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F AT R ND i Ak 5] (b [ A A A Ak 5 53
ZvH]) ,J—Fh MgCl,/Di/ TiCl, B8], H
W25 L TR (D) S ZRERR X6 & 9. B4k 3R
= KR (TEA) (£ Albemarle 24 7)) , B
FH. s R 3R A s it T 28 5 0 K G 4 Ak
RO AP AN S TR TS T R T AR R R
( DIBDMS ), ¥ 0 & B 3 — B H 3 5t 5
(CHMDMS ) | = ¥ Ji 3 B & = B & 0 A
(DCPDMD) Fil — 55 4 & — H 58 5 4 ¢ ( DIPDMS )
(Bohim e Ba S e T R R ™5 20k 2
w05 IE BE R e A 0.5 mol/ L By S Uik . 2-1gE Wy
HEEE (TPCC) W A Alfa Aesar 28 W], 98 K 2818 )5
FIH R BE AL 2 mol/L (¥ k. 1IF PEde 4 44 4y 1
i 2 Y R 7K I 38 A e 2 60 4R, 1 R T A Il
HAth 35390 1E 2 B, S A1 4, e RUMAE TR
SN, S BT A, A SOMAE TR T 52, 6-0
T HA-HE I (BHT) |, 70 A 4, B 50 oK 2246 T
AIRA W, B,

1.2 AHEBRERERRM

ARFUN 100 mL #45 A 4/ % 4 19 Schlenk Jffi,
RAHHE3 KI5, BT 60 C IR, KK A IE
BEBE AP TR B B RE 5 min 5, 15
mL IF PEde ot A F AR, 3 B 4 B0 Ak RN
PG AL 30 min 5, DA F G AP A, TH0ER 4
BRI RGN, & 4.5 min J5, I A 2-BE w5
B A B KB A N (TPCC/AL = 2 (‘molar
ratio) ; W& T, =60 C).5 min 5, ¥ b ¥k}
AT S % IR £l &k Iy AT & S A
THRE RN, WEA PR EGH 1 vol% 1y
AR
1.3 E&EWa

BAETWIEE 5% thBR W L h i FE 1 h 5,
UE BB A B A 100 mL & 5% $hR (1 2
AR 1 h Y A S AL UE, SEOE (RIS
22 60 CHZ TG FRE. SR 5 RIS 44 5 A 100
mL EFLE(F 0. 1% BHT Hit 05 oo #4 [ml i 1
h 2 58 2R, R G B K & oK Sl B b

Uik, B4 A0 3 N 0 R R Il 4 4%, b
i TooK LAl 12 he i aE AL RN I 160 C A
RN
1.4 BRBSR

YRR (1) 201 ¢ BN B K100
mL IF3EEE (4 0. 1% BHT HiEH]) & T B0 55
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FEORAF 1.5 b A 58 2. A5 IRk, (v T
H AR 2= 5 A SR T I e AN I )
(2) iDL VR W S 45 ). WA aq s,
A SN B BT RN B =R T IE SR G i A
%053 (RTC8-soluble). (3) 45 B& (1) B 3 19 % it
TIEFERB AL B, 5 T Kumagawa
VR CH & b, HIIE BEke i $2 12 h (4) ¥4 1E
BRGERWT A S I, UMY I3 D8 A5 2 ok 1 1
Be st (1 Al % 2% 73 ( BTCT-soluble ) . B 75 1 45 £ N
(9 0 W 1 1E PE BE 9 AN 5 2% 73 ( BTCT-insoluble ) ;
(5)3 Fh 2% /314 60 C B8 T 4 J5 R #. RTCS-
soluble 1 BTC7-soluble W Fh 2% 432k 1 FH ik 5 1) TG
K R pE A2 12 h 5 . ARG LR R AF 58 45
B, B # 1A RTC8-soluble, BTC7-soluble, BTC7-
insoluble &5 3 > 73 73 5l 4 TC ML B N 4 (aPP) |
Hh 2R EE SR N (maPP) AR LR N U (iPP) 4
ﬁ},[n]'
L5 HFERSFESFHHNE

