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Editorial Manager Registration

From: Materials Science for Energy Technologies (em@editorialmanager.com)
To: andrifis@ymail.com

Date: Saturday, July 23, 2022, 08:57 PM GMT+7

Dear Mr. Manalu,

Thank you for registering for the Editorial Manager online submission and peer review tracking system for Materials
Science for Energy Technologies.

Here is your username, which you need to access Editorial Manager at https://www.editorialmanager.com/mset/.
Username: amanalu

If you do not know your confidential password, you may reset it by clicking this link:
https://www.editorialmanager.com/mset/l.asp?i=40994&I=AHAYBEMY

Please save this information in a safe place.

You can change your password and other personal information by logging into the Materials Science for Energy
Technologies website and clicking on the Update My Information link on the menu.

Best regards,
Materials Science for Energy Technologies
#ED_MSETH#

To ensure this email reaches the intended recipient, please do not delete the above code

In compliance with data protection regulations, you may request that we remove your personal registration details
at any time. (Use the following URL: https://www.editorialmanager.com/mset/login.asp?a=r). Please contact the
publication office if you have any questions.
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From: Materials Science for Energy Technologies (em@editorialmanager.com)
To: andrifis@ymail.com

Date: Monday, July 25, 2022, 08:06 PM GMT+7

Dear Mr. Manalu,
Here is your username, which you need to access Editorial Manager at https://www.editorialmanager.com/mset/.
Username: amanalu

If you do not know your confidential password, you may reset it by clicking this link:
https://www.editorialmanager.com/mset/l.asp?i=40995&I=45CV3URH

Please save this information in a safe place.

You may also change your password and other personal information by logging into the Materials Science for
Energy Technologies website and clicking on the Update My Information link on the menu.

Best regards,

Materials Science for Energy Technologies

Have questions or need assistance?

For further assistance, please visit our customer service site: http://help.elsevier.com/app/answers/list/p/9435/.
Here you can search for solutions on a range of topics, find answers to frequently asked questions, and learn more
about Editorial Manager via interactive tutorials. You can also talk 24/5 to our customer support team by phone and
24/7 by live chat and email.
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To ensure this email reaches the intended recipient, please do not delete the above code

In compliance with data protection regulations, you may request that we remove your personal registration details
at any time. (Use the following URL: https://www.editorialmanager.com/mset/login.asp?a=r). Please contact the
publication office if you have any questions.
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From: Materials Science for Energy Technologies (em@editorialmanager.com)
To: andrifis@ymail.com

Date: Tuesday, August 9, 2022, 01:14 PM GMT+7

*This is an automated message. *

Journal: Materials Science for Energy Technologies

Title: Effect of surface area on electrical properties of NiCo204-reduced graphene oxide nanocomposites for
supercapacitor electrodes applications

Corresponding Author: Mr Syahrul Humaidi

Co-Authors: Andriono Manalu, M.Pd; Kerista Tarigan, Dr.; Masno Ginting, Prof.; Istas Pratomo Manalu, M.Sc.;
Ikhwanuddin Ikhwanuddin

Manuscript Number:

Dear Mr. Andriono Manalu,

Mr Syahrul Humaidi submitted this manuscript via Elsevier's online submission system, Editorial Manager, and you
have been listed as a Co-Author of this submission.

Elsevier asks Co-Authors to confirm their consent to be listed as Co-Author and track the papers status. In order to
confirm your connection to this submission, please click here to confirm your co-authorship:

https://www.editorialmanager.com/mset/l.asp?i=41372&I=RDLEEA4E

If you have not yet registered for the journal on Editorial Manager, you will need to create an account to complete
this confirmation. Once your account is set up and you have confirmed your status as Co-Author of the
submission, you will be able to view and track the status of the submission as it goes through the editorial process
by logging in at https://www.editorialmanager.com/mset/

If you did not co-author this submission, please contact the Corresponding Author directly at syahruli@usu.ac.id

Thank you,
Materials Science for Energy Technologies

More information and support

FAQ: What is Editorial Manager Co-Author registration?

https://service.elsevier.com/app/answers/detail/a id/28460/supporthub/publishing/kw/co-
author+editorial+manager/

You will find information relevant for you as an author on Elsevier’s Author Hub: https://www.elsevier.com/authors
FAQ: How can | reset a forgotten password?

https://service.elsevier.com/app/answers/detail/a id/28452/supporthub/publishing/

For further assistance, please visit our customer service site:
https://service.elsevier.com/app/home/supporthub/publishing/

Here you can search for solutions on a range of topics, find answers to frequently asked questions, and learn more
about Editorial Manager via interactive tutorials. You can also talk 24/7 to our customer support team by phone and
24/7 by live chat and email

#AU_MSET#

To ensure this email reaches the intended recipient, please do not delete the above code

In compliance with data protection regulations, you may request that we remove your personal registration details
at any time. (Use the following URL: https://www.editorialmanager.com/mset/login.asp?a=r). Please contact the
publication office if you have any questions.
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From: Andri Fis (andrifis@ymail.com)
To: rizzaumami.box@gmail.com

