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Abstract

Recent progress in supercapacitors—recognized as advanced and
high-potential energy storage devices—has drawn considerable
interest from both scientific and industrial sectors. In this study,
a simple, rapid, and highly effective synthesis method is introduced,
offering strong potential for scaling up to industrial production.
The research focuses on synthesizing an electrode containing CuCrO:
nanocomposite using different proportions of CuCrO., carbon black
(CB), and activated carbon (AC). The resulting nanoparticles and
electrodes were analyzed through structural and performance-based
assessments. FESEM imaging revealed that the electrode materials
were evenly distributed across the nickel foam substrate. Among all
the synthesized composites, the one combining CuCrO: (0.6 %wt) with
a carbon-based material (0.4 %wt) delivered the best electrochemical
performance, achieving a specific capacitance of 700 F.g” and
stability of 91% after 5000 charge-discharge cycles at a current
density of 1 A.g7".
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Figure 1. Ragone plot of different energy storage systems.

1. Electrochemical Energy Storage Devices

2. Ragon Plot

3. Electrical Double-Layer Mechanism
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Figure 2. Types of supercapacitors regarding the material of the electrode.

1. Pseudo-Capacitor
5. Eun-Hee Lee

2. Hybrid

6. Galvanostatic Charge-Discharge

3. Specific Capacity
7. Cyclic Voltammetry

4. Energy Density
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Table 1. A brief comparison of related research in the field of electrode of supercapacitor.

Composite Ed i
(Whkg?)
rGO/MnO,/CuO 658 at 1 A.g* 118.61
Cu-MOF/rGO 366.6at1 A.gt 14.66
CugNizs 610at1A.g* -
Cu-MnO, 837at1Ag? -
PANI-CQD-Cu 1070 at1 Ag* pV\ff?:(L:(r)’n-Z
CuCogsTips02 283at0.5A.g* 31.93
CuO/Cu,0/Cu 878 at 1.67 A.g* 42
CUpsCros-MOF-D 535at0.7 A.g* 36.7
CuMn,04-rGO 342at1Ag? 121
rGO/carbon black 79at1Agt -
n:r:tc:\?\;itr(rcgfgﬁzr;izc:i?bi:s AN !
Cu,0 210.9at0.5Ag* -
ZnCo0,0,@Mn0,// Fe,03 161 at 2.5 mA.g* 37.8
Cu,Ol/AC 53at05Ag? 20.04

Pd _ Retention Electrolyte
(kW .kg™) (cycles)

15 8(:)5’07(;1(;);0 KOH [13]
. ( 2?)%0/0"0) KOH [14]
. (gg(‘;/g) KOH [15]
: ?276(2)(?; : [16]
m\(/)vgzzz (332’)) HzSO4 (7]
0.225 ég:g) = [18]
0.44 (Z;%%"go) KOH [19]
SR : o
108 (ch?gg) ' 1]
- - PVA/H,SO, [22]
1 98.8% (1000) = [23]
. 94.5% (5000) KOH [24]
0.648 91% (5000) KOH [25]
7.1 93.3% (5000) = [24]

1. Saktinathan
4. Energy Density
7. Cyclic Stability

2. Carbon Nano-Fiber
5. Power Density

3. Current Density
6. Specific Capacity
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Table 2. The composition of the synthesized electrode.

Electrode AC/CB SBR H,0 CuCro,
()] (9) (9) (9)
CuCro, 0/0 0.12 3.24 0.44
CuCro,C1 0.4/0.04 0.12 3.24 0.22
CuCr0,C2 0.4/0.04 0.12 3.24 0.44
CuCro,C3 0.4/0.04 0.12 3.24 0.66
CuCr0,C4 0.4/0.04 0.12 3.24 0.88
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Figure 3. XRD Pattern of CuCrO; nano-material.
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Table 3. The results of BET analysis for synthesized CuCrO..

Sample

Pore Size (cm®.g?)

Pore Diameter (nm)

CuCrO, 35/240

0.3736 10

1. Delafossite 2. Mesoporous
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Figure 4. Results of (a) FESEM and (b) TEM for synthesized CuCrO; nanoparticles.
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Table 4. Comparison of the specific capacity and cycle stability of the all-synthesized composite together.