R 0y 5 Ky 43 A g I 2 7E PL-
220 %I EE g 18 35 10 4% [ ( Polymer Laboratories 2%
1) LHEAT SR 3 AR PLgel 10 wm MIXED-B,300
x 7.5 mm FEF, €043 FE 53 B35 500 ~ 107, LI
BE T8 43 A R LR b RE A3 3 R OE R R AT B
ARBE. 1,2, 4- =GR IR VR IR 150 °C L i
# 1.0 mL/min.
1.6 MEENE

K GLC-200 ff 2 A i 73 B A ( 22 HE Tl 4R ]
AT, A I R B 0. 05 ppm ) I 5 5 N M 1Y B 2
i, BEIRFRI 2 ~ 4 mg [5ZSHE & FATINE 3 R,
B2 {H.
2 BR5H®
2.1 SSMBAEMERNZN

B, BT H, INA S A SN B IR
DIBDMS ,CHMDMS ,DCPDMD = DIPDMS ) &R &
RGP GG 1 DL K 3R N W i 45 7 43 A1 1Y
AL SR T L
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Table 1 Influence of H, on propylene polymerization with different external electron donors®
External H, Activity aPP miPP PP YnPPI' Yo iep© YLPP‘]
donor (vol) (kg/gli-h) (wt% ) (wt% ) (wt% ) (kg/gli-h)  (kg/gli-h) (kg/gTi-h)
DIBDMS 0 2.63 2.6 7.4 90.0 0.07 0.19 2.37
DIBDMS 1 4.65 1.9 10.1 88.0 0.09 0.47 4.09
CHMDMS 0 2.26 2.1 8.4 89.5 0.05 0.19 2.02
CHMDMS 1 4.35 1.5 7.8 90.7 0.07 0.34 3.95
DCPDMS 0 3.97 1.6 5.8 92.6 0. 06 0.23 3.67
DCPDMS 1 5.25 1.5 6.9 91.5 0.08 0.36 4.80
DIPDMS 0 2.02 2.2 6.5 91.3 0. 04 0.13 1. 84
DIPDMS 1 3.48 1.2 7.4 91.4 0. 04 0.26 3.18
* Polymerization conditions; [Ti] =1 x 10 ~* mol/L; Al/Ti ( molar ratio) =100; Si/Ti ( molar ratio) =5; Pressure = 1. 01 x 10°Pa; Temperature

=60 °C; Time =4.5 min;” Yield of aPP;¢ Yield of miPP;" Yield of ;PP

M2 1 a0, ZEAS RN o FARAEAE T A
H, GRAEEHA B E K, 53l E T 30%
~90% . R & WG Pk 3G i B S5 CHMDMS >
DIBDMS > DIPDMS > DCPDMS, iF 4f [f]ixX 4 Ff
AP 45 A T o R O R A 2 )52 BEL R /N AH
B2, B4 465 v R 1) 2 ) 4o BEL B K, H, 3% A6 2800
FES. 5 — 5L A H, AR T RE Wb R
WM aPP 13 Bg 4 1 SR RIS 46 miPP
) o, T X A5 AR N I iPP Y L N N

PO = NI =A
R

A H, J5 ,aPP P2 B AU A 3G K, miPP 7 & (14 42 5
WE B2 5 K, PP 0 1Y P s A AR 1B R B Ok X
FW], A i aPP miPP Fil iPP B i = 2535 1k o
Xof S I I AR A T T 2 ).

