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5% S AT R B (oxygen evolution reaction, OER) & 7 iy 24 /) s A g it B3 22 " 4] 4 T W K £ 7= A A B9 3%
AT, ATERET —MEE. BRNMKARRYE, TUERTRTARE. REEKERXEELANY
% % (layered double hydroxide/carbon cloth, LDH/CC), f| bA#& FrOER M &t # % & 3, 7 7| % 2L %t LDHs By AL 4 K
REZXREENER. MLTAK. T BAERMERNEABERERN, 7ZBABEREAET WA, TUE
BAEEREFHRARMI LR SR E FHRZ/AY, HMEHLDHsER AR AN R, HTEK. 5%
45 B AR Bk A AR E AR B, UK R A R NiFe LDH/CCEH &84S . m¥ERAAEE. RERTH
v PR 9 72 75 ME 8 08 . DLOERY R4 R R, %I Ak T LUR B8 | B & Bk 7 % % 4% By NiFe LDH/CC#y
WL, MR, DT S B AR A R HOR % A K B NiFe LDH/CCH # % 4F, 72100 mA cm ™ #y it
B, i (overpotential, 7)1X 4257 mV(17,00), 400 mA cm ™8 11 B AR K331 mV (5400), 522K 100 h /5 1 88 175 17 #595%,
B EFMT U 2B AE R (287386 mV). = /% 1 B2 KA (30977406 mV) 4y & 7| By 3T He A%, DL ROKHGE(279F0
434 mV). H IR % (293380 mV) 4 A NiFe LDH/CCHy L& L fE. #E—2F, b it T BFRENMR L
T4 Bl XA O A AR R #s R X 3E B T NiFe LDH, #£ 7 PLE 24 A NiMn LDH. CoFe LDH. NiCo LDH, %
% E MLDHA R AL, Prif & RARE T — M Hr 7 &,

Kukinl  w g, AT H RN, MOKE, NiFe Rk X4 B A A4

HLME AL ST R O (oxygen  evolution reaction,  HA P MRttt . ARARAVEHINAS . OL5 o E{L

OER)JE/K AL, 4ot it R 4 -2 A el it Pl i
FHEE RN Z—, GG PO/ R A AR, O
J*OH. *OFI*OOHZAHEIAIIE AL, 73X OERZ) )
FOENG, BRI I R A RS R A AT
PRI, e 19 PR e AR A BT T B Ei R S
HSRRUO, FIIrO, HA L 55 Y FL A fLOER T RE, {H /& &
B T Dot F) e R i B T LR R i
JERAE: 8 A A AL (layered double hydroxides, LDHs)

MR 2T B AR AL RO R A LRI TE P, Bk
S B ez " fldncoFe LDHM,
MgAl LDH", ZnFe LDH"®\. cuAl LDH""HINiFe
LDH""* 175 fif 5 1 Al B2 5 7 P v 0 2 300 LR 00 S i
Bt HrPNiFe LDHEE Haa 254" mT v sk 5 7
HLAR AT S 1 T iz A e Y, e R AR B
OERJy T 2 B H DIt i 1o R 1),

LDHsA IR 2 RE, andtiises . Kkt

SIS £V, Btk =, # WA, 5. Sipak s J5E0& iiNiFe LDHAK F FE51 FHF mskcb Aok S fk. Bl2aid, 2025, 70: 193-204
Wang S S, Lu X Y, Chang Y N, et al. Rapid and in-situ synthesis of NiFe LDH nanosheet array using microwave method for efficient electrocatalytic water
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=< T 207 N 1O o =S Ti 2 Sl S (E B i ikt
SR LDHsZ: mtEEAR, B SRa ALt
TRPGEAER A RN A AT, PREE Sl REL =, FEmT
K, FLACHS[] (4R B A 7 Ab P B L DHs 1 A= Kk i
Fb 2 o e L ER R ). B TR A OR T A
PRIXGE, AT LR OAR T BE S B AN5T, AT S i
EFN B AL PERE™Y. T2 TR 7E SR A T
AT, 55 %3 LDHs AR ZE A0 NS fiks SR Al 5
I IIE, R R bt R S AT Z A AL AR
F, S AT R (R Y SE B, YA, ek
M A R, BRI, REAEAR. FHR S5
PP T RAE. BAR F RO A O B A
LDHs RGBS, (BT 5 BR TR AR 48 K /0K bt
kP10 R Gl R R 2 T B 2R K 4 K/
KFEFN ) 7 i A WARTE. A7 L TR R, (3455
HAZHEME, WAERTREMAERY . RTriEid. 8
TAEH, DA TT ERHMREESE ) BT B8 T etk
SEMRAE 20T R I R AT M) e v T T
KR 370 45 g P SR s

