.5 and 27.2wt% AN contents using ion-beam
depth-profiling techniques (time-of-flight and conven-
tional forward recoil spectrometry). The formulations
used for discussing the experimental findings will be
briefly presented in the rest of this section.

Kinetics

The kinetics of the surface segregation process has been
studied by assuming that the growth of the layer is
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Figure 1 (a) The surface enrichment profile obtained according to
equation {4) {full curve). The broken curve and dotted line represent
the depletion profile ¢ (x) and the profile before annealing. The diffusion
distance w=(4D, 0> was S00A and the parameters used for
determining ¢ (x) are explained in the text. The hatched area indicates
s*=53A. (b) The full curve represents the exponentially decaying
surfaee segregation profile ¢ {x). The broken curve and dotted line are
the same as thosc in (a). The surface volume fraction (¢,). the volume
fraction at x =L (¢ ) and the volume fraction at the hypothetical local
boundary (¢} arc also shown

diffusion-limited®!2. In this section, the original idea
proposed by Jones and Kramer® is applied to derive a
simple analytical expression for the shape of the
non-equilibrium surface profile, utilizing information
obtained from equilibrium depth profiles (the integral
surface excess z* and the surface volume fraction ¢)).
Inmtially, when the lower-surface-energy component
segregates to the surface, a zone behind the surface layer
is depleted in that component. The resulting concentration
gradient drives diffusion from the bulk to this depleted
zone, while the surface layer is built up at the same time
(Figure 1a). Under such circumstances the segregated
amount of the material at the surface would be controlled
by the diffusion distance, w(4Dappt)1“'2, where D, is the
‘apparent’ diffusion coefficient, which accounts for the
segregation process, and ¢ is the annealing time. The
following two regions are assumed to be i local
equilibrium: the segregating region and the depleted
region from which the segregating component is being
supplied. We consider the situation where the diffusion
distance 1s so much greater than the characteristic size
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of the enriched layer that the boundary that divides the
two regions can be approximately fixed at the surface
during the processt. When the total film thickness L is
of the same order of magnitude as w, the profile for the
depletion ¢4(x) can be obtained using an error-function

series!>:
% 2nl +x
PolX)=r— (¢ — D) |: Z (— 1" erfC(nT}:>
n=0

e 1)"erfc<(———2n+2) Lxﬂ (1

n=0 w

where x is the distance from the surface, ¢, is the volume
fraction at x= L (we distinguish it from ¢, which will
denote the equilibrium bulk composition) and ¢, is the
volume fraction at the boundary (fixed at x=0). Using
conservation of mass (the surface excess z* is equal to
the amount of depletion from the bulk concentration), the
following relation is obtained:

= J [ $oxdx < (6, — ) f erfe(x/widy  (2)
0

o
Equation (2) is rearranged to yield
Gp—dp—m22¥wx0 (3

where z*=:*(¢,) is obtained from the surface excess at
equilibrium when the concentration in the bulk is ¢,. The
above equation is solved for ¢, (Figure 1b). The overall
profile ¢(x) is obtained by summing ¢4(x) (equation (1),
broken curve in Figure /b) and the surface-segregating
profile ¢ (x) (full curve in Figure 1) less ¢y,

O(xX) = Pal(x)+ D(x)— Py, (4)

The details of how we obtained ¢ (x) will be explained
in the section on ‘Kinetics’ in the ‘Discussion’. Figure fa
shows the example of such a profile, and the hatched
area indicates z*. After taking the limited depth resolution
of our experiments into account, D,,, can be obtained
by a comparison of the theoretical and experimental
profiles.

Thermodynamics

The equilibrium composition profile near the surface
can be established by balancing the free energy gained
by putting the lower-surface-energy component at the
surface with the free energy penalties for creating a
gradient in concentration and for maintaining a local
composition different from the bulk. This problem has
been solved using a mean-field approximation'*!°. We
briefly summarize the consequences of the theory using
the Schmidt and Binder notation'*. The theory has been
successful in interpreting many surface segregation
phenomena’ °-#°1¢ observed recently including results
on surface excess =* and surface volume fraction ¢,.

