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Abstract
Nickel-iron layered double hydroxides (NiFe-LDHs) are highly efficient catalysts for oxygen evolu-
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tion reaction (OER). Their activity is better than that of traditional noble metal catalysts such as
Ir/C and Ir0O.. However, their poor electrical conductivity and easily degradable active sites caused
by material stacking greatly limit their application as electrocatalysts. The excellent electrical
conductivity and large specific surface area of Silver Nanowires (Ag NWs) make it possible for Ag
NW@NiFe-LDHs core-shell composites to be used in electrocatalysis. Based on this, a new method
was proposed to grow a layer of NiFe layered double hydroxide material on the prepared silver
nanowires by hydrothermal method, which significantly improved the oxygen evolution and hy-
drogen evolution properties of the material. The initial overpotential of OER is 220 mV at a cur-
rent density of 50 mA-cm-2, which is better than most reported nickel-based catalysts. The nick-
el-iron layered dihydroxides grown with silver nanowires as cores can expose more active sites
and thus accelerate the hydrolysis reaction.
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1. 518

TERBIR AN EAEE v 1 H &5 ™ H A 50 N, 6 AT F AR R n Rl i se IR M 755K, BOR T 0 BEVR A7
e R G RNTTL, For B K= 2o 1 BURAE St A R B B B AR 2 —[1] [2] [3] [4]. Hf#
KA B AN SN BHAR AT 42U S (OER) M Bl AT U N (HERY),  Hoad B 52 210U v 4% 8% 2218 1) 3 )
St AR PR, AT R PR DR 7 AR 0 AR I SR AT S A AR DG RS AR G SR SR AR (PY) S B (Ir)
BT (Ru) S HLATAE H B B AL AR T BRI S S RE 22, IO FEAR R R B R OG22, (2 EAMRERE. &
FSCA A e B FBLAE T BN RS E 1, RORBHAS 1 FLAE H Al /K i RO 7 TR R [5] [6]. BRIUE, AIRHAS. &
P A 9 1 ) LR A TR PR T R A — A A AR R ) ) R

TESFMCSAT) OER HLfEALAIEAR M, R E R EE UL Y (NiFe-LDHs) R Hofif i 5 L PEREIL
S A4 2 RE[7] [8] [9] [10]. FEVFZ —4EEORAMEL, BT IERE K B T e A5 WL 236 1 T A
SEREHI[11]. GRS AU T, XEEFAR TN, FIH IR MR AT R X —
dieta H T B EIREEMR . LDH JHAHMN A A . SR80, NiFe-LDHs % % %%, SEREENE
PERL 9 B R UL SR BE . R AR RIIE PR A e M 2 S S AR LRI S & i AR . R,
EATHRE A S, DB PRE AR 0 R RS, (RIS T B R iR BE 2 A IS AT A5

—EARIER B, LDH MR SRR g m 1T DR T AN A PR RE[12] [13]. B4R LDH MRLFR 2
BT Re R B AL R BE, (E R B B L B AR N 75 5 LDH H 725 M I el sk it — D 4
TEYETF RAEIR KARE B AT o ek, il 7050 LDH M EHE & BRI 2 18 F & 5. TRk
Z(Ag NWs) LA B 15 P BRI LR AR LA SR T 45556 PE 5T, 8145 BL Ag NWs 1%, NiFe-LDHs
FEE & S5 NPT RE .

A SIS R F 1 BB — P K BILDTRE I 7, il T Ag NW@NiFe-LDHs & -&44 %}, i 15
Ag NWs 5 757K & F AR (NICl,-6H,0) AU 7K & S Ak IE 2%k (FeCly-4H,0) 1 L 31, 1l 4% tH [ A~ [F] NiFe-LDHs
R 1) Ag NW@NiFe-LDHs &4 4 KL il %15 2 ) Ag NW@NiFe-LDHs(1:5)15 2| 1 & 4 ") OER {4 g,
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E 50 mA-cm 2 IR TE N, LA HAUN 220 mV. X T HER g, Ag NW@NiFe-LDHs(L1:4) AL R
B, fE 10 mA-cm 2 ik LA ET AL 229 mV R % 2] 108 mV.

