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Polymerization of Vinyl Chloride Catalyzed by Trialkylboron—

N-Vinylcarbazole System

Akira AKIMOTO

The binary catalyst systems consisting of trialkylboron and N—vinyl monomer are capable of inducing

polymerization of vinyl chloride. Of several N-vinyl monomers examined, N-vinylcarbazole was found to

be the most effective. The polymers obtained were colored and of low molecular weight. The reaction

seems to proceed via the radical mechanism and not the cationic one. The effects of catalysts, solvents,

and temperatures on the polymerization process were systematically investigated.
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Table 1 Polymerization of vinyl chloride with the catalyst system consisting of tri-n—

butylboron and N-donor®

Exp. No. N-donor [BHB;SQQEI\IT;%OOHOI‘] Yig/old Pn
[ —14b Diethylamine 1/1 0 —
I —16» Dimethylaniline 1/1 0 =
48 Aniline 1/8 20 250
49 Diphenylamine 1/2 9 250
50 Acetonitrile 1/14 57 290
519 Monoethanolamine 1/10 2 290
[ —10v —~ —
52° — — 7 250
55 — — 11 250
—_— == SO S

a) VC 10 my, BnBu; 1 mole% (on monomer), n-hexane 10 mg,

b) Polymerization at 35°C, for 3 hrs,
¢) Polymerization at 60°C, for 1 hr.

Table 2 Polymerization of vinyl chloride by the catalyst system consisting of tri-n_

butylboron and N-vinyl monomer®
[BnBu,]/ .
(4

5 4-vinyl pyridine

6 Vinyl carbazole

12 2-vinyl pyridine

57 N-Methyl vinyl pyridine
24 N-vinyl pyrrolidone

58

52 E

molar_r_aiig o

1/6 0 —
1/6 22 250
1/3.4 1 —
1/3.4 0 —
1/3 34 250

- 11 250

= 7 250

a) VC 10 my, BnBu; 1 mole% (on monomer), n-hexane 10 m{, polymerization at 60°C for 1 hr.
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Table 3 Vinyl polymerization by the catalyst system consisting of tri-n-butylboron and

N-vinyl monomer?®

Exp. No. Vinyl monomer Alkyl boron N-vinyl monomer Time min. Yield %
1 Acrylonitrile BnBuy, 4-vinyl pyridine 5 23
Acrylonitrile BnBu, Vinyl carbazole 5 35
11 Acrylonitrile BEt, Vinyl carbazole 5 57
3 Styrene BnBu, 4-vinyl pyridine 120 9
4 Styrene BnBu, Vinyl carbazole 120
9 Vinyl acetate BnBu, Vinyl carbazole 180 59
15 Methyl methacrylate BnBu, Vinyl carbazole 120 63
16 Methyl methacrylate BnBu, 4-vinyl pyridine 120 45
18 Methyl methacrylate BnBu, 2-vinyl pyridine 120 39
10 Ethyl Vinyl ether BnBu, Vinyl carbazole 1,440 0
19 Isobuty! vinyl ether BnBu, Vinyl carbazole 1,440 0

a) Vinyl monomer 5 m¢, [BR;]/[N-vinyl monomer]=1/1, BR; 1 mole2;, benzene 5 m¢, polymerization at

60°C. :

Table 4 Polymerization by the catalyst system consisting of tri-n-butylboron and N-vinyl

carbazole®
N-VCZ contents in N-VCZ units in polymer
Exp. No. Comonomer mMole monomer mixture E—— —
mole % Yield % Exp. Calculated
S26 — — 100 97.3 — —
S27 Vinyl Chloride 78.7 5 32.9 14.88 24.00
528 Styrene 43.7 8 9.8 1.06 1.76

a) BnBu; 0.412 mmole, [N-VCZ]/[BnBu,1=9.78, benzene 5 m{, polymerization at 60°C, for 3 hr,
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Table 5 The effect of molar ratio of N-
vinyl carbazole to tri-n-butylboron
in the polymerization of vinyl

| chloride®
Exp. IN-VCZ] Yield =
No. m o Pn Remark
6 1/6.0 22 250 Red
40 1/3.0 30 250 Pink
56 1/1.0 20 250 Pink
14 1/0.4 50 250 White pink
20 1/0.2 41 250 White pink
21 1/0.1 41 250 White
41 0/1.0 0 — —

a) VC 10 my, BnBu; 1 mole% (on VC monomer),
benzene 10 my, polymerization at 60°C for 1 hr.,

