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Abstract: Biogas is a gas that contains mainly CO2 and methane, and hydrogen sulfide 
(H2S) in trace amounts. H2S is a dangerous gas that corrodes metals used in anaerobic 
digestion and also in the petrochemical industry, etc. The objective of this work is to 
study the performance of an activated carbon prepared from palm kernel shell in the 
removal of hydrogen sulfide (H2S) from biogas and to evaluate the reduction of the 
corrosive effect of filtered biogas on Al and Cu metals. The impregnation and 
carbonization method was used for the preparation of activated carbon based on palm 
kernel shell and the gravimetric method for the study of the corrosion rate of Al and Cu 
metals in biogas. The results indicate that the prepared activated carbon is microporous, 
of good quality and lightweight. Furthermore, the prepared activated carbon samples 
have removal efficiency (RE) greater than 90% of H2S. The values of induced protective 
power in the case of aluminum and copper in the filtered biogas are 82.63% and 85.47%, 
respectively. Contact time can be considered to increase the removal rate.  
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1. Introduction 
 Ivory Coast, a country located in West Africa, aims to be the energy leader in Sub-Saharan 
Africa over the next twenty years. To achieve this goal, the Ministry of Petroleum, Energy and 
Renewable Energies needs to intensify the exploitation of mining and energy resources, with a view 
to turning these sectors into real industrial hubs, while making energy abundant, high-quality and 
inexpensive to accelerate the country's economic and social development (Tsassa, 2015). 
Biogas production is one of the most important ways of producing clean energy, and of coupling this 
production with the management and treatment of waste and its degradation by-products (El houari, 
2018). In this way, biogas represents both an energy and an environmental solution resulting from a 
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sustainable process (Nyamukamba et al, 2022). It encompasses a wide variety of gases produced by 
specific treatment processes, from organic waste of industrial, animal, household or other origin. It is 
a gas that mainly contains combustible methane (CH4) and carbon dioxide (CO2), but also contains 
other elements such as trace amounts of hydrogen sulfide (H2S) (Kougias et al., 2018). Hydrogen 
sulfide is a highly odorous, toxic and corrosive compound (Abdirakhimov et al., 2022; El Mouaden 
et al., 2018). It inhibits methanogenic bacteria, which in turn reduces the concentration of methane in 
the biogas (Kaiser et al., 2004). Hydrogen sulfide has also been identified as one of the main causes 
of corrosion failure in the gas and petrochemical industries (Nikiema et al., 2015). It can considerably 
reduce the useful life of transport pipelines and processing plants in the oil and gas industry through 
cracking (Asmara, 2018, Sun et al., 2010). With this in mind, its elimination from biogas is becoming 
a technical, environmental and health imperative. It is therefore essential to consider the treatment of 
H2S from biogas using local, available and inexpensive materials. There are several industrial H2S 
purification methods based on chemical, physical or biological principles, more specifically biological 
desulfurization, membrane principles, adsorption on adsorbent materials, etc. (Sawalha et al., 2020). 
Like the other methods, adsorption on activated carbon offers several advantages. Indeed, its use is 
recognized as a less costly method, offering the possibility of saving 50% of the cost of its production 
when regenerated (Demey et al., 2018). In addition, the use of activated carbon offers significant 
efficiency in the elimination of pollutants through high-performance adsorbents (Benhamed et al., 

2015, Benhamed et al., 2018). As Côte d'Ivoire is an agricultural country, the purification of hydrogen 
sulfide requires the use of locally available and inexpensive materials. Several studies have focused 
on the use of activated carbon as an adsorbent material for H2S adsorption (shang et al., 2016, 
Ehouman et al., 2023, Gbangbo et al., 2023). For this reason, palm kernel shell, which is accessible 
and also available in large quantities in national territory was chosen. 
 

2. Materials and methods 
2.1 Materials 
As a precursor, we used dried and pounded palm kernel shells, as Côte d'Ivoire is the second largest 
producer of African diet, with 1,800,000 tonnes per year. It occupies this position just after Nigeria, 
with which it accounts for most of the 4% of the world market supplied by Africa. Its abundance and 
accessibility in several regions of the country have therefore prompted its use in the manufacture of 
activated carbon. Figure 1 below shows the shell of dried palm kernels. 
 

