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Fig. 1 The structures of four different external donors

AT AL B, P2 0 AR R M, R
TRk B 27 1250 A7 R 20 W 4 1 5 Ik A i 2 it
W, 28 NaOH Ab B 2 1R0ORS i )5 i 0, oy o ] 1 24 4
F AL, T R4 4l B oy 98% , D\ Acros Organics
ANEESE 1- T RE 9, R KA o2 ml #2
fit s Bh 4k 77 AlEY, F1 AL(i-Bu),, HIE C e 5 BE
A 1.0 mol/L,ZE[E Albemarle 2\ &) 4= 7= ; 2, Bk, 47
Bradi, iy R EE T AR R AR 2GR T A
1.2 SMNEBEFEHEH

JIT A7 B2 A Schlenk A v £ A 7 AR
PR AT AN R TR A R BRI

NR, OR,
C,H,Li Si(OR,), N S
R,NH R, NLi Si
VRN
NR, OR,
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1.2.1 DPPDMS {4l %

1E 500 mL 7 FUR A 80 mL 1E P & il
23 mL(0.2 mol) WR BE , 4 J5 F 1% ¥ e =1 3% fn 133
mL (0.2 mol/L) f#) 1. 66 mol/L T 4 %) IF B ke 145
WK e s IR EWEZR TR
A1 h SRS PR N 15 mL (0. 1 mol) P A48 K fif:
Bt , oK H s 5 IR G W AAEE R T R4
6 h. #E A, R AR T H 50 mL g4 B2
T W # 31 250 mL = P . ] 4 3 355 0o 08 24 v
AITTVE F PEE oh gk 3 WK, 45 U & 30 mL. A4 ik
JE( =0. 1 MPa) Z 18 fiff 175 5 F0 A S g 1 D Rk 28
A5 F 4 72 9 B Sk DPPDMS , 7= 5 Sk TG £, 3% B Wi
&, 77 %% 53. 1% . '"H-NMR (400 MHz,CDCIL, ,5) :
1.4(£&EW,2H),1.6( £ FEIE,2H),2.9( £ &
g ,2H) 3. 5( 3Lk 3H).

1.2.2 DPPDES {#y#il %

W LR 10201 5 e Y AR R e 4 B Y 2
AL RS, LB AR 7 O B BB S IR AR,
Zh 39.5% . 'H-NMR (400 MHz, CDCl,,8):1.2
(£®|IE,2H),1.4( £ &EiE,2H),1.6 (2H, 0—
CH,CH,) ,2.9( £ & 2H) 3. 8( £ &k ,3H).

1.2.3 DPRDMS {4

B ER 1201 75 b i R BE e B g S,
BN, R A E W WK, R
40.2% . 'H-NMR (400 MHz, CDCl,,8):1.7 (£ &
W, 2H) 3. 1( L& ,2H) 3. 5( il 3H).
1.2.4 DPRDES 1yl %

B BaR 10203 7y i O AR e o 4 B D 4
SRR BE , LB AN 7 A O R R SRR,
%y 88.7% . 'H-NMR (400 MHz,CDCL,,8): 1.2
(Z£&EE,2H),1.7( L FEiE,2H),3.1( L & 1&,
2H),3.8( £ &% ,3H).
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25 TR ER I B0 RS A T A Ak R A AR R h
EREH N 3.2 wit% .

1.4 1-THRA

W2 B RERE T 19 250 mL = 1 AE 3 T
EF#HTES—RAER3RERAL-TER
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- AERRE TN A& B IE C %E L AlEL MG LT
T CE AR ST, R G B B B RS K 2
Lk RN, P L UE s R AW AE 45°C F A TR
ZIEEPRE IR E.

1.5 REMK

fEAE R 2K & AE Varian 23 7] CARY-300 #Y
SONOOCEE T B E G YR SRS, R A
Perkin-Elmer 7 &) DSC-Diamond % 2% 75 39 i &= 1
G 5 , T+ 2 10 K/min, I8 B 5 H 30 ~
150°C s & (1-T 4 ) S8R0 (1L L) (Y ) 6 2 A o 16
STk FEH 48 h JE AW i o ) BT A e A
GPC X HZZE Polymer lab. /4 &) PL-GPC220, 1% 5
B 1,2, 4- =508 FERVREE R 1 mg/mL, ¥ Wit 2R
> 1.0 mL/min.



