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8 ¢k Bld olAH o] E(VA) 9} Bld WlZoo]E(VBz2) & W™ oA AIBNE 7HAI A& ALE-3te] 60
TolM A TFEE 3ET. A T4 EFHoE FFHA A4S BMs o, EFA
WFS-A3H) 1, (VAC) F r(VBz) &= Kelen-Tidos *”"t} \E—« Finneman-Ross W) g2 AAEFY ;s n=
0.69(0.66), r.=148(146). @ ZA, GAdF A g FTEA 2448 AFsAG. A
WS A Ae AFEE v WA H]‘é olAH o] Eg} Hld Wl Zoo]Ee] FFHE A&
-3 7| (CSTR) & AL23td A A8k, CSTRAFo didgh 4Pz &2 whgrle 213

5 A3A 391, Residence times} ¥3 & zhzh 7200% 9 12862 3FHt.

Abstract : Radical copolymerization of Vinyl acetate(VAc) and Vinyl benzoate(VBz) was carried out
with AIBN as an initiator in benzene at 60C. The copolymer compositions were analyzed by UV spec-
trophotometry. The monomer reactivity ratios, r;{VAc) and r:(VBz) were determined by both the
Kelen-Tiidos method and the Finneman-Ross method : r;=0.69(0.66), r=148(146). The rate
constants of monomers, homopolymers and copolvmers were determined. Based on the data from a
batch reactor, a copolymerization of vinyl acetate and vinyl benzoate in benzene was studied using
a CSTR. The experimental conditions for CSTR studies were almost the same as that of a batch reac-

tor. The residence time and volume were given as 7200 sec and 1.2L, respectively.

INTRODUCTION (VBz) is of great interest in both theoretical and

practical standpoints, since it is expected that the

The basic research on the solution copolymeri- copolymer can be applied as a heat resistant adhe-
zation of vinyl acetate(VAc) and vinyl benzoate sive or a protective coating. Few studies have been
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reported, however, on the solution copolymeriza-
tion of vinyl acetate and vinyl benzoate.

Studies of polymerization in ideal continuous
stirred tank reactors(CSTRs) have received less
attention in spite of their theoretical and industrial
importances. The studies using continuous copoly-
merization method to estimate the rate parameters
in copolymerization have not been extensively
done.!

In this connection, studies on the soluticn
copolymerization of vinyl acetate and vinyl ben-
zoate in a CSTR will give a useful insight into the
kinetic dependences on each monomer, solvent or
other experimental variables.

A great care must be taken to carry out investi-
gations on the continuous copolymerization since
the rate parameters are strongly dependent on
the experimental conditions such as temperature,
reaction time, pressure, solvent and so on.

In this work, we synthesized a copolymer of VAc
and VBz with AIBN in benzene at 60C both in a
batch reactor and in a CSTR. The rate parameters
were calculated from a simple kinetic scheme with
experimental data.

THEORY

Based on the classical radical reaction mech-
anism, it was assumed that the kinetics in this
CSTR model are affected by merely the terminal
unit in a growing chain. The radical reaction me-
chanism consists of initiation, propagation, termi-
nation and chain transfer to solvent.

To simplify the reactor model, three assump-
tions have been made. The first assumption is the
quasi- steady state approximation that the initia-
tion rates of active intermediates are virtually the
same as the rates of termination.”™*

As a second approximation, the long chain ap-
proximation assumes that the monomers are
consumed predominantly in the propagation step
because of the long copolymer chains.

Other assumptions made are as follows ; the
rate constant in the propagation step has much
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larger value than that in the transfer to solvent, i.
e. k, 2>>) ki And the rate constant in the propa-
gation step of active intermediates transfered to
solvent is equal to the rate constant in the general
propagation step : ky =k,

The rate equations derived by using the three
assumptions above are following’ :

(t, M2+ 2M, M, + 1r,M,DR 2

(8, M2 +261,r, 8, 8, MM, + (r, 8,M,)2)%5
(D

where r;=kp;1/Kp19 T2 = Kpoo/Kpo1
8,= (2kyyy/ kpllz) 05, 8p= (2kygy/ kp222) 05
6=Ky1/ (2(t;11K2)*?)
Ri = 2fkdI'

Subscripts 1 and 2 refer to monomer 1 and mono-
mer 2, respectively.