FET UL, FRAHRIE —FR R R R A
B KN, AT LR AT (carbon cloth, CO)ZR AR 741
i 4 m S E ALYk B (NiFe LDH/CC. NiMn
LDH/CC. CoFe LDH/CC. NiCo LDH/CC), H:H'NiFe
LDH/CCERI ! B Al 7 i ML i fL OER T fiE. A9 & 3N,
N = BKE BOTLDHs 94 K Fr i e o A K 4 28 00 8
FREN. XEZRFMETAIK ., 4 ZBKE R
25 I DU R /K R ), TR — /K Vs T LA R
P, WL ROR R 48 B T 00 R 1 BE AR N At R b 4
J& B TR A% A2 RS, A T LDHSTE i AR 22 18 1 5
ISR, RERDEIEF AR 2R, ML
SRR BGE R TTRRT, Tk A BUANiFe  LDH/CC
YUK RSB RIS A SR AR
PR ST ST far B R BRI RIAS AR 3 1 o5 A5
S HE, 0T HAEILOERRY, DATN =BOKERC A
A SR A U NiIFe  LDH/CCZEIL L R0
HLALPERE, 76100, 200, 400 mA cm [t LA ALK
257 mV(n100)~ 279 mV(a00)~ 331 mV(naeo), RET
DL KA (287 318F1386 mV). ZE R VUMK IA
(309 344F1406 mV) M AN HLAE, DLRKIE
(279 320#1434 mV). HUTFIE(293 31541380 mV)
4 HNiFe LDH/CCIYHLAEALIERE. 5 ILRI, 21k
W EA KA R E T, FrEei100 hEPEREDS

194

RIF95%, ESE T HALS B AEILTERE. X AR A AL
R EBARCR S BEAEIR. SR mls .
PRPEREOL S A5 Rr , TERBTR UL BAT R 3 e v

RV

Hij 5.
1 528

(1) MEHFEGR. 7K AR ER(NI(NO,), 6H,0, [
iR PR A A Bk BRIR 4%k (FeSO,- 7H,0,
FE 251k F A BRA F)) . ANKA R RES (Co(NO3),-
6H,0, MAF ek TARAR) . —KE 5L
(MnSO,-H,0, EZjERLAXFARAR) . IRE
(CH,N,O, EZjfb2=iR AR A F) S A LF(KOH,
85%, EZfb2=HIAH AR Z/KEWR(NH; H,0,
25wt%~28wt%) N —EE(E 2= A R AR &4
TRE(E 2 ARG RA R FE R A e
F Y R AT, Joieslifk, HE .

WRATTALEE: & S N R/ C BEIR A W (AR L
VD)L S min, DABRZSFRIANMEL. AHUS Am
FAEBTFRMET S, B TRANOAMR, %
110°C/ W2 h. e, Bk 2Bk mpie T, &
2 TR L

(i) HEALFIAYH . FRE3 mmol Ni(NOs), 6H,0,
1.5 mmol FeSO,-9H,0, 24 mmol/R A& T-50 mLEE T
AKH, PEEE20 minf5 A4S mLA =B, BEEE A, RIG
2 em x 3 emBRATIR A IR, TR, KR
BWEERS 2250 mL = SbeNH, 7E800 W, 100°CHY A4 T
i AR AL R b, SO SRS, B RAE, 5B TK
FITCK LSSV VR BIRRATAE60°C T T4t 1%, B
A[153INiFe LDH/CC.