 

 

 

Figure 1: Raw material for activated carbon production 

The study metals used, aluminum and copper, were pre-treated and oven-dried at 40°C for 5 min 
before being transported to the experimental biogas site. Figure 2 below shows the copper and 
aluminum samples. 
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Figure 2: Aluminum(c) and Copper (d)  

The necessary mass measurements of our material and of the copper and aluminum samples for the 
various manipulations were carried out using balances (Figure 3). 

 

 

                                                          Figure 3: OHAUS precision balance 
 
For sieving the precursor (palm kernel shell) crushed using the mortar below, we used 8 mm and 4 
mm porosity sieves, one example of which is illustrated in Figure 4 and Figure 5 below:           
             

 

 

 

 

 

                               Figure 4: Mortar                                  Figure 5: Sieve   
          
An oven was used to dry the palm kernel shells and activated charcoal for 24 hours. The palm kernel 
shells were carbonized using an electric furnace, as shown in Figure 6 and Figure 7 below: 
 

 
                                        Figure 6: Drying oven           Figure 7: Electric oven 
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A stirrer was used to agitate the charcoal-iodine mixture during iodine value determination (Figure 
8). A pH meter was used to measure the pH of the water used to wash our carbon, to ensure that it 
was close to 7 (Figure 9). H2S concentration is determined using a portable biogas detector (Figure 
10). 
 

   

Figure 8: Magnetic stirrer                Figure 9: pH meter             Figure 10: Biogas analyzer 

2.2 METHODS 
2.2.1. Protocol for preparing 20% phosphoric acid (H3PO4)   
The phosphoric acid stock solution used has a purity of 85%, a molar mass of 98 g/mol and an initial 
concentration C0 =14.65 mol/L. The final concentration Cf of the 20% phosphoric acid solution 
(daughter solution) is determined by Eqn. 1: 
 
 Cf =	𝒙×𝒅𝒔×𝝆𝒆𝒂𝒖𝑴

               Eqn. 1     
 x: percentage of daughter solution 
ds: density of the phosphoric acid solution as a function of percentage. According to the CSTP at 
20%, ds = 1.1134  
ρwater: density of water, ρwater = 1000 g/L 
M: Molar mass of H3PO4 solution 
M = 98 g/mol 
 
The initial volume of the stock solution to be taken is expressed with Eqn. 2:  
Vo = 𝑽𝒇×𝑪𝒇

𝑪𝒐
  Eqn. 2      

 
with Vf = 1000 ml. Using a graduated cylinder, we measure a volume V0 =155 ml of the phosphoric 
acid stock solution, which we place in a 1-liter volumetric flask containing distilled water and fill to 
the mark. 
 
2.2.2. Activated carbon synthesis protocol 
Good quality activated carbons with a very large pore structure and high specific surface area are 
prepared from plant biomasses using ortho-phosphoric acid as the activating agent (Laine et al., 1989, 
Hu et al., 1999, Prahas et al., 2008). In the case of our study, activated carbon was synthesized from 
palm kernel shells using the chemical activation method. In a closed glass jar, 50 g of palm kernel 
hull is impregnated in 290 ml of H3PO4 daughter solution for 24 h. After the impregnation time, the 
carbon is chemically activated. After the impregnation time, we place the impregnated precursor in 
the oven to dry for 24h at 105°C (Koné et al., 2021) . This is followed by the activation phase. 
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The precursor, already impregnated and dried in the oven, is placed in a porcelain container and then 
carbonized in the electric furnace at a given temperature and time; in our case at 550°C for 3h47min 
(Abuiboto et al., 2016). The samples are then washed out of the oven, while the pH of the rinsing 
water is measured. Once the pH of the water is close to 7, the washed samples are oven-dried for 24h 
at 105°C.    
 
2.2.3 Characterization  
 
- Yield 
Overall, activated carbon preparation yields are higher at 400°C than at 600°C, irrespective of 
activated carbon size. Yield is a function of carbonization time and temperature. Yield is the ratio 
between the quantity of precursor and the quantity of activated carbon prepared. We measure a 
quantity of precursor which we carbonize (m0), and at the furnace outlet we measure the quantity of 
carbon produced (m1). The yield (%) is given by Eqn. 3: 
 
