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Abstract Using sucrose as the carbon source, urea as the nitrogen source, and cobalt nitrate as the precursor, a
nitrogen-doped carbon-supported cobalt nanoparticle catalyst was prepared via a grinding-mixing and high-tempera-
ture calcination method. The as-synthesized catalyst was applied for hydrogen production from formic acid in the
liquid phase. At 100 C, Co@NC-Co,,-Ur,, catalyst achieved a hydrogen generation rate of 350 mL-g'-h™,
exceeding the performance of some noble metal (Pd, Pt) catalysts and non-noble catalysts such as single-atom cobalt.
Furthermore, the catalyst remains highly activity even after multiple recycles. Characterization results revealed that
the abundant porous structure and high specific surface area might facilitate the adsorption of active species such as
HCOO" during the reaction, while the Co—N moieties are proposed as the catalytic active sites.
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Fig.1 XRD patterns of catalysts prepared with different urea additions, and catalysts prepared without
urea or sucrose(A), catalysts calcined at different temperatures(B) and catalysts with varying cobalt
nitrate additions(C)
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Fig.2 SEM images and EDS elemental analysis of Co@NC-Co, ,-Ur, ,(A), Co@NC-Co, ,-Ur, ,(B), Co@NC-
COOA 1'Ur4. 7(C)

ME2 HhEY SEM B AT AR B, W FIRERE S BRI, KA Rz K 2(A) ], MIRE
I ZET, MRERIRGSHAREM [ E 2(B) | X ATae2 i FIRE S EE &R, B i b R Z R <
PRTT DABE RS S R FLBREE , 3R LB RE Sy S5 o7 0 e g W 2 A o 225 A5, TR Ik v A R A Ak e
FEPEREIEE T, MR R it — B 2 W RIRERIE SRR K 2(C) ], ATRBEH Tt 2R &
PR ARG A SR AR, 5 XRD A R —2. Ah, FE b Co@NC-Co, ,-Ur, ,, Co@NC-Co, -
Ur, , ll Co@NC-Co,, ,-Ur, , H g & ( HOG T (EDS) MR B A & EAKIK M 1. 44%, 7. 75%, 2. 79%. BIRE T
IXAA b PR ZR U I 3G, AR AR A U R R NS B . R R AT BB - SR
RO A AR R A U R 2 A 85 Ak, A3 O E B BURL, I AR FRUE B2 BB AL
o (A PR E S GG A5 EEE T 2L T IO AL, IR Az 3o B R, s B 2R 1
PHE UK CBA R USAHIE R, A1 ah S5 T, IRas S B R AR B R R o s 8 e e — fe
PRETC LU AR, PS5 BT R

3 (A) Ak F] Co@NC-Co, ,-Ur, ,, Co@NC-Co, ,-Ur, 5, Co@NC-Co,, ,-Ur, , 14 %0 W [ - Ji56 B it 25
P S TV R SRR S RN H3 s [0 B8, SRR ELAG BL A 0 A AL A58, HILFLZ5H Pl e 2 AR MEFR e 4
IR . Co@NC-Co, -Ur, ,, Co@NC-Co, ,-Ur, , 1 Co@NC-Co, ,-Ur, , i) BET bt 2 1 L4 %) 4 315.°5, 331. 1,
315.0 m¥g[ 1 3(A) 15 FLA 514 0. 254, 0. 983 F10. 748 m*/g[ F 3(B) ]. KR & & 1AL (Co@NC-
Coy -Ur, ) W M 25 B A%, i Jm 5 , FLAAUH 0. 254 milg, B/ FLEEH) . F2 R NAE TR BE/EN
e AL 5 U, IS A, R A AR S A R TG XA A e B AR T R il
FLIEFGHT, PR he S AR A e et At vp 2B 7 B ) B ME S S 25 M AR B D L. i o

1.2

~ (A) ICo@NC-Coo,-Ur3;Co@NC-Coy1-Ur: 1 (B) ICO@NC-C001-Urs 3 Co@NC-Coy,-Ur, 1
& 600} [ | Co@NC-Coo,-Ur,! |
£ CO@NC-C00.1-U1‘12: J i _Lof 01-Uniz) o
T, 00t 1Sher=3311 m*g T 1 =315.0 mi gl é osl Eme=0.983 om> ¢!
¢ ’ !
k: [ ' s ; I :
E’/ 400 ! 3 : | &0 06 | o :Km=0748 cm?-g!
= 1 | *® ME L ! | P
g 300 : ; | 1 g : | /,/ o
2 ! R J 5 041 , s P
S 200Sper=315.5m>g 7 e Voor=0.254 cm* g~ o &
. o | A = pore=V. g | -
g : | oﬁf % 02t : ) 0,9 | @
2 100F ! | | !
>O ! : ok ! |
0 3 1 1 1 ! 1 1 1 1 11 L 1 1 1 1 1 1 l 1 1 1 1 1 1 1 1
0 030609 0 030609 0 03 06 09 510 50100 5 10 50100 5 10 50100
Relative pressure, p/p, Pore diameter/nm

Fig. 3 N, adsorption-desorption isotherms(A) and pore size distributions curves(B) of catalysts with

different urea contents
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Fig. 4 TEM(A) and mapping(B—F) images of Co@NC-Co, ,-Ur, ,
Inset in (A) : pore size distribution of Co@NC-Co, ,,-Ur, ;.
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Fig. 6 Comparison of hydrogen production performance from formic acid(A), performance comparison
of Co@NC-Co, ,-Ur, , with catalysts in other studies"'***~*"/(B), effect of different calcination

temperatures(C) and effect of different cobalt contents on catalyst performance(D)
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Fig.7 Catalytic activity at different reaction temperatures(A), Arrhenius plot(B) and cyclic reaction
performance test of Co@NC-Co, ,-Ur, ,(C)
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