)

(19)

100

(%)

50}

Yield

0 ] i i [} I 1 1 1 I
0 5 10

{(N-vinyl carbazole)/(BBus) molar ratio

Fig. 1 Effect of molae ratio N-vinyl carbazole
to BBy,

N-VCZ o B2 %< haic ft- THRHEZ SOTL B,
(Table 5, Fig. 1)
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Table § Effect of temperature®

}i:\}I((I)). ’ Tlggllg.mgl C Ygld Pn Remark
46 80 76 200 Pink

20 60 41 250 White pink
43 40 25 480 White gray
44 30 1.3 600 White gray
45 20 1.7 600 White

a) VC 10 m¢, BnBu; 1 mole% (on VC monomer)
[BnBu;]/[N-VCZ]=1/0.2, benzene 10 m/,
polymerization for 1 hr,
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Fig. 2 Relation between yield, degree of polymer
and polymerization temperature
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Table 7 Polymerization of vinyl chloride
by the catalyst system consisting
of tri-n-butylboron and N-vinyl

polymer®
}i:\)l{g. N-viny! polymer Yiojld Pn
. (7]
59  Poly(vinyl carbazole) 11 300
60 Poly(4-vinyl pyridine) 0 —
61 Poly(2-vinyl pyridine) 0 —
62  Poly(N-vinyl pyrrolidone) 0 —

a) VC 5m4, BnBu; 1mole% (on VC monomer),
[BnBu;]/[N-vinyl polymer]=1/0. 2, benzene 5
m4, polymerization at 40°C for 4 hrs.
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Table § Vinyl polymerization by alkylboron
and poly (vinyl carbazole) catalyst

system?’
1?\)1{5_' Vinyl monomer Y(i)/:ld Pn
29 Vinyl Chloride 29 250
52 Vinyl Chloride 7 270
30 Vinyl acetate 33 =
31 Acrylonitrile 88 —

32 Styrene 10 —
33 Methyl methacrylate 43 —

a) Vinyl monomer 5m{, BnBu; 1mole% (on
vinyl monomer) [BnBu,]/[poly-VCZ]=1/1,
benzene 5 m4, polymerization at 60°C for 1 hr.
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Table 9 Several catalyst systems by consist-
ing of organometallic compounds
and N-vinyl carbazole®

Exp. Organometallic Yi

ield Pn
No. compound %
54 BEt, 10 250
40 BBu, 30 250
52 BEt, 4 250
53 AlEt, 0 —
55 ZnEt, 0 —

a) VC 10 m4, organometallic compound 1 mole %
(on VC monomer), [organometallic compound]/
[N-VCZ]=1/3, benzene 10 m¢, polymerization
at 60°C for 1 hr.
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Table 10 Polymerization of vinyl chloride

in the presence of several
diluents®

1?:;3 Diluent Yi%ld Pn
64 Acetone 58 250
65 Methanol 3 290
66 Ethanol 1 —
67 Dimethylformamide 7 250
68 Ethyl bromide 1 —
70 Nitrobenzene 0 —
71 Water 13 250
69 19 320
Benzene 20 250

. 560
a) VC 5m4, Diluent 5m/, BnBu; 0.5 mole?,
[BnBu3]/[N—VCZ]:1/l, polymerization  at
60°C for 1 hr.
b) BnBu, 1mole? used.
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