KA BRI, (UK FeSO,-9H,0%
#AMnSO,-H,0, A i T NiMn LDH/CC; {{CKNi(NO,),-
6H,0F ) Co(NO;),-6H,05 il I CoFe LDH/CC; 1%
¥ FeSO, 9H,0F e HCo(NO;), 6H,04 i, T NiCo
LDH/CC.

(i) [ ASFRAE. SR FH A4 H - i 145 (scanning elec-
tron microscopy, SEM, JN#ME 200 kV, Tescan
Mira4). % 41 HL F 5 /85 (transmission electron micro-
scopy, TEM, M HE[E200 kV, JEM-200CX, H7Z). &
Ay B ST A (HRTEM, i e %200 kV, FEI
talos F200X)MEEHESIESAIREE . R I HEX
ST HHMY(XRD, D/max 2500VL/PC, Cu Kaifk &5,
2 =0.154060 nm, T {EH 145 kV, #7200 mA, H A



AR ICR A, R XA T REIE (X -ray
photoelectron spectroscopy, XPS, IM345 H1 A1 HL i 73
AFE12 kVAI6 mA, Al Ko’k IF, Thermo Scientific)
MR f T RS, R4S 20 0 B A7 8508l DA C 1sil
(284.8 eV) NARMEARLIE.

(iv) HALAIE. 761.0 mol/L KOH/KIEH T, % H
CHI 660EHL fb2% TAEuG (i R A RA /I =
HL R G A TOER M HL ALK, DhRRAR (= 1fi s o7 2
KA B ATE R TAEAR, Hg/HgO AR FIf1 55
B4 IV R 2 L rR AT F R . FEAR RTS8 7E
1.12~1.72 V(vs. RHE)HFEEIHN, W fEERR 2%t
MALRIEAT AL BE. SRIG LS mV s RO, i
AR LE AT A LD A TRAMEAL IE). BR
FERULIISE, BT A AL AR GBI 77 #2(E(vs. RHE) =
E(vs. Hg/HgO) + 0.098 + 0.059xpH = E(vs. Hg/HgO) +
0.924)H—4b A Al 1 A A (RHE).  HLALZE R Z LA
(Ca) BIEFAR A TE AR A AT, R
0.02~0.2 Vs . HLAL2AFHBTL(EIS) ik HL {37 1.49 V(vs.
RHE), #%100 kHz~0.1 Hz. 75544 % (Faradaic effi-
ciency, FE)A] DIR#E LA A=

nxXNxXF
Ixt

Hrh, n A=Y n S PREEREL, FRIERIEEE(F =
96485 mol/C), NN FFSHFEL, DEihnrfE e f
ik, SN ]

FE =

x100%,

2 RS

2.1 SERIERAE

NiFe LDH/CCHJA Lt FE AN 1 ()7, FEHLAY ()
A, PINI(NO3),-6H,0, FeSO,-9H,0 44 J@Eh ik
A&, FREFKES W ApHIE R, T =B, KehAm
A _LRFI TR AW, 100°CR 4R R h, BIAT7E
WAl Fe i 57 4 K NiFe LDH, 75%|NiFe LDH/CCifk
. E1(b) I NiFe LDH/CCHYX LR AT A (X-ray dif-
fraction, XRD), H:H110.0°. 21.2°, 34.3°H160.8°4b 1Y 3=
fi5tig 3 %+ BiNiFe LDH (JCPDS No. 40-215)f)
(003). (006). (012)F1(110)fhiH. Kl 1(c)Fi(d)ENiFe
LDH/CCHH i T B I B ANz v 7 B e ER. i
K 1(c)rl LI Y, NiFe LDH/CC S =448 K Fr (451 2%
F, Ak B AR B AR AE300~400 nmiZ i), R4 I
AR, BSIHEE AT b, )R Z AR — B A B,