Specific

Cycle Stability

Composite Ca?'gcgiga)nce S(CniQ/Ei;e
CuCrO, 550 50
CuCrO,C1 650 50
CuCrO,C2 670 50
CuCrO,C3 700 50
CuCrO,C4 705 50

(%)
60 49 259
93 58 262
92 60 269
91 62 280
87 63 283

(1€:0) Lindig > 9 390 0 louds — gy JUw — Ul Goud w0 Sdao & il

© 0000000000000 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

WE-IYA 0 — OlKan 5 esl30blS

s 2 8Lt 2SO 39,550 53 (5315 3amaST 3956 51 o)



b sl bl

59

VWENYA & o - 0K a:l}rElS

0000000000000 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

eI 2 Sl SOl 39,5l s (1 saST OL)

(1]

(2]

(3]

[4]

5]

(6]

[7]

(8]

(9]

[10]

Mohammadzadeh Aydisheh, H., Rostami, R., &
Momeni Hamaneh, M. M. (2024). Electrochemical
plating of Selenium Nanoparticles on Titanium Oxide
Nanotubes modified with Tungsten by simultaneous
anodizing method for application in Solar
Supercapacitors. Iranian Chemical Engineering
Journal, Articles in Press, [In Persian].

Daraee, M., Sadeghhassani, S., & Samiee, L. (2019).
Application of Graphene for Producing of Clean
Energy. Iranian Chemical Engineering Journal,
18(102), 50-64, [In Persian].

Tie, D., Huang, S., Wang, J., Ma, J., Zhang, J., &
Zhao, Y. (2020). Hybrid energy storage devices:
advanced electrode materials and matching principles.
Energy Storage Mater, 21, 22-40.

Benoy, S. M., Pandey, M., Bhattacharjya, D., &
Saikia, B. K. (2022). Recent trends in supercapacitor-
battery hybrid energy storage devices based on
carbon materials. Journal of Energy Storage, 52,
104938.

Sharma, K., Arora, A., & Tripathi, S.K. (2019).
Review of supercapacitors: Materials and devices.
Journal of Energy Storage, 21, 801-825.

Salleh, N. A., Kheawhom, S., Hamid, N. A. A,
Rahiman, W., & Mohamad, A.A. (2023). Electrode
polymer binders for supercapacitor applications: a

review. Journal of Materials Research and
Technology, 23, 3470-3491.
Vangari, M., Pryor, T., & lJiang, L. (2013).

Supercapacitors: review of materials and fabrication
methods. Journal of energy engineering, 139, 72-79.
Gilak, M. R., Pedram, M. Z., & Naikoo, G. (2023).
Enhancement  electrochemical  properties  of
supercapacitors using hybrid CuO/Ag/rGO based
nanoporous composite as electrode materials. Journal
of Energy Storage, 74, 109330.

Hou, C., Yang, W., Kimura, H., Xie, X., Zhang, X,
Sun, X., Yu, Z., Yang, X., Zhang, Y., & Wang, B.
(2023). Boosted lithium storage performance by local
build-in electric field derived by oxygen vacancies in
3D holey N-doped carbon structure decorated with
molybdenum dioxide. Journal of Materials Science &
Technology, 142, 185-195.

Yang, W., Peng, D., Kimura, H., Zhang, X., Sun, X.,
Pashameah, R. A., Alzahrani, E., Wang, B., Guo, Z.,
& Du, W. (2022). Honeycomb-like nitrogen-doped
porous carbon decorated with CozO4 nanoparticles for
superior electrochemical performance
pseudo-capacitive lithium storage and
supercapacitors. Advanced Composites and Hybrid
Materials, 5, 3146-3157.

Lee, E. H., Kim, E. B., Akhtar, M. S., & Ameen, S.
(2022). Delafossite CuCrO2 nanoparticles as possible

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

&l
electrode material for electrochemical supercapacitor.
Ceramics International, 48, 16667-16676.
Sakthinathan, S., Rajakumaran, R., Keyan, A. K., Yu,
C. L., Wu, C. F,, Vinothini, S., Chen, S. M., & Chiu,
T. W. (2021). Novel construction of carbon
nanofiber/CuCrO2 composite  for  selective
determination of 4-nitrophenol in environmental
samples and for supercapacitor application. RSC
advances, 11, 15856-15870.

Jennifer, P. S. J., Muthupandi, S., Niranjana, S.,
Ruban, M. J. R., Madhavan, J., Prathap, S., & Raj, M.
V. A. (2022). Investigation of MnQO2/CuO/rGO
ternary nanocomposite as electrode material for
high-performance supercapacitor. Inorganic
Chemistry Communications, 146, 110218.

