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Abstract

Electrocatalytic overall water splitting is currently one of the most promising sustainable methods
for large-scale production of hydrogen energy. However, limited by the slow Kinetics of the oxygen
evolution reaction (OER), large energy conversion losses make it more expensive for industrial ap-
plication. The development of an efficient and low-cost OER electrocatalyst to replace a noble met-
al-based catalyst is imminent. In this paper, a series of binary hydroxide hollow nanotubes with dif-
ferent element compositions were prepared by a simple sacrificial template method, among which
the NiFe hydroxide nanotubes exhibited the best electrocatalytic performance, reaching a current
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density of 10 mA-cm-2 with the lowest overpotential of only 270.5 mV and a Tafel slope of only 80.8
mV-dec-1. The special layered nanotube structure of the nanotubes can provide a high area of elec-
trochemical activity, while the synergy between nickel-iron can effectively improve the intrinsic
activity of the material.
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1. 5|8

21 2D, 2B R RIS, A BRI S AN o] P AR R R FERINY ,  BEZ A R AR R &
NV TG g5 2 T A2 1)) 2 0. SR AW MR EEE, SRR T ARKRER
FE G AT RER I T 2 — [ 1] [2] HRBRB /K 43 i il 002 H KRS 8 U R B, 5 A S IRR
AIRREE R R KBS AR RS AR, A OV AR, B AE B AR A A D FE T e AT 4R
S (OER) A A 42 A2 I XUE 88 RO MT SR B(HER) . e DY E 7/ OER IR rh Al K ) S o i 22 AN 2218
(1 FEL - o i A L ol Ay S B A 7K S0 AR P T I P R ) = RS v R3] [ 4] AR B 43 FH T DA k%
fRixEe i, i, (). £ (Ru) I APV 2L OER A UM AI[S] [6]. AT, Si& @i
E SRR, A AR i, KRB B FH 2 AR O FE I 3 I & Re B A 77 BAS, AR T A RERI K R . TR,
TFRASE R, BRMEEERE, MM RHOR = R H A A ISR & AR 5t & Jm M AL R T rL A 22 2 il /K (K
BN A EEE L.

AR, BRI & R AR R B T A R AL AR 2 T iz ki, o, ISR ER
SR A2 B LA T 11 OER B LA Z — o a-Ni(OH), & -3 R BLEAT OER HLfE LG T 1)
SENARL, SR, BIHAT 1L, R Z B HBAR 0 f 5 3 A Z ARG 2 5 AR I BRI 7]
B JG KA A AR TR UL A BRI T REM AL, it 2 MR, WSk, FREES0H
PERERE—DARAG[4] [8]0 BEAN, MREMEE AL S B SO A BE K, e LR TR AR R e T 7E FL A
Ji RS BEORAR RS bk B AR, T R A B 2 ) S A TR A, R B T s ) AL SR PR T AR [9]
[10]e FESFPGOREE I, BAG 250 AT 73 2 9K S5 R IR AR R B R 8 52 27 78N R OGN
i L HE B AT Fp 23 9 K 45 W T AR AR 22 2 v~ 3288 368 T8 7 {1 34 JR A 330 10 0 R R PR ABEAR S S 30 0 22 11
IR, % BA AR E SRS R B s 2 BB a-Ni(OH), F ] LA O (16 s S 2 1)
LA A3 T3 THAD R OER JiEHE[12]. [RItG, R B RGN K 8544 1) 22 o0 3= W [FUAE A i S A b
BN A 2 A0 G v 5 28 0 9 R T 22 e A7 il 22 8 T 1 85 SRS o

AR SCRFH T B ZnO ABARIE, A T B NI(OH), 49K A 24285 1 s (R R = i ok . 36, R AR
R FF A 2RISR, H& T — RIVRE Z r A Ak, Hb Co, Fe,
Mn 135 NALREAR L7 I 4E R RN Hh S oK S50, IEREA B3R mdr BHO AL PERE . FRAL RS Rk
B, Fe 145 A% Ni(OH), 49K OER MEReMIFEF N %, (A2 T HRMAPKE MY T8%, 35
FOr A B VR AT i TER e R, B U A O FE R 1K Fe R, BT DA RLIALAL NiFe SR H 2= 90
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KEIRMIES, BTSN, MR T OER Mft. b NiFe-82 LDHs-HNT-S 7
10 mA-cm 2 (R HEIR S B N B 270.5 mV KE B4 A 80.8 mV-dec ™ ) Tafel &%,