+The very initial process during which this boundary rapidly shifts to
this distance of w=(4D_, )" * was not accounted for in the present
formulation. However, fixing the boundary in this way turned out to
be a reasonable assumption shortly after the depleted layer is formed.
because most of the diffusion takes place with only a small displacement
of this boundary {less than a radius of gyration, which is ~ 10 A for
d-SAN-EF): for example w is 1530 A in Figure 3
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Table 1 Acrylonitrile (AN) content. weight-average molecular weight
and polydispersity indices of deuterated and protonated poly(styrene-
co-acrylonitrile)

M,
AN (wt% ig mol™ 1) M, M,
d-SAN-EF 226 1.8 x 10° 2.2
d-SAN-GH 224 1.1x10° 2.0
SAN-23 229 1.8 x 10° 3.0
SAN-27 27.2 24 x10° 24
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Figure 2 The concentration profile of d-SAN-GH in the blend of
d-SAN-GH and SAN-27 measured by conventional f.r.e;s. The sample
was annealed at 163 C for 2 weeks (z*=54 A). The inset shows the
predicted exponentially decaying profile. which was convolved with a
Gaussian with a fw.h.m. of 730 A (full curve drawn through the data
points). The broken curve represents the unannealed profile (convolved
step profile). The values of surface concentration ¢, and correlation
length &, were 0.76 and 129 A, respectively, obtained from the broken
curves in Figures 4 and 3
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Figure 3 The concentration profile of d-SAN-EF in the blend of
d-SAN-EF and SAN-27 measured by tof-fres The sample was
annealed at 163 C for 9h (w=1530 A and z* =88 A). The inset shows
the predicted profile according to equation (4). which was convolved
with a Gaussian with a fw.h.m. of 300 A (full curve drawn through the
data points). The broken curve represents ¢4(x) given in equation (3).
The apparent diffusion coefficient D, of 1.7x 10" 'S em?*s™ ! could be
extracted by fitting the surface excess and slope of the data points. The
dotted curve represents the unannealed profile (convolved step profile).
The parameters used for determining the exponentially decaying surface
segregation profile ¢ (x} are explained in the text

From the theory the surface excess =* is found to be
1.16.

-*_EJVW (/b-d); d(/)
T 6, [d1—O[AG) —AGH, ) —(p— AP, )]

(5)

where ¢ , is the volume fraction of lower-surface-energy
component in the bulk, AG is the Flory-Huggins free
energy of mixing (Au is the derivative of AG with respect
to ¢) and « is the statistical segment length, which was
taken to be 6.1 A from the neutron scattering
experiments!” on SAN with 19 wt% AN. When z* and
¢, are known as a function of ¢ ., the Flory interaction
parameter y in AG is the only unknown parameter and
can be extracted.

The surface energy difference Ay can also be derived'*
by an approximation that it would be a linear function
of ¢, (refs. 1, 5)

A= _“"'T[AGwn—AGw,)vw}l —</>1)Au(¢1,>}“2 .
I 3b° $1(1=¢,)

where b is a unit-cell dimension of the Flory-Huggins
lattice, which is calculated to be 5.1 A from the molecular
weight of the monomer and its density. In the section on
‘Surface energy difference’ in the ‘Discussion’ we will
evaluate Ay using equation (6) and the validity of the
approximation on Ay will be discussed.

EXPERIMENTAL

Protonated SAN with 27.2wt% AN content with
weight-average molecular weight M, of 240000 (SAN-27)
was blended with one of two deuterated SAN (d-SAN)
having nearly the same AN content (~22.5 wt%) but
different M, values (M, (d-SAN-EF)= 180000, M (d-
SAN-GH)=110000). They are tabulated in Tuble | with
their polydispersity indices. The d-SAN were prepared
by polymerizing acrylonitrile and perdeuterated styrene
monomers using t-butyl peroctoate as free-radical
initiator and terpinolene as a chain-transfer agent. The
details of synthesis are discussed elsewhere!®.

