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Preparation of carbon nanotubes supported NiFe catalyst and study on

its oxygen evolution performance
WANG Kai, CHEN Chun-xiang, LIU Zhi-qi, YAN Rui”
(Department of Materials Engineering, Taiyuan Institute of Technology, Taiyuan 030008, China)

Abstract: NiFe is used as precursor and carbon nanotubes ( CNTs) is used as carrier, different NiFe/carbon
nanotubes composite catalysts for water electrolysis is prepared by adjusting reaction time, temperature and the loading
amount of NiFe double hydroxide.These catalysts combine unique hollow structure, high specific surface area and high
conductivity of CNTs with high catalytic activity of NiFe.The effects of reaction temperature, time and NiFe loading
amount on the oxygen evolution performance of NiFe/CNTs composite catalysts are investigated by means of scanning

electron microscopy , electrochemical analysis,laser Raman and X-ray diffraction.It is shown that electrocatalytic oxygen

evolution activity of NiFe/CNTs composite catalysts prepared at 150°C in 8 h reaches the optimum.

Key words: carbon nanotubes; NiFe catalyst; OER; water electrolysis

P AR 7K ) SR A Ry S — AR A T A 19 355 3t R T
HE N WiHTA R (OER ) AR A 7K (9 4R
b, KR — N EE R, IR T &
FARIE U RS TR S8 i ae R R 2
B A LR K R SR Y R, RS
FATBUT T I A& = BRI 2 77 2% i A A
FEAIK OER Hr iy st B AV

AT, f %o ¥E A9 OER 1L 7] o — & 1k &7
(RuO,) fl 54 (1r0,) , HIFE 10 mA/em® LR
TR LA K2R 300 mV, R XL 4R
PEALTIP A IE PEAR =, (U 58 5 0 A% R I A
SRR 25 AT SRR TR % 7 M Ak Ny FH e — 20 Jts ok
TEERRE D,

R, F-# 522 19 OER Hi 44k 7 48 15 4 5 b

B R SO 3 1 YA S A NiFe K I A1
AR R, B AR A G AR 2 R R O LR PEAR
U, E AR AT SR A O R DU R R R £
FLAT A, I ELR) FH U 7 o0 ik ) 4 T LR
) Ni-Ru0,-Ce0, & A # M & i, 3 1 X AR R
S A5 F AR A I & B, Ni—S  Ni—Sn % Z L
A 5L SR E b, T A3 @ ad i TR
P NiCo/ Bl 98 K45 ¥ 4 A2 A b, 3 1 A ]
FRTC BE B R e B, 14 R A AR 76 AR TR) Y pH
FRBE AR BE R B0 AR A A0 L R K A ROR . FR R
AT LA R R A TR Ry AR, B U RLE A T
Ni—Co—Mn 0K & 4, WF 5% & BLAAA 4 M S Ak ik
BRI HER A S — VU R % E A
AR EEAOR . Chhowalla ™ SR CVD %

%5 B #A.2021-04-20; & E H #:2021-07-08
BEEWH . ILIPaE & EA R AT H (20201.0652)

1EERN . TOL(1986-) , 5 -t 5, YU, A5 07 1n) A8 2R bR B Ak 2A PEREF 5T, wangkaityuan@ 126.com;; [Z 88 (1985-) , 4, 11, I #4% ,
WFFET5 101 0 0 i B R W LA RS S U L A AL R IS 3 TRBR &R N ruiyan1127@ 163.com,



- 136 - FAX AL L

il T HACERAR R sl ORI AT IE R %
JE B B AT T (B iz M R 22
SECHTEMEAPERRR 2 Jin SR TR IR
il & T —Fh =2 Ni-Co RIIKE Z A MR, 2
B THIA DS O SLARZEH R T B R HE
LA B Tzl 1, B DL At As E S b
RELF , TERRIEPREE A B AR A B 4 s Ao

SEH LABRIAKAS A HT UK AR BB 38 5 67 3K NiFe
AR KR FR RS R I ] 3l RE B NiFe $7 280 ] 4
TR NiFe/ ik 40 K A5 52 45 v Ak K AR AR5 s B 40
RIS 1) 2 GIOULAS A | ey b T AR g 5 i A
NiFe HYR I TELS SRR, il — R S BCR MK E 5
FERFR AR ACHEARTR A A B | A2 0T
e X S AT R T SO R EE | I E] A NiFe 71
HAEAF X NiFe/Ti 40 K 4 5 G AL 50 B S Pk RE Y