2.1. ZnO WHKAERHIF

AT TS FH BT AR ANE A e i g, AT EIATHINON A, wsdid @ p—=2
KBGEE T ZnO 9K . K 1 mmol Zn(NO;),-6H,O F1 1 mmol Na,SO4 V& T 30 mL 255 Tk, SRJ5 5
BREE RN, BE, EARHREET, A S mL KEHH80% viv)ET, BE1HHE 10 min. KM
FAE 180 CHIEZSHAF R M 24 he FRRMEHARA IR ER G, BOWETTTE, A5 H LB TR
LG 3 IR, £ 60°C T 6h, 3K ZnO 9Kk
2.2. ZnO@Ni(OH),, ZnO@NiM (M = Co, Cr, Cu, Mn, Fe, V) LDHs BI& B

B K AILYETE, 7 ZnO YUKFER I EAIA K T Ni(OH),, NiM (M = Co, Cr, Cu, Mn, Fe, V)E AL
MK A o ¥ 1 mmol [ ZnO Y KFEAE E iR NEE A AEE 10 204, (FH 5220 EE 10 mL ZEEF . K 1 mmol
f) NiCl,6H,0 5¢# 0.8 mmol NiCl,-6H,O fil 0.2 mmol HiAth4:J& £5(CoCly6H,0, CrCly6H,0, CuCl,-2H,0,
MnCl,-4H,0, FeCl,-4H,0, FeSO4-7TH,0, VCL3)¥A T 20 mL 2 B 1 /K o, 28 R Wi $E 5 LR, K447 ZnO
BVFRR IR FIRIB AT . SRR SRR AN 80°C FIN#Y S he AHEEIRSE, BOWEN
VEV), SRIEHEE KR SBESEE: 3 IR, 1E 60°C R4 6 ho fHRIAFT R AL ZnO@NIM LDHs #% 5% 45
FI9N KA (CST), 43 i 44 9 : Ni(OH),-CST, NiCo-82 LDHs-CST, NiCr-82 LDHs-CST, NiCu-82 LDHs-CST,
NiMn-82 LDHs-CST, NiFe-82 LDHs-CST, NiV-82 LDHs-CST. [ FeCl,-4H,0 1 FeSO47H,0 il %
ff] NiFe-82 LDHs-CST 43 7 i % N NiFe-82 LDHs-CST-C 1 NiFe-82 LDHs-CST-S.

A TG 3 LUK NiFe-LDHs AZ5e 85 40K & 1 2 75725 ik J7EARTR], NiCly6H,0 Al FeSO47H,0
VEARAE 20 mL 225 77k, 43 3R [F EE R HL I Ni/Fe/E (Ll 43 308 9:1, 8:2, 7:3 F T & A A RF L
) ZnO@NiFe LDHs #% 545 90K%, 439ldr 4% N: NiFe-91 LDHs-CST-S, NiFe-82 LDHs-CST-S,
NiFe-73 LDHs-CST-S), [A i ¥ P 42 8 3 1 s A I (NT™ + Fe® = 1 mmol), 285, 7E AR #E M 0 R
3957 ZnO B B IR A D ok R TR AR RAE AN 80°C PN S ho B EI B =R,
SDWCEDTIEYD, SR JE 2538 KR LR 3 WK, 1E 60°C R 6 ho

2.3. Ni(OH),;, NiM (M = Co, Cr, Cu, Mn, Fe, V)S S P e K151 &

Ni(OH),, NiM (M = Co, Cr, Cu, Mn, Fe, V)Z &) o 2 9K A @ i AR Z ik i 25 o 5 il 45 4 11
Ni(OH),-CST #11 NiM-82 LDHs-CST 73 HlIZ {1 7E 4 mol/L KOH Wi+, FREEHiFE 1 h, B OUERAEA
W K (HNT), SR H 258 1K R LREBE 3 Ik, FEAE 60°C N1 6 ho 15 ¥4 Mm% H
Ni(OH),-HNT, NiCo-82 LDHs-HNT, NiCr-82 LDHs-HNT, NiCu-82 LDHs-HNT, NiMn-82 LDHs-HNT,
NiFe-82 LDHs-HNT, NiV-82 LDHs-HNT . £ #1 | ] FeCl,-4H,0 il FeSO,-7H,0 ffil] % ] NiFe-82 LDHs-HNT
7345 4 N NiFe-82 LDHs-HNT-C 11 NiFe-82 LDHs-HNT-S. AR[A 6% E7lf#) NiFe LDHs-HNT-S 435 iy
4N NiFe-91 LDHs-HNT-S, NiFe-82 LDHs-HNT-S, NiFe-73 LDHs-HNT-S.

