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Abstract

The hydrogen evolution reaction (HER) and the oxygen evolution reaction (OER) are fundamental
reactions in renewable energy technologies such as electrochemical water splitting and metal-air
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batteries. A variety of transition metal (Co, Fe, Ni, etc.)—based catalysts have been extensively ex-
plored due to their good electrocatalytic activity as potential substitutes for noble metals. In this
study, a bifunctional electrocatalyst (Cos.47N/NGO) supported on nitrogen-doped graphene (NGO)
was successfully prepared. In 1 M KOH, to reach a current density of 10 mA/cm?, the overpotential
for OER is 352 mV and the overpotential for HER is 104 mV. When (Cos.47N/NGO) serves as the cath-
ode and anode of the electrolytic cell, a voltage of 1.79 V can achieve a current density of 10 mA/cm?
and exhibit excellent stability. This research simplifies the synthesis process of cobalt nitride, and
the flake-shaped NGO reduces the agglomeration of nanoparticles and provides a large number of
active sites, thus improving the electrocatalytic activity.
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1. 5l8

S HE I FEL AR 7K I FE IR 5 [ AR BT & B (Hydrogen Evolution Reaction, HER) -5 FH # #T % < v (Oxygen
Evolution Reaction, OER) [1]. f&BImRCHMELLT], AR A U EMEE HER F1 OER M AT B 1) 51 M. R
22 DA S 715 Jso IR a1 e AR I H g, E T 8D BRIRTH AR, $RTHRE R e AR BRI OAR [2] . 7E HER fi
e, fE ) e Pt R AR, RS SR i AE Y SRS E PR 2 ORVE . Pt AT Pt FEADRLHERR
HER SIS s Sbnite, B 1z N T AR K I Zd R [3]-[5]. 55— TH, Ir #1 Ru B 7E OER fi{k
AR Z[6]-[91. Ir Al Ru AL AR R 25 AL TS 1 SRR e v, 72 FR R /K ) S80S B R R HE SRR
H, SR A S ARG HAE F BA i B, BRORHBBERS 15 s R R R 55 )72 M [10]-[14]. B B,
WEN R O R A 2 0 S R B AL, e U S R A Bt BRIk, BAA . WAA DL K
BACE R B IMEH15]-[19]. Hrb, EESBEFAUY B T &EE TSR E TSN S-SR d HuEii
g5, BEMERRLLT P45, WERWEHMN S, RAHEE Pt I TE20] [21]. A =2 —F
FH B2 B S R AR T R e RKARE, DR R B A 2P o, FEfE AL OB A 3 T2 S [22]-
[24]. FRIE TR A BT A BIE M MEATEYE, H AT WS8R0 R FEAH N Pl B 55[25]-[27].
BIRTAEAG B THRBREAEED, SRS B TOKEE, MHEEI d W, XU TN
YRS S, B REYE Y S LIRS E 1 [28] [29]

B ST 7853 A U <6 B A R I DL R B A U A SR 0 I K B R T AR = & WML A, R
HEE A BURL T8 T BB R B B Im 2 b, Bl & 2 S 7H] CosaN/INGO. HIL 2 MRS, R %
B, A2 ML R H SRR A (A S 1, 7RI B 10 mAJem? f LI % RS, OER i HLAZ{X 7 352 mV, HER

AN TR 104 mV, FE ELZ AL T LE BRI A 5T AR 22 BE SEEIAK I [ ) s R e v o 29K R0 A X He,
W HEL A 7K R B AR AN FH AR A AL R, 76 1.79 V FIHLE R EtaEIA 2] 10 mA/em? B R, HBEWE{R$F 24 h
PLERIRE IR

2. SCLRERSY

2.1 AFIFn{LEE

AT R RE = R UL 7OKE IR . JRER . RGOS SAMH . R TG KRB .
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R mARRRE . SRR N Pral, s RPN ERMH, R4,

AT IS FH (14345 4 Bruker /A 7] D8 Advance X ST 26y RATHHX . 3£ E FEI A #] Tecnai G2 F20 i%&
SPH T4 . 3£ Thermo Scientific 2 & Thermo Scientific K-Alpha X $F 286 T-Ag it . | iR A 2%
A BR A H CHIGB0E Hifh 2 TR .

