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1 a-olefin % =
Ay + Aygs 12
1.1 Ajo + Aygs 124+ As s + A} /6 x 100%
IB Bolefin % =
99.9% C, wt% Asa
100%
3.5 10.27 7.35 Asgr + Aygs 12+ Asis + A /6 % ’
27.55 43.75 1 3- 0.27 C50.27 Cl % =
A /6
CH,Cl He 1.69
r ) Ajgr + Aygs 12+ As s + A /6 x 100%
AR A A A A
48 h Ticl, 460 Agss Asys A
CP
AR . 2
1.2
2.1
Lewis TiCl, IB
N,
H,0 Lewis
N, 3 -30C 1B
CH, Cl, Hex 500 mL
10 min. 20 mL H, O/TiCl, B
CH, Cl,/Hex 5/5 VIV
-30C -40<C
30 min TiCl,
3 ml. M, = 33100 MM,
1 wt% NaOH
4.20 1.
1B 30°C
1.3
SF-6
PIB
Waters 515-2410  GPC PIB
PS
250(: ] O mL/mln 1 1 1 1 1 1
16 18 20 22 24 26
Elution time (min)
PIB 25°C .
510 mg PIB CDCI’; 0.5 ml ” 1 The GPC trace of PIB obtained by using H, O/TiCl; initiating
system
T™MS 0.03% Bruker AV-300 MHz Conditions  TiCl, =0.11 mol/L. IB =3.7mol/l. H,0 =0.60x
107° mol/L. T, = =30°C ¢, =90 min CHyCly/Hex=5/5 V/V
3 a- -2 Ticl,
PIB—C CH; = CH, 6, =4.64 4.85 f3-
N N-

PIB—CH=C CH, , &, = 5.15

PIB—CH,—C CH, ,—Cl &, = 1.69

-60°C
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1
2
PIB
2 . 1 . 1 MBOH IB 1 1
25 30
MeOH Elution time (min)
PIB
> 3 GPC traces of PIB obtained at different concentrations of
MeOH
MeOH 2 MeOH =0.14 mo/l. M, =4600 M,/M,=2.05 3
TiCl, TiCl, =0.11 mol/L MeOH =0.028 mol/L. M, =3400 M,/M,=1.65 4 MeOH
CHZCIZ/HCX=5/5 VIV =0.056 mol/. M,=2400 M ,/M,=1.56 5 MeOH =0.110
2 MeOH 1B mol/L. M,=1900 M,/M,=1.49 6 MeOH =0.135 mol/L
PIB . MeOH <0.05 mol/, =100 MJM =135
Conditions are shown as in Fig.1.
MeOH PIB
90% MeOH  0.05 mol/L 0.15 MeOH PIB
mol/L.  PIB 90% 10% GPC
MeOH > 0.15 mol/L MeOH
1.35. MeOH IB
100
80 1 ’
H-NMR 4
;\? 60 MGOH
= 1
&

40

20

0 1 1 1 A i, Iy
0.00  0.05 0.10 0.15 020 025

[MeOH] (mol/L)

Fig. 2 The effect of MeOH concentration on yield of
cationic polymerization of 1B

Conditions are shown as in Fig.1.

3 1B MeOH 0.014
~0.135 mol/LL MeOH
MWD . 1
MeOH
GPC THF THF
GPC THF

GPC

Table 1 The effect of concentrations of MeOH on the end groups of PIB

chains
N MeOH Yield a-olefin B-olefin  —CI
0.
mol/L % % % %
070116-2 0.014 91.8 62.5 20.9 16.6
070116-3 0.028 94.3 43.9 43 .4 12.7
070116-4 0.056 89.8 47.0 36.2 12.8
070116-5 0.110 78.8 54.6 34.5 10.8
070116-6 0.135 27.0 50.7 25.4 23.9
MeOH
a- 50%
2.1.2 IB PIB
2
15 ~ 75 min
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f
a c
3 b HyC d e | g
CH, H,C i
a c
a) H:1.69 c)H:5.15 ¢) H:4.64~4.85
b) H:1.96 d) H:1.70 f) H:1.78
g) H:1.99
o o o
ENR=3 &
TT n 0 1 OO —
S O S
S T R b
w T ~
| | | .
S
—J«__’-Jl\__/'l\___
1 1 1 1 1 1 1 1
5.20 500 480 4.60 2.00 1.90 1.80 1.70
1 d J l
1 1 1 1 1 1 1 1
7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
S
Fig. 4 "H-NMR spectrum of PIB synthesized by H, O/TiCl,/MeOH initiating system
Conditions MeOH =0.11 mol/L.  Others are shown as in Fig. 1.
30 min 95% Table 2 The effect of polymerization time ¢, on the end groups of PIB
- chains
t, min Yield %  a-Olefin % p-Olefin % —Cl %
15 76.1 45.9 4.9 49.2
30 95.4 59.4 8.7 31.9
PIB B_ 45 96.2 63.8 9.2 27.0
60 96.0 58.6 11.4 30.0
a- 75 97.0 65.6 11.3 23.1
Conditions  TiCly =0.2 mol/L. IB =2.0 mol/LL. H,O0 =0.73x
2.1.3 IB 1073 mol/L T,= -40C CH,ClL/n-Hex=5/5 VIV
(|:H3 (|:H3 CH; CH; CH;
MCHZ—(lj+ CHy—C=CH, or W CH=C +HY H'+ CHy=( H—CHZ—(|3+ (direct route)
CHj3 CH,4 CHj CH,4
a-Olefin(%) S-Olefin(%)
(|:H3 CH; H; (|:H3 Hj
WCHZ—(E* + CH2=(|3 wmCH,—C=CH, or mCH:(lz + H—Cl—lz—(|?+ (indirect route)
CHj CHj CHj CH;3

a-Olefin(%) B-Olefin(%)