2.4. MREHRIE

F XRD $ 2847 U (RIGAKU Miniflex 600 X, Cu-Ka $12&, 1=1.54178, TAEHLJE N 40 kV)HFF T
T & PR B AR S5 R o IR RE R E RN 4°/min, FRTEE N 2°~80°. it T B ABI(FEL,
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Helios Nanolab 600i)13% &} H, 7 5 45 (FEL, Tecnai F20)AHHE S I TS, IO 254 A K 76 3% 20 RN
AT T obT. M X 546 f T BEIE AU (XPS, ESCALAB 250Xi) /0 #T 7 #F i I 76 R AR A N 45 o

2.5. EALFMERENIR

FELAAEVR T T i« A 355 F A2 03 Y 38 0 B AR 8 1 mol-L ™ ) KOH ¥ ¥ % 0.1 mol (5.6 g) KOH
AT 100 mL 2857k, TEEIR PRGNS pH E, #ied pH EZ48 13.5.

TAEHARAIHI % H 2.5 mg & IR AR 2 BEA AR EL S 121 /KR BB G, K5
M 10 pL 1) Nafion (10 wit%) VU ORI AL 7D AR BEAR LF th R G 72 FiUAR b o SRS ¥ bk B e i i
B4y B 30 min S5 FERE I HERE 6 h DUE RIS ST EEI . 4 0.2 mL B IFREINTER T 44K 1, 78 60°C Ak
FE P S A B & R E N 0.5 mg-cm_zo

AW FC R BT B HAZE I B I 7E CHI 760E HLAK2E TAR S i RABAERA IR A ) FRAH =Bl R4
BEAT, FEBONECHI 1 mol/L 1) KOH YA, T AF FB A & 1) SO e I HE AL FRURE S R AR, 5 LU LA
MR Hg/HgO FEAR, X B M ABREE . BT & i AL ARG T He/HegO LA 34385 DL 55 20(1) ey
AR T AT 8 & A (RHE) ) FL AV

Exiis = Efsg g0y +0-098 V +0.059x pH (1)

TEIMR 2535 (CVYH Tim A I a5 B b RE, 7E 0~0.8 V vs. Hg/HgO I HL K [X 8] LL 30 mV-s ' (494
ZMRX CV thZk 80 &, B RIM KHME IR 22 i Zeifa T-Ha e , FFdAT 4 T oRIINA AE LRI R 25 (LS V)
Mk, IR 95%0 iR HBIAME#ATR IE, 7E 0~0.8 V vs. Hg/HgO KK X [A] LA 5 mV-s™" (34l %
M5E LSV k. BT8R B 1 FEAL( 7o pe )IEIE A RQ)THF1F H -

Norer = (Erpe —1.23 V)x1000 2)

BESE IR B (Tafel slope)ilid AR Q3)iHHEG H
n=a+bxlogj 3)

Horbp NIRBIHAL, a NEHL b ONHEIERALE, jONHRIREE.

RAL A MER AR (ECSA)IE I R IR 2 E(CV) &, JIE R AT 0.3~0.4 V vs. Hg/HgO, 4
RS RN 20, 30, -, 80mV-s . HRJE, BIELM 0.35 V vs. He/HgO M1 Aj = j, —j. (G, A, 5351
S b RIS R 14 BE R R B3 P FRL 2 ) 5 4 4 3R 1 00 R A, B BRI RL R 2 P WU FL 2 Cy
Ca FHTR/RATHM EHE ECSA. it ECSA {EX LSV BRHATIH—1b, Jpecine A (@) THH A H

I I J
 gpecific =5 - SR, :R—/ 4

catalyst

Hor 1 /2 OER HUUL,  Seaatyst 1 Sgeo 73 5l 52 M AL 7 (1 S PR MR T AR AN B AR () T LT T AR, R ARG R 1,
I Cyq BREA 60 pF-cm™ 58], HAL2EBATTIE(EIS)ZAE 5 mV [AZHHEIE ., 7E 0.1~100,000 Hz [I45%
YO Y HEA T R