2.2. {EHSTIROHIE R R AL M REAIR

Cos 4N NPs

NGO CoINGO Cos,,NINGO

Figure 1. Scheme for the preparation processes of the catalyst Cos.47N/NGO
[ 1. Cos.47N/NGO #4L TR & R R EE

TEARFFE, ARSI R 1R, Bk, DARSRAENIERL, K8 Hummers v5[22] 1 4
A4k A # )7 (Graphene Oxide, GO). Fifi Ji , LA = & FUE A A R il £ %45 44 f1 2% (Nitrogen-Doped Graphene
Oxide, NGO). EAAEEEUITR: K 0.19 GO 5 0.3 g =RFILFR MRS HEE, FrE~ME T+, K
NER . FER (N FE N TIBEE, BBty 3 /NF, NR P BEE A 800°C, TR %I 7E
5°C/min.

#14% Co/INGO HIEFEan F: Wil 1 iz, HL 20 mg NGO #15.82 g /N/KEEERE:, BT 50 mL /MeEbr
LN 10 mL ZEMEK, EEAARER 1 /N, BEEEUOKIBIREE R, SRR 10 mL FESECN 1%
NaBH, VW . 4 10 58 B EVOKIG T gk S0 BE 2 /NIF . Bl S BHT B O Ve 2 BB EIE RS, BE
O JE HORE ST B A TR AL TR, B R I5 BIRE M Co/NGO.

HI 25 HEAL 7] Cos.47N/NGO 38 y: FREX 50 mg Co/NGO FEfh B T/N&Efrh, K H E T4
e AFREL 2.5 g IREAN 73— &S, BZEf BRI SRR 2 2 em RT A . ®EE S THE
RN 5°C/min, 43 HI7E 500°C 750°C 900°C =AM EE AR 2 /e, FRIRN R, HARREE =
., 193] Cos4/NINGO F o 1EAXTELAE L, Cosa7N Fl Cs.47N/GO £ I 4525 I 5 2 25l X HNNAE
T & AR P AR I NGO Bl NGO Bl GO, H A B —FL.

ALK P &R A FREL 3 mg MEAFIBNRE, mILH N 450 uL Z 8. 500 pL 7843 7K LA
J% 50 uL 5> BN 5%I1) Nafion 3, 281 2 /N (e e AL B IS 45 31 2 88 21 Ak R S8 K . A2 X 80
ulL fEALFSRKIIRTE 0.5 x 0.5 cm? (R4S b, fE=EAAE Pl HAE TIEEM. AR0F5IF R
OER F1 HER PEREMIAI R HA M =ik R Ge, Hoh A s fE Jyx s, Ag/AgCl (A1 KCI)HLikAE
Z M, 0.5 x 0.5 cm? IIFRARE v TAE AR, HA#EH 0.95 mg/em?, HLAE AL P RE ML Ak 2
T.AE¥k CHI 660E F#E4T .

3. KWMERS R
3.1 fELFIRAE

K] 2 Jar 1 4E 750°C A1 900 C &5 B 25 A4 1 il 2% PRI 41 771 Cos.47N/INGO FE i ) X S 24175 13 (XRD)
T8 I P 9 23 A RT R, 750°C 2% A i, LA 43 ) IR 43.71°.50.85°F1 74.95°, IX LI 5 Cos.47N
(1150 AH(JCPDS 41-0943) = EWI6, XRIEZRMNIEE T, FEMH R Co YRR 2k CosaN ¥
A5, A5 5 SR TP ARE Y Cos 4N T BIEE 7E 500°C LL_E 458 584 —3[17]. Cos.a7N HIFE BHLHI 7] BE

