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Abstract

The efficient oxygen evolution reaction (OER) catalyst of CS@NiFe LDHs with three-dimensional
core-shell heterostructure was obtained by growing NiFe layered double hydroxide (NiFe LDHs)
on the surface of amorphous carbon sphere received through simple hydrothermal and calcina-
tion methods. X-ray diffraction, X-ray Photoelectron Spectroscopy and transmission electron mi-
croscopy were applied to characterize the composition and structural features of catalyst. The
electrocatalytic property for OER was evaluated by linear sweep voltammetry, cyclic voltammetry,
electrochemical impedance spectroscopy and chronoamperometry. Benefited from the conductiv-
ity of carbon sphere, the electrocatalytic activities of NiFe LDHs, and the unique structural merits
of three-dimensional (3D) core-shell heterostructure, CS@NiFe LDHs catalyst manifests outstand-
ing OER activity with a lower overpotential of 246 mV driving a current density at 10 mA-cm-2, a
smaller Tafel slope of 60.14 mV per decade and superior electrochemical stability of 24 h in the
alkaline media. This work may provide a novel opportunity for the rational design and synthesis
of transition metal hydroxide with hetero-phase 3D nanostructures for other promising applica-
tions.
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2R SO I 57 B (K R AABURR ) 05 R R R R R B IR & JR S ALY (NiFe LDHS)ZK A R ALAEKAE T 3k
RRARER(CS) L, % H B =45 R R4 M R AT A B AL ——CS@NiFe LDHs. BATRAXSE
A XEFEOEH TR NEN BT BRI 5 A R BT T RAE, RALHEHRZE. 7B
HRZE AL B GTR BA THI VAR i i F A AL PR REHEAT T TR BETHIRRFH
FRME. NiFe LDHsHUK b A0 HO BRAGTE A MUARR IO =46 55 R B 454, CS@NiFe LDHsH#EALTZRIL Hi AR
FHIATE AR : BE10 mA-cm- 2RI H BN, iR Ml - BUR246 mV, EIERAEH60.14 mV-dec,
FHHLE24 WK, ZEAFHIKRRRIVB AT BT E . FEXMTIERE AN RER
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1. 5|

Bl 5 BEVR SEHLFIEA B G AW e, AT R AR TS v Re VR I R SRS B B . Horpr, SRR R
B LAERERR, b= PiEib i 4. TSR s, Bl R g a Rk i 348
BREEE, ZRRWIAN R 2 REL]. HET, BRI R RS AN EA k. K, K
FePRASH 8L, BT S N (HER) NI 40U N2 (OER) . ST U NAREL, A8 S S i I R 5 9 3%
DR I BRI B0 ) R . 9 T A ST U RSN 5, BT r R AL R 8 4 S T B g A A b
HAT, RuO, Ml IrO, 2 A AKI =2 OER HLfEALS, (A TAEE /. Mig & 5t LAATREER R, HAM
BTN FH 32 3 7 AR PR il o PRI, 8 R4 B 4 Ja8 b A0 PR O 0o B A /K ) 2 FH R 40 B 3 S

AR, HhEkfigEFE N ES RGOS S8 S S AR B Y5 R R A
() A 1 R AN 2 1 1A BRATY v AT 48 F PR A 77 ) SR AR 6 [ 2] o o, SRR B A A A ) (Layered
double hydroxides, LDHs), JGH &8k ZR A48 A A (NiFe layered double hydroxides, NiFe LDHs),
DRI HC B AR 1) — 4 R AR S5 M A R A A AT S PR RE T 25 32 QR [3] . ARTHT,  J2 R B A A B £ [ 3
I HFAE ™ B FHAS T L OER AL MERERIFE i [2] . St B TR I, F LDHs 54 8844 F A0 A SR 06 S5 midt
BlgE & L 15E LDHs [ S Mk 0H 20w [4] [5] [6]. Tang 25 A —5 30Tk &R T ZnCo LDHs
A R E AT BIG 9K H S8 EHRGO/ZnCo-LDH), 36 JE AL A B I8 NN KRR = 1 Ak 771 v far 5 7%
R, 1§43 ZnCo LDHs £ I H B OER MEAE[7]. MbAh, —4EgkAHRIE S2hR)SF h 25 5 A H HES T
FRUIREE R, (F LLR AR PR 1AL S B/ [8] [9]. RIS BN A HI & HZ 82 Z90KE A 14T
J7iE, B B gKE LR T AR = . B R TS RO R 22 [9]. 4R, BT 2R 8 S A A v )
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JRTAES ¥ KA LDH JZZ [BIAFAE SN, H LDH JZ2 B far 8% FE iy, R B 77 R 032 B AR O b R #1][10]
ERERNAE, T ZgegeRpRl, =4E9R PR LR TR & 3R 5 E E HAEAE 2 e 210 10 &,
PRI 00 A S A B . Li S NTEVRARRIE IR B & T B AR =4E CoNi,S, b5, 794
T =S5 LU R TR, AR I A R i A TEPE[11] . RIE, K LDHs 45K i St Rk Al =4
GER M S G k3% LDHs Hr & M RE A Rt it .