1414 R S 2011 4
1) = 2 SR .
2 Z:I: — 518 12]
ARSIE HUAR SR ™ B T R T4 A 1 2 A

2.1 SMNABTFEX 1I-THEBRAMNEMN
BRI TIMARESMNG PR R AR R T
REGHR, WL 1R R LUE D, Z 56
AN B IR S B Tl 1 H A3 O L 3%
TR S RE B (CHMMS ) A1 25 B 4 HI A [R] , (]
BET LA AR b 85 3R OR P ) S R BE, (H 2 DL
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ey TR A R R B GV S B NS R N I ST
DPPDMS 1 i fb %50 8 dc =i, 24 30. 1 kg/gTi, T fiff
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Table 1  Effects of the different external donors on the performances of MgCl, -supported catalyst for 1-butene polymerization

External Activity 1.1 T, (C) T, T3
Run ’ M, x10°* MWD
donor (kg/gTi) (% ) T yj— (C) (C)
1 DPPDMS 30. 1 93.1 101 118 116 127 55.3 3.64
2 DPPDES 7.94 85.1 97.7 113 110 122 65.6 6.19
3 DPRDMS 16. 4 96. 4 101 119 116 132 29.6 4.11
4 DPRDES 2.47 86.2 97.5 113 111 124 57.5 7.88
5 CHMMS 12.3 90.0 99.2 118 116 126 47.6 5.53
6 TEOS 13.9 82.6 97.3 115 109 118 28.6 4.87

Polymerization condition: heptane 50 mL,reaction temperature 30°C , 1-butene pressure 0. 10 MPa,Cat (15 £2) mg,n( AlEt; )/n(Ti) =300,n

(AlEt; ) /n(Si) =30, hydrogen 1mL, polymerization time 2 h; T, : the first heated nascent poly(1-butene) ; T, ,: the reheated nascent poly(1-

butene) ; T, : the molten poly(1-butene) stored at room temperature for 1 week

EFRRA-TH) 2—MERBMREESY, Bk
MEAGSFHI . OO I 0/, Ef T 0T M. I’
SR 5 4 R 121 ~ 136°C 100 ~ 120°C ,96°C
190 ~109°C %1 T A T /5 5 B0 25 4 R Fa s, 24
R EE A ) 0T e R R R IO TR R A A
A IR R e A T Yt 78 7 2 o i T
T RIGHAE FEE R TR R Rl LLE 1,
REWIE S L&A TRKA, XWIFEHER(1-T
I) B —Fh 2 SR RS ,  HL AR A A
AR () 0, ] B 3 K DSC 45 AL AR 2 W Al — F 400k
RELER AN L TR RGP i | T =2
S REREIS Y, 08 UE B T AR S e e S
SN TR R A SR 2 S T = O A
REBEZE Y, X 55 Fr i 45 B 45 S — 3. Ay )

(1-T ) o v th £ L 1] 2.

Heated nascent poly(1-butene)

I' il
Wpoly( 1-butene)
W

Poly(1-butene) stored at
room temperature for 1 week
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Fig. 2 The DSC curves of poly(1-butene) obtained by Run 3

BeAh N T AR B 1 o A 25 SR R filE
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DPPDMS I DPRDMS >y 4} 45 v {4 ir 15 1) R &
Y14y F w4 A W25 T CHMMS (1, 11 £
DPPDES Fil DPRDES 414 i T 1A 1) 3R & 90 43 T
o XAy K Tl CHMMS [, i HLXT 4 4
IR AN L TR SR U, S 25 1Y e A 25
LAl S A W BN, Ay T i A AR 5 L (B
fii FH TEOS Mo M TR T 1S R E Y 0 F &2 I
K. DL g5 SRR W] A5 v T IR RE RS A 3 4% 1 1 G
T M e 2R (A RT LA B A5 R 2 o (]
JE AN ) 25 K 45 v - A fof 0 I T 1 v 2 3 B o
I Ak A5 B IE PE 0 B T (Bl A5 RIS P e 5
M ) AN [, i 1 5 B0 A W0 5 L N4y T = Ay
A AL 53 A, 0 e RE 0 A 57 e 28 0 4 < BlURR
PRSI R AW 4 & OCHE R &R T HLAE AH [
MR, TS R G W 4 R 1 T
P A 20 SR 22 1L N L 3 o AT AR T
Ay E T K L A B KNI AR TEOS
> DPRDMS > CHMMS > DPPDMS > DPRDES >
DPPDES.
2.2 EEMABEFEH1-THERANEZMNE

