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Fig. 1 The XRD pattern of Co;0,
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Fig.2 The SEM image of Co;0,
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Fig.3 CV curves of Co;0, electrode materials at different reaction temperatures
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W (1) TSR BN 645 1 Co,0, HLbK
MRTFEARTR R R T HL L ZE, 25503 1 R,
HERATHL, 140 CR 451 Co,0, FAM M BIZEAR R
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Table 1 Specific capacitance of Co;0, electrode materials
at different reaction temperatures

HLR S / A (Fg )
FH IR 4 a0, Bl O R S T O, g (Agh  100°C  120C  140C  160C 180 C
T EE, B BsF[E]AS W s /DS, AS [a) B AR A4 R 25 52 30 8 3 {0 1 79.875  236.750 371.428 237.391  97.522
:ﬁﬁ/}ﬂg}iﬁk%@[ﬁ/; , ﬁtﬁﬁ@g@xﬂgﬁ‘%%%{#%?ﬁ’ 2 70.021 221.880 345.540 223.210 92.080
ﬁﬁ?’fﬂi @yﬁ%ET , i’{l;%fﬂﬂj Jjﬁ-’ﬂ E’\J}E’ﬁﬁﬂ? Lﬁ , Jﬂﬁ 5 61.040 187.500  299.620 193.067 80.238
jﬂEE*&H*#?;Z%%L%J&JE&@%I@E‘J(ZH%IE EE%?* 10 50.083 163.892 257473 171.326 74.836
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Fig. 4 GCD curves of Co;0, electrode materials at different reaction temperatures
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Fig. 5 CV curves of Co;0, electrode materials at different dosages of SDS
——1 Alg; —— 1 Alg;
> 0.6 —2 Alg; > 0.6 ——2 Alg; > 0.6F
a ——5Alg; ) —— 5 Alg; o
05 +é8 :;g; = osf ——10A/g;| £ 05F
—p— of
= & 2 —~—20Ag| 2
Zo4f Z o4t Z 04f
.8 .8 .8
5 5 5
3031 5 03r 3 03f
(=% (=% (=%
0.2 0 30 60 90 120 150 02 0 50 100 150 200 0.2 0 50 100 150 200 250 300
time/s time/s time/s
a) 0.5gSDS b) 1.0 gSDS c) 1.5gSDS

-21 -



€1 %= = f PACKAGING JOURNAL
2024 4 5 16 & 2 6 B Vol. 16 No. 6 Nov. 2024

Ub

0.6 0.6 0.6F

> < <

3 o o

5 051 2 05F 205

£ = =

= = =

g‘ 0.4 — ] A/g; ?, 04 \% 0.4

= ——2 Alg; s s

E 03 ——5 Alg; 5 .l 5

% ——10 Alg; é 03 é 03

= ool ——20 Alg,

- 1 1 1 1 1 1 02 1 1 1 1 1 02 1 1 1 1 1 1 1
0 20 40 60 80 100 0 10 20 30 40 0 50 100 150 200 250 300
time/s time/s time/s
d) 2.0 gSDS e) 2.5gSDS £) 1A/g TXFHE

6 7A[ sDs BETHFH Co,0, BEMEE GCD #Lk
Fig. 6 GCD curves of Co;0, electrode materials at different dosages of SDS

R TR G, R AR
ik X (1) 35 AN [F] SDS FH & T AT 1Y

Co,0, UM RHEAN [ H %5 B R Bk bz A9 FEFRLZ
gERNFE 2 R, R 2 AT%0, SDS =N 1.5 g i
AR Co,0, HIMARL, FEA[F]HL % BE T BRI
R CHES, BRI IE+E SDS & 1.5 g I il
.

