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Research progress on preparation and electrocatalytic performance of

Ce doped CoFe-LDH
TANG Feng-li' , FANG Ling-yun®, LIU Xin-peng”, ZHOU Jing', SHANG Ting-ting",
WEN Cheng-cheng', TAO Wei', DING Jie-ping', TANG Feng-qin*
(1.Gansu Provincial Institute of Ecological Environment Science and Design, Lanzhou 730000, China;

2.College of Chemistry and Chemical Engineering, Tarim University, Aral 843300, China)

Abstract: A ternary butterfly-like Ce, ,-CoFe-LDH nanowire array was constructed via a hydrothermal method using
a cerium doping strategy. Partial substitution of Fe’* by Ce’ induces lattice distortion and defect formation, while the
unique architecture enhances active site exposure and facilitates charge/mass transfer. Characterization confirms the
structural features.Ce doping markedly improves electrocatalytic performance, with Ce, ,-CoFe-LDH exhibiting the best
activity : for oxygen evolution reaction (OER) ,a potential of 1.48 V at 10 mA+cm™>,a Tafel slope of 71. 64 mV+dec™",
and an Ret of 2. 651 Q;for urea oxidation reaction (UOR) ,a potential of 1. 32 V a Tafel slope of 79 mV -dec™" ,and an

Ret of 2. 377 (). These results indicate that heteroatom doping effectively tunes the local electronic structure, thereby

enhancing electrocatalytic oxidation performance.
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%) OER T RE,

R T FHERAPEAE 2R 22 i 2P F 4 LDH B s A Ak
PERELASI, BE AR A [R)RE T LU DRI i £ 790 Y H A
PEPERE 38 H YO B R RER S i AL PR R iR
FERY , BEFE IR AR B BRI N | SR iz A0 A P i
TRrERE BRI K. o 113 B A B9 B AL A R fE, H
LSV [ Al ith 245 31 1 35 3E 2R 2x i Hi ok, FH LA
PEHTIZAEAL ) OER 3 12 FHL, 40l 7 (¢) B
7N, 57 9l J& Ce, , — CoFe — LDH ( 89.32 mV/dec) .
Ce, s—CoFe—LDH ( 116.97 mV/dec) . Ce, , — CoFe —
LDH( 103. 01 mV/dec) . Ce, , - CoFe — LDH ( 71. 64
mV/dec) .Ce, ,—CoFe—LDH (94.7 mV/dec) F CoFe—
LDH(97.27 mV/dec) BI¥EIFE/R BRI B & H
Ce, ,—CoFe—-LDH FYEFPRE/N, 2 2 ¢ J& Ce—CoFe-
LDH Wi fE# e B IERREE N 71,64 mV/dec,
HAFemii OER MERE , X R R BUTRIB ARG

EEXFIZ - Ce 2% CoFe—LDH BYHI& B BV IEEEEVTHR <175 -

Ho AR T AL BY Tafel REF
HNTH—HERBIERENAFN Ce-CoFe-
LDH 540, 7E 1. 0 mol/L KOH ¥ ¥ o H a4k 2# FH

Pl (EIS) % £ 1 Ce—CoFe—LDH 47 H fb 22 FH
100

80 °
60

:
10 12 14 16 18
HLE/(V vs. RHE)

L /(mA - cm™)
)
(=]

1.0 12 14 16 1.8
HLE/(V vs. RHE)

1—Ce ; —CoFe—LDH ;2—Ce, s—CoFe~LDH;3—Ce, ,—CoFe—-LDH;
4—Ce, y—CoFe-LDH ;5—Ce; —CoFe—LDH ;6—ColFe-LDH
(a) AN Ce $BALhLFEAMIY LSV 2k

0.6

= 0.5

=

= 0.4}

«w

>

> 0.3 282,

& oo

2

A o1t
0.0

1—10 mV;2—50 mV
(b) R[] Ce B4t il i3k LAz

1.59
g 1.56} 97.27 mV/dec_-6
; L3 gy myttee o 'nf.gzm‘ild?/:s/lz?,
1% 1.50F go.32mV/dec 103.01 mV/dec 4
2 .l e

090 095 100 105 LI0
Log J/(mA+cm™)

1—Ce, ; ~CoFe—-LDH ;2—Ce, s—CoFe—LDH;3—Ce, ,—CoFe—LDH;
4—-Ce, —CoFe-LDH;5—Ce; ,—CoFe-LDH ;6—CoFe-LDH
() ANIF] Ce B2 dh B R RL R

8
R, CPE1
Rc«
6_ o
a TS
S 4 -
§ -
R s $¥°3
\ oo 5
0 47 N
0 3 9
Z'1Q

1—Ce,, ; —CoFe—-LDH ;2—Ce,, s—CoFe—LDH;3—Ce, ,—CoFe—LDH;
4—-Ce, o—CoFe-LDH;5—Ce; ,—CoFe—LDH ;6—CoFe-LDH
(d)ANIF] Ce B2 R MY BEBT
M7 1.0mol/L KOH Ek# FF#H4E
X4 AL 8 %
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e, M OER i A& b rL i S RS BH ) 5 fi Ak
RERUS L IR S B T v i) 2 (B8] /) | 9 B o 7Y
PEALPERESL AT, 25 R TR 7(d) FiR, Ce, o —
CoFe-LDH ¥ fit (1) HL FH e /N (R, = 2. 651 Q) , iX i,
B Ce™ 95T AT LA OER 12 752 rf Y B 17 556 75 1
FHZSH . s 7 OER WL T4 e, K Ce, -
CoFe-LDH HAG KA R, Tk 2 ¢ iy Ce—CoFe—
LDH {7 H S AR Ao o 457 AN S /N (R 38 FE R BPR i
5 LSV FIEIE/R B R KR —3, R, Ce, o -
CoFe—LDH E.A5 Felif i i L fi P Ak, 2 ¢ & Ce-
CoFe—-LDH {154 &

