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Scheme 1 The preparation of diesters as the internal electron
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Fig. 1 The structures of the internal donors

ID-1: diisobutyleis + trans-1, 2-cyclohexane dicarboxylate; ID-2; diisobutyl cis-1, 2-
cyclohexane dicarboxylate; ID-3 . diisobutyl cis + trans-4-methyl-1, 2-cyclohexane
dicarboxylate ; ID-4 ; diisobutyl cis-4-cyclohexene-1,2-dicarboxylate ; ID-5 ; Diisobutyl 1-

cyclohexene-1,2-dicarboxylate
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Fig. 2 SEM images of the catalysts
a) Catalyst prepared by process A; b) Catalyst prepared by process B
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Table 1 Effects of the different internal donors on the component and pore structures of the catalysts

Catalyst Internal Cat. pre. Ti content Diester content Surface area Pore volume Pore size
donor process (wt% ) (wt% ) (m?/g) (em®/g) (nm)
CAT-1A ID-1 A 4.2 1.2 256 0.319 5.0
CAT-1B ID-1 B 3.6 2.6 369 0.526 5.7
CAT-2A ID-2 A 5.0 1.5 213 0.206 3.9
CAT-2B ID-2 B 3.5 1.1 326 0. 448 5.5
CAT-3A ID-3 A 3.8 0.8 334 0. 485 5.8
CAT-3B ID-3 B 3.1 1.4 416 0.562 5.4
CAT-4A ID-4 A 3.4 0.9 217 0.396 7.3
CAT-4B ID-4 B 3.3 2.4 338 0.370 4.4
CAT-5A ID-5 A 4.7 0.5 310 0. 470 6.1
CAT-5B ID-5 B 3.0 0.8 354 0.436 4.9
CS-1 DIBP A 2.7 8.7 150 0.185 4.9
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Table 2 Effects of the different internal donors on the performance in

propylene polymerization of the catalysts

Activity Isotactic index Mm,*
Catalyst M,/M.*
(gPP/gCat. ) (%) x10~°

CAT-1A 138 95.3 4.5 7.3
CAT-1B 120 96.7 5.9 8.5
CAT-2A 160 96. 8 7.4 4.7
CAT-2B 129 98.5 6.0 6.1
CAT-3A 117 94.0 4.8 7.4
CAT-3B 99 97.2 6.2 5.7
CAT-4A 80 94.2 6.0 4.0
CAT-4B 84 98. 6 5.3 4.4
CAT-5A 120 97.1 6.4 4.3
CAT-5B 50 98.3 4.6 4.3
CS- 1 136 98.2 6.0 5.5

Polymerization conditions: 50 mg catalyst, propylene pressure 0.1
MPa,45 °C, Al/Ti = 100, external donor: CMMS, Si: Ti = 10,
polymerization, 1 h,the total volume of the liquid phase was 100 mL.

*Determined by GPC with polystyrene as a standard

2.4 NHEBEFEMAFTXI CAT-2A ELFI#E
HREREH R

3 LAk CAT-2A S ), B2 T ik 7 1
LA SR, N4 LT AT AN [ B B A
F8 748 A 6 A 1 7 1 R B 52 . A & HL T AR R )
PR B, 5 — Wi BE il 4 G810 B B 5 0 64 ik
oA, 56 i B2 i o5 i AL 7R B TR F) 110 °C
WA o2 3 AT LA, BlE — TR A9 A7 XY
O AT B 1R RE A AL AR BT BT L, N LT

IREEAR I A 2 2R — B B A LR
60% , 55 By B in A g S =1 40% .

Table 3 Effects of the catalyst preparation processes on the

performance of CAT-2A in the propylene polymerization

The diester The diester
Activity Isotactic
No. in step 1 in step 2
(gPP/gCat. ) index( % )
(%) (%)
1 0 100 80 90. 4
2 40 60 101 95.0
3 60 40 160 96. 8
4 100 0 118 93.6

Polymerization conditions were same as Table 2.

