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ABSTRACT: The possibility of thermodynamic correlation of partial and saturation
swelling of styrene–acrylonitrile (SAN) copolymer particles by styrene (St) and acrylo-
nitrile (AN) monomers is investigated. The unknown Flory–Huggins interaction pa-
rameters involved in the thermodynamic swelling equations are estimated by fitting
the equations to the experimentally observed monomer concentrations. It is shown that
the concentration of each monomer in SAN copolymer particles predicted by using the
thermodynamic swelling equations with the parameters and constants estimated in
this study agrees fairly well with that observed experimentally over a wide range
of experimental conditions. The validity and utility of the parameters and constants
estimated from saturation swelling are also demonstrated by showing that the experi-
mental results for partial swelling of SAN copolymer particles by AN monomer dis-
solved in the aqueous phase agree with those predicted by the thermodynamic equation
for partial swelling. q 1997 John Wiley & Sons, Inc. J Appl Polym Sci 64: 931–939, 1997

Key words: swelling of polymer particles; monomer partitioning; styrene; acrylo-
nitrile

INTRODUCTION continuous aqueous phase because they have been
already absorbed into both the copolymer parti-
cles and aqueous phase.It is important that the concentration of each

There are generally two methods for predictingmonomer in copolymer particles can be predicted
the monomer concentration in copolymer particlesduring the course of emulsion copolymerization
in emulsion copolymerization systems. One is thebecause they determine the rate of emulsion co-
empirical method,1,2 where the saturation concen-polymerization, the composition of copolymer pro-
tration of each monomer in the copolymer parti-duced, monomer–polymer compatibility, and so
cles is correlated by empirical equations as a func-on. Corresponding to the three intervals from the
tion of the comonomer composition in the separatebeginning to the end of emulsion copolymeriza-
monomer droplet phase and the copolymer compo-tion, saturation swelling of copolymer particles by
sition in the copolymer particles. The other is theeach monomer takes place in so-called intervals I
thermodynamic approach,3–11 where it is gener-and II, where monomer droplets exist in the con-
ally recognized that the monomer partitioningtinuous aqueous phase; whereas partial swelling
among three phases constituting an emulsionof copolymer particles occurs in interval III, where
polymerization system is governed by a thermody-separate monomer droplets no longer exist in the
namic equilibrium, which is quickly reached and
maintained during the course of emulsion copoly-
merization because of rapid monomer diffusionCorrespondence to: M. Nomura.

q 1997 John Wiley & Sons, Inc. CCC 0021-8995/97/050931-09 among these phases. In order to deeply under-
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932 LIU, NOMURA, AND FUJITA

stand the swelling behavior of polymer particles ticles are also compared with those predicted by
applying these interaction parameters to the ther-by monomer, the thermodynamic approach ap-

pears to be the most promising method. In the modynamic equations for partial swelling.
early stage, Morton et al.3 successfully applied the
thermodynamic approach to the prediction of sat-
uration swelling of polymer particles by mono-
mers. In the last few years, the quantitative model EXPERIMENTAL
proposed by Morton et al.3 has been extended by
Ugelstad et al.,4 Guillot,5 and Tseng et al.6 to de-
scribe the saturation swelling of latex particles The experimental method for saturation swelling

was the same as that employed in the previousby two monomers. The partial swelling of latex
particles, which has received less attention to article.2 Therefore, only the experimental proce-

dure for partial swelling is exclusively describeddate, has also been studied by Vanzo et al.,7 Gar-
don,8 and Maxwell et al.9,10 here. The concentrations of St and AN monomers

in SAN copolymer particles, which are in equilib-In the emulsion copolymerization of styrene
(St) and acrylonitrile (AN), the thermodynamic rium with those in the aqueous phase in the ab-

sence of a separate monomer droplet phase, wereapproach has been applied by Guillot et al.5,11 for
predicting the equilibrium swelling behavior of measured by the following procedure. The latex

