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Abstract: Textile waste can disrupt the environmental equilibrium. One type of textile waste processing is the production of 

hydrogen gas as a new and sustainable energy source. The water electrolysis method may be used to convert textile waste into 

hydrogen gas. In this study, hydrogen gas was produced from textile waste in two stages: electroplating waste treatment with an 

electrocoagulator and then processing textile waste into hydrogen gas using an oxyhydrogen reactor. Various catalysts, including 

NaOH, KOH, NaCl, and NaHCO3, were used in the process of converting textile waste into hydrogen gas, with a concentration 

of 0.5 M and an electrolysis period of 5 minutes. The addition of a catalyst is intended to identify the optimal concentration in 

the conversion of textile waste to hydrogen gas. The optimal KOH catalyst concentration for obtaining hydrogen gas was 

determined through study and analysis. 
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1. Introduction 

Energy is inextricably linked to human life. Until now, 

difficulties in the energy sector have remained a severe 

concern in a number of nations, particularly in Indonesia, due 

to the country's continued reliance on fossil energy, 

specifically 96% (48% petroleum, 18% gas, and 30% coal) 

[1], [2]. The depletion in fossil energy reserves is inversely 

related to the high usage of fossil energy. According to data 

from the Ministry of Energy and Mineral Resources (ESDM), 

Indonesian fuel oil output was less than 1 million barrels per 

day in 2010 and 779 thousand barrels per day in 2015. 

Continuous use of petroleum will result in a decrease in 

petroleum production and an increase in pace, eventually 

leading to an energy crisis [3],[4],[5]. To overcome the 

problem in these circumstances, a new solution is required. 

One of these is the development of Renewable Energy (RE) 

as an alternative energy source.  

An alkaline or acidic electrolyte is utilized as the catalyst 

[6],[7],[8]. Catalysts included sodium hydroxide (NaOH), 

potassium hydroxide (KOH), and sodium chloride (NaCl) 

[9][10]. The hydrogen gas rate in this investigation was 2.103 

mL/s for the NaOH catalyst, 1.24 mL/s for the KOH catalyst, 

and 1.859 mL/s for the NaCl catalyst, with each catalyst 

accounting for 4.76% wt. Sodium bicarbonate (NaHCO3) was 

utilized as a catalyst in the previous work [11],[12]. The 

hydrogen gas (H2) rate in this investigation was 1.153 mL/s 

with a catalyst quantity of 12% wt. In order to create hydrogen 

gas, clean water is normally utilized as the raw material in the 

water electrolysis process (H2). 

Hydrogen gas is an ecologically friendly energy that is of 

major significance to many governments, particularly wealthy 

countries. Many countries expect hydrogen gas to be a more 

ecologically benign and efficient future fuel. Hydrogen gas 

may be produced by a variety of techniques, one of which is 
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simple to implement: electrolysis of water using metal 

electrodes. Because water can be broken down using 

electricity, it may be utilized as an energy source to make 

hydrogen gas. Because the electrolysis process of breaking 

down water molecules (H2O) is slow, a catalyst is required to 

speed up the reaction and increase the amount of hydrogen gas 

generated. Catalyst ions are able to change the stability of 

water molecules into H+ and OH- ions, which are more easily 

electrolyzed owing to a drop in activation energy, the catalyst 

itself works to expedite the process of decomposing water into 

hydrogen gas and oxygen gas. 

Textile effluent, which can be treated into clean water, 

can be utilized as a supply of water for the electrolysis 

process. Textile wastewater is produced as a byproduct of 

industrial operations such as traditional handicraft industries, 

one of which is the woven fabric business, which includes 

the songket and jumputan cloth industries. According to 

previous study, various colors containing metals, such as Pb 

(Lead) and Cd (Cadmium), are utilized in the textile craft 

business [13]. If wastewater from the textile sector is not 

adequately handled, it can upset the environmental 

equilibrium. To address this, one of them may be utilized to 

generate New, Renewable Energy (RE). The use of textile 

wastewater as a source of New and Renewable Energy (RE) 

begins with the treatment of textile wastewater with an 

electrocoagulator into clean water. An oxyhydrogen reactor 

will convert the clean water into hydrogen gas. 

In this study, hydrogen gas was produced from textile 

wastewater in two stages; first, textile wastewater was 

processed with an electrocoagulator, and subsequently 

hydrogen gas was produced using an oxyhydrogen reactor. 