Date: Tuesday, October 4, 2022, 09:15 PM GMT+7

————— Forwarded Message -----

From: syahrul1 TBA <syahrul1@usu.ac.id>

To: "andrifis@ymail.com" <andrifis@ymail.com>

Sent: Monday, September 19, 2022, 02:45:49 AM GMT+7

Subject: Fwd: Decision on submission to Materials Science for Energy Technologies

—————————— Forwarded message ---------

Dari: Materials Science for Energy Technologies <em@editorialmanager.com>
Date: Jum, 16 Sep 2022 pukul 23.57

Subject: Decision on submission to Materials Science for Energy Technologies
To: Syahrul Humaidi <syahrul1@usu.ac.id>

CC: gjaz@iitism.ac.in, ejaz.alchemy@gmail.com, ejaz.iitd@gmail.com

Manuscript Number: MSET-D-22-00029

Effect of surface area on electrical properties of NiCo204-reduced graphene oxide nanocomposites for
supercapacitor electrodes applications

Dear Mr Humaidi,

Thank you for submitting your manuscript to Materials Science for Energy Technologies.

| have completed my evaluation of your manuscript. The reviewers recommend reconsideration of your
manuscript following major revision. | invite you to resubmit your manuscript after addressing the comments
below. Please resubmit your revised manuscript by Oct 16, 2022.

When revising your manuscript, please consider all issues mentioned in the reviewers' comments carefully:
please outline every change made in response to their comments and provide suitable rebuttals for any

comments not addressed. Please note that your revised submission may need to be re-reviewed.

To submit your revised manuscript, please log in as an author at https://www.editorialmanager.com/mset/, and
navigate to the "Submissions Needing Revision" folder.

Materials Science for Energy Technologies values your contribution and | look forward to receiving your revised
manuscript.

Kind regards,

Tejraj Aminabhavi

Editor-in-Chief

Materials Science for Energy Technologies

Editor and Reviewer comments:

Reviewer #1: File attached
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You will find information relevant for you as an author on Elsevier’s Author Hub:
https://www.elsevier.com/authors

FAQ: How can | reset a forgotten password?

https://service.elsevier.com/app/answers/detail/a id/28452/supporthub/publishing/

For further assistance, please visit our customer service site:
https://service.elsevier.com/app/home/supporthub/publishing/

Here you can search for solutions on a range of topics, find answers to frequently asked questions, and learn
more about Editorial Manager via interactive tutorials. You can also talk 24/7 to our customer support team by
phone and 24/7 by live chat and email
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From: syahrull TBA (syahrul1@usu.ac.id)

To:

andrifis@ymail.com

Date: Saturday, October 22, 2022, 05:32 AM GMT+7

Forwarded message ---------

Dari: Elsevier - Article Status <Article Status@elsevier.com>
Date: Kam, 20 Okt 2022 09:06

Subject: IMPORTANT - Track your article [MSET_303]

To: <syahrul1@usu.ac.id>

about:blank

ELSEVIER
Track your article!

Dear Dr. Humaidi,

Your article Effect of surface area on electrical properties
of NiCo204-reduced graphene oxide nanocomposites for
supercapacitor electrodes applications will be published
in Materials Science for Energy Technologies.

To track the status of your article throughout the
publication process, please use our article tracking
service:

https://authors.elsevier.com/tracking/article/deta
iIs.do?aid=303&jid=MSET&surname=Humaidi

For help with article tracking go to Elsevier Support.

We are committed to publishing your article as quickly as possible. We will therefore
send you an alert of each next step in the production process where your involvement
is required.

Once the expected dispatch date of your proofs is available, you will be automatically
alerted by e-mail.

Yours sincerely,
Elsevier Researcher Support

Have questions or need assistance?

Please do not reply to this automated message.

For further assistance, please visit our Elsevier Support Center where you search for solutions on a
range of topics and find answers to frequently asked questions.

You can also talk to our researcher support team by phone 24 hours a day from Monday-Friday and 24/7
by live chat and email.

© 2022 Elsevier Ltd | Privacy Policy http://www.elsevier.com/privacypolicy,
Elsevier Limited, The Boulevard, Langford Lane, Kidlington, Oxford, OX5 1GB, United Kingdom,
Registration No. 1982084. This e-mail has been sent to you from Elsevier Ltd. To ensure delivery to your
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inbox (not bulk or junk folders), please add Article_Status@elsevier.com to your address book or safe
senders list.
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From: Elsevier - Author Forms (article_status@elsevier.com)
To: andrifis@ymail.com

Date: Saturday, October 22, 2022, 06:28 PM GMT+7

ELSEVIER

Dear Dr Manalu,

h{' .'1\1 R L]

Thank you for publishing your article in Materials Science

. . Materials
for Energy Technologies . Dr. Humaidi completed the Science for Energy
Rights and Access Form for your article Effect of surface Technologies
area on electrical properties of NiCo204-reduced e
graphene oxide nanocomposites for supercapacitor

electrodes applications on October 22, 2022.

The Order Summary is attached to this email. A copy of
the Order Summary is also sent to all co-authors for
whom we have contact details.

