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Abstract

With the increasingly serious oil crisis and growing concerns about carbon emissions, hydrogen
energy has emerged as a green, efficient and clean alternative to traditional fossil fuels. Among the
various scientific methods for producing hydrogen energy, water electrolysis stands out due to its
environmental friendliness, high energy efficiency, strong adaptability and sustainability, playing
a positive role in promoting energy structure transformation and achieving carbon neutrality goals.
Therefore, it is imperative to develop efficient and low-cost catalysts for electrolytic water pro-
duction. This article investigates the overall water splitting performance of non-metallic doped
materials derived from nickel element, further exploring the application prospects and research
methods of non-metallic doped materials in the field of water electrolysis, which is of great re-
search significance and application value for the large-scale use of clean energy and protection of
the environment in the future.
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1. 5|15

RS T BRI REIRTERE, JF HREE N D3GR B SR AR IS 06 75 fh IR OIS AE P S5 R R
[2], BEVRVHFEMIBEREAWT K. HAT, 43k 83.19%H)— R ASIEE e MO T4 A kL, A 1 (31.2%)
RAR(24.7%) FIIE 5 (27.2%) [3]. AT, AFTREFIABEELR A PRIV, JF BLAE M sk bt A kT
RS PRSP0 SOk NxOy~ CO FI CO,), it ™ B (1 A ERVE Ml 8, GaniE s R0 . TR RS AL ER
BRg Qi il Bk, hth. Sl IEE AR S EE Sk M BON A RRLR AR R AR 4] H Tl
i AR ANE S NS — B K IEZ . s, @i AR T & S SRR R 4R A BRRETR
SENURIIR S5 e A AT IR AR Z —[5] [6]-

BEE AT ORER IR A IY 58, AR R ACS R R gt i U UK ) B R R T4k 2 T HF
K. R T AR N EARE RIS, RV, I SR R K A 7 7E i
fR K S A R R RO BB IEAESRE WA DR 2 R T RS S LRI L, B TR ST AR
MR 52 00E 7], 2B AR CEIEN, DHRICE NEERIATAENIES RS R nT B T 2K+ . 54
JERMEAFIRE L, FE4JE I A 7 e SEILTE ) V2 AR [8] [9] [10] [11]. ARk i 4 Ja Fa i 4b 71 Rl H Al == | A0
AHXHR BRI SR A R A SR A . B I B S AT A AR S R A RS HoAh A RS 22 1)
77 3R] DA bR i AR SRR S A, DL 35 B AL R OER. HER TERE, X FEAR /K IR SEFR B FH B AT
HIRE N [12]. 4HT AR 2R A, R BB IR Ik
48£113] [14] [15] [16]. T4 @BEALYI(M = Fe. Co. Ni. Mo Al Cu)th & B FH T H g /K AN & 55 4 F fi
WHIM B BETR B RAMEE S TR RS2, ST T RIEEA SR . Bk, wTRliE
KB TR B IR 4 S R I T AR T FEAE AR B 1 e

g bRTiR, TG GMATAERIAES BB A EHE g K 7 T BAA B R R & AR a5 . @
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IR TE UK HEALTTUF) HER. OER TERE, M i FEAR K B, 0 T AR SR AR I 335 RE TR O KA
KIEHAERE L.

2. SRS ISy
2.1, SELERF

B R S k 30(K30 M.W.40000, b EEfR R 2GR R A IR A R]), VUK LERER-(99%, 74,
5 BACER ARG IR AR, SEEE e, FgEREARE R ARAR), KBRS T
g, FHWRBRBMGERAT), WKEQAmx1cm, LiFEAEGRERMGARAR), DAL
Mrali, LR A E R A ), VORI HTal, LilgprR T iRAE R A ).

2.2. Ni-Ni HCPs, Ni(CN),/NiP, Ni(CN), B9& R

43 FR 0.3700 g PU7K ZFR%ER . 0.5600 g —/KATEERREA. 2.000 g 58 Z At S i (Mw = 40,000), ¥
78 20 mL 253 /K DUB RGAER, NI AL 4R2EFK 0.3600 g #RELER, ¥ T 20 mL &5 /K R
W, ICRIE B. SRETE 5 s IWRHVA B INNIER A, EEHFE— 08 E, BRI NRA SR =ik
THRE 24 h, S EIEE B OWEEDTIEY), KR ZBEDRG, ARG T %15 2 Ni-Ni HCPs. ¥ KB T
BFH, EEAMRY T 180T 2 h, FRIFH AR K Ni(CN)o 284 Ni(CN), JBHEE S FliE, HiEsE
2.0000 g X EMERRAN, FHRIEZA 5CREH, EERY T 300°C#k 2 h, R HE AR K Ni(CN)/NiP.

