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Abstract: As an emerging energy utilization device, the fuel cell offers several advantages including high energy
conversion efficiency, minimal environmental pollution, and ease of preparation. Glucose serves as a promising
energy source for fuel cells. In this study, nickel-molybdenum oxides with a nanosheet array structure were
synthesized directly on carbon cloth using a combination of hydrothermal synthesis and annealing techniques,

and subsequently employed as anodes in fuel cells. The structural and compositional attributes of these materi-
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als, along with their catalytic properties for glucose oxidation, were thoroughly analyzed. The influence of dif-
ferent Ni ¢ Mo ratios in solutions on the performance was also assessed. Optimal material preparation condi-
tions were determined to be a ratio of Ni : Mo=1 : 1 in the solution. Under these conditions, the maximum
power density of 476. 4 pW/cm” was achieved in a solution of 0.1 mol/I. KOH and 5 mmol/L glucose.

Key words: nanostructure; hydrothermal method; fuel cells; glucose

NFEAE 20 R SR B TTREUR . b Bk b L A il 25 O W AR R IR M R 3, T AT AE 4% 4T 25l T X
L 4 95 SR B OR R, PR b 30 U R I AR TR R TR R — R R R R L AR
RRE R B 1k 2 RE B R S R, A T B A RE R R B e, NI RE B M R AR T Ut — PR . B
By e /NS ORE L R VS R . BRI TR AU AR EF R G AR AR R
i DL A B, SR URAR R Tz AR A — R R A, I AT A AW R AR N A N e
SRR BLSE S A AR B AR BT YN BT Dk RS . A5
Ko RGIRAE AT 8P R A5 2B H i B 45 52 AT DGR B SE X 4. BB Eoke i, 1 AN
FIREOY T o8 AL PT U= E 24 AT, SR O KR Uk AR BB 124 VY LR SRR G
DU A AR ST 2 S AR PR SO PR AR A By O A 58 s DR IHG FHAR A B R B S T 4 AR R R Tt 7 iE
(R 32— TR R A W A S A D S R AR AR S, BB T G, TR R e A A
ek el 14 S A i B B S R Bl ) 2 i N s A A HE AR

26 RSB R Tt A AR 5 R S AN R L R R Sy T A 2 AR LS L R R R |
PR YRR R Sl A R e o P A A A A TR SR A0 PR L R LA S A DR LR
WS REY . RS .. SPEmM R MOF #8, N/C BB mA S YA . 9K ALY
HA W SRR E, AR S, SR A, eSO A T Z 0T T7 . A 28 K B 4
Wy B 5 22 B v TR S 4 DA S SR BB B B g R B A 4 I ORE L i i B . AR SO R R
B AT Ry R e P T R AVER Dy R, K BAEAE S B AT L T ] At B AT 400K R B 51 45 K Y L6
SR S i 2 BRI R b A8 A . BIF T 2 W1 2% BHAR B 36 T 4 B 0 8P By A RICR . AR AR
X T AR R B R OF R B A —E I EH M.

1 3LI§
1.1 RF5=E
1.1.1 XA

Ni(NO;), « 6H,OC ¥ kA BHE A 7D, Na, MoO, (Kt Fi 4 R b2 A 7D . CONH,), (i
R AL TR, CoH N, (BRSO 23850 2 /] . KOH R EHT b T A D, Jok £ B (R PR BB
R TATD , JEoK %A L 22 s AR R A R o BRUIR B0 (L BT T A e BHE A 7D, PBS % (A
i) . SRR A RV AR A A D L SER R T K S BT OK
.1.2 %

B 75 W VR (KQ-250DE, R IR XA A FD . Bhiph (SX2, 1B RN A A, ik
% TAEM (CHIG60E, i RAAUAT A F , H4 B 7 B3 (SEM, JSM-7100F, HAH FHRA a4t @5
B B i (TEM, JEM-2010, HARH PS40 . X FLEATHHU(XRD, TD-3500, FHAR#EARHEAFD .
X HHREIEA (XPS, ESCALAB 250, 2 FE 228 K /RA D,
1.2 #HHE

AT 3 em X3 em KR/NWRRA . 43510 JCK 2 BERN 25 88 Tk A W Uk 30 min, TE VRS ACA THEA T