F2 FFSDS HETHIFH Co,0, RRMEMELAE
Table 2 Specific capacitance of Co,0, electrode materials

at different dosages of SDS

L ez /(Fog ™)
(Ag) 05¢g 1.0g 15¢g 20¢g
1 122250 254250  371.428 115.750
2 121.059  242.000  345.540 109.000
5 110625 210352 299.620 91.250
10 98.549 184797  257.473 76.365
20 75.596 142,247 199.765 62.136

3.4 CoCl,6H,0 &3 Co,0, BB E Bk F
HE 1Y 22 8

A B FEAE S A SO IR (140 °C) F1 SDS Hl =
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FH AL X Co,0, HL MR A1 B L Ak 24 M RE 1 52 . AN [f)
CoCl,-6H,0 Fi & 15 1) Co,0, HL A1 KL 7E A [A] 314
MR CV e Bt N 7 Jis .

i & 7a~c AT LIFE i, AN[F CoCly-6H,0 i T il
PR Co,0, UM BRI CV HIZEHA R AT (1 A AL SR
W, BEBHIARE 3 Fh Co,0, A R HA I L 2517
Fo HE 7d H CV XS LRI LI B B 1, N[
CoCl,-6H,0 Ji it T 15 Co,0, H A b4 Kk 6 Ha Ak 27 47k g
HAEKKZS, Hrh CoCl,6H,0 AH 4 8 mmol A

AR Co,0, HIARA BN CV RIFR K, LI H AL fb
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e @Hb%'fj’:o
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Fig.7 CV curves of Co;0, electrode materials at
different dosages of CoCl,-6H,0
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Fig. 8 GCD curves of Co;0, electrode materials at
different dosages of CoCl,-6H,0
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Table 3 Specific capacitance of Co;0, at different
dosages of CoCl,-6H,0

HL R / HerLZE /(g™
(Agh 4 mmol 8 mmol 12 mmol
1 155.500 371.428 123.250
2 148.502 345.540 120.263
5 132.567 299.620 102.819
10 111.698 257.473 84.943
20 79.241 199.765 53.540

3.5 Co,0, AR E R

TG I R I 2 75 2 M R B A4 PR ) —
NEESEC BRI A B E R Co,0, MR
MRHE 2 A/g LT T UE1T 1000 IRAGFF GCD P,
LESRANE 9 PR, Hirp & 9a 2R IT 45 Ak 5 YRl
)i 5 GCD HiZk&, Kl 9b 2 Ife e vEE .
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Fig. 9 GCD curves of the cyclic test and cycle
stability diagram

4 Z5ig

AT LIRS A L T AR Co0,, I
DAL R R R B 22 i B AR bR, 3 2o el A L s
B S R . SDS i L K CoCl,-6H,0 F Ht il %
AR =4, L B ALK AT A1 Cos0,
HU AR R AR 2EPERE , FFB LSBT .

1) YRR JE 140 ¢, SDS &N 1.5 g,
CoCl,-6H,0 Jil# >k 8 mmol B}, I8/ Co,0, HL A1
RLEA R S r AL 2R R

2) 16 1 Alg WMHREE T, Co,0, AR B LT
HL 25 A% 371.428 Flg, £ 2 Alg HLIREE T , Co,0,
AR A4 R EAT 1000 A 2R GCD MRS, Ho i 25 0%
FAR 73.76%, PiA RAFIIEI R ENE .

Sk

[1] LIUR, ZHOU A, ZHANG X R, et al. Fundamentals,
Advances and Challenges of Transition Metal
Compounds-Based Supercapacitors[J]. Chemical
Engineering Journal, 2021, 412: 128611.

21 Hw&®, #k J7, W Sk, SF L ESHRES R
BHIFE R [1]. 44U TFSE, 2024(7): 29-32.
XIAO Fuqiang, LIN Guang, CHANG Le, et al.
Progress in the Research of Electrode Materials for
Supercapacitors[J]. Modern Chemical Research,
2024(7): 29-32.

3] XUZ4LH, REH, 5%, . Ni,CoS,/ i A fbf

S | Z LIRSS A A B ) o SR B S A
s T U] A, 2019, 11(5): 1-9.
LIU Jilei, ZHU Yirong, YI Wenjie, et al. Preparation
of Ni,CoS,/Reduced Graphene Oxide/Holey Reduced
Graphene Oxide and Its Application in Supercapacitors[J].
Packaging Journal, 2019, 11(5): 1-9.

[4] =S, EOMK, HEEZEE . R AR A AR A
BB BT T HE S 9], At ok, 2023, 27(4): 199-
204.

YUAN Dandan, WANG Lin, SHANG Suijun. Research
Progress of Electrode Materials for Supercapacitors Based
on Pseudocapacitors[J]. Chinese Battery Industry,
2023, 27(4): 199-204.

