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Abstract

Copolymerization of o -Methylstyrene(AMS) with Acrylonitrile(AN) was

carried out with benzoylperoxide(BPO) as an initiator in toluene at 80 in a continuous
stirred tank reactor. Reaction volume and residence time were 0.6 liters and 3 hours,
respectively. The monomer reactivity ratios, rams and ran determined by both the
Kelen-Tiidos method and the Fineman-Ross method were rams=0.16(0.14), ran=0.04(0.06).
The cross-termination factor ® of the copolymer over the entire AMS composition ranged
from 0.75 to 0.92. The ¢ factors of poly(AMS-co-AN) were increased with increasing

AMS content. The simulated conversions and

copolymerization rates were compared

with the experimental results. It was observed that the average time to reach dynamic
steady-state was three times the residence time.

Keywords . @-methylstyrene, acrylonitrile, continuous stirred tank reactor( CSTR),
dynamic steady-state, copolymerization.
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Fig. 1. Schematic apparatus of experiments.
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Table 1. Experimental Conditions

Polymerization 70~90(T)
Temperature

Solvent toluene
Solvent/Comonomer 4:1 (V/V)

ratio

Initiator benzoylperoxide
Initiator concentration  5~15 (mmol/L)
Residence time 10800 sec
Reaction volume 06 L

23 % 4

(1) FE¢N F2EA

FEEA F2E A 3t E2EX
Ed £#HAz] AEE KBr windowe] =¥ 3%
¥ £AE ARA)F)I NicoletAt2] model 710
Fao) Wg HYH EFENVIFT-IR
spectrophotometer) 2 #4138l Fig. 21 vebu
.
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Fig. 2. FT-IR spectrum of poly(AMS-co-
AN) in the present studies, where (a),
{b), (c) denote 20/80, 50/50, and 80/20
of feed composition, respectively.

(2) FFEA =48

FEEA =4E& ¢7] A3t Carlo Erba
Instrument®] model EA-1108 €A¥A47]|& 9]
£89 C, H 282 No FAUE o]§3dd
Table 2o Yeliich.

(3) FFEA #A% 24

2Z2HN FEEAY FHFEAF(M,)H
FHYTFEAFH M,)E 2387 89 Hx
Waters 150C 4 53 Az olE 189 (GPC)E

Table 2. The Monomer Composition in Copolymers in CSTR

[Man] in comonomer Element [Wt%) [man] in copolymer
[mole%s] N c H [mole%]
80 83.040 7.947 9.013 54.14
60 83.833 8.043 8.124 50.36
50 84.650 8.057 7.293 4741
40 84.886 8.340 6.774 45.66
20 85.977 8.452 5571 40.79

* By elemental analysis.
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Fig. 3. Copolymer characterization.
(a) Variation of feed compositions in
AMS/AN mixture ‘ "
[Temp.=80°C, BPO=10mmol/L]
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Fig. 3. Copolymer characterization.

(b) Variation of polymerization
temperatures in AMS/AN mixture
[AMS/AN=50/50(mole%),
BPO=10mmol/L}
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Fig. 3. Copolymer characterization.

(c) Variation of initiator concentration
in AMS/AN mixture
[AMS/AN=50/50(mol%),
Temp.=80TC]
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Fig. 4. Monomer Reactivity Ratio.

{a) Copolymer composition curve
[ Temp. = 80T, BPO = 10mmol/L ]
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Fig. 4. Monomer Reactivity Ratio.
(b) Kelen-Tiidés plot ; rams=0.16,
ran=0.04 (C.R=0.99)
[ Temp = 80C, BPO = 10mmol/L ]
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Fig. 4. Monomer Reactivity Ratio.
(c) Finneman-Ross plot ; rams=0.14,
ran=0.06 (C.R=0.99)
[ Temp = 80T, BPO = 10mmol/L ]
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Fig. 5. Variaton of exeperimental conversions
with the different feed compositions in
AMS/AN mixtures : Solid lines
represent the simulation results
against dimentionless time with
various feed compositions.
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Table 3. Summary of Parameters

Benzoyl peroxide a ~Methylstyrene Acrylonitrile

ks = 43 x 107 kot = 269 kpze = 755.26

f =090 ka: = 810 x 10° kiz = 99.78 x 10°

R = 645 x 10 kow/ken = 3.21 x 107 kozo/kezz = 757 x 107

(1] = 833 x 107 &, = 154805 &2 = 1870

Kpi, kii  [=]Jmol/L - sec , ka [=] sec”’, Ri [=lmol/L - sec, [I] [=lmol/L, rams=0.13, ran=0.04.

