FAFRLDOEE
FALFRICEE H ¢ Catalyst development for electro-catalysis of carbon
dioxide reduction (Pfbfr 38 DXL = ool O B 5E)
WY T R
K4: ¥ 347 (Wenhang Wang)

Carbon emissions have aroused tremendous environmental problems, such as
global warming, ocean acidification, climate change, and so on. Carbon dioxide (CO3)
is the most important greenhouse gas. Its concentration of atmospheric exceeded 400
ppm from 2016, which added to concerns about the immense potential scale of
economic, social, and ecological damages. Therefore, the development of strategies and
technologies to effectively reduce CO2 emissions has attracted great attention. The
different proposed technologies follow one of two major approaches: to capture and
geologically sequestrate CO3, or to convert COz into chemicals and fuels. The chemical
conversion and utilization of COz into high value—added chemicals and fuels are a more
attractive and promising solution. Among all of the chemical conversion routes
including thermal/electro/photo-catalytic strategies, the electrochemical CO. reduction
reaction (CRR) into value—added chemical feedstocks offers a sustainable route toward
carbon—neutral in the future due to its ambient operating temperature and pressure, and
its effective control of the target product through adjustment of the applied potential.
Especially, electricity can be generated from renewable energy sources such as solar
and wind energies. It is reasonable to believe that the price of electricity by renewable
energy is lower and lower with the continuous development of renewable energy
technology in the future.

Many heterogeneous catalysts have been developed for the clean, efficient
transformation of CO> to high value-added products to date, based on a multiple-
electron transfer mechanism involving transfer of 2, 6, 8, or 12 electrons, such as carbon
monoxide (CO), methane (CH4), formate, and C; products (i.e., ethylene and ethanol),

that of them are the most important building block in chemical industry, and possess a
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large market. In general, the catalysts currently being employed are still not active
enough and have insufficient catalytic selectivity and stability. This is attributed to that
COz is a thermodynamically stable molecule with low reactivity. CO; activation has to
overcome a high barrier, and the chemical utilization of CO> constitutes a significant
challenge. The other hand, the reaction mechanisms are still under debate. So, these
problems urge us to investigate the CO. conversion and develop high efficiency
electrocatalyst.

Currently, copper is still the main metal that can effectively catalyze CRR to C;
products, owing to the specific binding energy of *CO intermediate. Among all the
copper—based catalysts, Cu20 is considered optimal due to its better selectivity towards
C—C coupling which is attributed to its controllable defects, morphology and so on. In
Chapter 1, Cu20 nanoparticles with rough surface and abundant oxygen vacancies were
facilely prepared by using an ionic liquid, [Omim]CI (1-octyl-3-methylimidazolium
chloride), as a bifunctional structure-directing agent, where the [Omim]* played a role
of surfactant to adjust the morphology of Cu.0 and the CI" facilitated the formation of
oxygen vacancies by coordination with Cu*. The obtained Cu2O nanoparticles were
further dispersed on the home-made graphite nanosheets to fabricate a composite
catalyst. By adjusting the content of [Omim]Cl, the optimum catalyst of Cu>O/ILGS-
400 performed the best performance with a faradic efficiency (FE) of 62.4% for C»
products (ethylene and ethanol) with 0.1 M KHCO3 as electrolyte at -1.15 V (vs. RHE)
in an H-cell. To overcome the low current density of CRR in the H cell, a home-made
flow cell was established to enhance the mass transport of CO2. An excellent catalytic
performance with high FE of C, (78.5 £2%) and commercial-level current density
(123.1 mA cm?) at —1.1 V (vs. RHE) for 100 h in a flow cell. In-situ surface-enhanced
Raman spectroscopy and density functional theory (DFT) computations proved the
special structure of Cu20 strengthened the adsorption of intermediates (CO,", CO%*)
and the following C—C coupling reaction, thus remarkably promoting the formation of
C> products. This work affords a novel strategy to synthesize metal oxide with
controllable morphology and defects for electrochemical applications.