T AN [7) 45 48 1) A1 25 W 44 X 58 TR 0 1) 45 R0
JE AR 0 SR AR LA B A AL S R A R R Y
SR B LA 3 TR T OR R 4 A A 2 L T
AR ST TC T R TR0 5 LB 40 S 0 AT B0 s B
B SR 5104, B T B AN B O T 4
Herkbi 5 ORI ARk BB R m T N
S8 O A 2850 56 0 B8 TN 04 114 45 1L 5 Exxson 4 ] 7E
PiE R A b A — Bl IO 2 S R RE B A O 4
TR A B T N M B 5 AR K0k 70 g/10min 55
Bl 2t N = B =P LV 7 Y S - Y Y
Y HL A A8 ) R NI R I REE B 7 g/
10min, F 245 2] T 45 il 45 B0k 44.7 ¢/10min 1)
B NI, RATAT Y T % — 8 8L 1% A1
(1) TEOS 4145 it 7 {4 5 i 1k 30 3 55 /& (1) DPPDMSS
XS 1-T 8 B A SR R A W 45 1 Mg 1y 5%
M (% 2).

SR B, Z LG A R AR S S Y E
191 ASAS AT LA R AR OR T EL A W
WA TR . 24 DPPDMS 5 TEOS & it FE /R L A
1 AR R IR L, o 39. 6 ke/gTi, R A1
SERLEE R 94. 7% T o TR A A N 6.22, AW
1) o f oA 2 WLIEL 3. iX Al fig /& TEOS H1 2,
SR Y 45 F 1 200 5 DPPDMS o i IR IE 5E
A (10 725 [ 57 BEL 2880 I 3 ] ) 445 SR, ol 75 4 £k 571

SE [0 BE J7 3 5, 1T 0 3R 5 B 0 I R KR B
PR TR (LT ) B L LR A 3 A
FUBGIN. A T B — 2L W RO S BN A B,
FATRE IO P B (9 DPPDMS Oy Sh 25 1 1 {4 ik
11755,

Table 2 Effects of DPDMS/TEOS molar ratio on catalyst activity and

polymer properties

DPPDMS:  Activity LI
M, x107* M, x10"* MWD
TEOS  (kg/gTi) (%)

1:0 30. 1 93.1 15.2 55.3 3. 64
2:1 33.4 95.1 — — —
1:1 39.6 94.7 6.50 40. 4 6.22
1:2 21.2 94.0 — — —
0:1 13.9 82.6 5.90 28.6 4.85

Polymerization condition; heptane 50 mL,reaction temperature 30°C ,
1-butene pressure 0. 10 MPa, Cat (15 +2) mg,n( AlEty; )/n(Ti) =
300,n( AlEt; ) /n(Si) =30, hydrogen 1 mL,polymerization time 2 h

0.8}

0.6

dw/dlghsy,
=]
'

e
[\
T

o
o

Fig. 3 GPC curves of poly(1-butene)
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NATHER A0 45 L R XT N R R A i B &
S AR BR AR L TR T A7 2 1) T8 B s R A R TR
P BT S A TG W B AL RE T AN TR 24
2 TR A G A TR P O A R 1
SO PRV B 3947 BT T B, ARG R0 P v T B Y R
JEER . R, A0 2 R BB A T v B
B HVHR R T A RLTE M O g Ee ), BB e T R
WS L EE T R 3 RN A R A&
DPPDMS ¥ i i £k 9 i Ak 1-T 9 3R & PE g, M
AT LUE ) B & S 45 oL - 1K DPPDMS ¥ Jif 1%
AL RCR TR, RS S E R . X
5 A0 LT AL TR R A T AR AL R
¥ DPPDMS 5586 ) 25 & 1E R # o, T JC LT M
s [ R& 2 PR 4 22, DPPDMS [ i A fif JG 3076
HhC B B R T I S e A R0 3R T Ak R B B
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Table 3 Results of the polymerization of 1-butene with MgCl, -

