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Catalytic Performance of NiO/Al,O; Catalyst in Polypropylene Depolymerization under Atmospheric Pressure HUANG
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Abstract ; The large accumulation of polypropylene ( PP) waste has posed a serious threat to the environment. Thus, the
development of green and efficient depolymerization technologies has been a key approach for resource utilization. We aimed to
explore the catalytic performance of NiO/Al,O; catalysts for PP depolymerization under mild and atmospheric pressure conditions,
as well as the impact of their structural characteristics. It provides a theoretical basis and technical support for the efficient
treatment of polypropylene waste. The NiO/Al,O; catalysts were prepared by impregnation. Then, the physical and chemical
properties of the catalysts were analyzed using characterization techniques such as TEM,XRD,NH,-TPD,H,-TPR, and XPS.PP
depolymerization reactions were conducted to systematically evaluate the liquid-phase product yield, product distribution, and
catalytic stability,with a focus on studying the role of surface acidity distribution and the regulation of metal oxidation states.
Experimental results indicated that the 1% NiO/Al,O, catalyst achieved a liquid-phase product yield of up to 35% at 340 °C,
significantly outperforming the 1% Ni/Al,O; and pure Al,O; catalysts. Furthermore, the proportion of C5 ~ C12 low-carbon
hydrocarbons in the liquid phase reached 80% , demonstrating excellent selectivity. Surface acidity analysis revealed that NiO/
Al,0; had an optimized distribution of acidic sites,with an enhanced medium-strength acidic region,which significantly promoted
PP depolymerization. Reduction behavior tests further indicated that the strong interaction between NiO particles and the support
improved the dispersion and stability of the active metal, thus enhanced the catalytic performance.The 1% NiO/Al,O, catalyst
demonstrated high catalytic efficiency under mild , atmospheric conditions,and optimized surface acidity distribution and regulation

of metal oxidation states being key to its excellent performance.This study will provide new insights for the high-value utilization of
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PP waste,and promote the development of green and sustainable depolymerization technologies.

Key words : polyolefin; depolymerization reaction; NiO/Al,O; catalyst; surface acidity regulation; metal oxidation state; liquid-

phase product selectivity
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Tab.1 Textural properties of different catalysts
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(m™-g™) (em’-g™") nm
Al, 04 123.4 0.6 19.5
1% Ni/Al, 0,4 115.3 0.5 17.3
1% NiO/Al, O, 120.3 0.5 16.6
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2 ki TEM B4
Fig.2 TEM images of catalysts
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Tab.3 Gas-phase product distribution

WpEE, CHy CHy/ CH/ CHy/ CHy/ 4t/
< % % % % % %

320 0.9 3.0 0.4 2.3 14.2 79.2
340 1.3 3.7 0.3 3.8 21.2 69.7
360 1.5 4.1 0.4 4.5 22.5 67.0
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Fig.12 Product distribution of liquid phase for

polypropylene depolymerization
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