2. SCUGER4Sy
2.1. SRR ERHIE MLk

FITA 119 Ag NWs #5281 2 i R0 1R /0 510 2 JCRE VA [14] %146 (1. 7£ 100 mL Teflon YR A i
A 10 mL EG. 17 mL AgNOs (10 mg/mL 4+ #tF EG 7). 1 mL NaCl (100 mM 4+ EG 1), 1 mL Ag Ff
TR 737824 36,000 1) PVP (20 mg/mL 43 #4F EG ). M Fe /R &, ARG TE 130°C HIRE 4 i
B 6 /NN AT AN Ag NWs (KBRS 1, K BBt R R DTIE A [15] % Ag NWs BEAT4ML, 2 f5
W FEP) o BB £ B K ) % 45 BIVR BE L9 5 mg/mL 1] Ag NWs 43 HIGR «

2.2. Ag NW@NiFe-LDHs E & A K NiFe-LDHs BI#I%&

# 0.24 mmol NiCl,-6H,0. 0.06 mmol FeCl,-4H,0 (Ni/Fe /Ry 4:1) LA K 3 mmol KRR AT 60
mL LB F/KH, #EIHEFE 30 min 52 S MRA A . < JRZEH A 1 mL Ag NWs (10 mg/ml 73#T
ZET KA, GREERET IR 10 min BIFIR G S . BEJEK PR I 2] 100 ml SR DTU5R L0 N
MIHBENEERNEF, G 120°CHRIR 8 /N . 15 2IL0H (=) H £ BEAN 25 B 1 /K BRI 55 0 3L
W, BTFAETEM P TE, 753 AgNW@NiFe-LDHs (1:3)& &Rkl 383 25028 il I A A A Bk i %
A %(0.32 mmol:0.08 mmol, 0.4 mmol:0.1 mmol, 0.48 mmol:0.12 mmol)AJ BA43 5l #5 A< [7] NiFe-LDHs 1%
I Ag NW@NiFe-LDHs(1:4, 1:5, 1:6) E &kl AN Ag NWs 7KIERIN 7] LU £ 45 21 AH B 1
NiFe-LDHs. Ag NW@NiFe-LDHs [l %t FEan i 1 fror.

" / /" NiFe-LDHs
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Figure 1. Schematic illustration of the synthesis of Ag NW@NiFe-LDHs
& 1. Ag NW@NiFe-LDHs By% & I8~ = E

2.3. MRHGIRAE

FH X Gt 28407 5 XRD) X i 11 45 #4 AN 2H R AE « F Cu K PR (2 = 1.54178 A) ¥ X S k475X (Rigaku
Miniflex 600), 7E 40 kV/15mA 2k N REERE S XRD Eiti. XRD ML RN 3°5) 80°, FHii#ER N
2°Imin. JEL T2 AUBL(SEM, Tescan Mira3), RAEFEM MM SURFAE, 1 SR RE fbo# K 2 BUE
IKCEEF, HR 10 /8057 SRR A BUR IFIORE S, 2 JRM7ERRE b, a/MTIT EE Sk b, F
23 G AL BRI I e e, DMEEIE SN . 7E FEI Tecnai G2 F200 3% 5 He 7 S -, FIFH 200 kV g
HLERTRE AT TR, M PR(HRTEM) R & A S IR TR G 7 RE R (A X 2k e itk (HAADF-STEM-EDS)
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Iriie SREDT IR RE R R R BE O K A, B SRR L, e EARONGE N T B
3L R B R T G R M A1 2@ I Thermo Scientific K-Alpha H AR A X G 2ot BT RE1E (XPS)
5. ARG 1 /E 284.8 eV LI Cls I IE .

