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®1 MgCl, i Z-NEXFWABBEBFEMERERERAHNHE
Table 1 Typical electron donors and performance ranges of MgCl,-supported Z-N catalysts for i PP production

ISR A B IR Bawmne XS (%, wt® M, /M,
AR L g 77 15 B R 0.5~0.8 3~5 6~9
A0 IR e S e o S HE Rk e 1~2 1~5 6~8
2,2- e k-1, 3- T H AR N e SR 2 R A N 1)) >2 2~5 4~6
BEHIR — ot HE AR ot S ik e 1~2 1~5 >3

H:D10°kg PP/g Ti; @ WA,

LA R Z-N AR Y 45 f - IR DL 9T S 2R 20 A1 65 L XPS S5 2: T vk, b & B T i
A7) 1 2 1 Ao R PO A B P9 4 rL R S e G e R AR Mk SR I A Mg CLy 28 2 1T DA 1T Bl AR A 1Y
gERET SRR BB R Y XPS AT s AR B3 R AR AE TICL - ID 25 4. 4 T iR H
BHFE R R T b L B3 B i TiCL, 7E MeClL, 2844 1 9 W B 08 1 52 min 3% o oo i AL R S, DL VL
Stukalov %" ] BL 18 7 B 2048 %3 (DRIFT) #F 58 - lE 2 1D 78 MgCl, 24k E Wit &% H 5 TiCl,
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Mg(OED, 5 TiCl, KRB A SRR = H R — 5 T fis (DIBP) i 13 2 it o f B 9 MgCl, L i3 K, DA
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Figure 1 Zip coordination mode of DIBP on lateral cuts of two adjacent MgCl, crystallites.

(Dark gray and light gray spheres correspond to the chlorine and magnesium ions, respectively. )

L. Brambilla Z" 855 T & B4 F1K 9, 9-bis(methoxymethyD-fluorene (BMF) [#) 71 2% 1 Z-
N AL B FTIR i . il 1 5 B S 118 00 3% B 347 X0t 8 T BMEF AU B 72 MgClL, 189 (110) ]
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Figure 2 FTIR spectrum of CO adsorbed on MgCl, as a function of the CO coverage
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& 3 (a) MgCl,/EB,MgCl,/EB/TiCl, ,\MgCl, /TiCl, /EB.EB # TiCl,-EB & & ¥ f L 4Nl ;
(b) CO W[ 5 FILLAMGIE 5 (o) TiCl, /EB &AW B 7E MgCL, (110) /& 1T Ay #5574
Figure 3 (a) FTIR spectra of MgCl, /EB, MgCl, /EB/TiCl, , MgCl, /TiCl, /EB, EB and TiCl,-EB complex;
(b) FTIR spectra of CO adsorption as a function of the CO coverage; (¢) Model of TiCl, /EB

complex adsorbed at (110) surface
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A KRG WA TR DIBP AL /R TEM B R & 8L, & DIBP MR R K i) MeClL, i ik R ~F /7
TAE DIBP B AR CULIEL 4) 58 B P 45 W R AE MgCl, A9l 4 35 T Ay W BFE e HG 2R 32 38 1 BB, X —
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TEM images of MgCl, / ethanol / DIBP films

Bl 4 MgCl, fil MgCl, /DIBP #1535 5t #8588 11 < (@) 30°C 9 MgCl, €5 (b) 150°C Bk 1h 9 MgCl, ¥ ;
(c¢) 30°C ) MgCl, /DIBP & ;(d) 150°C ik 1h ) MgCl, /DIBP Ji&
Figure 4 TEM images of MgCl, and MgCl, /DIBP films: (a) MgCl, film at 30°C; (b) MgCl, film after annealing
at 150°C for 1h; (¢) MgCl,/DIBP film at 30°C ; (d) MgCl,/DIBP film after annealing at 150°C for 1h

