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Abstract of Thesis
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Development of Hollow Carbon-Based Catalysts for Efficient Electrochemical CO2 Reduction
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The dramatic increase in atmospheric CO2 concentration due to the excessive consumption of fossil fuels has
significantly contributed to global warming and abnormal climate change. Electrocatalytic CO2 reduction
(eCO2RR) to produce value-added chemicals and fuels provides a promising solution for achieving carbon
neutrality. However, this technology still suffers from the lack of efficient electrocatalysts. Hollow-structured
carbon (HSC) is extremely attractive for being used as a platform to construct high-performance electrocatalysts,
given the rich adjustability of space-confinement structure, abundant exposed active sites, and excellent
conductivity. In this thesis, three HSC-based catalysts are elaborately constructed for highly efficient and
selective eCOzRR. Their performance enhancement mechanisms and the link between structure and activity are
elucidated.

In Chapter I, the fundamental aspects of electrochemical CO2 conversion are first introduced, with a focus on
the reaction procedure and crucial influence factors (e.g., electrolyzer and electrolyte). Then, typical synthetic
methods of HSC, including the hard template method, soft template method, and self-template strategy, are
provided, followed by a discussion on the state-of-the-art modification strategies for HSC, such as nonmetal
doping, metal single atom anchoring, metal nanoparticle modification, etc. Finally, the recent advancements of
intriguing HSC-based materials in the field of eCO2RR are presented.

In Chapter II, an aminopolymer functionalized hollow carbon sphere catalyst incorporating Ag NPs
(Ag-P@HCS) is developed as an active catalyst for electrochemical syngas production from COsz. The introduction
of aminopolymer results in a finely improved dispersion of Ag NPs and alters the eCOzRR performance of
Ag-P@HCS. Benefiting from the increased CO2 adsorption capacity, improved conductivity, and promoted
stabilization of the reduction intermediate product (COz+ ), Ag-P@HCS achieves a 4.6-fold increase in the
Faradaic efficiency of CO compared to its aminopolymer-free analogue (Ag-HCS). Furthermore, controllable
syngas CO/H2 ratios (1.09 to 2.54) can be realized over a wide potential window, potentially meeting the specific
requirements of industrial production.

In Chapter III, a hollow carbon sphere electrocatalyst with highly dispersed Co-Nx sites (Co-NHCS-x) is
presented for efficient and controllable syngas electrosynthesis from COs. The obtained Co-NHCS-400 sample
demonstrates a high syngas production rate with a stable CO/Hz ratio (=1:2) across a wide operating potential
range (0.6 V to —1.1 V vs. RHE), exhibiting potential for being used in downstream industrial processes (e.g.,
methanol synthesis and Fischer-Tropsch reaction). Significantly, the findings reveal that the variation in
synthesis temperature can finely tune the coordination microenvironment of Co-Nx in the Co-NHCS-x catalyst
system, which further influences the adsorption behaviors of the CO molecule and hydrogen atom, enabling the
precise control of CO and Hz proportions in the product gas.

In Chapter IV, a novel poly(ethyleneimine) (PED)-assisted strategy is proposed to synthesize a hollow carbon
nanocomposite with a single-site Ni-modified carbon shell and confined Ni nanoparticles (NPs) (Ni@NHCS). The
branched PEI with rich amine groups serves as a mediator to manipulate the highly dispersed growth of Ni NPs
within the carbon matrix and as a nitrogen source for constructing active Ni-Nx sites with high accessibility. The
combination of these features endows Ni@NHCS with decent eCO2RR performance. As a result, Ni@NHCS
catalyzes the reduction of COz to CO with high Faradaic efficiency and current density, outperforming its
PEI-free analogue. Apart from the excellent activity and selectivity, long-term stability can also be achieved over
Ni@NHCS due to the structural integrity associated with the shell confinement effect.

