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B E A Ziegler-Natta(Z-NMEL 7] MgCl,/TiCl,/BMF-AIEL, (BMF A E BB FiH 9,9 - —HERLF R, %
RABREMFER&T PP/EPR RAULEY BT ZAEEHNAE YRS Z B0 a] SRk
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EA/(PPHE—FiENBLE. EBA.
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B4 s &4 PP/EPR RO B EE T
HROER"T AHEWEEESDI TMRAH
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250 mL = DA ES T8, 43 AEAE
MASER IR, BEFRHESRFFE 0.1 MPa.
B 100 mL 2B BB K BEREEA S IR, S8
FIX S BRUGE ARG, MABERH =8
SLEmMA Z-N e, RER NS, RE—E
HHEG , B IRES RS, DESHREERARREK
FRESE BZBE5HABHAERLERD 11RES
A B RN R R, BT L B R, 3 IR — R Bk (B
S, HEH S MM MBRE RN, RE
VMRAZBESRES . EOCTHESETHREHE
H.

1.3 MR T

B4 8 * C-NMR 3% A8 Brucker DMX 300 i
DA EENBR, TERE N 120C.
BSUNATFRMS TR 24 PLCPC220 BHIE
B @ BIE, M EE RSN R
1E 140°C, i Z MR B S AR IE

RO S (T.) R B Perkin-Elmer DSC-7
FEAFRRGIE, TR KT, AS KA
HEW s s, FHR W R 50 ~ 200°C, FHIREF 10
K/min. 1 & 21 % 4 7 (DMA) % B Perkin-Elmer
DMA-7 W, BERR 1% 0.5 em B 0.2 om, FHR
SR 10 K/min, B 5 - 150 ~ 100°C, M 4 40
# 2 1.0 Hz.

HiFm FRESEM)HMERERSYER
70 I TR e BT, Lo T 2 WE & 4 BB S, 7E Hitachi
S-530 158 LI . 4f A 0 e B 4 LR I A B B0
kb HE i R R e R A YT 2000 E 30 min, R
S, RAEHRBLNEFYRERE T
BOCHPTE . #E UM h FEEBRHIEE, &
Leica DM LP-MP30 {X 2% b T £2 .

2 #R5HE

2.1 HHELHEREXZALBAPLEER

AERTAMEBNMAN, - FHESTT
Bt 1 k7 MeCl,/TiCl,/BMF-AIEL (Cat. | )5 55—
T 545 55 B 0 Y L AR 25 R T OB i L R MgCly/
TiCl,/DIBP- AlEt,/DDS (Cat. I1 ).

£ 1P T EREARIGRAELIHBRNA
BHBESHEIE N FTUEN, BN LBE
FE A B I TR TR A A TR 8 L) A 38 o T 42
B EARSHENSFEESPRAMSENRELL
%, 3T Cat. 1,4 G,/C, #9HRg 70730 Y,

LB TE M 05 B3R F] 1194.1 g polymer/g Ti - min; X¢
Cat. T, C,/C, WEN 90/10 B, HEE W B R
% %) 551.9 g polymer/g Ti*min.

Table 1 The ethylene-propylene copolymerization used by two different
Ziegler-Natta catalysts

Activity Ethylene  Ethylene
Z-N C3/C;°
Run® (g polymer/  unit? unit®
catalyst”  {mol/mol) o
gTi-min}  (wt%) (mol % )
1 I 100/0 263.9 0.0 0.0
2 I 95/5 982.2 19.8 27.0
3 1 90/10 865.2 22.0 2097
4 1 70/30 1194.1 29.3 35.2
5 I 50/50 554.1 40.6 50.6
[ I 30/70 527.4 63.1 73.7
7 | 100/0 113.2 0.0 0.0
] I 90/10 551.9 33.3 42.8
9 I 80/20 429.5 39.9 49.9
10 I 70/30 317.9 58.7 68.1
11 il 60/40 44.7 56.3 65.9
12 H 50/50 264.1 67.4 75.6
13 I 40/60 202.8 .7 79.2
14 | 30470 135.6 78.9 84.9