DOI: 10.12677/japc.2025.142018 193 Ly PR R=Svi


https://doi.org/10.12677/japc.2025.142018

Y %

AR N, IREDEF A NHs, HETDE 7130 NGO L s ki 24k . (R, RNIRE N
750°CIFE AR AE 47. 1075540 B L 7 — LSt 2 0, TR BE AR 7E 900 C il %% PR i i R A o 3X—
R AT RE AR T-7E 750°C R AR Cos.arN A& AFE— € BRI, BEAEIRZTHE 2 900°C, CosarN (1) fnig it
—SaTHF, MM EE R R[17]. HeAh, 7E 25 FHEAAE— N 55 L8 R IR0, 2 HTiZig )
J& A SR AT S U [22] o
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Figure 2. XRD patterns of Cos.47N/NGO with different
reaction temperatures (750°C, 900°C)

E 2. FEHIZRE(750°C, 900°C)HI&AY CosarN/
NGO B9 XRD £558R
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Figure 3. (a) TEM images of Cos.47N/NGO; (b) Particle size distribution reference; (c) HRTEM images,
(d~g) EDX mapping images of (FexNi1-x)2 P/NGO (the scale bar is 200 nm)

[ 3. (a) Cos.47N/NGO B TEM Bl{g; (b) RZEDFSEIT; (c) HRTEM Elf%&; (d~g) EDX JTZ mapping
E1& (B #+xR H 200 nm)

K> B S B (HRTEM) X EAL AR ROR T BUREAT T AECRAE(A 3). 141 3(a) o T 750°C
Tl Cosa7N/NGO ] TEM KR, Ml iR < BKIAR 7345 T 8~20 nm AR BE 9 KHL 11 5 3
SrEEAE IR NGO R . Gl I Geit o34, 3RS 1 IREEGR KL T AR AR 23 A3 (] 3(b)), Hordgkife
13.7nm. XS5 RERY], AR JRIR BN £E BB 2 A0 SR R I 1 2B BB INREAR IR B 9K R . B N
FERUHIAE T, 4RI NGO Jy Co Ktk et 1T KRB E AL mi, fE Co GUKMIRL L i A A
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R 7 I BIE LG - [ 3(c) B e 7 B S BT MR, B SIS SR SUE I AT L, L (] By 0.206
nm, 5 Cos.47N(111) % M f A1 R FEUL IS, X 7870 R REE IR L IO TH . Co KA O R ALFE L 1B
Tty EEMIZLA CosaN FeAZ . [ 3(d~g) o 1A TT R 2 A 0L, Ml LB # A . Co 94
KIURLEY) 5 70 U IR a0 B, RIBBLRTER LR, X5 TEM RALS R s Z— 2. Ah, JTR mapping
ZRAINEE T N A C 257045 T NGO i, #E— P R W] N J5 1 s b3 2 B4 sId ek 2
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Figure 4. The XPS spectra of Cos.47N/NGO (a) survey spectrum, (b) Co 2p, (c) N 1s and (d)
C 1s High resolution spectra
& 4. Cos.47NINGO Hi(a) £, (b) Co2p, (c)N1s, (d) C1s BUE 4 #EER XPS Hitt

1z XPS X} 750°C il %5 1) C0s.47N/NGO R Ju R 4 AL S5 G AT TIR N34T 14l 4(a) 9 Cos.47N/
NGO ] XPS 4xiff, P rifmi 28 H 5 Co. O N A C AHXE N FIRFAENE, IESZiZMELTIAEHE B Co.
O. N fI C JLHEMM. B EIEFI T, T — BRI B T4, B 4(b)h
Co0s47N/NGO ] Co 2p ik, Z#r kB, Z5&REME 781.2 eV M 797.1 eV AbHII&E 5 5V )& T Co 2p3/2 Al Co
2p1/2, #AJEAE 784.9 eV Al 801.4 eV AT JE T Co-N LMK, HAHE T4 )8 Co (778.1 eV)IEFIfh
2, XKW Co 5 N MAHEAEA, S8 Co HuL i 1% FEFEIK[15] . T7E 787.1eV Al 803.3 eV AL UM
VA& T A TR WE[15] [17]. 1E Cos4/N/NGO M7 #1238 N 1s i, Z5G R T 398.7. 399.3. 401.6
F1403.5 eV [IPYANIE(E 4(c)), 0 BIARFIEER . Co 45 A%l SR BRE A, MU R4 vl %0,
RSB LE E v . Milkie &M Co-Nyx FI3LAE, R N MEBXN THcir 4, HiE5 Co AiEK
TEH . FSCSCHRIRIETE i, XFIB ARG FT N R 75 Co JR FRLAIZ L Co-Ny Hily, 4k Co KT
SEH,  MNTHE RN O FIW S AL[15] [16]. miZr#E3E C 1s XPS JGil /R 1 C-C/IC = C (284.6 eV). C-N
(285.5eV). C=0(286.9eV)Fl O-C=0 (288.7 eV)HEIIAFE(E 4(d)). Z5A N 1s o Hrai Rnl A, X AMNE
BB T N5 2 BIBR AR S5 M A S0 i AR 2 v, T FLOR S8 s T s s 7 A AR Bk () FEL T4, idE
T PR T AT O MR BE, XS Ay v i fie Ak 3l ) 2 B B
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Figure 5. (a), (b) OER LSV curves and Tafel curves of the relevant catalysts; (c), OER LSV curves Cos.47N/NGO
with different reaction temperatures; (d) the relative EIS spectra of the relevant catalysts