supported catalyst

n(Al)/n(Si) H, (mL) Activity (kg/gTi) L1 (%)
— 0 10.9 66. 4
40 0 6.88 79.9
30 0 4.84 81.6
20 0 3.03 85.0
10 0 1.00 91.8
30 1 15.2 91.0
30 2 10. 8 92. 4
30 4 7.25 94.5

Polymerization condition; heptane 50 mL,reaction temperature 30°C ,
1-butene pressure 0. 10 MPa,Cat (15 +2) mg,n( AlEty )/n(Ti) =

200, external donor DPPDMS, polymerization time 2 h

W 7 ST A R B A R S B S
TWE, Y H, A 1 mL W A AL RCR e, ik
B 15.2 ke/gTi, i 38 4 4 6 KL%t oF — 2B 42 5.
AT AR T 1T M A X R OR MU A (2, 1-
1A ) B389 K6 T 7 R B 4k 2 SR A B R I
B, i HAb F—Fh“RIR 7R E, MRS BEF X
LR 2 e R BE TR B I K B R LA
TR RS TN TR PO B T A
SRR 5 (H 2 SR R Ak S, SR A
B SIS R R 8 7 A ) 355 1 s A A
HRK T W, T S BURALRCR TR BAW &M
FEWS A TR AT RS th T A SN A eSS 7 A T
S HETT RS T 5, X SR R A P ARm
VeI
2.4 BREAMI-THERANEMW

e FEARVE N B AL KU 7F Ziegler-Natta fi# 1k {4
Zoh R AR L. 4 R LR 7E R R AR Bk
JEE IR LU A& AE TR B0 3R A 46 R IR R TT D e R 4 Y
ol 2 X 31 £ e 200 SR 5 0 14 25 L S
AL ke 340k ALEL B B 2 65 6k L8, i
A 255 R 2 380 e P R, 25 M L S T S PR A
WA R ALGi-Bu) , B, 5 25 65 Bk HL 3 i, 4
R S ST G W T R B W 10 A L L TR
(Bl ALE, Ay Bl A 300 i B A 2k 2 o T {1

AL(i-Bu), B9, 100 R A 90 58 FBE AR T8 FH ALG-

Bu), 9. X Al fig & th T AlEt, /916 JBE ) 5 T

AL(i-Bu) o i, 7E A TR 25 78 T BE W8 A 22 9 3 1
s, BT AREAR R T ] ALGE-Bu) 5 B9
R SCHRARIE 2 B A RN B S 4 R 4 e T
AR 2o 55 Je R B0 T A P L S A A 7R e i,
ZE LA G LT MR o R TR AR g e T AR
BT 35 1 v ) S A E T A R AR E P N R
HET IR A W) A LR AR g, L AR A R A5 F R
Al(i-Bu) , 5ERIZE G W E L AIEL B2 5 PEaE
212 BRI e P ELAE ALG-Bu) y B9 1K & b
A T RER 2 1 23 AL A 4 v A Al A AL R
SRS R BT G A X S TR ALER,
19 25 (] 37 B L/ T ALGi-Bu) 5 89, B A ALC-
Bu) , Jy Bl A 500 Ih 45 ML RE & T ALER, 59

Table 4  Effects of AlEt; and Al (i-Bu); as cocatalyst on the

polymerization of 1-butene using MgCl, -supported catalyst

n(Al)/n(Ti) Activity I.1.
Cocatalyst
(' mol/mol) (kg/gTi) (%)
AlEt, 100 10. 4 83.3
200 15.2 91.0
300 30.1 93.1
400 21.4 89.3
500 19.0 79.9
Al(i-Bu) 4 200 10. 6 93.5
300 13.0 95.4
400 9.03 97.0

