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Scheme showing the synthetic process of 3D Co,Mn;0, nanofilms
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Figure 3 XRD patterns of 3D Co,Mn;0O, nanofilms
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after 1000 cycles at a current density of 5 A-g™'

H AT LAAR G B 4 0 oK A DA T AR F AR R, AR
b B CAC) AR S Tt s AR A ) 213 R AR X Bl



406 % = | A R A 2022
®1 CoMnOMKERESREM CoEFMMnEERMBIA L BEITLL
Table 1 Comparison of specific capacitance of Co,Mn;O, nanofilms and Co/Mn-based electrodes
. , KOH i i i FHL VL 2 bHL 2 .
i a5t fmoll D /(Ag ) /(Fg ) B
Ni-Co-Mn 9K R 6 5 46.7 [15]
CoFe-LDH LIPS 6 5 115 [16]
MnO,@C@ZNCO i3 ERIN 2 5 162 [17]
Mn,0, YA 6 5 186 [18]
MXene/Ni-Co-Al-LDH gk R 1 5 252.5 [19]
Mn-MOF DE R 6 5 310 [20]
CoFe,0,/C 4 K ok 2 5 350 [21]
Cu”/Cu” doped CoO HEZ[ERVN 3 5 570 [22]
NiCo,S,@G K 2 5 890 [23]
C0,S,/CoMo,S,-rGO K A 3 5 1020 [24]
Ni/Mn LDHs ek 6 5 1039 [25]
Co,Mn,0, RN 2 5 1092. 5 —
CoMoO,@NiMoO, 9l K 2% 2 5 1470 [26]
P g5 (ASC) o B 7 A TR L Y% B2 N ASC 11 i 2 2 AR L M, Co.Mn,0,/AC 7E 5.10.20.50 K&

GCD i 2 (H 7 {5 [F & 0—1.6 V) Ragone & J H1
BUEAE, NGCD T &, 26 R % E T
%%R%ﬁﬁ%@M@Mmm%cﬂﬁaﬁM%ﬁ

100 A-g "HL U B BE R M HL & 2> 9k 733.5,

636.1.545.5.428. 1 Ff1318.8 F-g ', fie % My
BRI ASC 88 1F Ak = M 1Y G s 2 40

10 XA R Co,Mn,O, 1Y JE #2547 Ry i 8 M Ragone B 7] UL & B, 7F 4 kW kg ' D) R % BT
1'61 s GCDh £k 3001 Ragone
/ \
1.4 \ "
= . —~ 2501
S )f \. by N
= 1.0} N = \
= 0.8/ 5A-g i 150 .
0.6 LA \ = N
= 20A- g =5 1001
» 04 S04 g ‘ 2
0.2 ! 100 A - g :
0.0 . ; : : : 0 : :
100 200 300 400 500 600 1000 10000 100000
R[]/ PIEBE/(Wkg )
197 A R
801
s
604
5B
X
e 40
p=d
201
0 100 200 300 400 500 600 700 800 900 1000
TEIA B

B7 CoMnO,/AC ASC ##F1EA ] By i %5 B2 R 19 GCD £k \Ragone [ DL M 5
Avg LI BE TR 1000 YR Y LA PR R R

Figure 7 GCD curves, Ragone plots, and capacitance retention after 1000 cycles

at a current density of 5 A+g™! for Co,Mn,;0,/AC ASC



165 F3W

INTERE =2 Co,MingO, 4 K 8 1% 1 ) 4 K vp 1 it BB e 407

ASC 281 1Y ¥ BE 1 %5 4 260. 8 Whekg ', B i 78
80 kW kg "% = Dy R %5 BE N ASC 17 (1 e 1 %5 e At
ik 113.4 Whekg 'o B UL 0T 0L, ASC #4514 75 fE &2 %
AR R 7 T LA I EE . N ASC 28 1F7E 5 A-g 'Y
HL %5 BE R GCD M 1000 YR 4 L 258 4 B8 R 0] LA &
L #E2E 1000 AR 3R 5 HL 25 PR 8% 81. 594, 3R
HAGI R E P R AT .

