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Fig. 1 Schematic of TEA-controlled selective polymerizations in PP/EPR alloy preparation by Ziegler-Natta/metallocene

composite catalyst
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Fig. 2 Comparison of surface characteristics of the MgCl,/TiCl, /rac-Et(Ind) , ZrCl, composite catalyst, ZNM-1, with those
of MgCl,/TiCl,/BMMF catalyst: (a, b) SEM images, (c¢) XRD patterns, (d) pore size distributions and (e, f) N,

absorption/desorption isotherms

Table 1 Effect of TEA in comparison with TIBA on propylene polymerization with rac-Et(Ind),ZrCl,/MAO in solution®

AIR;/Zr MAO/AIR, .
Run No. AIR; Yield (g)  Activity x 10 " (g/mol+h) M, x10"~ PDI T,(C) AH()/g)
(‘molar ratio)  ( molar ratio)

1 — — — 0.55 1.10 1.85 1.79 125.89 53.41
2 TEA 990 1.5:1 0.22 0. 44 1.32 1.56 124.53 52.17
3 TEA 1980 0.76:1 0.12 0.24 0.96 1.60 123. 56 51.83
4 TEA 3960 0.37:1 0. 06 0.12 — — — —

5P TEA 3960 0.37:1 2.22 4.44 1.56 2.14 128. 46 77.88
6 TIBA 275 5.4:1 1.96 3.92 1.76 1.85 125.32 51.37
7 TIBA 550 2.7:1 1.33 2. 66 1.83 2.09 126. 45 52.85
8 TIBA 1600 1.1:1 1.13 2.26 1.88 1.93 124.97 50. 11

* Polymerization conditions: catalyst, 2 pmol; toluene, 50 mL; temperature, 60 °C; pressure, 0.1 MPa; MAO: Zr = 1500 ( molar ratio) ;
polymerization time, 15 min ;" Propylene polymerization under conditions of Run 4 and then degas of propylene and introduction of ethylene for

another 15 min.
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Table 2 Propylene polymerization catalyzed by ZNM-1 catalyst with different co-catalyst pairs®

Run No. Co-catalyst Activity (g/g+h) M, x10"* PDI T, (C) AH()/g)
9 TEA 775. 1 64. 88 7.1 160. 8 81.0
10 TEA/MAO 811.4 65. 35 7.6 159.3 73.5
11 TIBA 768.9 69. 14 7.2 160. 2 85.1
12 TIBA/MAO 1278.0 26.32 12.0 126.4/160. 5 54.0

* Polymerization conditions: catalyst, (45 +1) mg; hexane, 50 mL; temperature, 60 °C; pressure, 0.4 MPa; AIR;: Ti=50:1 (molar ratio) ;

MAO: Zr =500 (molar ratio) ; polymerization time, 30 min

4, % F TIBA/MAO S BH i Ak %1k £ |, 4
Fb - 2 i TIBA, TIBA/MAO WY i Ak 51 1) {8
R T2 AR RIS (N 2 H Run 11 1)
768.9 ¢/g+h FF+#] Run 12 4 1278.0 g/g-h) 1M
TCRE A PEAR T R A T % 4 a8 i Ak 1 41 43 19 5T
R, 100 ] O B A 5 R0 2 e i A 5 4 43 A DA
AL R B R A 06 M. R, S TEA/MAO
B AR R B A LG T B TEA 48 £k 55 7
PEEA R RS (F 2t Run 9 i 775.1 ¢/g-h
HMRun 10/ 811. 4 ¢/g-h) , Ui B )% 4 J A AL 57) 41
3 AR A 305 i A o

X RH N 3R A ORI A B A W R AT
GPC 1 DSC F=4E, tnd 3 #1184 frzs. i T TIBA/
MAO Bl Ak 790 1 15 52 & i Ak 550 E 2 Ff 4t £k 57
o AT BN AL, A W RE S ) GPC £ 222U
HH S (%) XL 43 A1, PDIL 3A %) 12. 05, [A] B DSC il £k
173 BIFE 126. 4 °ChEF1 160. 5 °C Ab H 2 4> 4
W % Lb B gk fifE ) TIBA Jir 45 5 9 4 (19 GPC Al
DSC el (E 3(c) FE 4(c) ), %4 8 A