samples containing SAN copolymer particles sat-styrene–acrylonitrile (SAN) copolymer particles
by a St and AN monomer mixture. Although they urated with a St and AN monomer mixture or AN

monomer alone were obtained firstly by equili-claimed that the thermodynamic approach could
be applied successfully to this copolymerization brating unswollen SAN copolymer latex samples

in the presence of a monomer droplet phase andsystem, they did not give the Flory–Huggins
polymer–monomer interaction parameters and then separating the remaining monomer droplets

by centrifugation. A small amount of this latexother constants used in their calculation. More-
over, they have not thoroughly demonstrated the sample at saturation swelling was mixed with a

given amount of an unswollen SAN copolymer la-validity of the thermodynamic approach by com-
paring the observed equilibrium swelling data tex sample with the same solid content and co-

polymer composition. The mixture was trans-with theoretical predictions over a wide range of
St and AN mole ratio in the monomer feed and ferred into a 100 cm3 flask and was gently agitated

for 4 h at 507C to attain equilibrium. A smallof the copolymer composition in SAN copolymer
particles. quantity of this sample was withdrawn by a sy-

ringe and poured into excess methanol to precipi-In this article, we examine the possibility of
thermodynamic correlation of partial and satura- tate SAN copolymer after weighing the sample.

The precipitated SAN copolymer was filtered offtion swelling of SAN copolymer particles by St
and AN monomers. In the present stage, however, with a glass crucible and was weighed after com-

plete dryness in an oven to determine the totalthere is still difficulty in applying the thermody-
namic approach to the St–AN emulsion copoly- weight of copolymer contained in the sample. The

monomer concentration in the filtrate was alsomerization system because (1) no reliable meth-
ods are available for calculating the interaction measured by gas chromatography (GC) to deter-

mine the total amount of St and AN monomersparameters in this system, and (2) it is almost
impossible to measure the interaction parameter contained in the sample. On the other hand, the

residual sample was immediately subjected to ul-between AN monomer and polyacrylonitrile
(PAN) xA ,PA by saturation experiments because tracentrifugation at 35,000 rpm for 2.5 h for sepa-

rating the monomer-swollen SAN copolymer par-AN monomer and PAN are almost immiscible. In
this article, therefore, the interaction parameters ticles from the aqueous phase, then the concentra-

tion of each monomer in the serum wasare experimentally determined so that they can
explain the extensive and systematic experimen- determined by GC. From these data and with the

same equations and assumptions described in thetal data on the saturation swelling of SAN copoly-
mer particles by a St and AN monomer mixture previous article,2 we calculated the concentra-

tions of St and AN monomers in SAN copolymerreported in our previous article.2 In order to dem-
onstrate the validity and utility of the interaction particles, [MS ]p and [MA ]p , and in the aqueous

phase, [MS ]w and [MA ]w , which are in equilibriumparameters thus determined, the experimental
results for partial swelling of SAN copolymer par- with those in SAN copolymer particles.
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THERMODYNAMIC CORRELATION OF SWELLING 933

EXPERIMENTAL RESULTS AND DISCUSSION between the particle and aqueous phases; mAS is
the ratio of the molar volume of AN monomer to
that of the St monomer; xSA , xSP , and xAP are theSaturation Swelling
interaction parameters between the St and AN

Thermodynamic Equations monomers, the St and SAN copolymer, and the
AN and SAN copolymer, respectively; FAd and FSdAt equilibrium, the partial molar free energy
are the volume fractions of AN and St monomersof i monomer in SAN copolymer particles must
in the monomer droplets, respectively; and FAP ,be equal to that in the monomer droplets, as
FSP , and FP are the volume fractions of the ANshown by
monomer, St monomer, and SAN copolymer in the
monomer-swollen SAN copolymer particles, re-SDG