According to the study [14], the scientists created hydrogen 

gas from textile wastewater by using catalysts with set 

concentrations of 0.5 M of sodium hydroxide (NaOH), 

potassium hydroxide (KOH), sodium chloride (NaCl), and 

sodium bicarbonate (NaHCO3). The goal of varying the 

catalysts is to determine which catalyst produces the most 

hydrogen gas from textile effluent. 

 

2. Research Methods  

2.1. Processing of Textile Wastewater into Clean Water 

Figure 1 depicts how textile effluent is converted into clean 

water using an electrocoagulator. A 20-liter textile wastewater 

feed is poured into the reservoir. The electrocoagulator device 

is switched on to activate the smart sensor and pump. Pump 1 

is started to transport the textile waste to the silica sand, 

activated carbon, and electrocoagulation tanks. Pump 1 is 

turned off when the electrocoagulation tank is full. The 

electrode is switched on and the required voltage, 7.5 volts, is 

established.

 

Figure 2. Electrocoagulator 

The electrocoagulation procedure lasted 30 minutes. After 

30 minutes, the electrodes were switched off and the tap on the 

electrocoagulation tank was opened to collect the 

electrocoagulation process's effluent. The electrocoagulation 

wastewater is left to stand until the coagulant settles, after 

which the clean water and coagulant generated are separated. 

The acquired clean water is placed in the first product tank. 

Following that, pump 2 is activated to deliver clean water to 

the Filter Cartridge and Reverse Osmosis (RO), which are 

subsequently housed in the final product tank. 

2.2. Hydrogen Gas Production 

The process of producing hydrogen gas is carried out using 

an oxyhydrogen reactor as shown in Figure 2. 

 

 

 

 

 

 

 

 

 

 

Figure 2. Oxyhydrogen Reactor 

Prepared 30 liters of treated wastewater as reactor feed for 

the five types of catalysts to be utilized. Weigh 0.5 M NaOH, 

KOH, NaCl, and NaHCO3 catalyst for addition to feed water 

in 6 liters. Add the weighed catalyst to each of the 6 liters of 

feed water. A voltage of 12.2 volts is used in the oxyhydrogen 

reactor. The H2 and O2 gases generated are stored separately, 

and the gas pressure is monitored during the process of H2 and 

O2 gas generation. Repeat the procedure stages with the 

addition of 0.5 M catalysts NaOH, KOH, NaCl, and NaHCO3. 

A waterproof multimeter PCD 605 was used to assess clean 
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water products, an ICP-OES was used to examine metals in 

textile effluent, and an ECOM gas meter was used to measure 

the quantity of hydrogen and oxygen gas generated. 

 

3. Result and Discussion 

3.1. Preliminary Analysis of Textile Wastewater and 

Processing Products 

The textile wastewater utilized in the clean water treatment 

process is waste from the jumputan cloth business originating 

from the jumputan cloth craft facility located in Tuan Kentang 

sub-district, Seberang Ulu District 1 Kertapati Palembang. 

The electrocoagulation procedure is used to treat this effluent. 

According to the findings of the research, the results are shown 

in Tables 1 and 2. The table shows that the wastewater treated 

by electrocoagulation has reduced in terms of color and degree 

of acidity, but conductivity and TDS have increased. The metal 

composition of Cd (Cadmium) and Pb (Lead) is rather stable. 

 
Table 1. Textile Wastewater Analysis Results 

No Parameter Units Results Methods 

1 Smell - Odorless Organoleptic 

2 Color TCU 32 Spectrophotometry 

3 pH - 6,30 SNI 6989.11:2019 

4 TDS mg/L 650 Direct Reading 

5 Conductivity µS 114,9 Waterproof PCD 605 

6 Cd mg/L < 0,0031 ICP-OES 

7 Pb mg/L  < 0,0045 ICP-OES 

 

Table 2. Results of Analysis of Textile Wastewater After Processing 

No Parameter Units Results Methods 

1 Smell - Odorless Organoleptic 

2 Color TCU 7 Spectrophotometry 

3 pH - 3,98 SNI 6989.11:2019 

4 TDS mg/L 1471 Direct Reading 

5 Conductivity µS 272,5 Waterproof PCD 605 

6 Cd mg/L < 0,0031 < 0,0031 

7 Pb mg/L < 0,0045 ICP-OES 

The dye dropped from 32 TCU to 7 TCU in Tables 1 and 

2, according to the adsorption process by the hydroxo cationic 

complex generated due to anode solubility in the 

electrocoagulation process [15]. The formation of 

hydroxocationic complex compounds increases with 

increasing voltage and current, causing existing dyes to form 

bigger clumps [16]. Following the equation, the dye pollutants 

will form ligands that bind to the Al2(OH)3 precipitate 

[17],[18]. 

