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HEX, 224045 i )5 , {8 A AT 2848 5 Ni (naph) , |
Al(i-Bu), Fl BF, - OE, 43 5l W B J5 1l AT, oA
Y E . N, N-—H L LB (AR, DMEA) | 1E
FIE(AR,OctOH) KX 2 (AR) ¥ dbmifb T
= .
1.2 XIWHE

R TN A AR T T 2 A A 2
2 MR A RE 4 R B BRE R TEASR
PR3 N T 8% Bd 5 HEX Bl i Bd % ([ Bd ]

=1.94 mol-mL™") A A B 23 Mb#E T RUR
AR R AT, SRR R T & A
Ni(naph),5 AR, JR 4 & BF,-OEt, DMEA 5
OctOH IR AW, THIR R & — & i E 5, InA &
1% B2 264 1) LBEA IR L RO, P2 T 2
fE BRI TR R AR,

1.3 REYIRIE

REYWH P ARBSEASE () H 1 mg-mL™" )
VI, >R 5 SHOTT /A ] AVS370 [ 8% 4L
FE(30 +0.02) °C R I 4l F AR T s/ R
(LBl I ) (og 0 0) , 4% — A0V I 5 R P 2 8K
([n]):[n] =[2(n, -1nn,) 1" /c, Ky, =1/
ty, n, =7, - 1. BREWR ST EL TR0
K HIZEE Waters /A 7] 5152410 Y BE 815 35 (65
X (GPC) 7E 25°C R E , 5 G FH I S0k il T g
1.0 mg - mL™" A9 W, R 3 MR %A (HT3,
HTS5 \HTOE ) 823K, LA VO &0k Wi A R T sl A, I
J 1.0 mLemin =" LB T 44 A i il
2 (K=4.55%x10"",a=0.693).

AW SO 4548 SR 21 4063 i (FTIR)
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R A4 em ™" FER-1,4 1,4 F1L,2-F00
ZER R K 0.25 ¢ BREWET 50 mL HIZE
H1,25°C R 24 h s, 1 200 H AYER M g, R
WY T EEEERE, WA REYE RS
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Fig. 1 The conversion of Bd and intrinsic viscosity of PB
products obtained in the absence and in the presence of
DMEA/OctOH

Conditions: Ni/Bd=1 x 10™* Al/Ni = 8, B/Ni = 15,
T=50C,: =3.5h

— Control experiment, M= 90400, MWD = 4.45
----- DMEA/ROH/Ni = 4.5/4.5/1, M,,= 169000,
MWD =3.59 .- "

asregtmere’” | tesiet,an,
16 18 20 22 24 26 28
Elution time (min)

Fig. 2 GPC curves of PB products obtained with Ni-based
catalyst in the absence and in the presence of DMEA/
OctOH
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DMEA Fl OctOH J5 ,4 20 XF Fb S i il 45 35 3
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Fig. 3 FTIR spectra of PB products obtained with Ni-
based catalyst in the absence and in the presence of DMEA/
OctOH

¥ 2010 4
100 X
a EZ2DMEA/ROH/Ni = 4.5/4.5/1
JControl experiment
99 1
S 98t
*‘\
2 +
& 97
96 -
95 . . )
1 2 3 4
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Run No. for 4 series of para[llel experiments

Fig. 4  Microstructure contents of PB products obtained
with Ni-based catalyst in the absence and in the presence of

DMEA/OctOH
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2.2 DMEA/Ni E/RELERNEAX Bd BE M
TERfiE DMEA/OctOH = 1 (BE/R L) A HE
FAEAZRTE LT, BF5E DMEA/Ni BE IR LU %)
T OMIECkEh R A HALR TS PB AR S,
OSSR B, SCI R AN S R,

100 3.5
5]
sor {30
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< 1253
z 40f =
o}
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= [77]
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Fig. 5 Effect of molar ratio of DMEA/Ni on Bd conversion,
intrinsic viscosity , microstructure of PB products

Conditions; Ni/Bd = 1 x10~*,Al/Ni =8 ,B/Ni =15, DMEA/
OctOH =1,T=50C,:=3.5h

F &S ATOL, (1) 24 DMEA/Ni BEJR HefE i O
BTG A 3.75 B, DMEA &% iR R A 74k
HSCMANK, e AR YRR 90% /247, 24 DMEA/
Ni JBEJR LUAE Ak S N 28 4. 5 15F, Bd $5 402K R
5% ;(2) i 5 DMEA/Ni JEE /R LU 32 7 35 i 2=
4.5, 1% PB AYFREREC([n]) M 2.0 dL-g ~'3&
WA= 3.1 dL-g ~' B A DMEA F1 OctOH
AT R G W o T, DRSS T
—T Ry LB 45 R (3) 4 DMEA/Ni B R L {H
<3. 0}, DMEA FI %5 47 ) i SOUL S5 4 52 il
ANK,PB -1 ,4 Ko 1, 2-0URZ5 A4 5 o il 4 5
1£96. 5% J 2. 0% 747 ; (4) 24 DMEA/Ni FE/R LY
ARSI 2 3. 75 5 4.5 B, PB AYJI-1,4 S0
GEM SR 97. 6% £o 45, R 1,23 W45 44
SHEAMANERE 1.3% 2 4. i TR T