Your article will be free for everyone to read online as
soon as it is published.

If you have any questions, please do not hesitate to contact us. To help us assist you,
please quote our article reference MSET303 in all correspondence.

Now that your article has been accepted, you will want to maximize the impact of your
work. Elsevier facilitates and encourages authors to share their article responsibly. To
learn about the many ways in which you can share your article whilst respecting
copyright, visit: www.elsevier.com/sharing-articles.

Kind regards,
Elsevier Researcher Support

Seven strategies for you to create a brand
and promote your research

Learn how to give your research the visibility it deserves
with these seven strategies.

> Access module now

Have questions or need assistance?

Please do not reply to this automated message.

For further assistance, please visit our Elsevier Support Center where you search for solutions on a
range of topics and find answers to frequently asked questions.

You can also talk to our researcher support team by phone 24 hours a day from Monday-Friday and 24/7
by live chat and email.
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Re: Rights and Access form completed for your article [MSET_303]

From: Andri Fis (andrifis@ymail.com)
To: article_status@elsevier.com

Date: Tuesday, October 25, 2022, 08:44 PM GMT+7

Dear Editor-in-Chief

We are grateful to hear the decision. Regarding this, we would like to request the issuance of Letter of Acceptance
which includes the volume and issue number for our paper. Or should we pay for APC before receiving LoA? Thank
you for the assistance.

Best Regards,
Andriono Manalu

On Saturday, October 22, 2022, 06:28:19 PM GMT+7, Elsevier - Author Forms <article_status@elsevier.com>
wrote:

ELSEVIER

Dear Dr. Humaidi,

Thank you for completing the Rights and Access Form
for your article Effect of surface area on electrical
properties of NiCo204-reduced graphene oxide
nanocomposites for supercapacitor electrodes
applications on October 22, 2022.

The Order Summary is attached to this email.
Your article will be free for everyone to read online as
soon as it is published.

If you have any questions, please do not hesitate to
contact us. To help us assist you, please quote our article
reference MSET303 in all correspondence.

Now that your article has been accepted, you will want to maximize the impact of your
work. Elsevier facilitates and encourages authors to share their article responsibly. To
learn about the many ways in which you can share your article whilst respecting
copyright, visit: www.elsevier.com/sharing-articles.

Kind regards,
Elsevier Researcher Support

Seven strategies for you to create a brand
and promote your research

Learn how to give your research the visibility it deserves
with these seven strategies.

> Access module now
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Have questions or need assistance?

Please do not reply to this automated message.

For further assistance, please visit our Elsevier Support Center where you search for solutions on a
range of topics and find answers to frequently asked questions.

You can also talk to our researcher support team by phone 24 hours a day from Monday-Friday and 24/7
by live chat and email.
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Re: Rights and Access form completed for your article [MSET_303]

From: Andri Fis (andrifis@ymail.com)
To: Article_Status@elsevier.com

Date: Tuesday, October 25, 2022, 08:44 PM GMT+7

Dear Editor-in-Chief

We are grateful to hear the decision. Regarding this, we would like to request the issuance of Letter of Acceptance
which includes the volume and issue number for our paper. Or should we pay for APC before receiving LoA? Thank
you for the assistance.

Best Regards,
Andriono Manalu

On Saturday, October 22, 2022, 06:28:19 PM GMT+7, Elsevier - Author Forms <article_status@elsevier.com>
wrote:

ELSEVIER
Dear Dr. Humaidi,

Thank you for completing the Rights and Access Form
for your article Effect of surface area on electrical
properties of NiCo204-reduced graphene oxide
nanocomposites for supercapacitor electrodes
applications on October 22, 2022.

The Order Summary is attached to this email.
Your article will be free for everyone to read online as
soon as it is published.

If you have any questions, please do not hesitate to
contact us. To help us assist you, please quote our article
reference MSET303 in all correspondence.

Now that your article has been accepted, you will want to maximize the impact of your
work. Elsevier facilitates and encourages authors to share their article responsibly. To
learn about the many ways in which you can share your article whilst respecting
copyright, visit: www.elsevier.com/sharing-articles.

Kind regards,
Elsevier Researcher Support

Seven strategies for you to create a brand
and promote your research

Learn how to give your research the visibility it deserves
with these seven strategies.

> Access module now
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Have questions or need assistance?

Please do not reply to this automated message.

For further assistance, please visit our Elsevier Support Center where you search for solutions on a
range of topics and find answers to frequently asked questions.