The polymers were dissolved in methyl isobutyl ketone
and the films of binary blends (d-SAN-EF/SAN-27 and
d-SAN-GH/SAN-27) with thicknesses of more than | ym
were spun-cast onto the silicon wafer. These were first
dried and then annealed at 163°C for various times up
to 2 weeks. The depth profile was obtained using either
conventional or time-of-flight (t.0.f) forward recoil
spectrometry (f.r.e.s.). The predicted profile (equation (4))
was convolved with a Gaussian function with a full width
at half-maximum (fw.h.m.) of 740 A for conventional
fres. and 300 A for t.of-fr.es. to take into account the
depth resolution. The enhanced resolution in t.of.-fr.es.
comes from the ability to remove a stopper foil, which
was required in conventional f.r.e.s. to keep the elastically
scattered *He?* particles from reaching the detector!®:2°.

Figure 2 shows an example of the equilibrium surface
segregation profile in the blend of d-SAN-GH and
SAN-27 annealed at 163 C for 2 weeks. The predicted
structure of the actual profile (inset) can hardly be seen
owing to the poor resolution, but the surface excess z*
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Figure 4 The equilibrium surface excess -* as a function of bulk
volume fraction ¢, for two different molecular weights of d-SAN mixed
with SAN-27 using various techniques. For d-SAN-EF, neutron
reflectometry'’ (). time-ofl-flight forward recoil spectrometry
tof-fres. (C) and conventional fres. {O) were used; and for
d-SAN-GH. tof-fres. () and conventional fres. (@) were used.
The full and broken curves represent the prediction according to
equation (5): 7=82x10"* and y=106x10"* were used for
d-SAN-EF SAN-27 and d-SAN-GH/SAN-27 blend, respectively. The
chain curve represents the prediction for d-SAN-GH when
7=82x107* To obtain the surface volume fraction ¢, needed for
these predictions. the data in Figure 5 were used. Refer to the text for
details
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Figure 5 Surface volume fraction ¢, measured using neutron
reflection by Mansfield et al.'! is plotted as a function of the bulk
volume fraction ¢ ,. The full curve is the non-linear least-squares fit
to the data using the functional form of a[ 1-exp(-x/h)] (where a =0.779
and h=0.0654). The broken and chain curves are the calculated values
of ¢, for d-SAN-GH using z=10.6 x 10~ * and 8.2 x 10~ *, respectively.
assuming the same surface energy difference given in Figure 8. Refer to
the text for the details. The dotted line represents the line ¢, =¢,

could be measured accurately with this technique. In
contrast as seen in Figure 3 (the blend of d-SAN-EF and
SAN-27. annealed at 163°C for 9 h), with the better
instrumental resolution of t.o.f.-fr.es., one could see
more details of the change in concentration near the
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surface, including a depletion layer below the surface-
cnriched layer. The full curve through the data is based
on the profile shown in the inset, using the form of
equation (4). From this profile, D,,, could be extracted.

The mutual diffusion coefficient D in the blend of
d-SAN and SAN-27 at ¢=0.34 was measured by
monitoring the broadening of the interface between the
two layers, which were prepared by putting the top layer
of about 3000 A thickness with ¢=0.32 on a bottom
layer with ¢=0.36. To minimize the influence of the
composition dependence on diffusion, A¢ was made
small. Details of this procedure may be found
elsewhere?!.

RESULTS

We first examined the blend of d-SAN and SAN of
M, = 180000 with a similar AN content (22.9 wt%). No
surface excess was detectedt. The equilibrium values of
=* in the blends of d-SAN and SAN-27 at 163°C are
shown in Figure4. Data obtained using to.f. and
conventional fr.es. together with the neutron reflecto-
metry (n.r.) data by Mansfield ez al.} are plotted as open
symbols for d-SAN-EF and as filled symbols for
d-SAN-GH. The neutron reflectiviy (n.r.) is extremely
sensitive to sharp changes in the scattering length density
profile, enabling the value of ¢, to be extracted accurately
from the reflectivity data at large wavevectors'!.
Mansfield’s n.r. data on the surface volume fraction ¢,
versus ¢, are shown in Figure 5.