RT D
p

i

Å SDG
RT D

d

i

(1) spectively.
Strictly speaking, eqs. (4) and (5) should in-

clude the interfacial energy terms, as shown in
where superscripts p and d refer to the copolymer eqs. (2) and (3). However, the diameter of a
particle and the monomer droplet, respectively. monomer droplet is, in general, much larger than
According to Ugelstad et al.,4 the partial molar that of a polymer particle; hence, the correspond-
free energies for St and AN monomers in the co- ing interfacial energy terms can be safely ne-
polymer particles and the monomer droplets can glected in eqs. (4) and (5).10 Considering eq. (1),
be expressed by the following equations, respec- we obtain three simultaneous equations from eqs.
tively. (2)–(6), which involve two nonlinear and one lin-

ear algebraic equations with three unknown vari-
ables, FAP , FSP , and FP , to describe the saturationSDG

RT D
P

S

Å ln FSP/ (10mSA )FAP/ FP/ xSAF
2
AP swelling of the system. Thus, the solution of these

three simultaneous equations to FAP and FSP at
given value of FAd provides the concentration of/ xSPF

2
P / FAPFP (xSA / xSP 0 xAPmSA )

each monomer in the monomer-swollen copolymer
particles as a function of FAd with the aid of the/ 2VU SgF

1/3
P

RPRT
(2)

following equations.

SDG
RT D

P

A

Å ln FAP/ (10mAS )FSP/ FP/ xSAF
2
SP [MS ]p Å

FSPr
m
S

MS
(7)

/ xAPF
2
P / FSPFP (xSA / xAP 0 xSPmAS ) [MA ]p Å

FAPr
m
A

MA
(8)

/ 2VU AgF
1/3
P

RPRT
(3) where [MS ]p and [MA ]p are the concentrations of

St and AN monomers in the monomer-swollen
SAN copolymer particles, respectively; MS and MASDG

RT D
d

S

Å ln FSd / (1 0 mSA )FAd / xSAF
2
Ad (4)

are the molecular weights of St and AN mono-
mers, respectively; and rm

S and rm
A are the densi-

ties of St and AN monomers, respectively.SDG
RT D

d

A

Å ln FAd / (1 0 mSA )FSd / xSAF
2
Sd (5) It must be noted here that the values of the

parameters g, xSP , and xAP are unknown at the
present stage. In order for the concentration of

On the other hand, the material balance on the each monomer in the monomer-swollen SAN co-
monomer-swollen copolymer particles and on the polymer particles to be expressed as a function of
monomer droplets is given, respectively, by FAd by solving eqs. (1) and (6) for FAP and FSP , we

have to determine these three unknown constants
FSP / FAP / FP Å 1, FSd / FAd Å 1 (6) first.

Determination of the Values of the Parameters g,where VV A and VV S are the molar volumes of AN
xSP , and xAP and Their Applicabilityand St monomers, respectively; R is the gas con-

stant; T is the temperature, RP is the unswollen In place of the monomer-swollen SAN copolymer
particle–water interfacial tension, g, the value ofradius of the particle, g is the interfacial tension
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934 LIU, NOMURA, AND FUJITA

Table I Influence of NaLS Concentration on Å 0.4.6 However, it is difficult to apply eq. (11) to
the Monomer–Water Interfacial Tension (257C) the system consisting of SAN copolymer particles

swollen with a St and AN monomer mixture. This
NaLS (g/dm3) 0 1.2 2.4 4.3 is due to the fact that this system contains the
g (mN/m) 16.9 9.5 8.7 8.2 interaction parameters for both polar and nonpo-

lar species, such as xA ,PA , xA ,PS , and xS ,PA . For
polar systems, especially for a completely immis-
cible monomer-polymer pair like AN monomer–the monomer–water interfacial tension was em-
PAN, there are still no good ways to predict theployed as a first approximation because of the dif-
value of the Flory’s interaction parameter withficulty in measuring it. We measured the mono-
reasonable accuracy,12 although several solutionmer–water interfacial tension with a Du-Noüy
theories13,14 and an estimation method for polartensiometer, as employed by Tseng et al.6 Table
molecules15 have been proposed to date.I shows the monomer–water interfacial tension