You can also talk to our researcher support team by phone 24 hours a day from Monday-Friday and 24/7
by live chat and email.
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Trs: Fwd: Review the proofs of your article [MSET_303] in Materials Science for Energy
Technologies

From: Andri Fis (andrifis@ymail.com)
To: arielgibran91@gmail.com

Date: Friday, November 4, 2022, 09:37 AM GMT+7

Dikirim dari Yahoo Mail di Android

----- Pesan yang Diteruskan -----

Dari: "syahrul1 TBA" <syahrul1 @usu.ac.id>

Kepada: "andrifis @ymail.com" <andrifis@ymail.com>

Cc:

Terkirim: Jum, 4 Nov 2022 pada 7:56

Judul: Fwd: Review the proofs of your article [MSET_303] in Materials Science for Energy Technologies

—————————— Forwarded message ---------

Dari: <K.R1@elsevier.com>

Date: Kam, 3 Nov 2022 pukul 16.30

Subject: Review the proofs of your article [MSET_303] in Materials Science for Energy Technologies
To: <syahruli@usu.ac.id>

PLEASE DO NOT ALTER THE SUBJECT LINE OF THIS EMAIL

Our reference: MSET 303

Article reference: MSET_MSET-D-22-00029

Article title: Effect of surface area on electrical properties of NiCo204-reduced graphene oxide
nanocomposites for supercapacitor electrodes applications

To be published in: Materials Science for Energy Technologies

Dear Dr. Humaidi,

We recently sent you proofs of the above-mentioned article. Our records indicate that we have not yet
received your proof corrections or your approval to publish the article without change.

Please review the proof and submit any corrections within 48 hours to help us publish your article as
quickly and accurately as possible.

Please click on the link below to access your proofs and the instructions for returning your corrections.

https://elsevier.proofcentral.com/en-us/landing-page.htmli?token=c78bc045a5fc65e6e105c80a668350

If this link does not work, please copy the entire URL (noting that it may run on to a second line in this
message) into your browser.

If you have already returned your corrections within the past 24 hours then please ignore this reminder.

Please note that once we receive your corrections, your article is considered finalized and further
amendments are no longer possible.

Thank you for your cooperation. Please contact us if you have any questions, and quote the reference for
your article, MSET 303, in all of your messages to us.
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Kind regards,

Ms Keerthana R

Data Administrator

Elsevier

E-Mail: K.R1@Elsevier.Com

HAVE QUESTIONS OR NEED ASSISTANCE?

For further assistance, please visit our Customer Support site, where you can search for solutions on a
range of topics, such as Open Access or payment queries, and find answers to frequently asked
questions. You can also talk to our customer support team by phone 24 hours a day from Monday-Friday
and 24/7 by live chat and email.

Get started here: http://service.elsevier.com/app/home/supporthub/publishing
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1. Introduction

As a developing country, Indonesia has a significant need for a variety of resources to advance. This
also contributes to the expanding use of electronic components in the energy, transportation, technology,
and information technology industries. The increasing use of electronic component materials each year
will increase the electricity demand, including electrical energy storage components, causing the
development of electrical energy storage component devices to garner a great deal of attention [1]. A
supercapacitor is one of the frequently utilized electrical energy storage materials. A supercapacitor or
electrochemical capacitor is an electrical double layer that functions as an electrical energy storage device
based on charging and discharging at the electrode-dielectric interface [2].Currently, the supercapacitor
electrode material is growing as an energy storage materialas it has various advantages. For example, it is
maintenance-free, has a longer lifespan, rapid chargeand discharge cycles, and can operate effectively in
various environmental conditions[3]. In addition, it has > 100,000cycles, high energy density, extensive
energy storage capability, simple principles, and easy construction[4].

Based on the technique of electrical charge storage, supercapacitors are often split into two groups:
electrical double-layer capacitors (EDLC) and pseudocapacitors [S]. EDLC capacitors are often utilized in
low-power applications [6] using activated carbon electrodes which have a wide surface area for storing
electric charge at the electrode/electrolyte interface, such as carbon fiber, carbon aerogel, and carbon
paper. The power density and stability of these capacitors are remarkable, but their specific capacitance is
low [7]. In contrast, pseudocapacitors are used for high power applicationswith metal oxide electrodes
whose electric charge transfer is based on a reversible Faradaic process[8], including reversible
adsorption, redox processes on metal oxides, and reversible electrochemical doping on conductive
polymers for electrodes [9]. Pseudocapacitors can store electric charge more effectively than EDLC, but
their stability is still inferior to that of EDLC. Therefore, this capacitor needs further improvement using
redox-active electrode materials and increasing the specific surface area for energy storage applications in
hybrid electric cars and household electric devices [10].

Supercapacitors must be designed with a high specific surface area and a narrow distribution of pore
size to maximize their capacitance performance [11]. Nickel cobaltite (NiC0,0s4), the electrode substance
used in this study, was created by coprecipitating and calcining precursors of NiS.5H,O and
C0,504.7H,0 with rGO. The spinel NiC0,04 possesses superior electrical conductivity and redox activity

than single-metal oxides like NiO and Co304. In addition, NiCo,O4 is a promising option for high-
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performance supercapacitors due to its high theoretical capacitance, ease of manufacture, abundant
materials, low cost, and eco-friendliness.