2.5 AEMEETFUHEI CAT2A ELFELR
HERA W

PL CAT-2A il Ak 55 17 9 0 6 T R 5, 73 3l
F9E T — 5 T AR TP S Gk ke (DIBDMS) | 36 O %
P P SRR i e (CMIMIS ), 3 i S — 1 S 2
ik %t (DCPDMS) | IE N 4 = & S AL ik 4 (NPTES) |
TSN T S R R e ( DIPDMS) T IY 2 4R JE ik
e (TEOS) [ i A AE 57 1) 3R 5 PR BE Y 2 i, 2R
BHRWK 4 NE 4 T LUE W, CMMS Al
DIPDMS 124y b4 vy 51 1 2R & 1 25 WL RE v T
b oh g5 fL T4, JL PP 45 b il B 25 B AR, JErp 2 4h
S TR CMMS I, CAT-2A AL 0] 9 2R 45 3% 1
TSR 5 0 1) 45 WL e v

Table 4 Effects of external types on the performances of CAT-2A catalyst

External donor DIBDMS CMMS DCPDMS NPTES DIPDMS TEOS
Activity (gPP/gCat. ) 165 160 150 110 140 105
Isotactic index( % ) 95.8 96. 8 94.8 95.4 96.0 94.8
T,(C) 158. 8 160. 2 159.3 158.0 158.3 160
AH (1/g) 80.5 91.6 82.4 85.1 81.5 82.3
T.(C) 113.6 113.3 114.3 113.4 112.5 114.9

AH ()/g) -90.2 -86.6 -90.7 -91.1 -89.2 -89.3

Polymerization conditions: 50 mg catalyst, propylene pressure 0. 1 MPa
liquid phase was 100 mL.
2.6 Si/Ti X CAT2A EULFELRERSE
B % i

TENIE R G R, S 25 i TR VR T 2 2
R AV B BEAE AN A TR R
Hhn , A A TR B HE A TG PERRAR X 2 K R A 4
P2 35 Ak A AL 00 B 35 Bk o L S2 IR g T LU
CAT-2A Ny FHEALFH], CMMS Sy b 25 B, TR Bf, AN
[ B A SR Jo ) it 22 LG B TR O 3R B R ), 552
WA R LR 5 TEREER LKA o 10 B, R G PR
REYFE ML fm, 4 ST EARLEH I, R&

,45 °C ,Al/Ti =100,Si: Ti = 10, polymerization, 1 h,the total volume of the

Table 5 Effects of the ratios of Si to Ti on the performances of the

CAT-2A catalyst

Si/Ti 5 10 20 30 40
Activity ( gPP/gCat. ) 154 160 145 104 106
Isotactic index (% ) 95.1 96.8 96.2 95.8 96. 8

T,(C) 158.1 160.2 159.5 159.5 159.3
AH, (J/g) 75.8 91.6 76.5 77.2 80.9

T,.(C) 114.2 113.3 113.8 113.5 113.2
AH_ ()/g) -85.5 -86.6 -85.6 -85.9 -90.9

Polymerization conditions: 50 mg catalyst, propylene pressure 0.1
MPa,45 °C, Al/Ti = 100, external donor; CMMS, polymerization, 1

h, the total volume of the liquid phase was 100 mL.
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() = CBEERHE T T PO B TR B SR A
(T ORGP AR, BT AR R B B 2
FEFE il fE 100 72 47 lE B Al . 2 ARk e o 25 1,
RN 145 HLE fe AR, HAT 90% , (R 2 FL I il iis
JEB R, IR F 159.5 °C, X AT RE 2 P A Joe ik A 2
S ) BE G B RO TEA R & R G S R A

Table 6 Effects of the ratios of Al to Ti on the performances of the

CAT-2A catalyst

Al/Ti 25 50 100 200 300 400
Activity (gPP/gCat. ) 166 168 160 137 133 127
Isotactic index( % ) 90 96.3 96.8 95.0 96.4 96. 2