AN
1 5

1.1 E#r#

WA GIN 4 E KRB AT BR A 7 A 7
NiCl, -4H,0 ,FeCl, - 6H,0 , Jo /K & B¢ P IR B L IR
2, ol E 2R A =R A IR A R A
1.2 iAEERE

(1) Frit 40 mg MIBRAIAKE R 100 mL (142
PRep, BEE B T/K 20 mL JC/K 2% 10 mL A LS
R, FREUR K 67. 2 mg FFEERREN 24 mg AL,

(2) FHil 1 mol/L FeCl, .1 mol/L NiCl, ¥, I
A3 4.8 1. 6 mL iIn AL,

(3) FHYE LM B Be ARt 11, O AR 7 0 9
PLHEE A AL FE 30 min, SRJGEIAKIZE T,

(4) Pk g B T HER T oE IEE 23 o 120
130, 150°C , B [A] 4350 4 5.8 . 12 .24 h, L H b

(5) NE 25 ARV H S W O B O ML g
£ 10 min, BWIE W Z G B A LML, £ 80°C 5%
KT T4 3~4 h,

(6) BT S B HAR 7 ot R IS M 1, &% 26
INCRPEEE R AR e
1.3 HERMHE

FH 500 mL & EIRECE 1 mol/L A & A AL B0 %
TR R, K A T BB AR L AT o
AL O, #0HK , FHNF 208 TAE AR AT B 52, Bl
JEECH] 4 mg/mL A HLAR IR . FREGARE 4 mg, 285
AEBEFK TOK M RS H] 1 mL IR A%
), FLA FE TR P IS VAL B 75 4B 30 min (R

F41 5591

WA, e B 7 2 LR B 15 wL Fpk
WE T TAEAR N 4w F m e, LR T
1.4 FEERERNEK

JIT A R A 1 A2 e R I 48 R i R AR
760E HLAbAE TAESG , A A% g8 = il ik &R 4700
iR, Horp, s R AL o = R B AR, H R
1 mol/L KOH FlME W ; TAERMCH 724 Nike/ ik
YRAE I A M ORI 3 ik BB ; He/HeCl, S L H
W s B R AR AR

X RRE A T I 440 5 1] e 4050 38 S
20 min, B b (LSV) J27E 0~1 V L4 T, LU
20 mV/s B H 47l TR I A5 ) R 2 R - L Bl 2k
AL BEBT (AC) 2 1F 10 MHz ~ 10° Hz 8975 T
IEES
1.5 #RIRMAE

) P A8 A v 2 w4 P Y D8 Advanced i X
S ARATFRTRE 5 0 P AHHE AT 438 5 R H AR
JEOL A &) A2 7= iy JEM—=7200E #4715} oy, 7 i s i
FERE il OB 3 5 AL S ] RENISHAW 24 | A2 7%
L ST ACRAFAE S P

2 ZR545%H
2.1 XRD &7
AR i ) X SR AT S AN 1 s
3000
8
| AN I, e 7
£ e s —

] w‘m"ww — .__4:
= B v W 3
A 10001 w202, 1820639 FOOH ~ 7 9
el

(002)
- A A 1
oF

0 10 20 30 40 50 60 70 80 90
20/(°)

1—BRA KA ;2—120-5NiFe ;3—120~5-NiFe/BRAHKAT
4—130-8-NiFe/BRAIKA ;5—130-12-NiFe/ BRAIKA ;
6—130-24-NiFe/ BRI KA ; 7—150-8—NiFe/ BRI K 4 ;
8—150-24—-NiFe/ TR KAE
W1 R B A RRE T %l & 8 NiFe/ B 47 K&
& & F R XRD i E

ME 1 He7LIAEH  NiFe 5 CNTs £ 4 )5, CNTs
26. SCHR FAFAEIE (002) B E 855, B 120°C .5 h Al
150°C .24 h £ Tl B9 NiFe/BR 90K & & A 1k
S HA ST BORE S EE & BRSO S [R) XA 4
DA ) S M 58 K, Bk () 3o Rt sl A B, 38 SR B i
FeOOH AN, 130°C .8 h F1 150°C .8 h 155
“J NiFe XUZ &AL (003,006,012 110 #H4if)



