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At present, the demand for energy around the world is increasing. The majority
of the world's population relies on energy from nonrenewable energy sources that
pollute the environment. Therefore, in this work, environmentally friendly hydrogen
gas was studied, and activated carbon prepared from jujube branches was used to
store hydrogen gas. Activated carbon was prepared through heat treatment and
chemical activation processes. In modifying activated carbon, it was synthesized from
the activation process with potassium hydroxide (KOH) combined with urea. The effect
of temperature and time in the activation process was studied. It was discovered that
the modification of activated carbon contributed to the enhancement of the optimum
pore size and surface functional groups. Additionally, in the experiment, raising the
activation temperature and time improved the total pore volume and specific surface
area.

We studied hydrogen adsorption at -196 and 25 °C under pressures up to
1 bar in the synthesized materials. We found that oxygen and nitrogen co-doped
activated carbon exhibited the highest specific surface area and hydrogen storage
capacity (2.62 wt%), increasing to 47% from unmodified activated carbon at -196 °C.
On the other hand, at 25 °C, the adsorption capacity of the original activated carbon
was greater than the adsorption capacity of the modified activated carbon. This is an
advantage for this research because of its ability to release hydrogen gas from the
pores by increasing the temperature. And more than that, it facilitated a greater working
capacity or useable capacity of hydrogen gas from the pores at 25 °C and 1 bar.
However, original activated carbon had a higher capacity at lower pressures (less than

0.3 bar) because of the pore size. This finding was described using a Grand canonical



Monte Carlo (GCMCQ) approach to simulate hydrogen adsorption at -196 and 25 °C.
Functional groups of oxygen and nitrogen namely carbonyl (CO), hydroxyl (COH),
carboxylic (COOH), pyrrolic (N5), pyridinic-N oxide (Ox-N6), and quaternary-N (NQ)
groups were applied to the absorbent material. The simulations revealed that the
optimum pore width is 0.65 nm at pressures below 0.3 bar and 0.95-1.5 nm at medium
pressures (0.3-15 bar). Superior pore size is observed in the range of 0.8-1.3 nm at a
pressure of 1 bar, which contributes to increasing the efficiency of oxygen and nitrogen
co-doped activated carbon to achieve greater adsorption than other activated carbons
described in literature. Moreover, at pressures above 15 bar, pore volume has a
stronger influence on capacity than pore width. Among the oxygen and nitrogen
functional eroups, the Ox-N6 group is the most abundant and plays an important role
at low and medium pressures. These findings suggest a strategy for better hydrogen

storage in porous carbons under various pressure conditions.
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