Further developement of the simplified rate
equation has been made by Atherton and North®
using the assumptions.

_(rM®+2M My + 5, M) R
kt(12)05 (r;My/kpy + 1Mo/ )

where K10y =k F1+KkgFs which is the ideal
diffusion model.

(2)

In order to find R, the monomer reactivity ra-
tios r; and r, should be predetermined from the
composition of each monomer in feed(M; and M,)
and in copolymer{m,; and m,).

The monomer reactivity ratios can be estimated
by the Kelen-Tiidés method.’

n=(r;+ry/a) e—ry/a 3
where n=G/(a+F), e=F/(a+F), F=X%Y,
G:Y(Y_l), a= (FminFmax)OAS’

X=M,/M,, Y=m,/m,.
The r; and r, values were also obtained by the

following Finneman-Ross method.?

f, (1—2F)) £2(F,—1
=T
F,(1-f) 2 = F (1—f)?

+( :|I'1 4)

The reactivities as a function of a comonomer
composition in feed(f;) were correlated with
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kinetic parameters by Balaraman et al® The cor-
relation is given as

Kl _ (r1~1)f1+1
K, (-r)fj+r,

where K= (2fk,)%/8,, K,=(2fky)*%/5,.

)

EXPERIMENTAL

Materials and Instruments

Vinyl acetate(VAc ; Junsei Co.) was purified as
the standard procedure. Benzoic acid(Junsei Co.),
mercuric acetate(Karasama Chemical Co.), Hydro-
quinone(Katayama Chemical Co.) and sulfuric acid
were used without further purifications in synthe-
sizing vinyl benzoate. Benzene as solvent was dis-
tilled prior to use.

The vinyl benzoate was prepared by refluxing
1.5 moles of benzoic acid, 3 moles of vinyl acetate
and 15 g of mercuric acetate in the presence of 0.5
cc of conc-sulfuric acid and 7 g of hydroquinone
in an oil bath at 60C for 36 hours. After non-
reacted vinyl acetate was removed by using the
rotary evaporator, the product obtained was dis-
tilled under vacuum(3mmHg) at 73C. Yield was
87%.

CH,=CH C\HZ?H 0]
! il
O +HgSO, = HgSO, + CH;— C—OH
|
C=0
|
CH;
CH=CH 0 CH.=CH
N/ 1l |
|
C=0

©

The vinyl benzoate was characterized by Fou-
rier-Transform Infrared Spectroscopy(Perkin-El-
mer 130C) and 'H-NMR(Varian, A60) Spectros-
copy.

The vinyl benzoate(VBz) prepared is identified
by the characteristic peaks of 3090 cm™ (aromatic

Ee2|f 41578 A6E 1991d 12¢¥

C—H), 1740 cm™(C=0), 1647 cm}(C=C), 1260
em?, 1140 em™ and 1090 cm™(C—O stretching of
ester) and 700 cm™ (out-of-plane bending of aro-
matic C—H), as shown in Fig. 1. The VBz was also
characterized by 'H-NMR ; 4.31 ppm(H,), 4.69
ppm(Hy), 7.80 ppm(H,) and 7.16 ppm(phenyl pro-
ton) ; see Fig. 2.

The copolymer compositions were analyzed by
UV Spectrophotometer(Hitachi 220). The analysis
was performed by using a characteristic wave
length of 284 nm, which is observed only in vinyl
benzoate.

Experimental Procedure

Batch Reactor

Synthesis of poly(vinyl acetate) : Poly(vinyl
acetate) was prepared by reacting 0.36 mole of
VAc dissolved in 100 ml of benzene with 3x10°

88
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Fig. 1. FT-IR Spectrum of vinyl benzoate (liquid

cell).
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Fig. 2. '"H-NMR spectrum of vinyl benzoate(CCl).
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mole of AIBN at 60C under nitrogen atmosphere
in a polymerization tube.