Dye-H + Al(OH)3  ↔ Dye-OAl + H2O              (1) 

According to Tables 1 and 2, the degree of acidity (pH) 

has dropped from 6.38 to 3.84, due to acid reduction at the 

cathode electrode, which produces H2 gas. Because of the 

presence of H2 gas, hydroxide ions (H+) bond contaminants 

in trash to form insoluble and floating compounds [19]. 

Because the quantity of hydroside ions (H+) grows, the value 

of the degree of acidity (pH) after electrocoagulation 

decreases. 

  

The conductivity and TDS values have increased, with 

conductivity increasing from 114.9 S/cm to 272.5 S/cm and 

TDS increasing from 650 mg/L to 1471 mg/L due to 

electrocoagulation. Al3+ ions formed at the anode electrode 

will bind to OH- ions formed at the cathode electrode, 

resulting in the formation of a coagulant [20]. Because the 

Al3+ ions that are generated are still dissolved, the rise in Al3+ 

ion value will raise the TDS value of the wastewater 

following the electrocoagulation process. Because the Al3+ 

ions that are generated are still dissolved, the rise in the Al3+ 

ion value will raise the TDS value of the wastewater 

following the electrocoagulation process. The results of 

research show that increasing the TDS value induces an 

increase in the conductivity value of the solution following 

electrocoagulation [21]. 

The metal content of Cd (Cadmium) and Pb (Lead) did not 

change since the electrocoagulation method employed just 

two plates, which was insufficient for metal removal, as well 

as a short period, i.e. only 30 minutes and a low electric 

voltage of 7.5 Volts. According to the research, at least three 

electrodes, a voltage of 12 volts, and a contact period of one 

hour are required to reduce lead metal levels. The 

concentration of Pb and Cd metals in waste and after 

processing is claimed to be relatively low, with Cd metals 

containing 0.0031 mg/L and Pb metals containing 0.0045 

mg/L [22]. 

Based on the findings of wastewater treatment using the 

electrocoagulation method, it can be stated that the treated 

water is acceptable for use as feed in the hydrogen production 

process since it has reduced in color and increased 

conductivity values that promote the creation of hydrogen gas. 

3.2. Hydrogen Gas Flow Rate Analysis of the Catalyst Used 

Figure 3 shows the link between the rate of hydrogen gas 

generation and the kind of catalyst employed, with a catalyst 

concentration of 0.5 M visible from the flow rate of each 

catalyst utilized. Figure 3 shows that wastewater may be 

converted into hydrogen gas without the need of a catalyst 

since wastewater includes metals that are still transported 

away after the electrocoagulation treatment process and have 

a low degree of acidity (pH).  

Another study found that the electrolysis process is highly 

reliant on the pH of the solution; the more acidic or moist a 

solution is, the faster the electrolysis process happens since the 

fluid is more electrolyte and has a high conductivity value [23]. 

The flow rate of hydrogen gas obtained without the use of a 

catalyst is relatively low, precisely 0.1185 mL/s, therefore 

collecting it takes a long time. A catalyst is required to obtain 

a large number of outcomes in a short period of time. Figure 3 

shows that of the four catalysts, the KOH catalyst produces the 

most hydrogen gas at a gas flow rate of 5.8355 mL/s, followed 

by the NaOH catalyst at 4.2052 mL/s, the NaCl catalyst at 

3.5928 mL/s, and the NaHCO3 catalyst at 1.5062 mL/s. 
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Figure 3. Use of a Catalyst for the Rate of Hydrogen Gas Produced 

The KOH catalyst has a higher flow rate of hydrogen gas 

than the NaOH catalyst, which is also a strong base, because 

the amount of catalyst used at the time of research was the 

same solution concentration unit, namely 0.5 M, so to get a 

KOH concentration of 0.5 M required as much as 168.3168 gr 

while the NaOH catalyst required as much as 119.991 gr. This 

difference in catalyst quantity is what causes the KOH catalyst 

to have a faster rate of hydrogen gas generation than the NaOH 

catalyst because the more wet catalyst added, the more ions 

are generated in the solution, making the solution more 

electrolyte. 

