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Abstract—The pseudo-kinetic rate constant method is extended and applied to the rate equations for bulk
copolymerization of styrene and acrylonitrile. We use the free volume theory to quantify the diffusion-control-
led propagation and termination reactions, and also consider the effect of the chain length dependent termina-
tion reaction. The simulation results from the developed model are compared to experimental data obtained
under different copolymerization conditions covering wide ranges of initial mole fraction of styrene f10(0.5,
0.6 and 0.8) at two levels of AIBN(2.2'-azobisisobutyronitrile) initiator concentration(0.01 and 0.05 M). It
.is deménstrated the present model can describe very well the experimental data under various operating
conditions.
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Table 1. Mechanism of Free Radical Copolymerization
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Table 2. Rate of formation of radicals and polymers
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Table 3. Reaction rate constants
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T: Absolute temperature, *: Estimated data
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Table 4. Physical properties of the reaction medium

Physical properties Values Refer-
ences
Molecular weight: [g/mol]
Mw, 104.14 19
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Density: [g/cm*]
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__Gm & Gyz. [MPa] 0170 & 1.27 17

T: Celsius temperature, *: Estimated data
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Fig. 1. Conversion versus time(60°C, 0.05M AIBN).
A: £,=05 W =06 @: [,=08

10 L e o *
.
8+ .
% .
S 6k
&J ]
g .
z 4+ ®
O -
(&
2F
0.0 1 ] 1 1
0 400 800 1200 1600 2000
TIME(MIN)

Fig. 2. Conversion versus time(60°C, 0.01M AIBN).
A =05 m: {,=06, ®: =08

M.
M.

9 Aol M M A9 7] A1k M= &2 A=
TEEA &9 A Ee iy ExEFolc). Lomel-
lini®} Rossi[17]3= SAN #3}9] tiofdt 2AH M. &
Ay e g Falo] ol 74z o]F AT AL F
Ao Ao e M #H3E d9gsddd. xE
ukg-7| ok} FE A HEF2AE 7IFoE Fe 4
(33)9] M, 3 M, & Alstal A Q& ghely, 423 Aol
A3 A& Table 40 Helslsdch

X =2 (33)

7-3. gR2AIRI0| e Hekgol Hi

71 WA 2 AR oY 7] 24 w3 AT
off wtZ AgHgol disted Garcia S[14]e] A¥ 3t
A dlolEist & Al NEd mlE o] 83
ZAE A2 Fig 15} 20 =8 e, 22 uhs
LxolA ArAS F=E d2A sus o o
Ste] 7] ER-&o dste] e A dA}L USE

HWAHAK KONGHAK Vol. 33, No. 6, December, 1995



690 714 -

09

08|

VIV,

0.7 |-

06 -

05 ] 1 1 1 1
0 40 80 120 160 200

TIME(MIN)

240

Fig. 3. Volume contraction versus time(60°C, 0.05M
AIBN, f,=0.5).

et o3} o] Besd 4 3k

@Al 55 9 A S50 AFad AT 0
A7kl WE AHE] 2Yxg dovw U8 F
ANS| 22go] F7hol aiel wh-go] whesl A=

AE o 4 qled, ol ANS) £go] ¥E5F agtol
27] ot =8 AAAlS) B2} FE5E ol
dg el AADE BAY 5 Aok Wl AW
e} kAl o] FE7} FolSel FUEE} FolE A
A AARE A B AAWEEE} FA) 3
aste] FRE=E 238 FA3 F7hsh Aok,
A ase MgEel HYAA B Fol Fashl o
shbme 4 (D9 2ol WED W A &xr} ¥
sl vebdey, 206 4 (D8] AY7IA Be 24
4512 $ARE Bl 22 Mo} 48 de
BEAME HYo] dolud & 2lee o ek
‘_1‘&34 2UEE v Mg U8 F AN BEE0]

I

(<]
=

|

FE4E A A9} 6% Fs e, o)e
YHEE FERAY FANE EAwe An Mol
7] wgolth, 22l AAA I FE4E E ¥
AFe) 2EYA ANHEZ A B OS5 £
Yepudeh, 2 w2604 09 HF) % sevgow 3
$557} 0ol o]z -wu dg-go] e o
sharo] ke Aol 7,

2 QAo e A4 iH ago] 0812 YAt

B3 uh-gAE 2AEdch e d#@gedd wheE

PS8 M33H HeE 1995 128

I (mole /1)

120 160 200 240

TIME(MIN)

Fig. 4. Variation of initiator contraction versus time(60
°C, 0.05SM AIBN, f,=0.5).

