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Abstract: Hydrogen is used as a source of renewable or non-renewable fuel for various applications 

including fuel cells. Generation of hydrogen from aluminum is one of the techniques by using alkali 

solutions as catalysts. The hydrogen produced from metal waste can be used in fuel cells to generate 

electricity. Among the various alkalis used as catalysts in the release of hydrogen from aluminum, 

Sodium hydroxide, and Potassium hydroxide were found to be more effective, due to the high ratio of 

hydrogen production. In this work, various concentrations of NaOH and KOH were used as catalysts 

and various amount of aluminium foil were used to generate hydrogen. It was found that 2 gm. of 

aluminum foil with the fixed ratio of water and alkali gives maximum hydrogen production of 1700 

ml in 900 s. However, the rate of hydrogen production varies significantly with the mass of 

aluminium, type of alkali and concentration of alkali. The produced hydrogen was sent to the Polymer 

Electrolyte Membrane Fuel Cell (PEMFC) directly to produce electricity, and the performance of the 

fuel cell was also examined. 
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Introduction 

Hydrogen is being used as an alternate energy source in various 

applications, due to its highest energy content by weight [1-3] and 

also it belongs to the category of green energy. There has been a lot 

of research done on producing hydrogen from different sources. 

For transportation, heating and cooling systems, and energy storage 

devices, hydrogen can be utilized as a fuel. Hydrogen is also 

employed in the manufacturing of ammonia and in the oil, food, 

and other sectors. Additionally, water is a by-product of the fuel 

cell's interaction of hydrogen and oxygen [4]. Hydrogen and 

oxygen may be extracted from the water molecule to create 

hydrogen. Thermal and electrolytic separation are the two main 

methods used to separate hydrogen and oxygen from water [5]. 

Also, Hydrogen gas is produced from various methods and used in 

different applications. [6-11]. Aluminium is one of the most 

plentiful metals on earth and is also very inexpensive hence it is 

frequently utilized to create hydrogen from water. [12-18]. 

Aluminium is a reactive metal that reacts with moisture to make 

aluminium oxide, which then forms a protective layer on top of the 

metal. Hydrogen can be producted from Aluminium, determined 

by the decomposition of aluminum caused by electrochemical 

oxidation [19-20], the aluminum-water interaction under alkaline 

circumstances, or the oxidation of mechanically or 

mechanochemically activated aluminum. The chemistry between 

aluminium and water will be impacted by this oxide layer. Since, 

aluminium is an active metal, the surface of alimimium is rapidly 

oxidised to form a stable coating of aluminium oxide which 

protects aluminium from the further reaction with oxygen. This 

coating is solvable in both strongly acidic and basic aqueous 

solutions. 

Therefore, numerous techniques have been developed by 

researchers to remove this oxide layer so that aluminium metal can 

successfully combine with water directly to make hydrogen [21]. 

To remove the oxide layer covering the aluminium metal, 

promotors like potassium hydroxide (KOH) as well as sodium 

hydroxide (NaOH) are frequently utilized. The dissociation of the 

alkali results in the production of sodium (Na+) and hydroxide 

(OH-) ions when sodium hydroxide is introduced to water. The 

oxide layer on the surface of the aluminium quickly reacted with 

the ions when scrap aluminium was added to this solution. The 

oxide layer is removed by the dissociated ions in the aqueous 

solution, which enables the metal to dissociate the water into 

hydrogen [22]. 

2 Al(s) + 6 H2O (l)  2 Al(OH)3 (s) + 3 H2 (g) 

2 Al(s) + 6 H2O (l) + 2 NaOH (aq)  2 Na Al(OH)4 (s) + 3 H2 (g) 
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The hydrogen created by the aforementioned reaction can be put to 

use in fuel cells to generate power [23–24]. Different electronic 

gadgets can be charged using the electricity generated. There are 

numerous electrochemical cells on the market that store chemical 

molecules inside of them. the power generated by a redox reaction 

in these cells when they are in use. However, the fuel cell is a type 

of electrochemical energy source that generates electricity by 

continuously bringing in reactants from outside, as and when 

needed. High efficiency, low emissions, minimal noise while 

operating, and long operational life are all features of this gadget. 

