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2 o LA {73 ETFLANA Aol 5 FulE A3t acrylonitrile®} methylacry-
lateg )z FFHAAC. dolFFuls EXFol E4F AZ ol FU6A, F71E400
t F40] E4F Af o] Fa2dAT. KS:0-HTAB 7HA| A A2 843 oA & 9.6
Kcal/mol2 4] Ato] FZuj (HTAB)E AM&38HA] ¥t 4 $9 42.0Kcal/mol ¥t} 32.4 Keal/
mol W¥tth T3 o)luj 9 acrylonitrilem} methylacrylateol] ti3 WA vBl= Z+z 1.304%}
0.6140]) Qc}.

ABSTRACT : Radical copolymerization of acrylonitrile and methylacrylate with phase trans-
fer catalysts in aqueous-organic two phase system was studied. Conversion increased with in-
creasing the molecular weight of phase transfer catalysts, decreased with increasing dielec-
tric constant of organic solvents. The overall activation energy of copolymerization using
HTAB was 9.6 Kcal/mol and 32.4 Kcal/mol smaller than those without the catalyst. The
monomer reactivity ratios were 1.304 for acrylonitrile and 0.614 for methylacrylate.

Keywords: phase transfer catalyst, radical copolymerization, reactivity ratio, acrylonitrile,
methylacrylate.

N B EF, golFFule

EFUAlY] FEAEE F8l dojube kg
A wregol F7}, WHeE29 A3 E sl A}
25 AJo|5&u) (phase transfer catalyst, PTC)
= S0l XEke, 43 v, 4135l #{Uukg,
7l Esurg Soll HEEH, HolFFole] 2%
7] 2 27138 23 $Ase AU 19708
°]3?'--‘r"E‘] AlZtEo] ARIARQ] AN YA BE FUE

I 9o oo I AT =FEC] & o
77}5}3’— A Aol

e 204 A3% 19963 59

2EA FERsolt el
18R sehikg ST Hgslel AYHO A
Hoje FYute 2L NUSAT. &, Bgure s
8ol %w%m 2ot ope} g4k f7)4
o) 2FAAIN A4 vl B Bz 3
kgl &o}%é—ung AL B

2,719 gy TEA B PYPH o Hg
W97} o WolRTh A
o4 o] §7] B FrIsRe] WA A5

Eolg FYAA 8T o, TER 8o
Ao FEUE MY AoE VYFH5 F3

447



DR R

Yo, FF5ol FLH A7 oFF Byuse] Q)
2 &t

2 A7 E FFR deleEd 34 754
& A7) Agte] A (persulfate) T} 45 &
2USY F7 Aol EE0E o 48he] acrylo-
nitrile (¢]&} ANeojzlx %t})3}t methylacrylate
(o]3 MAeolgti 3hHE R71A4T T8R4 &€
LA FEFE Aol EFolY SugAdT ut

£-438] (monomer reactivity ratio)& #| X3k},

4 #

N &. 94 AN (Junsei Chem. Co., Japan)i}
MA (Junsei Chem. Co., Japan): XFZHF3}to
AHgslgl o, Aol EFu] = A trioctylmethyl-
ammonium chloride (Aliquat 336, Junsei Chem.
Co., Japan), hexadecyltrimethylammonium bro-
mide (HTAB, Junsei Chem. Co., Japan), tri-
buthylammonium bromide (TBAB, Junsei Chem.
Co., Japan), tributhylammonium chloride (TBAC,
Junsei Chem. Co., Japan), tetramethylammonium
chloride (TMAC, Junsei Chem. Co., Japan),
tetraethylammonium bromide (TEAB, Fluka, U.S.
A.)S} methanol (Junsei Chem. Co., Japan), tolu-
ene (Junsei Chem. Co., Japan), ethyl acetate
(Yakuri pure Chem. Co., Japan), chloroform
(Junsei Chem. Co., Japan), 1-hexanol (Junsei
Chem. Co., Japan), ammonium persulfate (Shinyo
pure Chem., Japan), potassium persulfate (Haya-
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persulfate (Junsei Chem. Co., Japan)= A]eF 1
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Table 1. Copolymerization of AN and MA Using
HTAB-K:S:0; in Aqueous-organic Two Phase
System (Organic Solvent=Toluene; Temperature
=55 C; Time=1hr)

H,0 HTAB K,S;05 Conversion
(mL) (mmol) (mmol) (%)
0 1 15 0
100 0 15 22.4
100 1 0 0
100 1 15 50.0

[AN]+[MAT]=0.594 mol/1, V,/V,=0.4, where subscript o :
organic phase, subscript a ; aqueous phase.
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Figure 1. Model of AN and MA copolymerization
with phase transfer catalyst-K;S;0; in an aqueous-or-
ganic two-phase system.

Table 2. Effects of Phase Transfer Catalysts
on the Copolymerization of AN and MA Using
K:8:05 in Aqueous-organic Two Phase System
(Organic Solvent=Toluene; Temperature=55C;
Time=1hr)

PTC  Aliquat 336 HTAB TMAC TEAB TBAB TBAC
Conversion
(%)
[AN]+[MA]=0.594 mol/L, PTC=1x 103 mol, K;S,05=15
x10"*mol, V,/V.=0.4.