RTT AR RN RS, %
CHMDMS 4 &) 25 By T (4 B T 15 N M 19 3 4%
OYIEAT T BRSO AT, 2% 2 B T oy T R
53 ¥ 53 A B

Table 2 Molecular weight and polydispersity index of polypropylene fractions

No H, With H,
Fraction
W% M, x10? M, x1073 M, /M, wi% M, %1073 M, x107° M /M,
aPP 2.1 4.5 22.9 5.1 1.5 3.0 17.0 5.7
miPP 8.4 3.7 12.7 3.4 7.8 2.7 7.0 2.6
iPP 89.5 27.0 215.5 8.0 90.7 22.7 147. 1 6.5

T LASAAE, iPP R 1E 3 Ao
HAT B w2 11, BB S B2 i RN MG 2 e e
S8 [ PR B P Pt 2B B o PP S4B 4y F R B
F miPP K531 5> T 1. aPP K53 1) GPC i 4k 2
XUy A5, E LA F 1 43 A H miPP 2% 43 5, Hovp
G358 B e T 43 I B A R ARG, D i Ay T AR
AV 4 e D0 45 BE A 5. maPP G4y FEE A T A
66 5 L 25 B SR W 2B

FINERE 3 ARG T RS A FREWN
W B 35 A, VA AE 1% R B R R, &R
Xof 4 T P v 1 4 B B A R SO ) (B A5 7
BIJE, AW o 7 8 0T 68 25 i 7 2 it
G oy iy oA R AR EE R, AR AR
MESUBREN S FREE FE, 00T
E RS IR ISP N 3o e
VR R IE PRk, R 2 UL FE R RIWE N
1% W 2100 T, & BT 4y 1 5 T B 00 OF A

K.XFF @ CHMDMS B9 R & , (PP 2% /3 1) 50 3
SrFi N 27.0 x 107 R B 2 A UE R 22.7 x
10°, HAM A A Br Wz, %40 9% 00 52 Wi /8. AR 48
AR A I aPP 5711 GPC 43 Hr &b F , HOBL g 7Y
G347 M AR 43 f /N I AV LE T SRR A A 4
K. H AT DL, 7 TR i AT R 1 &R E
A I TS W 953 o A AR A A B ) BT

K.
22 SERXNEEPOLRERBERKERETHMN
5 1

AR RO B AR 5, 2 -1 Wy TR 5
(TPCC) VEIIE I A T 2R A VR F 0915 1 rh o ok i
(LCT1/[Ti]) Fnf 3G 1< 58 R % & (k). TPCC
KRG W a e s )n , b w5 8 415 236
PP O BE ([CT 1/LTi]) " IR & A %
EIH AR k(. B 1 9 Hy XF 4 FER SRR
[C /[T K k (B9, A W H, #9751 A BL 5
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ce of Hy on [ C

H 715 B 4 PP miPP il iPP 4% 43 4]
3 ﬁl‘ﬁﬁﬂ%iétﬁﬁﬂﬁﬁ%ﬂ AN A 3

" J/[Ti] (a) and &k, (b) in

G R A) A W, Hy SO W G 2 3 1 s Y 7
A WAL RO AR R O X ol
R AR R I A& 20 P A B G AL
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b No H,
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4501
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External donor

propylene polymerization with different external donors

aPP .miPP Fl iPP 3 Fli & 4 ) 17 &5 &, 1?§|JT1_¥
KGR AW E it — 2R T =

T SIS 20 50 =2 TG M v AR B A PR B SR AR B, S5 R TR 3.
Table 3 Influence of H, on [C* J/[Ti] and &, of active centers producing aPP, miPP and /PP
" aPP miPP PP
External donor ) [c,” ] /[Ti] (ky) [C," 1/[Ti] (k) [c; " 1/[Ti] (k)
(vol% )
(mol% ) (L/mol - s) (mol% ) (L/mol + s) (mol% ) (L/mol + s)
DIBDMS 0 0.13 66 0.38 64 0.73 412
DIBDMS 1 0.15 78 0.52 115 1.03 505
CHMDMS 0 0.11 52 0.39 62 0.78 328
CHMDMS 1 0.12 71 0. 46 95 0.89 570
DCPDMS 0 0.10 82 0.34 86 0.75 624
DCPDMS 1 0.11 90 0.36 127 1.01 609
DIPDMS 0 0.13 42 0.31 54 0.41 572
DIPDMS 1 0.12 44 0.45 74 0. 64 635