T,(C) 159.5 156.6 160.2 157.2 158.3 158.2
AH, ()/g) 72.2 75.0 91.6 75.1 82.5 83.7
T.(C) 113.3 111.9 113.3 113.4 113.1 113.7
AH ()/g) -85.4 -87.6 -86.6 -86.4 -91.8 -92.8

Polymerization conditions: 50 mg catalyst, propylene pressure 0. 1
MPa,45 °C , external donor; CMMS, Si: Ti = 10, polymerization, 1 h,

the total volume of the liquid phase was 100 mL.

T A 2 o A Tl 33, DA TG 7 3R 5 0 v s
TREES SR, M TR FETE
B P LR 10 R IR R RS

3 #Hit

FHMAM T 2G0T &7 5 fRFE N &R
PR B AT, X P A R A 38 3R B0 AR S 1
RE. AL R B 0 32 232 1 45 T 20 B B2 . X T
R & 20 AT, A R 0 b R T AR L LA
LR G L5 S50 T 232 5 N 45 fL TR S5 4 1 5%
M), 3 J2 R A TR 25 P9 45 H - TR R 4% 52 e e £ 6 B
B WA DY S BRIV VR R 8 4 A R SR AR B 1 T 45 A
L, DT 23 52 M S 10 B 2 AR 25 6 T ek 51
il & T2 B & 10500 0 45 49 52 2 8 45 i 1K
SE R FE R D PN 2 R RO A R Y A Ak TR
PSR TR 0 A IR A 0 S R X 5 P 45 TR
S FEEA X FREA HER X R, YN AT
A B0 53 T X RR P B, A R 2 5 A b 0 i
EIGPER R & W SRR, DL cis-Bh 2 R —
ST R A N 45 AR A B9 i R R CAT-2A Oy
i, R G TE ARG W SR EE S5 Tk CS-1 4
R, A BRIk 5 h
W HLF K Tl Ziegler-Natta ff 1t 5. 76 f# fk
Rl 25 B B, P9 & LT R A T 3O R Y
AEA H LM . 2%k H CMMS Jy 4h 45 B 11k,
FEERYI & 2 ol 10 RARER I I i i 2 ok
100 B, CAT-2A 4k 550 ) i Ak 35 1R AR & 9 46 1L
FE IR B e
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ZIEGLER-NATTA CATALYSTS WITH INTERNAL ELECTRON DONORS

Yuan Yang', Xiao-fei Dang”, Jun-yan Yao', Hua-yi Li’, You-liang Hu®
(" Department of Applied Chemistry, School of Natrual and Applied Science, Northwestern Polytechnical University, Xi'An  710072)

(* Beijing National Laboratory for Molecular Science, CAS Key Laboratory of Engineering Plastics, Institute of Chemistry
Chinese Academy of Science, Beijing 100190)

Abstract Several diesters were developed as internal donors of the Ziegler-Natta catalysts, the molecular
structures of the diesters are close to that of diisobutyl phthalate. Furthermore , the effects on the performance of
the catalysts were studied. Results showed that the catalysts prepared by different preparation processes have
the same MgCl, lattice style (§). The changing of diesters have notable influences on the porosity and the
specific surface areas of the catalysts, and the polymerization performance and the PP isotactic index vary with
different addition ways of the diesters in the preparation processes of the catalysts. When the internal donor is
diisobutyl cis-cyclohexane dicarboxylate, the polymerization activity of the catalyst and the PP index are the
highest,reaching the level of the industry catalyst. In the polymerization of CAT-2A, using CMMS as the
external electron donor,the ratio of Si to Ti is 10 and the ratio of Al to Ti is 100, the polymerization activity and
PP isotactic index reach the highest level.

Keywords Internal electron donor, Polypropylene, Ziegler-Natta, Diisobutyl phthalate, Diisobutyl

cyclohexane dicarboxylate