3 &Hit

A K G B AR LA T R = 4
Co,Mn;O, G A B, FLAT DUAE S F S8 ToRE 45 741
e i BB R 1 G R A R AR A B . 3B iR % Co AT Mo
B E ), AR AL S A Co,MinsO, 44 K 1 i 52 0 60 A R
W AmIERR. BB ERNS Ag I,
CoMn;O,. CoMn,O,. Co,Mn;O,. Co:Mn,O, K
Co,Mn,O, i Lt HL 25 53 71 24 686. 1.788.75,1092. 5,
935.01719.4 F-g '. Hrp Co,Mn,O, 78 HL I % FE K
2.5.10.,20.50 5 100 A-g "I FLHL 2550 1k 1438. 5.
1092.5.1044.8.979.1.886.4 F1 818.2 F-g ', % W]
HHEA RS R, EHAEENZE, CoMn,0,
B AE 5 Axg I EL S B #E4T 1000 K9 GCD il
WG RAE B IR 891U Wb & . HBEW
Co.Mn,O,/ACAEXS FREB I LA 4% 7F 4 kW kg ' T
R TN Hm e R % E N 260. 8 Whkg '

CESEE

[1] SIMON P, GOGOTSI Y.
electrochemical capacitors and related devices [J].
Nature Materials, 2020, 19(11): 1151-1163.

[2] SALANNE M, ROTENBERG B, NAOI K, et al.

Efficient storage

Perspectives  for

mechanisms  for building better
supercapacitors [ J]. Nature Energy, 2016, 1(6): 1-10.

[3] LAN K, LIU L, ZHANG J Y, et al. Precisely
designed mesoscopic titania for high-volumetric-density
pseudocapacitance [J]. Journal of the American
Chemical Society, 2021, 143:14097-14105.

[4] FENG X, BAI Y, LIU M Q, et al. Untangling the
respective effects of heteroatom-doped carbon materials
in batteries, supercapacitors and the ORR to design high
performance materials [J]. Energy &. Environmental
Science, 2021, 14(4): 2036-2089.

(5] marf, £5if, e, 5. s anER Co-
MOF £ 8 2 i 25 4% i b B [T]. T AL 1k 2= o7 4l
2021, 37(12): 2227-2234.

(6] &BL, sRigH, FRE €, & =4m0IRk CoS./CH A M
B SO AE B R A s e [T]. MR R S

MH, 2020, 14(1): 19-25.

[7] WANG C Y, ZENG X J, JIANG G M, et al. General
self-template  synthesis of transition-metal oxide
microspheres and their excellent
properties [J]. Electrochimica Acta, 2018, 283:
190-196.

[8] ZENG X J, YANG B, LI X P, et al. Solvothermal

synthesis of hollow Fe;O, sub-micron spheres and their

charge storage

enhanced electrochemical properties for supercapacitors
[J]. Materials and Design, 2016, 101: 35-43.

[9] GUANC, LIU X M, REN W N, et al. Rational design
of metal-organic framework derived hollow NiCo,O,
arrays for flexible supercapacitor and electrocatalysis
[J]. Advanced Energy Materials, 2017(7): 1602391.

[10] FENG C, ZHANG J F, HE Y, et al. Sub-3 nm

Co,0,
properties [J]. ACS Nano, 2015, 9(2): 1730-1739.
[11] ZENG X J, YANG B, LI X P, et al. Three-

dimensional hollow CoS, nanoframes fabricated by

nanofilms  with  enhanced supercapacitor

anion replacement and their enhanced pseudocapacitive
performances [J]. Electrochimica Acta, 2017, 240:
341-349.

[12] #%e%, ZFM, A, % . NiMoO,/g-CN, i il # K
RALSEERENT ST [T]. Wi @A RS T, 2021, 50
(11): 4045-4050.

[13] SAMBASIVAM S, GOPIC V V M, ARBIH M, et al.
Binder-free hierarchical core-shell-like CoMn,O,@MnS
nanowire arrays on nickel foam as a battery-type
electrode material for high-performance supercapacitors
[J]. Journal of Energy Storage, 2021, 36: 102377.

[14] ZHANG Z G, HUO H, WANG L G, et al. Stacking
fault disorder induced by Mn doping in Ni (OH) , for
supercapacitor electrodes [J]. Chemical Engineering
Journal, 2021, 412: 128617.

[15] YANG S R, WU C, CAI J J, et al. Seed-assisted
smart construction of high mass loading Ni-Co-Mn
hydroxide nanoflakes for supercapacitor applications
[J]. Journal of Materials Chemistry A, 2017 (5) :
16776-16785.

[16] ABELLAN G, JOSE A. CARRASCO J A, et al.
Alkoxide-intercalated CoFe-layered double hydroxides
as precursors of colloidal nanosheet suspensions:
structural, magnetic and electrochemical properties
[J]. Journal of Materials Chemistry C, 2014(2): 3723-
3731.

