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Fig.1 General pathways for the conversion of cellulose and hemicellulose to high-value chemicals
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Tab.1 Zr/Hf-based metal oxide catalysts

WH R el S S5 A Atk ) LR/ % PR/ P SR
1 LA/FMA  Ag-Ni/Zr0, 220 C, 5 h 7K GVL 100 99 [81]
2 LA HCl/ZrO (OH), 240 C, 2 h 2- T GVL 99.9 92.4 [82]
3 LA Cu-ZrO, 200 C, 5 h K GVL 100 99.9 [83]
4 ML Cu-ZrO, 200 C, 5 h FH it GVL 95 92 [83]
5 ML Ni/Zr0O, 90 C, 20 h SN GVL 100 92 [84]
6 ML Cu/ZrOCO, 180 °C, 7 h LSS GVL 99 89. 8 [85]
7 EL ZrO(OH), « xH,0 240 °C, 1 h 2 GVL 89. 1 75.3 [86]
8 EL Zr0,-B, 0, 200 C, 4 h SN GVL 95.1 88.5 [87]
9 EL 710, 250 C, 3 h 2 GVL 95.5 81.5 [88]
10 EL Al, Zr,-300 220°C, 4 h S GVL 95.5 83.2 [89]
11 EL ZrFeO, 270 C, 3 h LT GVL 94.2 87.2 [90]
12 EL ZrsNis 200 °C, 3 h SN GVL 97.2 95.2 [91]
13 EL Ti/Zr 180 °C, 6 h SR GVL 100 90. 1 [92]
14 BL 710, 150 °C, 16 h 2-T GVL 99.9 84.7 (93]
15 FF Zr(OH),@ CoFe,0, 160 °C, 4 h L= A75] e FA 95. 4 9.6 [94]
16 FF HfO(OH), - xH,0 180 °C, 8 h SR GVL 100 64.2 [95]
17 HMF ZrO(OH), 150 C, 2.5 h . BHMF 9.1 88.9 [96]
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Catalytic Transfer Hydrogenative Upgrading of Biomass-based Platform
Molecules with Zr/Hf-containing Metal Oxides: A Review

LIU Yixuan'??, LI Yuncong'*?, LI Mingrui'*”, LI Hu*'*", YANG Song'*”
(1. State Key Laboratory Breeding Base of Green Pesticide & Agricultural Bioengineering, Key Laboratory of Green Pesticide and
Agricultural Bioengineering, Ministry of Education, Guizhou University, Guiyang 550025, China; 2. State-Local Joint Laboratory
for Comprehensive Utilization of Biomass, Guizhou University, Guiyang 550025, China; 3. Center for
Research & Development of Fine Chemicals, Guizhou University, Guiyang 550025, China)

Abstract: By exploring the new strategy for catalytic transfer hydrogenation (CTH) to hydrodeoxygenate high-
oxygen-content biomass into value-added platform molecules in this research, the biomass resources utilization
and the goal of producing net zero carbon emissions fuels were achieved. This review focused on the design,
construction, and performance regulation of Zr/Hf heterogeneous catalytic systems. The controlled directional
transformation of important biomass platform molecules such as levulinic acid, furfural, 5-hydroxymethylfurfural,
and vy-valerolactone was described. Also the key role of acid-base active sites corresponding to the catalyst
structure in Meerwein-Ponndorf-Verley ( MPV ) reaction was emphatically evaluated. Then the development
prospect of Zr/Hf acid-base bifunctional catalyst in the conversion of biomass platform molecules into high-value
chemicals was discussed. This review not only summarized the reaction mechanism of the active sites ( Lewis/
Brgnsted acid and base ) in the corresponding biomass conversion process, but also proposed the design and
strategies of novel solid acid catalysts that take into account economic benefits and environmental impacts.
Key words: transfer hydrogenation; Meerwein-Ponndorf-Verley reaction; Zr/Hf-containing metal oxides

catalyst; acid-base bifunctionality ; biomass conversion



