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OE. UARCEER L, - 22K L% (DPE) 5 1E T 324 (n-Buli) UM AFE] 1, 1- 2K R 0 34 (DPHL) , X H
FEER REMEAS R EIEAT TAFSE, SRS DL DPHL A5 &R, WAk A 25 I8 1R, R AR FRETIEA K
TR T BRI (SSBR) ;165 A SnCl, MBIk 4 £ SSBR, FHREI B 5B (% ARG LR X =it 47 7 %
T, 22 T o AL ek by B 4 S 7 A V) R0 3 500 P R %o SSBR A I SR A S M, B ST T R e M i, 25380 n
(DPE)/n(n-Buli) 4 1 I}, DPHL 7= S04l B & 43, DPHL 7 2 °C yKAH o AR A7 I 6] 8 12 30 d, e 5 [ S 400 A ok B8 11
90% LAN 5 51 R RIFERIE BRI FEA4E T RAWEEAR G ; 40 F =24 7 x 10*, R A KRB [H] 2 60 min,n(Cl™ ) /n(Li*)
112 ABBRRCE S S SEEO T RS RS = 5 n-BuLi AHLY , i DPHL 51 & & B8 BT SSBR # i
o LR B AT R R A TR R R4 57 MR TR, 0 °C B Y tand B 157,60 °C Y tand BAIK,

KB 1,1- RS IR, SOPES 1 AR] BIDIE R T AU MIRECR ;) mkelrk

FE S TQ330.53

TR, Bt 7 R B IR AR, AT TX 5 i
R Z5E A PEREH T OB = 1 2R, Al
6 6 T A PTRE MERNR B ) © 2 iUk e R R iR
()& T ], M Ko FHER G0 BT, AR i I 6
FRRIRAE T KT8 K uav] H iz sh g« | R
i MELLE S 5 K0 TRy R S R, ik,
FER G Wy v e A BE < B4R A ER AR 0 1) AR 2 1A
LA BRG0P m R AW S5 H0R Z MYy
G557, ZEEEN R MAUT R R I AR e
SSBR 58] 7RI ShBH 1 AR , (H 2 T R AR
RBERK, LT 15 i f5 SSBR Y B i 8 R A 5
A R T 5 | B RE A 1 5k T B AT =2
B T 2 N B BE AT AL S | & 7R SE B 4 g 1
BWRRED

ARICHE RS THI LM 1, 1-Z R 5O 3L
(DPHL) , X P= R E P AT T 408, 91 LA
ALY SSBR, LA SnCl, MBI G 2 IE SSBR, %
AT uRIELE R R A SN R [R) AR X SSBR
TRIRACR 2, FEXT B AL R BE AT T 5T .
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1.1 JE&#
T (BA) , Tolk g, Jbmt e il A LA R K 2
I (St) , srbral, REEmif R iR A RA A &
RS FEAEARAE T DB 2808 PR o, o e i, [l 24 4
A BRA A SRS ARSI T 3 2818,
JE SN L2 ARAT ; DU S0 W6 IR ( THF) |, 43 A4l Jb st 4k T
I 2N B AT AE T W R #5818 SnCl, ,99% , Acros
O] 1-2 R 205 (DPE) ,98% , Alfa Aesar 24
Tl IF T34 (n-BuLi) , A5
1.2 XEFHE
1.2.1 1,1-=3k @42 (DPHL) %94 %
HTEAC e DPE Be il s i, SR 5 16 &
AEARAYTR S AE 100 mL RS P43 907 A
T 7Y n-Buli F1 DPE ¥, 40 °C ) 60 h, 15 5
DPHL, H R =0 an= (1) fiizs SR F R 12
FE TR

CH,=C+ BuLi — Bu—CH,—C® Li® (1)