2.6.2 BEHH

J T HRSE Ce—CoFe—LDH Ay fix fE /K $ita] | 7E
1. 0 mol/L KOH ¥, i i M1 Ce—CoFe—LDH
FKIE [E] X AS ] 28 5 fY Ce—CoFe—LDH #£47 HL 4L
SEPEREMN, 8 ZE N [ K AR [R] () A AR (4
5.6.7.8 h) LSV 14k, W& 8(a) i, Al LA
6 h J& Ce—CoFe—LDH FefH/K #mt 0] HAR 5 A9 P 5E
TR, AE 10 mA/em® [ L I8 25 BE B, X 07 1Y) FEL
91,48 V,7E 50 mA/cm® AYHL AT, X 4
KR 1.57 V., HBAET 4.5.7.8 h L7, i
Ceq,,~CoFe~LDH HA F AL AEIL OER TERE,

WE 8 (b) Fiw, 7£ 10 mA/cm’® HLR % JE T,
Cey,—CoFe~LDH (13 L #hy 254.99 mV, K T
Ce,,—CoFe —LDH (269.98 mV) | Ce,, — CoFe - LDH
(262.99 mV) , Ce,, — CoFe —LDH (267.98 mV ) Fl
Ceg,—CoFe—LDH(266.91 mV) , 7£ 50 mA/cm” HLIf
T, Ce,,—CoFe—LDH 13 FLH N 347 mV LIk
7T Ce,, —CoFe —LDH (357.073 mV) , Ce;, — CoFe —
LDH(416.26 mV) .Ce,, CoFe—LDH (386. 13 mV ) I
Ceg,—CoFe—LDH (409. 19 mV) . i iR 43 #7 A0
4,Ce,, —CoFe—LDH 7E 10 mA/cm” fl 50 mA/cm’
Tt AL AR R I, W] 6 h & Ce—CoFe~LDH
() B A K P[] [ AE R W Ce , —CoFe—LDH HA fix
LE ) OER PEfE,

K 8(c)r#lER T Ce,, —CoFe-LDH (75.4
mV/dec) ,Ces,—CoFe-LDH(76.79 mV/dec) ,Ceq, -
CoFe — LDH (71.64 mV/dec) ., Ce,, — CoFe — LDH
(89.06 mV/dec) F1 Cey, —CoFe—LDH(87. 42 mV/dec)
PIEFER R AT DL & H Ce,,—CoFe—LDH (14}
/N, R 6 h & Ce—CoFe—LDH 14 5 {3 7K FR i)
6], B R R BN 71. 64 mV/dec, HA i Ff OER
PERE, 3 —20HE T H S

WKl 8 (d) Fros, 76 I A A i b v BH /N 2

F46 BFE6 H

Ce,,—CoFe—LDH (R, =2.651 Q) , Ui H BA T
HoARE G L [RIAE ] Ceg\, —CoFe~LDH HA
HRIF R AT TERE 6 h & Ce-CoFe-LDH

FRFAEF ]

60— ;
—_ NE wof ' 3 /
T i Y/ 2.J))
S = ol 5 148V /i
< 20f ¥ .5 Vo 4
£ 2 i 5
= 05 12 14 16
g 0 HFE/(V vs. RHE)
ES - F
220}

-40—% 1.6

EB.E}(% vs. RHE)IA
1—Ce, ,, —CoFe-LDH;2—Ces  —~CoFe—LDH ;3—Ce , ~CoFe—LDH;
4—~Ce,,—CoFe—LDH ;5—Ceg, —CoFe-LDH
(a) ANIR]EFTE] AL ) LSV il 2

0.5
E 047 5707 s 6L 5y 38213 379007
5 0.3560 08 26299 bhsig9 26798 2669
§021 7 7 |
7 777 % Z
LI E
0.0 2 | é % 7 Z
1 2 3 4 5
1—10 mV;2—50 mV
(b)) ANTRI I TRIA: i 3k v o7
1.51 - -
15.[*“‘\1!‘\“_5 B
E 1.50r = _,Mc —2
o
> 1.49 Q(’“‘\1\6‘ 3
z - e
B 1 4l o
2 1.48

1.47 1 1 1 1 1 1
0.85 0.90 0.95 1.00 1.05 1.10 1.15 1.20
Log J/(mA* cm™)

1—Ce, ,—CoFe—LDH ;2—Cey ;, —CoFe—-LDH ;3—Ceg ;, —~CoFe—LDH ;
4—Ce, ,—CoFe—LDH ;5—Ceg , —CoFe-LDH
(o) N IR B A A Py 5 S AR AR

3.0
2.5r
201

= 1.5¢ ottt ®e

N ooeeeea, s e
1.0r o2 )51’/3 .../1
AT

/ 4
09 2 4 6
Z'1Q
1—Ce, ,, ~CoFe—-LDH ;2—Ce; ,, ~CoFe—LDH ; 3—Ce ,, ~CoFe—-LDH;

4—Cey,, —CoFe—LDH ; 5—Cey , ~CoFe-LDH
(d) ARV ) 5 A BH BT
B8 1.0 mol/L KOH ¥ # 71 [& B J5]
X AL 8 %
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2.6.3 BESH

J T HRTE Ce—CoFe—LDH 45 {4 7K IR 3
£ 1. 0 mol/L KOH ¥ 1, i 1 2 Ce—CoFe—-LDH
(7K AL EE | X N [F] 4% 1 ) Ce—CoFe—LDH #E47 HL
A RE I, 8 A A 5 A ] 2K AR R 1) A Ak )
(100,120,140 .160°C ) LSV fhi£k, tn&l 9(a) i, Al
DI 1 120°C & Ce—CoFe—LDH Al 7K P B | H:
R MERER IR, 76 10 mA/cm® 1 L 3L 25 B 1)
X HL A 1,48 V7 50 mA/cem® [ HL T 2 B
%R B HL R A 1,57 Vo B AR T 100, 140,
160°C (AL, IR ey —CoFe—LDH ELA H AL
fR AL OER TEBE