79.6 500 334 136 162 100
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Figure 2. Conversion of AN-MA copolymerization

with phase transfer catalyst [AN]+[MA]=0.594 mol/
L, V./V.=0.4, K;S;0s=15 mmol, HTAB=1 mmol.
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Table 3. Effects of Temperature on the Copolymerization of AN and MA in Aqueous-organic Two
Phase System(Organic Solvent=Toluene; Temperature=55 C; Time=1hr)

HTAB TBAB TBAC no PTC
Temp.(C) Con(\izr)smn Rx10° Con(vo/e;r)swn Rx10° Con(vnzr)swn R x10° Con(\;ZI‘)smn R x10°
45 31.5 0.486 3.0 0.046 1.1 0.017 1.6 0.025
55 50.0 0.772 16.2 0.250 9.98 0.154 224 E}0.346
65 77.3 1.193 82.4 1.272 79.2 1.222 81.4 1.250
[AN]+{MA1=0.594 mol/l, PTC=1x10"%mol, K;S;03=15%10"mol, V,/V,=0.4.
3714 W: E8A9] FA(e), V: uhg EFES) ¢
AA (mL), t: FHWE Alzd(sec), M : T sl
W BAF (g/g-mol) & UEPAT.
Table 39] A2 Arrhenius plotdled Fig. 39) Wb N
EABI e, o] 71725 E 84S AE T8} &
Aok, AelsEu]7l HTABQ A$& 9.60 Kcal/ 5 a3t
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Arct.
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Figure 3. Arrhenius plot. [AN]+{MA]=0.594 imol/
L, Vo/V.=0.4, K,;S;0s=15mmol, PTC=1 mmol, time
=1hr, temp.=45, 55, and 65 C.

Table 4. Effects of Organic Solvent on the
Copolymerization of AN and MA Using K;S;0s-
HTAB in Aqueous-organic Two Phase System
(PTC=HTAB; Temperature=55 C; Time=1hr)

Organic Chlbro- Ethyl 1-  Cyclohexa-
Toluene

solvent form acetate hexanol none

Dielectric 508 481 602 1330 183

constant

c .

°"(‘;er'°“ 500 441 227 316 251

[AN]+[MA]=0.594 mol/L, K,S;03=15x%103mol, V,/V,=
0.4, PTC=1.0x103mol.

a3to] Bl Zad Aoz 2EHY ASH
ATE Fiol FEANT 47149 BAS, s
23stod #7189 47 2lAS 2L Ango
BH BAE AN Bt
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Table 5. Effects of Persulfate on the Copo-
lymerization of AN and MA Using HTAB in
Aqueousorganic Two Phase System (PTC=
HTAB: Temperature=55 C; Time=1hr)

P ersulfate Nazsan KzSzOg ( NH4 )25203
Conversion
33.8 50.0 3.7
(%) 2

[AN]+[MA]=0.594 mol/L, V,/V.=04, PTC=1.0x10"3
mol.

gl HEk SR Sl AMgSte I
A ol &9 JHL Fig. 19419} o] 5,042
o] 23 AolFEue] Qrolame] Y ey
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Table 6. Monomer Reactivity Ratio on the Copolymerization of AN(7) and MA(»;) Using K:S;0s-HTAB
in Aqueous-organic Two Phase System (PTC=HTAB; Temperature=55 C)

[AN] [MA] [AN]/  Content of nitrogen d[AN]/  Conversion
(mol/L) (mol/L) [MA] in copolymer(%) dLAN] dMA] d[MA] (%)
0.5590 0.0354 94.0/ 6.0 24.17 94.7 5.3 17.70 5.6
0.5165 0.0665 88.6/11.4 22.17 89.5 10.5 8.545 8.3
0.3038 0.2215 57.8/42.2 15.04 68.3 31.7 2.152 4.1
0.1519 0.3323 31.4/68.6 8.263 425 57.5 0.740 7.8
0.0486 0.4076 10.7/89.3 2.726 15.8 84.3 0.187 5.2
Method n 72
Fineman-Ross 1.304 0.614
Kelen-Tudos 1.113 0.505

Literature data® 1.310 0.850

HTAB=1.0x10"*mol, K,S,05=15%10"*mol, V,/V,=0.4.

BAZRZRE A (6)2 )83t Finemann-Ross
HolA= (F- H/fE2 F/f2) thsled, Kelen-Tiidos
ol g &0l tigt] SRESLY Fig. 49} Fig.
5o YehAALt. Fig. 49} Fig. 504 ERE&= HA
€ 2 =3P o, o] A4 7|&79 HHoER
B 9kl nt »E T ¢ ANeH, I e
2+7y 1.304¢} 0.614(Finemann-Ross) 2 1.113
7} 0.505 (Kelen-TiidosH Yot n< 18} 31
e 180 22 Zlog Bel AN gitjZe] MA ©

(F-1)/1

2
F/t

Figure 4. Finemann-Ross plot for copolymerization of
AN(»,=1.304) and MA(»=0.614). HTAB=1.0
mmol, V,/V,=0.4, K;5;035=15 mmol, temp.=55 C.
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Figure 5. Kelen-Tiidos plot for copolymerization of
AN(»=1.113) and MA(#»,=0.505). HTAB=1.0
mmol, V,/V,=0.4, K;S;0,=15 mmol, temp.=55 C.
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Figure 6. Composition diagram of AN and MA
copolymerization in phase transfer catalyst. [AN]+
[MA] =0.594 mol/L, %/K =04, KzSzng 15 mmol,
HTAB=1 mmol, temp.=55 C.
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