A2 3 ml UL, H, XA i aPP 6 2 oo B
AN K B W] 48 R T AR i miPP ORI PP R I
LGB, HLAE B iPP R T 0 BROS n ie E Ae K
AN L RO [R] e &0 AR 3 M O 3500 i

WAL F. 5145 T f& 5 DCPDMS B, Jin A H,
XAz B miPP B & PR O B AR /N Dy — T i,
H, /51 A A B aPP (35 P oo 19 k(B 52 i AH
XS/ (R BH S B = T A B miPP R T P L 1Y
k fE. A2 (PP R E R R0 1k E AR A H, 5
A /N E 4R B . L DCPDMS Sk A1 %5 B 14 (1) 4
FAME RSB0k, (k) AETEM A H, J5 JE
PN N S i = e N T D N R N N T U

H, 38 (k) , 25 16 9 B K /N IBUF % DIBDMS
> CHMDMS > DCPDMS > DIPDMS, i 3| i
(k,), 75 b 19 W% B K /N B CHMDMS >
DIBDMS > DIPDMS > DCPDMS.
2.3 SEMEHOMNAERY

o AL AR AR SO ZE B3I H, I I M
o BRI 3 o 3R (k) 2 0 4R 1 B
SN TG I, T U C )RR kB K
B0 40 TP 18 kB H, 051 AT 8 0 3 %
s SR 1R % 0 SR AL L R 1 7
AR U E A 1 — 207 1 (1,2-) R A
M T B Ti—C R EL PR A28 ) B 5 2 4 3744
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O, BT A T G 1 A R AR 0 AR IR 3 A o Ti—
CH(CH;)—CH, ~ (b). th TIRHFR b 175 fE £ Bt
SRR BB 1 0 1 P oL, oA By 2 0 JF
N B % 1 P e B N L, (HL 2 3 R A
PR, KRR EARW k (H. 5 A H, 5,
TARIRFR 5 H, 89 BRI PR e T 55 79 M B9 B2 0z
T PRHIR b 22 1) H, 54 6 e B8 N AR A e 17
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Scheme 1 Activation of dormant

X 3 M O B H AT 3 B4,
AR B 2 B R DL EE A PR b fF B Kissin
aE VB Z-N AR B TR 0 A B TR e
GEARPE TE PO 10 AR R IR T
P 6 M Ti—CH,CH,CH; #yfh4h 38 23 2 il —
W4 Ti—CH(CH;), #Fh. 3% B 1% & N M AR DA
2,1-Ba #fi A Ti—H 697249, Ti—CH (CH, ), #H
MF HAE — A R B IT IS R R b, AR B
L4 )E Ti 5 CH, (1 B-H 7= A 5 FUHY agostic /£
AL FARBRAS . X5 F TPCC ¥ K A AL 1A 2 B, 3 F
KIRY Rl 5 TPCC [ K 7= 4 R /N oy 1 TE R G
PR A Ak T AR b 2 Bk Uk 25, X 2 Ti—
CH(CH, ), PR BRFPAS 25 8 1 A3 P rp O B0 2 5
M. 5l A H, J§,Ti—CH(CH, ), {RERFP ] 28 H, £
FERS IOV G AE Ry Ti—H 28— KON I 3 A 2
BCIE BT P G X e H, 0 R S MG
R 346 K e LT R B AN e T S o ) R BV AT
ARG OB [ CT /[ Ti) B K.

iz HE 1 R ML BASE AR ] LM T AU B £ B
P A B0 R0 SR TR U | A R R T 0 R A LR
PR Y = 280 M v oCs X H, B e B R B 3 AT
W, Az BT R P M 1 3% P vt €L B0 7E
A H, JFALHE I T ARE] 10% , T2 B H A 0

(9 Ti-H, J5 & 28— N I 4 A S RIVRTIK 5208 1E 5
[ G L R, 51 H, TR R I b
PR PR A, DTG 7 2R 5 T R MK ke (LA
IR D NES (S N R WD R I A R AN R
HRL (E PR R ) 2 ) B 55 R A2 BEL 7 1) AH S s 38
T R ) B — A 57 M 8 PR DR A BE Y T
AE L ¢ FIEME BT a, B AE T2
JREVEME. X RO 2w H, 6 8RR N R 2
O A P B L a [ AT SR T ROR K
x.