3. RS

3.1. Z e RES SRR SRIEE R i

B RoR T T T S UK E 2 TS R R X BT S (XRD)ERE . & 1) T AW EE R, 5
ZnO YK AEIAR1E PDF & AL, 7E Ni(OH),-CST, NiCo-82 LDHs-CST, NiCr-82 LDHs-CST, NiFe-82
LDHs-CST, NiMn-82 LDHs-CST ff] XRD &% ] LS #1784 LDHs 1¥1(003), (006), (012)F1(110)fT5 1%,
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&

X% W] LDHs 7£ ZnO K b1l 4 . MEIH AT LIE%E 3] NiCu-82 LDHs-CST 1 NiV-82 LDHs-CST
(1) XRD EIEAH HESAHFTER. W 1(b)FiR, Sk mikE R KOH Sl ZI S 4R XRD EekaT
DAL F] ZnO W[ 2%, R W ZnO # K IH %I, 5 Ni(OH),-HNT #HLt, NiM LDHs-HNT [£J(003)&3474
ANTEIFRBE 0 AR A FE R 3, Xt B T A P 4 8 SR T HUIR T Ni(OH), didé i) Ni JR TR 51,
TR H A I I 42 )8 )T BB\ Ni(OH), divds o
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Figure 1. (a) XRD pattern of i) Ni(OH),-CST; ii) NiFe-82 LDHs-CST; iii) NiCo-82 LDHs-CST; iv) NiCr-82 LDHs-CST; v)
NiCu-82 LDHs-CST; vi) NiMn-82 LDHs-CST; vii) NiV-82 LDHs-CST. (b) XRD pattern of i) Ni(OH),-HNT, ii) NiFe-82
LDHs-HNT, iii) NiCo-82 LDHs-HNT, iv) NiCr-82 LDHs-HNT, v) NiCu-82 LDHs-HNT;vi) NiMn-82 LDHs-HNT

[ 1. (a) i) Ni(OH),-CST; ii) NiFe-82 LDHs-CST; iii) NiCo-82 LDHs-CSTj iv) NiCr-82 LDHs-CST; v) NiCu-82 LDHs-CST;
vi) NiMn-82 LDHs-CST; vii) NiV-82 LDHs-CST #YJ XRD fi751i&. (b) i) Ni(OH),-HNT; ii) NiFe-82 LDHs-HNT; iii) NiCo-82
LDHs-HNT; iv) NiCr-82 LDHs-HNT; v) NiCu-82 LDHs-HNT; vi) NiMn-82 LDHs-HNT &Y XRD £751i&

K 2(b) i T Ni(OH),-CST [RHH B T S A B2 (SEM) B . M T 5 SR IK ZnO 9K (1 2(a)), 9k
ERHEAH RN, REEFHYAMERS T — EAGPRIEEIK . SKE KOH AL HE 5 1
Ni(OH),-HNT ] SEM K& an &l 2(c)F 1 2(d) o, ik BE ) KOH 35 A SR 9K & B R T TR 30 o [FII
2(d) Ay DLid i g oK A A A T B R B N S 254 . T BLE H Ni(OH),-HNT BA5E 1) &
GhEE, HEABERZRLN 1 um EAKINDERBEEK . Fr, 3 WO TAFEITGCERARI NiM-82
LDHs-HNT (434 1 R ER, 418l 3(a) iz, NiFe-82 LDHs-HNT HAESRR I S E M G0K 7 H
AT, BT Ni(OH),, NiFe ZUEAIPIK I B RE B Rk, 9K (R RS R B 4R, ik
(1) KOH 4b 3 [R] R 35 A 0 SR AN K & 1 R R S00E i . Wil 3(b) 7R 1 NiCo-82 LDHs-HNT [f)
SEM K%, NiCo-82 LDHs-HNT ZETH H 757 AR BOgk e B pl, LA B4 FE A B4 B B0/
WE 3()FT7R, Mn 3B AT YEKRE ES M5 /N, NiMn-82 LDHs-HNT 1.4 J& 1] Ni(OH),-HNT
BARURREES. manlE 3e)fiR, Cr MBATEERNBIR T EA MK E S5 . Ni(OH),-HNT Al
NiM-82 LDHs-HNT ] EDX {70 & & 2475 1 fizn, NiCo-82 LDHs-HNT 1 Ni, Co [ LLFIFI 5T & Bk
B ERHE N LA ZEA K. T Mn B BN, Bt DO AK A TS sgma /N . FRECT JERHE AL
NiFe-82 LDHs-HNT i Fe ] LEBI B B3 K. 1T FeCl, N&5E & 5 ALK FeCls, 1fi Fe(OH) [ X
(Ko BN, M Ni*°, F R S U0, ZnO /KR, Fe’ e 5 A AR B T IE QKR B BT,
FTCAF= ) Fe (& R RIE L .
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Figure 2. SEM image of (a) ZnO nanorod; (b) Ni(OH), LDHs-CST; (c) and
(d) Ni(OH), LDHs-HNT with different magnification