The mutual diffusion coefficients D in the blend of
d-SAN and SAN-27 at ¢ =0.34 are shown as open and
filled circles with error bars in Figure 6 for d-SAN-EF
and d-SAN-GH, respectively. The tracer diffusion
coefficients D* of d-SAN in SAN-27 have also been
measured'®. These are shown as open and filled circles
at ¢=0 in Figure6 for d-SAN-EF and d-SAN-GH,
respectively.

DISCUSSION
Kinetics

We first considered the blend of d-SAN-EF and
SAN-27, the same materials that Mansfield et al. used in
their neutron reflectometry (n.r.) investigation'®. The
equilibrium profile ¢,,,;(x), which is also ¢(x) in
equation (4) when ¢, = ¢ ., was taken as an exponentially
decaying function from ¢, to ¢, which approximates
well the result of the mean-field theory of Schmidt and
Binder® '+

d)cquil(x):((zbl _(b:x)exp(_~x,’/§s)+¢'1_y (7)

The correlation length &, as a function of ¢, could be
calculated from the experimental z* (full curve in Figure 4)
and ¢, (full curve in Figure 5) as follows, and is shown
as a full curve in Figure 7:

(=% )y —9.) (®)

+Our observation shows that partial deuterium substitution in those
molecular-weight SAN polymers does not afford enough thermodynamic
gain at the surface to overcome the entropic cost for creating a gradient
at the surface

i The temperature at which Mansfield annealed his samples was 167°C
(ref. 11) rather than 163 C. We ignored this difference
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Figure 6 Various diffusion coefficients as a function of volume fraction
¢ of d-SAN: the apparent diffusion coefficients D,,, for d-SAN-
EF/SAN-27 blend (1.7x 10" **em?s~ !, chain line) and for d-SAN-
GH/SAN-27 blend (4.0 x 10~ '*¢m?s ™!, dotted line); predicted mutual
diffusion coefficients D from equation (12) for d-SAN-EF/SAN-27 blend
(full curve) and for d-SAN-GH/SAN-27 blend (broken curve); measured
tracer diffusion coefficients D* in SAN-27 of d-SAN-EF (open circle
at $=0) and of d-SAN-GH (filled circle at ¢=0): and measured D at
¢ =0.34 for d-SAN-EF/SAN-27 blend (open circle with error bar) and
for d-SAN-GH/SAN-27 blend (filled circle with error bar)

We note that this ¢ has the experimental value of ¢,
embedded in it, in contrast with the one which would be
predicted from the value of z* only in the absence of ¢,
data using the Schmidt and Binder theory!-3. There will
be more discussion on & and ¢, in the following
subsections on “Correlation length’ and ‘Surface energy
difference’.

The full curve in Figure 3 is the profile obtained by
matching z* and the ¢(x) given by equation (4) to the
t.o.f-f.res. depth profile of the d-SAN-EF/SAN-27 blend
annealed at 163°C for 9 h (w= 1530 A and z* =88 A). The
diffusion coefficient D,,, of 1.7x10" " cm?s ' was
extracted. The same procedure using samples annealed
for 4.5 and 54 h gave a similar number for D, within
expertmental error. This value will be compared with the
diffusion coefficients obtained independently in the next
section.

Interaction parameter and diffusion coefficients

The Flory interaction parameter y in the blend of
d-SAN-EF and SAN-27 was extracted using equation (5)
to fit the z* versus ¢, data. [n Figure 4 the full curve
was drawn through the open symbols using y =8.2 x 10~ 4
and ¢ (¢, ) shown in Figure 5. Cowie and Lath proposed
the following relation for y in random copolymer
blends??-23;

1=(X=¥)1s an 9

where 75 an s the ‘common’ binary interaction parameter
between S and AN units, and x and y are the mole
fractions of one of the component monomers of each
SAN. They estimated yg_ an to be 0.76 from Molau’s phase

separation observations'®. According to equation (9), ¥
is calculated to be 13.4x10™* from our AN content
difference, which is in reasonable agreement with the
value extracted from z* data. The y we obtained
(8.2 x 10~ #) was close to but smaller than y at the critical
point y. (=8.5x 107#%), which is given as:

Nl,/Z NI/Z 2
~c=(_’*_+_g (10)
2N, Ny
At our experimental temperature (163°C), the system is
therefore in the one-phase region over all compositions
because y is always smaller than its value at spinodal ().

