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Scheme 1 Synthesis of the external donor Donor-H

1.2.2 WUWRmE — H 4038 % ¢ ( Donor-Py ) (15 %, TEZER T HEFE 1 h, SR 5 76 ¥ KW T 2212 7%

A B 48 T Schlenk i #E 42 AR 7E R S AR 15.2 g(0. 1 mol) P HI 4 e ik e , ¥ fin 56 L J5 7F %=
PR HEAT. 45 FL 1K Donor-Py 1 & B 4R AN 7R TFHEFE 6 h b ug , FIE O e P e UE K B A 1Y
B2 R, BRSSO R T R Y 500 WARG I W R 7818, 3 8l T as W =y, 5= %
ml, (9 = TR HE 1 i A 80 mL THF.19.2 (0.2 57.3%. H-NMR (400 MHz,CDCL,,8):3.54 (s,
mol ) WRIE , 7E V2 /K W 45 00 P il s H R W e - 28 3H) ,2.90 (m,2H),1.6 (m,2H),1.4 (m,2H).
PN 133 mL 1.5 mol/L %) T JE 4R, i N 58 L5

OCH,4

CHoLi Si(OCH,), |

N N |
H Li OCH,4

Scheme 2 Synthesis of the external donor Donor-Py

1.3 Donor-C, Donor-H #1 Donor-Py F T & /& B bR RS A AUKIA, T RA RS, 30k
BE fil A Ak %5 B T & Donor-C, Donor-H FI Donor-Py

P AR B 707 A LARAE 1 A1 42 30 % ) (WL 1) 2 ke W . TEA FI MgCl, f7 28 19
5 LSRR BN 48 R AT OB S A2 m Ak i Ziegler-Natta AL, B HE, N A — 2 W EH (A

OCH;,4 OCH;,4 OCH;4
O OO OO

(I)CH3 (l)CH3 (l)CH3

Donor-C Donor-H Donor-Py

Fig. 1 The structures of three external donors with different substituent groups
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Fig. 2 The effect of n(Si):n(Ti) of different external

donors on the Ziegler-Natta catalyst activity
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Fig. 3 The effect of n(Si):n(Ti) of different external

donors on the isotacticity of polypropylene

Polymerization conditions: SAL =10 mg, Propylene = 1200
g, n(Al)/n(Ti) =1011.2, n(H,)/n(Cy) =6.47,
reaction temperature = 70°C , reaction time = 1 h, stirred

rate =300 r/min
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Table 1  The effect of hydrogen on the performance of MgCl,-

supported catalyst with different external donors

H,/C, Activity MFR
Donor
(mmol/mol) (kg PP/(g cat-h)) (g/10min)

Donor-C 0.07 53.6 6.48
Donor-C 0.36 56.0 7.76
Donor-C 1.44 59.5 16.1
Donor-C 3.59 65.0 24.9
Donor-C 6.47 54.8 31.5
Donor-H 0.07 44.3 2.96
Donor-H 0.36 47.3 6.16
Donor-H 1.44 50.0 7.46
Donor-H 3.59 52.5 20. 40
Donor-H 6.47 55.0 44.42
Donor-Py 0.07 43.5 0.79
Donor-Py 0.36 47.5 6.62
Donor-Py 1. 44 50.0 18.50
Donor-Py 3.59 49.5 42.80
Donor-Py 6.47 54.0 60.78

Polymerization conditions:SAL =10 mg, propylene =1200 g, n(Si)/
n(Ti) =28.7, n(Al)/n(Ti) =1011.2, reaction temperature =

70°C , reaction time =1 h, stirred rate =300 r/min.
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Fig. 4 Effect of the amount of hydrogen on the melt index

of polypropylene with different external donors
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Table 2  Relative molecular mass distribution of polypropylene with

different external donors

Donor M, x1073 M, x107? M,/M,
Donor-C 111.8 582.6 5.2
Donor-H 153.7 829.7 5.4

Donor- Py 76. 4 514.2 6.7

Polymerization conditions:SAL =10 mg, propylene =1200 g, n(Si)/
n(Ti) =28.7, n(H,)/n(C;y) =6.47, n(Al)/n(Ti) =1011.2,
reaction temperature =70°C , reaction time =1 h, stirred rate =300 r/

min

2.3 SMEBFHENRRERMEENZN

AT DSC BFFE 1 AN [ Ab 25 W - 1A ) 2
P RPERE RS2, 3 R AN i IR & RN
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Table 3 The DSC results of polypropylene with different Si/Ti ratios