NiO has a bandgap of 3.37 eV, a conductivity of 1.4 x 107 S/m, and a resistivity of 69.3 nQ.m[12]. In
addition, NiO is a cheap member of the transition metal oxides whose composites exhibit a mesoporous
structure in the form of nanoflake crystals with a large surface area [13] as a result of the nano-
dimensional electrochemical double layer mechanism with a confirmed faradic redox reaction [14].This
mechanism produces a maximum specific capacitance of 401 F/g at a current density of 0.5
mA/cm?[15].Meanwhile, Co3Os4 has an energy gap between 2.8 and 2.2 eV, a conductivity of 1.6 x 10’
S/m, and a resistivity of 62.4 nm[16], with an electron mobility of 200,000 cm?/Vs, a specific surface area
of 26,300 m*/g, an intrinsic electrochemical capacitance of 21 mF/cm?, a specific capacitance of 220 F/g,
a hexagonal structure with a strength of 42 N/m, and a thermal conductivity of 5,000 W/mK.
Furthermore,in addition to these characteristic, the presence of other materials, such asrGO with
chromophoric properties may enable Co3O4 to quickly absorb free electrons [17].

In order to understand how NiCo0,04 and rGO affect surface morphology, microstructure, pore size
distribution, and the link between the specific surface area and the electrical properties of the
supercapacitors generated, this study synthesizes and evaluates NiCo0,04rGO nanocomposites.In
addition, this study reported thermal, chemical, and electrical properties in order to explore suitability of

the synthesized materual for use as supercapacitor electrodes.

2. Materials and methods
4.1. Materials

Natural graphite powder, nickel sulfide pentahydrate (NiS.5H,O), cobalt sulfate hydrate
(C02504.7H20), sulfuric acid (H>SOs), zinc powder (Zn),nickel nitrate (Ni(NOs),),hydrogen peroxide
(H20,), aquabidest (H.O), urea (CH, N, O), cobalt nitrate (Co(NOs)2), hydrochloric acid (HCI),
deionized (DI) water,sodium nitrate (NaNQ3), citric acid (CsHgO7),potassium permanganate (KMnOs),

and sodium hydroxide (NaOH)were obtained from Merck. All chemicals are of analytical grade.

4.2. Experimental
2.2.1. Synthesis of rGO

The modified Hummers' methodwas used to synthesis rGO. As many as 2 g of graphite powder were
dissolved in 98 mL of H,SO4 and 4 g of NaNOs while being stirred for an hour. After stirring for two
hours, 8 g of KMnO4 was gradually added to the mixture. Four hours were spent gently stirring the
mixture in an ice container at a temperature between 0 and 20 °Cuntil it turned greenish black. At 35 °C,

the mixture was agitated for 20 hours until a light brown tint emerged. After beingstirred for an hour, the
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mixture was then washed with 200 mL of aquabidest. Once pH 7 was achieved, the mixture was
centrifuged and repeatedly rinsed with 80 mL. HCI and deionized water. Following that, the mixture was
dried for 12 hours at 110 °C to produce sheets of GO. The next phase involved adding 40 mg of GO to 40
ml of DI water, stirring it for an hour, and then ultrasonifying it for 1.5 hours at 50/60 Hz. After that, GO
was lowered by stirring 0.8 g of zinc powder with 10 mL of strong HCI for an hour. The mixture was
added to 10 mL of concentrated HCl and stirred for an additional 30 minutes before being repeatedly
rinsed with DI water and 5% HCI until the pH was 7. A dry precipitate of rtGOwas created by heating the

precipitate from the washing process for 18 hours at 160 °C in a tiny stainless steel and Teflon tube.

2.2.2. Preparation of NiCoOsnanoparticles

NiS.5H>0 and Co0,S04.7H,0 were combined to form NiCo,04 nanoparticles via coprecipitation, with
a mole ratio of 1:2 (Ni*:Co?*).NiS.5H,O (1.188 g) and C0,SO,.7H,O (2.701 g) were dissolved in
separate 20 mL of aquabidest. The solution was added dropwise to 50 mL of NaOH solution
(precipitation agent) and stirred with a magnetic stirrer at 1000 rpm for one hour. The fluid was then put
on a permanent magnet to speed up the deposition process.In order to get rid of any leftover salts from
earlier operations, the precipitate was then rinsed seven times with DI water. After being heated in an
oven at around 90 °C, the precipitate produced a black powder. The whole process is characterized by the
following chemical reactions:

NiS.5H>0 + 3C0:S04.7H20 = NiO + 2C030;4 + 4H,SO3 + 22H,0 (1)

2Co(NO3) + Ni(NOy); + GO + OH = NiC0,04 + rGO + 7NO; + ¥2H,O (2)

2.2.3. Fabrication of NiC0,04/rGO nanocomposites

This nanocomposite is fabricated using rGO, Co(NOs),, and Ni(NOs), as precursors. As many as 40
mg of rGO was added to 40 mL of DI water, and the mixture was stirred for an hour. Ni(NOs3), and
Co(NO3), powder were doped with rGO powder in various amounts (see Table 1) after two hours of
agitation at 180 °C [18]. The mixture was stirred while ureaand citric acid were added. The samples were
then rinsed with DI water at a pH between 6.8 and 7. The washing procedure precipitate was placed in a
tiny Teflon tube within a stainless-steel tube and burnt for 18 hours at 160°C. Following a two-hour
calcination at 900 °C, the resulting powder was stored. Fig. 1 shows a schematic depiction of the

production process of NiCo0,04/rGOnanocomposite.

Table 1

Variations in the composition of NiC0,04/rGO nanocomposites.