In order to overcome this key problem in thismeasured at 257C with varying sodium lauryl sul-
study, the values of xA ,PA , xA ,PS , and xS ,PA werefate (NaLS) concentration in the water phase.
experimentally estimated as follows: To beginThe value of 8.0 mN /m near the experimental con-
with, we determined the best values of xSP anddition in this study (NaLS Å 6.25 g/dm3 water)
xAP , with the aid of the nonlinear least-squareswas chosen.
method, with which eqs. (1)–(6) could explain theNext, let’s explain how to determine the values
experimental relationship between the saturationof the monomer-copolymer interaction parame-
concentrations of St and AN monomers in theters, xSP and xAP . In this study, we also assumed
monomer-swollen SAN copolymer particles, [MS ]Pthat the monomer–copolymer interaction param-
and [MA ]P , and the weight fraction of AN mono-eters can be expressed as a volumetric mean of the
mer in the monomer droplets, FAd , for SAN copoly-monomer–homopolymer interaction parameters,
mer particles with HA Å 0.3 and 0.8 (FAdas shown below.11

Å (rm
A FAd /rm

A FAd / rm
S (1 0 FAd ) ; and HA is the

weight fraction of AN monomer units in SAN co-xSP Å (1 0 yA )xS ,PS / yAxS ,PA (9)
polymer particles.2 Figures 1 and 2 show the re-

xAP Å yAxA ,PA / (1 0 yA )xA ,PS (10) ported experimental data1 for the saturation
swelling of SAN copolymer particles with differ-

where xS ,PS , xS ,PA , xA ,PS , and xA ,PA are the inter- ent copolymer composition, HA Å 0.1–0.8, as a
action parameters of St monomer–PSt, of St function of FAd . As shown by the solid lines in
monomer–PAN, of AN monomer–PSt, and of AN Figure 1, it was found that the values of xSP
monomer–PAN, respectively; and yA represents Å 0.73 and xAP Å 0.55 could best explain the ex-
the volume fraction of AN monomer units in SAN perimental data for SAN copolymer particles with
copolymer. HA Å 0.3. Introduction of the values of xSP Å 0.73

According to Guillot’s approach,11 one may di- and xAP Å 0.55 thus determined into eqs. (9) and
rectly predict the monomer-polymer interaction (10), with the assumption of volume additivity
parameters from the solubility parameter d. It is for PSt and PAN in calculating the value of yA ,
certainly known that the following equation gives the following equations:
works well when the solubility parameters for
monomer and polymer are very close to each other S 0.7rA

0.3rS / 0.7rA
DxS ,PS / S 0.3rS

0.3rS / 0.7rA
DxS ,PAand the monomer and polymer are both nonpolar

like the St monomer–PSt pair, namely, a com-
pletely miscible solvent–solute pair.12

Å 0.73 (12)

x Å 0.34 / V1

RT
(d1 0 d2)2 (11) S 0.7rA

0.3rS / 0.7rA
DxA ,PS / S 0.3rS

0.3rS / 0.7rA
DxA ,PA

where V1 is the molar volume of monomer, and d1
Å 0.55 (13)and d2 are the solubility parameters for monomer

and polymer, respectively. Equation (11) predicts
the value of xS ,PS Å 0.395, which is very close where rA and rS are the densities of PSt and PAN,

respectively. Then, we can obtain the value ofto an experimentally determined value of xS ,PS
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THERMODYNAMIC CORRELATION OF SWELLING 935

xS ,PA , and g, were determined and listed in Table
II with other constants employed in this study.

