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Hydrothermal Synthesized Nickel Copper Composite Phosphides as Bifunctional
Electrocatalysts for Hydrogen Evolution and Hydrazine Oxidation
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Comprehensive Utilization of Tailings Resources, Shangluo University, Shangluo 726000, China)

Abstract: Herein, we report a kind of NiCu-based composite phosphides electrocatalyst(NiCuP/NM), which was
prepared in situ on nickel mesh substrate by one-step hydrothermal method with NaH,PO,, CuSO,, NiSO, as initial
materials. The morphology, crystal structure, composition, and electrocatalytic performance of NiCuP/NM were
characterized. Under the optimal preparation conditions of Ni, Cu and P(molar ratio 8 : 1 : 20), hydrothermal syn-
thesis at 140 C for 24 h, the obtained composite electrocatalyst displayed three-level micro-nanostructure with Ni,P
and CusP as main crystal phases. At the current density of 10 mA-cm >, the required HER (Hydrogen Evolution Reac-
tion) overpotential and HzOR (Hydrazine Oxidation Reaction) potential of NiCuP/NM were 165 and 49 mV, respec-
tively. In the two-electrode system, the decomposition tank pressure for the NiCuP/NM cell at the same current
density was only 0.750 V which remained substantially unchanged for 24 h catalysis, exhibiting excellent catalytic
stability. NiCuP/NM displays prominent electrocatalytic performances towards HER or HzOR in both

three-electrode and two-electrode systems, which can be ascribed to two aspects. On the one hand, the 14-fold elec-
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trochemical active surface area compared with original nickel mesh enables NiCuP/NM expose huge number of

catalytic active sites in both HER and HzOR. On the other hand, the electronic structure modification of Ni and Cu

atoms induced by doping P atom brings great improvement of intrinsic HzOR activity of electrode materials. This

study provides a new perspective for nanoscale synthesis and promotes the development of novel nanopores in fuel

cell and energy conversion applications.

Key words: nickel copper-based phosphides; hybrid water electrolysis; hydrogen evolution reaction; hydrazine

oxidation
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NiCuP/NM & & Hi#% ¥ (a~c)FESEM ff Fr . (d)EDX i [&] 2 (e) 70 % 43 47 ]
(a-c) FESEM images, (d) EDX spectra and (e) element mappings of NiCuP/NM electrode

Intensity / (a.u.)
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¥ Cu;P (JCPDS No. 71-2261)
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80

K2 NiCuP/NM HLfiEAL 7 I (a)HRTEM [/ K (b)XRD &3
Fig. 2 (a) HRTEM image and (b) XRD pattern of NiCuP/NM electrocatalyst
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Fig.3 (a, ¢) LSV polarization curves and (b, d) Tafel curves of NiCuP/NM composite electrode towards HER (a, b) and HzOR (c, d)

N T P NiCuP/NM 7E (AR [ 3 R 3 7 2
Bk, 3 BN E T HAE HER Al HzZOR i F& b (g 34 5
IR (Tafel)fHK . H I 3(b, d)rI %, 7E AL BT ZUR
AT FE T, NiCuP/NM HEMR ) Tafel #1545 514
93.9 f192.6 mV-dec ', [FIFEEEMET FSME TR
NM (¥ 112.0 1 138.1 mV-dec ™', 7] NiCuP/NM 7E
HER 1 HzOR W B R 4F 30 ) 5 e i, X5
AR H R T B TR R A k. RIS, BEEE
IR (Tafel) &2 & VPN BT &R B3l 115 J = SEHLER I
HESH, I LLA e R R T BT AR B R D
BR. NiCuP/NM HLMREMT S A2 1) Tafel &3 N
93.9 mV-dec™', F W] Volmer /28y NiCuP/NM Hi#%
RIEATE S M P B, B MK & H4a B R
T PR B 2B ) R A 2 PR Bt R T e g 220,