[5]1 AW, XIEHe, Bk, 5. BYERE Y
FREGTHERE (0], A P4, 2022, 59(11): 1105-
1118.

SHI Wenming, LIU Yihua, LU Xianglian, et al.
Research Progress of Supercapacitor Materials and
Applications[J]. Micronanoelectronic Technology,
2022, 59(11): 1105-1118.

[6] HUXR, WANGY, WUQS, etal. Review of Cobalt-
Based Nanocomposites as Electrode for Supercapacitor
Application[J]. Tonics, 2022, 28(3): 989-1015.

(71 EEHL, B AR MnO/ACNT 54 MORH i 5 S
RLALATEREDTSE [0]. FL LR KL, 2023, 51(3 T 2):
307-311.

- 24 -



062

[12]

[13

—_

[14

—

[15]

la7ad

K, F
PHKERIK Co,0, RUFI & R B 1L E

WANG Yugqi, KANG Le. Preparation and Electrochemical
Properties of MnO,/ACNT Composites[J]. New Chemical
Materials, 2023, 51(S2): 307-311.

AHAE, K B, ORILE, % IR ALY /A
S0 S G PR ) A SO REBIESY (7], ED YL 5,
2022, 39(11): 12-17.

ZHENG Linjuan, ZHANG Yu, MA Wujun, et al.
Preparation and Properties of Transition Metal Oxide/
Graphene Composites[J]. Textile Auxiliaries, 2022,
39(11): 12-17.

Ji/EE, SRHERC, RRRREE, 45 JEA AT T AL
HREHL A i 8 MR RERIF S S B8 (9], L AR AT,
2024, 53(7): 219-223.

SU Xiaohui, GUO Yanxin, LIANG Zicong, et al.
Experimental Design of Preparing Morphologically
Controllable MnO, Thin Film Electrodes and Research
of Their Properties[J]. Shandong Chemical Industry,
2024, 53(7): 219-223.

LUY, LIUY B, MO J M, et al. Construction of
Hierarchical Structure of Co;0, Electrode Based on
Electrospinning Technique for Supercapacitor[J]. Journal
of Alloys and Compounds, 2021, 853: 157271.
CHENJL, XUZF, ZHU H L, et al. An Ultrafast
Supercapacitor Built by Co;O, with Tertiary Hierarchical
Architecture[J]. Vacuum, 2020, 174: 109219.
LIGM, CHEN M Z, OUYANGY, et al. Manganese
Doped Co;0, Mesoporous Nanoneedle Array for Long
Cycle-Stable Supercapacitors[J]. Applied Surface
Science, 2019, 469: 941-950.

TR, EHEL, KIR%, 5. SEAPHERBER
JEE TV S0 9 2 e FON A 58 2 Jee 0], AR T8 BUAL KL,
2024, 52(4): 58-64.

DING Juncheng, REN Zhongyuan, ZHU Zhenxing, et
al. Advance in Crystal Size and Morphology Regulation
and Applications of Metal-Organic Framework
Materials[J]. New Chemical Materials, 2024, 52(4):
58-64.

RILL, RARTE, For, % RAMLD KRR
MHLAEAE G B S TE SRR R [7]. b2t
2012, 28(10): 2436-2446.

JIAO Shuhong, XU Dongsheng, XU Lifen, et al.
Recent Progress in Electrochemical Synthesis and
Morphological Control of Metal Oxide Nanostructures[J].
Acta Physico-Chimica Sinica, 2012, 28(10): 2436-
2446.

ZHOU Y, FUY S, ZHANG T T, et al. Synthesis of
Size-Controllable, Yolk-Shell Metal Sulfide Spheres
for Hybrid Supercapacitors[J]. Chemical Engineering

[16]

[17]

(18]

[19]

(20]

(21]

(22]

(23]

(24]

- 25—

Journal, 2023, 476: 146377.
ZHUYR, LUPC, LIF Z,
Copper Cobalt Phosphide Nanoplates as a High-Rate
and Stable Battery-Type Cathode Material for Battery-

et al. Metal-Rich Porous

Supercapacitor Hybrid Devices[J]. ACS Applied Energy
Materials, 2021, 4(4): 3962-3974.

