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Polymerization of Vinyl Chloride Initiated by Triethylaluminum-

Diethylenetriamine-Carbon Tetrachloride

Akira AKIMOTO

The polymerization of vinyl chloride in the presence of triethylaluminum, amines, and carbon tetra-

chloride has been investigated, Among several amines and polyamines examined as Lewis bases,

diethylenetriamine was found to give the best results. The yields of the polymers decreased with

increasing n of the (n)ethylene(n+1)amine type compounds. The addition of mondentate amines, such as

ethylamine and butylamine, markedly reduced the rate of polymerization. The formation of the hexa-

coordinated complexes between triethylaluminum and oligoamines is suggested to be an important initiation

process.
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Fig. 1 Polymer yield vs. electron-donating power.
Vinyl chloride, 5ml; CgHg, 5ml; Al
(CsHs)s, 1mol% on monomer; catalyst
ratio Al(CyHj;)3/CCly/Lewis base=1:1:
1; polymerization at 40°C for 20 h. A, Vinyl
acetate; B, methyl acetate; C, ethyl acetate;
D, acetonitrile; E, B-propiolactone; F,
cyclohexanone; G, 7-butyrolactone; H,
THF; J, DMF; K, ethyl ether; L, pyridine;
M, ethylamine
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Table 1 Effect of multidentate ligand Lewis
bases on polymerization of vinyl

chloride with AI(C,Hs),/CCly sys-

tem?’
; Yield +
_No. Lewis base 5 P,»
9 H,NCH,CH,NHCH,CH,NH, 38.0 450
10 CH,CH,NH, 4.1 420
11 CH,0CH,CH,0CH,CH,0CH, 9.6 490
12 CH,CH,0CH,CH, 5.1 450

a) Vinyl chloride, 5 m¢; Ce¢Hg, 5 mg; Al(C,Hs),,
1 mol% on monomer; catalyst ratio Al(C,Hs),/
CCly/Lewis base = 1:1: 1; polymerization at
40°C for 40h

b) By measurement on dilute nitrobenzene so-
lution at 30°C. P, was calculated using the
following equation: P, =500 (antilog [%1/0. 168
—1)

Table 2 Effect of various amines on polymeri-
zation of vinyl chloride with Al(C,Hs),
/CCly system®

No. Amine Gy P
9 Diethylenetriamine 38.0 450
15 Triethylenetetramine 31.2 470
16 Tetraethylenepentamine 33.2 460
10 Ethylamine 4.1 420
17 2-Ethylhexylamine 2.0 —

18 Stearylamine 2.1 —
19 Ethylenediamine 0.6 —
20 N, N, N, N

-tetramethylethylenediamine trace —
22 — 1.6 —

a) Vinyl chloride, 5 m¢g; Ce¢Hs, 5 ms; Al(C,Hs),.
1 mol% on monomer; catalyst ratio Al(C,Hs),/
CCly/amine=1:1:1; polymerization at 40°C
for 40h

b) By measurement on dilute nitrobenzene so-
lution at 30°C. P, was calculated by using
the following equation: P,=500 (antilog [71/
0.168— 1)
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Fig. 2 Plot of % yield versus time at 40°C. ®:
(VC]=7.87mol/l; [AI(CyHj5)3]=7.87
102 mol/I; [DETA]=7.87x 10-2 mol/!;
[CCl4]=7.87 x 10~2 mol/l; solvent=ben-
zene. (O:[VC]=7.87 mol/l; [AI(CyHs) 3]
=15.7x10"2 mol/l; [DETA]=15.7x 102
mol/?; [CCl,]1=15.7 x10-2 mol/l; solvent

=benzene
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Fig. 3 Variation in rate of polymerization with
[Al(C;Hs)3-amine] at 40°C. [VC]=7.87
mol/l; [CCI4]=7-87XIO'2mo]/l; solvent
=benzene
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Fig. 4 Variation in rate of polymerization with
[CCl,] at 40°C. [VCI=7.87 mol/!; [Al
(C2Hs5)3]="7.87x10"2 mol/l; [DETA]=
7.87x1072 mol/I; solvent=benzene
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Fig. 5 Variation in rate of polymerization with
[VC] at 40°C. [Al(C,H;5)3]=7.87x10"2
mol/l; Al(C;Hs)3: DETA: CCl, =1:1:1

(mol); solvent=benzene
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Table 3 Polymerization of vinyl chloride by
Al(C,Hs) ,Cl,_,/diethylenetriamine/
CCly catalyst system®>

No. Al(C,H;) .Cl,_,, Yield(%)
Al(C,Hs), 35.0

7 Al(C,Hs),Cl 15.0
Al(C,H5);.5Cly 5 3.8

9 Al(C,Hs) Cl, 2.3

10 AlCl, 0.0

a) [Vinyl chloride] = 7. 87 mol/¢; [Al(C,Hs) ,
Cly_,1=7.87 x 10-2mol/¢; [DETA]=7.87 x 10-2
mol/¢g; [CCly]=7.87 x10-?mol/¢; solvent=her-
zene; polymerization at 40°C for 20h
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Fig. 6 Plot of yield (%) versus PEI:Al1(CyHj;),
molar ratio. VC, 5ml; Ce¢Hg, 5 mi;
AI(C;Hs)s, 1mol % on monomer; Al
(C2Hs5)3 /CCly=1:1; polymerization for
20h. [7]:@, 0.03; x, 0.08; O, 0.18

Table 4 Internal chemical shifts of the methyl
and the methylene protons in n. m. 1.
spectra of Al(C,Hs);-amine complexes

B (o ATl

Amine

- (ppm)
Triethylamine 1.26
TMEDA 1.30
DETA 1.28
TETA 1. 26
- 0.80

a) Internal chemical shifts, 4(CH,— CH,),

were measured with benzene as internal

standard at room temperature
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