Samples® T."(C) AH,(1/g) T.°(C) AH . (J/g) X (%)
Donor-C 159. 8 90.2 107.7 -91.8 43.2
Donor-H 161.2 111. 4 107.7 -107.0 53.3
Donor-Py 162. 1 115.3 109.2 -109.5 55.2

* Polymerization conditions:SAL =10 mg, propylene =1200 g, n(Si)/n(Ti) =28.7, n(H,)/n(C;) =6.47, n(Al)/n(Ti) =1011.2, reaction

temperature =70°C , reaction time = 1 h, stirred rate = 300 r/min; " Melting temperature as determined from the peak maximum value in the

endothermic curves of DSC; © The value of the endothermic enthalpy as determined from DSC; ! Crystallization temperature as determined from the

peak maximum value in the exothermic curves of DSC; © The value of the exothermic enthalpy as determined from DSC; ' The degree of

crystallization calculated from the value of the endothermic enthalpy
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Fig. 5 The SSA melting curves of polypropylene samples

prepared by the different external donors
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Table 4 SSA results of propylene samples prepared by the different external donors

Samples” LL (%) T.>(C) AH, “()/g) T.,.%(C) T,,(C) T,:(C) T,,(C) T,s(C)
Donor-C 98.6 164 129.3 173.8 165.1 153.9 148. 6 143.1
Donor-H 99.3 164 131.0 175.0 166. 3 156.3 150. 6 145.2
Donor-Py 99.4 164 135.0 176.5 169. 6 160. 1 154. 8 150.0

* Polymerization conditions: Ziegler-Natta catalyst (20 mg), n(AlEt; )/n(Ti) =1011.2, n(Si)/n(Ti) =28.7, n(H,)/n(C;) =6.47,

polymerization time (1 h), and reaction temperature (70°C) ; b The optimal annealing temperature T, of each sample; © The value of the

endothermic enthalpy as determined from SSA curve; ¢ Melting temperature as determined from the peak 1 in the SSA endothermic curves

h T S MU ST AN R A 2 e AR IO S 1 A
X 2R TN A 23 i PN Y A5 PP B RE R ROUL 25 4
AR, A 1l id Peakfit 4. 12 B PFH H B4
i e ) ARG 5 ik ( SSA A il Y 4L 1 Rl 0 Y

BUrTE R Ui S Fro, 18 6 2 Donor-Py il 5 19
RV J5Lhn SSA Rl M2k A SSA J Rl ith £
DA B 73 W68 Ji 8% /1 I Tl e 1 i 2.

Table 5 The relative contents of all peaks on the SSA curve of polypropylene

Si/Ti

Samples

a

LL (%) T, AH n, n, ny n, ns
Donor-C 28.7 98. 6 164 129.3 28. 46 30. 08 22.43 11.39 7.65
Donor-H 28.7 99.3 164 131.0 39.43 21. 66 16. 69 12.25 6.97
Donor-Py 28.7 99.4 164 135.0 64. 50 13.77 12. 66 5.86 3.21

* The relative content of peak 1 on the SSA curve of polypropylene calculated using Peakfit 4. 12 software

The observed SSA curve 9 4
The generated SSA curve \
1 1
160 180
Temperature (°C)

The fittted peaks

120 120 200

Fig. 6 Plots of SSA melting curve and its fitted curves of
the sample prepared with Donor-Py by using Peakfit 4. 12

software ( The peakfit variance r* of the fitted peaks is

0.9926. )
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Table 6 The lamellar thicknesses of polypropylene samples after SSA

thermal fractionation

Samples  Si/Ti L.1.(%) L, L, Ly L, Ls
Donor-C  28.7  98.6 19.00 11.40 7.53 6.48 5.67
Donor-H 28.7  99.3 20.93 12.07 8.12 6.84 5.95
Donor-Py 28.7  99.4 23.96 14.38 9.27 7.74 6.73

Donor-C , Donor-H 1 Donor-Py 3 Fj A [R] 4145 H
TR A5 B B M 28 SSA By R, A
BIR SIERES TR 6, L, RN M SSA 7395 i
P A LZH A 0 Y R R R L R 6 TR, A
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Donor-C ,Donor-H %] Donor-Py, i & 3 Fh 4 %5 B+
I SE BRI 9 LT 60 0 038
il 28 1 SR DS 1) 28 A S FLEH 23 1T 1 A R L
S I 0 i) e #, b L)L Donor-Py il 25 19 R
W 3 G5 0 R b R A R, AR WA 2 v, - A e R