2021 FE9 B

2.2 WIS
AR AT 485 1) NiFe/ Tl 40 K45 5 4 M RHE
SEM Elani&l 2 s,

(c) 150-8-NiFe/BRYN K45
B2 FE&HTH &N NiFe/ B KE
G & A EHEY SEM A

(d) 150-24-NiFe/ B4 K45

f & 2 AT L 1309C # 150°C T, 8 h HAE
dn T, R 2 Bl N KA R TH A R 6, NiFe UK 11 2%
D, HEREEAZ 1 130°C 12 h #l 150°C |
24 h A AR G B AR A B 4R NiFe JIURLEL
% (HIRAFAE R AR ST K NiFe 0k, Xt EE
SELAT L& B, 150°C (8 h S i 45 14 T 15 21 1 FF i
NiFe/CNTs 54 LA 5], 22 @5 1 NiFe #EAL I ML
o8 A
2.3 HEHNH

ANTR) B 7 i B TR) s Rz st ] T il 4% 18 NiFe/
RAKE B AR FL 2 S E W E 3 s,

1,/1,=0.79 1

1,/1,=0.90 2

500 1000 1500 2000 2500 3000
HBE fem™

SR /a.u.

1—130-8/NiFe/ B K& ;2—150— 8/ NiFe/ Bt 44 K45

B3 130C 5 150°C TR M 8 h # 4% &Y
NiFe/ 8 2 K & 2 & ARty 1r 2 35 H
H 3 Hral DL 24 B[R] AR [R] s 130°C
5 150°C A5 AUHE it B2 SEIE R ], {5 150°C
TSR EERAR T 130°C T HYSR AL, 150°C I i 40 K A8
D &5 G IR HLE (0.90) B B KT 130°C B A 1A

EENF BCKE AR NiFe ELFIBVHIERATRIEREHAR - 137 -

(0.79) , KU RAREREETE K, REETE RS 2, 1
G R EIL T e S s i
2.4 BAFEMKSH

ANE AT H 4 10 NiFe/ Bk 99K & 2 A ARG
LSV e 4 Frw

120

B /(mA - cm™?)
85888
W
ANNGEE
N

(=4
T

1—BRAKAF ;2—120-5NiFe ;3—120~5-NiFe/BRAHKAS
4—130-8-NiFe/TRAKE ;5—130— 12-NiFe/TRAKE ;
6—130-24-NiFe/ k4K ; 7—150-8-NiFe/ IR KA ;
8—150-24-NiFe/ R4
B4 BT H &0 NiFe/ 320 K%
G A MR LSV i &

ME 4 el LUE t ERl 1 7 R A MR
i1, 150°C (8 h T ifil £ /Y NiFe/CNTs & & # kL
TR B B A R AR K BT SR M R A T
910 mA/em® B (I B A7 51K, 5540 CNTs | 4l
NiFe F i iR AL 26X b & B, NiFe 5 CNTs Z &
J& , H: OER {1 EREFA @ 2 55, JLHL 130°C .8 h 1
150°C .8 h THY 2 A~HE S, OER AL PERE B & T
oAb 2 B[] T AL X J& BT NiFe XUZ S
Wy AT PE S BRIERASE , SR TR X NiFe
14 55 480 B S2 5 MR A 48 A A BB T B I8 B T3]
KA (120°C |5 h) Aoy 738, i (130°C 24 h
FI150°C 24 h) X o3 dat & H R8s s),
AT 52 M AR 6

AR ST 145 1Y NiFe/ B4 K45 A MR
MR HAL AN 1 s

1 AEEGETHEM NiFe/ AKX E
£ A MRH R A

s WE/YV o /v || HRET BBV gV
1 0.6194  0.46 5 0.7494  0.59
2 0.6894  0.53 6 0.7794  0.62
3 0.7394  0.58 7 0.7794  0.62
4 0.7494  0.59 8 0.7894  0.63

 : 1—150- 8 —NiFe/ TR 44 K45 ; 2—130- 8 — NiFe/ Bk 4 K & ; 3—
WRANKAS ;4—150- 24— NiFe/ TR 4N K B ; 5—120- 5-NiFe/ Bk 4 K & ;
6—120-5NiFe; 7—130-24—NiFe/Bi 44 K 4 ; 8—130— 12— NiFe/filt 44