R (%) = [(m1/ 𝑚0)] × 100 (3)                                 Eqn. 3     
 
- Iodine value 
The iodine index test is designed to determine carbon's ability to adsorb small molecules. It 
characterizes the micropores accessible to small particles. The iodine index is an important 
characteristic in the evaluation of activated carbon micropores. It was determined as follows. A 15 ml 
volume of 0.1 N iodine solution is brought into contact with 0.05 g activated carbon for 4 min. The 
treated solution was filtered, then 10 ml of filtrate was assayed with a 0.1 N sodium thiosulfate 
solution in the presence of a few drops of a 0.1 N starch starch solution used as a color indicator. The 
sodium thiosulfate solution was added little by little to the Erlenmeyer flask containing the filtrate, 
until the solution was completely discolored. A blank test was carried out under the same conditions 
in the absence of activated carbon, giving a volume Vb = 5.4 ml (Adjoumani, 2022a, Adjoumani, 
2022b). Finally, the iodine value (Id) expressed in mg/g was calculated by Eqn. 4: 
 

Iodine value (Id) (mg/g) : 𝐈𝐝 =
(𝐕𝐛−𝐕𝐬)×𝐍×𝟏𝟐𝟔,𝟗×(

𝟏𝟓
𝟏𝟎)

𝐦 		     Eqn. 4     
 
With : 
 Vb: volume in ml of 0.1 N sodium thiosulfate added to the blank test. 
 Vs: volume in ml of 0.1 N sodium thiosulfate added to the adsorbent test. 
 N: normality of sodium thiosulfate solution in (eq.g/L). 
 126.9: atomic mass of iodine. 
 m: mass of adsorbent in (g). 
 
- Ash content Tc 
The ash content indicates the richness of the material in minerals such as silica, aluminum, iron, 
magnesium and calcium. The result is expressed as a percentage of ash content on dry coal (ash mass 
/ dry fuel mass). To determine this, we used the following method: 
Firstly, 0.5 g of activated charcoal was placed in a crucible and placed in an oven at 80°C for 24 hours. 
Then, after drying, the crucible and its contents were placed in an oven set at 650°C for 3 h. After 
cooling to room temperature, the crucible and its contents were weighed again (Kone et al., 2022). 
The ash content (Tc) was determined by Eqn. 5: 
 
Tc (%) = [(𝑚3−𝑚2) / 𝑚1] × 100             Eqn. 5               
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m1: mass of coal ; 
m2: mass of crucible and coal after removal from furnace;  
m3 : mass of crucible and coal after drying.                 
 
2.2.4 Test of H2S removal by adsorption on activated carbons 
Biogas sampling was carried out at the FONDATION BRIN poultry farm, located in the village of 
YAOKOKOROKO, sub-prefecture of TABAGNE in the GONTOUGO region (Côte d'Ivoire). This 
farm has a methanizer with a capacity of 15 m3 for processing hen droppings (poultry waste). 
Figure 11 below shows the methanizer: 
 

 

Figure 11: Overview of the BRIN FOUNDATION Methanizer 

1: Methanizer; 2: Manual feed tank; 3: Automatic feed tank; 
 4: Outlet; 5: Methanization digestate tank (liquid & solid fraction); 6: Biogas filtration and 
purification system; 7: Temperature sensors (digester and digestate). 
 
- Method for determining removal efficiency (RE) 
 
H2S concentration is determined at the inlet and outlet of the filter column using a portable biogas 
detector. For the duration of the test, the biogas flow rate was kept constant at  
0.146 m3/min so (0.00244 m3/s). Figure 12 below shows the adsorption test setup. 
 

Figure 12: Adsorption test diagram 
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Elimination efficiency (RE) was calculated using Eqn. 6   below: 
𝑹𝑬 = 𝑪𝒊;𝑪

𝑪𝒊
× 𝟏𝟎𝟎   Eqn. 6    

 
Where Ci and C are the initial and final H2S concentrations (Adjoumani, 2022a, Adjoumani, 2022b) 
 
2.2.5 Gravimetry 
Mass loss is the oldest method for measuring corrosion. It is based on the determination of the 
corrosion rate. It is a simple method, the principle of which is to immerse the surface sample (S) to 
be studied in the corrosive medium in question (after weighing it) for a well-defined period of time 
(t) [25]. Then, after washing, the sample is weighed again to determine the mass loss (Δm) (Eqn. 7). 
 
∆𝑚 = 𝑚0 − 𝑚1                                   Eqn. 7     
𝑚0: Initial sample mass (g)  
𝑚1: Final sample mass (g)  
Δm: mass loss (g).  
 