The KOH catalyst is a strong base catalyst, whereas the 

NaHCO3 catalyst is a weak base. When NaHCO3 catalyst is 

dissolved in water, CO2 gas is produced, which dissolves 

combined to generate Na+ and OH- ions. Because the NaHCO3 

solution is a weak electrolyte because it is not entirely ionized 

in water, the generation of CO2 gas slows down the electrolysis 

process, causing the NaHCO3 catalyst to have a lower 

hydrogen gas rate compared to other catalysts. 

NaCl catalyst is a strong electrolyte salt that totally ionizes 

into Na+ and Cl- when dissolved in water, it has a greater flow 

rate of hydrogen gas than the NaHCO3 catalyst, which is a base 

catalyst. The NaCl catalyst has a drawback in its application 

since the solution will generate a green precipitate during the 

electrolysis process due to the presence of Na precipitate and 

Cl2 gas formed during the electrolysis process. The reaction 

[24] results in the production of Cl2 gas. 

2H2O + 3Na++ 3Pb2+ + Fe + Mg + Cr + 2Cl- → 2H2 + O2 + 
3Na + 3Pb + Fe2+ +Mg2+ + Cr+3 + Cl2 (2) 

This creation event does not occur in alkaline catalysts, where 

the water utilized after electrolysis remains clear. Based on the 

results, the optimum catalyst for creating hydrogen gas from 

wastewater with a catalyst concentration of 0.5 M is KOH 

catalyst with a gas production flow rate of 5.8355 mL/s. 

 

 

 

 

3.3. Analysis of the Amount of Hydrogen Gas for the Catalyst 

Used 

Analysis of hydrogen gas produced by production was 

carried out using a gas meter (ECOM). A gas meter is a tool 

used to measure exhaust emissions and analyze soot from 

stationary sources. The gas parameters tested were O2, CO, 

NO, NOx, NO2, SO2, H2 and CO2. 

 In this study, the gas parameters measured and taken were 

hydrogen gas and oxygen. The H2 parameter is used to 

determine the amount of hydrogen gas produced while O2 is 

used to determine the purity of the gas, because the less 

amount of oxygen gas that is formed in the H2 tube, the purer 

the hydrogen gas obtained. Graph of the relationship between 

the formed H2 gas and the catalyst used can be made as shown 

in Figure 4. 

Based on Figure 4, it can be seen that hydrogen gas 

produced with a catalyst has a higher H2 content than without 

using a catalyst. From Figure 4 it can be seen that the amount 

of H2 gas produced without a catalyst is 122 mg/m3 while 

using a catalyst, which is for NaOH 537 mg/m3; KOH 558 

mg/m3; NaCl 472 mg/m3; and NaHCO3 462 mg/m3. Based on 

these results, it can be seen that the KOH catalyst produced 

higher H2 of 558 mg/m3. The results obtained show that the 

use of a catalyst also affects the amount of H2 produced in 

addition to affecting the rate of production.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Use of a Catalyst for the Amount of H2 Gas Produced 

Graph of the relationship between the O2 gas content and 

the catalyst used can also be made as shown in Figure 5. From 

Figure 5 it can be seen that hydrogen gas produced with a 

catalyst has a lower O2 content than without using a catalyst. 

From Figure 5 it can be seen that the O2 gas content formed 

for each catalyst is for NaOH 14.49%; KOH 13.49%; NaCl 

16.8%; and NaHCO3 17.68%. Based on these results it can be 

seen that the KOH catalyst has a fairly high purity of hydrogen 

gas (H2) because it only contains a small amount of oxygen, 

namely 13.49% compared to other catalysts. 
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Figure 5. Use of a Catalyst for the Amount of O2 Gas Produced 

The results obtained also show that the catalyst affects the 

purity of the hydrogen gas formed. Based on the gas analysis 

results, it can be seen that emission gases were detected such 

as CO, NO, NOx, NO2, SO2, and CO2. These gases are 

detected due to outside air entering the gas measuring device 

during the gas analysis. The entry of air is caused by a lack of 

vacuum in the connecting hose between the sample and the 

sampling pump on the device. 

4. Conclusion 

Based on the study and analysis done on the production of 

hydrogen gas from textile wastewater, it can be determined 

that the clean water obtained from the electrocoagulation 

technique of processing textile wastewater can be claimed to 

be practical to be utilized as feed in the process of 

manufacturing hydrogen gas. KOH catalyst with a gas 

production flow rate of 5.8355 mL/s and a quantity of H2 of 

558 mg/m3 and O2 of 13.49% by volume is the best catalyst 

for creating hydrogen gas (H2) from wastewater with a catalyst 

concentration of 0.5 M.
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