% 38 TR, 5. 2RE VAL 69 #1 & B 2 R & # R &b F 89 5 R 3

P& . FRE 0. 872 g B Ni(No,), « 6H,0, 0.644 g B Na,MoO,., 0.09 g fy CO(NH,), 1 0.21 g
CoH, N, ¥ T 30 mL 23K, TERE 7P A% 09 VR FH R 00 0 Ak 10008 T 1V VR . 4 TG 8 1 T L 7%
F) 30 mL AR VU I M AT SRS R I VR L 8 B A L B K SR IO R 2 M PN e TR R R RN A
BTEX A TAE 120 CHMRE T RN 3 h, RV AEHJE . HAREE=E, BULkA . 435 LK Z
P 2 B F K R 7S T VR 30 min, W UEJE CA TRAE TR 12 by K TR S BB S E B R b 300 °C Y IR E
TR k3 h, 15 3 AR R R B AT AR OK B A . AR ) B R A, A AR TR L AR
BB A A R TEARSER T, PR TRl AP R Nis Mo Rl B4 s 1,251, 11, 1 2,
1s 4 3k 5 PR bR a8 B RE L EAT TR BT
1.3 EgEMHK
PEREMN X 7E A 2 AR, FiEAT, SR =R R, DA R (BT 1 em X1 con) /2 TAE
B, 1 em X1 cm B0 R BB AE X B b, Ag/AgCl BB AE 2 e dL i . 43 917E 0. 1 mol/L f§ KOH LA K&
0.1 mol/L B KOH Hl 5 mmol/L % % #HE G W 17 i fb 2= el . o) 2% B th 2o Mtk th 47 H
TS 2 o At b EAT IR (R D, P BB R 1. 65 g BR UL AR T 100 mL % PBS 22 i b i VA Uk
FHAR W R 3 mol/L /) KOH Ml 1 mol/L M4 HHA W . 2 i il Z 0] B PP BRI O, H5 412 45 i H B XL
LRk — DR AT, DA R A A R AT . I A D R B A K e BELA 5 A Tt 1 9T BH AR OB
V5 A1z Hi BELAR 04 2 R BELE [ 2 7E 9 000 Q, 457 FH 28 7 B8R J 1 S % 7 1) Pl R AL o 4% FL BEL A8 1) BEL 1
MK BDNHEAT WY H e/ NMEBIE R 3 Q. B BUE — YRS 1 5% A X5 7 19 s s 7R B, 43 AR 4 LR
O 2B X T 1 O R ) R
_u
R X S
P =] xXUX1000 (2)
Hrh, U RMERHEEN); ] HHEEHERE (mA « cm )5 R HHME Q)5 S K I MA R (cm?®) 5
P HIJREE(uW + cm 7).
VIR RE T oo B, DIR%EE P Ry y il 2 M D R MLk, IR E J o i, B
& U gy %l 45 30 6 o i % Ak il 2. K &0 22 v BHLAS 9 BELE 80 5 76 2 000 Q30 3% H, F B B ) 1) 722 Ak 7R
B MR RS ST R Y R B B, LA ¢ O oo Bl DARLWEE B T Ch oy b, A5 B H T ik
HL o R R

J X 100 (D

l I
— U A T
g L R \_‘_//

——
FRiE
FHF R

FRRE

\\Wié/v

a. AEHMNTREE b. A3 SEAE
B1 HEESSEBEAKE




4 B HRXFFROARHFR http://xbbjb. swu. edu. cn B AT K

2 #R5iT®
2.1 #ERIE

68 FH 421 1 PR B R A R S AT TR RAE . R 2a ATLLE . MORLER AR # 4 8,  HJLTF %
BRI A= R E0RL . B 2b RN 2¢ A RESL B RS SEM B MR B HR AT LUE . MR ST 08 B T TR R
AR, FE 5L ATE A R AOK Fr RS 4548, X EE 90K 7 B RKANFE LT B — A ok, JBEEEAUCRLGK . X FE
oK Fr BESN 258 B KR e R T AR, Wi B AT 2 B P A XA A T S AR R B PR RE . TM
BHEBRAT b E A KM, X WA MR E R R A G . A Bids . w7 iR e v,

| [ |
a. REEE b. BEFEAMEIG c. BfEEE
B2 SEFTLAMKEH SEM B %

Kl 3 S RE AR Y XRD 3% 18], FE 5 7B |
BRI A, C X XRD i & 24, 6°
43, 845 T W AT S i, 1] 34. 574k (9 A
St T MoO, 9 (111) fh i, 60. 4° &b ()
/NRT T MoO, #9(031) & T AH W & T
79°KE (AT S 06 TT LS NTO XFR . BR =2 Ak
43. 8° MY AT 55 NiO B9 A7 Xt iy, sk &
Ut C UEFN NiO B U 7E AL F 5, Tl NiMoO,
[ (330) ff T L X R F 43, 87 4b Y i, 38 5 20 . 40 60 . 80
XRD #9534, W 7E B AT b T il 2% 78R 41 20/C)

