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Ionic Polymerization of Chlorine-containing Monomers

Hiroshi YAMAKAWA
Takao HAYASHI

Polychloroprene, a synthetic elastomer first appeared in 1932, has been industrially manufactured by the

emulsion polymerization, but its microstructure including stereospecificity can not be fully controlled by this

method, setting some limits to the improvement of physical properties of the polymers.

Thus, the solution

polymerization techniques such as the coordination anionic polymerization have been generally employed in

order to control the microstructure of the polymers well.

This article presents a survey of methodologies for the ionic polymerization of chloroprene and related

chlorinecontaining monomers.
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Kinetics of polymerization of chloroprene
under the influence of butyllithium at
25°C. Monomer concentration, 2 mole/?,
concentration of catalyst: (1) 0.03 mole/2,
(2) 0.10 mole/8, (3) 0.15 mole/eV.
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ig. 2 Change in the concentration of active
organic lithium compounds, during the
polymerization of chloroprene at 25°C
under the influence of butyllithium. Con-
centration of catalyst, 0.10mole/8;
monomer concentration, 6 mole/gV.
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Fig. 3 Kinetics of chloroprene polymerization in
heptane at 25°C under the action of the
system based on butyllithium 1.10 and
tributyldimagnesium iodide 0.0100 mole/8,
monomer concentration 6.0 mole/29.
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Fig. 4 Kinetics of chloroprene polymerization in
heptane at 25°C under the action of 0.100
mole/0-butyllithium (1) 0.030 mole/¢
~magnesium dibutyl (2), and based on
0.030 mole/0-butyllithium and 0.015
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Fig. 15 Relationship between polymerization rate

in benzene and intrinsic viscosity of
polymer solution.
Monomer concentration: 5.45 mole/%,
titanium tetrachloride: 6.7 10 mole/8,
AlEt/TiCl=62,
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Table. 1 Polymerization of chloroprene in the
presence of different homogeneous com-
plex catalysts. Catalyst: triisobuty-
laluminium/cobalt naphtenate?!
Catalyst System  Temperature Time Polymer
Al/Co (by weght) (°C) (H)  Yield (%)
25.0/1 20 3.0 6.5
35.6/1 20 3.0 14.0
36.5/1 20 1.0 3.2
36.5/1 20 2.0 3.0
36.5/1 20 3.0 3.3
36.5/1 20 24.0 3.4
50.0/1 20 1.0 1.6
168.0/1 20 3.0 7.85
FELELTL, 2/ELLRBEHEEZINLT S, A,
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Fig. 16 Kinetics of Vinylidenechloride in heptane
at 20°C initiated by (1) butyllithium BulLi,
(2) tributyldimagnesium iodide, and (3)
LiBu-Lil-2MgBu; Concentration,
mole/liter: LiBu, 0.03; BusMg.I, 0.015,
vinylidenechloride 2.010-),
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Fig. 17 Kinetics of vinylchloride polymerization
in heptane at 25°C initiated by
butyllithium.

Concentration, mole/liter: LiBu, (1) 0.03,
(2) 0.06, and (3) 0.09; vinylchloride
8.010-v)
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Fig. 18 Kinetics of vinylchloride in heptane at
25°C initiated by system LiBu-Lil-2Mg
Buz.
Concentration, moles/liter: LiBu, 0.03;
BusMgsl, 0.015; Vinylchloride; 8.010-®h,
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Table. 2 TIonic copolymerization of chloroprene and 1-chlorobutadiene with various comonomers

Monomer Composition

M M2 M1/M2 Temp. Solvent  Catalyst éﬁ)i)l;frfnleri' rl/r2 reference

chloroprene  butadiene 50/50 50 toluene  Ti(benzyl)s 87 /13 10.0/ 0.65 13
50/50 50 toluene 71— (CsHy) NiCl 0.1/11.0 13

50/50 30 n-hexane  AlEt,Cl 97.8/ 2.2 19

acrylonitrile 50/50 50 toluene  Ti(benzyl)s 30 /70 13

50/50 20 toluene EtAICl, 51 /49 23

50/50 0 toluene  Et;AlIC1/VOCl; 53 /47 23

50/50 0 toluene  EtAlCl;/VOCls 53 /47 23

50/50 0 toluene  EtAlCl,/VO(acac); 52 /48 23

50/50 0 toluene  EtAlCl/V (acac)s 52 /48 23

vinylchloride 50/50 30 n-hexane  AIEt,Cl 93.9/ 6.1 19

25/75 30 n-hexane  AlEt;Cl 98.2/ 1.8 19

styrene 10/90 30 n-hexane  AlEt,Cl 56.2/43.8 19

1-CBD* isobutene 35/65 —80 CH,Cl,  AlEtCly/t-BuCl 18.5/81.5 22
50/50 —80 CH,Cl, AIEtCl, 52.0/48.0 22

styrene 47/53  —80 CH,Cly AIEtCl, = 22

48/52 —80 CH.Cly AIEtCly/t-BuCl 75 /25 22

(*) 1-CBD: 1-chlorobutadiene
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