DOT :10. 14287j. crki. 108 3726. 2011. . 011

9

° 157 -

kA® F o, THe, TEX
(MU ITEARE RERRE, AT A5 0 THF5EIRELRRE,
KERIRFE RILRFAGF

2N

THAHR, Kt

116024)
. BASF
5l 5
(HIPS) (R-HIPS),
DOW  BASF (
) , , , 80 %%
( 150ppm), ,
) , 10ppm
’ ( 20% Wt.) ~
(600 ( RMg RsAl),
) ( ) ) ¢
”( RAP: Retarded Anionic Polymerization) .
Mg/Li.B(Zn)/Lis AVLi.Al/Na :
1 W ETRETIRERANFR &*E
11 Mg/Li
Hsieh  Wang'" (0<[Mg] /[ Li<1),
. 50°C , , (n, sBuzMg)
R 1.1 n, ssBu2M g/ s-Buli
( 1.
Fetters '? R
:2011-07-18; : 2011-07-26;
(1986—),

(21034001,20874008);
, E-mail: liyang @dlut. edu. cn.



° 158 - 2011 9

(n-BuLi) (n-BuN a) n, sBuzMg , ?j
i
r=[Mg] /[ Mt] = 1. , BuLvn, sBuMg  BuNa/n, s > N6 -
RR'HC_  CH,R
Bu:Mg R AN I\6|/Ig/
, n, sBu:2M g , CHRR"
° 1
50°C Philippe (n, sBuuMg )/(n- “« o
BuLi) St o 2 s (n, s Figure 1 Ate complex
Bu:M g ) /(n-BuLi) , . formation between
n, sBwMg PSLi 4 . 3a dialkyhnag'ne:.;ium
. PSLi (r=0—1) n sBuMg , PSLi and alkyllithium
326  310nm ,
[Mg]/[Li]<<1l , PSLi ( 326nm), 1°1
( 310nm) 1 2(Mg ‘Li)( 350nm)  n, ssBu2Mg: PSLi . r=1
PSLi 12 R 141
. =>10 325nm ( 3b ), 1°1
n, sBuMg , 2 *1(Mg*Li) . [ 7, s
BuzMg] /[ PSLi 4
O [MglLi] = 0.80
21 A MgLil=2
X [Mg)Li] =4
O [MgJILi] =20
% 05  Lialone
kS
5
0 50 100 150 200
Reaction Time (min)
2 [n sBu:Mg /[ PSL]
([ PSLij=3~7X 10 *moL '3[ ]=03~0 5 moL '; ,507C)
Figure 2 Influence of [ n, s BuMg] /[ PSL] ratios on styrene polymerization kinetics
([PSLj = 3~7< 103 mol L™'; [ styrenf =0 3~0 5mol L'; cyclohexane, 50 C)
: My ,mol/ I; M ,mol/ I; R, ,mol/(L"° s).
A b-initio s 11 n, s BuuM g: s-BuLi ( 5 ), r 1,
S| .
2 (Mg ‘Li)
[4.5 6
\ 100 C L7 1 10. (n-Bu, nOctMg)/
PSLi pPs Li . n, s-Bu:Mg , (5Bu)2Mg , [ Mg]/
[ Li] R s-Buli pPs r



159

PSLi alone
LIS T mayizozs
[Mg}[Li]=0.50
0.95
[Mg)Li}=0.75
0.75 4
2 055
=)
035
[MgMLil=1.00
0.15 4
-0.05 t t t t + t
270 290 310 330 350 370 390
Wavelength (nm)
b 1.1 [MgLil=20
091 [MglLil=2
0.7 4
s [MeLil=l
S o5/
0.3 4 [MgHLil=7
0.1 T T T T — 7
270 290 310 330 350 370 390
Wavelength (nm)
. °C
3 n, s BuyMg PSLi ( , I=250);

(a)[Mg]/[Li<<1(b)[Mg/[Li=1
Figure 3 Influence of increasing amounts of n,s-BuM g on the PSLi UV-visible
spectrum( cyclohexane, T=25C); (a) [ Mg /[ Li<{1 (b) [ Mg /[ Li=1

[ (PSLi), %QPS[A] +n, s—BugMg:‘ n, s BusMg: 2PSLi)

A = 326nm A = 350nm
(n, sBuzMg: 2PSLi) +n, s-Buy Mg :’AZ( n, s Bup Mg: PSLi)
A mae= 350nm A mae= 310nm
(n,s BuyMg: PSLi)+n,s-BuyMg :KZH, s Bup M g: PSLi)
A mae= 310nm A mae= 325nm

4 [ n, s BuuMg]/[ PSLi

Figure 4 Formation of [ n,5 BuuMg]/[ PSL]  complexes with different stoichiometry

(s-Bu),Mg (s-Bu);Mg (s-Bu);Mg
s-BuLi ———= [(s-Bu);MgLi] ———>= [(s-Bu)sMg,Li] ——= 3
o Z:1 -14 kJ/mol
=136 kJ/mol -60 kJ/mol

1:1 complex
(A =310 nm)

3:1 complex
(A =325 nm)

5

Figure 5 The formation of s-Buli and n, s BuuMg homocomplexes and heterocomplexes