Sample code Composition of NiO:Co304:rGO
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S1 2:2:2
S2 2:3:2
S3 3:2:2

NiCoy,0,/rGO

NiCo;0,

Fig. 1.The synthesis processof NiC0,O4/rGOnanocomposite.

2.2.4. Characterizations of theNiC0,04/rGO nanocomposites

NiCo0,04/rGO nanocomposites were analyzed microscopically using SEM (Scanning Electron
Microscope, JEOL JSM-5310) by shooting electrons at 15 kV, at 50,000x magnification. Based on
nitrogen adsorption-desorption measurements, the BJH (Barrett-Joyner-Halenda) and BET (Brunauer-
Emmet-Teller) characterization were performed using the Sorption Analyzer NOVA 1000. Based on the
N, adsorption-desorption isotherm study, this was performed at 77 K and a relative pressure of 0.05-0.30
P/Py. Lastly, the electrical characteristics of graphene samples were evaluated using a CV meter, GW-
Instek LCR 816, at a frequency of 1-300 kHz and an RC circuit with current propagation at four places

probes.

3. Results

Analyses of the surface morphology and microstructural properties of the synthesized NiCo,04/rGO,
Co0304/rGO, NiO/rGO, pure Co30s4, and pure NiOwere conducted using SEM at an increasing voltage of
15 kV and a magnification of 50,000x%, as presented in Fig. 2.

Based on Fig.2a, 2b, and 2c, the surface morphology of NiCo0,04/rGO nanocomposites in samples S1,
S2, and S3, shows NiCo,04 nanoparticles with a diamond-like hexahedron morphology on a thin
transparent sheet (nanosheet) with a multilayer structure. There is folding of the rGO layer in the form of

nanoflakes so that it appears thicker like large granules or clumps on the surface [19]. In addition, the
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presence of crystal growth such as the formation of small nano-sized needles (nanoneedles) that
accumulate on the nanoplate resulting from the hydrothermal process or calcination [20].

The illustration also depicts thecomparison of Co304/rGO nanocomposite (Fig. 2d) and pure Co304
(Fig. 2f) without the addition of NiO, which resemble tiny, nearly spherical lumps that are homogenous
and grouped in a random manner. Meanwhile, NiO/rGO nanocomposite (Fig. 2e) and pure NiO (Fig. 2g)
generated a nanoflower-like crystal structure from agglomerated NiO nanoparticles on the surface of the

nickel foam substrate.

(€) NiCo,0,/rGO (83)

(21 NiCo,0,/rGO (S

NiCo, 0,
4 NiCo,;0,

“ NiCo:0, ihnoplste

Nunoplate Growth

RESSEN il 1.0avY
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Co,()‘

BV a50000 05

() Pure Co,0,

Fig. 2.SEM micrograph analysis of NiC0,04/rGO nanocomposites with varying NiO:Co304:rGO
compositions: (a) S1 (2:3:2), (b) S2 (3:2:2), and (c) S3 (2:2:2) % wt, as well as SEM analysis of (d)
Co304/rGO, (e) NiO/rGO, (f) pure Co304, and (g) pure NiO.



170 Table 2 summarizes the results of quantitative testing of the nanocomposite surface area using Image-
171  J Software analysis based on the crystal structure size distribution on the material surface.

172

173 Table 2

174  Average surface area of nanocrystal structure in nanocomposite.

Nanocrystal size in nanocomposites

Types of nanocrystal form Average length  Average width Average surface area
(um) (um) (um?)
Hexahedron on the structure of NiCo,04 1.112 1.135 0.005
Elongated cylinders like tiny needlesinserted in ~ 0.089 0.089 3.166x 10*
nanoplate on NiC0,04/rGO
Nanoflower crystal structure of 1.022 0.785 0.004
NiOnanoparticles and NiO/rGO
Uniform rounded lumps of Co304/rGO and 0.424 0.322 0.001
Co304
175
176 The BET test was performed to evaluate the surface area of active absorption in collecting and

177  binding free electrons during the surface contact interaction process [21] of the NiCo,04/rGO
178  nanocomposite when it was charged to produce a type IV isothermal curve according to the IUPAC
179  classification. Fig.3 presents the results of BET test for S1 and S2.Meanwhile, the BJH characterization of
180  the average pore size of NiCo,04/rGO nanocomposite as a pseudocapacitive supercapacitor electrode
181  material is presented in Table 3.In the study of BET and BJH, we only conducted tests on S1 and S2
182  because the objective of this characterization was to determine whether the material synthesized was
183  mesoporous. In addition, based on the results of the specific capacitance test, S2 exhibits the best results
184  among the other samples, which, according to the analysis, is influenced by the abundance of Co30..
185  Therefore, as a comparison, S1 was choosen since it had difference composition on Co3zOscompared to
186  thatin S2.