2.4. LR MEEETIR

AR = miE R, Frf i8R 78 fR 46 CHI 7T60E HLAL S TARSE1S 2], 78 —tlik &2,
B AR R G 1 x 1 om? FIRRARAE A T AR Wbl , Ho/HGO Hi B AN AT S 43 i 1 g 2 b el B R Gt LA
A K AR ZE B P E 3R 3 R 3EAT, K 1.0 M KOH HIZK VA (pH 1214 13.5)1F A HL MR

5 mg AL FIRE i e IS I 490 mL 1L B 7/K AT 2B, BEJS A 20 pL (1) 5 wit% Nafion ¥,
P AR EE 20 min FEAE SR N RERE 6~12 h JE 1SR O S A TR . 2 S HEL 100 pL R AR T
91 x 1 em? Bt b, BNLLAMT G T 10 min 5152 TA/E M. EALFIZE TA/E Bt e
N 0.5 mg-em 2. 38 I AE IR 7 KR H A B A T A HRLAL(RHE), 36 30 1 Fis:

Eqvie = Eng/mgo +0.059x pH +0.098 @)

T S ) A 4 (0 F AR AT RLFE 1 M KOH ARV L 50 mV-s ™ 3 2 413 50 FEIHEAT R 3R 223338 (CV)
AL, DAL, ZeMEHRIR(LSV)IFTE N 5 mV-s™, FiE4T 90%1 iR #M%, OER MR
JEYEFY 0.1V £ 0.9 V (vs. Hg/HgO), HER il i) HL & Y [ v—0.5 V Z£-1.5 V (vs. Hg/HgO). OER Fl HER
i A S aed LSV #4153, HAKXW(©2). @)Finr:

Moer = (Eogr —1.23V)x1000 @)

Muer = Eogr x1000 3

AR (Tafel) R4 3 FT AR08 3oT FELASE () LA K% FEL UG 285 B 446 00000 350 log! Y it sk ¥ ik R 77 AR Lk ML & 15 51
Hon st 4 pros:

n =a+bxlog! @

Horb, o NIRRT XN AL a N ELEIEE; b NE L Tafel R2. AL FHETIE (EIS)IEHL T A5
238y 10,000 Hz % 0.01 Hz, #RIE 5 mV, ZE1E HLAL N illi45 3 . OER F1 HER Wl is B A FF 28 L
435 0.24 V F1-0.16 V (vs. Hg/HgO). 7E 7 [A] 113 (20, 40, 60, 80, 100 mV-s™*) 75 B A ML ARG IR AR 2 h £ ,
HREL 0.1V 2 0.2 V R AYRVEHEE B I X R], 38 AN [F 4 2 T o sl A R T8O 2 P 2 22 (A = o — oo
ja N X RIS s AL BH AR HLIAL, o A HLRR IXR] 24 AU AL B AR LI ) S A R R R e, 15 3R 2 9 0
JEHLES Co Wiz, Co IME BELHE R T AL ST T (ECSA) R/, HoA =N 5 k.

ECSA=C,/C, (5)

