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Abstract 

 

Hydrogen sulfide (H2S) is considered as an impurity in biogas. H2S could react to form sulfur dioxide (SO2) 

and sulfuric acid (H2SO4) during the burning process. The corrosive property of these compounds possibly 

causes damage to the power plant system. Overcoming this problem, activated carbon impregnated with 

KOH has been proven to work very well in adsorbing H2S. On the other hand, mangrove fruits pulp residue 

from the natural dyes extraction process has not utilized. Mangrove (Rhizophora stylosa) fruits contain about 

50% fixed carbon which is possibly made as activated carbon. The purposes of this research were to 

determine the adsorption efficiency of H2S in biogas using activated carbon derived from mangrove fruits 

residue and to determine isotherm equilibrium constants for adsorption. The small scale adsorption devices 

consist of cooler, flow stabilizer, flow regulator, flow meter and column adsorber. At a certain flow rate, 

biogas was sampled every 10 minutes and then analyzed using a portable H2S gas analyzer. Temperatures of 

biogas entered the adsorption column were in the range of 33-34
o
C. The optimum biogas flow rate was 4 

litre per minute (lpm) for 250 grams (16 cm of height) of activated carbon. We found the adsorption 

efficiency was decreased by time and still reached 79.6% for 50 minutes of contact time. Based on the 

coefficient of correlation value (R
2
) on the isotherm model, The Langmuir model is more suitable for the H2S 

adsorption of biogas in this study. We found the Langmuir equilibrium constant k was 0.033 and maximum 

adsorption capacity (x/m)max was 0.284 mg/mg. 
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INTRODUCTION 

 

Activated carbons are versatile adsorbents. 

Their adsorptive properties are due to their high 

surface area, a microporous structure, and a high 

degree of surface reactivity, they are, used, 

therefore, to purify, decolorize, deodorize, 

dechlorinate, separate, and concentrate in order 

to permit recovery and to filter, remove, or modify 

the harmful constituent from gases and liquid 

solutions(Ludlow, 2006). The use of activated 

carbon as an adsorbent in various applications has 

increased rapidly every year (Nwabanne and 

Igbokwe, 2011). 

 Mangroves, especially Rhizophora stylosa 

sp., are widely planted in Indonesian coastal areas 

as abrasion retaining plants. Every year, mangrove 

forests can adsorb 42 million tons of carbon in the 

air or equivalent to carbon gas emissions from 25 

million cars (Ardianto, 2011). By using the 

advantage of mangrove for carbon-storing, it 

opens opportunities to be used as raw material for 

activated carbon. Mangroves fruits can be utilized 

as natural dyes through water extraction. This 

extraction process remains wet solid residue that 

has not maximally utilized. Mangrove fruits 

contain moisture in air-dried sample (6.48%), 

volatile matter (41.91%), fixed carbon (48,56%), 

and ash (3.05%) that possibly converted into 

activated carbon (Paryanto et al., 2018)  

Biogas is one of the energy sources that can 

be produced from biomass sources such as food 
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waste, agricultural waste, livestock waste (animal 

waste), or mud from processing plant waste used 

as an energy source for electricity generation 

(Sanches-Percira et al., 2015). However, biogas 

contains Hydrogen Sulfide (H2S). This compound 

becomes one of the impurities in biogas with 

negative impacts. H2S can be converted into sulfur 

dioxide (SO2) and sulfuric acid (H2SO4) during the 

combustion process. These are undesirable 

corrosive compound that cause damage the 

power generation devices (Kennedy et al., 

2013).Therefore, biogas purification process is 

needed before its utilization as fuel, especially for 

power generation.   

Many studies have been carried out about 

the purification of biogas both physically, physico-

chemical, and biological such as water scrubbing. 

This method was relatively simple and low cost, 

but the simultaneous adsorption of H2S and CO2 

into water cause fouling and clogging in piping 

systems. Therefore, it is better to get rid of H2S 

separately (Persson et al., 2006). There was nother 

method that uses TiO2/Zeolite composite as an 

adsorbent medium followed by photocatalyst. The 

results was quite promising, and able to adsorb 

H2S as much as 72% -87%. Nevertheless, this 

method is quite complicated to be 

commercialized (Liu et al., 2015). 

Activated carbon, which already has a 

chemical or physical activation process has been 

widely used for H2S adsorption of gas. Activated 

carbon that has been chemically activated using 

acid or alkaline solutions, has been shown to work 

better than carbon with physical or thermal 

activation (Guo et al., 2007). Carbon that has been 

activated by the impregnation process using 

alkaline solutions can adsorb H2S from the gas 

with an acid-base reaction process on the carbon 

surface (Yan et al., 2002). Activated carbon 

impregnated with KOH liquid has been proven to 

work very well in adsorbing H2S gas, which 

produces small H2S levels in the adsorbed output 

stream which is can be used for internal 

combustion engine (Sitthikhankaew and 

Predapitakkun, 2011).  

The activated carbon must be efficient, 

which have high capacity and selectivity for H2S, 

and can be regenerated (Menezes et al., 2018). It 

is important to know the real picture H2S 

purification effectiveness in biogas and to find the 

Freundlich and Langmuir equilibrium constants in 

order to estimate adsorption retention time 

(Alwathan et al., 2013). 

The purposes of this research were to 

determine the adsorption efficiency of H2S 

purification in biogas with activated carbon 

originated from mangrove fruits residue, and to 

determine the Freundlich and Langmuir 

equilibrium constants for adsorption. This research 

used activated carbon from mangrove fruits 

residue by KOH activation resulting from previous 

research (Paryanto et al., 2019). 
 