2.2.5.1 Experimental protocol 
Gravimetry is an experimental method for monitoring the evolution of the mass of a sample immersed 
in a corrosive medium over time. The experimental procedure for this method in our case is as follows: 
- Place the sample in the biogas contained in an air chamber after weighing it, i.e. m1 (Figure 13). 
- Remove the sample after 5 hours, 24 hours, 48 hours and 72 hours. 
- Wash the sample thoroughly with distilled water and clean with a brush. 
- Dry it in an oven and weigh it again, i.e. m2 the new mass. 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 13: Air chambers containing biogas and samples 

 
The corrosion rate value is the average of three tests carried out under the same conditions. The studies 
were carried out with several samples of each metal of different masses placed in an air chamber 
containing biogas for 5H, 24H, 48H and 72H. 
The average corrosion rate of copper (W) was determined by mass loss (Eqn. 8)  
          
                     (7) 
                                                                                                                   Eqn. 8 
 
                 With :  
                  Δm: mass loss (in g) ;  
                  S: total surface area of the sample (in cm2) ;  
                  t: immersion time (in h). 

]  1-h 2-cm.mg[ ∆𝒎			
𝑺.𝒕

W =   
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3. Results and discussion 
3.1 Characterization of palm kernel shell activated carbon (CACGP) 
The study of the characteristics of activated carbons is necessary to contribute to the understanding 
of several phenomena such as adsorption, desorption, exchange, etc. Table 1 below shows some of 
the characteristics of the prepared activated carbon (CACGP). 
 

                            Table 1: Activated carbon characteristics  
 Iodine value (mg /g) Yield (%) Ash content (%) pH 
CACGP 818,505 41 4,36 5 

 
3.1.1 Iodine value 
Activated carbon contains pores accessible to iodine molecules. The iodine value is 818.505 mg/g. 
The higher the iodine value, the more microporous the adsorbent (0-2 mm) and the better its specific 
surface area. In the case of our study, palm kernel shell activated carbon (CACGP) activated with 
phosphoric acid shows better results (values above 500 mg/g) (Rodrigue et al., 2022, Koné et al., 
2022, Frank, 2012, Ehouman et al., 2023, Balogoun et al., 2015). 
 
3.1.2. Yield  
Activated carbon yield is an important measure of the feasibility of producing activated carbon from 
a given precursor under given conditions. In the case of our study, the yield of activated carbon 
prepared from palm kernel shell (CACGP) obtained is 41%. This shows a good yield, as it exceeds 
20% (Balogoun et al., 2015). 
 
3.1.3. Ash content 
Ash content is one of the parameters influencing the adsorption properties of carbon. This parameter 
has a significant effect on activated carbon quality. It appears that a high ash content reduces the 
specific surface area. On the other hand, the ash content of a good adsorbent should not be too high, 
i.e. below 20% (Coelho et al., 2006). An excessively high ash content (>20%) reduces the carbon's 
activity and reactivation potential, and can lead to leakage of impurities (mineral salts). In our study, 
the ash content of activated carbon prepared from palm kernel shells (CACGP) was 4.36%. The ash 
content obtained in this study shows a very good adsorption capacity of the synthesized activated 
carbon (Rodrigue et al., 2022). 
 

3.2 Study of the efficiency of hydrogen sulfide removal from biogas by palm kernel shell activated 
carbon (CACGP) 
3.2.1 Biogas composition 
The plant system is equipped with a methanizer that produces biogas composed of methane (CH4), 
carbon dioxide (CO2), carbon monoxide (CO) and hydrogen sulfide (H2S). Changes in H2S 
concentration prior to adsorption were also monitored during the working time and showed no change 
in the initial H2S concentration (Table 2). This means that the initial H2S concentration remained 
constant during the working time. 
 