CoRF L HLZE, Bk b —EUE N 0.04 mF-cm ™2,

FA I B SR P A M 2R, DAE E FRIRL A FE A 10 mA-em 2 461 REAT 12 h ik, LA
SERE i AR T
3. BR5V
3.1 MR RSSERIE

Xt Ag NW@NiFe-LDHs 74t x SR A7 51 I (XRD) AT T Anid, g5 Rl 2 fios. Bl
i7R T NiFe-LDHs. Ag NWs Ll A [F] NiFe-LDHs 1% & Ag NW@NiFe-LDHs(1:3, 1:4, 1:5)E &M KL
XRD Ei . o] DAy = B E S MR BT 7901648 T LS o-Ni(OH),(PDF#38-0715) . Ag NWs(PDF#87-0597)
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FHXFRL, XUt NiFe-LDHs 52)2 5 Ag NWs i £5 14 B A Bim 45 dfE . B A SUL BRSO Bk i #0kk L
i, ARk NiFe-LDHs AH 0t B2 A7 56506 SN 2, I HOX MR EBOREE A 1:3 B 1:4 I’HBCKR,
2 G WA R A AR T S, XU Ag NWs 5 4UKARL. LTk OB L EL B T Ag NWs I
NiFe-LDHs () fi#&, Hf HiXANEUEAE 1:4 3 1:5 H . B9 NiFe-LDHs ] XRD 3% a7 P37 56 U8 5531
XL (003)F1(006) dh i, W E /A ¢ HlIA] iR ARG, Xf Rifh (8] #E A 0.777 nm, 5 2 B e i) —
[16], [FIBT U6 PR 27K MR =28 T IR IR B F-[17]4E 4 NiFe-LDHs &5 1 1 & 146 2
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Figure 2. XRD patterns of Ag NWs, NiFe-LDHs and Ag NW@NiFe-
LDHs composite material with different ingredients ratio

& 2. Ag NWs, NiFe-LDHs AR R E##HE Ag NW@NiFe-LDHs 84
MR XRD i

K F A 7 B 4308 (SEM) X NiFe-LDHs. Ag NWs L J A~ [H] NiFe-LDHs 11 & Ag NW@NiFe-LDHs
(1:3, 1:4, LSYEAMRBIESREMEAT TRAE, Wk 3 . Kl 3(@)~(c)a e ntl T Ag NWs EAH
NiFe-LDHs i ERIESEHFE, FKW T/EN57EER NiFe-LDHs fefg 3 B HIY S A KIFE G Ag
NWs [, [FRIEHE 3 T A R 480k LU SE 2 52 ma 21 Ag NWs R 1) fdli g, X eegh L5 XRD K fr
JERH—2 . 24 Ag NWs 5 NiFe-LDHs HJ# kR 1:5 B, Ag NW ERHEA 24K NiFe-LDHs
JEIR4E R, RS EKYE Ag NWs JERUREGY, i 3(d)fra, XERWEEEHHEEX T Ag
NW@NiFe-LDHs & & A B 51 A K 2 B B, 1] 3(e) 514 3(f) 7 7l/2 Ag NWs 5 NiFe-LDHs (14514 1E
BURHE, MEITET LA 1A B Ag NWs FiT3R I SEITE S A 50 HE—, E4R4E 50 nm /s, A AT
NiFe-LDHs 5¢ 214 K, BERS IR 1T H/E )y Ag NW@NiFe-LDHs 8 & MR K A% 4549 ; A A Ag NWs
i, NiFe-LDHs 7R [ 2 fEIR BRI K DL 2 FLIITESR, 31X 5 S0k o plrfik 1) — 25 [ 18]« Tl i & id
(RIHC L DA o7 BRI K POk e i — 2 IR IF a5 Sk, —J71H NiFe-LDHs AL IE P67 5 2 FE BN 1)
AIM[11], e EHAKAE Ag NWs K451 H F) T2 5 NiFe-LDHs 5 2 ({5 AL 5 53— 7710 Ag NWSs
ey NiFe-LDHs $24t R4S ik, [FIRF B 1k NiFe-LDHs (MBS R4, X SbH= A AT 52w d AL s
PE, FEAIK OER i FBALIK - Ag NW@NiFe-LDHs &1 i ) e & (Bl x S 2R (EDS) & 4 PAAK K 1 P,
o fg R W (145 5l U BORE S IR BR S T R HE s TEROR) LA D (S i, Ag NWs | 71 211 NiFe-LDHs %%/,
[FEE S A AR B NifFe B 7 be il SALER . SR IHRIEE (4:1), 4 NiFe-LDHs FIFORE 3 i,
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HE2M Fe JEFHUR T Ni(OH), JZHUH ¥ Ni R, XAReH N Fe [R5 Ag TR RERE M,
BHLI N, Fe JCRSMICTE Ag NWs 1R TIEA% L & . EDS K% [FI BT AR 47 #3587 T NiFe-LDHs 52 /21
HZABE TN COZ, 5 XRD &R 5.