187
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193
194  Table 3

195  Average specific surface area, average pore radius, and total volume of NiC0,04/rGO nanocomposite

196  samples

Average specific surface area Average pore radius Average pore volume
(m’/g) @A) (cm?/g)
S1 12.90 109.77 0.07455

Sample code




S2 12.75 95.34 0.06304

197

198 Electrical conductivity was analyzed since it is an important factor in storing and distributing electric
199  charge on a polarized pseudocapacitor, which produces a potential difference between the electrodes and
200 the solid electrolyte [22].Fig.5depicts the results of electrical conductivity analysis. In addition, the
201  average electrical conductivity and resistivity of the nanocomposites are shown in Table 4.
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204  Fig. 5. Analysis of electrical conductivity from the samples in many frequencies.
205
206 Table 4
207  Average electrical conductivity and electrical resistivity of samples.
Average electrical conductivity Average electrical resistivity
Sample
(S/m) (nQ.m)
S1 2.190 0.46
S2 6.078 0.16
S3 3.825 0.26
NiO/rGO 5.871 0.17
Co304/rGO 1.232 0.81
Co0304 2.85x 10 350.88
NiO 1.44 x 107 694.44

208



209
210
211
212
213
214

215

216

217

218

219

220

221
222
223
224
225
226
227

228
229
230
231

Specific capacitance affects the number of electrons that can be stored under pressure exerted by an
electric current through a redox reaction or the ratio of the number of polarized charges per potential
change[23]. The capacitance measurement was conducted utilizing a three-electrode impedance technique
setup in an RC circuit. Table5 displays the results of specific capacitance testing performed using the RC
circuit-based impedance method. In addition, the following impedance equationswere be used to obtain
the capacitance value[24]:

O ®

=5 2)
Ctotal pseudocapacitor = C + Cric (3)
J=3 )
2

E (o) = 2o 5)

p %):Exi600 ©)

where Z denotes the NiC0,04/rGO nanocomposite's impedance(€2), R denotes the RC circuit's resistance,
wis the wave propagating angular frequency (rad/s)through the sample equal to 2xf, and C is the
capacitance value of the sample (Farad).

Table 5

Specific capacitance, current density, energy density, and power density of samples, as determined by
characterization.

Energy
Sample Specific capacitance Current density density Power density
(F/g) (A/m?) (W/m?)
(Whikg)

NiCo,04/rGO (S1) 106.69 91.84 0.0760 273.5467
Ni C0204/rGO (52) 289.93 106.32 0.1573 566.3885
Ni C0204/rGO (S3) 182.59 96.51 0.1094 393.6968
NiO/rGO 277.02 105.87 0.0726 261.4843
Co0304/rGO 39.77 68.89 0.0021 7.624335
Co304 0.11 0.44 0.0018 6.4440
NiO 0.06 0.21 0.0036 12.8010

According to faradaic theory, the specific surface area of the NiCo0,04rGO nanocomposite is
inversely proportional to its specific capacitance[25]. Numerous variables affect the specific surface area

of NiC0,04rGO nanocomposites, including pore size distribution, volume, and particle diameter. By
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modifying the surface area of the pore structure, specific capacitance was increased. The relationship

between specific capacitance and specific surface area is presented in Fig.6.
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Fig. 6.Effect of specific surface area on the capacitance of NiC0,04/rGO nanocomposites.

4. Discussion
4.1. Surface morphology analysis

Fig. 2 shows the micrographs of NiCo,04/rGO nanocomposites produced by coprecipitation and
hydrothermally at a calcination temperature of 900°C. They indicate that the rGO layer, which is present
in the bulk, is folded and that the NiCo,O4 nanoparticles have a diamond-like hexahedron morphology.
Crystals are formed during the hydrothermal process of calcination, as shown in the aggregation of

nanoneedles on the nanoplate.

4.2. Specific surface area and pore size distribution based on BET and BJH analyses

The isotherm reaction process demonstrates the unique behavior of the pores[26]in absorbing and
releasing dinitrogen gas molecules (N>)with a smaller relative pressure range (P/Py) for samples S1 and
S2 of 0.1-0.95 P/Py and 0.12-0.99 P/Py, respectively. This shows that the existence of mesopores (2nm < d
<50nm) may be the result of detached or loose NiCo0,04/rGO nanocomposite sheets on the nanoparticle
stack, leading to pore gaps[19].

The NiCo0,04/rGO nanocomposites of S1 and S2 have average pore radii of 10.977nm and 9.534nm,
respectively. These pore size distribution ranges, namely between 9 and 11 nm, are best in mesoporous

structure since the diffusion of active species (DOS) reaction on the supercapacitor electrode materialcan
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increase the electrical charge storedwith these pore size distribution [27].In addition, the pore volumes of
BJH desorption for S1 and S2 are 0.00745 and 0.6304 cm®/g, respectively, and their specific surface areas
are 12.90 and 12.75 m*g, respectively.The specific surface area is crucial since it may enhance the
contact interaction between the electrode and electrolyte as well as the electroactive properties by
reversibly increasing the redox reaction between the electrolyte and the surface of the electroactive

electrode.

4.3. Electrical properties
4.3.1 Electrical conductivity and resistivity

The results indicated that S2 has the highest electrical conductivity (6.078 S/m) and the lowest
electrical resistivity (0.16 nQ.m) compared to others. The degree of the resistivity of the compounds that
make up the NiCo,04/rGO nanocomposite, which is produced by the formation of crystal defects during
manufacturing, affects the material's electrical conductivity. This leads awider distribution of holes on the
surface of the nanocomposite particles, which prevents free electrons from being excited [28].