WE 9 (b) i, £ 10 mA/cm® LR E T,
Ce yy —CoFe~LDH i L #hy 254. 99 mV, {7
Ce e ~CoFe—LDH(273.98 mV) Ce, . —CoFe-LDH
(258.99 mV) il Ce,q —CoFe—~LDH (273.98 mV),
£ 50 mA/em” B E T, Ce . —CoFe—LDH AY3L
Hh 347 mV KT Ce, . —CoFe~LDH (369.07 mV)
Ce 4. —CoFe —LDH ( 357.07 mV ) # Ce g — CoFe -
LDH(351.06 mV ), i iR 5317 AT 15, Ce o —
CoFe—-LDH 7£ 10 mA/cm® 1 50 mA/cm® T F it H
PR R AR, 2] 120°C & Ce—CoFe—LDH AL
(R K PERE | [RIEEF B Ce . —CoFe—LDH H A f i
FH OER Mg,

K 9(c)H, 4r Al J& Ce g —CoFe—LDH (74.9
mV/dec) | Ce y — CoFe = LDH ( 71. 64 mV/dec) ,
Ce 4 —~CoFe—LDH(71.93 mV/dec) Fll Ce 4. —CoFe—
LDH(74. 64 mV/dec) BY3&FE/RRER AT LI & A
Ce 5, ~CoFe—-LDH E/‘J/?‘I’$ﬁ%d\, A 120°C 2 Ce-
CoFe—LDH s i A 7K R B S5 JE R REEH 71. 64
mV/dec, BA i F 0 OER PEBE, #E— 8 7 HE
TP

WK 9 (d) i, 76 B A A db v e BH Je /N i) 2

100

80r
60

4woF 3

1
1.2 14 1.6

20+ 3K /(V vs. RHE)

L 2% B /(mA - cm™2)

|
S
=]

1.0 1.6

1.2 1.4
HLJE/(V vs. RHE)
1—Ce gy ~CoFe—~LDH ;2—Ce, 5y ~CoFe-LDH;

3—Ce 49 ~CoFe—-LDH ;4—Ce 4. ~CoFe—LDH
(a) AR BERE L LSV 2k

EEXFIZ - Ce 2% CoFe—LDH BYHI& B BV IEEEEVTHR <177 -

S/ (V vs. RHE)
°© © ©
N w S

e
=

et
=)

1—10 mV;2—50 mV
(b) A1 A i v i

1.52
1

=
E 1.50+ 749 mV"‘J“?443
: et
s Jag
é’ 1.48 _1‘93“\\”‘3@ Mm:.;
=2

1.46

0.84 0.90 0.96 1.02 1.08
Log J/(mA* cm™)

1—Ce gy ~CoFe—LDH ;2—Ce . —~CoFe—LDH;
3—Ce 49« —~CoFe—-LDH ;4—Ce 4y —CoFe—LDH
(o) ANTF IR BE A i FR B R AR AR

4
R CPE1
3t X,
c
E\ 2
Y| eeee.
1 ‘g“‘$¢°°§a,%i 1‘¢<°3
AN N
0 ) 4 6
710

1—Ce o —CoFe—LDH ;2—Ce . ~CoFe—LDH;
3—Ce, 491 ~CoFe~LDH ;4—Ce 4. ~CoFe—LDH
(d) AT IR A A BE BT
K9 1.0 mol/L KOH ¥k % 1 B 8 &
X AL 8 %

Ce e —CoFe~LDH (R, =2.651 Q) i HEH LT
HoARE R R BRI Ceyp —CoFe—LDH H.
A B R E F PERE , 120°C J& Ce—CoFe~LDH Y
B K IR
2.6.4 OFER #& 2 Mo

T 3 O L R S AR i A X L A AR DA
MHR5E Ce—CoFe—LDH AYHL{L221ERE, 7E 1.0 mol/L
KOH Wi i v, itk H A7 125 D Ce,  —CoFe -
LDH FfasE M, WA R M v it i 45 1A B i
B9, & 10 FroR, AT LA Y Ce, , — CoFe—LDH
AR RS e TR AR B, KHT S LSV il
RIS, AT AR HZE 10 mA/em? T 9 o 407 30 3
JE ZAEFIRET B R, RIFEE Ce, ,—CoFe—
LDH EAT fe AL 5 1 r Al M LA SR e o
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Ce, ,~CoFe-LDH at 10 mA+cm™

0.6 :

Eosp 20

< Ng 180 270

\5 04F E 120

g % 60|

031 0

& 09 12 15 18 21

HL[E/(V vs. RHE)
02——% & 10 12 14
i) /h

I—FF4fAT Ce, o —CoFe—LDH ;2—il 58 F5E M1 Ce, —CoFe-LDH
F 10 1 mol/L KOH 7 & #* Co, ,~CoFe-LDH #y
o AT

2.7 EBfE{LMEEENIK (UOR)

Py Ce—CoFe—LDH (¥ UOR HLAEALMERE, &
B FH B o ) = FL A RS2 1 mol/L KOH +0. 33
mol/L CO(NH, ), "#EfT, th F IR Z A AR b i3
I FE A 0. 33 mol/L, R HE 54T 0. 33 mol/L CO
(NH,), 15 UOR M3k /) 35385, b 147 LA, Ce -
CoFe-LDH ) OER 4 Rt {8 HI 2L () J5 R ik A7 9F
Al , DX IAE T LA ST W AN ]
2.7.1 BFEohr