1.2.2 RTZHegH &
TR AR, 1 250 mL BAIR PN A=
A E%E . Bd  THF & DPHL,55 °C i 2 h J5 155
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RT I (PB), HOBEUER Y, Ok - &
P A< BCHE PR 2K 36 1 R 2 5 51 & /9 DPHL, 7= ) 16 H
AR TR R

1.2.3 E % SSBR #9444

TEE A AR T, A 250 mL RS At
HAFA R C &% Bd, St, THF & DPHL, it #£, T 55
CRAE 1 ~3h JFHEIZIE SSBR, AT 471
SnCl,, 7E 50 ~70 °C M{H¥X 1 ~2 h 13 5] BJP SSBR;
e G BEIUTE 1R G, 7 W AE Hozs A o T
SN EN
1.2.4 FACE# H) &

FEARRTT (BEMy)  ££IE SSBR 100, A AL 4,
WERRIR 2, {270 CZ 1 R HER T T 0.2, B #5 RD
1.5, 57950 5, Bifif 1.8,

(1) TRHR

Fo 5 R V20 IR B 45 FhE & 300 B T L
REHA] AW R R (9 20 mm, J& 1 mm) M
SRR i B IR AT BRI

(2) itk

AL A AL THLAR S5 ) AR 7 1) P355B2 %l
£ AR E SR INZE . BRI AR L
WS T AR P 0 25 ¢ RGP AR B AR LT B, B
P 251F 1 150 °C x IEBRALIFIE] (1,0 ) o
1.3 S5k

AHXT 35 Jo et S H o0 A < SR 26 B Waters 23 )
Waters-150C %1 5 58 12 325 (0335 4% ( BT 28 4046000 )
(GPC-UV) ik, THF A, W H A 1. 0 mL/min,
TRIELEE & 30 °C, PB H1 SSBR A 7351 L PB A0
SBR WAREE  BRCR (E) AR Heller (1975
T

TS5 - % FH 7% Bruker 23 54272 ) AV-600
RUR g Je 4R (NMR) 434S0 38, 451 % 2 600 MHz,
CDCL, A, TMS A NAT .,

Yy BRHLARE BE SR IR I SANS 5 BR 2wl A
() CMT 4104 AU H7 Sy L5 54% GB/T 528—1998
F1 GB/T 529—1999 M A fise 4 4 fufr 14 i A 45 224
SR

AT PEBE . >k H 32 [E Rheometyic Scientific
OSEIA PR DMTA VB SIS J7 22 0 B At T
=100 ~ 100 °C , FHE#H %K 3 °C/ min, iXHE)E 2
mm, 5% 6 mm , R PR, %0 10 Hz, JE A &
}0.1% .

2 #R54%

2.1 3|47 DPHL H# & & i
2.1.1 A F4pBertst DPHL & £ 49% %

1€ DPHL {9 & i 2 H, DPE 1 n-BulLi A[] A
i L X DPHL =3 20, 45 5 nk 1 s

21 RAPIBC LT A5 0
Table 1  The influence of the molar ratio of

reactants on the yield

n(DPE)/ ¢/mol L1 )
. - JEA %
n(n-BuLi) B (E PREE
1 0.2788 0. 2401 86. 1
0.95 0.2811 0.2524 89.8
1.05 0.2926 0.2347 80.2

M 1 7 LLE W, n(DPE)/n(n-Buli) 4 0.95
fF, DPHL A9 7= 3R f i, FUAE R 1. 05 B, ;=R A A1,
DPHL #5257 3 S B (A 19 80% ~90% , W] fig /&
PRI R AR 5 TP 5 A7 1) 2% T S0 160 3508 0 i 1 L 20 3 ) 2%
., 4 n(DPE)/n(n-Buli) X 0.95 B}, i 5 A9 n-
BuLi FJBRZ A i DPHL S AR 7 A 5% £ i) B ot 2%
T, AR T4 DPHL 773 {H5)—J7 T, ik A7 2%
R, W Z A0 n-Buli 2358 F— R RE R
N, B0 3R A Y oM CR BRI, T Y n
(DPE)/n(n-Buli) >~ 1.05 i, DPE id ## £, BR
AT LA n-BuLi 58422 5 MBI, fR1E T DPHL 9
gl Br (HZHIEAL T DPHL 0972, HI n(DPE)/
n(n-BuLi) g 1 WEAE
2.1.2 DPHL #9487 1

W £ 41 DPHL H1 n-Buli 51 %& 7143 4%
FE LT B 5 e ai AR BB AL T 2 CUkAE T,
FForHIAE 10 d J5F0 30 d J5 b Hok E Bcdls n 5k 2
Fis .