Based on the results (see Table 4 for S1, S2, and S3(, electrical conductivity of the samples rises
along with Co3Osbulk. This is due to the presence of cobalt ions in cobalt oxide, which have electrical
resistivities of 62.4nQ.m, conductivities of 1.6 x 10’ S/m, and bandgap energies of 2.8-2.2 eV. As a
result, these conductor materials increase the electrical conductivity and electrocatalytic activity of
nanocomposites during the redox reaction process [29]. The NiCo,04/rGO nanocomposites causes Co3O4
nanoparticles to entirely dissolve, resulting in nanoparticles with perfect segmentation, low electrical
resistance, high electrical conductivity, and fewer holes that might speed up the movement of free

electrons.

4.3.2 Specific capacitance

The S2 sample have the highest specific capacitance, 289.93 F/g, as shown in Table 5. This suggests
that increasing the bulk concentration of Co304, which carries the charge of the Co?* ion, may result that
increasing the specific surface area, and finally the quantity of holes to store free electrons also increase.
The mobility and oscillation of free electrons are improved when an electric field with bandgap energy is
applied to the supercapacitor electrode. Free electron adsorption takes place above the bandgap of the
NiCo0,04/rGO nanocomposite, producing electron-hole pairs that may augment the electric current with a
density of 106.32 A/m?, an energy density of 0.1573 Wh/kg, and a power density of 566.3885 W/m?>.

The specific capacitance of the NiCo,04/rGO nanocomposite supercapacitor rose with an increase in
current density, energy density, and power density due to the supercapacitor electrode particles' capacity

to disseminate electrolyte ions in the electrode microspores [30]. It also results from the performance
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behavior of the NiCo0,04/rGO nanocomposite type supercapacitor electrodes in alkaline electrolytes
during exposure to electric charge. This is influenced by an electrochemical process involving redox
reactions that lead to changes in the valence electrons of Co**/Co* and M**/M* (M = Co or Ni) on the
surface of the nanocomposite electrode, making the Faradaic reaction more reversible[31]. This
phenomenon can be illustrated in Fig. 6.Fig. 6 depicts the reaction to generate current density when
cations (H*) in a solid electrolyte produce a single layer that is adsorbed on the surface of a
nanocomposite electrode with a higher redox potential, such as Co**, which forms a reduced ion diffusion
bridge (OH") and results in ion transfer due to the Faradaic process and oxidation of Co*" elements in

NiCo,04/rGO.
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Fig.7. Faradaic reaction process on reversible pseudocapacitance in storing electric charges.

Based on the Faradaic reaction, the chemical reaction equation that happens in NiCo0204/rGO
nanocomposite cells with ideal composition separated by electrolyte-soaked electron configuration can be
described with the following reaction [32]:

Cell A: NiC0,04 = rGO || H2SOs4 (1 M) || NiC0204 = rGO 3)
Cell B: NiC0,04 = rGO || KOH (6M) || NiC0,04~> rGO 4)

In the RC circuit containing the electrolyte solution, the redox reaction process denoted by reaction3

and 4 is a flow of excited free electrons from the positive electrode to the negative electrode, which

produces a stored electric current.

4.4. Relationship between specific surface area and specific capacitance
NiCo0,04/rGO nanocomposites exhibit a nonlinear relationship between capacitance and surface area

at all current, energy, and power densities. Due to the comparable material characteristics and pore size
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distribution of NiC0,04/rGO nanocomposite, in which the effective adsorption surface area and ion
transport channel grow linearly with increasing specific surface area, the capacitance of the electric
pseudocapacitor increases. Based the correlation between specific surface area and specific capacitance,
the little change in specific surface area significantly affect the specific capacitance. This is in accordance
with a study by Chmiola et al.[33], which indicated that the little increase in volume pores smaller than 2

nm will significantly increase specific capacitance.

5. Conclusion

NiC0204/rGO nanocomposite, which was synthesized through coprecipitation and hydrothermal
methods and used as a pseudocapacitive type supercapacitor electrode, resulted in the optimal
composition for sample S2 (NiO:Co304rGO = 2:3:2)compared to other samples (S1 and S3). This
nanocomposite (S2) produces a hexahedron surface morphology with an average particle size of
approximately 0.005 um?, a specific surface area of 12.75 m?/gr, an average pore radius of 9.534 nm, and
a pore volume of 0.06304 cm?/g. In adition, S2 shows the best performance based on the analysis of
electrical properties with high electrical conductivity value of 6.078 S/m, while commonly, standard
supercapacitor electrode type pseudocapacitor is between 0.1-1 S/m. Furthermore, the electrical resistivity
of S2 is 0.16 nQ2.m, which is the lowest (best) among others (S1 and S3). The capacitancevalue ofS2 is
the highest, whic is 289.93 F/g, while generally,the standard pseudocapacitor type for NiCo.0s is 120 F/g.
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