Singh, M. K., Gupta, A. K., Krishnan, S., Guha, N.,
Marimuthu, S., & Rai, D. K. (2021). A new
hierarchically porous Cu-MOF composited with rGO
as an efficient hybrid supercapacitor electrode
material. Journal of Energy Storage, 43, 103301.
Komal, N., Ali, G., Sohail, M., Mazhar, M., Malik,
Z., & Wattoo, M. H. S. (2023). Facile preparation of
porous Cu, Ni, and Cu-Ni alloy as electrodes for
supercapacitor application. Materials Chemistry and
Physics, 295, 127060.

Adewinbi, S. A., Maphiri, V. M., Taleatu, B. A,
Marnadu, R., Shkir, M., Hakami, J., Kim, W.K., &
Gedi, S. (2022). Binder-less fabrication, some surface
studies, and enhanced electrochemical performance of
Co, Cu-embedded MnO2 thin film electrodes for
supercapacitor application. Ceramics International,
48, 26312-26325.

Shanmugasundaram, E., Ganesan, V., Narayanan, V.,
Vellaisamy, K., Saleh, N. I, & Thambusamy, S.
(2024). Construction of a binder-free PANI-CQD-Cu
electrode via an electrochemical method for flexible
supercapacitor applications. Nanoscale Advances, 6,
1765-1780.

Bhattacharya, D., Ghoshal, D., Mondal, D., Paul,
B.K., Pal, J., Gupta, B., Bose, N., Nandy, P., Basu,
M., & Das, S. (2021). Delafossite type CuCoo. 5Ti0.
502 composite structure: a futuristic ceramics for
supercapacitor and EMI shielding application.
Ceramics International, 47, 9907-9922.

Xu, P., Liu, J., Liu, T, Ye, K,, Cheng, K., Yin, J.,
Cao, D., Wang, G., & Li, Q. (2016). Preparation of
binder-free CuO/Cu20/Cu composites: A novel
electrode material for supercapacitor applications.
RSC advances, 6, 28270-28278.

Al-Thabaiti, S. A., Mostafa, M. M. M., Ahmed, A. I,
& Salama, R. S. (2023). Synthesis of
copper/chromium  metal organic  frameworks-
Derivatives as an advanced electrode material for

Iranian Chemical Engineering Journal — Vol. 25 - No. 146 (2026)



[21]

[22]

[23]

high-performance supercapacitors. Ceramics
International, 49, 5119-5129.

Zhang, C., Xie, A., Zhang, W., Chang, J., Liu, C., Gu,
L., Duo, X,, Pan, F., & Luo, S. (2021). CuMn204
spinel anchored on graphene nanosheets as a novel
electrode material for supercapacitor. Journal of
Energy Storage, 34, 102181.

Wang, Y., Wang, L., Yang, D., & Deng, M. (2014).
Imputing missing values for genetic interaction data.
Methods, 67, 269-277.

Bao, L., Zang, J., & Li, X. (2011). Flexible
Zn2Sn04/MnQO2  core/shell  nanocable—  carbon
microfiber hybrid composites for high-performance
supercapacitor  electrodes. Nano letters, 11,
1215-1220.

[24]

[25]

[26]

Wang, R., Sui, Y., Yang, F., Qi, J., Wei, F., He, Y.,
Meng, Q., & Sun, Z. (2018). Synthesis of Cu20 by
oxidation-assisted dealloying method for flexible
all-solid-state asymmetric supercapacitors. Journal of
Materials Science: Materials in Electronics, 29,
2080-2090.

Ma, W., Nan, H., Gu, Z,, Geng, B., & Zhang, X.
(2015). Superior  performance  asymmetric
supercapacitors based on ZnCo:0:@ MnO2 core—
shell electrode. Journal of Materials Chemistry A, 3,
5442-5448.

Yousif, Q. A., Mahdi, K. M., & Alshamsi, H. A.
(2021). Enhanced photovoltaic performance of
dye-sensitized solar cell based on ZnO nanoparticles
and ZnO/graphene nanocomposites. Journal of the
Chinese Chemical Society, 68, 1637-1643.

(1&:D) g i 9 390 0 by — @zigsamnss Jw — Uyl Fossis wSidgo &3 i