After two hours, the contents were poured into
petroleum ether with stirring ; the precipitate was
filtered and dried in vacuo to constant weight.

Synthesis of poly(vinyl benzoate) : Poly(vinyl
benzoate) was prepared by reacting a mixture of
0.36 mole of VBz and 3% 10° mole of AIBN in 100
ml of benzene by the same method as described
for preparation of poly(vinyl acetate).

Synthesis of poly(vinyl acetate-co-vinyl ben-
zoate) . A mixture of VAc and VBz at a given mole
ratio was dissolved in 100 ml of benzene and then
added with 3X 10 mole of AIBN. The tube was
sealed after charging with nitrogen. The prepara-
tion method was similar as described for the
homopolymerization of VBz or VAc.

The copolymerization was carried out at 60C for
a chosen period to assume the conversions below
109 10~12

CSTR

The start-up procedure was to fill the reactor
initially with the desired ratio of the comonomer
in the solvent. While the mixture in the reactor
was being heated up to the desire temperature, N,
gas was purged continuously. Continuous purging
with nitrogen gas was necessary during copoly-
merization reaction.

The initiator had been added to the mixture in
the reactor just before the pumps were operated.
The total fixed flowrate and the residence time
were 10 ml/min and 2 hours, respectively.

The sampling was done at 30 minutes intervals.
The samples withdrawn were directly analyzed by
UV spectrophotometer. The volume fraction of the

Table 1. Experimental Conditions

Polymerization Temp. 607C

Solvent Benzene
Solvent/Comonomer Ratio 4 1(v/v)
Initiator Used AIBN
Initiator Conc. 8.05 mmol/L
Residence Time 7200 s
Reactor Volume 12L

718

solvent was kept constant to allow no gel-effect.
The experimental conditions were summarized in
Table 1. The schematic diagram of the CSTR is
shown in Figure 3.

RESULTS AND DISCUSSION

Copolymer Compositions and Monomer Reac-

tivity Ratios

The copolymer compositions were determined
by UV spectrophotometry according to the litera-
tures.!*!® Typical UV spectra of copolymers with
different compositions in feed in a batch reactor is
shown in Fig. 4.

A characteristic equation to find copolymer com-
positions was obtained from the calibration curve
of specific absorbance at 284 nm, which is detect-
able only for vinyl benzoate, as a function of poly
(vinyl benzoate) concentration in feed mixture of
poly(vinyl acetate) and poly(vinyl benzoate) with
given mole ratios.

£=0.682X —1.852x 10

where ¢ is the specific extinction coefficient of co-
polymer and X is the weight fraction of vinyl ben-
zoate in the copolymer.

Stirrer
Comonomer| Sensor Solvent(Benzene)
(VANB,) Initiator
| V,= 8mlmin
Vi = 2ml/min «<N; gas
L
\ {
<« 1.2L Level
1 P I
P
Li — V3= 10ml/min
Sampling.

Fig. 3. Schematic diagram of CSTR experiments.
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The copolymer compositions obtained by using
the characteristic equation were shown in Fig. 5.

The monomer reactivity ratio was determined
by the Kelen-Tiidos method with several parame-
ter values listed in Table 2. The Kelen-Tiidos plot
gives the reactivity ratios of r;(VAc) and r,(VBz)
as 0.69 and 1.48, respectively. The result means
that VAc has much lower tendency to homopoly-
merize than VBz and the copolymerization is
dominant over the homopolymerization of each
monomer.

PVAc/PVB:z
a; 80/ 20
b 60/ 40
¢ 50/ 50

d; 40/ 60
\ e 20/ 80

Absorbance

i 1

40 280 320 360
Wavelength (nm)

AN

Fig. 4. UV spectra of poly(VAc-co-VBz)'s with differ-

ent feed ratios.

