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Fig. 1 Some key metallocene catalysts used in the citation: (a) rac-Me,Si[2-Me-4-Ph(Ind)],ZrCl,; (b) rac-Me,Si(Ind),HfCl,;
(¢) [PhCH-(3,6-1Bu,-Flu)(3-Bu-5-Ph-Cp)]ZrCl,; (d) [PhCH-(3,6-1Bu,-Flu)(3-/Bu-5-Et-Cp) ] ZrC1,1231.
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Fig. 2 Two-step preparation of LCBPP using metallocene catalysts 3%,
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Fig. 3 Synthesis routes to long-chain branched polypropylene through the copolymerization of propylene and p-(3-butenyl)styrene
catalyzed by metallocene catalysts?7].

(a) (b) (© (d
Fig. 4 Metallocene catalysts used to make LCBPP by Japan Polypropylene Corporation: (a) rac-dichloro[1,1'-dimethylsilylenebis {2-
(5-methyl-2-furyl)-(4-t-butylphenyl)-indenyl} Jhafnium; (b) rac-dichloro[1,1’-dimethylsilylenebis{2-(5-methyl-2-furyl)-4-
phenyl-indenyl} Jhafnium; (c) rac-dichloro[1, 1'-dimethylsilylenebis {2-methyl-4- (4-chlorophenyl) -4-hydroazulenyl} Jhafnium;
(d) rac-dichloro[1,1'-dimethylsilylenebis {2-ethyl-4-(2-fluoro-4-biphenyl)-4-hydroazulenyl} Thafnium 281,
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Fig. 5 Synergistic effects of metallocene and Ziegler-Natta catalysts in the preparation of long-chain branched polypropylene 391,
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Fig. 7 Mechanism of chain scission and LCB formation of PP chains in the presence of TMPTMA during irradiation process

(The molecular formula marked with a hollow circle indicates an electron vacancy)?l.
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Review

Recent Advances in the Preparation and Characterization of Long-chain

Branched Polypropylene (LCBPP): A Review

Yu-sen Jia, Pei-qian Yu, Zhi-gang Zheng, Liu-hai Feng, Dong-xue Ren, Xing-xing Zhang, Guo-gang Liu,
Rong-juan Cong”, Lin-feng Chen”
(National Institute of Clean-and-Low-Carbon Energy, Beijing 102201)

Abstract Long-chain branched polypropylene (LCBPP) exhibits superior melt strength, enhanced thermal

stability, and a broader processing temperature window than conventional linear polypropylene (PP), improving

its suitability for diverse industrial applications. This review focuses on recent advancements in LCBPP
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preparation methodologies, including macromonomer incorporation, direct copolymerization, radiation-induced
branching, cross-linking techniques, and reactive melt processing, with a systematic comparison of their
advantages and limitations. Characterization protocols for differentiating LCBPP from linear PP architectures
were also addressed. This review outlines future research priorities, emphasizing that while China's LCBPP
research is gaining momentum, substantial R&D investment remains imperative to develop high-value-added
materials and strengthen China’s global market competitiveness.
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