In order to check the applicability of the param-
eters and constants listed in Table II, we com-
pared the monomer concentrations in the polymer
particles observed experimentally with those pre-
dicted by using eqs. (1)–(10) and the parameters
and constants listed in Table II in Figures 1 and
2, respectively. It is seen that the concentrations
of AN monomer predicted by thermodynamic
equations agree, within an approximately 10% er-
ror, with those observed experimentally over the
range HA Å 0.1–0.8. In comparison with AN
monomer, however, agreement is not necessarily
so good for St monomer in the range HAÅ 0.3–0.6,
especially in the lower range of FAd . The reason for
this is not clear at the present stage, but the
change of water–particle interfacial tension g
with HA and FAd may be one possible reason. Fur-
thermore, eqs. (9) and (10) may not necessarily
be good approximations over the entire range of
HA . In the case of the unseeded emulsion copoly-
merization of St and AN, the applicability of theFigure 1 Comparison between the experimental and

predicted saturation concentrations of St and AN mono-
mers in the monomer-swollen SAN polymer particles
as a function of the weight fraction of AN monomer in
a separate comonomer droplet with varying the copoly-
mer composition in SAN copolymer particles, HA (507C;
HA Å 0.1, 0.3, and 0.5).

xS ,PA Å 1.58 from eq. (12), when the literature
value of xS ,PS Å 0.40 is employed.6 Introduction
of the value of xS ,PA Å 1.58 thus obtained and
xS ,PS Å 0.40 into eq. (9) gives the value of xSP

Å 1.3 for the condition of HA Å 0.8. Further, using
the value of xSP Å 1.3 thus determined, we
searched for the best value of xAP , which explains
the experimental data for HA Å 0.8, and found the
value of xAP Å 0.79. The solid lines in Figure 2
show the calculated results when the values of
xS ,PA Å 1.58 and xAP Å 0.79 are applied. Introduc-
tion of xAPÅ 0.79 thus obtained for the experimen-
tal data for HA Å 0.8 into eq. (10) yields

S 0.2rA

0.2rA / 0.8rS
DxA ,PS / S 0.8rS

0.2rA / 0.8rS
DxA ,PA

Figure 2 Comparison between the experimental andÅ 0.79 (14) predicted saturation concentrations of St and AN mono-
mers in the monomer-swollen SAN polymer particles

Then, by solving the simultaneous equations, eqs. as a function of the weight fraction of the AN monomer
(13) and (14), we could obtain the values of xA ,PA in a separate comonomer droplet with varying the co-
Å 0.88 and xA ,PS Å 0.42, respectively. Thus, all polymer composition in SAN copolymer particles, HA

(507C; HA Å 0.6 and 0.8).the unknown parameters, xS ,PS , xA ,PA , xA ,PS ,
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936 LIU, NOMURA, AND FUJITA

Table II The Values of the Parameters and Constants Determined
or Used in This Study (507C)

xA,PA , xA,PS , xS,PA , xS,PS 0.88 0.42 1.58 0.40
xSA , xAW 0.40 2.39a

mSA , mAS , mAW 1.74 0.57 0.50a

g (mN/m), [MA ]aq,sat (mol/dm3) 8.0 1.40a

rA , rB , rm
A , rm

B (g/cm3) 1.08 1.05 0.806 0.902

aFrom ref. 4.

thermodynamic correlation with much better ac- rium between the SAN copolymer particle and
aqueous phases.curacy is evident because the composition of copol-

ymer developed in SAN copolymer particles HA is
not so different with the comonomer composition SDG

RT D
P

A

Å SDG
RT D

aq

A

(16)in the monomer feed FAd , where disagreement be-
tween the predicted and experimental values of
the monomer concentrations is within experimen-

In order to demonstrate the validity of eq. (16),tal error. However, it will be reported in a suc-
ceeding article that even in the seeded emulsion the values of SDG

RT D
P

A

and SDG
RT D

aq

A

were calculated
copolymerization of St and AN, the thermody-
namic correlation and the parameters and con- by introducing the parameters and constants
stants determined in this study can be applied with listed in Table II, and the experimental values of
reasonable accuracy to the prediction of the mono- [MA ]p , [MS ]p , and [MA ]aq listed in Table III, into
mer concentration in SAN copolymer particles. eqs. (3) and (15) and were compared according to

eq. (16) in Figure 3. In calculation, for example,
[MS ]p was converted to FSP by eq. (7). The solidPartial Swelling
line in the figure represents the case in which eq.