2.3. EEMRIHYIERIE

XRD FAFMR S E M BHA A R077% . B AXS D8-Advance X-S 2 KATHHMUAE =R T
X 1 £ 1) Ni-Ni HCPs. Ni(CN)o/NiP. Ni(CN), =FFE 5 2 5l 4T XRD M, B 70 S A A4t .

24. EEMRHRALFEMEREMIK

BT HAL S5 35 CHIB60E TAEsilifS o A FH 2 F Ak 2% AR Sl AR PO = /NE i JBEAT PR AR 22 I
(CV). MR ZMA(LSV) W ZHEENR(Cy)s HAZEAZRBAHTR(EIS). HMERA 1 M KOH R
(PH = 14). HER 1 OER WM R =tk R, FEH TAERMK. SR iR s, it
FEZE IR T . Ho/HQ CL/KCI N2 L i), ik Joxd Hidl, il 4 1) B SCEEMRHAR (L cm x 1 cm) B
FEAE N TAE AR AE FH o 5 5 mg # & A1 50 pL Nafion %57 (5 wt.%) 7 BUTE 950 pl iR+, 75 30 min JE K
M. IRJE R SR AR AR R IR, FELLAMEST TR MR 245 (LSV) IR R/, SR
WHIHATIERR Z3TH(CV), LTS AT H AL 2435 M R T (ECSA), T %y 10 mVs '~60 mVs ™,
HUETEE N 0.1~0.2 Vo HLAE I 3HE RN 1 mVes ™ PR 2k (LSV) IR 4L 7 HER. OER
YERE, ZEMHTFR AT 8000M I FELPHAMS, DLVHRR BT ML P BEHARE AT RS MR R . SR AT LA 258
FFHPUEIS)MIR, #RIEHE N 0.01 & 10° Hz, 1E{E N 10 mV.

3. &ER5vHE
3.1. MRMYIERLE

T XA EIA B AT T RAE, =AU AR I T AR ATI 0, R SRR AR A
AR o 0 B DR SCHR[L7], 75 08 5 SRRk r 10 8% U o FE DTS, i B 727043 7324 Ni-Ni HCPs. Ni(CN),/NiP.
Ni(CN),o 7E=/> XRD #EEIH (14 1), BRI T Al To 4 i RIRES A ML B A mig), £
SRR A AR T, AU . AEE R A E AR AR A R
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Figure 1. XRD pattern of Ni(CN),/NiP. Ni(CN),. Ni-Ni HCPs
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3.2. TSEMERESHT(HER)

MRS, KA = mRARIR T2 AMEHE 1 M KOH % 1) HER YERE. 10 2(a) 1L
FIRRME R 2 (LSV) I 2R, Fi i 2% FE 4% LR TR (L em?) A —1k. 7EARAIHE R, Ni(CN)/NiP &
HEARA L, B E A L5 NiI(CN)/NIP AL ITHEAMTEE Ni-Ni HCPs £ Ni(CN), B 47 5] 2(b) 2
7 AL ZE A AT EIS) A N1 201K . MBI BLE HE Ni(CN)/NiP #HEE T Ni-Ni HCPs Al Ni(CN), T H
JREARTE /N, RH Ni(CN)/NIP EA /N AR I, BATE S RBE) 1% N T dE—2 T
il 4 I FELAR 2 HER PEREMIMLER, SRAEHR 2RI T ik i MR A . L 2(c) 51 2(d)~(f)H
A4, 5 Ni-Ni HCPs (1.2 x 102 mF-cm ). Ni(CN), (1.45 x 10% mF-cm 24 Lt Ni(CN)/NiP #E4L7If¢] Cy
BB K(3.3 x 102 mF-cm™?), FBAHI 4K Ni(CN)o/NIP HA XK 1 AL 22 R A (ECSA), M ] =
FibA B Ni(CN)o/NIP & A FRHIHT S fE AR T 4T