TG R T H AR A S R Ao R R A A ik R R R T X
YOS, SR, FRATEXINIFe LDH/CCi#FAT T
SRS 7 4% (high  resolution transmission
electron microscopy, HRTEM)ZRAE(E 1(e)). HETT LA
SR EIBH 5 1) A% 2580, X5 FNiFe LDHAY(012) 40 1.
1 K J&NiFe LDHAYIE X HL 1775 (selected area electron
diffraction, SAED)F, HHA9f7 S ER 551X 0 FNiFe
LDHAY(110)F1(012) k1, UESE T HNiFe LDHAY M4
gERL. BLAN, R ISR RS S 5 L B (high-angle
annular dark-field scanning transmission electron micro-
scopy, HAADF-STEM)/ 413, NiFe LDHZHK %
M, O AR T YRR, AR TR R P L
F(E1L(D). #E—LIuR B E (mapping)(#1(g)) Bt Y]
YK NI Fe. OJCEIS) 40, 5HNiFe LDHIY
ghk—3.

BT #iENiFe  LDH/CCHYZ ML R A FI L T-45
¥, TATEXINiIFe LDH/CCHEAT T XPS/rHr. E2(a)lt
NiFe LDHAYXPSAi[&, IFSL TNiv FefllOJCE T
1E. E2(b)2&Ni 2piy s PEXPSHE AT, Hop T
855.00. 856.93. 872.66F11874.37 eV A&} X W T
Ni*'(2p3n)s Niv'(2psn) Ni¥'(2pin)FINI (2py). E12(c)
JEFe 2pHIXPSKEANIE, WI LI4T N IUAME S04 AH 4 10
e, Horp o F713.10H1725.87 e VIS 5% i Fe™ 1
2p3, F12py 0, 17 T710.4551723.05 eV YIS HIXT i Fe™
f492ps, 12D, 77 FUAMH I, Fe™ FIFe’ Wi LT
1:1, #WI7ENiFe LDH'Fe™ FIFe” 1 & Al 4. T4
PN (717.38F1733.33 eV) /3 BIXT W Ni 2p 2ps, F12py )
TR, ZT0 IsPXPSK A GI%(E2(d)), 7TLAST R
=AU, AHIE F 4R -F (metal-oxygen, M-O,
530.03 eV). %% fi(oxygen vacancy, OV, 531.21eV),
DA Ko B0 4 0 B 4 (adsorbed oxygen, Abs.O,
532.15 eV). FUMTF N, NiFe LDHH &S 1) & &
L1R34%. DR REARAR LA S I EL R, AR TR EEAE
NiFe LDHZ I A7 55 1 R, o e B 400 532 a2k,
e i AL OER IS 2.

T HRFENiFe  LDH/CCHERK A 2 1 1) 5 A= K AL
L, FRATHAT TS5 5050. 9T RN, TH =Bk
WAELDHs PR A Kead B A B ZLME . inAgtik
RESFIE, 153) 0 B KBS I NiFe LDHA4K
(R AT TR A R (IS T). X ] e A
R4 B B TSR WP R R T RE RS R, O s At
ks E s TR RERE. 28, RE. £
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(b)

—NiFe LDH/CC

Intensity (a.u.)

—NiFe LDH JCPDS 40-215

20 40 60 80
26 (°)

NiFeLDH 4"
(012)0.26 i+ =+ 74

2 nm
RS

Microwave method
—_—
In-situ growth

B 1 (W% )NiFe LDH/CCHA BUBK R AMESFRIE. (a) kA MNiFe LDH/CCIY R E . (b) XRD; () SEM; (d) TEM; (e)

HRTEM(#fi L2 3£ X HL TR D); (f) HADDF-STEM; (g) JC A U]