Table 2: Biogas composition 

Components  Measure 1  Measure 2 Measure 3 Measure 4 
CH4 85-90 % 85-90 % 85-90 % 85-90 % 
CO 10-15 ppm 85-90 ppm 85-90 ppm 85-90 ppm 
H2S 80 – 100 ppm 80 – 100 ppm 80 – 100 ppm 80 – 100 ppm 
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3.2.2 Removal of hydrogen sulfide (H2S) from biogas 
CACGP was used to remove hydrogen sulfide (H2S) from biogas. Figure 14 below shows H2S 
concentrations at the outlet of 30 g CACGP in the filtration column as a function of time. Using a 
mass of 30 g, which is the maximum amount of activated carbon the filter can hold, we observe that 
at the start of filtration, the H2S concentration is zero and increases progressively until it reaches a 
concentration of 6.35 ppmV after 140 min. This concentration remained constant up to 600 minutes 
(10 hours) Figure 15. The very low value observed (2 ppmv) at the start of filtration could be 
explained by the highly porous nature of our activated carbon. The gradual increase in H2S 
concentration over time may be due to the occupation of adsorption sites by H2S molecules. However, 
concentrations remained below 10 ppmV, the threshold concentration for prolonged exposure or the 
8-hour exposure limit value (Moletta, 2011). These concentrations are also below 16 ppmV, which is 
indicated to minimize the impact of biogas on storage, compression and transport equipment for 
valorization in free compressor units (Promnuan et al., 2017).  
 

 

Figure 14: Variation in H2S concentration as a function of time for a CACGP mass of 30 g 
 

 
 

Figure 15: H2S removal efficiency (RE) versus time for a CACGP mass of 30 g 
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It should be noted that the CACGP did not reach breakthrough time within the working time (10 
hours). It should be remembered that breakthrough time is the time at which the H2S concentration at 
the exit of the filtration column becomes half the initial concentration, i.e. between 40-50 ppm in the 
case of our experiment. Furthermore, the CACGP has a very high H2S removal efficiency (RE) of 
92.06% over 10 hours (Figure 15). This would indicate the development of the pores essential for 
adsorption (Promnuan et al., 2017, Mao et al., 2021). 
 
3.3 Study of aluminum and copper corrosion in biogas 
3.3.1 Evaluation of mass loss of aluminum (Al) and copper (Cu) as a function of time (t) 
3.3.1.1 Evaluation of aluminum (Al) mass loss as a function of time (t) 
Figures 16 below show a comparison of aluminum mass loss in unfiltered biogas (BNF) and filtered 
biogas (BF). The various Figures 16, above, clearly show an increasing trend in mass loss with 
increasing time for the aluminum metal used in the case of unfiltered biogas (BNF) and in filtered 
biogas (BF). A greater mass loss is also observed in the different cases with the longer exposure time 
of 72 hours in the case of our study. For unfiltered biogas, the increasing trend is higher than for 
filtered biogas. This could be explained by the presence of hydrogen sulfide (H2S) in very high 
concentrations of 90 ppm in unfiltered biogas and 6.35 ppm in filtered biogas. Hydrogen sulfide 
therefore has a corrosive effect on aluminum.  
 

 
Figure 16: Mass loss of aluminum in unfiltered biogas (BNF) and in filtered biogas (BF). 

 
A direct assessment of Figure 16 shows that aluminum is more sensitive to weight loss when exposed 
to direct contact with unfiltered biogas (BNF) than with filtered biogas (BF). In fact, in BNF the 
corrosion process is higher. This could be explained by the high H2S concentration and high moisture 
content, which are factors that favor corrosion. On the other hand, in BF, the corrosion process exists, 
but is slowed down. The slowdown in aluminum corrosion in BF could be explained firstly by the 
low H2S content, and secondly by the low water content, due to the adsorption of water and H2S 
molecules by the activated carbon during filtration. This would indicate the formation of a surface 
layer acting as a protective layer, preventing the propagation of the corrosion process in our metal 
(Fontenelle et al., 2017). 
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3.3.1.2 Evaluation of copper (Cu) mass loss as a function of time (t) 
Figure 17 below shows a comparison of copper mass loss in unfiltered biogas (BNF) and filtered 
biogas (BF). A direct evaluation of the different figures indicates that copper has a greater mass loss 
when exposed for longer periods (72h) to direct contact with unfiltered biogas. For filtered biogas, an 
increasing trend towards mass loss with increasing time is also observed. This increasing trend in 
mass loss with increasing time observed in both cases (BNF and BF) could reflect a sensitivity to 
copper corrosion by hydrogen sulfide (H2S) contained in the biogas at concentrations of 90 ppm and 
6.35 ppm. 
 

 
 

Figure 17: Copper mass loss as a function of time in unfiltered biogas (BNF) and filtered biogas (BF).  
 