[17] DAHAL B, MUKHIYA T, OJHA G P, et al. A
multicore-shell architecture with a phase-selective (a-+¢)
MnO, shell for an aqueous-KOH-based supercapacitor
with high operating potential [J]. Chemical Engineering
Journal, 2020, 387: 124028.



408 MoB o o x® 5 N OH 2022

[18] LI D W, MENG F H, YAN X L, et al. One-pot through Cu’/Cu’ Co-doping strategy for high-
hydrothermal synthesis of Mn;O, nanorods grown on performance supercapacitor [J]. Nano-Micro Letters,
Ni foam for high performance supercapacitor 2021, 13(1): 1-14.
applications [J]. Nanoscale Research Letters, 2013 [23] YU F, CHANG Z, YUAN X H, et al. Ultrathin
(8): 535. NiCo,S,@graphene with a core-shell structure as a high
[19] ZHAO R Z, WANG M Q, ZHAO D Y, et al. performance positive electrode for hybrid
Molecular-level  heterostructures  assembled  from supercapacitors [J]. Journal of Materials Chemistry A,
titanium carbide MXene and Ni-Co-Al layered double- 2018(6): 5856-5861.
hydroxide nanosheets for all-solid-state flexible [24] YANG X J, SUN H M, ZAN P, et al. Growth of
asymmetric high-energy supercapacitors [J]. ACS vertically aligned Co,S,/CoMo,S, ultrathin nanosheets
Energy Letters, 2018, 3(1): 132-140. on reduced graphene oxide as a high-performance
[20] XU J, YANG Y H, WANG Y, et al. Enhanced supercapacitor electrode [J]. Journal of Materials
electrochemical properties of manganese-based metal Chemistry A, 2016(4): 18857-18867.
organic framework materials for supercapacitors [J]. [25] LI T, WANG J, XU Y, et al. Hierarchical structure
Journal of Applied Electrochemistry, 2019, 49: 1091- formation and effect mechanism of Ni/Mn layered
1102. double hydroxides microspheres with large-scale
[21] ZHAO Y, XU Y G, ZENG J, et al. Low-crystalline production for flexible asymmetric supercapacitors [J].
mesoporous  CoFe,O,/C  composite with oxygen ACS Applied Energy Materials, 2018, 1(5) : 2242-
vacancies for high energy density asymmetric 2253.
supercapacitors [ J]. RSC Advances, 2017(7): 55513- [26] WANGJ, ZHANG L P, LIU X S, et al. Assembly of
55522. flexible CoMoO,@NiMo0O,-xH,O and Fe,O,
[22] LIUW F, ZHANG Z, ZHANG Y N, et al. Interior electrodes for solid-state asymmetric supercapacitors
and exterior decoration of transition metal oxide [J]. Scientific Reports, 2017, 7(1): 1-11.

Preparation and Electrochemical Energy Storage Characteristics of 3D
Co,Mn;0, Nanofilms

ZENG Xiaojun,ZHANG Xiaoye , DING Junqing
(School of Materials Science and Engineering, Jingdezhen Ceramic University, Jingdezhen 333403, China)

Abstract: The good electrical conductivity and porous three-dimensional (3D) framework of Ni foam
promote electron transport and electrolyte contact. 3D Co,Mn;O, nanofilms were prepared by hydrothermal
method with Ni foam as a template, and their electrochemical energy storage properties as electrode
materials for supercapacitors were experimentally studied. The results show that ultrathin 3D Co,Mn;0O,
nanofilms can be controllably synthesized on the surface of Ni foam, which is composed of ultrasmall
nanoparticles and has a certain porous structure. The synthesized 3D Co,Mn;O, nanofilms as a
supercapacitor electrode exhibits excellent energy storage performances, such as a specific capacitance of
1092.5 F-g ' at a current density of 5 A-g ' and a capacitance retention of 89.1% after 1000 cycles of
galvanostatic charge-discharge. In addition, using Co,Mn;O, nanofilms as the cathode and activated carbon
as the anode, the assembled asymmetric supercapacitor provides high energy density, high power density,
and good cycle stability. This work enriches the electrode material species of pseudocapacitor supercapacitors
with self-supporting, binder-free, and high energy storage characteristics, and provides ideas for the design
of electrochemical energy storage films.

Keywords: Co,Mn;0O, nanofilms;pseudocapacitor;specific capacitance ; capacitance retention ;self-supporting
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