J TR BIRE A RN Ce—CoFe—LDH 5
M, 7E 1 mol/L. KOH+0. 33 mol/L CO(NH,), %
i AR Ce—CoFe—LDH 1 Ce 14, X AS 7] 245
1 Ce—CoFe—LDH #47 ik 2 PERE DK, K&l 11
(a) M Ce—CoFe—LDH 1 Ce B+ A [RI B (0
0.1.0.5.1.2.3 g) A LSV fhk, i@ %) H LSV #hk
B8, AT L H 2 ¢ /& Ce—CoFe—-LDH Y fxfd:5 24
0 R B HL Ak UOR PE6E, H(0.0.1.0.5.1,
3 ¢) ) Ce-CoFe-LDH fiEfbMEREZML R, HEZI N
2 ¢ [y Ce—CoFe—LDH f#ALFI7E LI A 10 mA/cm’
B, X5 7 R EEL A 1,32V, 7E 50 mA/em® FY L2
JEIE A 1.36 V,

WE 11(b) i, 76 10 mA/cm® HL B EET
Ce, ,— CoFe —LDH 1 it HL #2 99. 64 mV, i ik T
Ce, ,— CoFe—LDH (108.71 mV) | Ce, s — CoFe —LDH
(113.71 mV) . Ce, ,—CoFe —~LDH (147.76 mV) . Ce, , —
CoFe-LDH (128.77 mV) #l CoFe—LDH (119.78 mV)
MTE 50 mA/em” L% E T, Ce, ,—CoFe—LDH [
it H #ky 225.86 mV, &Ik F Ce, , — CoFe - LDH
(240.85 mV) ,Ce, s—CoFe—LDH (266.91 mV) Ce, ,—
CoFe~LLDH(330.02 mV) ,Ce, ,—CoFe—LDH(305.03 mV)
Hl CoFe—LDH (254.99 mV), it bR Al 45,
Ce, ,—CoFe—LDH 7E 10 mA/cm’ 1 50 mA/cm” T #)
1 L BRI, W 2 g J& Ce—CoFe—LDH A%

Fi05F60 M

Bt [FFEFR M Ce, ,—CoFe—LDH B4 fix i %

) UOR PERE,
K11 (c) 43 52 Ce,, — CoFe — LDH ( 94.7
mV/dec) ,Ce, s—CoFe—~LDH (108. 82 mV/dec) ,Ce, ,—
125

§
T
cm
%
S

' '
1
1 12 13 14 15 16
HLFE/(V vs. RHE)

251

L33 B /(mA - cm2)

11 12 13 14 15 16
HLJE/(V vs. RHE)

1—Ce, , ~CoFe-LDH ;2—Ce, s—CoFe—LDH ;3—Ce, ,—CoFe-LDH;
4——Ce, (—CoFe—LDH;5—Ce; ,—CoFe-LDH;6—CoFe-LDH
(a) I Ce $BAHFE ARG LSV 2k

04
’Lx? 330.02
T 0.3
[
@
>
> 02
=
#20.1
R
0.0
1—10 mA ;2—50 mA
(b) R[] Ce BA4mAFEH i LA
1.40 e
~ AT
= L
£ 138 )
IZ: /19 o1
% 136} —5
g N13e© 82 e
A
B oaal w0l cr"ff:'fﬁl
2 \0;%%1“\\] 1dec o
(ot
1.32

0.91 1.04 17
Log J/(mA*+cm™)

1—Ce,, ; ~CoFe~LDH;2—Ce, s—~CoFe~LDH;3—Ce, ,~CoFe~LDH;
4—Ce, y—CoFe~LDH;5—Ce, ,~CoFe~LDH;6—CoFe-LDH
(c) A Ce B4 BEHE S AEIR LR
3.0
2.5} :

200
EE 1.5}
N
1.0}
0.5}

0.00

4
Z'IQ
1—Ce,, ; —CoFe—-LDH ;2—Ce,, s—CoFe—LDH;3—Ce, ,—CoFe—LDH;

4—-Ce, o—CoFe-LDH;5—Ce; ,—CoFe—LDH ;6—CoFe-LDH
(d) AR Ce B2t FE i Y LT

B 11 1 mol/L KOH+0.33 mol/L CO(NH,),
50 95 e A AR B
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CoFe—LDH ( 135.19 mV/dec) . Ce, , = CoFe - LDH
(79 mV/dec) ., Ce; ,—CoFe—LDH (115.79 mV/dec)
F1 CoFe~LDH (101.9 mV/dec) FJIEFE/R B Al DA
4 F ) Ce, ,—CoFe—LDH HRFFR /N, £l 2 ¢ J&
Ce— CoFe - LDH W& fE# 24 &, W AE/R &L E Ny
79 mV/dec, B A 5 1) UOR PEfE , dE— 1€ T H
s

W 11(d) s, e B A FE i e B ) Y
Ce, ,—CoFe-LDH (R, =2.377Q) , Wi I H LA 8 T
HoAt At 1) 2 HL P [RIRE U Ce, . —CoFe~LDH H
A BRI AL PERE 2 g /& Ce—CoFe—LDH A
(EX VS
2.7.2 BEHH

J T HRSY Ce—CoFe—LDH f4 fi fE /K i8] | 7F
1 mol/L KOH+0. 33 mol/L CO(NH,), &, 1t
NAE Ce—CoFe—LDH 7K HHF ] | XA [A] A8 5 1Y Ce—
CoFe~LDH #A7HLALZ= M REMI L, 3 3 A5 AN [A] /K
R A AEAL TR (45,67 .8 h) LSV ik, an& 12
(a) Fi/R,6 h J& Ce—CoFe—LDH fiz /K #Hs}a] | 7E
10 mA/em® [ HLI R RS XS R Bk 1. 32V, 7E
50 mA/cm® RIS, KR LR 1.36 V., B
BT 4.5.7.8 h IELLFH], AT Ce,, —CoFe—LDH
AARLrH AL UOR HERE,