AL I K AFTBGE 1) 77238 NiFe LDHs 90K Fr A A K AR AR i ER b, il 46 B = 45T 7
4EKF) CS@NiFe LDHs k7. 2<% XRD. XPS A1 TEM 25T Bt %t CS@NiFe LDHs 45K & &4k
Ak 2 RO TE SR AT THRFE, HR AR 2. 2ot IR 2RI T i IR 2 A A 2 DR T
BT AR i 1) FLA 2E PR R HEAT TR AL

2. SEERERSY
2.1. SEEER

HIEIRE. WAL, MERREL. JRE. KSR AN, T8 2 N o AN S A AL A 2 T [ 2 4 T
AR T AR AT, 22TV IR E R A F . A KB R FTE ARGt it — b aith . 256
R R 25 85 7K 1 GWA-UN1-F20 &%l 15 .

22. EWHR

1) BrRERIH] &

T, FREX 2.7024 g W& T 50 mL BTk, #3F] 0.5 M R Z B AKIE W . SR 5K 4 B 7K
WEEFZ 3] 100 mL BA U O A N AT I s R B s, BT 180°C BT 1A M 8 ho R V45
W, BHIEERG, BRI B 7 RFITK B R OB gk =k, BT 60°C 1T 546 45— .
RIG, BTRE R RE T g Bl 2°C-mint B THEE 246 600°C T mril s 2 h, 19340k g0k
FERRER(CS)

2) NiFe LDHs )i %

%, FREL 0.08724 g ] Ni(NO3),-6H,0. 0.0404 g (1) Fe(NO3)39H,0. 0.048 g JRZF1 0.0118 g [
NasCsHs07:2H,0 ¥ T 20 mL EEB 17K . )5, F13 3N HVEHU #2100 mL FH A RV 0 A AT s
B pESH, BT 150CHERTEE R RN 24 he RNEEHR, AEERERE, BEIIMBAR LS T
IKRTEK CBEBS O = U0, BT 60°CTRFaH T —M, 70, 133 NiFe LDHs k.

3) CS@NiFe LDHs 1|4

4G, FRE0.01 9.0.02 g F10.03 g HIBRER (BicEk B S5 77 28 1 il ) A1 =4 0.08724 g [¥] Ni(NO3),-6H,0.
0.0404 g ] Fe(NO3)3-9H,0. 0.048 g JRZ . 0.0118 g [ NazCeHsO072H,0. 0.5128 g (1] PVP 735l & T =4
B, JFIIAN 20 ml 2 E1K, BT A BIEUEAL A 30 min, T2 MIEM . RERIISIEL R
J&, AR F2 3] 100 mL A R VY M A 1 i ) N3, 7R 150°C Fk# 24 he BEIR=
B, BRBIMARR 28 TKRTEK QBB OPE = UOHREE, BT 60°CTHEEMbTE—, {34
[FI Bk ER & & 1) CS@NiFe LDHs ¥y A o 741 TR, FoA LK Bk 2 525 0.01 9.0.02 g #10.03 g ) CS@NiFe
LDHs {46793 5lic iy CS@NiFe LDHs 1. CS@NiFe LDHs 2 1 CS@NiFe LDHs 3.

2.3. ERMRIEYHIE

H5E, KB E TR VAR IO FOIT AL BT, DL BRI AR A AR b A A
B8 5 25 88 7 KIdvE, P& M. S8)5, FRICS mg #EART 1 mg a8, B 774 pl 19251 K 194 pl
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HITE/K ZEEFN 32 uL W ZEmy T, BT S BETEAL - 30 min, BCH 3550 23 B B 7
B, PR BERERSE 5 pl R FE RV Y00 8 Ab FR T R B A B A (G C) |, K 7 3808 AR VA V) B B R AR B
T 60°C BT840 T4 30 min, JIhHI#5 TAE M.