OctOH HIFFTE I A 2250 PB (MO &5 4,
It PB -1 ,4 f8OURZE S & 5 0 4 s LA B 1, 2-F0u
SRR, FEEHR TIIARBEN
DMEA fr%k. 1%, X4 DMEA/Ni 3% 3.75 5% 4.0
B, AT AT T R o A AT M SRR IR & e
s, I H R R i DMEA, n] DI T —
I PE W o T MUI-1, 4 IO S5 8 & i, TR
FIFA B o5 e R T .
2.3 B/Ni E/REE{ERT Bd B SR

BF, - OEt, 7E47 R AR R b Al e 2 $2 41t F
R TR M AERE AR R B R DL A R
RS RO AL A R R B A . 1
[ 22 DMEA/OctOH =1 ( EE/R ) LAL/Ni =8 ( FE/R
) DL E SR ARG BL T, % %8 B/Ni BEJR
PO T M S be b A AL LS PB 1Y
O3 Fi oA MO R ()5, SR 4G
nzk 1 FE 6 s,

Table 1  Effect of molar ratio of B/Ni on conversion, molecular

weight and its distribution of PB products

B/Ni Conversion
Run No. M, M, MWD
('molar ratio) (%)
Q1 8 9.4 975400 522600 3.48

Q2 10 58.6 998600 671800  3.85
Q3 12 69.0 897500 471500 3.83
Q4 15 66. 1 931700 509900  3.83
Q5 20 79.9 862100 495000 3.73

Conditions: Ni/Bd = 1 x10~*, Al/Ni =8, DMEA/OctOH/B =0. 3/
0.3/1, T=50C, t=3.5h

100
——DMEA/ROH/B = 0.3/0.3/1
A Control experiment
99
S o8t
~. D\D\/D
Z o7}
& 97 2
96 -
95 L 1 1 1 L 1

8 10 1|2 14 16 18 20
B/Ni (molar ratio)

Fig. 6 Effect of molar ratio of B/Ni on microstructure of

PB products

Hige 1 AT, (1) 24 B/Ni B8 /R oAy 8 % 3
BN 10 B, Bd 5 AL 3R i 9. 4% ok I i &
59% 4k SEEE N B/Ni BEJR LA % 20 B, Bd #44k
REWTHEZE 80% 5 (2) 24 B/Ni FE/R It 8 &
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1.
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-1, 4 TS AR & i B S B LA, 5 AN
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-1 ,4 2546 & iR 96. 6% FHLL , 7V il DMEA il
OctOH [ IEHLT , 78 B/Ni BEIR R 15 B, A7
PIR-1 4 2540 5 s 7% LLSE e i 25 3L, B Bl
B/Ni &R LUAE AR AR 3/, 7 Bd B ALK T 58%
(LR, PB G I-1, 4 45 Ky &5 4 97.0% ~
97. 5% Z [a].

2.4 AV/Ni E/REEERT Bd BRI

AL R Z AL P Bl Ak R0, X 3 1 s
(0 Bk 3 R B A BN T i
BCEA AL TE A Ni( 1) A1 Ni(0) If-7] 5 BF, -
OE, #F 17 284 S g, A J ALF, AIF, Y (AIF,Y (Y
= -Bu) Z5EMEFLEIE . 1LAR, AL FEIR R P
W FRl 2 B AE . itk , A LB 5E AL
i (LA ALY/Ni BER HEZR R ) X Bd RA A3
PB =Py EE F 5, SC a0 25 SR el 7 Fn 8 Jir
.