2 Polymerization condition: Cat (25 £ 1) mg, heptane 100 mL, propylene
pressure 0.1 MPa, cocatalyst TEA, n{Al)/a(Ti) = 40, reaction
temperature 40°C , reaction time 10 mins® Cat. I means MgCl/TiCL,/
BMF-AIEt, , Ti content (g Ti/100 g catalyst) is 2.7%; Cat [l means
MgCly/TiCL, /DIBP-AIEt, /DDS, Ti content (g Ti/100 g catalyst) is
3.89% ;° €3/C, means propylene/ethylene molar ratio in feed mixture gas;

4 The content of ethylene unit in the polymer measured by FrIRMY

F)F Fineman-Ross I & 4 iR b T H# R
P A i 2 1k Z 48 A TR L 3R A X N i 3 3R
= omE AR ATUES,H/ Ca. [ IHEH
EERYSS4,EH Ca. INZHBHNERERR
N8, XEHGEA Ca. [EFEZETZHIE
#.

£ PP/EPR LR P, IEATEHMHBAILHAL
HLBEHRESHHEIENXE TREREH
ez NIt R AR E SN HERY, B
B, BH AT Cat. 1 #)4 PP/EPR 3t
Ry .
2.2 BEWHHERRLEN

% 2 7t T PP/EPR R {7 LR Y i 1) 4% & A
MEBELSER MBS IAFES6TUEYR,ZRA
LB AIE M (554.1 g EPR/g Ti-min) W NI R MY
TEHE(263.9 g PP/g Ti-min) A 4 — 1% . EE A&
BB R et [E] (30 min) BAJG , BB Z 73 S BB fal A 2
min FEH T 20 min, BEYFZHBETHEFRMN
12.6% FHME 37.4% . Rt , REYEH B
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Fig.1 Fineman-Rose curves of copolymerization used by twe Z-N

catalysts
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Fig.2 Molecular weight distribution of polymer

Table 2 The preparation of PF/EPR polymer by Ziegler-Natta catalyst

Activity

£y o M, M, Ethylene wnit Soluble portion
Sample (g polymer/ M. M,
(min) {min) o, (x10%) { x 10"} (mol % »° (wt%)*
g Ti* min)

1 30 0 263.9 0.8 3.2 3.8 0 5.0
2 30 2 260.4 - - - 12.6 23.5
3* 30 5 206.1 1.7 17.5 10.1 19.7 34.9
4 30 10 319.4 - - - 30.8 47.4
5a 30 20 2991 1.4 15.1 10.6 37.4 57.9
6 ] 10 554.1 0.8 14.1 17.5 50.6 100.0

* Polymerization condition: Cat. I (50 £ 1) mg, heptane 100 mL, propylene pressure 0.1 MPa, cocatalyst TEA, n{ Al}/n(Ti} = 40, reaction temperature

40°C , n{ethylene)/ n ( propylene) = 1/1 {mol/mol) in mixture gas;® Polymerization condition: Cat. I (25 1} mg, heptane 100 mL, cocatalyst TEA, n

(AD)/n (Ti) = 40, reaction temperature 40°C, n { ethylene)/n (pmpy]ene)_ = 1/1 (mol/mol) in mixture gas;

® 1., means the time of propylene

polymenization; £, means the time of ethylene-propylene copolymerization; ¢ The content of ethylene unit in the polymer measured by FTIR! ; ¢ The

saluble portion of polymer in boiling heptane

MWHE 2 FRA LR, EHERBE LA
BIRES S EBRABES LW TRSFER. L
ZEERPRER 6 A TESGR . XRB TR
SHIHESE L2 TW RN IE, LH ZN #4eHR
g RESTLRETENER. XL

DESHFEERABER, FUEYRNEES
B—HIEHE OB E TEEHTE A, T A
s ZRFE G TRIRRE . HBEHTS
PSRN, IR A S - REET LSRR
FEA, B THRIRREBNE _RERE PO OB
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H.25TRARM, HHEPOHERILH&ZHER
6 M, LB BHER 1 ME, B M ES NS
FEARATREARERS LLIMNTFZHRXRDHE
6.