AW . B3 BESLYMKHH XRD LR

N Tt — R B S s, AR AT T TEM MK, 45 R 4 Bioas . WE da bl UAE
o GOKRM RS S E AR MR, X5 SEM B A 25 5t — 30, B 4b R dc HaT D4R 3 AR [ 5
JE A S A, 38 S T B AT LA SRS BE BE 4 B A 0. 233 nmy 0. 201 nm, 0. 142 nm, X5 K 4c I &
SAED P15 v it 135 5 BRAR 4 o X 13 . Hovb, 0. 233 nm K% 98 X MoO, 9(002) i fal i, 0. 201 nm
fm A B BE 6 NiO [ (200) fH T EIFE . 0. 142 nm & A% 98 B2 X MoO, #Y (31-3) fh I [A] 5, 38 & XRD
TEM 4387 0 LLIE B8 50 404k W 75 i A 2% 10 8 2 b 2B 41

il XPS XFRE S AR IC R 4L Bt AT TR, 5 RN 5 FiR . B Sa R EIEE. BigEPERET
Ni. Mo, O, CJLFICZEMAFLE, Hrh C R A TAi. [ 5b & Ni 2p 3% K, 856.8 eV il 875.3 eV 43 Hil X} i
Ni 2p,, I Ni 2p,, HBEHIE , 862.9 eV Fl 881. 0 eV 431X B HEAE W 1y TLALWE ™) ] 5¢ J& Mo 3d i AT ,

SRFE
MoO, (111)
NiO (012)
MoO, (031)
NiO (202)




% 3 M

TER, F

R R R SR LT Bk Py B R

232. 4 eV X RLAYE Mo 3d;,, il
Mo6+ E,:Jﬁ?'j—:[zo—m] .
W EA LY s 532.5 eV X C

=0 g,

Ut W7 B A1 2 1B il 46 1 B B SRR )

. 235.5 eV X} i 52 Mo 3d;,, #Lif

B 5d kO 1s Wi E, Hr 530.4 eV XN 544540 O,

= O HEMAFTEA B T8 SR BDRME IS h AR =

BE

BE

a. TEME

b. HRTEM

c. TEME, #HENSAEDE

B4 SREKUWAMKFHEHBRBERAE

Ni2p
O 1s
Mo 3d
Cls
0 300 600 900 1200 1500
HEee/eV
a. XPSEILE
3d,, Mo 3d
3d3/2
228 230 232 234 236 238 240

EERE/ Y

c. Mo 3dmiZE

2py, Ni 2p
2p,,
1w Sat Sat
b
850 860 870 880 890
HEee/eV
b. Ni 2pIi&E
Is O1ls
i
b

B2 AMNIEM 2 3.1 eV, BN A
NZOk 3 TR KGd R 4 R
. XPS 45 L7

526 528 530 532 534 536
EERE/V

d. O 1sHiLE

B 5 RESHIHRKER XPS iEE



6 THRFFHOGARBF R http://xbbjb. swu. edu. cn F 47 %

2.2 MEBESHT

FE HL AR 2 AR S I T b Rk o A 25 A Ak 1 A e AR, 25 SR nIE 6 TR . B 6a S AR AH L B
1 LA R CV I, sl X T LAE H, 78 0. 1 mol/L KOH JKW M A 5 mmol/L #j % i %
WG . PHAR LR AE 0.4V 22 A5 JF I WY 18 i, 150 B A4 1 50 ) 4 W 1Y R SR AL T R T Y R . R REAR
B 1) HL LR 2 Bl 5 46 A B A AT AR AT B AR R O A R0 e T R A B e A R 3R T & A i AR R
B E . B 6b SR e R IT B4k, &M 50 s 0. 1 mol/L KOH JE® H il A 1 mmol/L Y #j %5 B 5
I A5 3] e N HL I . B O R A W VRS UL R R R A B R PR R T R R A — YRS N B
ViAW AR AL U0 R X 2 W 0 4k L OB Y o 5 B 2 W VA RO B RO, LR
(10 3 R R R S T U /N L K B A AR R A R G . BT 6 ¢ SR ) LU i BR A AL I FE 0.1 mol/L KOH
JEW P A 5 mmol/L A %5 Wi ¥ O A B AL CV il g, Hop, BESY 1 2] 5 2 IR RE Ni s Mo Ji
FHHRHAT,02: 1,11, 12814 &S LI NiMoO, -1 #| NiMoO,-5 &7~ ), AL
AL, e AR R B R AR, R R A R, R R L B 1 s 1 B RE S B e K e R R I, U ]
S A 25 W 1 R A 421k R O L b B 81 0 R

