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Abstract—The phase-transfer radical copolymerization of acrylonitrile with methylmethacrylate by tricaprylmethyl-
ammonium chloride were investigated in a Na;S,0, aqueous-CCl, organic two-phase system at 25C and under nitrogen
atmosphere. The monomer reactivity ratios, r; and r, were obtained by the copolymerization mechanism with a cyclic
phase-transfer initiation step and compared with those obtained by using the Kelen-Tiidos method and F ineman-Ross

method. Their values were 0.11 and 2.30, respectively.
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Table 1. Composition of monomers in feed and copolymer for copolym-
erization of AN(1) and MMA(2) using Aliquat 336, 0.01

Table 3. Reactivity ratio for copolymerization of AN(1) and MMA(2)

mmol at 25°C Pol)tr;nr::(iét)non Initiator?r;nril;?; n* n** n* "ot
Polymerization Monomer feed Copolymer Nitrogen Conversion 25 A-336 001 0.136 0.121 2510 2.392
time (mole %) (mole %)  content 25 A-336 0.03 0.106 0.115 2404 2481
. (wt %)
{min) M, M, m m; (wt %) 25 A-336 0.1 0.103 0.113 2.106 2.145 0.12 2.19
64 55.6 444 280 720 6.13 6.79 25 A-336 028 0.115 0.121 2472 2526
61 619 381 318 682 7.02 332 25 A-336 1 0.090 0.061 2.059 1.862
60 707 293 412 588 9.28 4.68 80 AIBN 2 0.232 0.238 1.270 1.286
64 790 21.0 559 44.1 13.09 581 *. Fineman-Ross method

Table 2. Determination of monomer reactivity ratio from Kelen-Tudos
method for copolymerization of AN and MMA using Aliquat
336, 0.01 mmol(c.=11.54)

C D
M, m, f, f2 2 ff—1) gj g
mole % mole % My/M, mi/m; b £ atC atC

55.6 280 1267 0389 4060 —1975 0260 —0.126
619 318 1614 0467 5579 -—1841 0325 —0.107
70.7 412 2422 0699 83861 —1.041 0421 —0.052
79.0 559 3767 1271 32.8076 1377 0.739 0.031
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Fig. 1. Kelen-Tudos plot for copolymerization of AN and MMA.
(Aliquat 336: 0.01 mmol, CCly: 1 mmol, Na;$;04: 15 mmol rpm:
950, AN+MMA: 20 cc, H,O: 80 cc)
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***. Copolymerization rate method

Table 4. Determination of monomer reactivity ratio from Fineman-
Ross method for copolymerization of AN(1) and MMA(2)
using Aliquat 336, 0.01 mmol

M 1 my f1 fz fz f2 -1
mole % mole % (M/My) (my/my) fi? f)
55.6 28.0 1.267 0.389 0.246 —0.486
619 318 1614 0.467 0.179 —0.331
70.7 412 2422 0.699 0.119 —0.124
79.0 55.9 3.767 1271 0.030 0.042
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Fig. 2. Fineman-Ross plot for copolymerization of AN and MMA.
(Aliquat 336: 0.01 mmol, CCl;: 1 mmol, Na;S;0,: 15 mmol rpm:
950, AN+MMA: 20 cc, H,O: 80 cc)
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Fig. 4. Effect of Aliquat 336 on the polymer conversion.
(Na;S;04: 15 mmol, CClg: 1 mmol, H;O: 160 mi, O: mi/m, =285
mi/11.5 mi, ¥: 22.13 ml/17.867 ml, (J: 15.3 ml/24.7 ml, »: 946
ml/30.54 ml, &: 5.4 mi/34.6 ml)
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Fig. 5. Effect of Aliquat 336 on the copolymer conversion.
(NazS;04: 15 mmol, CCls: 1 mmol, H20: 160 ml, O: my/m,=28.5
ml/11.5 ml, ¥: 22.13 ml/17.87 ml, (}: 15.3 mi/24.7 ml, ~: 9.46
ml/30.54 ml, <: 54 ml/34.6 ml)
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Fig. 6. Slope from linear relationship between r, and [Q" 1.[S:0, ?]."*
[CCL],"2 for change of Aliquat 336 from Fig. 4 vs. mole ratio
of AN and MMA, f,.
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Fig. 7. Slope from linear relationship between t,, and [Q*],[S,0,],'2
[CCL],"* for change of Aliquat 336 from Fig. 5 vs. mole ratio
of AN and MMA, f,.
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Fig. 8. Effect of Na,S;04 on the copolymer conversion.
(QCl: 0.1 mmol, CCly: 1 mmol, H,O: 160 ml, O: mi/m,;=285
ml/11.5 mi, ¥: 22.13 ml/17.87 ml, O: 15.3 ml/24.7 ml, A: 946
ml/30.54 ml, O: 54 ml/34.6 ml)
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Fig. 9. Slope of linear relationship between r,, and [Q*],[S;0, %],"*
[CCL],"* for change of Na,S,04 from Fig. 8 vs. mole ratio
of AN and MMA, f,.
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Fig. 10. Effect of CClL, on the copolymer conversion.
(QCI: 0.1 mmol, Na;S;04: 15 mmol, H0: 160 ml, O: my/m;=
285 ml/115 ml, v: 22,13 ml/17.87 ml, (J: 15.3 ml/24.7 m],
A: 946 mi/30.54 ml, ¢: 54 ml/34.6 ml)
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Fig. 11. Slope of linear relationship between r,., and [Q" ].[S,04 ]."*
[CCL],""? for change of CCl, from Fig. 10 vs. mole ratio
of AN and MMA, f,.
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2
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ke ay
k212)1/2 ( ﬂ‘"K—)W [M,J.= 160X 10° [% m*/h kmol?]
kn az
ARBYIE
f, :molar ratio of monomers in feed defined by M,/M,
f,  :molar ratio of monomers in copolymer defined by m;/m;
k, :reaction rate constant of the reaction between Q,S,0, and
CCly in organic phase [m3/kmol-h]
k; :reaction rate constant for radical of i species and monomer
of j species [m*/kmol-h]
k. :terminate rate constant between P,- and P,- of i species
monomer in organic phase [m*/kmol-h]
K: :equilibrium constant defined by Eq. (6) of previous paper
[35] [kmol/m*]
: equilibrium constant defined by Eq. (7) of previous paper
[35] [kmol/m®]?
: equilibrium constant defined by Eq. (8) of previous paper
[35] [m®/kmol]?
M, :monomer of i species
m; :concentration of i species in copolymer
r, :monomer reactivity ratio defined by ki/ki.
r, :monomer reactivity ratio defined by kuy/ks
r, :polymerization rate of total polymer including PAN, PMMA
and copolymer [%/h]
o :copolymerization rate [%/-h]
ae2joja 2xt
a; :distribution coefficient defined by Eq. (9) of previous paper
[35]
a; :distribution coefficient defined by Eq. (10) of previous pa-
per [35]
B3P X}
o  :organic phase
w  :aqueous phase
¢ :initial value
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