/%/d\\

10° 10* 10° 10°
Molecular weight (M,,)

Fig. 3 GPC profiles of polymer samples from Table 2.
(a) Run9, (b) Run 10, (¢) Run 11 and (d) Run 12

I AL TR A TR R A W0 5 F 1 A 1
HREAR. {H 2, 24 i F§ TEA/MAO Xl i 4k 7] 44 2
B, TR G GPC i 4k 5 sl i H] TEA B Jir
HIRRE N GPC A H A (K 3 (a) Al
3(b)),DSC i £kt & B B — i 4 mil g (121 4
(b)) &5k 159.3 °C, g8+ 43 H2 3 F Bl i
TEA Jirf5 3R N 19 1 43 160. 8 °C (18l 4 (a) ) , KB
U 5 4 T AR AL TR 4 0 S AR AN HLA TR0 B A5 T 12

Heat flow
Endo

60 90 120 150 180
Temperature (°C)

Fig. 4 DSC thermograms of polymer samples from Table
2: (a) Run9, (b) Run 10, (¢) Run 11 and (d) Run 12

2.4 EGEMLFTIZINM-1 FIZEBRGEELE S

HTF TEA %t rac-Et(Ind),ZrCl,/MAO 1 # 5
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5 TEA/MAO BB £k 7 FiE 4, 20 WA Ak 7 AR 2R
AT AL R (IR + Sm- R il &%
RARMHAE S, g8k 3 pR.

FATEI T 3 DAL R L. B, W
fEHH A R A TEA %A MAO, X B ZNM-1 &
AR R A TiiE O BB A M, N
W BT R MEAL TG o 361.6 g/g-h, LN IL R E M
HAT2.1 g/g-h MG WA & 22.5 wi% 1Y
EPR. DL S5 ok S, 7F Bl A 4k 700 20 & b 32 v 14
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Table 3  Preparation ofPP catalyzed alloys by ZNM-1catalyst with two-staged copolymerization®

Run ZNM-1 TEA TEA/Ti MAO MAO/Zr 6" t,° Yield EPR! A° A, T, AH,
No. (mg) (mmol) (molar ratio) (mmol) (molar ratio) (min)  (min) (8)  (wt%) (g/g'h) (g/gh)  (C) (JVg)
13 45:1 0.8 50 0 0 90 20 31.5 225 361.6  472.1  160.5 58.5
14 45:1 0.8 50 1.3 500 90 20 33.1 256 364.2  563.9  163.2 56.2
15 45+1 0.8 50 2.6 1000 90 20 35.9 3.9 353.2  812.7  163.0 44.8

“Propylene polymerization conditions: hexane, 50 mL; temperature, 60 °C ; pressure, 0.4 MPa; ethylene-propylene copolymerization conditions;

temperature, 70 °C ; pressure, 0.4 MPa ([E]: [P] =1:1) ;P Propylene homopolymerization duration;* Ethylene-propylene copolymerization

duration;* Calculated as hexane extractable fraction ; °Catalyst activity for propylene polymerization calculated by the weight of insoluble fractions in

boiling hexane ;" Catalyst activity for ethylene-propylene copolymerization calculated by the weight of soluble fraction in boiling hexane

hin MAO &, N MAO/Zr FE R L 2l 500 3§ K %)
1000, 2 B4 A0 A5 1 A 4 2H AN 20 43 55 W) 1
. 3% 3 AT LLE B, 78 A SR HEAS A m] 1 iy 4
T LB MAO/Zr BEJR LB TN, & W R =R . 2
AL BRI FI TR M DL K EPR E S & & & A
W 2 e, T PN A 3R B A Ak R R R A 4 R AR
350 ~360 g/g-h A A7, Ui B & J@ I M RO TN
A5 J4) SR ISP ATR AR A 40 ), T AE £ 7 S R B R TS
b, HOH 05 M B MAO v 2 38 Jnifi 3 K, 24
MAO/Zr FE/R o 1000 B, & A AL 2 7 5
SE VRIS 812.7 g/g-h, B — Ti 3% Pk oL (3%
PEES I —f% , K09 EPR 4143 i % 4 8 1 M bt
FEE