Figure 3. SEM images of Ag NW@NiFe-LDHs composite materials with different ingredients
ratio (a) 1:3, (b) 1:4, (c) 1:5, (d) 1:6, () Ag NWs and (f) NiFe-LDHs

3. FEHERIEE (a) 1:3;(b) 1:4;(c) 1:5;(d) 1:6 Ag NW@NiFe-LDHs £ &#1%l, (e) Ag NWs
AR (f) NiFe-LDHs 4 SEM [Elf&
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Figure 4. EDS spectrum of Ag NW@NiFe-LDHs(1:5)
[& 4. Ag NW@NiFe-LDHs(1:5)8) EDS REiZ
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Table 1. EDS results of Ag NW@NiFe-LDHs materials with different ingredients ratio
= 1. NEH&RRIEE Ag NW@NiFe-LDHs & & #%1H) EDS REitisE R

Bl (Ag NWs:NiFe-LDHs) Ag JRT Ni Ji T &t Fe JEF itk Ni/Fe (J5 7 H)
1:3 10.8 3.8 11 3.45
1:4 8.7 4.9 15 3.27
15 6.0 5.3 2.6 2.04

Ag NW@NiFe-LDHs(1:5)ff] TEM E& 4] 5 Frzn, NiFe-LDHs [R5 HE 1 T 0% 1 Ag NW %
M, ikl 5@). & 5()Frw, BT HEFX RGN EEEEGR, £ TEM P RRZERR, 39
NiFe-LDHs 5% JZ 20 B v o 040 $E 3R % B BB (HRTEM) I MG 2o, 2 TR 110 JR -1 18] B I &4 0.237
nm, 5 Ag I(1LL)HARXS R 14N R R 7 A BRI &4 0.269 nm, FI #5424 o-Ni(OH), ¥ (101) [ ,
XL RS IR a5 XRD S 45 BAHN N o & TR G IR -4 02 0 e R 3B (HAADF-STEM) ¥
GRS B [ 76 2 oA B ] 5(d) T, 7T DL 3 Ag TG R TE Ag NW@NiFe-LDHs (1) 4 355 7 4047, 171 Ni
Fe Al O RIS A 4E Ag NW@NiFe-LDHs 8 [, 8] Ag NWs #%4M55) 534 7 — )= NiFe-LDHs 5%
R4

Figure 5. (a, b) TEM, (c) HRTEM images, and (d) HAADF-STEM and corresponding mapping spectrum
images of Ag NW@NiFe-LDHs(1:5)

[ 5. Ag NW@NiFe-LDHs(1:5)8 (a, b) TEM, (c) HRTEM [Elf&; (d) HAADF-STEM K E Xt R #ITT E&E
EE S

FIH x 286 s FREE(XPS) AT Ag NW@NiFe-LDHs F2 i 4 i S 1% 5% 22 18] B4 o F-4H B AR R EAT 7
5, FLgE BN 6 Fros . 14 6(a) 73 7l /& NiFe-LDHs £ Ag NW@NiFe-LDHs ()41 & . 3t Ag NW@NiFe-LDHs
(41 B B 7R T Ni2p. Fe2p. O1s. Ag3d LA C1s %, 5 NiFe-LDHs #itt, E&#EE T Ag It &
RS NS TR BT AR A 2R e B 22 %, TS W] T Ag NW@NiFe-LDHs 7£ 51 A\ Ag NWs (1] A,
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IRUF A B 7 NiFe-LDHs JE A3 1454, iX 5 XRD.SEM.TEM ()45 5. 4 6(b)+ Ag NW@NiFe-LDHs
(1) Ni 2p H1E7E 855.6 eV 1 873.1 eV Kb P AMREAE U6 DA K AH B2 T2 B (10 Sat.), IX PIANREAE I AT DA
K& Ni 2p¥2 flNi 2pY?, 5200 H94R3E —2[19] [20], HEW] T NiZHIAELE: & 6(c)h Fe**f#) Fe 2p®2 I
Fe 2pY2 £ 713.2 eV 1 724.9 eV 445 B T 19U E [21] [22]: Ag 3d 161 7E 1] 6(d)h &7~ 4 367.5 eV Fi1 373.6
eV PiEIE, ATLAARIC N Ag i) 3d%% Al Ag 3d*? HLIE[23], 4RI LA 518502 0.6 eV, RHH HL 12 11
e 554K NiFe-LDHs #HEL, Ag NW@NiFe-LDHs ] Ni 2p 1 Fe 2p I&7E Ag NW HI{ER N R4 T 4
0.3~0.6 eV MIER, RUIHE TR/, 5 LATER, Ag NW@NiFe-LDHs &4 1k H—/1~ Ag NW #%
O JH A S A NiFe-LDHs 722 4 A% - 52454