KE,



- 138 - FAX AL L

ZR PR H R A R A 0.241 2V,
ISR HL AL A 1,228 'V, 7 SE 56 1o B v HL f TN
1.0 mol/L KOH & .pH Ny 14, 3+ 151 A H K Hy
e BR AR M S P IR AL R 0.159 4V, T 2 5K
n(V)=E-0.159 4 A It B AT A s Ay . H
F 1] LUE W R BT SR H AL 43 5k 0. 46
(150°C .8 h) .0.53(130°C .8 h) .0.58( CNTs) .0. 59
(150°C .24 h) .0.59(120°C .5 h) .0.62(120°C .5 h
A CNTs) 0. 62 V(130%C ,24 h) F10. 63 V(130°C .
12 h) , HH 150°C 8 h 2541l % ) NiFe/ B 40 K &
AR R R R 0. 46 V, BA AR A BT 4R
s LA 3 R T RO R R A Y NiFe XU
Y EAT S AT

B IR il £ i L SR AT LR AE S Y HE 5 A
BELT00 0 130°C K 150°C R 8 h il 45 ) NiFe/ B
YORE R A MRIE SRR B S fis

0.59

214 mV/decade
0.58}- /
057+ /1

> 0.56f
#R 0.55}

0.54F 148 mV/decade

0.53 %

0.52 C 1 1 1 1 1 1

-0.5 -04 -03 -0.2 -0.1 0.0 0.1 02
logj/(mA-cm™)

1—130-8/NiFe/fk 4 K& ;2—150- 8/ NiFe/ Tk 44 K45

E5 130.150°C K5 8 h 44t NiFe/ 5% 44 % &
B AR 3E R &

HIE S sPAT LA H, 130°C (8 h B 454 F B
FHRFEMIRIF A 214 mV/decade, MifE 150°C .8 h [
J2 R 4 A T A5 R 1 4 2 148 mV/decade, 13 1]
150°C 8 h Ak I M Y Sl 4 v, 3 s 5 i 1 BT A5 1
i F A R AR — 2L

3 #ig

K FHK Bl 8 7 AN ) S g ik B B[] B2 NiFe
1Y NiFe/ Bk 94 K8 &2 5 MR K BT A AL
i85k SEM XRD S0 hir 2 A Ak 4 0 45y vk
WFSE T RS RO A BS54 | LA RS [R] g il 4%
ST A8 R O LA A TS P R N s e, ISR
R K], NiFe TEBRNAKAE b o3 B BLAT, AT LAA
AR5 Hb £ 2, (R s R X 0 28 A R ke 2 e P R
e 24 1 52N A 8] AR X Ak 2z A A 21 42 1
F, 24 NiCl, : FeCl, 45 J& B 5 BE /R W B}y 311 CNTs
B R 40 mg SRR 150°C S R A TE] 8 h A,
NiFe 1 8 345) , H A BT A 480520 A 2k 30

F41 5591

JZEAAY), E AR SRR G B BOR , BEIE A
PEPERESE T, ad i XoF BT 20 A A B, FE g A AL A
SECERBIRAL, 2 HLR B A 10 mA/em® B, HATA
LA 0. 46 VB AL T HAh 254 115 69
EET

&% 3k

[ 1] Rodriguez N M,Kim M S, Baker R T K.Carbon nanofiber: A unique
catalyst support medium[ J].Phys Chem,1994,98.13108-13111.

[2] Baker R TK, Laubernds K, Wootsch A, et al.Pt/graphite nanofiber
catalyst in n-hexane test reaction[ J ].Catal,2000,193.165-167.

[3] Larcher D, Tarascon J] M.Towards greener and more sustainable bat-
teries for electrical energy storage[ J].Nat Chem,2015,7.19-29.

[4] Cano Z P, Banham D, Ye S, et al. Batteries and fue cells for
emerging electric vehicle markets[ J].Nat Energy, 2018,3:279—
289.

[5] faribise. — AL BRIEAR 5 b M AR B AR S HOB A AL Al Bl
fil KA PERERT L[ D] b3 AR R TR, 2013,

(6] HhTHEE. k2R 4 J 16 & W v i Ak 23 A 7K ) S50 R B AL T 52
[D]. 7M. F AR, 2016.