HASEE Jehdan At 2e #HAE vehy
a2 w2 oz zEE A MY
< A nESHeof i} 2 Ade AAu
ZHcross termination factor) ¢} @A Yz
Fig. 7ol Yehdgich 7234 ¢ & 27
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® a:80/20
4 b:60/40
® c:50/50
v d:40/60
& e:20/80
"
4 5 6

Dimensionless time (t/6)

Fig. 6. Variaton of exeperimental rates of
copolymerization with the different
feed compositions in AMS/AN
mixtures : Solid lines represent the
simulation results against
dimentionless time with various feed
compositions.
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Fig. 7. Variation of ¢-value with the feed

composition of AN.
[ Temp.= 80°C, BPO=10mmol/L. ]
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Azrde 3749 g2 A FEATF F kty,
kuz 283 k& 7R whHe] 4l 2FE
A 2de ddAdT kand 7Hh

M-+ M- > dead polymer
ktll

M+ M- > dead polymer (11)
kas

My + M, > dead polymer
ke

Ml + Ml

M-+ M > dead polymer (12)

My v My kg

53], £ d¥AME k@€ 73717 YT

A10AN  kae WA kapE YR

Atherton-North2] (13)e] ®t}.

(M + 2MiM; + MR
Rp = . (13)
ki " (mMyken + r2Ma/Kpze)

7|14, kap = Fikar + Fokee ©|th

ooz 249 A 2 vl AE ke
A e A7l A BeEBZ ko A
kap’t AHEEDL oA HA z2dE A%
2dzA oA,

4.3 1

a ~methylstyrene(AMS)#  acrylonitrile(AN)
¢ &md EFA FolA FANAELE A
AZ 0TAN |5 &% FFEE 3o &
gL Fas 9 A ZES A

1. Kelen-Tidos®¥ (% Finneman-Ross¥ )
& Abgsle] dEEAle] W AduE AET 2
I rams=0.16(0.14) E ran=0.04(0.06)%] <
At

2. 4g9A de FTHEEY P& AE
go]d# viudd FF 4FH 24 F AN
8 zAeo] We+E HAL Agen, AMS
gt AN9 33 24"l ¥ AMS/ANY FF
ZAv) F 50/50 ZAAN b FL& IAH
< Yebhd

3. FFEAY AX7 AR (cross termination
factor) ¢gt2 ANe] A=A HA 075~
092 &€ 712 35 SFA Ao 723t
A g&Ests AL Bgon AHAAGA
e g 2dE AR ko] 3o o] Fo|H
Aoz HAHAUT

Nomenclature
f ; Initiator efficiency
f; ; Composition of monomer 1 in feed

F1 ; Copolymer composition of monomer 1
Fli ; Molar flow rate of component i

Flif ; Initial molar flow rate of component i
{I] ; Initiator concentration

k ; Bulk rate constant of copolymerization
ke ; Decomposition rate constant of initiator
ke ; Rate constant of propagation between

monomer 1

ko2 ; Rate constant of propagation between
monomer 2

ko2 ; Rate constant of propagation of
monomer 1 to monomer 2

kozn ; Rate constant of propagation of
monomer 2 to monomer 1

kar ; Rate constant of termination between
monomer 1

ke: 5 Rate constant of termination between
monomer 2 .

kaz  Rate constant of chemical-controlled

cross-termination between monomer 1
and monomer 2

ktaa ; Rate constant of diffusion-controlled
cross—termination between monomer 1
and monomer 2

[Mi] ; Concentration of monomer i in
monomer mixture

Mi. ; Radical species of monomer i

M, ; The number-average molecular weight

M, ; The weight-average molecular weight
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; Reactivity ratio of monomer 1 to

. monomer 2

; Reactivity ratio of monomer 2 to
monomer 1

; Reaction rate of initiation

; Reaction rate of propagation, so
called rate of copolymerization

; Reaction time

; Dimensionless reaction time

; Reaction Volume

; Volumetric low rate

; Conversion of component i

; Ratio of V to v,i.e,residence time

; Cross-termination factor, i.e.,
chemically diffusion—controlled cross
termination factor

&1, &2 ; Rate parameters used in Eq.(10)
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