O 0.1 mol/L KOH+5 mmol/L & [
30 F
25F  —— 0.1 mol/L KOH i 1 mmol/L
20 25 F 1 mmol/L ‘
15k T 1 lmmol/L
E 10 _ E 20 T 1 mmol/L
{,g\g L 41\3’ 1 mmol/LL
R ® 15 1 mmol/L
0 i 10
,5 L
-10 >
,15 [ 1 g 1 " 1 " [ " 1 " 1 r} 0 " 1 M 1 " 1 i 1
0 0.2 0.4 0.6 0.8 1.0 100 200 300 400
BAL/V Kfi8l/s
a. CVHIZ(ERSBLLBIAL: 1) b. ITHZ&L(GRSELEBI1:1)
- —— NiMoO -1
i 2 H#m3
A — NiMoO -2 N
. 54
I5F  —— NiMoO -3 Franl
10k — NiMOOX-4 *:iﬁ:ﬁz
K NiMoO -5 s
= Sk
2
"
0 5
,5 ks
-10 F
1 Il 1 il 1
0 0.2 0.4 0.6 0.8

=R 7AY
¢. NERSALEFIMCVHEZ
B 6 SRESLWAMKEBEMLFNR
TE H B NUES H A gt v 2R AT D R % R i 4 L WAk il £ A Rk H — s ) il 2k . UK T 5 RO R4 E



% 34 TR, 5. 2R AL 09 #1 & B2 F) 5 48 MM &0k o 4 5 R 7

%] e A2 PR RE RO Z A, XSS AN 7 Pros o INIET 7a Ha] DUR Y 22 R AR 1) LE 40 0] PR RE A AR
KRBT BT A HE R it B4 ) 55 B 0 52 B S 088 05 s/ O MR, TS — L DR B2 R IR Bl R (B, 47
WOH B LB 1 s 1k, AR LB R 5 20 A AR S AL B R B DR L AR 0. 1 mol/L 59 KOH Fil
5 mmol/ L 1 45 4 GV AT AR A 0 e KD RBBE Ty 476. 4 pW/em® , ERECH PRI & iy &, HIR%
APT R, &5 B ENHE R SR WA 5 o B Th R AN TE LR S A OBt £, TR BT A . B
LB 1 1 BB S B S/ N RER X S e R D) A AR — B0, BB AR Lo 1+ 1 RO RE A
AR A AR BE fe 1K o T BR T LU BN [R], Al DR AR AR ), U BT 2 ol BH B R RE Y 22 5 S Bmdy  RAE R B2 1Y
28 AEG T L2 0 b el ) D) A B 3 AR A R OB F Y P R A AR Y R A B/ R A UL B AR LE 4
L+ 1 ARPREAT ARRAR A AL R A de A A G e H iz . HLZERRAH Lo 1+ 1 W BAT SRR O [FIAE . P 7c 2R
FHLEB D 1 1 BORPRE AR B f e B R i £, NIRRT DU Y, 285 10 h BRI i) i 2238475
FRL Tt PR P L D S AR /N B R N I 0 AR L I R R W A B T U B A AR R R AR
EVE. BIE EoRUL, HEANE— BAETE, U Bt RE — His 1T T £