We can avoid storing and transporting hydrogen gas along with the 

cell because we are supplying hydrogen generating within the 

reaction between aluminium and water and oxygen is received 

from air. 

From the literature, sodium borohydride was reported to be widely 

used raw material for hydrogen production [7, 25, and 26]. But, 

only limited literature is available on waste materials like 

aluminum foils and cans for the fuel cell applications [23, 27]. 

Thus, the current focus is on producing hydrogen for fuel cells 

using waste materials that contain aluminum. Also in the present 

work, various concentrations of NaOH and KOH were taken as 

potential catalysts for the removal of oxide layer. The produced 

hydrogen is passed into the hydrogen-oxygen fuel cell to produce 

electricity. The amount of hydrogen produced and electricity 

produced in each condition was studied. 

Methods and Materials 

Materials 

Panreac provided the sodium hydroxide and potassium hydroxide 

pellets, which were used exactly as they were delivered. For the 

preparation of all the aqueous solutions, deionized water was 

employed. Aluminium foil (15 µm thickness) was used in this 

study. High analytical grade was used for the rest of the reagents. 

The aluminium foil were cut into small pieces and stored in a dry 

container kept at room temperature away from direct sunlight 

without moisture content. 

Methods 

In a semi-batch reactor, research is carried out. A 500 ml airtight 

cylindrical flask with a feed input and a gas exhaust nozzle serves 

as the reactor. The hydrogen gas generated inside the reactor is 

delivered to the burette and gathered there by pushing water 

downstream utilising an aspiratory bottle linked to the gas burette. 

An illustration of the experimental setup is shown in Figure 1. In 

order to carry out the reaction, a mixture with a known alkali 

proportion were introduced to the digester, and a known weight of 

aluminium foil was kept in the forefront of it to serve as the major 

source of aluminium. The studies have utilised various aluminium 

foil weights and alkali concentrations. The amount of gas produced 

has been measured using a gas analyzer. The experiment is 

conducted at a temperature of 30C. To carry out the reaction, 

several preparations are loaded with various alkali strengths and 

weights of aluminium foil.  

According to the experimental design below, the hydrogen 

production was done under different conditions for mass of 

aluminium foil, concentration of sodium hydroxide and potassium 

hydroxide. In this experiment mass of aluminium foil was varied 

from 0.5 g to 2 g, concentration of sodium hydroxide and 

potassium hydroxide was varied from 1 M to 4 M. Batch 

experiments of this type were carried out in a glass reactor. 

According to one-variable-at-a-time (OVAT) approach one factor 

was varied keeping other factors constant at center level. A 

spontaneous reaction began when the aluminium foil was poured 

into the reactor and water and alkali were added. Water 

displacement was used to determine how much hydrogen was 

created from the reaction because hydrogen is not very soluble in 

water. The reaction's hydrogen was directed toward a glass 

container containing water, forcing the water out of the container. 

A digital thermometer was used to measure the reaction's 

temperature. Collected waste aluminium foils was cut in to small 

pieces and cleaned with KOH and NaOH before being used as a 

raw material in the aluminium water technique of producing 

hydrogen gas. Additionally, a predetermined amount of water and 

alkali are added to the aluminium. Production of hydrogen gas was 

then done in reactors with an aluminium mass. (1, 1.5 and 2g) in 

water to alkali volume ratio of 1.5:1 mL. Produced hydrogen was 

passed to the polymer electrolyte membrane fuel cell. Polymer 

Electrolyte Membrane Fuel Cell (PEMFC) with a maximum 

capacity of 1 W, 200 mW per cell, 0.4-0.96 V per cell was used in 

this experiment. PEMFC is connected with USB cable and PC with 

installed software. Current and voltage are recorded for different 

conditions of hydrogen production as mentioned above. 

 

Fig. 1 Schematic diagram of experimental set up 

Results and Discussion 

Hydrogen gas was produced at different concentration of sodium 

hydroxide and potassium hydroxide for different amounts of time, 

and with different amounts of aluminium foil. Volume of hydrogen 

produced with respect to time is measured using water 

displacement setup. Current and voltage were recorded from the 

polymer electrolyte membrane fuel cell. 