Figure 1 (Color online) Synthetic route and microstructural characterization of the NiFe LDH/CC. (a) Schematic diagram for the synthesis of the NiFe
LDH/CC using a microwave method. (b) XRD; (¢) SEM; (d) TEM; (e) HRTEM (the inset is SAED); (f) HADDF-STEM; (g) mapping images

R PR AR B ST 2 B K R BONiFe LDHZ K
. T AR O R B AL S A K EEE, FRATH
ZE R AR oK, AT T AR A SE . 455 %
IAEZR BRI Y, SEORAS B A0 2 R AR K ARk
A F M NiFe LDH/CC(#ric NiFe LDH/CC-PTOL).
X AT B S PRA A L T SliaK s 31, 228 DU B /K I W A
PERRAR, BEMIEIL T 4Bz mae”™, (et 7 &m i
TERRAT R A . EI3(a)~(c)s LA TR MU R/ 75 T
J¥AF#15NiFe LDH/CC-PTOLHSEM. TEMFIXRD
K, HERTLIFE 1, NiFe LDH/CC-PTOLL 5 ¥ =4k4)4
KR BRSNS, B9k 7 R8N E A 2745200 nm),
HA KRN — 2 e HEP R P 4e 21w, )220
AAXTANERL. A T e — 2 B gk R 51, AT TR RAIG
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TR, A BRSO N = KV WA i 0] ik
7528, F3(d)~(HIE L & KRR A R
NiFe LDH/CC(#ric ANiFe LDH/CC-EG)HJSEM.
TEMFMIXRDE. WK LIA 1, Fridgiok i ReFsK
(EARZ500 nm), FAJHEMTERAR R, (HF 2RI,
WS E, X FEEER AL A K 7 B BT
PEOLSOME LA RORFEE ], BAF T H Ak O o 72
AR, LA SRR ORI, 2
LDHs4K 7 RoFidi b, et Raf, REREFS/r 22 6% i fi
FIE L, A RIS BRI UL 5T, A7 R TS
SEOHEAELTERE. XL AE R, FRIXTLDHs7E
A R RO AE K AR CEHEENEH, N =EK
WESCR Y. X Al R 5 HAE B G, IKAh, h
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B2 (M t0)NiFe LDH/CCHIXPSIER. (a) 225 [El; (b) Ni2p. (c) Fe2p. (d) O IsHIHE i IA]
Figure 2 (Color online) XPS spectra of the NiFe DH/CC. (a) Survey XPS spectrum; fine spectra of (b) Ni 2p, (c) Fe 2p, and (d) O 1s

T PRI RO G R R, FROTTIAAE
KA SIS 5 4 8 TNiMn LDH/CC. CoFe LDH/
CC. NiCo LDH/CC(/&1S2~84), HEBH T i & 15 24
T .

HEHIANiIFe LDH/CCHUEAEIEREMI S0

FET FIRFAEASHT, W] 520 T NiFe LDH/
CCIYTES MR ZERE, HE AT RESZ M AH C ) B fE AL PERE.
PG, FR AT 3 26 4 AR 700 R A7 T o 1 A BB K
El4(a) e ARSI T G AINiFe  LDH/CCAEL ]
AJOERZENEFAHH R % (linear sweep voltammetry, LSV)
k. PRl LI, ZEBE 4 F R (1.0 mol L™
KOH), ™ =E/K#E & UNiFe LDH/CC(RPNiFe
LDH/CC-G1)EA M & T'NiFe LDH/CC-EG. NiFe
LDH/CC-PTOL AL HL A AL I, HF5 2257 mVAYid
Hi {3 (overpotential, #)BEI AT H#EH4E100 mA om 1 L I %5
J¥, MiNiFe LDH/CC-EGHINiFe LDH/CC-PTOLFI#1k
FI 435 T 2287 309 mV A I HLA7 . 7F B Ay L i 2
J£F, NiFe LDH/CC-GIHJi HLAV (77290 = 279 MV, 7490 =