WE 12(b) iR, 78 10 mA/em® B E T,
Ceq,,— CoFe —LDH Yy id HL 3 h 99. 64 mV, iz ffk T
Ce,,—CoFe-LDH (105.71 mV) | Ces, — CoFe ~LDH
(100.72 mV) . Ce,, — CoFe — LDH ( 115. 68 mV ) il
Cey,—CoFe-LDH(164.83 mV), 7£ 50 mA/cm’ HLI
R | Ce,, —CoFe—LDH )i HL %l 225. 86 mV,
LK F Ce,,—CoFe—LDH(230. 86 mV) ,Ce, —CoFe—
LDH(217.86 mV) . Ce,, CoFe—LDH (365. 07 mV)
Cey,—CoFe—LDH (376.06 mV) , i bR 4345 a]
%,Ceq,, —CoFe—LDH 7E 10 mA/cm” Fl 50 mA/cm’
T YIS AR R R AR Y, 2B 6 h J& Ce—CoFe~LDH
e A /K st ] [R)RE B Ce, ,—CoFe—LDH HA fi
2 UOR TEEE.

K 12(c) K Ce, ,—CoFe—LDH(86. 17 mV/dec) .
Ce;,—CoFe~LDH (80.9 mV/dec) ,Ceg, —CoFe-LDH
(79 mV/dec) ,Ce,,—CoFe-LDH( 148. 86 mV/dec) Fll
Cey,~CoFe—LDH (168. 52 mV/dec) f 8 3 /R %
AL B Y Ce,, —CoFe—LDH 4} R /N, £ W
6 h J& Ce—CoFe~LDH [ fE/K ] BE JE /R AF3R
79 mV/dec, BA B E 1 UOR PERE, #E— 1 &
T

EEXFIZ - Ce 2% CoFe—LDH BYHI& B BV IEEEEVTHR - 179 -

WE 12(d) s, £6 B A R i e B B 9 2
Cey,~CoFe~LDH (R, =2.377 Q) , Uil H AT
HoARE G L [RIAE ] Ceg\,—CoFe~LDH B A
BRI ETERE 6 h & Ce—CoFe—LDH A1

TR ]
10—,

-~ 100
g 80'.'; 28 1.36V\
Q [ ] M
: = 40
< 60r 2 ) 132V,
£ By
#40F F 0T 13 14 15 16
o) LR /(V vs. RHE)
B 20
=

0.

1.1 1 14 1.5

2 i3
HLJE/(V vs. RHE)
1—Ce, ,—CoFe—LDH ;2—Ces ;, —CoFe—-LDH ;3—Ceg ;, —~CoFe—LDH ;
4—Ce; ,—CoFe—LDH ;5—Ceg , —CoFe-LDH
(a) ANIA] I T B LSV i 2%

e
n

e
n

365.07 376.06

0.3r
23086 51786

225.86

3t HL L/ (V vs. RHE)

1—10 mA ;2—50 mA

(b) AS[RI B Ta] A it ik F o7
1.44
a 1401 .—-""“"?/Vlsdec 4
E - 168.52 m Y
- 148.86 mV/dec ,3
> -
1.36
> cc 1
é’ 79 mld 86.17 mV/dec b
2132+ 80.9 mV/dec ‘2
0.90 0.96 1.02 1.00

Log J/(mA - cm2)
1—Ce, , ~CoFe~LDH ;2—Ce; , ~CoFe~LDH ;3—Ce , ~CoFe-LDH;
4—Ce, , ~CoFe~LDH;5—Ceg , ~CoFe~LDH
() ANIRIE ) FE Y B FE R AL 3

2.0
R, CPE1
1.5F A,
°2°%%0
c < o
=~ 1.0f & %
N $ D
5 5 o
i 5%
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710

1—Ce, ,~CoFe~LDH ;2—Ces , ~CoFe~LDH;3—Ce, , ~CoFe~LDH;
4—Ce, , ~CoFe~LDH;5—Ceg , ~CoFe~LDH
(d) AN Bsf [ A it Y BEL BT
K12 1 mol/L KOH+0. 33 mol/L CO(NH,),
VA TR K A B TB] A AL ] B8
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2.7.3 BESH

J T HRTE Ce—CoFe—LDH 14 f5c A3 8 K B
7 1 mol/L KOH+0. 33 mol/L CO(NH, ), i+ , i
1 7AE Ce—CoFe—LDH [ /K #IR B, X AS [R] A5 119
Ce—CoFe~LDH # 4T H1 Ak 2 RE I, 3 3 B 58 A
[i] 7K AT B (R A AL 7 (100,120,140 ,160°C ) LSV i
2, 13(a) Urzn, AT LLE H 120°C J& Ce—CoFe-
LDH S5 AE 1y 7K i B2, AR = iy P se R Bk, 76
10 mA/cm® [ FL U0 25 B ), XF R I FL S 1,32V,
£ 50 mA/em® WYHLTEEBE N XN AR R 1.36 V,
B LT 100,140 ,160°C MAEAL] X 2 A Ce 18
Fe I AN TR] A7) Pl DR 2R I AN ] 3 ek K
LSV HZR AR HE , AR A9 UOR A3 Aty B A7, 6 1
AR A H A DR R T e e