© 160 - 2011 9

[Mg]/[Li] ratio

0 2 4 6 8 10 12
| L ! . L )
Z
2 24 y
E 4
=
E
3 4
2 i
'54
£, 3 2 -
- L L J -
= o
:L < n-Bun-OctMg
‘N O n,s-Bu,Mg
& A (s-Bu),Mg
0- ©
6 [ Mg /[ Li (T=100C, ;

Mn(SEC)=[S] /(Li)+ Mg])
Figure 6 Influence of[ Mg /[ L ratio on the efficiency factor of dialkylmagnesium ( x)
( T=100°C; cyclohexane; Mn( SEC)={ S| /( Li)+ » Mg]))

9, 100°C ,
, R:Mg  sBuli
. 150 000g/ mol , 7 R (11—

1 3). [n,sBuMg] : [ sPSLi 4, 100 C | RLi

1/600 .
oo SEC molar mass (g/mol)
p—
120000 |
100000 |
80000
60000 |
20000 |
2007 Conversion (%)

¢ 0 20 40 60 80 100
7 SEC n,s BuyMg/s-PSLi( = 15)
(100°C, A ] =3 6mol/ 1)
Figure 7 Evolution of SEC molar masses with conversion for styrene polymerization initiated by
n,sBuyMg/s-PSLi(7=5)at 100 Cin cyclohexane [ styrene] =3 6mol/1~!
, . PSLi ,
, 8 [, MgR2: PSLi 100 C
, ) 8 1. , 150C
, (30min ),
, o /
. . n,sBuzMg/s-
PSLi (r=1~4,40C, ),
(PBut) '".  PBut , 1,2
(78 9 . ro,

“ ” PButLi .



161

, ( 10) ; (i)
1,4 1,2 ( 11).
high temperature
PS—CH CH. T pe
e PS—CH, CH
~ ~ o 2 -
CH TH — ~cH Q.cl, + MtH
@ step 1
step IT
Mt
PS—CH, CH, PS—CH, | _CH
-\CH/ ~CH * 2\'::/ c
. ) . -MtH
Mt = Li, Na... or (MgR,),Li

highly colored polymers

8 (1);100C
, (1)
Figure 8 The spontaneous deactivation of living ends by metal hydride abstraction, which is the main
deactivation process in PSLi systems(step I); at 100°C, the process is extremely slow , moreover,

isomerization of the polystyryl terminus( stepll)

microstructure (%)
80 T

70 +

0%

20 +

10

o
&)
IS
o+
o
H

Mg/Li ratio

9 o sBu,Mg sPSLi [ Mg] /[ Li
L T=40°C,
Figure 9 Influence of [ Mg]/[ L] ratio on the microstructure of polybutadiene
synthesized by n,s BuyMg/s-butyl Li, T=40C, toluene

[6]

12 B(Zn)/Li
( RsB) ( ReZn) M
R: B , (R:BH) -

[10, 11]



° 162 2011 9
\
Mg----" . R
E,BL“-—“ Li R,Mg PBut---- I;‘j
\ A excess ".‘ lil
r—)x (M)«
X R
1.4 insertion 1.2 insertion
(MgR3)y : PButLi complex
x=12..
10

Figure 10 Insertion into different types of heterocomplexes in which

lithium is com plexed by several alkylmagnesium molecules

PBut
ﬁ\;gg _— Il__i l\zng
PBm/\)

14

11
1,2

1,4

Isomerization of 1,4 units into 1, 2 during ligands exchange between

Figure 11
polymer chains carried by two distinct metallic species
s o) 1l )
Et3:B/PSLi , [ Bl /[ Li] 1 ( kvapp=1/60 kvap( PSLi) , r=4,100 C)
i , [B]/[ Li]=0Q 4 . 12a
PSLi ,
.7 PSLi
, , 12b .
, . PSLi
; [Zn] /[ Li]
30C . 10 . 1%
., Hsieh  Et2Zn/t-BulLi .[Zn] /[ Li] L
PSLi .
Waack  Doran THF , (DPHLi)
U169 RyZn DPHLi (Auax=496 nm) ,
400nm R:Zn: DPHLi . C—Li
DPHLi

155



0 © 163 ¢

CH,2)-OLi - PS
@-B:D L PSL 5 B<o< o + U ©—B< + LiO{CH,)-OLi
. PS PS

"dioxaborinane” a

S JPSi P
@-B\ #PSLi —» @—B\ Li—Ps, — @4;\ Li— PS,
PS PS; = Psi

active active
dormant dormant

12

Figure 12 The process of coordination of PSLi onto alkoxyborane derivatives
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Progress in Research of Retarded Anionic Polymerization

ZhANG Yue-yuan, LI Yang , WANG Yan-shai, WANG Yu-rong

(State Key Laboratory of Fine Chemicals, Liaoning Province Key Laboratory of Polymer Science and Engineering,

Department of Polymer S cience and Engineering, Faculty of Chemical, Environmental and Biological

Science and Technology, Dalian University of Technology, Dalian 116024, China)

Abstract; This paper reviewed the development of retarded anionic polymerization in the last

decade, discussing the several generations of retarded anionic initiating systems of retarded mechanism,

as well as in the anionic poly merization of styrene copolymer productions in the application. In addition,

the application of retarded anionic polymerization technique for manufacturing high impact polystyrene

of Germany BASF Company was also described brefly, the advantages of retarded anionic

poly merization of reactivity controlled lead it to a broader space for development.

Key words: Retarded anionic poly merization; Retarded mechanism; High impact polystyrene; Resin