2.2

331 mV)WH /N FNiFe LDH/CC-EG(#59 = 318 mV,
Na0o = 386 mV)FINiFe LDH-PTOL (77500 = 344 mV, 400 =
406 mV)(Kl4(b)), B EA RS EMEbaET). BT
LSS RIXTOER B J1 24 152, FRATTHUE T Ta-
felB%. {N[&l4(c)fizs, NiFe LDH/CC-GIff Tafelfh %K
43.7mV dec ', fl-FNiFe LDH/CC-EG (52.9 mV dec ')
FINiFe LDH/CC-PTOL (54.2mV dec'), #iWINiFe
LDH/CC-GLEA B i 5 3 58 AT AR ) OER FEAE.
PR BB T 7 22 SCHR I INTSE AT Fe 4 057 (151 4
(dFIFESD). T UL, AL TNiFe LDH/CC-GIFE
100, 20071400 mA cm T ERIEACR, HILUTEA A4
PRI . WnES5TR, NiFe LDH/CC-GIE
100, 2001400 mA cm > F B B4 ROR 5> 51
98.2%- 98.2%. 98.7%, FHINiFe LDH/CC-GIX}OER
HA SR

R T IR S A PERE 22 R R, 3K
14T T s AL Z#BH BT (electrochemical impedance
spectroscopic, EIS)FIRHL)Z: L7 (double-layer capaci-
tance, Cq)Mi. @N&l4(e)Fr7R, NiFe LDH/CC-GIF) St
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S —NiFe LDH/CC-EG
>
@
[=
Q2
i ‘ ' i
i I | [
—NiFe LDH JCPDS 40-215
20 40 60 80

20 (°)

B 3 (MR A R 548 & NiFe LDH/CCROTIEAS I ZAE. LAZE L U BEK IS ¥ 14 LINiFe LDH/CCI(a) SEM. (b) TEM. (c)

XRDEUE; DL Z BRI 4 iAYNiFe LDH/CCHI(d) SEM. (e) TEM. (f) XRDFI#%
Figure 3 (Color online) Microstructural characterization of the NiFe LDH/CC synthesized under different solvent conditions. (a) SEM, (b) TEM, and
(c) XRD images of the NiFe LDH/CC synthesized with pentaerythritol solvent; (d) SEM, (e) TEM, and (f) XRD images of the NiFe LDH/CC

synthesized with ethylene glycol solvent

BT R L BH (R, ) N4.9 Q, /NTNiFe LDH/CC-EG
(6.6 Q)FINiFe LDH/CC-PTOL(9.2 Q), iHILLHN =
RV A FINIFe LDH/CC-GI 5 1 H faf 55 A4 BH ) 5
/N, 3K AR INE Tafel AR FCSE 1Y S0 8l ) 2 —
HH). L HC A BINIFe LDH/CC-GIf Cyff
(2.6 mF cm 4k T'NiFe LDH/CC-EG(1.9 mF cm )Fll
NiFe LDH/CC-PTOL(1.3 mF cm )(El4(H)F1S6), 18]
NiFe LDH/CC-GLEA B Z B b #iHMEALS. X AT HER
THIFB) = A S5 FE B 2R