2.4. BALFEMEEATMER

AT L) r A S RE I CHA) SR PR AR 1) = A AR AR SR AE )R CHI 660E HL Ak T i EREAT
Forb, SRR HEALTHURE il R 3BER5 R AR R A AR, SR/ 8 oKk R AN GE e 20 33V D 2 b R AR AT HL AN
1.0 M BRSSO U BRI Forbr, FEREAT AR PRI AR 2 (LSV)IAIT , JRATREAT T 90%# iR
HhEzo

3. &R5118
3.1. EREEREE

CS@NiFe LDHs b7 & o BEn s W 1 . ASCULR & BB, /£ 180°C 144 N K
IS8 h, FEIEHREY. WEFRKSZINAENIREME 600°C. ZAURA T mEmimBle 2 h, BR90K
PRI AESRBRER(CS) . B 5, JEIE— /KL NiFe LDHs 49K 1 J5 67 28 K AR ek b, mliThil &
AT =% 76 R 45 K9 CS@NiFe LDHs K E &40k N T 75 fiRoR, AR A% & 54 0.01 g+ 0.02
g 1 0.03 g MIRRER 4 71ic  CS@NiFe LDHs 1. CS@NiFe LDHs 2 F1 CS@NiFe LDHs 3.

Hydrothermal Hydrothermal
180C 8h 150C 24 h
Calcmatlon

d 9 N,, 600°C, 2 h

glucose Amorphous
carbon sphere

CS@NiFe LDHs

Figure 1. Schematic illustration of synthesis process of CS@NiFe LDHs
[ 1. CS@NiFe LDHs /X FIH & RIS REE

3.2. XRD 4#fr

2 J9 CS. NiFe LDHs #1 CS@NiFe LDHs 2 ) XRD Kli#. #n/&] 2(a)fizw, CS H1 XRD itk A
BRI ART S0, BERHERAT R I A R T IR . M 2(b) T LABHE A i, NiFe LDHs 7E 34.4°F1 61.2° 4 i)
F7 e, 43531 %5 B2 NiFe LDHs (PDF#04-0215) 7 (012)F1(113) &4 i » i B FA TR D il 4 tH 1 46 NiFe LDHs [6]
[12]. seAh, JEIEXTHCARIN, BT PR EE IR A7 AR T B R T RE K2 41, CS@NiFe LDHs 2 1) X #2k
15t 1% 5 NiFe LDHs 19 X SR ATH EIGEA—S. HLLE XRD b el %1, FATFEmER B RiThh A K
7 NiFe LDHs.

3.3. XPS 434

N TP CS@NiFe LDHs 2 TG R 4N A, FRATN AT 7 XPS BN, Ik SR an 1<

3 fizn. A, [ 3(a)y CS@NiFe LDHs 2 1) XPS Eli, 1ZKit%& B CS@NiFe LDHs 2 H1{7#£% C. O.
Fe. NiJt&. /A 3(b)fzn, O 1s i XPS K4 530.6 eV, 531.3 eV F1532.5 eV 4b i 7r =AM, 535
Hof R A AR PRI AR Y B K Bk 4 R AR 2R (6] [13] [14]. BbAh, HR¥E Fe 2p 9 XPS B (K 3(c))
A[HI, 7E 711.6 eV Fl1 724.2 eV Ab[1) XPS I3 Fe 2p 3/2 Fl Fe 2p 1/2 [45FfEIE, 1 CS@NiFe LDHs 2
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T A7AE Fe® [15]. &l 3(d)fiR, Ni 2p ) XPS WA L4 A PY AN, 7 855.7 eV Fil 861.7 eV Ak 4y Jilxt
I Ni 2p 3/2 FIEREWEAN BRI, 7E 873.3 eV 1 879.8 eV b3 IRt B Ni 2p 1/2 HASAEWEFN 2%, B
CS@NiFe LDHs 2 FF7774E Ni** [16].
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Figure 2. (a-b) XRD patterns of the CS, NiFe LDHs and CS@NiFe LDHs 2 catalyst
[& 2. (a~b) CS. NiFe LDHs #1 CS@NiFe LDHs 2 & XRD &3

Intensity / a.u.

Intensity / a.u.