[ 5. (2) FEMELFTIE 1M KOH FAJ OER R4 BhLFN(0) BRI RL Tafel fhék; (c) FRIRRLEERIELT
7 1 M KOH 159 OER R {tihzk; (d) NEMELTIX N EFE I REIIEE

i E HE A 7R RE AT 480 SR (Oxygen Evolution Reaction, OER)1ERE, LA 10 mA/em? f ik B A7 15 i
Hr OER W& MEHITEFR. /& 5(a)FTR, M T Co/NGO Ml CosarN XM FH S ELEE R, Cos47/N/NGO fiAL 7
ff] OER 1Ak 2 Th, HiddAify 352mV. 1fi Co/NGO it B A7k F 400 mV, Cos.4/N/GO [1)id B Az
29390 mV, T H bR Cosa/NINGO Bk HLAz . kA7), ZEAHIEF) OER HAAZ K, Cos47N/NGO HEf
FEARTE R IR B B o GRS LT R R, B AR, A0 — ) Cosa7N, FL OER VTR FEANHIAR.
BBIREAMNAEIGS CosarN Z IR FEIEH, A R THZ AT OER AL YERE % 0 2 2 [15] [18] [19].
B4R R B (Tafel slope) A /N S EAGTIAT R R EPER . AR TEPIRSSE Z N R H UM C. IR
RN, RHEFEMRRMAERITRERE S . W 50)F7R, CosaNINGO KBS IE/RFI AL A 108.5
mV/dec, AT HARFE M IEFE/RRIE . X — 45586 JIHIER T Cos./N/INGO 46712 £ Bt (1) OER Jx
I Pk

HIRNIR G ] £ i BERT A B RE 2, 4B 5T 43 A0 AR 2 2 500°C « 750°C 900 °C [ AN [E]#F: i
() OER HMEAL I BEREAT T Ik H1 %] 5(c) T %N, 500°C Al 750°C fil & HOAE &b M el i, Hirdr 750°C )
HIRE S PERE B NI . S5 A 2 ATHI X SH2R17 %) (X-Ray Diffraction, XRD)45 B 40Hr, {EARIR I N 2644 F,
EiCE MUK CosarN, FEUEAHI I MALTE ARG B . IR A E] 900°CHE, i A 5E Al e (e 4
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GORIORL R A A AR, DD TR T REE, TR SE R ISR A A 2 A R 6 75 AE PRl . R,
8 AR AR RO TR SR PR AL R A R R A B S M 5(d)ATEAZE AR JUAORT EEAF df e
Cos.7/NINGO [ HUATFERZ LB R /), IR FLR M B 77" A ROy . XA R T8 T A EH I N
JF 7 BE SR AL R T b ) e A R, AR T A R B T A TR . RIS, e R
A0 T F) Y RE P 280 e 1 U oKOBORE (Y A1 5, A5 HEAL TR SE D = A T Aoz s [23]
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Figure 6. (a~c) CV curves of Cos.47N, Co/NGO, Cos.47N/NGO for OER versus the scan rate from 10~50
mV/s; (d) the corresponding Cdl plots of anodic current density