100
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401

Conversion (%)

20

0
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6 8 10 12 14 16
Al/Ni (molar ratio)

Fig. 7 Effect of molar ratio of AL/Ni on Bd conversion of
and intrinsic viscosity of PB products

Conditions: Ni/Bd= 1x10"*, B/Ni=15, T=50C, t =
3.5 h, DMEA/OctOH =1, DMEA/Ni =4. 5

M T R R B R AT LU Y, 24 AL/NG JE
JRECAE Eh 6 TG N2 10 B, Bd %% 4k 58 7 th
77% e 2 91% , Ak EB i Al HITEE, S in 5 20K
BRACRZH T, 4 AN BEIRILAE = 15 1,

E 2010 4
FACRIER 55% .
100 -
a —0—-DMEA/ROH/Ni = 4.5/4.5/1
—A—Control experiment
9
$ 98
o o
5 97 A
96
95 1 1 1 1 1
6 8 10 12 14 16
Al/Ni (molar ratio)
b ——DMEA/ROH/Ni = 4.5/4.5/1
2.5r ——Control experiment
A
2.0F
S
é 1.5r o
>
1.0p
0.5F
0.0 1 L 1 1 1
6 8 10 12 14 16

Al/Ni (molar ratio)

Fig. 8 Effect of molar ratio of Al/Ni on microstructure of

PB products
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Fig. 9 First order plot of the polymerization with different
polymerization temperature

Conditions: Ni/Bd = 1 x10~*, Al/Ni =8, DMEA/OctOH
=1, DMEA/Ni =2

Ph-In(l - C)Xf ¢ fEEI(DLEI9) , 7E 20 ~
S50CHafIN, -In(1 - C) 5 ¢ ¥ REREH X RIE
I A A SR A BN TR T s VR S
— Y SRR B ELRPRIE— 2 A 43 HR
4 ATRPETRY kN AR b (R B AR T
TR TR, BIRBE T, A B .

HE, FOIEG KRR B S AR 2 (A

G Arrhenius J57 2.

- Ink, =-1InA + E/RT
A RN T E, RIS LRE, R
PHAR SR B (R =8.31 Jomol ' -K™'). LU
—Ink, "X 1/T fEE, N 10 fis, £ 8] 26456 &
-Ink) = -12.25 +5.25 x 10°/T, iy B 3153l 15
E, =43.7 kJ/mol , #:35 F kR IE A1E 4 Ni-Al-B
TR R BB AALAE A 37. 1 kI/mol ™.

6.4+

6.0

561 y=-1225+525x

36t . . . .
3.00 310 320 330 340 3.50
1Tx103 (K™Y

Fig. 10 The Arrhenius relationship of the first order rate

constant

3 it

TR T IR G A T IIAR B R
DMEA F1 OctOH J&5 , 7] LIS -1, 4 GOV 254 &
R 97. 8% , A% 1,2-HONSi S R EL 1.3%,
P o> 1, o TR AR DR REIRBEI &
i gD i R B/Ni K AL/Ni BEJR LR, W]
B2[n]H2.0 ~ 4.0 dL/g A= BR. R &k
FR AU E S — G Eh S R R, R R
fLBE 43. 7 kJ-mol .
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COORDINATION POLYMERIZATION OF 1,3-BUTADIENE
WITH Ni( naph),/A1R,/BF, -OEt,/DMEA/OctOH CATALYST SYSTEM

QIAO Yulu, ZHU Han, WU Yixian, WANG Jin, Xu Riwei, Wu Guanying, Yang Wantai
( Beijing University of Chemical Technology, State Key Laboratory of Chemical Resource Engineering,
Key Laboratory of Beijing City on Preparation and Processing of Novel Polymer Materials, Beijing 100029)

Abstract The coordination polymerization of 1,3-butadiene was conducted with Ni(naph),/A1R;/BF, - OEt,
catalyst system in the presence of N, N-dimethyl ethanolamine ( DMEA) and octanol ( OctOH) in hexane at
50°C. The effects of molar ratios of DMEA/Ni, B/Ni and Al/Ni on monomer conversion, intrinsic viscosity
([7m]), molecular weight, molecular weight distribution and microstructure of polybutadiene ( PB) were
investigated. The kinetic study was also conducted for this polymerization at different temperatures ranging from
20°C to 50°C. The results showed that DMEA and OctOH played very important roles in modifying molecular
weight ,molecular weight distribution and microstructure. By comparison, the molecular weight of polybutadiene
products could be greatly increased , molecular weight distribution narrowed and cis-1,4 content of Bd units in
polymer chain increased to 97. 8% and 1,2-content decreased to 1.3% by introducing adequate amounts of
DMEA and OctOH,leading to more crystalline and less gel content. Furthermore , the intrinsic viscosity ([n])
of polymer products could also be modulated by changing the molar ratios of B/Ni and Al/Ni in the range of
2.0 ~ 4.0 dL/g. The polymerization was in first order with respect to monomer concentration at different
polymerization temperatures. The apparent activation energy for propagation was determined to be 43.7 k] -
mol ™'

Keywords Nickel-based catalyst, Butadiene, Microstructure, Butadiene rubber





