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Polymerization of Vinyl Chloride by BRg-CCly Catalyst

Akira Akimoto
Toshiro Yoshida
Toshio Sakomura

The catalyst systems consisting of BR3 with O, peroxides, metal peroxide or metal salts are known to be

effective even at low temperatures. For example, organometallic compounds are used frequently in the

polymerization of vinyl chloride at low temperatures. Minsker recently reported the polymerization of vinyl

chloride by the system of AI(C;Hs)s with CCl,. However, the PVC obtained by this method resulted in

low molecular weights.

Breslow reported that a complex of Al(CzHs)s with THF was very effective in CCly, but that of B (C;

H;)s with THF showed little activity in CCly.

But here we found that in a certain condition BR3—CCl, system is highly effective for the polymerization

of vinyl chloride. The results obtained were as follows.

1) The system of BR3 with CCly is highly effective for the polymerization of vinyl chloride.

2) The optimum mole ratio of CCly to BRj is in the range of 0.5—2.0.

3) The branching of polymer decreases, though the stereo regularity does not increase.
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Table 1. Effect of cocatalysts

Catatlyst System Yield(%) Pn
" BEt; AIBN 1 —
BEt; AIBN (in water) - 3 500
BEtg — ’ 0 .
BBu; AIBN 24 2000
BBus AIBN (in water) 26 900
BBu; — 0 -
BBU3 EtzNH 0 —
BBuj, Et2N¢ 0 —
BEt; CClg* 6 1000
BBuj CCJg* 67 2000

VC 5ml, 35°C, 3hrs., BRj; solution 0.3ml (25% n-
hexane), AIBN 10mg, CCl, 0.3ml, Amine 0.3ml, in
n—-hexane 5ml. *9.5hr.
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Table 2 Vinyl polymerization by BBu3g-CCl, system

Catalyst Poly. | Poly. |Yield
Monomer temp. | time

system °C) | (hr) | (%
vC BBu,;—CCl, r.t. 0.5 67
AN BBu3;—CCl, r.t. 0 85
AN BBu3;—CCl, 40 3 3
MMA BBu3—CCl, 40 1 332
EA BBu3—CCl, r.t. 0 88b)
St BBu3;—CCl, 40 3 trace
VAc BBu3—CCl, 40 6 6
CP BBu;3;—CCl, 40 5 15

AN ; acrylonitrile  MMA ; methyl methacrylate

EA ; ethyl acrylate St i styrene  CP ; chloroprene
BBu3 0.3ml, CCl; 0.3ml, AIBN 50mg, Monomer 5ml,
Solvent 5ml

a) AIBN b) hydroquinone
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Table 3 Effects of alkyl halides

Yield Pn T

Alkyl halides %) Ref. B
CCl, 47.5 750
CCH=CCIH 3.0 -
CCI;H, 1.3 —
CHCl, 4.9 330
CHBr,4 4.2 300
CHI, — — | inhibition
Ce¢H;CH,Cl — —
Ce¢HsBr 7.6 330
CH;=CHCH,Br 0.1 -
CBr, 1.1 — | low molecule
CB:Cl, 1.5 — | low molecule
CH;COCl 0 —
Me;SiCl 51.6 | 1100

BBu3 0.1ml, (B)/(RX)=1, VC=5ml, n-hexane 5ml,
40°C, 0.5hr.
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Table 4 Polymerization of isobutyl vinyl ether

Catalyst system Yield
Solvent [n]*
BBug CCly %)
BBU;‘ CCI.; CsHﬁ 42 0.05
= CCL‘ CsHs 0' s—
BBuj — CeHs 0 —-

Monomer 5ml, Solvent 5ml, Catalyst 1.7mmole
(BBuj : CCly=1; 1), 30°C, 20hr.,
(n)* benzene 5ml at 30°C
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Table 5 Effects of mole ratio BBus to CCl,

BBu3/CCl4 Yield Pn

mole ratio %
0.1 6.5 3000
0.5 20.6 1500
1.0 31.6 1100
2.0 56.5 740
3.0 23.3 1400
5.0 27.5 1500

CCly=1.1x10"3mol, VC=5ml, 0.5hr, 40°C
in n-hexane 5ml
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Fig. 1 Relation between CCl,;/BR3 mol ratio
and yield
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Fig. 2 Relation between yield and (metal alkyl)
/(CCly) mole ratio
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Table 6 Polymerization of vinylchloride
at low temperature

Poly. | Poly. |Yield |5 Iss5cm 1/ ‘ 1000(CH

temp. time. | (%) 697cm—12) /CHz)"J
60°C 2hr — 10
40°C | 0.5hr | 40 | 1500 1.677 19
0°C 22hr 14 | 2500 — 11

—78°C 22hr 13 | 3500 - 10

a) LPO=1.648,
b) LPO=18—19
BBus=0.3ml (BBu;/CCly)=1, VC= 5ml,

benzene 5 m|]

NiPO=1.791,
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Table 7 Copolymerization of Chloroprene and
Acrylonitrile

lf\ggélomer Yield Resulted Polymer 3};0]);_
CPIAN| & | a 4 | Ng | ™
| %
87 | 13 13 38.32 1.14 7.0
75 | 25 25 36.64 0.86 5.3
64 | 36 36 36.34 2.18 | 13.1
57 | 47 - 33.37 2.13 | 12.8
43 | 57 — 35.25 — | 18.6
34 | 66 — 33.76 — | 23.8
16 | 84 — 30.42 — | 34.7
77 3 22 39.73 0.62 3.9
IS SN T Tl

BBU30.3ml, CC1403ml,
40°C, 5 hr.

benzene 5 ml,

Table 8 Copolymerization of Styrene and
Vinyl Chloride

Monomer feed Yield Resulted polymer VC in
A — | copolymer

ve | st |0 coy [y |t %)
72 28 1.3 84.7 3.20 9.1
64 36 1.1 87.7 1.74 5.0
54 46 2.6 89.5 1.75 5.0
43 57 — — - - -
30 70 1.3 90.8 0.28 0.8
16 84 1.7 91.0 0.22 0.6
3 97 3.8 88.2 0.14 0.4

BBu3=0.3ml, CCl, =0.3ml, in benzene 5ml,
40°C, 12hr.
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Fig. 4 Copolymer composition curve for the
copolymerization of chloroprene with
acrylonitrile
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Fig. 5 Copolymer composition curve for the copoly-

merization of vinylchloride with styrene
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