P. C. Thiine %" FI2& LA 7 0045 T B 25 76 5E A 28 10 B9 0K RSF MgClL, s 4k . % TicCl, 1%
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B 5 kAR AR AR AT IR B AR 9 SEM B K. (b) MgCl, /DIBP/TiCl, ; (¢) MgCl, /BMF/TiCl,
Figure 5 SEM images of {lat model catalysts after propylene polymerization:

(b) MgCl, /DIBP/TiCl,; (¢) MgCl,/BMF/TiCl,

3 ETATFHRMMSE FHAEANERE

A S50 B 5T 5 3k 1 AN RE X 4 R - R L e A 790 2 1T 0% 4 R O 2K R I ST IR Ak 2 A T R AT ELEE I 4 b
HOWEE . R F R —XERE, [ 20 thad 90 AEARES , V5 22 0F 98 3 2 i ok 4 1 R0 3% T 45 AL 455 AR O X
PEAT 5L T2 B R BCE (DF D) B & F 12430k 7 4 T ARE FFLEE . Cavallo %5 B DFT J7 kit
ST DU LS L AR (1L 3- Tk o SRR L AR R P R TR L SR HARR ) 7E (MgCly), (n =6~ 10) B AL 4L {K
FUE AW FAE O . QB 6 T 45 LU AT DL RO 3% 0 057 R S A8 7 b S B A (1100 T 3 L R
SURE DAAE 3% Be A7 W B ZE (100) FhT M3 . TR 45 5 R B 1 1, 3- Tk R0 o S0 32 1k o 1 PR A SRR T = [
(0 B B A, = 4 HORE DA A IC 4 7y 2R B AE (110D THT . AR 2K — HY % 15 R0 BE BT 155 0] ik AR 3% 10 05 7
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Figure 6 Adsorption models of the donors on (110) and (100) facets of MgCl, single layer
X 45 B FIRAE MgCl, b Be s W B i) 4 RS 90 38 6 S 4 i AR HE (110) 5% (104) & T 1Y 24 5 72
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XU 25 L TR TE MgCl, b A b 22 Pl [ 3007 CH B s % A0 35 1 W BRE R A .l =1 T oMl A8 4 590 1 1 5 45
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M B AP 5 HL TR EDL JEOR B4R & R 1 S5 R . Pl e B HE O« e AU DS AN 4 AR DA R
KoL F IR S AR R TP Y ALE, CL P RITC & A RE R 21 82 /& 06 2k v s e PR /E T, ALE, CL
JE B S AlE, & A b 54k R IR 14 @7 R B 5 36 B L AE MgClL, I Al 48 B 1l
BE i ELAR A A B AR R A ALEL CL R B0 JERIANA B IR A1 . FRfE g & T 7
F 78 B9 TiCl, 1, 3-— AR R S 4% (26 ED) DL K2 ALEt, Cl 78 MgCl, (110) [fi b 3% 4 W B 64 35 1 b0 i
R, 2 DFT IR R, i F 1, 3-Z H S8 R e v (8] Ak JE b A 5 T 38 7= AR AR 3 1% 25 [l 67 BH . ED
5 TiCl, £ (110) Ta 38 4+ W B i o AN BE WG B 7E 4B TiCl, AOBE IR T 1, S BE W i e o g i ot () 6 1[0
T(A ], XAFERE TiCl, %t 4b W B (9 ED I AS B8 Al 12 0 P o o0 7 A= 37 4k ) ML IRl i R P.
Corradini #& I 48 K 256 T B 45 R0 UE R Z-N AR 7 R 1 LR, g 54 b oL Ti R 146
IR - Mg HIER) CLARER R T 1 SRR A R s Mg M E MY . i TiCl, JED 5 AlEt, Cl =
AL B AE (110) 18 B R BB TR 7B s R E Z5 # L o AIEG CL ) CLR P 37 Ti R
T AL Mg b, e 3 2 1) 2 A7 AR W R 7 TE G b Mg b iy ED I A R A3 BH A B0 AR 25
AlEt, Cl 7 A= 23 [a) 57 Wi 4 S BH - W% B BE 0 38835 /Y ALEL, CL BT #i ik % im, Wik, ED 2@ 5 AlEt,Cl
8 BRI A D Sf 8 w8 306 1k v B ST R R B . Yk AU E Bk 2 ED M bE Sk R ST /N (n € 2 1 EDD)
HXF ALE, CL Y23 18] B W /R A A3 R 55 R 2 LABH IR ALE®, CL S IF 2k 0k 3 1w, PR i Ak 1k R R 1 AR AIK
(ST R PR PR . X — B R AR Gy b i R T SRR, E ST T2 A R UL IR O 1 46 TR R R MeClL, (110)
A AT b TiCID) 3 P Hp s 37 A 5 Pk A HILEE