#2 DPHL Hl n-Buli i e HE
Table 2 Stability of DPHL and n-Buli

¢/mol-L~!
g1k
iR 10d 30d
DPHL 0. 2401 0.2353 0.2134
n-BuLi 0. 2440 0.2375 0.2268

fi 2 2 A %1, DPHL 78 VKAR AR A7 10 d J5 Hik
FE MW IR FE Y 98% iy, 5 n-Buli #1246 ¢
B IR 30 d J5 HIRERE IR W B 90% LLF,
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T IR MR B2 B PR L n-Buli A4 22, [H I i A I
[t 1A H i, BRI,
2.1.3 DPHL #9731 & &

MEGUE DPHL (5] &3, S & T 6, I
F GPC-UV FI' H-NMR Xt fr & B4 PB 28474347 (&
1A 2), B4 T80 8 x 107, 550K 8.5 x
10°, A% 1.09, HE 1 w5, EREY PB
(1) GPC A7 A A AR 5 1) 2R P 58 A IR A i | T ] 2 v
PB ' H-NMR E7£ 6 =7.10 ~ 7. 25 [RFEH L T 2K
PREAYERE I 3 W i DPHL 5| % & M) PB 7E
AWt 0 5 AT IR« ROR " 4544

/|
GPC

L L | L 1 !
10 15 20 25 30
i) 8] /min

I PB4 GPC-UV i¥&I&l
Fig.1 GPC-UV chromatogram of PB

Sl
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E 2 PB /Y H-NMR j% &
Fig.2 'H-NMR spectrum of PB

2.2 DPHL 3| &%#& X SSBR

43 %A DPHL # n-BuLi 5| & F4 ML Ss-
BR, Wit FA 5 1, T MR O 06 ) i L
S 74: 26, THF 5.0 R &2 L Ry
FR, PR SENER 3 s,

3 DPHL and n-Buli 5| % & WY SSBR 4514
Table 3 The structure of SSBR initiated by DPHL and n-BuLi

I Rue M,/10° M/M, ws /% wygn/ % TERUEL/ %
DPHL 30 46 126 258  48.1 100
DPHL 50 4.8 113 252 49.0 100
n-Buli 50 46 126 254  50.2 100

F 2 3 AT J0, 78 Ry 0 30 A1 50 B, 4350 LA
DPHL #l n-BuLi 751 & #1& M SSBR LR 41 1% 5
WA EAHT], > F A5 ST R O T ik
F'T 100% , %6 W T SSBR #Y 4 ik, DPHL BA
Y5 n-Buli AR B7EPE,

2.3 B3 SSBR {BEARIR HI S0

K H DPHL 51 %A B2 IE SSBR HLARSEHL T
— AR v A P, U S — R A A R
™, PR AR SCR A B ) O 2SBS0 B L
sk PRy A R R SnCl, , %588 T I Tk v 4%
A R EBR 1) et X £ B A () R
2.3.1 shAsH

TR O TERBNT T 20 A T R R
A O JE B, B A I AR AR R OR S S, 23 1]
PR, ASFFER S b AT, Mk, TER B R
o 25 SR AR R rp Ak S S A B 00 T s R
BERIOR O AR A R T s R S, SRS R AT (B
G, HEE R g 4, nTLLE W e e T 0
J5 RE W] I 4 iR A IR 5 (H2 AN T A i A
AMEG5IAZ=5, [R] Bsf A3 0 7 T 25 R AN 45 A e
BE AT Tl fe A=,