RESEARCH METHODS 
 

The material for activated carbon was 

mangrove (Rhizophora stylosa) fruit as a residue of 

water-based natural dyes extraction. Mangrove 

was obtained from the coastal area of Cilacap, 

Central Java. Activated carbon must be formed of 

pellet because it is good for uses in gas phase 

adsorption. Activated carbon was produced by 

pyrolysis of solid residue at a temperature of 

400
o
C for 3 hours by using a 0.5 M KOH solution 

as an activator. This process produced an active 

area of 18.089 m
2
/g (Paryanto, Saputro et al., 

2019). Biogas which is produced from cow dung 

digester in Sambi, Boyolali, Central Java, was used 

in this research.  

The series of adsorption types of equipment 

are shown in Figure 1. This set consists of a single 

tube cooler with 0.5 inch internal tube diameter 

and 3 inch internal shell diameter with a 40 cm 

length (3), a flow stabilizer tank with 19 L in 

volume (4), and an adsorber column with 3 inches 

inside diameter and 60 cm length (6). The 

apparatus was equipped with pressure gauge 

WIPRO 0-6kg/cm
2
 (2), thermometer (1), flow 

meter WIEBROCK for 1 atm pressure (5), flow 

regulator (8), gate valve (9), and gas distributor (7). 

The types of equipment were arranged and placed 

near a digester in Sambi, Boyolali.  

The amount of activated carbon used in 

each biogas flow rate was 250 grams (about 16 

cm of height). Biogas flow rates were varied by 3, 

4, 5, 6, and 7 liters per minute (lpm). In every 10 

minutes of the adsorption process, biogas was 

sampled and H2S content was measured by using 

portable H2S Gas Analyzer Detector KXL-802. 

Beforehand, the inlet biogas was tested before the 

adsorption process.  
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RESULTS AND DISCUSSION 

 

Adsorption level of H2S gas 

The efficiency of H2S adsorption from 

biogas can be calculated by:  
 

            ( )  
      

    
       (1) 

 

Co is the initial H2S concentration before 

entering the adsorber (ppm) and C is the H2S 

concentration after passing the adsorbent (ppm). 

The initial concentration of H2S was obtained 

around 348 to 414 ppm. The efficiency of H2S 

adsorption at various flow rates and contact times 

is shown in Figure 2. 

Based on Figure 2, the best H2S adsorption 

efficiency is obtained at 3 lpm and 4 lpm for 10 

minutes of adsorption time. The H2S adsorption 

efficiency is reduced by the longer the contact 

time, it is due to the reduced effective area of 

activated carbon. After 50 minutes of contact time, 

the efficiency of H2S adsorption is still reached 

79.6%. This is still quite far compared to using 

activated carbon with a mixture of zeolites with an 

efficiency of 98.98% (Harihastuti et al., 2016). 

In figure 2 efficiency of 3 lpm at 50 minutes 

increases compared to at 40 minutes. This is likely 

due to a significant decrease in the H2S 

concentration of the inlet gas. this is the cause 

calculation errors. 

 

Determination of Equilibrium Constants  

The equilibrium concentration (Ce) at various 

flow rates is obtained graphically by plotting H2S 

concentration with time as shown in Figure 3. The 

equilibrium concentration is assumed as the 

concentration of H2S exits the adsorption column 

that does not change as a function of time.  

The Freundlich and Langmuir equilibrium 

constants can be determined graphically by Eq. 2 

and Eq. 3, respectively: 

 

   
 

 
 

 

 
             (2) 

 

In the Freundlich equation (Eq. 2), x/m is the total 

H2S adsorbed per gram of adsorbent, m is the 

mass of adsorbent, Ce is the H2S concentration at 

equilibrium condition, k and n are constants. The 

graph of Freundlich’s isotherm model is shown in 

Figure 4. 
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In the Langmuir equation (Eq. 3), x/m is total H2S 

adsorbed per gram of adsorbent, m is the mass of 

adsorbent, k is constant, (x/m)max is the maximum 

adsorption capacity, and Ce is the H2S 

concentration at equilibrium condition (Said, 

2018). The graph of Langmuir’s isotherm model is 

shown in Figure5. 

 
Figure 1. Series of adsorption set 
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Figure 2. The efficiency of H2S Adsorption in Various Flow Rates (lpm) and Retention Times (minutes)

 

  
 

Figure 3. The concentration of H2S versus time 

 

   
 

Figure 4. The plot of Freundlich Model 
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Figure 5. The plot of Langmuir Model 

 

 

Isotherm model that represents the 

adsorption process is determined based on 

coefficient value (R
2
) that close to 1 (Gueu et al., 

2007). As shown in Figure 4 and Figure 5, it is 

obtained that the Langmuir isotherm model has a 

coefficient value (R
2
) higher (close to 1) than the 

Freundlich isotherm model. Therefore, Langmuir 

model is more suitable for datas in this study. 

Freundlich's isotherm itself is more effective for 

heavy metals adsorption (Bernasconi et al., 1995). 

From the calculation, we found that the Langmuir 

equilibrium constant k was 0.033 and the 

maximum adsorption capacity (x/m)max was 0.284 

mg/mg.  

 

CONCLUSION 

 

Based on the adsorption efficiency, the 

optimum biogas flow rate for H2S adsorption by 

activated carbon used in this study was 4 lpm. At 

adsorption temperature of 33-34
o
C, the isotherm 

Langmuir model was more suitable for H2S 

adsorption in biogas. We found that the Langmuir 

equilibrium constant k was 0.033 and the 

maximum adsorption capacity (x/m)max was 0.284 

mg/mg.  
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