In Chapter V, the thesis ends with comprehensive conclusions and perspectives that help the development of
practical HSC-based catalysts for eCO2RR.




£k 7

RMXEAOKROEES KO Y F

%K A ( LT KAINING )
) fis 4,
+ & Hiz L sLE
Al 2 e B
MUEERYE |8 & Bz 5 Y
Rl 7 s e e N S
BB ROEE

AT, B ORI 2 BRI FIC0IE T2 BT 572012, 7 I/ KR ~—Effi, RSB IE,
~ VT YA X RBEHTe E OSSR TR E AW CSHEO TR FE A AR L LB 2R T 5 & L b,
IS OfBEOVERER LA = X Ao, R L R NE & OBMR A ERIICHE L T D, SO ERNEIZLLT
D@y Th b,

D CoOMBEBRIFEMCAE AT A (CO+H,) Z2RETH-dOBEMAME L LT, B /R 2MAAATT 2 /K
Y~ —{Effih 2R3 (Ag-PEHCS) Z{ER L CTW5, 7/ RY~—DEAIZL Y, BF ki Ot m L
T 5L b, ik Co, WAERENH E, BRIBEHRIISEL T2 EOGENE LN, FORE, Ag-PEHCS
DCOWXTDT77 7T =X 7 /R ~—%E E RV (Ag-HCS) &l L-C 4.6 {545 2 & & A
HLTWs, 7, 73 RV ~—0EBEEELEIED LT, BETDHIHAHD CO/M, LLRHIFEAEETH D 2
EERRHTEEBIT, FOMBEMEROENICONTELEL TN D,

2) @B ERBALRAR Co Fl (Co-Nx) & H 3 2 28 R A B AR (Co-NHCS-x) ZBH%E L. & E T 100%
WEWT 7 77 =R THRATARFEOND Z L E R LTS, -0.6 V 22H-1.1 V(vs. RHE) DJAVWENLHE
FRIZ DT o T, BAETHHAFOCO/M, K 12 ZHEFRFL, 74 vy v — - b7 v o GRRICHEH LTzA kAT
AQIER & EEISHOAEE LR L TWD, £, —EOFERIB I ODFT 3 E NG, ARSI O B fif
IR DY Co-Nx DEMIEREEICRKE B L, 2 C0 L HIEFOWEREICRET D Z & T, AT A O
BHEAREICRD ZEEH LM LTND,

3) AUV =ZF LAy (PED) 2FIATHHHRERIEICLY, Bk Ni & Ni - ki1 (Ni@NHCS) #FH 3 5%
ZeIRFBEMAIEZ IR LT 5, PELICEEND B ERT I VEOBNAERICL Y, FZERFENTO NI FEOSYy
BEDOHIHNATRETH D Z L2 RHE LT D, BIss LB, REMEE P IR RSO L 2R/
Ni fli (Ni-Nx) & FZERFBICHBSNTZNL F/RFEEELTEY, ThbReD N FOMREDRICEY., &
W7 7 T T —hER L BB E T CO D CO~DBIRABETCEESND Z EZFLMNTL TN D,

PLED X 51T, KFR T, COEMIETIC &V SATIMEE L i 2 E T 2 72D D3O T 42 RF A B & L
BB ABRRE L T D, TR v —Eli, REREREN. v ATV A XEREME ST, HEEREE K
g b U7 fBa s 8t & 2 O A REIE. mERZRCO.BMAEOBRRBICEM LA L2 DO THD, o, KL THDS
AT COLFEMF B AR AR D BHFE & 2 DAREE A 7 = 2 2ZZBAT 2 51 UL, CO, & E = RV F — TEMT 5 72 6O O fib ALl
FABICKELSHFET IR THY . FIERIIRE V., DI, ME LY, = 3%)L X =20 0ol 4 5 o
FptE, ICHEIICKESEHRTI2AETH D, Lo T, KU EFHCE L TlES 2 b0 L5880 5,




