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Ternary Vinyl Polymerization Catalyst
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Toshio Sakomura

The present paper is concerned with the ternary catalyst system consisting of ZnCly, BRj, and CCly which

at room temperature initiate the polymerization of ethylene, vinyl acetate, isobutyl vinyl ether, methyl metha-

crylate, and acrylonitrile, but slowly initiate the polymerization of styrene and viny! chloride.

This catalyst system induced the cationic polymerization of vinyl ether, and radical polymerization of other

vinyl monomers. However, in the copolymerization of a-olefin with vinyl acetate and that of vinyl ether with

vinyl chloride, the polymerization rates were slow in this catalyst system. Besides, each copolymer contained

only vinyl monomer unit.
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Table 1 Vinyl polymerization with the catalyst
composed of BR;-ZnCl,-CCl,

Exp. Catalyst System !Yieldl
No. | Mo s zach, coty @0 |7
1| ve | BEy zeci, col | 11| 0.09%
2| VC |BBu; ZnCl, CCly | 5| 0.09
3| AN | BEt; ZnCl, CCl, | 39| 0.48?
4| AN | BBu, ZnCl, CCl, | 45| 1.19
5| IBVE | BEt; zZnCl, CCl, | 100 | 0.11%
6| IBVE | BBus znCl, CCl, | 69| 0.12
7| MMA | BEts ZnCl, CCl, | 18| 0.97%
8| MMA | BBus ZnCl, CCl, | 34| 1.39
9| VAc |BEt; ZnCl, cCly | 98| 0.03%
10| VAc | BBus ZnCl, CCl, | 65| —
11| st |BEu znCl, cCl, | 3| 0.02%
12| St |BBuy ZnCl; CCly | 2| —

Monomer 5 mf, Cgls 5 mf,

Each of the catalyst component 10 mmole
(BRj : ZnCl, : CCly=1:1:1) 30°C, 20hr.,
a) Determined in nitrobenzene at 30°C
b) Determined in DMF at 30°C
¢) Determined in benzene at 30°C
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Table 2 Polymerization of a-olefin and diene

Exp.

. Monomer ! (Jmal)isl_.ﬁystem. | ‘,(’:g;{ |
R - BRs ZnCl, CCly | M2/
14 | Ethylene | BEt; ZnCl, CCl, 3
15 Ethylene | BBus ZnCl, CCl,

3
16 Propylene { BEt3 ZnCl, CCl, 0
17 Propylene BBu; ZnCl, CCl, 0
18 Isobutylene BEt; ZnCl, CCl, | 0
19 Isobutylene BBu; ZnCl, CCl, | 0
20 Butadiene BEt; ZnCl, CCl, 0

21 Butadiene BBu; ZnCl, CCI, 0

Ethylene 5g and other monomer 5mlf,
Each of the catalyst component 10 mmole
(BR3 : ZnCly : CCly=1:1:1) in THF
15 mf 30°C, 20hrs.,
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Table 3 Polymerization of isobutyl vinyl ether

Exp. | Catalyst System |
No. g

Solvent .
BRy ZnCl, CCly (%) (7]

5 | BEts ZnCl, CCly | CgHg | 100 0.11

Yield a)‘
BBus ZnCl, CCl, | CeHs | 69 | 0.12
|

40 |BEt; — CCl, | CeHy | 42 | 0.05
49 | BEt; ZnCl, — | THF | 2 | —
30 | — ZnCl, CCly | CeHs | 0 | —
38 | — ZnCl, — | CgHs [ o] —

Solvent 5 mf,
Each of the catalyst component 1.7 mmole
(BR3 : ZnCl, : CCly=1:1:1) 30°C, 20hrs.,

a) Determined in C4Hj at 30°C

Monomer 5 mlf,
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Table 4 Polymerization of vinyl chloride

%g.)' Catalyst System Iag)rdqr'of!Solvent%L/el)di Pn

"% | BEtg ZnCl, CCly | Addition | e TS
22i t 1 1 | A |THF| of —
22| 1 1 1 i B | THF | 19 | 170
43| 1 1/6 1/6 | B THF 8| 64
510 1 1 1 | B !VVater 32| 450
|52y 1 1 — | B | Water | 34 | 480
188 1 — 1 B |Water| 31770 ll

Monomer 5 m{, Solvent 5 mf,
BRj3 1.7 mmole, 30°C, 20hrs.,

a) Order of addition “A” : ZnCl,—Solvent—CCl,
—BR3—Monomer, “B” : ZnCl,—Solvent—CCl,
—Monomer—BR 3
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Table 5 Polymerization of vinyl chloride with
the catalyst of various metal alkyls

EXD-I _Catalyst System

| Yield

No- |"Metal Alkyl ZnCl, cCl, | (%) P”ﬁ_
22 | BEt; 1 11 19 170
23 | BBuz 1 11 4 291
50 | B, 1 1 1 0 _
30 | AlEt 1 11 10 167

Monomer 5 mf, THF 5 m{,
Metal Alkyl 1.7 mmole, 30°C, 20 hrs.,
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Table 6 Polymerization of vinyl chloride in
various solvents

Exp. Catalyst System |Order ofi‘ iYieId

e ————— .. ~I Solvent | Pn
No. 'BEt, ZnCl, CCI, }Addmoni l(%)

a1l 1

| 1/6 1/6| B | Water | 73 | 1000
2, 1 1/6 1/6| B iBenzene 42 | 221
3 1 1/6 1/6 ! B | THF 8| 64
wlo1 g B Ehyl- 51 —

Monomer 5 m{, Solvent 5 mi,
Metal-Alkyl 1.7 mmole, 30°C, 20 hrs.,
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Table 7 Copolymerization of vinvl acetate with
a-olefin

Copolymer
Solvent E-V?\E___Pl’_-v_f-\c a

BRy ZnCl, CCl, Yield ) Yield 2)

i G M & W
BEt; ZnCl, CCl, | THF | 0 — 21 0.04
BEt3 ZnCl, CCly | Water | 23 0.03 21 0.04

BEt3 — CCI.q Water 17 — 9 —

Monomer—ethylene 5g, VAc 5 m{, and propylene
5mf, VAc 5mf, Solvent 10 mf,

Each of the catalyst component : 1.7 mmole,
BRj3 : ZnCl; : CCly=1:1:1, 30°C, 20 hrs.,

a) Determined in CgHg at 30°C
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Fig. 1 LR. spectrum of ethylene—vinyl acetate
copolymer
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Fig. 2 L R. spectrum of propylene—vinyl acetate
copolymer
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Table § Copolymerization of vinyl chloride with
isobutyl vinyl ether

| Tv:o1q | IBVE unit in|
%xp. Catalyst system % Solvent ‘Y}.‘eld | copolymer
_ 0| - 1. (%) (mole %)
S13| BEts; ZnCl, CCl, | THF | 35 99 !
S16| BEts ZnClp CCly | Water | 0.7 — I
S17| BEts ZnCl, — | Water | 77 16 '

Viny! chloride 5 mf, Isobutyl vinyl ether 5 mf,
Solvent 10 m{,
Each catalyst 1 mole % as against total monomer
40°C, 19 hrs,,
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