(7] e mih PR AT SR A O ) 5 SORAE R 2 1 T A AT
SIWFFE[ D] AR LR TR, 2013.

(8] A3 B AW VAR 40 K A e 4 1 ) 4 L A /K ] S REF
FELD] M B K, 2017.

[9] BRRA. AT Z AR B 4 T2 R REAF ST D] KV )
MR, 2010.

[10] Xu Y,Tu WG,Zhang B W et al.Nickel nanoparticles encapsulated
in few-layer nitrogen-doped graphene drived from metel-organic
frameworks as efficient bifunctional eletrocatalysis for overall water
splitting[ J ] .Adv Mater,2017,29.1605.

[11] Sun Y F,Gao S,Lei F C,et al. Atomically-thin non-layered cobalt
oxide porous sheets for highly efficient oxygen-evolving electrocatal-
ysis[ J].Chem Sci,2014,5:3976-3982.

[12] Liang H F,Meng F.Acevedo M, et al. Hydroxidethermal coutinuous
flow synthesis and exforliation of nico layered double hydroxide
nanosheets for enhanced oxygen evolution catalysis[ J ].Nano Lett,
2015,15:1421-1427.

[13] Zhao Z L.,Wu H X,Jin Y D,et al.A high-performance binary ni-co
hydroxide-based water oxidation electrode with three-dimensional
coaxial nanotube array structure[ J].Adv Funct Mater, 2014 ,24.
4698-4705.

[14] Zhang J Y, Xiao W,Xi PX, et al.Activating and optimizing activity
of cos, for hydrogen evolution reaction through the synergic effect of
n dopants and s vacancies[ J].ACS Energy Lett,2017,2:1022-
1028.

[15] Pan Y,Liu SJ, Cao X, et al.Core-shell ZIF-8@ ZIF-67 drived cop
nanoparticle-embedded n doped carbon nanotube hollow polyhedron
for efficient overall water splitting[ J].J Am Chem Soc,2018,140.
2610-2618.

(T#% 144 1)



- 144 - A AL L B4 BHEH
NiO al,1999,184(1) .41-48.
2N,H, — 2N, + 8H - (6) ) )
[7] Joseph M. Occupational safety and health guideline for hydrazine
8H -+ 20, —4H,0 (7) . . . . .
potential human carcinogen| M ].National Institute for Occupational
3 Q:E.L/I:\' Safety and Health,US Department of Health and Human Services,

(1) SRR BE S 4 T NiO/ACF 1k
M, ACF Zeat 45 J& Bt el 1k I, 20 1 1 MR 4 4 1) 11
AWK ACF &R EEM A )PPk, B 238 hnfi ik
TR T PTG P S, A AR NiO/ ACF L7 ik
fEBREERE, TERERE Ni MIGETES )R N 44k
1 10% k5 B2 BE R 350°C 0 L B R 45°C I
55 min 5 DO £ BRZIEH] 91. 11%, NiO/ACF fEfk
BRIBEIE 25 SR P AE K R DO ) 22 B R 45 21 I
P,

(2) 3 3 X4 Ak s Rz AL ER 43 A R AT, 7E NiO/
ACF HEALFIVERT B Ik I BE A% 75 45°C T 7K i A= B
BRZF CO,, BE =t a] DL PR b o0 % N, FTH -,
H- MR IR S T H- 5 DO 2 [] 4 F vy 3 B
TR AL R BRERCR , FU N =%t K BT ik
ERTINIE(E S 30

S 7% 3Lk

(1] BEF . T K BTRBR AN AR WL LD ] B 9 5 T 0 AR IR, 2008,
24(8) .77-717.

SNAE | WRINGE. IR T A T ¥ K Y A R R AR BT B
[J] A TR, 2016, (1) :165-166.

[3] Lefebvre, Olivier. Beyond NEWater; An insight into singapore’s

2

[a

water reuse prospects [ J ]. Current Opinion in Environmental
Science & Health,2018,(2) :26-31.
HEBERERAEE BFFT T, R bR TAR A S A A R
Tolb KA, A5 3R 5 K FRAE I 43 2 [ S ] AR IR LR = [
AR B WA I A AR, 2002-12-20.

[5] Seo G,Kim T J,Lim S,et al.The reduction of dissolved oxygen by

[4

[l

hydrazine over platinum catalyst supported on disordered
mesoporous materials[ J].Korean Journal of Chemical Engineering,
1998,15(6) :611-614.