Figure 3. (a) XPS survey of CS@NiFe LDHs 2. (b-d) XPS spectra for the CS@NiFe LDHs 2 cata-
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3.4. GRS HT

Wi 4 s, AR FHIZE S B B0 (TEM) RS 2 #EE 5 B 7 BT (HRTEM)RE 7 CS@NiFe
LDHs 2 f45 MR-1iE . €] 4(a) v CS@NiFe LDHs 2 FITIO I SR 7 B o MRRHEAS[H] 3% CS@NiFe LDHs
2 1) TEM B (14 4(b)~(c)) T LABH 27 1 NiFe LDHs 44K R A7 A K AE T #Ek b o (A5 = 1 /&, CS@NiFe
LDHs 2 FE T E AR K218 700 nm, A KAERRER_E 1) NiFe LDHs 49K 2 5 B { A 200~300 nm £ 4 . th4h,
4% CS@NiFe LDHs 2 () HRTEM (] 4(d)) AT %0, P EBRRER X IBAAEAE ik 25 80, UE AR 4 .
MAKAE CS AN LDHs [X $5 A B 0 A B ks 2 80, S T8OK, BATTIN S5 2§ T 8] 25 9 0.207 nm
A1°0.233 nm FIPE LS4 TH, 43 510 %F N NiFe LDHs(PDF#04-0215)[#)(018)A1(015) 41 » %4518 5 XRD 45 5 —
B, DU IR DK NiFe LDHs 99K 5 B A A AE 7 akEk . B CS@NiFe LDHs 2 Bt
mapping 4] 4(e)RT A1, JGE C. Ni fl Fe %5150, H C u#Em# Niv Fe im S BEL . LA LL LW,
AV B 7 HA =% 58 R R 4514 (1) CS@NiFe LDHs #4671 o

Cc

Carbon Sphere

Figure 4. (a) Model of the CS@NiFe LDHs 2 catalyst. (b-c) TEM images of the
CS@NiFe LDHs 2 catalyst at different resolutions. (d) HRTEM images of the
CS@NiFe LDHs 2 catalyst; (e) The elemental mapping of the elements C, Ni and Fe
of the CS@NiFe LDHs 2 catalysts. Illustration in (d): magnified HRTEM images

[ 4. (a) CS@NiFe LDHs 2 FiREYE; (b~c) T EISI##FET CS@NiFe LDHs 2 #J
TEM [&; (d) CS@NiFe LDHs 2 By HRTEM [&l; (¢) CS@NiFe LDHs 2 RiT &
mapping El. (d) #EEABAK HRTEM

3.5. ELZFEMR 54

T WG G ORI LA TS 1, AT FLEAT 7 — RPNV i S) R, AT T
Wit % (GC) JEfTRER(CS). NiFe LDHs Al CS@NiFe LDHs 2 fAL7I I B AL T i 2k, M EE T GC.
CS 1 NiFe LDHs, CS@NiFe LDHs 2 #fEAG I 4G B R fe /o 04k, FATIEXFEL T CS. NiFe LDHs #
CS@NiFe LDHs 2 =R L FI7E LR 25 BE 4 10 mA em® I it i, wnl& 5(b)ion. fEHREE
J9 10 mA-cm 2 I5F, CS %f 7 [ B34 A 460 mV, NiFe LDHs XJ 3 i B34y 300 mV, 1l CS@NiFe LDHs
2 5% I3 F AN g 246 mV, Ik EI AR R B 2 R BT AR (3 F EA O Bl T 214 mV R B4 mV. 5] 5(c)
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Figure 5. (a) Comparative polarization curves of the CS, NiFe LDHs and CS@NiFe LDHs 2 for OER; (b) Comparison of
overpotential of different catalysts studied in (a) at the current density of 10 mA-cm 2 (c) Comparison of current density of
different catalysts researched in (a) at overpotential of 270 mV; (d) The corresponding Tafel plots of various catalysts inves-
tigated in (a); (e) The Cgy plotted of CS, NiFe LDHs and CS@NiFe LDHs 2 (f) Nyquist plots of the CS, NiFe LDHs and
CS@NiFe LDHs 2; (g) Durability evaluation of CS@NiFe LDHs 2; (h) The normalized OER LSV curves of CS, NiFe
LDHs and CS@NiFe LDHs 2 by ECSA. (i) Comparison of CS@NiFe LDHs 2 and NiFe based electrocatalysts for overpo-
tential at a current density of 10 mA-cm 2 and Tafel slope; (j) OER polarization curves of CS@NiFe LDHs with different
amount of CS; (k) Comparison of overpotential of different samples involved in (j) at the current density of 10 mA-cm % (I)
The corresponding Tafel plots of as-prepared catalysts investigated in (j)