Table 2. Summary of Parameters

In order to confirm the monomer reactivity ra-
tios, the Finneman-Ross calculation®!* was also
carried out using equation (4). The monomer
reactivity ratios of r;(VAc) and r,(VBz) were de-
termined as 0.66 and 1.46, respectively. It is note-
worthy that the two different approaches lead to
the very similar results in the monomer reactivity
ratios.

Parameter Estimation Procedure

In order to find the rate equations of homopoly-
merization or copolymerization of vinyl acetate and
vinyl benzoate in benzene, the rate parameters in-
cluded in the equation (1) should be estimated.
The kinetic parameters for vinyl acetate at 60C
were easily obtained from the Polymer Hand-
book.'® Table 2 shows the list of such rate parame-
ters.

The rate parameters for vinyl benzoate, how-

1.0
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Fig. 5. Graphic analysis of copolymer compositions
obtained from batch data(r,=0.69, r,=1.48).

AIBN Vinyl Acetate

Vinyl Benzoate

kqs=8.45X 10%sec!

Ri=81.63x10"

mole/L - sec 6;=3.38

kp11=7730.0L/mole - sec
=06 ka1 =342 X 10°fL/mole - sec
kpll/kn1 =22.6X 10'6

kp22=16619.5 L/mole-sec
k2= 735X 10° L/mole-sec
Kozo/kiza=22.6 X 10
5,=2.31

¢=(2.15—1.15F,)/2.93
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ever, were available neither from the Polymer
Handbook nor from the literatures. It might be ex-
pected that the rate parameters of vinyl benzoate
can be estimated from the corresponding values of
vinyl acetate by considering the difference be-
tween reactivity ratio of each monomer.

Since the reactivity ratio, r,, of vinyl benzoate is
2.15 times of the reactivity ratio, r;, of vinyl ace-
tate, it may be assumed that the kinetic parame-
ters of VBz can be obtained by multiplying 2.15
times to each corresponding parameter of VAc.
The rate parameters thus obtained were also
summarized in Table 2.

Such approach to estimate the unknown rate pa-
rameters of vinyl benzoate from the reactivity dit-
ference is approximative and should be proved
with more concrete experimental data. Fortu-
nately, however, one can see that the approxima-
tive approach is not unreasonable, assuming the
Balaraman equation (5) holds for the system in
this work ; if we put experimental data into f}, r;
and r, in equation (5), we can calculate K /K,.
The mean value of the right-hand term in the
equation is calculated as 0.68 with the standard
deviation of 0.005. Then, K;=0.68 K, and in turn
8,=0.68 ;. From the definition and the known
values of §,, 8, is estimated as 2.31 and conse-
quently (Zktzz/kpzzz)o'5=2.31. The &, value is in
accordance with that calculated from the assumed
k2 =2.15k;;; and ki, =2.15ky;;. The diffusion-co-
ntrolled termination constant(k,(;,)) and cross te-
rmination factor(¢) was also determined by the
rate parameters of vinyl benzoate thus obtained.

The somewhat rough method shown above ena-
bles us to obtain the unknown parameters of VBz
without any great ambiguity, even though the sig-
nificance of the experimentally-determined reac-
tivity ratios should be accounted. Of course,
however, more accurate and credible methods to
obtain unknown rate parameters should be inves-
tigated from both theoretical and experimental
standpoints. In general, only the values of 21~:1/kp2
have been reported with experimental data.6~1

720

Rate of Homopolymerization and Hydrolysis

Figure 6 shows the difference in the rate of ho-
mopolymerization(Rp) between that of vinyl ben-
zoate and that of vinyl acetate as a function of
time. In this figure the slope of R, for vinyl ben-
zoate is stiffer than that of vinyl acetate. The re-
sult is due to the fact that the reactivity of vinyl
benzoate is much greater than that of vinyl acetate,
as expected from their reactivity ratios.