[6] Moon J S,Park K K,Kim J H,et al.The reduction reaction of dis-
solved oxygen in water by hydrazine over platinum catalyst

supported on activated carbon fiber[ J ].Applied Catalysis A Gener-

(L% 138 )

[16] Deng J,Ren P J, Bao X H,et al. Enhanced electron penetration
through an ultrathin graphene layer for highly efficient catalysis of
the hydrogen evolution reation[ J ].Angew Chem Int Ed,2015,54.
2100-2104.

[17] Wang J, Qiu T, Chen X, et al. Hierarchical hollow urchin-like
NiCo,0, nanomaterial as electrocatalyst for oxygen evolution
reaction in alkaline medium[ J].J Power Sources,2014,268.341-
348.

Public Health Service, Centers for Disease Control, 1988.
[8] Netherlands C I A, Vnci. Chemical safety sheets; Working safely
with hazardous chemicals[ M ].New York ; Macmillan, 1991.
MR B R L) fe 2 B [T A A R 2017, 24
(5):51-54.
[10] Kelley D G,Rogers D M, Swiecinski F J.Carbohydrazones as boiler

—
=)
[l

water oxygen scavengers | J ].New Journal of Chemistry, 1993, 49
(8):318-327.

[11] Jianying W, Fengyun Z, Yongqi H, et al. Modification of activated
carbon fiber by loading metals and their performance on SO,
removal[ J ]. Chinese Journal of Chemical Engineering, 2006, 14
(4) :478-485.

[12] FEE, sk, sRoK . 6 P 67 A8 I 5 o M AL 590 1) ) 25 S ke Ak
PEREDFE [J]. BT H AR 240, 2016,33( 1) :82-88.

[13] {REGHT, 2R, R A, % 1 Th A BT Pk 2% 27 i ) 22 T 2k
B H R HIPERRL ) ] FREER #2440, 2010,28(9) - 81-86.

[14] FEBEZR , R, 25 b i, 55 AR — 25 12 T Mk e R IO A5 114 i) 75
I [J]BOEHME 274, 2018,46(5) :633-640.

[15] 28, SR 2% BLAHE. Cu  Ag BIUY TG A et oA AP ik B2 e S Tt
PEBE[J] RGAI4E T ,2016,v.33(4) :390-395.

[16] K B 4L 75 IR £ 5 A PRI 4 23 Fr [ M. b at: B2 i R
#:,1956.

[17] S8BT R0, 052, %5 Ni WFIEEXT Nis AC ALK
GRAERERI R [ J] HEAL2A4R] 2010, (3) :278-282.

[18] Eom S Y,Ryu S K.Properties of differently shaped activated carbon
fibers[ J].Korean Journal of Chemical Engineering,2010,27(5):
1592-1595.

[19] Fu R.The redox properties of activated carbon fibers and their ap-
plications[ J].New Carbon Materials,1998,125(11) :251-259.

[20] Vasile-Pafili S M V, Bartzis J G.Experimental investigation and op-
timization of carbohydrazide application using different alkalization
agents on boilers All-Volatile treatment[ J].Applied Thermal Engi-
neering,2010,30( 10) :1269-1275.

[21] KFIH 38 PG 22 TR TS B, HOR i I a3 58 i B o JH 7K
TR S5 BRI R AE [ 8] AR HES , 1986-09-16.

[22] Qi,Ji, Qiu, et al.Carbon nanotubes as catalysts for direct carbo-
hydrazide fuel cells[ J].Carbon An International Journal Sponsored

by the American Carbon Society,2015,22(7) :478-436.1

[18] Wang F M,Li Y C,He J,et al.Selenium-enriched nickel selenide
nanosheets as a robust electrocatalyst for hydrogen generation[ J].
Angew Chem Int Ed,2016,55:6919-6924.

[19] Gao Q, Huang C Q, Yu S H, et al. Phase-selective syntheses of
cobalt telluride nanofleeces for efficient oxygen evolution catalysts
[J].Angew Chem Int Ed,2017,56.7769-7773.

[20] Bu Y F,Jang H,Kim S H,et al.Synergistic interaction of perovskite
oxides and N-doped graphene in versatile electrocatalyst [ J].J

Mater Chem A ,2019,7.2048-2054. 1