Polymerization condition: heptane 50 mL, reaction temperature 30°C ,
1-butene pressure 0. 10 MPa, Cat (15 £2)mg,n(Al)/n(Si) =30,

external donor DPPDMS, hydrogen 1mL, polymerization time 2 h

B % FR R EE K TC LU 1 3, AL AR e T
FERFEAR , X al B2 i T 24 n (AL /n (Ti) BE/R HOER
IR, SR A5 R 2 rp ol B i A A A i 2R o, Be k4
Jo 5 A L, B — B B B BE AL, T
PR A s 2 — 20 34 n e S 5 1, T 2 G
BRYETE AL, HEAL R T (R n (AL /n(Ti)
1 300 J5 , P-4k 2L 0 e KL A B BRI AR R BE
XA AE 1 LA BT TR SRR B — i T 2
e B B0 A T 20 3% P v B A D R 259 R B
MEAL R TR B 5 28 02 2 Ak 2 00 i e B R ]
B 1] Joe B B R A e B, 0 e B B A i AL RE
T3 Bk, DT AR AL 2805 e i HLRE R ALEY
JE ST, SR A W 1) S5 LR AR TR B B X
APRER T ALEG S35 AIE 5289 LR
QUAR XTSI, S BOR & W S5 BLBE TR R (EL X T 1
HEALTR S ALCE-Bu) 5 I, 55 1 09 25 B B 25 Al
(i-Bu), ¥ B 58 0w A B2, X AT BE S AL G-
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Bu) , 9% [l 37 BHLAK B A7 .
3 #Fit

25 LTk, 5 CHMMS 445 By 7 AH HE , 22 3k
fibe S A 2 v TR [R]RE AT AT 5 3R (1-T 4 ) 19 5
HLE AL R AL FEM IR 2600, & A —
A L L T ) R RE e 28 AP 2 L T A A B T 3R
PRSI PR A A T L R R T Y

HAM A TR B T o0 F i o A A2 58 R AR IS
2453 Wi BE /K LR () DPPDMS F1 TEOS Ak 45 H - &
ANASURT RS A A0 300 1 48 Ak 3005 R 3R A ) A R 1
i, i HAE GEAE R G W 4y R AR AR SE. 3 Ab,
ANTF ) DPPDMS SN A &, DL K Bl i 16 570 vk
I R 8 A ) 1) T R 3 N 2R B ) A R R
A AR 52 .

), Ji Mian(3€45) , Lu LiCi# i) , Niu Hui (4= %) , Dong Jinyong (# 4 5 ) . Polymer Bulletin (7 4> Tl #}t) ,2010,
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STUDIES ON AMINOSILANE COMPOUNDS AS EXTERNAL ELECTRON DONORS
IN 1-BUTENE POLYMERIZATION
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Abstract Four aminosilane compounds as external electron donors were synthesized and employed for 1-
butene polymerization with MgCl, supported Ziegler-Natta catalyst. The four aminosilane compounds are
di( piperidinyl) dimethoxysilane ( DPPDMS ) , di ( piperidinyl ) diethoxysilane ( DPPDES) , di ( pyrrolidinyl ) -
dimethoxysilane ( DPRDMS) and di( pyrrolidinyl) diethoxysilane ( DPRDES). The effects of the structure of
different external donors on the catalytic efficiency, isotacticity, melting temperature and molecular weight
distribution of resulted poly(1-butene) were investigated in detail. Poly (1-butene ) s have been characterized
by using gel permeation chromatography ( GPC) and differential scanning calorimetry ( DSC) analysis. The
results indicated that the aminosilane compounds possessing dimethoxy groups showed higher catalytic
efficiency and isospecificity of polymers than those of compounds having diethoxy groups, whereas the
aminosilane compounds containing diethoxy groups were benefit for obtaining broader molecular weight
distribution polymers than those of compounds possessing dimethoxy groups. Furthermore, compared with
DPPDMS or TEOS as external donor, DPPDMS/TEOS compound as complex external donor at a proper molar
ratio not only increased the catalytic efficiency and isotacticity of polymers obtained, but also broadened the
molecular weight distribution of the polymer. Moreover, the effects of different amount of hydrogen and
concentration of external donor and cocatalyst on catalytic efficiency and isotacticity of polymers obtained were
also studied.

Keywords Ziegler-Natta catalyst, External donors, Aminosilane compounds, Poly(1-butene)