4 ImELL BRI

Table 4 The influence of the end groups on coupling efficiency

Ui B4 S IV B8] /min M,/10* E/%

St 80 7.4 57.1

Bd 90 7.3 65.3
2.3.2 RAR A

Wi SSBR HUE /TN 7 x 10*, A RV i
BER55C,s=1.08(s =n,./n..) BB T RE N
s T XS R IR (g 52 i), L2 SR 5,

225 BAE N AR 1 5% i

Table 5 The influence of reaction time on coupling efficiency

R Bt we,/ %

‘ M. /10 FER/% E/%
[Bl/min s ST
60 25.6 25.2 7.9 99. 1 73.3
80 25.6 24.9 7.9 98. 8 68.2
120 25.6 25.1 7.1 99.5 58. 1
205 25.4 25.1 5.9 98. 5 59.3

HIZR 5 0, 7E A ROBC B BT o 4 K
FRUFH AR TR LEARAR IR B B0 T, Bt 2R I ] F) 3
K IRAAR ST U N [, S5 2 i Tor R, XAl
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ReA PN T SRR, — 7 I, Bl R o) [ 71 SiE
K, A WIBEAR G LR R AR 3, (R k
BOCRRRAL, 59—, RA B R 1 MR )
60 A2 PR ERCR AR

WS TR W R TN 7 T B
T ,60 min [, =R EAE 99% LI |, TR Y h ik ny
AL R B I AR BB, AR &R v H R 6
iR A L RN B N VAN AINE % N LN e X .2
BESRIR A —EB N T USSR, B I AT DLFE RS
1RGP IR NG, 330 RE X 3 A B 1) i AR
DLRCT 2R B M RE I T 22 K i , H) g i 2 1 v A
TSV E N
2.3.3 1BBEARE

Beit SSBR MU TN 7 x 10Y, T IR 5K
LIGM R R 40 1, RAIRIE 55 C, BE B H N
60 min, %5 %% SnCl, & (H s Fon,s = n, /n.. ) X
TRIBCRCR IR, 25 5 0LIE 3,

80

75k .

BBEAE 1%
a3

D
=4
T

55+

50 1 1 Il 1 1 Il 1 1
08 09 10 1.1 12 13 14 15 16 1.7

5

K3 SnCl, X EIBECR A
Fig.3 The influence of the amount of tin tetrachloride

on coupling efficiency

& 3 nl 1, & SnCl, & B34, SSBR 7
TRIBRCR e 1 K S Wk, 2 s = 1. 12 B, SS-
BR MBI R A, X2, M s < 112 B, {8
T AN, SR TG M AN BE S S IR R
HAR SnCl, AUFE RIS s = 1, {82 SnCl, TEARFER

M AR AT Re A R EUR R BRI, SRR R
EERTHISM 1, R, %5 SnCl, i k%, N
ib it SnCl, 5 E PERE (U A A 10 18 1: 21 )L
N TANE 1:38% 1: 4, 2 B EERFK, ME
4(Ca) PATAFE W, M s =1.0,B) SnCl, FHEFRSA AL
Bf, 25 M0 K 755 JL P 28 A il = B Y
SSBR, TMME 4(b) A LIEH , Y s =1.6 I}, il 5
SnCl, 58 IH AR ™A T 2 B ZIE SSBR.