2. (a) ZnO #A¥HE; (b) Ni(OH),-CST; (©)F()NEIBEERT
Ni(OH),-HNT £ SEM Elf%

Figure 3. SEM image of (a) NiFe-82 LDHs-HNT, (b) NiCo-82 LDHs-
HNT, (c) NiCr-82 LDHs-HNT and (d) NiMn-82 LDHs-HNT

[ 3. (a) NiFe-82 LDHs-HNT, (b) NiCo-82 LDHs-HNT, (c) NiCr-82
LDHs-HNT #0(d) NiMn-82 LDHs-HNT A4 SEM [El{§&
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Table 1. The elemental contents of EDX spectrum for Ni(OH),-HNT and NiM-82 LDHs-HNT
%% 1. Ni(OH),-HNT #1 NiM-82 LDHs-HNT B EDX iZHITE S8

M (Atomic%)

MR Ni (Atomic%) (M=Fe. Co. Cr. Mn) O (Atomic%)
Ni(OH),-HNT 12.50 / 87.50
NiCo-82 LDHs-HNT 15.74 2.40 81.86
NiCr-82 LDHs-HNT 10.05 7.09 82.88
NiMn-82 LDHs-HNT 12.64 0.43 86.93
NiFe-82 LDHs-HNT-C 16.22 11.71 72.07
NiFe-82 LDHs-HNT-S 18.87 491 76.22

3.2. ZRRESENY PR REREN OER HEEHR

TR AR E = AR R AAE 1M KOH ¥ R FL T Bl 4% F AL A1) OER FLMEALTERE. B2k
ST 7 BA AR TR LA NiM-82 LDHs-HNT f HiL Ak 22 1k g, 4(a) BRI LSV hZkgh R,
Ni(OH),-HNT.NiFe-82 LDHs-HNT.NiCo-82 LDHs-HNT £ NiMn-82 LDHs-HNT i HLA7 4351 4 463.5 mV
316.5 mV. 387.5 mV M1 402.5 mV. X5 0 & KB AR A A K Ni(OH), Th gk & it id f i,
HH BN Fe 5T OER MEREMIFET A . Tafel R 0] AR GFHh S WLfE4L 77 OER 3772 f,  [FIFF2
PR AL OER MEREM B Sz —. K] 4(c) T4 KW NiCo-82 LDHs-HNT EA KA Tafel &t
#, A91.1 mV-dec', T Ni(OH),-HNT. NiFe-82 LDHs-HNT £ NiMn-82 LDHs-HNT [#] Tafel #2435
4 150.1 mV-dec™'s 102.3 mV-dec™ F199.7 mV-dec™'o FLAL2EAT I BHPTIE(BIS) Al LAE— 25 [ AR {4k
AFME TR, E AORER THEAFIPNEZIR LR, JFEESE 40P MR gitiris, K
* NiFe-82 LDHs-HNT R3St /MNAE I B AR, R T B FE b SR 73688 . 8t & 5 RoR A
[FARE B N E) CV HIZmT LIS AR XU 2 LA (Ca)s G5 SR WA 4(e) iz, NiFe-82 LDHs-HNT (12K
PERIZ Y 55.74 pF-em?, M#HCT Ni(OH),-HNT (91.54 pF-cm?). NiCo-82 LDHs-HNT (73.28 pF-cm A
NiMn-82 LDHs-HNT (81.88 pF-cm )ik, 454 LA EH Tafel R13%, WM H AR EABKME B, H
RHEN I FHE NG, WA R R R A RS A B &R . A TR TR E A EE, #id ECSA
P LSV MIZeHEAT TVA—4k, AIfTHERR 23 (M 25 0] L S AR PERE I T4, G5 R a2 Fion. 4R, NiFe-82
LDHs-HNT 7 1.5 V vs. RHE [ H A% T 352 7 H 55 oot B4 LI 25 F(4.53 mA-em %), 1 Ni(OH),-HNT. NiCo-82
LDHs-HNT #1 NiMn-82 LDHs-HNT, #£ 1.5 V vs. RHE HJHAL T i HL RSS20 508 0.24 mA-cm 2, 0.44
mA-cm > Al 0.34 mA-cm?, FHILEHER AL 25 E ARSI 2 )5, NiFe-82 LDHs-HNT A i i AL
s RIS E AD A — S LSV Bl — P )38 7TIX— M, HER NiFe-82 LDHs-HNT HLAL 7
PEMAREUR, (HA2HT Ni 5 Fe 20l REFAIWEIVER, SALHAR A B3E AL Rl B A S m i A, A
BT AL =Frh S goRE AR A5, IR I B OER AL TEE.

