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In the past decades, severe climate deterioration has been induced by massive
emissions of carbon dioxide (CO.). Trapping, storing and reutilizing CO2 emissions
from industry is needed urgently to achieve global carbon neutrality. With the
development of industrialization, cars, trucks and airplanes, liquid fuel is indispensable
in human life. Converting CO- into carbon neutral liquid fuel (Cs+ hydrocarbons) is an
essential way to relieve rapid consumption of fossil fuels and high demands for carbon-
based energy resources at the same time. However, the low CO conversion of
photocatalysis and the short chain of the products from electrocatalysis limited their
large-scale utilization. Compared to photocatalysis and electrocatalysis, which are still
in the development stage, thermocatalytic hydrogenation of CO2 has been widely
studied and commercialized due to the ultra-high efficiency and well controllability of
target products.

Generally, thermocatalytic hydrogenation of CO> generally occurs via a methanol-
mediated route (MeOH route) or a CO2 modified Fischer-Tropsch synthesis (CO2-FTS)
mechanism. For the MeOH route, CO: is first hydrogenated to methanol (MeOH). The
MeOH then is converted to hydrocarbons via some dehydration and/or coupling
reactions. Unfortunately, the catalysts for the MeOH route are expensive and the
reaction process is complicated. In the case of CO2-FTS route, COz is first reduced to
carbon monoxide (CO) by reverse water gas shift (RWGS) reaction through two widely
recognized mechanisms. The first mechanism is a redox mechanism, in which CO3 is
reduced by catalysts to form CO and the catalysts subsequently be reduced to produce
water (H20). The second one is a formate-intermediate mechanism, in which CO; reacts
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with hydrogen (H) directly to form formate, followed by further hydrogenation to
produce CO and H20. After the RWGS reaction, hydrocarbons can be produced by FTS
reaction. Similarly, two possible mechanisms, including direct CO dissociation
mechanism and H-assisted CO dissociation mechanism, for the FTS rection are widely
reported. In the direct CO dissociation mechanism, CO is first adsorbed and dissociated
to *C and *O on catalyst. Then, *CHy intermediate species are formed by the reaction
of dissociated surface carbon with adsorbed surface hydrogen atoms. Simultaneously,
dissociated *O is removed by reacting with adsorbed *H and *CO to produce H20 and
COo, respectively. Finally, *CHy intermediate species are further coupled and/or
hydrogenated into hydrocarbons. As for the H-assisted CO dissociation mechanism,
FTS reaction occurs via the following elementary steps: (1) *CO reacts with *H to form
formyl (*HCO) intermediates and subsequently be further hydrogenated to
hydroxymethylene (*HCOH) intermediates; (2) *HCOH is dissociated to *OH and
*CH that ultimately form H.O and monomers (*CH>), respectively; (3) coupling,
hydrogenation and dehydrogenation of *CHy> into paraffins and olefins as products.

As a big challenge in CO.-FTS, researchers have been struggling in adjusting the
products distribution for a high selectivity of target products. However, CO:
hydrogenation through the CO2-FTS route generally exhibits a broad spectrum of
products that can be described as an Anderson-Schulz-Flory (ASF) model. The classical
ASF model limits the maximum selectivities of hydrocarbons. For example, the
selectivities of C»-C4 hydrocarbons, gasoline (Cs-Ci1), jet fuel (Cs-C16) and diesel (Cio-
C20) are restricted by 58 %, 48 %, 41 % and 40 %, respectively. Therefore, my work
focuses on developing novel catalysts to break the limitation of the ASF model and thus
increase the yield of carbon neutral liquid fuel.

According to the reaction process of CO2-FTS, both RWGS reaction and FTS
reaction play important roles in CO2 hydrogenation. In chapter 1, multi-promoters,
including potassium, manganese and titanium, were incorporated into iron catalyst for
improving CO> hydrogenation and the influences of each promoter were investigated
in detail. Besides, the content of each component was optimized to achieve a well-
matching tandem catalysis performance between RWGS reaction and FTS reaction.
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The results showed that the introduction of potassium could improve the RWGS
reaction and chain growth capacity by utilizing abundant oxygen vacancy and strong
competitive adsorption. With the further addition of manganese, more active carbides
sites with benign dispersion were detected owing to the strong interaction between
manganese and iron species. When titanium was added, the catalytic performance of
the catalyst was improved by stronger CO, adsorption capacity and longer resistance
time of reactants. Therefore, the well-matching catalysis between RWGS and FTS was

achieved on the corresponding Ka/FeMnyoTizo catalyst, achieving Cs. yield as high as

1282.7 g, kg h"' ata CO, conversion of 44.9 % and maintaining a rather low by-

cat
products selectivity (9.6 % for CO, 12.8 % for CH.).

Recently, the combination of CO2-FTS catalysts with solid acidic catalysts,
especially zeolites are extensively investigated for optimizing the products selectivity
in CO2 hydrogenation. In chapter 2, a bifunctional catalyst composed of K-Fe/C and
ZSM-5 zeolite was developed and it was found to be efficiency in the production of
carbon neutral liquid fuel via simply tuning the microenvironment properties of ZSM-
5 zeolite. The catalysts were characterized by various methods, such as Brunauer-
Emmett-Teller (BET), transmission electron microscopy (TEM), X-ray diffractometer
(XRD), temperature programmed desorption (NH3-TPD), and X-ray photoelectron
spectroscopy (XPS). K-Fe/C catalyst was mainly responsible for the formation of
olefins, while ZSM-5 catalyst was mainly responsible for olefin secondary reaction,
such as aromatization, isomerization, and cracking reaction. Surface acid properties of
ZSM-5 were well regulated through different ion-exchange strategies, in which the
strong surface acid properties of ZSM-5 were eliminated with the utilization of K*-ion
exchange strategy and then it presented a high Cs+ selectivity by suppressing the light
saturated hydrocarbons formation.

Herein, two highly efficient catalysts were rationally designed and successfully
synthesized for the production of carbon neutral liquid fuel from CO hydrogenation
via the CO2-FTS route. This work provides new insights into the realization of global

carbon neutrality by reutilizing of CO..
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