2.3 ARIJTIESKIINiIFe LDH/CCIHLUIETERE

PEXFEE, o T A 45 g K Pk O B AR
UG T S 1(b), (c)ZSBAR SRR e i A 2 T 1Y
NiFe LDH/CC(EISTHISS). [€5(a) k=R FHANE] Jr ik &k
fNiFe LDH/CCHRYLSVHiZk. mhIEIRT A, S A i
NiFe LDH/CC7E100. 200F1400 mA cm “Hijfi %5 B T (1)
i EA 257 2791331 mV, B /N TR 0k
(279 320#1434 mV)FIHLUTAE (293 31541380 mV)
£ IINiFe LDH/CC(IE15(b)), B HAERETIL. X 7] fE
JE AR TR BGE AR OB, o2& B NiFe
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LDH/CCAHE AR EL A BB 1% 5L 1 Fi for 5 B (11 5(c)) A
Z BRI PR S (LS (d) R S9) ™. HE— 25 iy HL IR
WG IR G Fl (electron paramagnetic resonance, EPR) .
IR, TR EEA BINIFe  LDH/CCHAR G (S5 16 0]
PR IGE M UL A NiFe LDH/CC, UiEAfK
WA NIFe LDH/CCEA B 28 (K5(e)). X
AR AR S 3 P 7 s i, 38 mT ARG L A
B4, A BT SAE A TG 07 5 A, Il
LKA I T45H, e iR e Re e,
f13&F Laviron 5 FEX A ] 77 15A i I NiFe-LDH/CC ik
1T T HEAEVLE S, 255 anES10~S12F1E 5(D . H
AT, A U ANIFe  LDH/CCHY AR HL T R
WRKs(0.19 s ) R TK$(0.14 s~ )y FIEL VLAY
(0.13 s )& HifINiFe LDH/CC, 6B s i 4 A NiFe
LDH/CCA5 385 rp F AR (235 4 i g o i ),

2.4 NiFe LDH/CCIyHLiBfbRaEME:

Br s, AR R MR I A PR RE Y 55—
A JCHEREAR. PR, FRATX LA =B i), Rk
LG BINIFe LDH/CCHEAT T T RLAZINAL, 45 2R 4N



(a)1000 (b) (©
—— NiFe LDH/CC-GI — 400F i ¥
St o g B 1700 (MV) . — N-IFe LDH/CC-GI
800} e 600 N —— NiFe LDH/CC-EG
—— NiFe LDH/CC-PTOL [ 17200 (MV) z .
. ; (mv) - 350F —e— NiFe LDH/CC-PTOL
(\“E 600} 450 400 386 ‘47967 [4
S 318 344l 2 300}
3097==
€ 400} 287 T
- 300 F e
o 2 250
200 g
=) & 200t W
0 J
. . 7 ksl
1:2 1.3 14 15 16 1.7 PTOL 0.6 0.8 1.0 1.2 1.4 1.6
E (Vvs. RHE) log (|j] mA cm2)
) FQD/CoNi LDH/NF ) @ 08 '
8[ » NiFe LDH/CC-PTOL 8F = :!Ee tg:;ggge
80} Cu(OH),@CoNICH NTs/CF o NiFe LDH/CC-EG ol NS, 2
- Uu(OH) o i g S it (6T 4 NiFe LDH/CC-PTOL
g C0,0,@NiFe-LDH/NF 6 & 0.6F
i ol S CoNi,S,@NiMn LDH 5 §
£ G UL ® NiV-LDH@ FeOOH A4 bk L S : <é 04}
o ! > > =
] * « NiCoP@NiMn LDH > Gees >
'_ P B
40 This work - 2t !“‘h ." >'> 0.2} o
3 CFH@G } » A,
V-Ni,S,@NiFe LDH ; \ 3
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Figure 4 (Color online) OER performances of the NiFe LDH/CC synthesized with different solvents. (a) LSV curves; (b) overpotentials; (c) Tafel
slopes; (d) comparison of overpotentials (@100 mA cmfz) and Tafel slopes of the NiFe LDH/CC catalyst and some recently reported LDHs; (e) EIS
spectra; (f) the plots of current densities as a function of scan rates
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Figure 5 (Color online) OER performances of the NiFe LDH/CC synthesized by different methods. (a) LSV curves; (b) overpotentials; (c) EIS
spectra; (d) the plots of current densities as a function of scan rates; (e) EPR spectra; (f) redox constants (E, is the reduction potential, and E,, is the
formal potential)
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Rapid and in-situ synthesis of NiFe LDH nanosheet array using
microwave method for efficient electrocatalytic water oxidation

Shasha Wang, Xuyun Lu, Yanan Chang, Xiaoxuan Li, Ying Liu & Jianchun Bao’