[ 5. (a) CS\ NiFe LDHs %1 CS@NiFe LDHs 2 B OER #R{LEiZ; (b) El(a) P AREMELFIEER 10 mA-cm 2 BRZEER
PRI B AORILL s () B RREIELAIAZ 270 mV SR BFIRRREEMOMLL; (6) BEESHITERELT
BUESSE/REREZL; () CS. NiFe LDHs #1 CS@NiFe LDHs 2 BUYEL 2 A%k ; (f) CS. NiFe LDHs #1 CS@NiFe LDHs 2
BIER L EAZRMAHIE; (9) CS@NiFe LDHs 2 #E{LFIR9R2E MMt (h) CS. NiFe LDHs 1 CS@NiFe LDHs 2 #E4£5
BT ECSA BRIAYA— LRI MR Zih%L; (i) CS@NiFe LDHs 2 LN thiR SKEMLFTIZE 10 mA-cm 2 HRE
E TR BB MBIERM AL ; () TEIKIKS EH) CS@NiFe LDHs #E{L5IH OER MRiLHIZ; (k) E()FAE
BAFEE] 10 mA-cm 2 BUR B EFRERTERENTEL; (1) BEG)&HI BT RE LIRS TE /R
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JE 5(a) AN AL FIA ] 270 mV I LT R LR BE BT B, fEE HIEA R 270 mV B, CS X R HL
TR N 0.2 mA-cm™, NiFe LDHs X8 (1] HLUAL 2 BE 4 4.6 mA-cm 2, i CS@NiFe LDHs 2 X b (] HiL it
PN 25.8 mA-em 2, MR, CS@NiFe LDHs 2 5 () HL it 25 1 B, 23 %9 NiFe LDHs 1l
CS [ 5 fisF1 125 % . [Kit, CS@NiFe LDHs 2 i HLfEALHT A RE WAL T GC. CS 1 NiFe LDHs 1. ¥
FEIR R R PPAl AR AL R 1) S B Bl 525, BRI, FATTARE 1] 5(a) 221t T CS.NiFe LDHs 1 CS@NiFe
LDHs 2 =FiEA IS SE /RBP4, Wil 5(d)Fm. MBI AT LI & i, CS@NiFe LDHs 2 35 3E
IRRFER I /1N60.14 mV-dec™), T BHZA AL K S ML Bl ) 2 B bR . O0UERL )2 FRL R VP A 0355 P A7 R B
WK —, KUk, BATAE 1 M KOH HLf# 7 1 LA 20~200 mV-s * [ [7] 4958 %} CS.NiFe LDHs 1 CS@NiFe
LDHs 2 Ff5hdAT TOEHR M, I e 15 20 BO0G RO 22 dl 2 2 i) Hh 17 38 =l el e 70 R 00 H J2 H 25
2, &l 5(e) i~ . CS@NiFe LDHs 2 f Cq {54 2.24 mF-ecm 2, B]Z & T CS (0.36 mF-cm 2)#11 NiFe LDHs
(0.62 mF-cm?). iZ4E KW, CS NS HEKAE TIREEMMEM, NiFe LDHs 4K A4t T & 105G
PEAL AL, CS@NiFe LDHs [ =4EE504e & 1 LR MAR, MM 256 1 58 2 v AL s, CS@NiFe LDHs
MG VIR FE SR T o Ak, FRATIERIH eV B (Rs)  FLRr % 7 HLFH (Ret) A& A AL A SR A (CPE)4H.
B P 4% 22 R 2R R e AT S Ik R ) LT R R R [17]. &l 5(F)Fas, AHLLT CS A1 NiFe LDHs,
CS@NiFe LDHs 2 () Rct {2 SE1%, 1% W] CS@NiFe LDHs 2 [ HLfif 5 7% 3 R 8 bR . X 75 25 T CS Al NiFe LDHs
B EER, Hodr, CS 1EJy 3 B B AR AT S0 R Hh FRAIC T 5k vl BELRN PR s B # OB, oo 17 Pl ey e # T
Ko FRE MRV TR — DN EESH AR SCRA T 280 T CS@NiFe LDHs 2 1)K
Wk sE S FRATT AR RN T —AMEEHEIE, /£ 1 M KOH KT 7 K& 24 h ik, A
5()Fn. 23 24 h B, 1M A TR 00 FRLAL 2 B DS AR A ) 87%, R IHZ AL A B RIFp K
W A . BEAh, FRATIEXT CS. NiFe LDHs fl CS@NiFe LDHs 2 i 4k 71l ist Fi Ak 2 3% 14 T A7 (ECSA)
17T IH—AALBE, 15 2B 24T R 22 i 4l 5(h) s (L, ECSA H1/A 30 ECSA = Cy/Cs 133, A3
K Cs fE A 60 uF-cm ™) (B ASER I, £33 51K # CS@NiFe LDHs 2 {4k 7552 BLH A 5 ) OER
PERE, H— DU T CS M NiFe LDHs 1 A 1F F 6 #2 m s S e LA+ EEMER . 54,
AR EE T CS@NiFe LDHs 2 A1 H: Al 8 2% J 4 44 77 (Moo sPS-NiFe-LDH [18]. NiFe@CA/CC [19].
Fe-NiO/NF [20]. NisFeso@N-CNTs [21]F1 NiFeA/CPE [22])7E 10 mA-cm 2 HL 25 & 1 i ad i 34 A 3E /R
REE, WE 5 AR, 5HALEEZE: OER HIflE{LFIAHLL, CS@NiFe LDHs 2 BRI H 5 N = () OER
M, REHYT CS MRS AR T BT, DRI =4 R RS YR T
ELRTHAL, B0 T iSRS H . N T I R ER S R AL B AR, FRATT AR T RRER S B 43 7l 0.01
g~ 0.02 g #110.03 g ) CS@NiFe LDHs {4k, FExfr b7 b 2ziial, g5 8% 5()~()Fras. CS@NiFe
LDHs 2 5 CS@NiFe LDHs 1 f1 CS@NiFe LDHs 3 #H Lk, R R AP A LG, 7EHRR%EEA 10
mA-cm 2Iif, CS@NiFe LDHs 2 x5 (#1id i34 /. B4k, #iLkF CS@NiFe LDHs 1 (122.60 mV-dec ')Al
CS@NiFe LDHs 3 (70.57 mV-dec™), CS@NiFe LDHs 2 {35 JE /R It /& B /MK, 1A 60.14 mV-dec?,
VAR A R S BBl ) 5 T AR