WE13(b) iR, 78 10 mA/cm’ %?ﬂ%‘ﬁ?
Ce g —CoFe—LDH f4 3 L 3y 99. 64 mV, L fik T
Ce opc ~CoFe=LDH(113.71 mV) .Ce,,yr. —CoFe—LDH
(137.84 mV) il Ce, g —CoFe—~LDH (106.79 mV)
TE 50 mA/em® HLIREEE T, Ce py —CoFe—LDH i
H 34k 225.86 mV, i fX T Ce,q — CoFe — LDH
(225.94 mV) . Ce,yy —CoFe—LDH (301.04 mV ) Fl
Ce,gpe ~CoFe—LDH (233.93 mV), it ik 4rHr ]
4, Ce pp ~CoFe—LDH 7E 10 mA/cm’® F1 50 mA/cm’
TR HLA S A, R W] 120°C J2 Ce - CoFe—
LDH (5 £ /K AR R FE R B Ceyp — CoFe -
LDH HA & %1 UOR PERE,

B 13(c) A Ce gy —CoFe—~LDH (83.82 mV/dec) .
Ce . ~CoFe=LDH (79 mV/dec) ,Ce, . —CoFe—LDH
(125.92 mV/dec) Fil Ce, g — CoFe — LDH ( 91. 66
mV/dec) FIEFE/RRER, FTLAB A Hi Ce . —CoFe—
LDH A&l %8/, 28 120°C & Ce—CoFe—LDH A%
FEM K IR ,iﬂiﬁﬁﬁﬂ%ﬁ 79 mV/dec, B A e i

[ UOR PERE, E— B 7 Hs i ve |
80 —Tm
6ol 5 'l
T 60

ey

=]
A/
o838

'
' '
201.0 1.1 12 13 14 1.5 1.6,

HLE/(V vs. RHE)

B I 3 BE /(mA - em™?)
o B

l
[\
=]

T

1.0 12 14 1.6
HLJE/(V vs. RHE)

1—Ce gy ~CoFe—~LDH ;2—Ce, 5y ~CoFe-LDH;
3—Ce 49 ~CoFe—-LDH ;4—Ce 4. ~CoFe—LDH
(d) Tﬂ{mlﬁ‘ﬁﬁrﬁl EKJ LSV Hﬂéﬁ]

F46 5556 H
04
g 03 301.04
= 0.
4 233.93
2 0.2
@ 137.84
= 106.79
) 0.1
0.0 4

1—10 mA ;2—50 mA
(b) AN I A ik H o7

1.41
2138 12592 mVIdec ,32
<1
‘;5 —_._.__,.—--—"'";/c
> 135¢ 79 my/dec - sasmvlee
-l?ig 1/ 9\_65“\\”660
132}
0.88 0.96 1.04 .12

Log J/(mA* cm™)
1—Ce gy ~CoFe—LDH ;2—Ce 5 ~CoFe—LDH;
3—~Ce 49« —~CoFe—-LDH ;4—Ce 4y —CoFe—LDH
(o) ANIFI I BERE il A BE TR R AR 36

3.0
R, CPEI
2.5} ¥

2.0r

g15
1.0f

0.5+

0.00

Z'1Q
1—Ce g9 —CoFe—LDH ;2—Ce 5y ~CoFe—LDH;

3—Ce, 4. ~CoFe~LDH;4—Ce 5. ~CoFe~LDH
(d) AN TRTIR BERE 5 Y BT
K13 1 mol/L KOH+0. 33 mol/L CO(NH,),
VA IR B X G B R

W 13(d) fezs, 75T FE i v i B e/ 2
Ce e —CoFe-LDH (R, =2.377 Q) , i HEA T
HoARE G T L [RIRE B Ceyp —~CoFe~LDH H
A el By s A AL B BE L 120°C J2& Ce—CoFe—LDH Y
AR KR
2.7.4 UOR &S

30 3 7 P R AR AR o A 6T AR A
M#EFT Ce—CoFe—LDH A H AL PERE, 7E 1 mol/L
KOH+0. 33 mol/L CO(NH,), HLf## W+, TR
H1 A2V Ce, ,—CoFe—LDH B 5E P, WLEEH4 &
P R FE D N 2R A A I S A B, an & 14 iR, AT
LIE ) Ce, o —CoFe—LDH it £ 57 0y £ 8 1 2 1 R
By, R ET S LSV # Xt b, v DUE 7R
10 mA/em® B o A7 03005 2200 13, H2:
FABE , [FIFERI Ce, ,—CoFe—LDH HA H L7+



2026 £ 6 B

(AL A PR RE L AR E 1

Ce, ,—CoFe-LDH

at 10 mA-cm™

54
n

HLE B /(mA - cm™2)

L
2.1

12 i3 i3
HiFE/(V vs. RHE)

Wi

6 12
B8] /h

I—FFhfET Ce, o —CoFe—LDH ;2—il 58 FaE MY Ce,  —CoFe-LDH
B 14 1 mol/L KOH+0. 33 mol/L CO(NH,),
VA F Co, ,—CoFe-LDH Hy 74 2 M 447
2.8 HBUFEFEMERER(ECSA)

PEATR Y Fo 2R T B — M7 B R R A 1 RE 5
SSREE AR EE U, RIS, 25
S FA) T PN R A 22 A A R ) A A T e A
T (S ) A AL LI R =R L o T
(ECSA) T VP4l LDH mytERE ., Ayl G PR
Gk (CV), i 3k AN [A] /9 49 4 8 B2 (20,40, 60, 80
mV/s #1100 mV/s) i CoFe—-LDH . Ce, ,—CoFe -
LDH VI } 1rO, 1) ECSA , 45 FI| 3 S84 44 1) B H J2 H
H(Cy) o WL, Cy MR /INAT RAR B RN M ABATHY
ECSA K/, @il 15 fizs, il LLE i CoFe—LDH
G S0 B S R 0. 95 mF/em’, Ce, ,—CoFe—LDH
I AP B B N 1,56 mF/em?, €, 11l B4 HUE
B0 1.29 mF/em’, Ce, ,—CoFe—LDH Il F-4™
BT CoFe—LDH 5 1r0, By A4 HLHE &, IF H