School of Chemistry and Materials Science, Nanjing Normal University, Nanjing 210023, China
* Corresponding authors, E-mail: liuyingg@njnu.edu.cn; baojianchun@njnu.edu.cn

The complex kinetics and high energy barrier of oxygen evolution reaction (OER) seriously restrict the efficiency of
hydrogen production in overall water splitting. Layered double hydroxides (LDHs) have reasonable electrocatalytic OER
ability, but the resulting performance is unsatisfactory; moreover, their rapid, large-scale, and in situ synthesis remains a
great challenge. Compared to the traditional hydrothermal, electrodeposition and co-precipitation methods, microwave
synthesis methods have the advantages of cleanliness, high efficiency, and low energy consumption. Importantly,
microwave methods can generate many defects to improve the electrocatalytic performance. The microwave-assisted
synthesis of LDHs has been reported, but it was limited to powdered nano/micromaterials. The use of microwave methods
to grow nano/microarrays in situ on a substrate surface has not been reported. Compared with powders, arrays have
multiple advantages, such as favorable electrolyte diffusion, proton/electron transport, and direct use for electrochemical
testing without the need for additional binders, so there is an urgent need to develop strategies for the in-situ synthesis of
nano/microarrays using microwave methods. Based on these studies, this paper reports a simple and effective microwave
synthesis strategy for growing layered double hydroxides arrays in sifu on the surface of a carbon cloth (CC), termed as
LDH/CC to improve the OER performance.

The type of solvent plays a crucial role in the in situ growth of LDHs. Compared to pure water, ethylene glycol, and
pentaerythritol aqueous solvents, glycerol has a suitable polarity that can effectively regulate the surface energy of metal
ions and the nucleation/migration of metal ions during the synthesis process, promoting the in situ and uniform growth of
LDHs on the CC surface. When applied to the electrocatalytic OER, the NiFe LDH/CC catalyst synthesized using glycerol
as a solvent exhibited excellent electrocatalytic performance, with a low overpotential of 257 mV (#,4), 279 mV (#,9¢), and
331 mV (#490) at 100, 200, and 400 mA Cm_z, respectively. These values were superior to those for the catalyst synthesized
with ethylene glycol (287, 318, and 386 mV at 100, 200, and 400 mA cm, respectively) and pentaerythritol (309, 344,
and 406 mV at 100, 200, and 400 mA cm >, respectively) as a solvent. Moreover, these performances were superior to
those of many transition metal hydroxides reported in recent years.

Systematic spectroscopic and electrochemical tests have revealed that compared to traditional hydrothermal and
electrodeposition methods, the NiFe LDH/CC synthesized using the microwave method shows superior characteristics.
The NiFe LDH/CC prepared via microwave synthesis exhibited a uniform distribution, a high oxygen defect content,
abundant electrochemical active sites, low interfacial charge transfer resistance, and high intrinsic activity. These features
contribute to its outstanding performance in electrocatalytic OER applications. The NiFe LDH/CC catalyst synthesized
using the microwave method displayed significantly better electrocatalytic OER performance with overpotentials of only
257 and 331 mV at 100 and 400 mA cm >, respectively. These values surpassed the performance of catalysts synthesized
using hydrothermal (279 and 434 mV at 100 and 400 mA cm”, respectively) and electrodeposition methods (293 and
380 mV at 100 and 400 mA cm respectively). The NiFe LDH/CC catalyst also exhibited long-term electrocatalytic
stability, retaining approximately 95% of its electrocatalytic OER performance after continuous operation for 100 h. The
findings highlight the potential of microwave synthesis strategies for enhancing the efficiency of electrocatalytic OER
processes.

This microwave synthesis strategy is not only suitable for NiFe LDH, but also for in-situ synthesis of NiMn LDH, CoFe
LDH, and NiCo LDH, which provides a new avenue for rapid and in-situ synthesis of highly-active LDHs.

electrocatalytic, oxygen evolution reaction, microwave method, NiFe layered double hydroxide (LDH)
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