3.3. RHREANYFENRETRIL G B =ESHRKL

M1 T LUE Y, A FeClL 1E RERIR 2 FEUE B B R e = & B oK, #hi S 8o M4l 2
IR o N T R — R, AR R R BRI T S INARE ) FeSO47TH,0. Kl 6(a)T7ni) XRD
45 F IR PR R ) 25159 B I SRR AU Y i S KA 1 S50 — 2. 14 6(b)FIE] 6(c) 37l i 7R T NiFe-82
LDHs-HNT-C 11 NiFe-82 LDHs-HNT-S [ SEM K&, ME A LLFE H NiFe-82 LDHs-HNT-S £ HHEA A
FUUFAR gk B 20 R, #H%% T NiFe-82 LDHs-HNT-C, NiFe-82 LDHs-HNT-S & [fi (45K A i HEF S i
FAR,  IXFE R S5 WITE S B 72 mT DURR A B8 22 (Y Ak 22 s A i, [R] B BE A R FRLAR T 1R V8 08 AUk
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Figure 4. Electrochemical measurement results of Ni(OH),-HNT, NiFe-82 LDHs-HNT, NiCo-82 LDHs-HNT and NiMn-82
LDHs-HNT (a) LSV plots; (b) Overpotential at 10 mA-cm 2; (¢) Tafel plots; (d) Nyquist plots obtained at 1.445 V vs. RHE;
(e) Current density differences at 0.35 V vs Hg/HgO plotted against the scan rate; (f) LSV plots normalized by ECSA values
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Figure 5. The Cycle voltammograms (CV) curves of (a) Ni(OH),-HNT; (b) NiFe-82
LDHs-HNT; (c) NiCo-82 LDHs-HNT; (d) NiMn-82 LDHs-HNT at 0.3~0.4 V vs. Hg/HgO
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Figure 6. (a) XRD pattern of i) NiFe-82 LDHs-HNT-S, ii) NiFe-82 LDHs-HNT-C; (b) SEM
images of NiFe-82 LDHs-HNT-C; (c) SEM images of NiFe-82 LDHs-HNT-S; (d) and (¢) TEM
images of NiFe-82 LDHs-HNT-S with different magnification; (f) HRTEM and SAED images
of NiFe-82 LDHs-HNT-S; (g) elemental mapping images of NiFe-82 LDHs-HNT-S
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Table 2. Electrochemical analysis of Ni(OH),-HNT, NiFe-82 LDHs-HNT, NiCo-82 LDHs-HNT, NiMn-82 LDHs-HNT and
their intrinsic activities toward OER
%% 2. Ni(OH),-HNT. NiFe-82 LDHs-HNT, NiCo-82 LDHs-HNT #1 NiMn-82 LDHs-HNT BYE £ Z 5387 K EH 3+ F OER

WIZHRTEEN
Electrochemically Double-layer Jspecific@.
. . J@1.5 Vyug i
Product Active Surface Area Capacitance Rough (mA-cm ) 1.5 Vrug
(ECSA) (m*g ") (Cay (mF-cm™) (mA-cm?)
Ni(OH),-HNT 0.306 91.54 1.53 0.37 0.24
NiCo-82
LDHs-HNT 0.244 73.28 1.22 0.53 0.44
NiMn-82
LDHs-HNT 0.272 81.88 1.36 0.47 0.34
NiFe-82
LDHs-HNT-C 0.186 55.74 0.93 4.21 4.53
NiFe-82
LDHs-HNT-S 0.355 106.52 1.78 10.23 5.76
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Figure 7. High-resolution XPS spectra of NiFe-82 LDHs-HNT-C and NiFe-82 LDHs-HNT-S: (a)
Ni 2p and (b) Fe 2p