FF NiCuP/NM 7E HER Al HzOR @Bl ()
e B PR PR AT 1, oK T ) B A A b At £ IS A% AR P
W, 5 EL AR KA IR S P U T e F A, e T
WL AR RTEIR G /K LRI FR 1 et e Re, 453
Kl 4 FR o

B 4(a) iR 1 FLI s B B X Th g FR ATt 43 A il
JE (R 8 28 . P8R NiCuP/NMI|NiCuP/NM . H fif it
(HER&HZOR)TE HL I % & h 100 T 200 mA-cm > i}
(R H R 23 310 0.750 A1 1.024 V, T HRT 23RS
&R I RE AL AF RXTEE, 5 T NiCuP/NM H

BeXHE 1 mol-L™" KOH ¥4 H 1 43 7K 23 fif i FE o A%
1 26 (HER&OER). 45 &, 7£ 100 mA-cm * ]
N, KA R A i R 1) B Al £
0.750 V, @A T 2K o iR i #2(1.921 V), KL,
HzOR [ 8 2 5 FH #2 ¥ OER )82, ANE AT B I B4
K H AR 2 (1 FEL AR Y FE, 1T FL AT DL 2 R v
M= . AR R R e MR VT FE A A 77 T
VS AR ) R AR, FRATTR B B AL VA
T NiCuP/NM #4) i (5 %0 A% FL AR B #E 100 mA-cm >
YIS ) — FELASE T 7 2R 4(b)). AT AN, KA
TR A VRTE A B T B Ao ok 2 10 90 A ol s 2 A R A
AR, FEFESE 24 h FE H AR T MR, A S A
JEWE AL 20 mV, KB NiCuP/NM 7&K i 8] V&
AR BRSO WM 24 h 511
SEM M (B 4(c))H T LAE H H 2 B BRI g 45
PR FESELT, 3 — DRI B S U R R
S R F i, DR A AR K ) AR 1 T 2
T A

B 4(d) SR 1 Hys N, A it . 4558
R, How No SARF=WIRIAFA Ly 2.7, IR T 102
R 3. R EES TR ET R ENES,
I FH 22 A A 1 i ) A TR S e 00 s 1L 28 R et A
X 1) 777284k, 338 11 %o Y - o A e 2 7 AR P AL ik
ITRERAINT. B 4(e)Hh I s R 2R 23] Sy s 5 3 i



1154 T AL A R R ¥ 35%

2501 @  HER&HZO HER&OER L1} (b)
0.851V, Loy
"?'; 200 5 09
= /=100 mA-cm
é 150 L :-‘!’J 0.8 r ] cm
g 0.536 V/ 1921V s 07¢
= 100 < > 06}
50+ 0.5}
0 N L N L L s 0.4 L L L L )
0 03 06 09 15 1.8 2.1 24 0 4 8 12 16 20
Voltage / V t/h
0.24
@ g ©
) I
& " P 0.16
2 5
& N, = L
Ea’ Hz Generated HﬁNAZk § 0.08
/L Nz 5 o Measured H,
Standard HytN,(3 : 1) of —— Calculated H,
0 05 10 15 20 25 30 0 10 20 30 40 50 60
Time / min Time / min
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Fig. 4 (a) LSV polarization curves, (b) stability test by chronopotentiometry, (c) SEM image after 24 h hybrid electrolysis,
(d) gas chromatography (GC) spectra of gas products for NiICuP/NM in the two-electrode system, and
(e) the amount comparison of calculated H, and measured H,

FEE R TEAN AR A A (AR D), B NiCuP/NM HER R AR S i K 2 7 B s T R AR I R AR ) He
MM el =S 2 5B EILTES,  wHEBHIE Ry, RIIZHBNERT HER 317152
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Fig. S1 SEM images of composite electrocatalysts with different ratios of Ni to Cu
(@2:1;()4:1;(c)6:1;(d)8:1;(e) 10:1



AL M OB IR

%35 %

K S2  ANFIBWEIK L T 45 2 & FAEAL TR SEM IR
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