Among commodity chemicals, formate is noted for its nontoxicity, safety,
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transportability, and broad applications, which is also a hydrogen carrier for
transportation. From CRR to formate is also a superior pathway, which has been
investigated due to high selectivity. However, the double high index of current density
and FE in CRR is a great challenge. In Chapter 2, carburized indium oxide nanorods
(In203-C) was synthesized by pyrolysis of MOFs precursor [MIL-68 (In)]. The
electronic structure of In was regulated and the localization of negative charges was
increased on the surface of In,Os-C catalyst, resulting in high FE of 97.2% at -1.0 V vs.
RHE and above 90% in a wide potential range of 500 mV using the H cell. Furthermore,
it reached a current density of -1.0 A €m™ in the flow cell for producing formate
efficiently. The carbon atoms embedded into the In2Os lattice were able to regulate the
electronic structure of In and increased the localization of negative charges on the
surface of In2Og, resulting in enhanced activity and selectivity simultaneously for CRR
to formate. The whole reaction path from CO. to formate on In2Os-C was investigated
by DFT computations, in-situ attenuated total reflection surface-enhanced infrared
adsorption spectroscopy and 2D/3D surface-enhanced Raman spectroscopy. This work
gives new light on developing high-performance CRR catalysts with high selectivity
under large current density.

Therefore, two new electro-catalysts were designed, synthesized and applied to
CRR, which exhibited the excellent performance about ethylene, ethanol, and formate.
And a preliminary study is made with these catalysts in the ampere-level current state.
The development of high efficiency electro-catalysts provided a new view in

identifying the active sites and the pathways to the low carbon products for CRR.



[(EERRRE]
(HIHEEE £ U1

VPN BEERER IR EFMICEEL, 2oMmMXBEERE DM 5 4 8 H 8 HAK
THIMEL., ZDRREEREEICOWTHER Lz, TOHFEHEREL TRLOL I T L0 D,

“BURFOBIILFETIIHAED AL F —ER LM, ZBLRE L ELRLE L
DAIFI D> b B RE o & =4 ¥ — R 2 WA R & ENRF T AR T 2 55ETh
%,

KRESCIIEE, B8, FE, TLorbBlEIns, s 3 BUKEOBELRLY
RICORFENHICET 2/ Th 5,

FmIIERRA A VA EFIALC, 27774 b - F v — McHF S Lz EiEE(L
S AE OB 2 T 72, 2 DEME 0.1M REE/KFEH VU 7 LEMRE KB O K X
Nizenricsnt, CO2256DTFL v TR ) —ADEESKTIE 624%D7 7 7T —
R ERBR L 72, & L ICYWEBEERS R LS k7 v —Re it L, EREKIGE
785% D7 7 7T — L FEML VO EWEREE(123.1mA/cm?) T 100 FHILL EZE
L L7z, B LYEIRE Z DB TD 7~ VI EDRITIC X o T MR A A v icFR I nk
§li] % BEAG o> FR AL AT R BRI B 1 SCRL & B R AR B O W I & C-C #i il B A3 6 s
ErEo#cds 3L,

X MOF (BEk7 L —27—72) HilkiEx L2 L <, RILA v 7 L8
F/uy FEMEFHELL 72, ZBLRFBRITTICL 2 FBOAKICE T, 972%D 7 7 77
—ShEEEH L/, & o ICEBEIES M LI N7 o e VIS L, 20K
R FERL L OEWETREE (1A/cm?) T 100 B L2006 #ls L 72, &G &
JUBTYEEEZ D > T, INLDOKIED A A =X L%RIAL 72,

RBICEEZNEDOT Lo bt L TH B,

RO N IFEFRAMT R PRSI RS R 2 e LT S vk,

UEEZBR I L2 RERNICHM L 7258, FEmE, =¥ —, B, &5l
L B RE Y BRI B O EITliE D B 2 FI R AR G 2 72 LW L. oA AR &
LCHaniifiifizf L, HEod 253 2 1T 25 TH 5 LHEL /-



	2学位論文の要旨_王文行
	3審査結果の要旨_王文行