=
Fast i
I (a) High active '
e T T O | I
Very slow | ]
(b) Dormant Active
g :
—Ti_IJJ Slow E—TiJ_lJJ
(c) Low active Active

species by chain transfer with hydrogen

i Ti—CH(CH,), IRHRFH. SR, 48 F X 296 M h
Uy B 7 P 8 88 P R IX 0 o B P A I, LR B Ti—
CH(CH,), MJLENZHE K. I T HEX —F ),
AT HE W, BROAR X K E A S B R Ti—
CH(CH,) /R B, #) BB AR TR b 22 N I 1, 2-4 A
VRS Ay T B I PR R, 3508 0L IR IR R B R TR
JEUR AT RE AE T, 3% 206 M 4 ) Ti—CH (CH,),
PRI ZS AT BE Ry PO M 4 T 57 2 (L TG o7 8, B3 10, 3
FKIEPEP AR AT R B A 2 D . X 5 H A
PEBE MR AR A R A AT AH 2T, A il S5 R R
RS R I E PR s b €, G
PR TE A H, J5 A 3 KR M3, k£
AIHE NI 60% . 3X Ui B, HIE pi ) Ti—CH(CH, ),
WRBR AN AS 5 58 79 0 4 AT 3006, X AB 3R A 1) H,
BERE R R S M. X E S TR A0 4 H T AR ) A
A0l H, 25 C, 7 A C 7 SR B IR S AN A
TFRRI % UIAE OC. B3 3 W WL, & DCPDMS )
WRILC, " I/[TiMEIL AR H, in AT K,
THE3 Mg AR LC, " J/0Ti ] fHEE H,
T S 2 B ORL aX n] BE U B, BE A AR = A AL A
FOL AR E [ P ) DCPDMS s B8 1 35 Hb ek /D> Ti—
CH(CH; ) , PR B Ff (1) A= 1.

M3 Al UL, A H, 51 k832 5 05 B
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Scheme 2 Formation of dormant species by chain transfer with monomer

REEHMC," > C," = C -, B EA F
Y DX BRI S A B Y 7 B R R b
A 2, 14 AL A S R AR, O 5 38 i
B S B PR R A7 ARl AR o R A2 3 A, S 3O Ti—
CH(CH,)—CH, ~ /KR A ) & & A0 xF 38 K, H, 7%
RO Fe s 2. B I L AT DL H, BRI ko (E 4R
R 2 Al 5 A0 25 f P AR I AR 2R A G, L CHMDMS Jy
MG TR R G IR R (B3 IR B R (N 248
%) 382 L/mol + s), 1fij LA DCPDMS b 4h 45 i
TR REIRRD k EYG 0 mc/ D (U 424 4105
F]451 L/mol - s). Chadwick 2 Ak 44 Ha
TR ST ARG K 23 52 e 3 Pk rbos (PR BT, A
AR 2 [R5 BHL A, 5 1 o 0 ST AR E T BE

B TR A A B A A DX 3 6 M R R ST IR
PRSI0 JL R B /N, DCPDMS (14 25 [i] £ fH K T
CHMDMS , FL 8 55 396 P v 37 AR 5 1) Pk 1Y e T T
SR(MFE 1), Ti—CH(CH, ) —CH, ~ fRH&Fh A 5%
AR, RO H, 5k EETERSES. 2.2
WL H, SR (k) 28 A 0 iR B RN
DIBDMS > CHMDMS > DCPDMS > DIPDMS, ifij
Sl (k) 2840 BE R /NIF . CHMDMS . >
DIBDMS > DIPDMS > DCPDMS. {144 ix 4 Fil:
Ah 25 M K K % 3 5 DIBDMS F1 CHMDMS &
DIPDMS Fl1 DCPDMS X A P20, W i 3% 1 A] UL, Hif
— Y PP F O 90.0% Aty R —24H
=Y iPP E & O 91, 5% e AT, i — 4 H AL
o MmN EE I B 5 TR —4l. LRIy &,
A K R R,Si(OCH,), H R, Fil R, 1 a-fik
15 P9 A ik J5 B HE AH I B e A R0 4R
C,, " C, ™ 1 S7 G 3 9 14 0 DX 3 3 56 1, DA T
55 30K PR 2R I M O ) S TR AR RO, - 7 [R] —2H I
R R,Si(OCH,), iy — > kg B AR B /M LT