Emess, TRk, WEY, & BUTRER & E AL
Yy 1 BB d AR A BIF SR (7). A Tk,
2023, 42(10): 5272-5285.

WANG Xiaoliang, YU Zhenqgiu, CHANG Leiming,
et al. Research Progress in the Preparation of Hydroxide/
Oxide Supercapacitor Electrodes by Electrodeposition[J].
Chemical Industry and Engineering Progress, 2023,
42(10): 5272-5285.

WANGM X, ZHANGJ, FANHL, etal. ZIF-67 Derived
Co,;0,/Carbon Aerogel Composite for Supercapacitor
Electrodes[J]. New Journal of Chemistry, 2019,
43(15): 5666-56609.

O, SkEEfE, SR, £ a4 B A lL
W) ) G 25 R i R BE [T, REFR SR F IR, 2023,

51(7): 1835-1846.

JIANG Chao, ZHANG Xiaohua, LU Shuaicheng, et
al. Electrochemical Performance of Oxygen Vacancies
Enhanced Transition Metal Oxides in Supercapacitor[J].
Journal of the Chinese Ceramic Society, 2023, 51(7):
1835-1846.

GUO SH, CHENWQ, LIM, etal. Effect of Reaction
Temperature on the Amorphous-Crystalline Transition
of Copper Cobalt Sulfide for Supercapacitors[J].
Electrochimica Acta, 2018, 271: 498-506.

FICR, BEAE . ARX PR S AR 6 R AL
WAFFE VR [J]. ) MHAk2%, 2022, 47(6): 1-10.
WANG Wenhao, XUE Yuhua. Progress of Metal Oxide
Electrodes for Asymmetric Capacitors[J]. Guangzhou
Chemistry, 2022, 47(6): 1-10.

KEE, TR, KR4 BIRLEGSREALSYE
WA R HER [7]. B, 2021, 58(6): 293-298.
SONG Xiaoyu, DING Xiaobo, ZHU Junsheng. Research
Progress of Metal Compounds for Supercapacitors[J].
Chinese LABAT Man, 2021, 58(6): 293-298.

LIUQ Q, XUH L, HE Z K, et al. Sodium Dodecyl
Sulfate-Adjusted Phase Composition of Hydrated
Tungsten Oxides as Stable Self-Supporting Electrodes
for Supercapacitors with High Volumetric Specific
Capacitance[J]. Inorganic Chemistry, 2024, 63(3):
1550-1561.

LIU X R, ZHU YR, LU Z H, et al. Heterostructured
Flower-Like NiO/Co;0, Microspheres Modified by



DE €1 %= = f PACKAGING JOURNAL
2024 4 5 16 & 2 6 B Vol. 16 No. 6 Nov. 2024

Bifunctional Carbon Quantum Dots as a Battery-Type 2(6): 721-737.
Cathode for High Energy and Power Density Hybrid
Supercapacitors[J]. Carbon Neutralization, 2023, (Ri1E4E. 224)

Preparation and Electrochemical Characterization of Nanospherical Co,0,

LUO Min, QIAN Yin, LI Fuzhi

( College of Packaging and Materials Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: Transition metal oxides are one of the most widely used electrode materials owing to their high
specific capacitance and good electrochemical stability. Nano-spherical Co;0, was synthesized using cobalt chloride
hexahydrate (CoCl,-6H,0), urea, sodium dodecyl sulfate (SDS), and cyclohexane as the raw materials through the
microemulsion method, and Co;0, electrode materials were subsequently prepared. The effects of the microemulsion
reaction temperature, SDS and the amount of CoCl,:6H,0 on the electrochemical properties of the Co;O, electrode
materials during the preparation process were investigated in particular. The electrochemical performances of Co,0,
were analyzed by cyclic voltammetry test, constant-current charge/discharge (GCD), and long-cycle test. The results
show that the Co,0, prepared at the reaction temperature of 140 C , with 1.5 g of SDS and 8 mmol of CoCl,-6H,0
exhibited the best electrochemical performance, with a specific capacitance as high as 371.428 F/g at a current density
of 1 A/g, and capacitance retention rate was 73.76% after 1000 GCD tests at a current density of 2 A/g.

Keywords: microemulsion method; nanosphere; Co;0,; electrochemical property
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