Ce, ,— CoFe —LDH 1] C,, lt CoFe - LDH BTk
0.3

5

2
¥}

e
—_
—_

WL 32 B /(mA - cm™2)
e
2

1
e
=

02 26 0.28

2 0.24 0.
L JE/(V vs. RHE)
1—20 mV/s;2—40 mV/s;3—60 mV/s;4—80 mV/s;5—100 mV/s
(a) CoFe~LDH 1 CV [l

HLH B /(mA - cm™)
s o o o
o b » o

1
e
)

005 010 015 020 025
HLJE/(V vs. RHE)

1—20 mV/s;2—40 mV/s;3—60 mV/s;4—80 mV/s;5—100 mV/s
(b) Ce, y—CoFe~LDH iy CV [

EEXFIZ - Ce 2% CoFe—LDH BYHI& B BV IEEEEVTHR - 181 -

0.4
& 03f 5
> —4
< 02f —3
E 2
)E’ 0.1} 1
& 0.0F
E—O.l-

—02 N L N L N
0.08 0.10 0.12 0.14 0.16 0.18 020
HLJE/(V vs. RHE)

1—20 mV/s3;2—40 mV/s;3—60 mV/s;4—80 mV/s;5—100 mV/s
(e)Ir0, i) CvV K"

0.20

=]

—

=)}
T

e

—

N
T

e

(=1

3
T

HL I3 BE /(mA - cm™2)

e
R

¢

20

20 60 80 100
FH# /(mV - cm2)
1—CoFe—~LDH;2—Ce, ,CoFe~LDH;3—10,
(d)cyH
B 15 1.0 mol/L KOH 4 7 ¥ 48 1t 7 1y

CV EHE C, A

1 4% 3% B Ce, ,~CoFe-LDH #1#7E OER 1 UOR
B S 0 H 2 A I £ T CoFe—LDH BYAEAL G A7
J LUl Ce, ,—CoFe—LDH [ P 7E A AL 1% 15 21
W
2.9 UOR tgExTEE

WP 16 Fi7R , Ce, ,—CoFe—LDH )1 Hi 43 B i
BET NiMoSe/NF'*! NiFeCoSx@ FeNi, ' P-Co0O-
Cu,0/Cu-NTs"*" Cu(OH),"”” Fe-Ni,S,@ FeNi,—
81 NiMo@ ZnO/NF"*'3X 6 FibA kL, iX IR Ce, -
CoFe—LDH L7E H it fb ik 78 b HA 01 w5 (9 fi A b 05

ab
FTEAIR Y BEFE
1.6
P 149
! 143
.51.4_ s 142 40 1405
< 1.32
g =
S o || o 1 i
= Z (5] s [
12t |83 s Z| 2
&1 38l 3 2
2 1 11lEllgldlg]2 8
SIENEISIISIT]]2
1.0 (] z z P (=] 29 z
REALT

K 16 UOR &k 4t

3 &g

A5 R oo R @iB 45 S TR fi
FIKAGEARAG T —Fp = oW M 450k CeCoFe—LDH)
YIRZEES), [RIET, 345 TR Ce 4% 5 BIHFE i,



. 182 - A AL T

FHF HB A B A AR . FHK Ce™ #5008
R/ Fe™ BFXF T175 558 210 A% FUZ BG 2 0C &
Fi_ Ce—CoFe—LDH Ay OER HLAEALIGMELE 10 mA/em’
LA 254.99 mV (KT HL A FTER ARG 3 HE R RLR
(71.64 mV/dec) 198 T 13 $E &, 5 CoFe-LDH
FHLL LA 28 B BB KR B RBAEG, SCLAAR [R] B4 325
iRT Ce-CoFe—-LDH fy UOR (s Ab2AMERE , [FIFE &
I, Ce—CoFe-LDH [AI#E B A 71 UOR HL 1L 1
e, UOR HLMEALTG TEAE 10 mA/cm® FLL 99. 64 mV
ARG 3k H 57 R0 3R AR 1 35 FE R AHE (79 mV/dec)
—RINGE R R, B0 T b R SRS R
CoFe—LDH A OER F1 UOR {84k 3% P () —Fp A5 250 nT
TTH M

S 3k

[1] Li L,Cao X,Huo J,et al.High valence metals engineering strategies
of Fe/Co/Ni-based catalysts for boosted OER electrocatalysis[ J].
Journal of Energy Chemistry,2023,76.:195-213.

[2] Hou Z,Cui C,Li Y, et al.Lattice-strain engineering for heterogenous
electrocatalytic oxygen evolution reaction[ J].Advanced Materials,
2023,35(39) :€2209876.

[3] Li Z,Gao Q,Liang X, et al.Low content of Fe;C anchored on Fe,
N, S-codoped graphene-like carbon as bifunctional electrocatalyst
for oxygen reduction and oxygen evolution reactions [ J]. Carbon,
2019,150:93-100.

[4] Spori C,Briois P,Nong H N, et al.Experimental activity descriptors
for iridium-based catalysts for the electrochemical oxygen evolution
reaction (OER) [J].ACS Catalysis,2019,9(8) :6653-6663.

[5] Chen M T,Duan J J, Feng J J, et al.Iron, rhodium-codoped Ni,P
nanosheets arrays supported on nickel foam as an efficient bifunc-
tional electrocatalyst for overall water splitting [ J . Journal of
Colloid and Interface Science,2022,605 ;888-896.

[6] YuL,Yang J F,Guan B Y, et al.Hierarchical hollow nanoprisms
based on ultrathin Ni-Fe layered double hydroxide nanosheets with
enhanced electrocatalytic activity towards oxygen evolution[ J ].An-
gewandte Chemie International Edition,2018,130(1) :178-182.