Partial Swelling of SAN Copolymer Particles by St (16) holds exactly. It is seen that the calculated
and AN Monomers Dissolved in Water values, at least in the range HA Å 0.3–0.8, fall

almost on the solid line, although the data pointsIn order to examine whether the parameters and
constants listed in Table II are valid and applica-
ble to the prediction of partial swelling of SAN Table III The Observed Partial Swelling
copolymer particles by St and AN monomers Equilibria of St and AN Monomers Between the
dissolved in the aqueous phase, the monomer con- SAN Copolymer Particle and Aqueous Phasesa

centrations in the SAN copolymer particles pre-
[MA ]P [MS]P [MA ]aqdicted by thermodynamic equations for partial

HA [mol/dm3] [mol/dm3] [mol/dm3]swelling are compared with those observed exper-
imentally.

0.3 1.74 0.64 0.79For example, the partial molar free energy of
0.3 1.88 2.12 0.42AN monomer in the aqueous phase is approxi- 0.3 2.34 0.93 0.83

mately given by9,10
0.3 2.44 2.35 0.47
0.3 2.88 0.82 0.68
0.3 4.18 3.23 0.74SDG

RT D
aq

A

Å lnS [M ]aq

[M ]aq,Sat
D (15)

0.3 5.16 1.15 1.0
0.3 6.89 1.21 1.06
0.5 0.39 0.66 0.42

where [MA ]aq is the concentration of AN monomer 0.5 1.62 1.54 0.74
0.5 1.85 1.82 0.83in the aqueous phase and [MA ]aq,sat is the satura-
0.8 2.06 0.80 0.58tion concentration of AN monomer in the aqueous
0.8 2.54 0.96 0.70phase.

Partial swelling takes place in the absence of
[MS ]aq was too small to measure. Swelling temperature:monomer droplets so that the following equation 257C. Average diameter of SAN copolymer particles: dp Å 100

{ 20 nm. Equilibration time: 4 h.holds, for example, for AN monomer at equilib-
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scatter somewhat around the theoretical line.
ln FAP / FPS1 0 1

PU n
D / xAPF

2
P /

2VU AgF
1/3
P

RPRTTherefore, we can conclude from Figure 3 that
eqs. (3), (15), and (16) and the parameters and
constants listed in Table II can explain partial

Å lnS [M ]aq

[M ]aq,Sat
D (17)swelling of SAN copolymer particles by St and AN

monomers dissolved in the aqueous phase within
experimental error. Moreover, this also demon-
strates that Henry’s law is approximately applica- where PV n is the number average degree of poly-
ble to calculate the partial molar free energy of merization, and the term 1/PV n is usually negligi-
AN monomer in the aqueous phase even for a la- ble. This equation is called the Vanzo Equation.7,8

tex system.7 We have already demonstrated in the preceding
section that eqs. (3) and (16), which is similar
to eq. (17), is approximately valid for predicting

Partial Swelling of SAN Copolymer Particles by AN partial swelling of SAN copolymer particles by St
Monomer Alone and AN monomers dissolved in the aqueous

phase.In the emulsion copolymerization of St and AN,
On the other hand, the partial molar free en-it sometimes happens that after complete poly-

ergy of AN monomer in the aqueous phase is alter-merization of St monomer, residual AN monomer
natively given by4

is still present in the reaction system, being parti-
tioned between the resultant SAN copolymer par-
ticles and the aqueous phase. Therefore, it is im- SDG

RT D
aq

A

Å ln FAW/ (10mAW )FW/ xAWF2
W (18)

portant from practical purpose that one can pre-
dict the partition of AN monomer between SAN
copolymer particles and the aqueous phase. where xAW is the AN monomer–water interaction

