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2. Materials and Methods
2.1. Materials Preparation

The materials used in this research are graphite commercial powder (Carbon 98 wt %,
fly ash 2 wt %), sulfuric acid (H,50, 98 wt %), sodium nitrate (NaNO; 99 wt %), potassium
permanganate (KMnOj 99 wt %), hydrogen peroxide (H>O, 30 wt %), ammonia (NH3
25 wt %), copper (1I) chloride dihydrate (CuCl, 2H>O 99 wt %), manganese dioxide (MnQO»
98 wt %), and ammonium chloride (NH;C1 99 wt %). All the chemical reagents are used as
received without any further purification.

2.2. Synthesis of Graphene Nano Sheets

Graphene Nano Sheets (GNS) were synthesized by using the modified Hummer
method. A total of 0.2 g of graphite powder was put into a 1000 mL erlenmeyer flask,
followed by the addition of 0.2 g of NaNOj and 15 mL of H>SO, 96%. The solution was
then stirred for 2 h. Furthermore, the Erlenmeyer flask containing the mixture was placed
in an ice water bath, 1 g of KMnQOy4 was added gradually, and the mixture was further
stirred for 24 h. After stirring, 20 mL of H,SO4 5% and 1 mL of HyO» 30% were added to
the solution, followed by stirring for 1 h. Then, the solution was centrifuged at 6500 RPM
for 15 min to separate the filtrate and supernatant. Then, the filtrate was decanted from the
solution. Furthermore, 25 mL of distilled water was added to the solution and stirred using
a centrifuge at a speed of 6500 RPM for 15 min. The solution was transferred to a beaker
glass, ultrasonicated for 5 h, then allowed to cool to produce a graphene oxide solution. A
total of 100 mL of the resulting graphene oxide solution was added to 5 mL of ammonia
(NH; 25%), which was stirred for 72 h. Then, the mixture was filtered and dried at 100 °C
for 2 h to obtain the GNS.

2.3. Synthesis of N—Graphene Nano Sheets (N—GNS)

N-Graphene Nano Sheets (N—GNS) were synthesized by using the nitrogen dopant
method at room temperature. A total of 1 g of the resulting graphene powder was added
with 10 mL of 10 M ammonia (NHj3 25%), or until the powder was fully submerged. The
mixture was stirred for an additional 48 h at room temperature. Then, the mixture was
filtered and dried at 100 °C to obtain the N—GNS powder.

2.4. Synthesis of Copper/Graphene Nano Sheets (Cu/GNS)

The synthesis of the anode material of the Copper/Graphene Nano Sheets (Cu/GNS)
was carried out by the impregnation method. A total of 0.5 g of Graphene Nano Sheets
powder and 0.1388 g of the Cu precursor (CuCl, 2H,0O crystals) were mixed and stirred for
1 h. Then, they were filtered using Whatman filter paper No. 42. The precipitate obtained
was dried at 100 °C for 12 h, producing a black solid powder. The solid powder was
weighed and stored for a further characterization.

2.5. Electrolyte

A total of 0.5 g of ammonium chloride (NH,4Cl) was dissolved into 10 mL of distilled
water to obtain the electrolyte solution. Then, 0.5 g of manganese dioxide (MnO,) was
dissolved in 10 mL of distilled water.

2.6. Preparing Primary Battery Prototype

The preparation of Primary Battery Prototype Cu/GNS/ /Electrolyte/ /C—m was done
by the combination of its constituents (Graphite, Graphene Nano Sheets, and N—Graphene
Nano Sheets) in the ratio of 1:1:1. The primary battery prototype was prepared by using
graphite as a cathode and Cu/GNS as an anode connected into two different containers.
Then, both of them were added to the NH;Cl solution, where it served as an electrolyte,
and added MnQO; solution, that served as a depolarization, which was then left to stand
for 6 h. Then, both solutions were mixed and left to stand for 48 h so that both electrode
mixtures reacted well, which was measured by the production of electrical energy. The
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