The difference in the reactivity of the copolymer
as well as their homopolymers are also observed
in the hydrolysis of the polymers with KOH. The
hydrolytic study was also made to compare their
reactivity difference by hydrolyzing the polymers
with KOH at 60C. 0.414g of each polymer was dis-
solved in 100 ml of DMF and diluted with hun-
dred-fold excess KOH. The analysis of hydrolysis
rate was made using a characteristic wavelengths
of 273 nm. The details of analysis were given else-
where.!®

Figure 7 shows the plot of Ln(a/(a-x)) vs reac-
tion time for the reaction of poly(vinyl acetate),
poly(vinyl benzoate) and poly(vinyl acetate-co-

50
40 -
VBz

T
E
=]
X
= 20 VAc

10F

0 i L 1 1
0 0.2 04 0.6 08 10
(M) (mole/)

Fig. 6. Plot of R, vs (M) for VAc and VBz.
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Fig. 7. Plot of Ln(a/(a-x)) vs reaction time for the
reaction of PVAc, PVBz and poly(VAc-co-VBz) with
KOH at 60T.

vinyl benzoate) (50/50 by wt.% in feed) with
KOH at 60C, where a is an initial concentration of
each monomer and x is a conversion. The rate co-
nstants for each polymer are shown in the table of
the left-upper part in figure 7. As expected, the
rate constant of the copolymer has the interme-
diate value between the two homopolymers. The
linearity in this figure implies that all of the poly-
mer and copolymer follow the first order-kinetics.
For reference, the rate constant of copolymer of
VBz and VAc at 60T was given as 347X 107 sec.”
1

Rate of Copolymerization

In Figure 8, the rate of copolymerization Rp was
plotted against the comonomer feed composition f,.
The copolymerization rate was obtained by using
the simplified rate equation(2) proposed by Ather-
ton and North. The rate of copolymerization de-
creases initially and increases remarkably with the
comonomer feed ratio. The minimum was ob-
served in R, The occurance of this minimum point
was also observed in other works2°2! Pa)it?! has
investigated the conditions under which the mini-
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R, X 10° (mole/l - sec)

100

0.90 1 " 1 1
) 00 02 04 0.6 08 10

f
Fig. 8. Dependence of the rate of copolymerization on
the comonomer feed composition. (assuming ki =k,
u (2.15-115F))/2.93 followed by substituting into
Atherton and North equation).

mum occurs in the rate of copolymerization curve.
According to him, the necessary condition for the
minimum to oceur is Mp/M; = (1,/r)°%. If 1, >> r,
the minimum occurs close to a monomer mixture
of pure M,.

The result may be related to ¢ factor, which is
shown in Figure 9. From this Figure, the ¢ factors
are ranged from 0.34 to 0.73, Therefore, the expe-
rimental result cannot be described merely by a
single value of the ¢ factor. It is seen that the ¢
factor also increases with increasing comonomer
feed ratio. In the equation (1) the terminal model
was adapted. However, some researchers sug-
gested that the terminal model is a special case of
the penultimate model and the complex model.

Ma et al. proposed that their styrene/methyl
methacrylate system follows the ¢=1 model in the
termination step when it comes to numerical
values and the penultimate model is well-fitted in
the propagation step.!7 In other cases, Brown et
al. have compared the three models!® : the termi-
nal model, the penultimate model and the complex
model. They concluded that the penultimate model
was more realistic than any other models.
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Fig. 9. The dependence of ¢-factor on the comonomer
feed ratio.

In our work, the simple terminal model was
used because the available data were limited.
Another reason to use the terminal model is for
simplification, since a series of the works in our
laboratory mainly concerns a CSTR, not the co-
polymerization kinetics. It should be pointed out,
however, that since it was roughly assumed to
develop the rate equation in this study that the
¢ factor is only dependent on extremely few
parameters like the copolymer compositions and
the rate constants, the speculation in explaining
the result of Fig. 8 may lead to somewhat error-
neous conclusions.

More detailed studies on the ¢ factor should be
performed to reveal the accurate relation among ¢
factor, comonomer feed ratio and rate of copoly-
merization. The ¢ values reported by Bernett and
Gersmann?® for vinyl acetate-methyl methacrylate
copolymer system were widely scattered over the
range 100-800.