3
| . 1 . | . 1 . 1 . |
18 20 22 24 26 28
IF[] /min
(a) s=1.0
2
3
I L ! L L |
18 20 22 24 26 28
(B8] /min
(b) s=1.6

4 B SSBR Y GPC i [&l
Fig.4 GPC chromatograms of star-shaped SSBR
2.4 IHEXMHEER SSBR HIERE
Ui L el P B SSBR ) BRAILA I REFN B2 )
2EPEREMIALS Rk 6 FE 5 Fras, Hitp D1 J&H
n-BuLi 5| & & W, 1 D2 D3 &M ek tE5] & #) DPHL
FIERA I

R 6 AL EIP SSBR Y1 fE
Table 6 Properties of star-shaped SSBR with different chain ends

. M,/ M)/ B/ ws/  weg/ 300%EMN RUGE RREH REWTAA EERBRIE/ R4ERES {and
ot oM, % a % BiJI/MPa  JE/MPa £%/%  AW/%  kNem™'  BRIC 0C 60
D1 17.8 1.46 79.8 23.5 43.9 14.5 358 4 42.8 15.9 0.358 0.115
D2 16.9 1.45 72.4 24.6 39.2 13.5 372 8 43. 4 15.0 0.418 0. 105
D3 25.1 1.87 60.6 24.2 42.9 12.3 412 6 48.6 11. 1 0.375 0. 094
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Fig.5 Tandé-temperature curves of the vulcanizates

MF 6 LI H i DPHL 5| % & M0 2 E SSBR
PSR T M 2400 J3 R0 W7 20 SR I T AR |
KA Y SSBR A i 5 , HE 4 95 97 1R TH AL
TR PR AAZE  i i 408 R MR IRTE T R o010 P e i
MELL S5 Ko 0 sk ] 2 s R DR A SR B 1)
B R R R () BE S 5% AL #, DPHL 514 & W
I SSBR s f 7 PR R A4 75| 252 77 5k e — XL
I RE YR A o R BA B PR,
A5 A i LR A AR IS 0 52 356 ) 2% T i R B 28 15 TR
ME, AR T 4014 ARG SR JS Db TR S AR K
AR T A= AR [ I o 14 WU BR ™ 45 4 34 g
SRACAR I 5 7 R 22 8] B AH R Pk BRI e R AEAR R Th
H R Payne 51UV,

M6 MK 5 al LI i, D2 Al D3 7 0 °C
tand {E 5 (5 , M AE 60 °C 11 tand [ SEAK, WG TH
KV, 0 °C Y tand 18 = ¢ BAHTIR I 4, 60 °C Y tand
{EARRIAVR BB KT 6 RH skt 51 & 57 DPHL
A EIE SSBR SEBL T = HURe I P AR IR 3 BH )
Z IR AEUF-

3 %@

(D) LA, 1-Z R 40 5 1E T 3648 (n-Buli )
MAFE] 1, 1- 85 2 34 (DPHL) , % n(DPE)/n
(n-Buli) =1 B, F7 48 DPHL 7~ % i 4fi i 5 44
DPHL fIF2E P48 n-Buli F 2, PRAEAT R #E 1 30 d,
WL R MBI IR R BE Y 90% LATF

(2) LA DPHL Jy 5| &5 & 5 2 JE SSBR, DPHL
5 n-Buli 5] % & % SSBR B E. A4 #H [A] 59 3% 4 5 LA
SnCl, 1E 4 SSBR BB, X4 B 4y T R 7 x
10*, B4 W BB R 60 min, s 4 1. 12 B (B %

e s SR Bd S5 AT S ERRCR

(3) 5 n-Buli #HL, i DPHL 5| & & Y 4% i
B “RCEIR” Z5F (4 BT SSBR P FE 47 24
4R JEE RO LA A T B o, R A 9 55 TR TR 0
CHIY tand B 5,60 C BT 1Y tand BAL, SEHL T mide
VPRI R B BH ) Z ] A T4

B2k

(1] 222, kigHe, sR24ue. BUT R R SR SRk be 5 vim i
RTHABB RS & STERELT]. & MARK Tk, 2010,
33(3): 179-182.

Li A, Zhang H'Y, Zhang X Y. Synthesis and properties
of tert-butylchlorodiphenylsilane terminated solution poly-
merized styrene-butadiene rubber [ J ]. China Synthetic
Rubber Industry, 2010, 33(3) : 179-182. (in Chinese)

(2] IR, TER, 25, H(R) LT REAAPLET] AR
HEREL)]. #ePEfA, 2004, 14(6) : 69-73.