3.6. 4L TIEME

AR DA K, FRATX CS@NiFe LDHs i A6 1) B A T Fe b S0 VeI B R EAT 1 0 i, AR MLER I
Wik 6 Friows

1) {£ CS@NiFe LDHs #4471, NiFe LDHs i st4 ftid A sl o 18k DUE B 7T 0, fEAT AU 2
(% —4, H M NiFe LDHs {22 25/ 5% NiFe OOH 78 75 /£ NiFe LDHs _F[3] [23]. #£ NiFe OOH 1,
Fe Al Ni /E i PEAL Uk # HL i AL AT S ME R [24]
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Figure 6. Mechanism model of CS@NiFe LDHs
[ 6. CS@NiFe LDHs {44580 TAEMIEE]

2) CSERFHAR, FHREFMHEFITRER, RARE LK T Bl 2=fHht, £ CS@NiFe LDHs
AL BT M R R =

3) tHT NiFe LDHs s Jifii A KAE CS EHY, b 7 AN GBI, A RFAC T 42k i BN o e
R, MTIHRm T A RSB )%

4) CS@NiFe LDHs 1] =2 45 ¥ R 175 1 A7 1 5% 2 AbT S 72 i S = 1 v 2 i

ST LRGN, CS@NiFe LDHs FAG 7 1 H fi Ax A 280 P Re AR 0 ri Ak 22 A e 1k

4, &g

AR SO A7 S ) K IR IR BRI A B T AT = 4ER% 55 5 T 45 K4 ¥ CS@NiFe LDHs = 350t 4 Hufi 4k
Ao MBEERE RN 0,02 g B, CS@NiFe LDHs [UMTAA M By, A% 10 mA-om ? B2 FE I T 75 (3t
AN 246 mV, HEFEIRAER N 60.14 mV-dec™, TR A BT oK 2 B AR IR AR AR AL R
HHF5H OER ML EZE AT CS Al NiFe LDHs K FEIVE F A K AZ AT = 4Ei 58 7 45 . o,
CS N T 3R AT DA R HE s 425, NiFe LDHs fi STHRBtIG 07 o5, 17 = ZEA% 58 7 i 45 W ] LR 7%
B2 WAL A
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