Bl 5 s N A G W IR 1 GPC 3 i ith
. LLE S B A MAO 78 XU A 46 551 v i A
ZAIDRER =g ) R 2 R s TS (17 el i
JE W, FLRE MAO/Zr R L3N, 32 06 5 15 0 1) A1
XF TR LG T B I 0 R B K O B ] AR 3R
TR 455 18 6 S AH B AR 19 DSC i 2k &5
B3% 3 A A ARG RS (8 BOHE T A 4
HAE 160 C B3 Ab HE K fil e, X6 07 T R Ziegler-
Natta {671 241 53 Fr 45 1) R I 0K B2 i T4
G EPR (9 5 Bl A 5K 4 8 AL N 415y £ 3
SR M 00 AN T B R T G0, PR O T L S A
BEE MAO 1y i T A0 &5 (9 3 hn 52 91 F B% Y
(ZER

K7 S B RN IR A G 4 SMOHE 2 e T
Y (EPR) B9 C-NMR 3% [&] , 4R 4 Sk [23 1 3H 58
HIPHN 1 oA, a5 R 3k 4 pron. & S HE
9" C-NMR S5 3BKF , & 4 h 2 1 SR 09 3
FIKE () B MAO 5] A F0H 2 B9 42 7, B
7% 45 & PR AR R 20 43 £ TR 2 R P AN BT A v i AR
i, M 3,20 BRI 5 2. 63, 04l ¥ %1 PE ) & &
btz - FF, AL 0. 169 255 %] 0. 200. T XF iF & &%
AT B 53 AT S0 B8 8 B Wk R ) HLAEE, T LR

15 20 25
Retention time (min)

Fig. 5 GPC elution profiles of PP catalyzed alloy samples
in Table 3: (a) Run 13, (b) Run 14 and (¢) Run 15
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g4
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1 1 1
60 90 120 150 180
Temperature (°C)

Fig. 6 DSC thermograms of PP catalyzed alloy samples in

Table 3:(a) Run 13, (b) Run 14 and (c¢) Run 15

B % 4 HE AL 20 53 T SR R A AR B Bl 3 T
2 A AT BTl 4 EPR (94> FHEZE M, 20 AR
I BARTE RS W b 1 F- 27 5K BE A i R B, ny
2,74 AR F] 2,49 T n, A 2.27 FEAGF] 2. 11,
L P A PE M E R WG L M 0.399 i
2] 0.434 )il EPR Fifi 5 1% & J@ AL 40 0 R &
T P 1 AN T A 0L G 3~ 4% 45 g B Jin S R

&8 tbi 7 i TEA B — B AL 7] (55 3
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ke AR 13) ML TEA/MAO g XUBh AL (323 hdR)5  EPR % i, RN R 1 /9 2 FLA5 0 19
AR E 15) Tl RN G SR EWR WAL K9y 2 ASFES T U) A TEM 8 A,
TARGMAIEC kiR )5 6 SEM IR 2 kS alRIE R, 558 2 i1 Ziegler-Natta i A6 57 25 i AY
HRE/R KB 25, 6T A 2R B AR BNBMELS ML, KSR Ze b o R & 4
WORE A, RUDEH , RS A EPR Hr; IEC ke M EPR AR5 BT RN M SR .