1 1 1
ls:_ + (11)
% 2<¢>ANA ¢BNB>

On the other hand, this also suggests that it is
impossible for a wetting (or pre-wetting) layer to grow
within a framework of mean-field theory, and, in fact, no
difference in z* was observed by increasing the annealing
time after z* reached its expected equilibrium level
However, since our blend system approaches the critical
point as ¢, becomes closer to the critical composition
¢. (and therefore as ¢, increases), it is expected that
deviations from the mean-field behaviour will become
important. We note that the blend at ¢, would provide
a model system for studying other thermodynamic or
mechanical behaviour close to the critical point in the
one-phase region. -

The mutual diffusion coefficient D was then calculated
from the following equation®*2%;

D:2(15—Z)¢A¢B(¢BDKNA+¢AD§NB) (12)

where N; is the degree of polymerization and ¢; is the
volume fraction of component i. Assuming that the
monomer friction coefficient {, of SAN-27 in d-SAN is

200
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Figure 7 The surface correlation length ¢, obtained from equation (8)
(full curve) and the bulk correlation length &, obtained from equation
{11){broken curve) in the blend of d-SAN-EF and SAN-27 as a function
of bulk volume fraction ¢, of d-SAN-EF
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Figure 8 The surface energy difference Ay (mJ m™?2) (<) as a function
of surface volume fraction ¢, of d-SAN-EF in the blend of d-SAN-EF
and SAN-27. These were calculated according to equation (6) using
7=82x10"*and using the ¢, versus ¢, relation appearing in Figure 3.
The full curve represents the values calculated from the full curve in
Figure 5

the same as that of d-SAN in SAN-27% and using
reptation scalingf (D*~M ~2), we estimated D* of
SAN-27 into d-SAN-EF. The resulting D as a function
of d-SAN-EF volume fraction ¢ is plotted in Figure 6
(full curve). The D at ¢ =0.34 measured independently
(open circle with error bar) agrees well with the D
prediction. The chain line represents the D, obtained
from the surface segregation kinetics (=1.7x 10713
cm?s™Y). From equation (12) we estimated the D at
¢ =0.34 when y=0, which was 2.5x 10" '3 cm?s~! (D*
of d-SAN-EF was 3.0 x 10~ '* cm?s™ ). The value of D,
is smaller than this by a factor of about 1.5, This decrease
might be attributed to thermodynamic slowing of
diffusion as a result of the positive value of y. However,
D,,, was significantly larger than D at $=0.34 cither
measured or calculated using this y by a factor of about 3.
We take note of several points on the interpretation
of D,,. First, the polymers that we used had
polydispersity indices larger than 2 (7Table I). Shorter
chains, as a result, would migrate faster towards the
surface than longer ones. At the same time, such a process
would be favoured owing to smaller free-energy penalty
at the surface for reducing conformational freedom?7-2%
as well as for creating a density gradient2®, which becomes
important in the smali-y system. Secondly, in the region
of local equilibrium when d-SAN is being supplied from
the bulk to the surface (Figure 1), ¢ is smaller than 0.34
especially in the initial stages of the process. Mutual
diffusion depends strongly on composition as seen in

tThis assumption was partly supported by the facts that J, of d-SAN
in SAN-27 was identical to that of d-SAN in SAN with the same AN
content (ref. 18)

1 The molecular weight of d-SAN-EF was smaller than SAN-27 (Table 1)
and D¢, may have a dependence on molecular weight of the matrix.
We calculated the contribution of the constraint release’® using the
number of suitably situated constraints to be 3.5. Only a 3% increase
in D* compared with the self-diffusion coefficient of SAN-27 was
obtained. This influence will be even smaller as SAN-27 concentration
increases

2432 POLYMER Volume 36 Number 12 1995

Figure 6 and this might partly account for the fact that
D,,, is larger than D.