Sun L, Wang Y R, Li Y. Advance of amine containing
functionalized organolithium initiator [ J ]. China Elasto-
merics, 2004, 14(6) : 69-73. (in Chinese)

[3] kM3, 5505, mor FRRESEE M), dbat: fho
Tk A, 2007 . 263.

Zhang X Y, Li Q F. Experimental polymer science[ M].
Beijing: Chemical Industry Press, 2007 263. (in Chi-
nese )

[4] Heller J, Schimscheimer J F, Asternak R A P, et al.
Synthesis of 4-Vinylbiphenyl-Isoprene Block Copolymers
and Their Characterization by Gel-Permeation Chromatog-
raphy[J]. J Polymer Science; A-1, 1969, 7. 73-81.

[5] BRI, &56%. MEEAMEIE RO s Gsngn T 2&

TR BARARIGTIR[T]. &R T, 1990, 13
(3): 187-190.
Yang D C, Jin G T. Spontaneous reaction of polybutyl-
lithium with polar additives by UV-spectrometry[ J]. Chi-
na Synthetic Rubber Industry, 1990, 13(3) . 187-190.
(in Chinese)

[6] Tsutsumi F, Saka kibara M, Oshima N. Structure and
dynamic properties of solution SBR coupled with tincom-
pound [ J]. Rubber Chemistry and Technology, 1990, 63
(1) 8-22.

[7] Takino H, Nakayama R, Yamada Y, et al. Viscoelastic
properties of elastomers and tire wet skid resistance[ J].
Rubber Chemistry and Technology, 1997, 70(4) . 584 -
594.



<64 - A TR0 ( FHARRE IR 2011 4F

Synthesis of star-shaped solution-polymerized styrene-butadiene
rubber using 1,1-diphenylhexyllithium

CHEN Bo MU ChunYu BAI Yu Xu LiMin ZHAO SuHe ZHANG XingYing

(Key Laboratory of Beijing City on Preparation and Processing of Novel Polymer Materials,

Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: 1,1-diphenylhexyllithium ( DPHL) was prepared by the addition reaction of n-butyllithium ( n-Bul.i)
and 1,1-diphenylethlene ( DPE) , with cyclohexane as solvent, and the factors affecting the yield, stability and ini-
tial activity of the product were studied. Linear-shaped solution-polymerized styrene-butadiene rubber (SSBR) was
synthesized by ionic polymerization with DPHL as initiator, cyclohexane as solvent, and tetrahydrofuran ( THF) as
polar regulator. Star-shaped SSBR was subsequently prepared by a coupling reaction, using SnCl, as the coupling
agent. The coupling efficiency was measured. The effects of varying the structure of the chain ends, reaction time,
and amount of SnCl, on the coupling efficiency and the properties of the resulting SSBR were investigated. The re-
sults showed that the yield and purity of the DPHL were maximimized when n(DPE)/n(n-Buli) was 1, the con-
centration decreased to below 90% of the original value if it was kept over 30 days at 2 “C, and the diphenylalkyl
group introduced by the initiator was present at the chain end of the polymers. The coupling efficiency was the high-
est when using the following reaction conditions: a molecular weight of 7.0 x 10, reaction time of 60 min, and
n(Cl™)/n(Li") of 1. 12; it could be increased further by converting the chain ends to butadiene. Compared with
that obtained using n-Buli as an initiator, the star-shaped SSBR initiated by DPHL possessed higher tensile
strength , tear strength and elongation at break, lower compression temperature rise, higher tand at 0 °C and lower
tand at 60 °C.

Key words: 1,1-diphenylhexyllithium; functionalized initiator; star-shaped solution-polymerized styrene-butadiene

rubber; coupling efficiency; end-functionalization