PRI B AR Al X B N 045 23 7 B P 1 o TR B2 O3 A AT
HEM 0. N T — 225, AT G 2
(3) RS T R (G0 S RO T B 808 A
R L, B R L, 7 iR AR L

L n, L, +n,L, + n,L, + n,L, + ---nj.Lj
s = = zfiLi
n, tn, +n; +n, +- +n
2 2 2 2 2 L2
I - n L~ +n,L," + n,L;" +n,L,” + ~-~n/.Lj _ Zﬂ ;
wo nL, +n,L, + n;L; + n,L, + -+ + n]L/. - ZfL
=" (3)

LR n 2% A I Tl 0 1) 23 W TG AL L, A 45 A 6 il e
0 AR A R TR T

Table 7  Lamellar thickness statistical parameters of i-PP samples

prepared with the different external donors

WL, FEHE I B, S5 ML 51 3 A B
78, 1% Al S 1 T Donor-Py il # (1 5 PO M 1) =5 2
ALLE 73 B AH X 55 2 I 25 BN i R S AN T
& Donor-C il % (9 5 W 4 19 58 11 A &8 R BE L, #01

Samples L. (nm) L, (nm) I=L,/L, L AH LA, A1 25 o4& Donor-H il 25 1) 58 9 4 1
Donor-C 11.70 13.83 1.183 Gt R RIERE LA L AN 8K, 2 8 Donor-H il
Donor-H 13.89 16. 09 1.158 IR o3 N Y e AR A A S b T
Donor-Py 19.28 21.51 1.116 ﬂki1ﬁﬁﬁé/‘] Donor-C %ﬂ%%%ﬁ%ﬁ?%ﬁmﬂ@%

F TRV AEX 3 PO AL T 5 RN
HHh , Donor-Py il #5 B RN M A Ge it R iR L,
ML AR e R, Geit R B o0 A R A 1 de/),
BEW] Donor-Py il % ) 5 TN 5 e 45 L 4 0 AR X 5

ESIE R IPORIEA

FeAT W i C-NMR BFSE T A [l A0 4 v 114
AR 35 A A st i % 1) SR TR M 1) AR T 810 43 A 1Y) 52
Wiy, o3 B 45 SR 3% 8 Fiw.

Table 8 The '*C-NMR results of the stereosequence distribution of polypropylene samples prepared by different external donors

mm mr T
Samples

mm mmmm mmmr rmmr mr mmrr  mrmm +rmrr - mrmr T rrr rrrm mrrm
Donor-C 97.16 95.23 0.02 1.91 2.35 0.42 1.56 0.37 0. 49 0. 06 0.25 0.18
Donor-H 97.95 96.32 0.03 1. 60 1. 80 0.39 1.13 0.28 0.25 0. 04 0.13 0.08
Donor-Py 98. 14 96. 60 0.01 1.53 1.67 0.32 1.11 0.24 0.19 0. 06 0. 06 0.07

i % 8 AT, Bl % A1 45 o 7 1A BOAR J AR R Y
WK, & AR S = 0 A “mm” M T OC A
“mmmm” #3280, T me” e R BT B
1 A, 3¢ BH i 5 0 28 Hl 1 AR IO B IR B A i 1)
WA AN L TR B 2 T BE S R TN

T SRR . TR 5T A 2 T R A
£ 725 0 X 141 5 140 588 TR 9 2 1 v 100 T 2 4 1L 97
K (MSL) K H: 4 #ii (MSL/RSL) F) 51, 42 45 A
TOFRR RS T 4 T4 T S LR A K 4
BITF 9.

A0 SR A5 I AT R T 2 e SR A s 1% 25 L e SR TR A

mmmm + 3 X % X mrrr + 2rmmr + %rmrm + Trmrr
MSL =

—mmmr + rmmr + —rmrm + —rmrr
2 2 2

rrrr + 3 X % X mrrr + 2mrrm + errm + Tmmrm
RSL =

—mrrr + mrrm + —rmrm + —mmrm
2 2 2
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12 9 AT A1, AN Donor-C %] Donor-Py, [ifi % 4k O %k H S B Ak B (Donor-H) (& A7 N 2% J5UT 1Y