P
s Bp Bp

PP catalyzed alloy

Fig. 7 Typical > C-NMR spectra of PP catalyzed alloy and its hexane soluble fraction (Run 15 in Table 3)

Table 4 Comonomer contents, dyad distributions and average sequence lengths of PP catalyzed alloy samples and their hexane soluble fractions

Run No. [E]® [p]® [pp]® [PE]" [EE]" ng* np*

14 0.271 0.729 0. 645 0. 169 0. 185 3.20 7.63

PP catalyzed alloys 15 0. 281 0.719 0. 627 0.200 0.173 2.73 7.27

16 0.289 0.711 0. 601 0.220 0.179 2.63 5.46

. 14 0. 547 0.453 0.253 0.399 0. 347 2.74 2.27

Hexane-soluble

fracti 15 0. 540 0. 460 0.250 0.420 0.329 2.57 2.19
ractions

16 0.528 0.472 0.241 0.434 0.325 2.49 2.11

 The incorporations of ethylene and propylene ;" Dyad distributions; Average sequence lengths of ethylene and propylene

Fig. 8 SEM images of PP catalyzed alloy samples in Table 3 before and after hexane extraction: (a) Run 13 before hexane extraction, (b)

Run 13 after hexane extraction, (c¢) Run 15 before hexane extraction and (d) Run 15 after hexane extraction
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Fig. 9 TEM images ofinner morphology of PP catalyzed alloy samples in Table 3: (a) Run 13 and (b) Run 15

3 #ig

ASCHE W I SE R T AR Ziegler-Natta/ % 43 J&
56 AL R ) 55 R A B A R . L
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2R 43 WA 5 1A B S HEAT 2 M TR 0 S SR R
Ll T O AR A, TEA 5% 4 J8 3 P
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SR ) fff 24545 O T) K S, 75 4 T T M b P ke
17T 2 BT 376 Ak A T 2 M - P9 s 1 2R S g . 4
Tl LR 2R b TEA V& B, A5 2000 1 % 4 Ja 1% v
O W B A TG M, DT S BT BE BRI ML i
Ziegler-Natta i £k 7] A 5 9 4 B A4% 11 3 5 4%
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S R X 7 Rl A S I M b0 1 T
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Triethylaluminum-regulated Preparation of Catalyzed Polypropylene
Alloys by Ziegler-Natta/Metallocene Composite Catalyst

1,2 . -1 . %
Cheng Dong'?, Hui Niu', Jin-yong Dong'
(' CAS Key Laboratory of Engineering Plastics , Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190)
(* University of Chinese Academy of Sciences, Beijing 100049 )

Abstract A Ziegler-Natta/metallocene composite catalyst ( MgCl,/TiCl,/rac-Et ( Ind),ZrCl, ) of “reactor
granule technology” characteristics is combined with a co-catalyst pair of triethylaluminum ( AlEt, ,TEA) and
methyaluminoxane (MAO) to activate its Ti and Zr catalytic species respectively. TEA exhibits a deactivating
effect on the Zr species amid propylene homopolymerization , whereas ethylene restores the deactivated species
during ethylene-propylene copolymeriation. By this way ,a reversible deactivation of the metallocene Zr species
has been realized in the preparation of catalyzed polypropylene alloys ( propylene homopolymerization +
ethylene-propylene copolymerization ) with Ziegler-Natta/metallocene composite catalyst. New catalyzed
polypropylene alloys have been prepared with MgCl,/TiCl,/rac-Et ( Ind),ZrCl,composite catalyst and TEA/
MAO bi-component co-catalyst, with the catalyst and co-catalyst added in one-pot. The polypropylene ( PP)
matrix is selectively produced by the Ziegler-Natta Ti species,while the ethylene-propylene copolymer ( EPR)
is accounted for in large portion by the metallocene Zr species. Compared to conventional Ziegler-Natta
catalysts , the Ziegler-Natta/metallocene composite catalyst renders PP alloys with a more random sequence
distribution and equally well domain distribution of EPR. This research provides a new route to the controlled
preparation of catalyzed PP alloys.

Keywords Ziegler-Natta/metallocene composite catalyst, Catalyzed polypropylene alloy, Reversible

deactivation, Triethylaluminum
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