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Figure 1 (Color online) Proportion of CO, utilization in major global
carbon dioxide-derived chemical products (data from Ref. [4]).
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Figure 2 (Color online) Mechanisms of representative CO, conversion reactions. (a) Cycloaddition reaction between epoxides and CO, catalyzed by
Lewis acidic open coordination sites [34]; (b) CO, hydrogenation over the Zn-O-Zr asymmetric sites on the ZnZrO, catalyst [41]; (c) CO, reduction
and hydroformylation of olefins by polymethylhydrosiloxane and Cu/Co tandem catalyst [20]; (d) electrochemical CO, reduction reaction towards
formic acid, methanol and C,. products [55].
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Figure 3 (Color online) In-situ and ex-situ coupling strategies. (a) In-situ coupling strategy; (b) in-situ coupling of CO, hydrogenation and
aromatization [49]; (c) ex-situ coupling; (d) ex-situ coupling of CO,/CO electroreduction and ethylene dimerization [63].
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Figure 4 (Color online) Multi-scale strategies for advancing carbon dioxide chemical technologies.
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Abstract: The chemical conversion of carbon dioxide is a critical part of green carbon science and a pivotal route to

close the carbon loop. In this review, representative routes for carbon dioxide conversion, categorized into three stages

of industrialized, developing and exploratory, are systematically analyzed from the multi-scale perspectives of reaction,

process and industry. The current development statuses, trends and bottlenecks are clarified, and the development

strategies for carbon dioxide conversion technologies are further discussed. Targeting at maximizing the atomic

utilization, the coupling efficiency, and the carbon reduction as well as added value, the technological progress and

industrial application of carbon dioxide chemical conversion can be advanced through reaction system design, process

integration innovation, and the industry layout plan, which will open a path towards a net-zero chemical industry.

Keywords: carbon dioxide chemical industry, technical routes, development strategies, coupling efficiency of
processes, in-situ coupling, ex-situ coupling
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