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Fig. 1 Schematic of preparation of new hiPP containing crosslinking EPR
Table 1  Conditions and results of preparation of hiPP with crosslinking EPR*
 E'(mol%) P4 (mol% )
DD feed Activity EPR" T, AH, AH ¢ MFR®  Gel content’
Run in EP in EP
(ml)  (gelcalh) (wi%) () (Ve)  (Ig) (g/10min)  (wi%)
copolymers copolymers
Control _1 0 1918 0 156.8/162.3  86.40  86.40 — — 47.1 0
Control_2 0 1875 24.0 158.7/162.4  56.94  74.92 51.9 48.1 8.90 0
C-hiPP_1 3 2045 26.3 158.6 42.34  57.45 55.7 44.3 2.28 4.6
C-hiPP_2 5 1970 27.6 157.5/161.5  48.03  66.34 56.4 43.6 2.42 8.3
C-hiPP_3 7 1758 26.7 159. 03 44.10 62.25 58.7 41.2 4. 60 14.2

* Homopolymerization conditions ; catalyst, (25 + 1) mg; hexane,50 mL;temperature,60 °C ; pressure,0.4 MPa; cocatalyst; TEA, Al: Ti =100: 1

(molar ratio) ; polymerization time,30 min ;copolymerization conditions ; temperature,85 °C ; pressure,0. 4 MPa;ethylene: propylene = 1: 1 ( molar

ratio) ;" Calculated by comparing the relative yields between the second-stage copolymerization and the first-stage homopolymerization ; ° Normalized

to PP in the alloy;*From FTIR analysis, £ (mol% ) =1.263 - 1.575 x (Aj379/A 460 ) 3 Melt flow rate ,measured at 230 °C with load of 2. 16 kg;

" Insoluble portion in boiling xylene
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Fig. 2 FTIR spectra of heptane-extractives of hiPP alloy

samples: (a) Control_2,(b) C-hiPP_1,(c¢) C-hiPP_2 and
(d) C-hiPP_3 in Table 1
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Fig. 3  Cross-linking of EPR by the addition of 1,9-decadiene
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Fig. 4 SEM images of cyro-fractured, xylene-etched surfaces of hiPP alloy samples after hot-pressed at 190 °C for 15 min: (a) Control_2,
(b) C-hiPP_1,(c¢) C-hiPP_2 and (d) C-hiPP_3 in Table 1

Fig. 5 SEM and TEM images of cyro-fractured,xylene-etched surfaces of hiPP samples after annealing at 180 °C for different periods:
(a,a’) Control_2,(b,b’) C-hiPP_1,(c,c’) C-hiPP_2,and (d,d’) C-hiPP_3 in Table 1 (a,b,c and d are with 45 mins’

annealing,a’ ,b’ ,¢’ and d’ are with 80 mins’ annealing)
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Table 2 Macroscopic mechanical properties of new hiPP containing crosslinking EPR in comparison with PP matrix and conventional hiPP without

EPR branching/cross-linking

DD Flexural Flexural Tensile Young’ s Elongation Impact strength (kJ/m?)
Entry feed E[;R strength modulus strength modulus at break

(mL) (v (MPa) (MPa) (MPa) (MPa) (%) 23 ¢ -20 ¢
Control _1 0 0 28.3£0.2 881.2+3.6 27.3£2.7 606.2 £29.2 83 + 46 1.67 £0.19 1.46 £1.04
Control_2 0 24.0 8.7+0.8 275.5 £42.7 14.8 2.2 220.3 +33.3 813 £ 155 13.08 £4.06 3.20 +1.04
C-hiPP_1 3.0 26.3 11.1+£0.7 344.4 +14.7 24.8 1.4 267.4 £12.8 1111 +£109 37.21% 7.71 £2.08
C-hiPP_2 5.0 27.6 11.1£0.2 352.6 £7.5 19.9£3.5  264.4£15.2 814 +131 32.73£1.95 5.69 £0.381
C-hiPP_3 7.0 26.7 13.6 £0. 1 431.1 £6.5 19.7£2.3  297.5+£15.5 646 £221 21.64 £0.83 3.53 +0.28

* The specimens were actually not broken during the test.
A
7 g
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pm 5 PUT . HT R o RN G A T T AR R

FAE 2 SR B AR R A OB R R
i (23 °C) AIKHR ( —20 °C) oy 5 BEARAR B ALK
M 2 B4R T, M 2 g R | A e A TR
P S/ A2 WA JEE ) 42 vy T 22 A T L TR R
Ml R AR S A/ S IO 4 W B9 SRR 8 a4
Tl AR AR ) S A/ SEIRAR JEE , 4 7T LA BT i SR P 0
B A TR o B R — U B M A TR B 2 4R
TR 52 B - A
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NEW IMPACT POLYPROPYLENE ALLOY CONTAINING
CROSS-LINKING RUBBER PHASE

Jian-jun Shi'?,| Ya-wei Qin', 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 Based on propylene heterogeneous copolymerization with the aid of RGT-aligned Ziegler-Natta
catalyst, a novel in-reactor PP alloy with cross-linking EPR has been prepared through a,w-diene such as 1,
9-decadiene (DD ) addition. The polymerization results show that DD monomer has a good reactivity with
ethylene and propylene monomers and a minor effect on the composition of copolymers. DD monomer has been
successfully bonded into the backbones of ethylene-propylene random copolymer, resulting in branching and
cross-linking of the EPR. The melt flow rate ( MFR) of the new hiPP shows an obvious drop after the
introduction of DD monomer;while the gel content increases with the increasing of DD monomer. Morphology
study by SEM reveals that cross-linking EPR greatly promotes the dispersivity of rubber phase in PP matrix.
The size of rubber particles reduces with the branching and cross-linking density. The results of mechanical
properties tests indicate that cross-linking EPR can potentially enhance the toughness of hiPP without or with
little compromise of the rigidity and processibility, which is very meaningful to achieve the rigidity-toughness
balance of PP resins.

Keywords Impact polypropylene alloy, EPR rubber, Crosslinking, Morphology and properties



