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Oligomerization and Polymerization of Isoprene Catalyzed by
Alkylaluminium with Different Structures
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Abstract Alkylaluminium (AIRj), as co-catalyst component in Ziegler-Natta catalytic system, plays important roles in the
alkylation, forming and changing the structure and concentration of active centers through the reduction and reversible ad-
sorption-desorption reactions with the metal compound of the catalyst, acting as chain transfer agent, efc. However, the alkyl-
aluminium itself do have the catalytic effect on the conjugated diene monomers. In this article, alkylaluminium with different
structures such as triethylaluminium (AlEt;), triisobutylaluminium (Al(i-Bu);), diisobutylaluminium hydride (AIH(i-Bu),),
diethylaluminium chloride (AlEt,Cl), ethylaluminium dichloride (AIEtCl,) were used to catalyze isoprene oligomerization
and polymerization. The effects of the structure and concentration of alkylaluminiums (n(Al)/n(M)=7X10">, 35X 107>, 350
X 107°, 1050 X 10>) on the catalytic behaviors of isoprene were studied. The microstructure (zrans-1,4 and cis-1,4), molecu-
lar weight and molecular weight distribution of the products were characterized by 'H nuclear magnetic resonance spectros-
copy ("H NMR), gel permeation chromatography (GPC) and gas chromatography-mass spectrometry (GC-MS). It was found
that alkylaluminium could initiate oligomerization and cationic polymerization of isoprene under the minor incorporation of
H,0, which were affected greatly by the structure and concentration of alkylaluminium. Using AIEtCl, led to the highest
catalytic activity and produced products containing more linear polymers with mixed cis-1,4/trans-1,4 structures when
n(AlY/n(M)=1050% 10"°. The Al(i-Bu); and AIH(i-Bu), didn’t have basically cation initiation ability, which led to isoprene
oligomerization. The alkylaluminium with n(Al)/2(M)<350X 10~> had negligible influence on the isoprene polymerization
and oligomerization. And lower or higher alkylaluminium concentration were not beneficial to obtain polyisoprene with high
molecular weight. The catalytic mechanism of alkylaluminium on isoprene was discussed, which provided a further under-
standing on the catalytic behavior of alkylaluminium components in Ziegler-Natta catalyst and the effect of alkylaluminium
on polymers.
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Table 1 Summary of isoprene polymerization catalyzed by different alkylaluminiums

Li 1.4- Microstructure of linear
n(AlY/n(M) . MeAr LI cyelic GPC’ | 400l 1%
AIR. (X107%) Conv. Activity structured dimer ,4-polymers (mol%)
} (w/%)  (g.P/mol.Al/h) polymer (mol%)* -
0/ o My My, .
(mol%) (X 10%) M1 /May (X109 Myy/Mys trans-1,4  cis-1,4
7 0.1 1946.0 35.6 64.4 0.04 1.1 — — 93.9 6.1
35 0.26 1011.9 36.2 63.8 0.04 1.3 — — 59.1 40.9
AlEt .
? 350 0.36 140.1 23.5 76.5 0.03 ! — — 46.0 54.0
(0.05) (1.1)
1050 2.97 3853 49.0 51.0 — — 8.8 3.6 65.9 34.1
7 0.08 1556.8 40.7 59.3 0.05 1.1 — — 55.8 44.2
35 0.2 778.4 41.7 58.3 0.04 1.2 — — 60.5 39.5
Al(i-Bu); 350 0.44 171.2 51.3 48.7 0.05 1.2 — — 37.9 62.1
0.03 1
1050 0.87 112.9 433 56.7 — — 16.6 83.4
(0.05) (1.1)
0.03 1
7 0.06 1167.6 15.5 84.5 — — 71.8 28.2
(0.06) (1.3)
35 0.27 1050.8 5.5 94.5 0.05 1.2 — — 55.4 44.6
AIH(i-Bu), 0.03 1
. 206. . 2. — — 43, 4
350 0.53 06.3 7.3 92.7 0.05) R 3.6 56
0.03 1
1050 0.77 99.9 41.2 58.8 — — 63.6 36.4
(0.05) (1.1)
0.02 1
7 0.06 1167.6 17.2 82.8 11.9 2.8 90.3 9.7
(0.05) (1.2)
R 1284.4 4.2 . — — . 2. . 222
AIELC 35 0.33 8 95.8 o3 1 8.7 9 77.8
350 0.43 167.4 8.4 91.6 ’ — — 73.7 26.3
(0.06) (1.2)
1050 2.56 332.1 65.8 342 0.06 1.2 1.6 2.2 6.3 93.8
7 0.41 7978.6 74.1 25.9 0.04 1.1 — — 75.9 24.1
0.03 1
35 0.37 1440.0 66.7 333 21.5 5.8 74.1 25.9
AlEtCl, (0.06) (1.1)
350 0.81 315.3 38.6 61.4 0.9 1.5 32.7 2.9 70.6 29.4
1050 75.58 9805.2 82.0 18.0 0.03 1 0.3 5.4 71.1 28.9

Conditions: n(Al)/n(M)=7X10 >, 35X 10 >, 350X 10 °, 1050X 10 °; T=30 ‘C; r=30 min. “From 'H NMR, ” from GPC, ¢ from low molecular weight peak of the
GPC curve of the product, ¢ from high molecular weight peak of the GPC curve of the product.
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Figure 1 Conversion of isoprene catalyzed by different alkylaluminiums
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1 F F ®R

f#FF 2 min, (2) JIFAE 150 C, #HHEK K 10 C/min, 7F
150 C FAR$F 1 min, (3) JIFAZE 200 C, #HEH 50 C/
min, 7£200 CAMEFF 3 min. FAYIH AR, 1T,
X F R AT

BAR KB BASR SF101 AR 7K 230 5 A (3
T AR A PR A FD). DR 50 pL 73 5 25 HE A = H
10 L A S 00 5 0 05, B AR 1R Nt 7K 23
SEACHL AR LR T LA AT I, I = KA.
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