AR TFHEE C, " Xk £, T2 A BE S 1 A
TR BCR WA F) T4 @ C7 i Xl £ . X —
PG 0 TOW A T A3 5 a2E — 2B 4 A 53 O i A48 s
T PP 9o RGN 90% LU L, A4 oL
A 52 ) B e A T MR R Y S R
(k,), 8 & B /9 6P — 2, & CHMDMS >
DIBDMS > DIPDMS > DCPDMS.

I R A o USG5 o vl | I N P VR
P o BRI 1 K TR R RO A R AR B T M
BN H, 2500 B B0 A I, TR s T S AR e
) P AN ) B = 280 M b A R v 9 AR
A5 HL TR 2 A 5 R T T R0 B O 22 T O
R E LR,

3 it

L BRI I 2- Wy Y B SR IR I E B
A Z-N AT A TR SR A R R T v O TR
HESGIHCR TR R, RIS R A T RO
DR A v R T 3 5 T B 3R
A FRCTE LR TR s e A5 R 5 DA 0 AR 45 O R TN A
RGO SR B 2 A [ A S0 A A
TG R A s 1) 346 P v O B8 SR AR A R R
AR 5 /1 , T A 25 8 3R DR 4 ) 35 4 v
0 AR BRI U i R R
M R A X = R P e B S B R
AR B B R 3 I S T 4 v 1A 1 e S AR
S (A B — T T A AIR T A 2 DXt 4 44 ST A
PR AR IR A LA R IR T2 &,
(BT L, T I 0T A R0 5 99 A v s Y DX i
PN RIS A PR B DDA K
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EFFECTS OF HYDROGEN ON ACTIVE CENTERS IN PROPYLENE
POLYMERIZATION WITH SUPPORTED ZIEGLER-NATTA CATALYST

Xian-rong Shen, Zhi-sheng Fu, Zhi-qiang Fan
( Department of Polymer Science and Engineering, MOE Key Laboratory of Macromolecular Synthesis and Functionalization ,

Zhejiang Unuversity , Hangzhou 310027)

Abstract The kinetics of propylene polymerization with a TiCl,/Di/MgCl, ( Di = internal donor) supported
Ziegler-Natta catalyst was studied by measuring the number of active centers using 2-thiophenecarbonyl
chloride as quenching agent. Influences of hydrogen and alkoxysilane type external donors on the number of
active centers and chain propagation rate constant (k ) were investigated. The number and & value of three
groups of active centers that produce atactic, medium-isotactic and isotactic polypropylene ( PP) fractions were
determined. The catalyst activity was found to significantly increase with the addition of hydrogen,which was a
result of simultaneous increases in the number of active centers and &, value. The three groups of active centers
response to hydrogen differently. Hydrogen caused lower degree of increase in the number of active centers that
produce atactic PP than the other two groups of active centers,and caused the highest degree of increase in the
k, value of active centers that produce medium-isotactic PP. The hydrogen response of the active centers was
also influenced by external donor. Increasing the bulkiness of alkyl groups in alkoxysilane donors leads to
decreased hydrogen sensitivity , meanwhile the stereo- and regio-selectivities were evidently improved,implying
that there are close relations between the hydrogen effect and the stereo- and regio-selectivities of the catalyst.
A mechanistic model was proposed to explain the hydrogen effect.

Keywords Propylene polymerization, Hydrogen, Supported Z-N catalyst, Active center