600 —a= NiMoO -1 12
—a- NiMoO -2 - —=— NiMoO -1
500 | —=- NiMoO -3 1.0 —=— NiMoO -2
- na. L .
= i - —=- NiMoO -4 —s— NiMoO -3
08 F .
Lo 400 i NiMoO -5 . —s— NiMoO,-4
=
£ 5 o6l % \""-\., NiMoO -5
T w "\.,_'-;
| . -\
# I 04F "
£
=200 F S " i
L # .\ \ 02F .x
f L -
100 [ i 1 i [ 2 L A \I 2 1 3 0 i 1 i 1 A 1 " 1 i ]
0 0.4 0.8 1.2 1.6 2.0 0.4 0.8 1.2 1.6 2.0
EREE/(mA cm?) HREE/(mA-cm?)
a. INETEHLE b. ik EiZ
0.42
£ 040 .
< —n—"
£ BLE o el S
Eg(
K 038 F
15
"
036 F
L L L L 1 L
0 2 4 6 8 10
At iEl/h
c. TE-BFEHZ%

B7 AREKLFREASAMMKTHAZENR
it g DA, n] LA B A A AR R T 4 B A B A R B AR AR T Y A R B L 48]
D1 s 1 g A B A0 B AR AL W) B AT LA BE 1 A AR S SE O S O PR RE L X H 2 T L BT A5 B A R A AR
W A TESE R HOIE S, "L 2 fl o im P [R] I 32 b 491 S8 AT ) T e 4 B A T ) A A 4



8 THRFFHOGARBF R http://xbbjb. swu. edu. cn F 47 %

e REZ 18] B9 BRI T . 55 DLEESCRRAR L ol 3 (9 44 Rt 28 B A Bt i P RE . X IR IN T2 5 4R
9 UL 25 AR ] B BIp TR T, G [R]85 A Ak o ) 26 0 ) e 4 AL S AL R BE

3 e

AR SO 3k — 2 K PRR KAH S & 0 5 07 3k o A B A 2 AR BT BT AR R [ 8 S5 R AR B AR AL
Pokr ek, XPRE i BT SR o FEAT T AR . XA i 1) A B R AR T SR AR PR REEAT T 0 M O EUX AR D 41
OB A A BB R AT T I ARAS TR T A D) R R b L B A 2 L RO R —Inp [ il £ S5 R R
SRR it R R A Y S B R I AL PR RE . TR EESE T AS TR ER B L 0 0 b ARk T A A 1 ROR
ERRWIY B LGN 1 1 N RORPRE R R BOR . BRI AT LIS H] 476. 4 pW/em® s XA T
BN Z 18] B4 64 I TR A P A B ol 4 0 RO S B N R 254, i S 36 T vk B BRAVE TR B L AR A A A, T L
X 2 AT R B AR T X A X T A A MR R o B I K B AT — Y R

SE K

[1] ZUXH, SUNLL, GONG J, et al. Ferric Ion Pair Mediated Biomass Redox Flow Fuel Cell and Related Chemical Reac-
tion Kinetics Study [J]. Chemical Engineering Journal, 2018, 348: 476-484.

[2] ZHANG Y W, LIT T, SHEN Y B, et al. Extrusion Followed by Ultrasound as a Chemical-Free Pretreatment Method
to Enhance Enzymatic Hydrolysis of Rice Hull for Fermentable Sugars Production [J]. Industrial Crops and Products,
2020, 149 112356.

[3] WANG C, NEHRIR M H. Distributed Generation Applications of Fuel Cells [C] //2006 Power Systems Conference:
Advanced Metering, Protection, Control, Communication, and Distributed Resources, March 14-17, 2006, Clemson,
SC, USA. IEEE, 2006 244-248.

[4] BOUDGHENE STAMBOULI A, TRAVERSA E. Fuel Cells, an Alternative to Standard Sources of Energy []].
Renewable and Sustainable Energy Reviews. 2002, 6(3): 295-304.

[5] COOK B. Introduction to Fuel Cells and Hydrogen Technology [J]. Engineering Science & Education Journal, 2002,
11(6): 205-216.

[6] JIJ, CHUNG Y, KWON Y. The Effects of Cobalt Phthalocyanine and Polyacrylic Acid on the Reactivity of Hydrogen
Peroxide Oxidation Reaction and the Performance of Hydrogen Peroxide Fuel Cell [J]. Journal of Power Sources, 2020,
480 228860.

[7] NG TK, YU A Q, LING H, et al. Engineering Yarrowia Lipolytica towards Food Waste Bioremediation: Production of
Fatty Acid Ethyl Esters from Vegetable Cooking Oil [J]. Journal of Bioscience and Bioengineering, 2020, 129(1):
31-40.