Considering eqs. (15) and (16), one can obtain parameter, and FW and FAW are the volume frac-
the following equation for partial swelling of SAN tions of water and AN monomer in the aqueous
copolymer particles by AN monomer dissolved in phase, respectively, and satisfy FAW / FW Å 1.
the aqueous phase, The literature values of xAW and mAW are also

listed in Table II.4 Considering eq. (18), one can
obtain the following equation alternative to eq.
(17).

ln FAP / FPS1 0 1
PU n
D / xAPF

2
P /

2VU AgF
1/3
P

RPRT

Å ln FAW / (1 0 mAW )FW / xAWF2
W (19)

Equations (17) and (19) can both provide the
theoretical relationship between [MA ]P and

[MA ]aq

[MA ]aq,sat
because [MA ]p Å

FAPr
m
A

MA
and FAW can be

converted to
[MA ]aq

[MA ]aq,sat
by the following equation:

[MA ]aq

[MA ]aq,sat
Å FAWrm

A

MA[MA ]aq,sat
(20)

Figure 3 Experimental demonstration of the validity
of eq. (16) by using SAN copolymer particles with HA where MA is the molecular weight of AN monomer,

and rm
A is the density of AN monomer.Å 0.3, 0.5, and 0.8 at 257C Ssolid line shows SDG

RT D
P

A Let’s compare the experimental and predicted
Å SDG

RT D
aq

A
D . relationship between [MA ]P and

[MA ]aq

[MA ]aq,sat
to ex-
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938 LIU, NOMURA, AND FUJITA

Figure 4 Comparison of the experimental and predicted relationship between [MA ]p

and
[MA ]aq

[MA ]aq,sat
for SAN copolymer particles with HA Å 0.3, 0.5, and 0.8 at 257C.

amine which equation gives a much better pre- phase is in the vicinity of its saturation concentra-
tion. This finding is different from the conclusiondiction of the concentration of AN monomer in

SAN copolymer particles. The experimental and given by Guillot,5 who states that SAN copolymer
particles are not practically swelled by the ANpredicted relationships between [MA ]P and
monomer in the absence of the St monomer inside[MA ]aq

[MA ]aq,sat
are compared in Figure 4, where experi- the particles. However, the concentration of AN

monomer in SAN copolymer particles decreasesmental results for partial swelling of SAN latex
very rapidly with decreasing the concentration ofparticles with three different copolymer composi-
AN monomer in the aqueous phase. This will betions (HA ) are presented. The solid lines show the
the main reason for the difficulty of attaining com-theoretical values predicted by eq. (19), and the
plete polymerization of residual AN monomer indotted lines are those predicted by eq. (17), re-
the aqueous phase, which is often encountered inspectively. It seems that the experimental data
the emulsion copolymerization of St and AN.are explained somewhat better by eq. (17) than

by eq. (19), although agreement depends on the
literature values of xAW and mAW used in eq. (19).

CONCLUSIONGood agreement between the predicted and exper-
imental values demonstrates further the validity
of the interaction parameters xA ,PA , xA ,PS deter- In order to examine the possibility of thermody-

namic correlation of partial and saturation swellingmined from swelling experiments in this study.
Furthermore, it is apparent from Figures 1, 2, and of SAN copolymer particles by St and AN mono-

mers, we determined three unknown Flory–Hug-4 that the copolymer composition in SAN copoly-
mer particles, HA , has a much weaker effect on gins interaction parameters between the monomer

and homopolymer, xA ,PA , xA,PS, and xS ,PA, by fittingpartial swelling than on saturation swelling. The
experimental results in Figure 4 clearly show that the thermodynamic equations for saturation swell-

ing to the experimentally observed monomer con-SAN copolymer particles can comparatively be
swelled by the AN monomer, especially when the centrations in SAN copolymer particles. It was

found that the predicted AN monomer concentra-concentration of the AN monomer in the aqueous
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