(@) | survey . (© |Fezp 1712.6
Ni P : 3+
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O o Qo
3 2
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> IR W >
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2 2
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Figure 6. (a) XPS survey spectra of Ag NW@NiFe-LDHs(1:5) and NiFe-LDHs, (b) Ni 2p, (c) Fe 2p,
(d) Ag 3d
6. Ag NW@NiFe-LDHs(1:5)%1 NiFe-LDHs H(a) XPS £i&, (b) Ni2p, (c) Fe2p, (d)Ag3d

3.2. OER t&gemlz

K 7(a) 5 mlfE7s T Ag NWs. NiFe-LDHs Ll A [Al{a78 Lk Ag NW@NiFe-LDHs 2 &R 5 mV.s!
FIEE T LSV #hk. W LIES], Ag NWs FEAEA OER 1L EAE, 1 NiFe-LDHs f1 Ag
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NW@NiFe-LDHs #EILH T —E M OER fifbihne, L+ Ag NW@NiFe-LDHs(1:5)[\ M RE LT, Ag
NW@NiFe-LDHs(1:3)f %, [ifiA il NiFe-LDHs, iX 7] fgs& H T Ag NW@NiFe-LDHs(1:3)/> & {78 T8
AT MR A o 76 10 mA-cm™® PSR Bl T 40, X2 T NIt gl tb s 1 NIt [24], #A
7(b) i EL T 50 mA-cm 2 11100 mA-cm ? R 95 HUAZ, £E 50 mA-cm 2 [l HLR S N Ag NW@NiFe-LDHs(1:5)
ik LAz 220 mV, fET Ag NW@NiFe-LDHs(1:4) ) 270 mV, Ag NW@NiFe-LDHs(1:3)] 330 mV, L\
J NiFe-LDHs ] 290 mV. FitiE= Ag NW@NiFe-LDHs {14073 L i 4 7 T4 & H: OER T:fE. &1 7(c)
JEoR T UMM RS SE R RN R, BRI AR RE M E B ) ) 28, IR R R SE, R T
W52 BB I, 75 LSV i 2 v o t B ym 26 B DT e R ) DX 3, AR L r 4 e o 3 o o PR PO 38 IR R 5
P4 2 el UEE], Ag NW@NiFe-LDHs(1:4)f1 Ag NW@NiFe-LDHs(1:5) I 3E R L RAUHN 61.5
mV-dec ™ A1 78.2 mV-dec™, i NiFe-LDHs L& Ag NW@NiFe-LDHs(1:3)i5%] 1 91.8 mV-dec ' 1 107.1
mV-dect. Bk, B HALER(CP)IR T Ag NW@NiFe-LDHs(1:5)#E 20 mA-cm 2 R k& e, &l
7(d)Fras, 24 /MEFRLJE AE AN 1.5%, 18] Ag NW@NiFe-LDHs(1:5) 1 VEREH VAR E o