5000
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Figure 2. (a) Polarization curves of Ni(CN),/NiP, Ni(CN),, Ni-Ni HCPs; (b) Nyquist plots of Ni(CN),/NiP, Ni(CN),,
Ni-Ni HCPs; (c) Cdl of Ni(CN),/NiP, Ni(CN)2, Ni-Ni HCPs and (d)~(f) CV curves of Ni(CN)2/NiP, Ni(CN)2, Ni-Ni
HCPs in 1 M KOH solution

2. (@) Ni(CN),/NiP.\ Ni(CN),. Ni-Ni HCPs B9tR{£B%k; (b) Ni(CN),/NiP. Ni(CN),\ Ni-Ni HCPs FYER {L [T
&; (c) Ni(CN),/NiP. Ni(CN),« Ni-Ni HCPs BJM R A F(d)~() 53779 Ni(CN),/NiP. Ni(CN),. Ni-Ni HCPs 7£
IM KOH & B R IMA R Lk
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3.3. HTE4EES#T(OER)

K = r MR R IR T R AP RERRE 2514 R 1 OER MEfE. W& 3(a)Fn 7 =FATE LSV #hk.
1E 1.6V iti, SAMEL Ni(CN)/NIP B AR T HAR AR A B4 s, R ks, &
W AR Ni(CN)/NIP FIfEfbiE TR EE Ni-Ni HCPs AT Ni(CN), 8 4f. [ 3(b) i BAL 2228 i BT s
Ni(CN)o/NiP [ H far 7 H FH (Ret) (e ize /N T HoA 5 AN AR ) Ret 4B IRART 1) R far B 7 HL BE AT DA I
LIRS 1%, BARIE SRR AT R E R A 0%, [18]48, Ni(CN)./NiP [¥) Rct iz /T Ni-Ni HCPs
H1NI(CN),,  HIH AT DA — 5 AL A BHAE OER 1 F ek BA S BRGS0 E, BT Ni(CN)o/NIP fi
AT R TR AL 22 IR BBl ) R . J3 4k, TR T AR XUZ B 25 (Ca) o B 3(c)~() T LAAIE,
Ni(CN),/NiP ] CqiA%] T 2.15 x 107 mF-cm %, AH# T Ni-Ni HCPs H1 Ni(CN),, Ni(CN),/NiP Fifht kA
A S I A M AR T BB T 2 RIS AT 5 . BT 2 SRR WA W E A KL Ni(CN),/NiP
HARB @ T Ik Re .

4
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Figure 3. (a) Polarization curves of Ni(CN),/NiP, Ni(CN),, Ni-Ni HCPs; (b) Nyquist plots of Ni(CN),/NiP, Ni(CN),, Ni-Ni
HCPs; (c) Cdl of Ni(CN),/NiP, Ni(CN),, Ni-Ni HCPs and (d)~(f) CV curves of Ni(CN),/NiP, Ni(CN),, Ni-Ni HCPs in 1 M
KOH solution

& 3. (a) Ni(CN)/NiP. Ni(CN),. Ni-Ni HCPs BI#R{tRiZ%; (b) Ni(CN)/NiP+ Ni(CN),. Ni-Ni HCPs HIE (kR HTIE ;
(¢) Ni(CN),/NiP. Ni(CN),\ Ni-Ni HCPs B E B ZF(d)~() 43 35 Ni(CN),/NiP. Ni(CN),. Ni-Ni HCPs £ 1 M KOH
R EEIMA R Lk

4, g5ig

AL T —Fh 45 73524 AT, 38 B I 7 VR SR A R AR BRI VAV R 7K 23 il (BT U Y. (HER)
FHT A S (OER)) ik HEL 38 o W TSI L AR /K (AL BE PRI BR T o 98 4 T W A 7 2L A e F 5 e o A
FEMEERAL PR, G TP, BATE @ G TR S P B RINE SR
Ni(CN),/NiP 5 Ni(CN), #1 Ni-Ni HCPs, Pl 2 (1) = Fl A5 53 2k 47 1 & mibERe k. Eanfiiy, f&
FH G T B I A B B TR IR 2% S AT AE AR & B B MR B RIFIAT A, Hréathae, X h HEIR
REFA TR 7 0 R AR AR AL 7B T AT ) S
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