CH,0H -

B-H C,H,0H C,H,0C,H, TiCl,
IB

'"H-NMR 3
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Table 3 The end groups of PIBs obtained in the presence of methanol

propanol or ether

Additives Yield %  «-Olefin % p-Olefin % —Cl %

H, 0/TiCl,
5:5 VIV

CH; OH 96.8 70.8 0.0 29.2 2.2 H2 ()/TiCl4 /MeOH
i-C3H, OH 27.2 79.3 0.0 20.7
C, Hs OC, Hs 81.0 72.6 9.9 17.5
Conditions TiCl; =0.2 mol/LL. 1B =1.5 mol/. H,0 =0.72x H2 O/T1C14 /MeOH
1073 mol/L.  Additives = 7.2 x 1073 mol/. CH,Cl,/Hex = 5/5 V/ C
- 4
V. T,=-30C t,=60 min
1- /-
3
a-
70% '"H-NMR  GPC
A
-3
-3
w) ol — < o o - [=]
S 23 3% g Bg 3
i s < —_— —_ _— —_
| | | N )
5.20 5.00 480 4.60 2.000 1.900 1.800 1.700 ‘ =
7.260 S S ‘
| JA |
1 L 1 1 1 1 1 1
7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
]
' Fig. 5 "H-NMR spectrum of PIB obtained by H, O/TiCl,/MeOH/C, fractions system
Conditions TiCl; =0.19 mol/L. IB =3.86 mol/L. H,0 =0.70x 1073 mol/L
MeOH =11.8x 1073 mol/L T,=-30C t,=60 min
12 3 5
0=1.11 1.41
TiCl,/MeOH
1-
MeOH
! ! 1 1 ! !
20 22 24 26 28 30 2000 M,/M,=2.59 a-
Elution time (min)
6 GPC traces of PIBs obtained at different MeOH concentrations 38.9% . C4
, fractions
1 MeOH =1.2 mmo/L M, =8510 M,=16000 M,/M, = .
H,0/TiCl,

1.79 a-double bonds=35.7% 2 MeOH =2.4 mmol/L. M, =
7900 M,=14100 M,/M,=1.75 a-double bonds =25.4% 3

MeOH =11.8 mmol/L. M, =2000 M,=4300 M,/M,=2.59
a-double bonds = 38.9%

Conditions are shown as in Fig.5.

CH, Cl, /Hex
C,
6
H,0/
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H, 0/TiCl,

M, M, 1.35 a- 70%

O 0 N N N kAW

w

a- . H, O/TiCl,/MeOH C,

a- M, =2000 M,/M, =2.59 a-
38.9%.
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SYNTHESIS OF REACTIVE POLYISOBUTYLENE BY TiCl,-
COINITIATED CATIONIC POLYMERIZATION OF ISOBUTYLENE

LIN Tao WU Yixian YE Xiaolin ZHANG Laibao HUANG Qigu WU Guanying

Beijing University of Chemical Technology State Key Laboratory of Chemical Resource Engineering
KeyLaboratory of Beijing City on Preparation and Processing of Novel Polymer Materials ~ Beijing 100029

Abstract The carbocationic polymerization of isobutylene IB in a mixture of methylene dichloride CH,Cl, and
hexane Hex was conducted by using H,O as initiator TiCl, as co-initiator in the presence of a small amount of
oxygen-containing additive such as methanol MeOH  isopropanol or ethyl ether. The effects of MeOH
concentration TiCl, concentration monomer concentration solvent polarity and polymerization time on the IB
carbocationic polymerization polyisobutylene PIB yield molecular weight MW and molecular weight distribution

MWD M,/M, and end-groups of PIB chains were investigated . The polymerization products were characterized by
gel permeation chromatography GPC  and 'H-NMR spectroscopy. The carbocationic polymerization of 1B in C,
fractions including 2-butane butane isobutylene 1-butene and 1 3-butadiene by using H,O/TiClL,/MeOH as
initiating system was also investigated. MeOH did play important and effective roles in polymerization initiated by
H, O/TiCl, system. The relative amount of polymers formed wia uncontrolled initiation by conventional active species
decreased with increasing the concentration of MeOH. MeOH and/or its complexe with TiCl, interacted with the
growing chain end to reduce its cationicity and thus to decrease the propagation rate decrease MW suppress the
uncontrolled chain transfer and termination reactions and thus to narrow MWD. The desirable polymerization of 1B
with relatively slow polymerization rate could be obtained by H, O/TiCl, initiating system in the presence of MeOH
under the appropriate reaction conditions and PIB products with low molecular weight M, = 1600 ~ 4600 and
narrow unimodal molecular weight distribution M /M, =1.35~2.05 could be obtained. It is found that MeOH
also played an extra important role in increasing the content of vinylidene «-double bonds in polymer chain ends.
The tert-chlorine in PIB chain end obviously decreased with increasing MeOH concentration. The content of «-
double bonds increased with decreasing H, O concentration and monomer concentration or prolonging polymerization
time. The highly reactive polyisobutylene HRPIB with the content of a-double bonds more than 70% could be
synthesized by using H,O/TiCl, initiating system in the presence of MeOH isopropanol and ether under the
appropriate reaction conditions. Furthermore the preliminary investigation on the IB polymerization in C, fractions
shows that the molecular weight molecular weight distribution and the content of tert-chlorine end groups of PIB
products decreased while the content of a-double bonds at end groups increased with MeOH concentration in the
polymerization system. The polymer with M, of 2000 M /M, of 2.59 and vinylidene isomer content of 38.9%
could be obtained.

Key words Carbocationic polymerization Reactive polyisobutylene Isobutylene Initiating system