6. (a~c) Cos.47N, CO/NGO, Cos47N/NGO FEIESERI S X [BIFAHIE 10~50 mV/s B CV #hzk; (d) *t
RZ7E 1.145 V vs. RHE BB JE Ay Cdl fi%k

FA Ak 243 8 T A7 (Electrochemical Active Surface Area, ECSA) 2 & i AV I35 M A7 AU BB 1) S S 4.
AW FEAE ARV 28 R X 1) TF AN R A G PR AR 22 (CV) AR, 285 i 4 4 b 3 3R HUXU L )2 HL 25 (Double-
Layer Capacitance, Cdl). % T Cdl 5 H4b 22y LR ITA R LG R, s v HERI CdlHE, A
RPAE H ECSA Ko M 6 XL/ BT AT A1, Cos47N/NGO I H B K H Cdl 8, ik 37.21 mF/em?, iz
it Cos.47N (6.88 mF/cm?)Fil Co/NGO (16.37 mF/cm?)., iX—45 B 753 % B, CossNINGO R &¥ERZ 1
TVENL A, IXTCEE R PRI H AL R RE I L — KR R

3.3. 2R

T FR RS R, AT A E Cos/NINGO Xt Hr &R B (HER) AT % 3 (OER) 4 g L H1
FR A TS 1 DL R s FE AR e 1 . MIEATE YR JZ TSR, fEAHSCINAZ4 T, Hoxt HER #1 OER HIfiAL,
RIULRM, REW AR R N AT s TEARE M7 T, 20 K R 2 25 PRI, MR AR B A/,
I AT SRR . ST R R RRE, Cosa7NINGO B 711F N4z 7K o i B S BE AL 771 o
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LK R B PR AR, S HR H R i g S M s, O ABIE AR VB 3 S N . 1 7 ()
PR SESR B AT AL, AR AR, B A R 1.79 VI, {ERE A4 10 mA/om? ) HLILE TE
X B R WZ A TAE Gk 0 il SR, BERS AR R A R H I ST v ) AL P e, A
REFEIHEALIERE . [FIIN, BEXHZAEACTIAE 2K R T OAR E VR, 72 10 mA/em? LIRS L R k4T T
KIS TERS . MRER B, HAERIEENA N 0.1V, JFHAEWIRRHET 24 h BIFRE ML 7(b)
JIR)e IX—E5 345 JIIER] T Cos.7NINGO £ 2K 7 R T, AMUH % REFIIAIARfEALIERE, A
AR E T, REREIHE AT S Br B HT v (A R IR TR A3 E AR A 75 3K
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Figure 7. (a) LSV and (b) Chronopotentiometry curve at a current density of 10 mA/cm2 for the Cos.47N/NGO
two-electrode system in overall water splitting

[&] 7. Cos.4e7N/NGO W E AR R G AE LK SRR AY(a) LSV FA(b)FERRZE A 10 mA/cm? YHATE AL fhZk

4, g5ig

TE R U B T, PR 2R e R HL AR T BTy B e A 7RD0T TSI B A 7K 23 A P v 25 A0 B DR
o AT TR F A A TR A B8 73 JEUON B 9 KR T I R T — 45 FIR I NGO (BB 2 A 2
) b 4EROIRID NGO HAMERN IR, AEBRKMEREN, B9 N9 KR T 4EE & 157
WAL, AT S AR TG MO AR, R LA By (R R B T 8 R A R P H T AR i
PSR 2 A A IR AG 580E B 9 KRL T 1) NGO #4679 Cos.4/NINGO . Jl It XPS. 54 HE 2 1% i Hi 1 R AR
T T BRI, #1921/ CosarNINGO HA MK LA 20 . FH A AIEE Ny £ N Al
Co-N 2545 Mg A7 a5 MERE N FUA SR N BRI B S I T4 MeE, A R R & A s A7) 7
T, BRI iEARE s 177 Co-N B BIAAAEIIE— 5 Ak 1 AR R L1 454, 3558 1 FE T U Y (HER)
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