(a) 150 (b) 500
— Ag NW@NiFe-LDHs(1:3) R at 50 mA em™?
——— Ag NW@NiFe-LDHs(1:4) 420 7 at 100 mA cm-z
—— Ag NW@NiFe-LDHs(1:5) 400 - vz
NiFe-LDHs [~ ™
1004 — AgNWs = 330
< = 300 290) 300
2 = 300 & i
S £ N 250
é & 22
£ 2. 200
= 504 5
>
=)
100 4
0 T T T — 0 ) 5)
S o & .
12 14 1.6 1.8 et ot ot e
. @ @™ @
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Figure 7. OER performance of Ag NW@NiFe-LDHs(1:3, 1:4, 1:5), Ag NWs and NiFe-LDHs, (a) LSV
curves, (b) overpotential at 50 mA-cm 2 and 100 mA.cm?, (c) tafel slope, (d) CP curve of Ag
NW@NiFe-LDHs(1:5) at 20 mA-cm 2
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Table 2. The fitted values of R, R, and Z,, for the Ag NW@NiFe-LDHs(1:3, 1:4, 1:5) and NiFe-LDHs
% 2. Ag NW@NiFe-LDHs(1:3, 1:4, 1:5)F1 NiFe-LDHs B9 Re» Ry MAK Z, IUA{E

Catalyst Rs () R (Q) Z,(Q)
Ag NW@NiFe-LDHs(1:5) 4.27 0.44 4.56
Ag NW@NiFe-LDHs(1:4) 5.02 0.66 5.63
Ag NW@NiFe-LDHs(1:3) 5.42 0.89 7.05
NiFe-LDHs 5.24 0.95 6.22
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Figure 9. (a~d) CV curves of Ag NW@NiFe-LDHs(1:3, 1:4, 1:5) and NiFe-LDHs at different scanning rates,
(e) Linear fitting between current density difference and scanning rate at median voltage, (f) LSV curves af-
ter normalization
9. (a~d) TEIFHIEZET Ag NW@NiFe-LDHs(1:3, 1:4, 1:5)F0 NiFe-LDHs Y CV #h%%; (e) H L /E
EREECESHMERNEMINE; ) 13—HEH LSV #hitk

3.3. HER 1&gz

FEREH = AR R GE 1 M KOH F1illiR 7 Ag NW@NiFe-LDHs(1:3, 1:4, 1:5)1 NiFe-LDHs ) HER £

HERaE 10 fiow.

DOI: 10.12677/ms.2023.135049

468

PR


https://doi.org/10.12677/ms.2023.135049

R

0 500
(@) (b)
427
220 _ 400
>
~ E
P = 300
E 40+ 3
< S 229
g £200- -
- — i
-60 g
NiFe-LDHs =} 108
—— Ag NW@NiFe-LDHs(1:3) 100 4
-80 - —— Ag NW@NiFe-LDHs(1:4)
—— Ag NW@NiFe-LDHs(1:5)
T T T T T 0
06 05 04 03 02 01 00 ﬁ.‘@e—»“‘:ww‘\s&“:w‘ p“sk\=:‘_ " o
) N \\
E(V vs RITE) I
0.1 30
(C) NiFe-LDHs (d) NiFeLDHs = @ orm——— = -1
0.0 ™ AzNW@NiFe-LDHs(1:3) "  Ag NW@NiFe-LDHs(1:3) ' R |
: & Ag NW@NiFe-LDHs(1:4) 251 ¢ AgNW@NiFeLDHs(:4) | |
=a 0.1 *  Ag NW@NiFe-LDHs(1:5) * Ag NW@NiFe-LDHs(1:5) [ I CPE__,
2 "*s..,::.: dec 20+
@
> 0.2 ~
> M\ . g/ 15 -
= -0.31 ¢ N
g 104
£ -0.4
=
25 ]
0.5 5.3 "l"d(.(.~/ 5
-0.6 T T 0 T T T T T T T T
0.0 0.5 1.0 1.5 0 5 10 15 20 25 30 35 40 45
Log [j(mA em?)] Z(Q)

Figure 10. HER properties of Ag NW@NiFe-LDHs(1:3, 1:4, 1:5) and NiFe-LDHs: (a) LSV curve; (b)
Overpotential at 10 mA-cm 2 current density; (c) Tafel slope; (d) EIS curve
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