[7] Yu L,Zhou H,Sun J,et al.Cu nanowires shelled with NiFe layered
double hydroxide nanosheets as bifunctional electrocatalysts for o-
verall water splitting[ J].Energy and Environmental Science,2017,
10(8) :1820-1827.

[8] Wang L, Liu Y, Liu X, et al.3D nanostructured Ce-doped CoFe-
LDH/NF self-supported catalyst for high-performance OER [ J].
Dalton Transactions,2023,52(34) :12038-12048.

[9] Du Y,Liu D,Yan S, et al.NiFe layered double hydroxides for oxy-
gen evolution reaction [ J ].Progress in Chemistry, 2020,32(9) ;
1386.

[10] Ding Y,Du X, Zhang X. Controllable synthesis of CoFeMo layered
double hydroxide nanoarrays for promoting the oxygen evolution re-
action[ J ] .Dalton Transactions,2020,49(43) :15417-15424.

[11] Hu Y, Wang Z, Liu W, et al. Novel cobalt-iron-vanadium layered
double hydroxide nanosheet arrays for superior water oxidation per-
formance[ J ].ACS Sustainable Chemistry and Engineering,2019,7
(19) :16828-16834.

[12] Khosrowshahi E M, Khataee A, Arefi-Oskoui S, et al.Dispersive sol-
id phase extraction of perfluorooctanoic acid from wastewater using

chromium-doped CoFe layered double hydroxide for determination

F46 BFE6 H

by LC-MS/MS[ J].Microchemical Journal,2024,199,109918.

[13] Zhang Y S,Jia Y,Li L,et al.Ni/Ce co-doping 6-MnO, nanosheets
with oxygen vacancy for enhanced electrocatalytic oxygen evolution
reaction[ J ]. International Journal of Hydrogen Energy,2023,48.
2652-2662.

[14] Rong M,Zhong H,Wang S, et al.La/Ce doped CoFe layered double
hydroxides ( LDH) highly enhanced oxygen evolution performance
of water splitting[ J ].Colloids and Surfaces A ;Physicochemical and
Engineering Aspects,2021,625:126896.

[15] Liu M,Pang Y, Zhang B, et al.Enhanced electrocatalytic CO, re-
duction via field-induced reagent concentration[ J].Nature, 2016,
537(7620) :382-386.

[16] Tang J,Hu J,Chen X, et al.Boosting activity on CoFe layered doub-
le hydroxide by doping and heterostructure as a bifunctional electro-
catalyst for efficient overall water splitting [ J ]. Fuel, 2024, 365
131128.

[17] Wang S,Yuan F, Yang G, et al.In situ construction of CoFe-LDH
by regulating the Co/Fe molar ratio for promoting oxygen evolution
reaction| J ] .Molecular Catalysis,2022,525;112339.

[18] Sun X, Wang R, Wang Q, et al. Interface-engineered urchin-like
CoFe-layered double hydroxide for high-efficiency electrocatalytic
oxygen evolution[ J].Inorganic Chemistry Frontiers,2024,11(5) :
1458~-1471.

[19] Si H,Han C,Cui Y,et al.Hydrophilic NiFe-LDH/Ti;C,Tx/NF e-
lectrode for assisting efficiently oxygen evolution reaction[ J].Jour-
nal of Solid State Chemistry,2021,295.121943.

[20] Xu H, Wang B, Shan C, et al.Ce-doped NiFe-layered double hy-
droxide ultrathin nanosheets/nanocarbon hierarchical nanocompos-
ite as an efficient oxygen evolution catalyst[ J].ACS Applied Mate-
rials and Interfaces,2018,10(7) :6336-6345.

[21] Cao J, Wang Y, Cao S, et al.Cu, Co co-doped Ni;S, nanosheets
grown on nickel foam as an efficient catalyst for urea oxidation reac-
tion[ J].Journal of Solid State Chemistry,2024,334.124675.

[22] Sahoo P K, Bisoi S R, Huang Y J, et al.2D-layered non-precious
electrocatalysts for hydrogen evolution reaction: Fundamentals to
applications[ J | .Catalysts,2021,11(6) ;689.

[23] Cossar E,Houache M S E, Zhang Z, et al. Comparison of electro-
chemical active surface area methods for various nickel nanostruc-
tures [ J ]. Journal of Electroanalytical Chemistry, 2020, 870
114246.

[24] Wang H, Jiao X, Zeng W, et al. Electrodeposition NiMoSe ternary
nanoshperes on nickel foam as bifunctional electrocatalyst for urea
electrolysis and hydrogen evolution reaction[ J].International Jour-
nal of Hydrogen Energy,2021,46(76) :37792-37801.

[25] Shen J,Li Q,Zhang W et al.Spherical Co;S, grown directly on Ni-
Fe sulfides as a porous nanoplate array on FeNi; foam: A highly ef-
ficient and durable bifunctional catalyst for overall water splitting
[J].Journal of Materials Chemistry A,2022,10(10) :5442-5451.

[26] Hu Q,Zhu B, Li G,et al.Interconnected phosphorus-doped CoO-
nanoparticles nanotube with three-dimensional accessible surface
enables high-performance electrochemical oxidation[ J].Nano Ener-
gy,2019,66:104194.

[27] Shi W, Lian J.Mesoporous Cu( OH) , nanowire arrays for urea elec-
trooxidation in alkaline medium[ J].Materials Chemistry and Phys-
ics,2020,242.122517.

[28] Zhang W,Jia Q,Liang H,et al.Iron doped Ni;S, nanorods directly
grown on FeNi; foam as an efficient bifunctional catalyst for overall
water splitting [ J ]. Chemical Engineering Journal, 2020, 396
125315.

[29] Cao J,Li H C,Zhu R T,et al.Improved hydrogen generation via a
urea-assisted method over 3D hierarchical NiMo-based composite
microrod arrays[ J ].Journal of Alloys and Compounds,2020,844 .
155382.1