ZHARRYHR e ERBLERETRTE 2N
B, EWBELRMAES SEBBERKET X
WABE,PBRIAER BIERTXI MRS
BPC-NMR i AE 3 FTLAE W, # 5 5 LB IE
Bl n] R4 (SAY M B g (B 3b) 5+ M 6
ZAREYHEB(EB)FEFHEMU, BRERE
AR BESH . A 5 75K PR A5
SHEHEBR(E30BRETEXZARMEH,
P Carman 1 Wilkes™ W H B AW R S HN
&R E RS TR3.
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IR ARSYWHW=BITHHF PPP I
FEE H& B2 M8t T 50%,PPE 5 PEE 2 Fi&
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Fig.3 “C.NMR of polymers
a)Sample 6; b) The scluble of sample 5 in boiling heptane; c) The
insoluble of sample 5 in boiling heptane

A 10%, X RAFER SBPEFE LBIHK
AR ZBMARERNEN ZRRRLREY.
X BRRERR ST TUBAEGSE R
ZHGWREY  TEXFSFANRABAZA
AAKEY AR THELEMLAREIE
Y. B ERBERGYE AT HRTLE
B, EWRENRESYWIRTE - SRS

Table 3 The sequence distributions of polymers

Sample P E PP PE PP

PPP

PPE EPE PEP PEE EEE

41.7
24.1
12.1

56.7
41.6
15.3

28.3
40.9
81.6

30.0
35.0
6.3

6 43.3
5A° 58.4
5B® 84.7

20.3
29.0
79.7

7.2
9.9
1.9

15.6
15.2
2.6

33.9
16.5
10.8

16.8
22.0
4.0

6.2
7.4
1.0

* Sample 5A means the soluble portion of sample 5 in boiling heptane; * Sample 5B means the inseluble portion of sample 5 in boiling heptane
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EHNEEREN DSC MEER, ©F 1%
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ARGYHHATKFEFINELE, AE 4(e)
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Fig.4 DSC heating scanning curves of polymers
a)Samplel ; b)Sample2; c)Sample3; d)Sampled; e)SampleS
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Fig.5 Temperature dependence of the logarithmic decrement of tand
for polymers
a)Semplel; b}Sample3; c)Sampled; d)SampleS; e)Samplet
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eSS (M E6dFT v ) 43 WO H L B B AY 38 A

Fig.6 SEM photographs of the fracture surface of polymer
a) Sample 1; b) Sample 3; c¢)Sample 4; d)Sample 5
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Fig.7 Polarized light micrograph of polymers obtained { x 40}
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BTEHERBEANRA, REHRTHERE

N

a) Sample 1; b)Sample 2; e)Sample 3; d)Sample 4; e)}Sample 5; £)Sample 6

& kAT, L MgCL/TiCL,/BMF-AlEL, 3 4 1k
i, XD BEES NI LG &K PP/EPR 4 F
HK&EH,PP/EPR E—RE4HTMBEAY. KF 2

AHRBHBEYUNETERASEEASZALHALR
WARMAZEMEENE,PFEPRFZHEHNESEE
EEMTRSYHANES.
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THE STRUCTURE AND MORPHOLOGY CHARACTERS OF
PP/EPR in situ BLENDS SEQUENTIALLY PREPARED
BY ZIEGLER-NATTA CATALYST

CUI Nannan'?, KE Yucai', HU Youlia.ng1
(' Key Laboratory of Engineering Plastics , Institute of Chemisiry , Chinese Academy of Sciences, Beifing  100080)
(* Graduate School of the Chinese Academy of Sciences, Beijing 100039)

Abstract PP/EPR in situ blends were prepared by the sequential polymerization technique using a Ziegler-Natta
catalyst MgCL, /TiCl,/BMF ( BMF is 9,9-bis( methoxymethyl )fluorine as an internal donor) . The content of ethylene
unit in blends was adjusted by modifying the time of ethylene-propylene copolymerization. The structure and
morphology characters of the blends obtained were investigated by nuclear magnetic resonance { NMR), gel
permeation chromatography (GPC),dynamic mechanical analysis (DMA), differential scanning calorimetry (DSC),
scanning electron microscopy (SEM) and polarized light microscopy (PLM) . The results suggested that PP/EPR is a
complex multiphase mixture ineluding PP, EPR and EP block copolymer . The presence of EP block copolymer greatly
improved the compatibility between the PP matrix and the EPR dispersed phase in the multiphase system. The
compatibility between the PP matrix and the EPR dispeersed phase in the multiphase system. The change of the
ethylene unit content in PP/EPR remarkably influenced the crystalline morphology of PP with increasing the content
of ethylene unit in the blend,the PP spherulites became smaller and irregular.

Key words  Ziegler-Natta catalyst, Propylene polymerzation, Ethylene-propylene copolymerization, Block

copolymer