Conversion of Copolymer

The absorbance changes in UV spectra with
time for the copolymer obtained from CSTR were
shown in Figure 10. The conversion was obtained

722

time (min)
30
60
90
120
g
=
b3
N L
235 290 345

Wavelength (nm)
Fig. 10. Absorbance change in UV spectra with time
for the copolymers with various comonomer feed ra-
tio, f; (X=1-A/A,).

by the ratio of the absorbance of reacted vinyl
benzoate in the copolymer at time ¢ (A,) to that of
unreacted vinyl benzoate in feed mixture at time
0(A,). The 284 nm was used as a characteristic
wavelength to study conversion of copolymer. The
sampling was taken for every thirty minutes, as
mentioned in the introduction. Great precautions
were taken for measuring UV spectra of the
samples. Since the conversions of copolymers were
very low, the copolymer solutions of benzene were
analyzed on UV spectra. Even though the cut-off
range of the benzene as a solvent might affect
these spectra in spite of our careful sample treat-
ment when sampling or measuring, we relied on
the raw UV spectra of the copolymer solutions to
find conversion. We believe that the result is of
great importance since no other data for the solu-
tion copolymerization of VAc and VBz in a CSTR
in benzene at 60C has been reported.

From this UV spectral data, the conversions of
copolymerization were calculated by the same

Polymer (Korea) Vol. 15, No. 6, December 1991
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Fig. 11. Plot of conversion vs time for the copolymers
with various comonomer feed ratios obtained from
CSTR data.

method in the determination of copolymer com-
positions. In Figure 11, the conversion changes
against time were plotted. It is seen that the con-
version varies from 0.23 to 2.54% when the f, is
in the range of 0.05 to 0.4. The conversions inc-
rease with time and decrease with the comonomer
feed composition based on monomer 2 (fy). It is
of no doubt that the conversion increases monoto-
nically with the monomer feed ratio of M,(f)).
More careful attention should be paid to the resu-
Its for f,=0.05 and 0.1, which is the sophisticated
consequential character of this system.

At £,=0.05 and 0.1, the conversions increase
with time but level off after a certain time. It
means that the conversions reach steady states
within the residence time of the CSTR used in the
work (i. e. 7200sec) when the f, is equal to 0.05
or 0.1. The conversions at the higher comonomer
feed ratios do not, however, reach the steady state
value within the residence time. It should take
longer time (up to 8-10 hrs) to approach to a

Ez|H #1154 Al6% 1991 12€

steady state as vinyl benzoate composition in feed
exceeds 0.2.

The result may be attributed to the fact that the
polar solvent affects on vinyl benzoate with polar
aromatic ring more than vinyl acetate without such
a polar structure. Similar results were already re-
ported by Plavljanic and Janovic.'®

More careful explanations are assigned now and
will be reported elsewhere.

CONCLUSIONS

The radical copolymerizations of vinyl acetate
and vinyl benzoate with AIBN in benzene at 60T
in a batch reactor and in a CSTR were carried
out. The kinetic studies of the homopolymerization
and copolymerizations have been reported. The
following are some of the important results.

1. The reactivity ratios of the two monomers
were determined by the Kelen-Ttidos method(or
re-checked by the Finneman-Ross method) as fol-
lows 5 r;(VAc) =0.69(0.66), r,(VBz) =148(1.46).

2. The hydrolysis of the copolymer of vinyl ace-
tate and vinyl benzoate in benzene followed the
first-order reaction. The rate constant at 60T was
given as 347X 107 sec’l.

3. In a CSTR, the conversion of the copolymer
was characterized by UV spectra and varied from
0.23 to 2.54% under different comonomer compo-
sitions.

4. The rate of copolymerization of vinyl acetate
and vinyl benzoate approached to steady state
within the residence time(7200 sec) of the CSTR
when the comonomer composition of vinyl ben-
zoate was below 0.1, whereas that does not ap-
proach to a steady state as vinyl benzoate compo-
sition exceeds above 0.2.

NOMENCLATURES

A, :The UV absorbance of reacted vinyl
benzoate in a copolymer at time f.