[8] SHIN, XIEY, YANG Y, et al. Infiltrated Ni, o5 Co,. o, CeO, . @Ni, ;Co, , Catalysts for a Finger-Like Anode in Direct
Methane-Fueled Solid Oxide Fuel Cells [J]. ACS Applied Materials &. Interfaces, 2021, 13(4): 4943-4954.

[9] CHANGKHAMCHOM S, KUNANUPATHAM P, PHASUKSOM K., et al. Anion Exchange Membranes Composed of
Quaternized Polybenzimidazole and Quaternized Graphene Oxide for Glucose Fuel Cell [J]. International Journal of
Hydrogen Energy, 2021, 46(7): 5642-5652

[10] Fmedn. A AR By S bt o7 ka5t (D). dbat. thERFE BT 5T A4 Bt GRALE AR BF5E BT, 2008.

[11] k8, PRega, B, MAXRAIEE MDA RGN RIER [J]. BRI, 2011, 9(4): 36-45.

[12] SANTIAGO O, NAVARRO E, RASO M A, et al. Review of Implantable and External Abiotically Catalysed Glucose
Fuel Cells and the Differences between Their Membranes and Catalysts [J]. Applied Energy, 2016, 179: 497-522.

[13] YANG Y L, LIU X H, HAO M Q. et al. Performance of a Low-Cost Direct Glucose Fuel Cell with an Anion-Exchange



% 34 TR, 5. 2RE VAL 69 #1 & B 2 R & # R &b F 89 5 R 9

[14]

[15]

[16]

[17]

(18]

(19]

[20]

[21]

[22]

Membrane [J]. International Journal of Hydrogen Energy, 2015, 40(34): 10979-10984.

BASU D, BASU S. Mathematical Modeling of Overpotentials of Direct Glucose Alkaline Fuel Cell and Experimental Val-
idation [J]. Journal of Solid State Electrochemistry, 2013, 17(11): 2927-2938.

FUJIWARA N, YAMAZAKI S 1, SIROMA Z. et al. Nonenzymatic Glucose Fuel Cells with an Anion Exchange Mem-
brane as an Electrolyte [J]. Electrochemistry Communications, 2009, 11(2): 390-392.

RAO M L B, DRAKE R F. Studies of Electrooxidation of Dextrose in Neutral Media [ J]. Journal of the Electrochemical
Society, 1969, 116(3): 334.

BASU D, BASU S. A Study on Direct Glucose and Fructose Alkaline Fuel Cell [J]. Electrochimica Acta, 2010, 55(20) :
5775-5779.

T, MEY, M. JET NH,-MIL-101 (Fe) i3 42 10 ) A5 100 Bl 45 1 00 2 A5 g 4 [T 0. 70 B R P22 i CA AR B 1O
2019, 41(3) . 84-88.

GOHAIN M., BARDHAN P. LASKAR K., et al. Rhodotorula Mucilaginosa: A Source of Heterogeneous Catalyst for
Biodiesel Production from Yeast Single Cell Oil and Waste Cooking Oil [J]. Renewable Energy, 2020, 160: 220-230.
LI Z, LIU X H, LIU P, et al. The Performance of Electron-Mediator Modified Activated Carbon as Anode for Direct
Glucose Alkaline Fuel Cell [J]. Catalysts, 2016, 6(7): 95.

AN L, ZHAO T S, SHEN SY, et al. Alkaline Direct Oxidation Fuel Cell with Non-Platinum Catalysts Capable of Con-
verting Glucose to Electricity at High Power Output [J]. Journal of Power Sources, 2011, 196(1): 186-190.

DU TOIT H, DI LORENZO M. Continuous Power Generation from Glucose with Two Different Miniature Flow-

through Enzymatic Biofuel Cells [J]. Biosensors and Bioelectronics, 2015, 69: 199-205.

[23] CHEN J Y, ZHAO C X, ZHI M M, et al. Alkaline Direct Oxidation Glucose Fuel Cell System Using Silver/Nickel

[24]

Foams as Electrodes [J]. Electrochimica Acta, 2012, 66: 133-138.
LIU J N, DENG X Y, ZHU S, et al. Porous Oxygen-Doped NiCoP Nanoneedles for High Performance Hybrid Superca-
pacitor [ J]. Electrochimica Acta, 2021, 368: 137528.

REHRE Hél



10

HHKFFROA R FR

http://xbbjb. swu. edu. cn

%47 A