Influence of KOH concentration on the hydrogen 

generation 

For 1M, 2M, 3M, and 4M KOH concentration as well as for 1g, 

1.5g, and 2g of aluminum foil, Fig. 2 depicts the influence of KOH 

concentration on the volume of hydrogen production with regard to 

time. 2g of aluminium with 2M and 3M KOH produces more 

amount of hydrogen than 1g and 1.5g of aluminium. There is no 

hydrogen production for 0.5g. Moreover, beyond 2 gm of 

aluminium initially the reaction was very fast, but as the time 

passes the reaction become slower due to the formation of oxide 

layer on it. As a result, the total production rate is not significant. 

2M KOH with 2g of aluminium foil shows highest volume of 

hydrogen production in comparison with other molarities of KOH 



6 | P a g e  
© Copyright GRS Publisher. All Rights Reserved 

and mass of aluminium foil. 2M KOH with 1g of aluminium foil 

shows lowest volume of hydrogen production in comparison with 

other molarities of KOH and mass of aluminium foil. However, the 

production of hydrogen is higher in the case of 2M KOH in 

comparison with other molarities of KOH. Hence the concentration 

of KOH and mass of aluminium significantly changes the 

production of hydrogen. 

 

Fig. 2 Variation of production of hydrogen in cc against time in s 

at different KOH concentration 

Influence of NaOH concentration on the hydrogen 

generation 

For 1M, 2M, 3M, and 4M NaOH concentration as well as for 1g, 

1.5g, in addition 2g of foil of aluminum, Fig. 2 depicts the 

influence of KOH concentration on the volume of hydrogen 

production with regard to time. 2g of aluminium with 2M and 4M 

KOH produces more amount of hydrogen than 1g and 1.5g of 

aluminium. There is no hydrogen production for 0.5g.  

2M NaOH with 2g of aluminium foil shows highest volume of 

hydrogen production in comparison with other molarities of NaOH 

and mass of aluminium foil. 4M NaOH with 1g of aluminium foil 

shows lowest volume of hydrogen production in comparison with 

other molarities of KOH and mass of aluminium foil. 

Concentration of NaOH and the mass of aluminium significantly 

affects the volume of hydrogen production and the rate of 

production of hydrogen, which corroborates with the previous 

studies [28-35]. 

 

Fig. 3 Variation of production of hydrogen in cc against time in s 

at different NaOH concentration 

Fuel cell performance 

Enactment of the polymer electrolyte membrane fuel cell was 

studied by passing produced hydrogen from aluminium foil and 

oxygen from air in to the fuel cell.  Figures 4-7 shows the current, 

voltage and power results obtained from the fuel cell. Figure 4 

express the fuel cell current against voltage graph for 2g 

aluminium foil and 3M KOH and Figure 5 shows the power vs 

voltage graph for 2g aluminium and 3M KOH. This 2g aluminium 

foil and 3M KOH shows highest energetic efficiency in 

comparison with other concentration of KOH. 

 

Fig. 4 Current vs voltage for 2g aluminium and 3M KOH 

 

Fig 5: Power vs voltage for 2g aluminium and 3M KOH 

Similarly Figure 6 shows the current vs voltage graph for 2g 

aluminium foil and 1M NaOH and Figure 7 shows the power vs 

voltage graph for 2g aluminium and 1M NaOH. 2g aluminium foil 

and 1M NaOH shows highest energetic efficiency in comparison 

with other concentration of NaOH. 

 

Fig 6: Current vs voltage for 2g aluminium and 1M NaOH 
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Fig 7: Power vs voltage for 2g aluminium and 1M NaOH 

Conclusion 

Based on the findings, hydrogen can be made in a straightforward 

and inexpensive manner by combining aluminium, which 

originates from discarded aluminium foil, with water and sodium 

hydroxide or potassium hydroxide. In order to provide power, to 

produce high-purity hydrogen for application in fuel cells. The 

kind of alkali, the concentration of alkali, and the mass of 

aluminum all influence how much hydrogen is produced. In 

comparison with 1g as well as 1.5g of aluminum, 2g of aluminum 

produces hydrogen at a higher rate. However, there is no hydrogen 

generation for 0.5g of aluminum. Energetic efficiency is higher for 

2g aluminium and 3M KOH in comparison with other 

concentration of KOH. Production of hydrogen and energetic 

efficiency of potassium hydroxide is higher in comparison with 

sodium hydroxide. 
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