Correlation length

We computed the buik correlation length &, from the
following equation?®-3!;

1
fb=8a[¢(l—¢)(zs—x)]‘°'5 (13)

Equation (13) is represented by the broken curve in
Figure 7 and it is compared wih the surface correlation
length & (full curve). They approximately agree in
magnitude, but the surface correlation length is shown
to vary more strongly with composition. We note that
the ¢, would be accurate only if the surface enrichment
profile is the exponentially decaying function given in
equation (7). Polydispersity, distortion of the chain
conformation at the surface, and imperfectly random
dispersion of AN groups (blockiness) might induce some
deviation from the predicted profile. However, our
resolution would not allow us to see those slight
differences. Mansfield’s n.r. results also showed that
equation (7) is not a perfect description.

Surface energy difference

We also calculated the surface energy difference Ay
{equation (6}) as a function of ¢, for the given 7 and ¢ ,.
and these values are plotted in Figure 8. The difference
in surface energy was found to be about 0.25mJm 2 at
¢, of about 0.4. This is significantly smaller (by more
than an order of magnitude) than the values in practical
polymer blends'®, and is a little larger than the values
found in isotopic polymer blends (for example, the surface
energy differences between d-polystyrene and poly-
styrene!-® and between d-poly(ethylene-propylene) and
poly(ethylene-propylene)* are about 0.08 and 0.2 mJ m 2.
respectively). Interestingly, it tends to decrease with
increasing ¢,, which means that the preference for
lower-AN-content SAN at the surface diminishes. This
trend contrasts to the finding by Zhao er al. in the blend
of d-polystyrene and polystyrene that Ay increased
sharply for ¢,>0.6. These results show that the
approximation that Ay is a linear function of ¢, is
questionable. Zhao et al. discussed the possible origin of
the discrepancy considering extra surface entropy factors.
However, it is not obvious why our Ay extracted in this
copolymer blend system decreases with increasing ¢,.

Molecular-weight dependence of surface segregation

We also investigated the surface segregation in the
blend of d-SAN-GH and SAN-27 (Table 1). Because the
data on ¢, were not available in this case, the z* data
(filled symbols in Figure 4) were fitted to equation (7) as
a function of ¢ using the ¢, versus ¢, relation obtained
from the assumption that the surface energy difference
atagiven ¢, is the same as that in the d-SAN-EF/SAN-27
blend (Figure 8). A y of 10.6 x 107 fits the data best
(broken curve in Figure 4), while y=8.2x10"*, which
was the value in the d-SAN-EF/SAN-27 blend, gives rise
to smaller z* values (chain curve). We also note that the
71n d-SAN-GH/SAN-27 blends is quite close to the value
of 7. (=109x107%) and in good agreement with the
value obtained using equation (9) (=14.7x 107%). The
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calculated values of ¢, for d-SAN-GH as a function
of ¢, are also shown in Figure 5 as a broken curve
(using 7=10.6x10"% and as a chain curve (using
1=82x 104,

We also could extract the D, (=4.0x 10" cm?s ™)
utilizing the intermediate segregation profiles and the
above informatipn on equilibrium. The D, (dotted line)
and predicted D from equation (12) (broken curve) are
shown in Figure 6, together with the D measured
independently (filled circle with error bar at ¢ =0.34) and
the D* of d-SAN-GH into SAN-27 (filled circle at ¢ =0).
They show the same trend as we saw in the d-SAN-EF
and SAN-27 blend: D,,, is a little smaller than the
predicted D when 7 =0, but significantly larger than the
measured or predicted D.

CONCLUSIONS

Low-AN-content SAN segregates to the surface. Surface
segregation of low-M, SAN is smaller than that of
high-M,, SAN. When the kinetics of surface segregation
is assumed to be diffusion-limited, D, cogld be
extracted, which was observed to be larger than D at the
bulk concentration. The surface energy difference
between d-SAN with 22.6 wt% AN content and SAN
with 27.2 wt% SANis ~0.25mJ m~? at a surface volume
fraction ¢, of d-SAN of ¢, ~ 0.4 and decreases with ¢ .
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tJones and Kramer indicated in ref. 16 that for most chemically
dissimilar polymer blends. which usually have a surface energy
difference Ay of much greater than 2mJ m ™2 z* and ¢, are insensitive
to y, while it is illustrated here that z* and ¢, are rather sensitive to

7. because of the small magnitude of Ay (<0.25mJIm ™ ?)
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