%9 A8z} elo)zhEo] FAabiato 2 ql3le] A9
AlAte)of HF-24 =Hied o] g
F5 XUk w7l Ee] et o
sion H4h& 2o Z3HA)7)H 0%
T e Zew s|g=ic)

i-g-o] zle el ube} YR TEAe} A8 k)
Atole] W xfo] ujFofl wbE-ES] Fu7l FojEH
Aok w2 x7F 60Col Z7] AN FE7) 005
Molr] z7] Sto] E¥-&o] 059 4w ukg-E9 ¥
W3S Fig 3o vtebliglc) o] 2=z g %nﬂy_‘a F
ibgo] Bwh-g of whg-Eeo) §37} o 20% 7lwtol
FoEA HE o 4 ok = o {7 HEHE
sty A7 ARE T lFlE BFEta 23]
Fig. 4 vepdd Az} 2o A A Fre & Zo2
Z7hske ¥Al: FarEoh

reaction diffusion®]
1213} reaction diffu-
A atalA] L AR

u‘.

8.d £

£ Tz SAN A FEEE AT 34
2712 A7) Sisho] SAN TE Yol BAR 2t
3 74 A¥ol et ANSENSE AonT, BF
ol gt HFSESE AL FXRAE I}l T
E2ts}7] o #-oll pseudo kinetic rate constant& o] %
sol DEate) HEEEA A dUE HAE T

N oo

399 WSEEASS DESeoch T Haro] &
S5t AANS D AW Tedsts] fsted A
1=

2319 3, RER AbEH ool o&Ed=
reptation o] &el| TA3ted AFstsleict
zdo] faAg HE3l7] fsle] Bad Base] gle
A 28T 7FoR st J1E uReAE 2t

ol& 43 mapstel wli- = ateich o1& Fote] %



TERA Habe] g5

9] FEAS HFUA¥ F UKo SAN 4t 384
FEE U 71el A Yelde ofe vkx) A4 A9E
T Aok

F3ubeE U8 F AN ¥§ ¥ A =t
=455 w24 AgE9a, AN Ego] 3 A4
Tt $EE A A oS FEEA Jehdo
F& Aegol A AJRkgo] ksl el ghake] o)ste
F4EB2 3 Aol el or, xy 183 &
Az} defale] gx xo]2 qlsle] wbgEo| Rzl
Z]EA Hed AEHgo]l 90% Y= u) vhEE§E2)
Bz} oF 20% HE FHF ek ol2 qlsled uk-go)
Aol apep fAH 7} AR E EFala A9
2o} Zobshe s paE g

£ A7 A AAE SAN FF¢ uhs-ndg 2143t
‘E HEFHQ Lo} EX A4S F FELAY

FEA, 5’31_1‘ Z}% ) Prx}eek T 58 243}1_103;_

7‘]‘4 LA} Z'“‘ﬁ"a‘ *H’*}E}ﬂ 2% 1t
g%z WA 2|3 2o o ukgv)e
% ARAoE FYsied A 22 & F
T 9le Ao 7€l

2 o e 2 2 oH.
0
rlr J
mF»

ARB21E
f. :mole fraction of monomer i
fo :initial styrene mole fraction

f(u) : chain-length-dependent part of termination rate
constant

G; :i-th moments of living polymer concentration

I  :initiator

k; :propagation rate constant between R; and M;
[{/mol-s]

ki» :chemically controlled propagation rate constant
[l/mol-s]

ku, v) : termination rate constant with chain length
u and v [J/mol-s]

k  :overall termination rate constant [//mol-s]

ko :initial overall termination rate constant [{/mol-
s]

kus :concentration-dependent part of termination rate
constant [//mol-s]

M,, : average monomer molecular weight of instanta-
neous dead polymer [g/mol]

M,, : average monomer molecular weight of accumu-
lated dead polymer [g/mol]

M. :entanglement molecular weight [g/mol]

M; :monomer i

RS =AY mddy | 691

M, :accumulated weight average molecular weight
[g/mol]

P, : inactive polymer with m units of M; and n units
of M

r; :reactivity ratio

R; :polymeric radical of type i

R.0i: polymeric radical of type i with m units of M,
and n units of M,

R.; :polymeric radical of type i with chain length u

v, :free volume [A%]

X, :critical chain length [-]

X, :critical chain length in polymer melt [-]

Z  :chain-length-dependent part of overall termina-
tion rate constant

az|olAa B}

a, :thermal expansion coefficient difference at glass
transition temperature

@ :primary radical concentration [mol/!]

®; :volume fraction of component i

@, : polymeric radical mole fraction of type i with
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