CRVECRN Y o5 TR Vol.44 No.3
2026 4F 3 H Environmental Engineering Mar. 2026

DOI:10. 13205/j. hjge. 202603012

B, E L RN A L O Hi A R R AL DI BT TR (). PREE TR ,2026,44(3) : 136-145.

CAO R Z, WANG J, ZHANG Y H, et al. Recent progress in photothermal catalytic upcycling of waste plastics [J]. Environmental
Engineering,2026,44(3) ; 136-145.

S AR B I TR AL B B i R

‘g .n‘ﬂ_;é 1,2,3 i J)’L 1,2,3 g‘l,"il‘i}“"‘{;“ 1,2,3 % FB 1,2,3%

(1. dL BT 5 R 2% BB B, JL 5T 1008755 2. /KPR 24 20 & S8 E S 5000 %, b 5T 100875 ;
3. XA 4 4 4 e N S8 =, LRt 100875)

B OEHMAELREHNTENREEN AR F MR E LR e, o A SRR R T Y AL, R R S I OB R
FHMFRAGERAMA , ERALRTEIENHRE . SHABRT XL, ERELTHELECLR S AEhL
BOAAEMRER KNABEFMELERS, U, AXRET LABLEAAEHEFWAE L FRME RS
WHARAR. EAEATEREANNSE , TXZCFEETEREB R L EEREBH UHI 0T RIRSRE
At AR O R BN R R R R S L o R B U e DRI S B R o A B L 3 R R R S L
AR FEAA BN RABAME AR EXREZ ;LETERHLLBARIE & BA Y+ SR MK 3
Al A b O AR Ao A R B L AR b OB B R R R AL A AR B AT R R T O b Ah N RO R 2 e BER R A
BB RFEANEANF, ST AR FRMERBEEBB ARG RN ER, RAE,ELWFT R RN Ew L,
H-FHEBRT AR BCEDRFROCER T AAAENBEARLR, AN EHEF 0 FERRE AR N
FRAA R EHNA .

SRR O MR U5 ORI UR L R LR R AR R

Recent progress in photothermal catalytic upcycling of waste plastics

CAO Runzi"*?, WANG Jian"**, ZHANG Yuanhao'*?*, LI Yang" "
(1. School of Environment, Beijing Normal University, Beijing 100875, China;
2. Key Laboratory of Water and Sediment Sciences of Ministry of Education, Beijing 100875, China;
3. State Key Laboratory of Regional Environment and Sustainability , Beijing 100875, China)

Abstract: As global plastic production continues to rise, the quantity of plastic waste has also increased dramatically.
Effectively addressing plastic pollution while achieving the resource recovery and recycling of plastic waste has become a
global challenge. Compared with conventional recycling methods, the photothermal catalysis process, which integrates
photocatalysis and thermocatalysis, offers significant advantages such as high conversion efficiency and mild reaction
conditions. Herein, this review outlines the research progress of photothermal catalysis technology in the treatment and
resource recovery of plastic waste. It first elaborates on the mechanism of photothermal conversion, including plasmonic
localized heating, non-radiative relaxation of semiconductors, and molecular thermal vibration. Based on the roles of light and
heat in photothermal catalytic reactions, photothermal catalysis is classified into three categories: thermal-assisted
photocatalysis, photo-driven thermocatalysis, and photo-thermal co-catalysis. The type of catalytic material plays a crucial

role in regulating catalytic performance during the photothermal catalytic conversion of plastics. This review summarizes the
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catalytic properties of three typical photothermal catalytic materials: plasmonic metal nanoparticles, metal oxide

semiconductors, and carbon-based materials, providing material design directions for efficient plastic upcycling.
Furthermore, starting with the upcycling mechanisms of two representative plastics, polyethylene and polyester, the review
summarizes the reaction pathways for plastic upcycling to produce liquid fuels and organic acids. Finally, based on the current
research status, this review also highlights the technical challenges of using photothermal catalysis for plastic upeycling. This

review aims to provide technical support for the chemical recycling of plastic waste and offer new perspectives for its upcycling.

Keywords: photothermal catalysis; plastic upeycling;

conversion
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Figure 1 Overview of this review
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Figure 2 Photothermal conversion mechanisms
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