A, : The UV absorbance of unreacted vinyl
benzoate in feed mixture at time 0.
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f ; Initiator efficiency.

f, ; Composition of monomer 1 in feed.

F,  ; Composition of monomer 1 in copolymer.

I ; Initiator concentration.

kg 5 Decomposition rate constant of initiator.

ky; > Rate constant of propagation between
monomer 1.

ky : Rate constant of propagation between
monomer 2.

-s

Rate constant of propagation of mono-

kp12
kpa1

mer 1 to monomer 2.
Rate constant of propagation of mono-
mer 2 to monomer 1.

-

ky;  Rate constant of termination between
monomer 1.

ki, 3 Rate constant of termination between
monomer 2.

kg, 3 Rate constant of cross-termination be-
tween monomer 1 and monomer 2.

M, ; Concentration of monomer 1 in mono-
mer mixture.

M, ; Concentration of monomer 2 in mono-
mer mixture.

m; ; Concentration of monomer 1 in copoly-
mer.

my ; Concentration of monomer 2 in copoly-
mer.

Reactivity ratio of monomer 1..
Reactivity ratio of monomer 2.

Reaction rate of initiation.

; Reaction rate of propagation.

; Cross-termination factor.

Maximum value of F over the feed
monomer composition ranges.
Minimum value of F over the feed
monomer composition ranges.

™o Mg

.
max *

-s

min

REFERENCES

1. S. Das and F. Rodriguez, J. Appl. Polym. Sci., 32,
5981 (1986).

724

]

. K. G. Denbigh, Trans. Fraday Soc., 43, 648 (1947).
3. W. H. Ray, Can. J. Chem. Eng, 47, 503 (1969).

5.

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

2L
22.

A. D. Schmidt and W. H. Ray, Chem. Eng. Sci,, 36,
1401 (1981).

F. R. Mayo and C. Walling, Chem. Rev., 46, 191
(1950).

. J. N. Atherton and A. M. North, Trans. Farad. Soc.,

58, 2049 (1962).

. T. Kelen and F. Tudos, J. Macromol. Sci. -Chem.,

A-9, 1 (1975).

. M. Finneman and S. D. Ross, J. Polym. Sci., 66,

1594 (1944).

. K. S. Balaraman, B. D. Kulkarni, and R. A.

Mashelkar, J. Appl. Polym. Sci, 27, 2815 (1982).
A. M. North., “Structure and Mechanism in Vinyl
Polymerizations”, Ch. 4, T. Tsuruta and K. F. O’
Driscoll, Eds, Dekker, New York, 1969.

B. Plavljanic and Z. Janovic, J. Polym. Sci. Polym.
Chem. Ed, 19, 1795 (1981).

M. Kamachi, J. Satoh, and S. Nazakura, J. Polym.
Sci. Polym. Chem. Ed., 16, 1798 (1978).

C. C. Price, B. D. Halpera, and S. T. Voong, /.
Polym. Sci., 6, 575 (1953).

R. MacFarlane, et al, /. Polym. Sci. Polym. Chem.
Ed, 18, 251 (1980).

J. Brandrup and E. H. Immergut, “Polymer Hand-
book”, 3rd Ed., 11 (1989).

T. Fukuda, Y. D. Ma, and H. Inagaki, Macromole-
cules, 18, 17 (1985).

Y. D. Ma, T. Fukuda, and H. Inagaki, Macromole-
cules, 18, 26 (1985).

Brown, Fujimori, and Craven, /. Polym. Sci. Polym.
Chem. Ed., 27, 3315 (1987).

Duck Won Kim, M. S. Thesis, Pusan National Uni-
versity (1981).

S. Das and F. Rodriguez, J. Appl. Polym. Sci., 39,
1309 (1990).

S. R. Palit, Trans. Farad. Soc., 51, 1129 (1955).

G. M. Bernett and H. R. Gersmann, J. Polym. Sct.,
28, 655 (1958).

Polymer (Korea) Vol. 15, No. 6, December 1991