[& 7. NiFe-82 LDHs-HNT-C # NiFe-82 LDHs-HNT-S 5 47## XPS it : (a) Ni2p F(b) Fe 2p
34. HRESEHIh=HREMEMRL

Wit 6 P AR R ) B e, Ak rh A gl K () TG 2 ELAG RN 3 (R 45 K AR RIAR AL, OER AL B t45 3]
B2k, 18 8(a) M1 8(b) R T AEELIE I NiFe-82 LDHs-HNT [£) LSV A1 Tafel . W LAEH,
NiFe-82 LDHs-HNT-S, 7£ 10 mA-cm > R E Fid A A 270.5 mV, FfH Tafel R ZEEFKE 80.8

DOI: 10.12677/ms.2022.124042 405 PR R


https://doi.org/10.12677/ms.2022.124042

mV-dec™, fE{LYERERIT NiFe-82 LDHs-HNT-C A & &2 7. & 8(c)f@7" T #Fh NiFe-82 LDHs-HNT ff]
AL 2= A I BH TS (BIS), NiFe-82 LDHs-HNT-S JEHLH B /NP 2242, R T SEARM s % #2 ra FH AN
R HL AL R . 8] 8(e) 'R, NiFe-82 LDHs-HNT-S A NiFe-82 LDHs-HNT-C ] Cy 73549 106.52
uF-cm ™ fl 55.74 pF-em?, ] HAT B AABLIK 4544 (1) NiFe-82 LDHs-HNT-S B3 5 K ) Bk 243 PE i A,
AT DA e BT 2 I B 22 (R)3E P67 1 o ECS A JH—4K I LSV (1 8(D)) 7 LA 2, i #f NiFe-82 LDHs-HNT
H—ALJ5 1 LSV fiZeiaBiE S, S T —H MEG R A RN ZE R AR R R, SRk
PR3 BRI RGO AR LG, @ TR R YUK E R ETE S, WU R S GRS R R
HAL SRR A, AR T R AN, A2y SRS, A= e R, AT 5 EOE
o P LAk 2R

@
o
=
o
o

[—>— NiFe-82 LDHs-HNT-S @ NiFe-82 LDHs-HNT-S
—a— NiFe-82 LDHs-HNT-C | @ NiFe-82 LDHs-HNT-C @

B

o
-
Cd
'y

[
o
1
-
o
N
N

Potential (V vs RHE)
@
o

Current density (mA cm™)
N
o

1.48
g 1.46
0 1.44 4
1.2 1.3 1.4 1.5 16 1.7 0.2 0.4 0.6 0.8 1.0
Potential (V vs RHE) Log (| mA cm?))
(a) (b)
—o— NiFe-82 LDHs-HNT-S “-‘E
4015 NiFe-82 LDHs-HNT-C 5 61
g
301 =3
£ 2
o @ o
~ ] c
=20 . S
N S
) =
10 ; ]
5
6
04 o T T T T T T
10 20 30 40 50 60 030 032 034 036 038 040
Z' (ohm) Potential (V vs Hg/HgO)
© (C]
- & 50 -
@ NiFe-82 LDHs-HNT-S E —a—NiFe-82 LDHs-HNT-S
124 @ NiFe-82 LDHs-HNT-C (%) |—>— NiFe-82 LDHs-HNT-C
E 401
o &
£ 5574 WF ST g
o 921 30 4
2
!
E sl af S 20
e AY o
< e
€ 10+
3 g
5
. : : : o0 ; . .
20 40 60 80 1.2 1.3 1.4 1.5 1.6 1.7
Scan rate / mV s Potential / V vs RHE
(e) )

Figure 8. Electrochemical measurement results of NiFe-82 LDHs-HNT-S and NiFe-82 LDHs-HNT-C (a) LSV
plots; (b) Tafel plots; (c) Nyquist plots obtained at 1.445 V vs. RHE; (d) Current density differences at 0.35 V vs
Hg/HgO plotted against the scan rate; (e¢) The Cycle voltammograms (CV) curves of NiFe-82 LDHs-HNT-S at

0.3~0.4 V vs. Hg/HgO; (f) LSV plots normalized by ECSA values.
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Figure 9. Electrochemical measurement results of NiFeLDHs-HNT-S (a) LSV plots; (b) Tafel plots
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