x2 N\MEEREMNEETFE
Table 2 Set of eight alkoxysilane type external donors

EDI ED2 ED3 ED4
N2 MeO, EtO,
/Sl\ /SI\/T /Sl\/j Q /

MeO" OMe MeO  'OMe EtO" 'OEt Si

MeO OMe

ED5 ED6 ED7 EDS

: Si < EtO, ,NJ /<Si>\ Q Q
70N /Si\ 7N Sl

MeO OMe EtO’ ‘OEt MeO OMe MeO' OMe

K. Vanda %" 858 T 45 B 10 Joe 6 0 0 A 6 8280 2N A 50k R 0 52 00 L B0 45 o R 9
KPR TR kAP R . 2T LB, TiClL, gk R4k Bk L ClL 548 L ke 565840 (14 20 9%
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Bl 7 (A TiCl, #12,2- 25 T 36-1,3- AL LE e (1100 Fb AT - 79 3 0% B ASE 2 ;

(B) TiCl,\2,2- 5 T 3-1,3- “H AL N LE AT ALE, CLAE (110) i I L iy e 1 i A 724
Figure 7 (A) Coadsorption model of TiCl, and 2,2-diisobutyl-1,3-dimethoxypropane on (110) surface;
(B) Coadsorption model of TiCl, , 2.2-diisobutyl-1,3-dimethoxypropane and AlEt,Cl on (110) surface
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P BT 1 H O B RN
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ZH TR AR X TiCL, /ID/MgCL-AlEt, #EALPIR R A R 1 = 2806 Moo CE U SF LR IR (PP
MR RN mi PP MG NI « PP AL OS2I E5 RN 9 BIfzR . = 2836 1 o0 10 S0 i 4 it
HAN L TR ER O 3 H 3k — B AR g (CCHMIDMIS) it A 2 388 K R, (BLLC ™ /LT ] R AR 194 1 3 B Si/
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RO R 23 T e Gt AR R T D 5 8 B 3 2 v BREIE 1) Mg b CPRRR 0 1 I 0 A8 57 4 B 6 M) 22 B A7 7 T
W B L 1) H i Dee €y » SR04 HL -0 8 41 16 M rhot 19 28 00 i 2 2R 36 B ARES , De - C, % 241
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Research Progress in Mechanistic Studies on Electron Donor Effects of
Polypropylene Catalysts

JIANG Bai-yu, FU Zhi-sheng, FAN Zhi-qiang”
(MOE Key Laboratory of Macromolecular Synthesis and Functionalization s Department of Polymer

Science and Engineering , Zhejiang University , Hangzhou 310027, China)

Abstract: Electron donors are key components of MgCl,-supported Ziegler-Natta catalyst that enhance stereoselectivity
of a-olefin polymerization. This article introduced recent progresses in mechanistic studies on the effects of internal and
external electron donors in MgCl,-supported Ziegler-Natta catalyst for propylene polymerization, especially typical research
cases and achievements based on spectroscopic analysis, model catalyst studies, molecular modeling and kinetic studies. It
shows that remarkable progresses have been made in this research field in the last 1-—2 decades, which have formed a solid
foundation for completely disclose the mechanism of electron donor effects in polypropylene catalysts in the future, and will
greatly promote the research and development of Z-N catalysts for polypropylene.
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