ST RO R B 3 O, A e L IR 2 L BT R R IROAR 2 1Y XUR 1 — FY AR 3 ik 62 ( Donor-
TRESIHG AR A 0 R VAR A O S SERUT S Py) T N R G I g AL T RE O B, R B
K (MSL) M\ 34. 80 & ¥ 4% fin £ 45. 44, i T #L R PERE , JEHOR S A N 2% S i 7 2 a2 UG
FPAACEE RSL O 1. 39 Bk /2 1. 25, ffF4 LA XUIR WE — I 480 JE ik ¢ ( Donor-Py) Sh 45 3 1
FP A BE B 43 A5 (MSL/RSL) 8, R W Ah a0, JEB Pk A 5 F 3 BB 0 B, T 7 PR 3R 45 I A4
PRIBCREEAR R B A R T 32 R B0 S R AR AR 2 B 5 i ) A 105 8, 25 1) 3R TN 0 25
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Table 9 The average meso sequence length (MSL) and average A1 AE ST ISR, 1T FL SSA 53 8% J5 H) 3 D9 4 (19 o 267 1L

racemic sequence length (RSL) of polypropylene o, RNEERTF K ERK, RN
samples MSL RSL MSL/RSL (45 B0 51 4 A e A5, C-NMR &5 3 &
Donor-C 34.80 1.39 25.11 Donor-Py 8k #b 45 v T 1A 1 45 19 3 TR 14 - 1 45
Donor-H 43.28 1.29 33.45 FUFF B MSL e 1K, H SR W I 4+ B I L3
Donor-Py 45. 44 1.25 36.49

3

Li LIk B B R SRR (9 Donor-Py HI T NI
A AU AT B 1 A AT 1 T EL G A Y
SN M A 2 R RE | SR B B S R RE LA BB
5 Tl bl AT 41 25 B 5 1K Donor-C AR 1L, LZE A 7 A A S
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STUDIES ON THE INFLUENCE OF DIFFERENT SUBSTITUTED GROUPS OF
THE EXTERNAL DONORS ON PROPYLENE POLYMERIZATION

He-fei Chang', Shi-tong Ren', Tao Zheng', Xiao-fei Dang’, Yuan Yang’, Liao-yun Zhang', Hua-yi Li’
g > g , g > g > g > y g > y
(" University of Chinese Academy of Sciences, Beijing 100049 )
(* Beijing National Laboratory for Molecular Sciences, CAS Key Laboratory of Engineering Plastics ,
Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190)
(* Northwestern Polytechnical University, Xi’ an 710072)

Abstract The silane compounds including dicyclohexyldimethoxysilane ~ ( Donor-H )  and
dipiperidinedimethoxysilane ( Donor-Py) were first synthesized. Then they and the industrial external donor
cyclohexylmethyldimethoxysilane ( Donor-C ) were employed for propylene polymerization with MgCl,-
supported Ziegler-Natta catalyst, respectively. The effects of the changeable substitutes of the three external
donors on the catalytic activity, hydrogen response, molecular weight distribution, crystalline ability, isotactic
sequence length and isotactic sequence length distribution were studied by differential scanning calorimetry
(DSC), gel permeation chromatography ( GPC ), self-nucleation and annealing ( SSA) and " C-NMR. The
results indicated that the electron-donating ability of the external electron donors was enhanced with the
increase of the bulkiness of the changeable substituted groups in the external donors. Compared with the
external donor Donor-C,the synthesized external donors Donor-H and Donor-Py had the excellent performance
in the catalytic activity, crystallization ability and isospecificity of polypropylene for propylene polymerization
with the increase of the bulkiness of the substituted groups in the external donors Donor-H and Donor-Py.
Especially,when the Donor-Py was used as external donor,the catalyst showed the highest catalytic activity,
and the prepared polypropylene exhibited the highest isotacticity, the strongest crystallization ability and the
widest melt index. The GPC data also showed the external donor Donor-Py was benefit for obtaining broad
molecular weight distribution polypropylene than the other two external donors Donor-H and Donor-C. The SSA
results showed that the polypropylene prepared by the external donor Donor-Py had the largest relative content
of higher isotactic components and the longest isotactic sequence length of polypropylene, and the narrowest
isotactic sequence length distribution. The ""C-NMR results also showed that the increase of the bulkiness of
the substituted groups in the external donors was benefit for improving the average meso isotactic sequence
length and the molecular chain stereoregularity of polypropylene.

Keywords Ziegler-Natta catalyst, External electron donor, Dipiperidinedimethoxysilane, Self-nucleation and

annealing



