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Fig. 1 Schematic illustration of the synthetic procedure for

supported Ziegler-Natta catalyst and PE/CSs composites
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Table 1 Results for ethylene polymerization using different catalyst systems

Process Ti (wi% ) A* x 10 7° M,>x107? MWD* XN (%)
TiCl, /MgCl, 4.2 5.0 520 7.3 78.3
TiCl, /CSs 4.3 5.7 490 9.8 68.7

Catalyst preparation conditions: the MgCl,/TiCl, catalyst was prepared according to our previous method'7) ; ethylene polymerization conditions :
catalyst, 10 mg; ethylene pressure, 0. 25 MPa; temperature 70 °C ; time, 1 hj solvent, hexane 100 mL; n( Al)/n(Ti) =350:1
* the catalytic activity, gPE/(molTi+h) ;" Weight average molecular weight of the polymer determined by GPC;° Molecular weight distribution

determined by GPC ;" The degree of crystallinity of the polymer calculated according to the literature!'®’
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Table 2 Ethylene polymerization catalyzed by TiCl,/CSs under (S0 A, BT LR A AR A I Y 5 min i
different polymerization time A e E A B &, H HRTEM & 4n & 2
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Ethylene polymerization conditions: ethylene pressure, 2660 Paj; TEMR YK IR FZ M B 5 A, AL 200 B A i B
temperature 70 °C ; solvent, hexane 100 mL; n( Al)/n(Ti) =350: 1 W BE s ¥ 47 b 4 A 1E B Bk B L, JE Bk B
* Catalytic activity, gPE/( molTi-h);" Weight average molecular B T O R AL A A A R L i
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Fig. 2 HRTEM and SEM photographs of carbon nanospheres carrier and PE/CSs composites: (a) carbon nanosphere carrier, (b) core-

shell PE/CSs composites ( polymerizarttion time: 5 min) and (c¢) polymer particles ( polymerization time; 1 h)
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Fig. 3 Contrast of dielectric properties of the nanocomposites obtained under different polymerization time: (a) dielectric constant of PE and

PE/CSs and (b) dielectric loss and CSs content of composites under different polymerization time
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The Preparation and Characterization of Carbon

Nanosphere/Polyethylene Composites

Jiang-ping Guo' Meng-shan Yu', Jing Wang', Yang Zhou', Zhi Liu', Feng-jiao Li', Jian-jun Yi’,
Qi-gu Huang'* | Yun-fang Liu'" , Wan-tai Yang'
(' State Key Laboratory of Chemical Resource Engineering, Key Laboratory of Carbon Fiber and Functional Polymers
Ministry of Education, Beijing University of Chemical Technology, Beijing 100029 )
(* Laboratory for Synthetic Resin Research Institution of Petrochemical Technology ,

China National Petroleum Corporation , Beijing 100083 )

Abstract Carbon nanospheres (CSs) treated with Grignard reagent were used as carrier, which reacted with
TiCl, to form supported Ziegler-Natta catalyst. In the presence of AlEL; this catalyst catalyzed ethylene
polymerization to obtain PE/CSs composites in situ. The catalytic activity for ethylene polymerization was up to
5.7 x10° gPE/(molTi-h) and the weight average molecular weight of the obtained polymer was 4.9 x 10°. As
characterized by TEM and SEM , the particles of obtained composites were spherical with diameters of about 1
pm, furthermore , they featured a core-shell structure as expected. The dielectric analysis results indicated that
compared with normal polyethylene, by the introduction of carbon nanospheres the PE/CSs composites
dielectric properties experienced an obvious increase, which improved the anti-static function of PE. The
dielectric result showed a slight decline of the dielectric constant of PE/CSs composites with increase of the
polymerization time,and lower dielectric loss was also observed due to the decrease of CSs content in PE/CSs
composites. Moreover, the crystalline properties and thermal stability of the PE/CSs composites were
determined by WAXD, DSC and TGA. It turned out that PE/CSs composite possessed good crystalline
properties and thermal stability.

Keywords Carbon nanospheres, Supported Ziegler-Natta catalyst, PE/Carbon nanosphere composite, Core-

shell structure

# Corresponding authors: Qi-gu Huang, E-mail ; huangqg@ mail. buct. edu. cn;

Yun-fang Liu, E-mail ; liuyunfang@ mail. buct. edu. cn