Comparison of the evaluation of copper mass loss as a function of time in BNF and BF (17), indicates 
that copper has a high sensitivity to mass loss, particularly when directly exposed to BNF. Clearly, 
mass losses are greater when copper is directly exposed to BNF biogas than in BF. Indeed, in BNF 
the material is exposed to high H2S concentrations (90 ppm) as well as to the high moisture content 
contained in BNF. This could accelerate the corrosion process, resulting in significant mass loss. 
The observed slowdown in copper corrosion on contact with BF could be explained not only by the 
low H2S (6.35 ppm) and moisture contents due to adsorption of water molecules by the activated 
carbon during filtration, but also by the formation of a layer acting as a protective barrier, preventing 
the propagation of the corrosion process of the metal used (Fontenelle et al., 2017). 
 
3.3.2 Study of the corrosion rate of the metals aluminum (Al) and copper (Cu) as a function of time 
(t) in biogas 
3.3.2.1 Study of aluminum (Al) corrosion rate as a function of time (t) in biogas 
The most appropriate way to interpret the corrosion process is through the corrosion rate or corrosion  
speed. This parameter indicates whether the corrosion process is stable (with a constant corrosion 
rate), more aggressive (with a higher corrosion rate) or milder with (decreasing corrosion rate) 
(Dustin, 1934, Fontenelle et al., 2017). A process with a corrosion rate equal to or close to zero 
indicates that the corrosion process is inactive (Dustin, 1934, Fontenelle et al., 2017). Figure18 below 
shows the variation in aluminum corrosion rate as a function of time in unfiltered biogas (control) and 
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in biogas filtered by CACGP activated carbon. Analysis of this figure shows that the corrosion rate 
increases with study time in the case of aluminum (control), i.e. In unfiltered biogas (BNF). The high 
corrosion rate, characterized by increasing mass loss, indicates a more aggressive corrosion process 
(Dustin, 1934). This could be explained by the continuous loss of the element aluminum (Al) due to 
its weakening as a result of the high concentration of moisture and hydrogen sulfide H2S present in 
its immediate environment. On the other hand, with aluminum in the presence of filtered biogas (BF), 
the curve of the evolution of the corrosion rate as a function of time has, on the whole, a decreasing 
tendency over time. In this case, the curve shows a milder corrosion process during the contact time 
up to 72h [37-38]. This could be explained by the presence of trace amounts of CACGP-based 
activated carbon (Figure 18). 
 

 

Figure 18: Evolution of aluminum corrosion rate as a function of time in unfiltered biogas (control) 
and in biogas filtered (BF) by CACGP activated carbon.   
 
3.3.2.2 Study of copper (Cu) corrosion rate as a function of time (t) in biogas 
Figure 19 below shows the variation in copper corrosion rate as a function of time in unfiltered biogas 
(control) and in biogas filtered (BF) with CACGP activated carbon. In BNF, an increase in copper 
corrosion rate was observed with increasing biogas contact time. The increase in the corrosion rate of 
copper exposed to BNF, could be explained by the continuous loss of Cu element and the consequent 
weakening of the copper metal structure due to the acidic environment present in BNF due to its high 
H2S concentration and high moisture content (Search, and Out, 2012, Ali, 2021). The decrease in the 
corrosion rate of aluminum exposed to BF up to 48 h visible in the figure, reflects a low loss of Cu 
element mass. This low mass loss is thought to be due to the inhibitory effect of activated carbon 
based on palm kernel shells. In fact, the high H2S and water contents responsible for accelerating the 
rate of corrosion were reduced in the BF by the traces of activated carbon forming a protective 
physical barrier for our metal. However, we observed a slightly modified trend after 48 h up to 72 h, 
showing a minor increase in corrosion rate, relative to time. This could be explained by the metal's 
sensitivity to mass loss due to the low H2S content, which influences the hardness of our metal's 
crystalline surface (Search, and Out, 2012, Ali, 2021). Overall, however, the corrosion rate in BNF is 
higher than in BF. 
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Figure 19: Copper corrosion rate as a function of time in unfiltered biogas (BNF) and in biogas 
filtered (BF) with CACGP activated carbon. 
 
3.3.3 Comparative study of the corrosion rate of aluminum and copper (Cu) as a function of time 
(t) in biogas. 
3.3.3.1 Comparative study of aluminum and copper (Cu) corrosion rates as a function of time (t) 
in unfiltered biogas (BNF) 
Figure 20 below shows the variation of aluminum and copper corrosion rates as a function of time in 
unfiltered biogas (control). 
 

 
            Figure 20: Evolution of the corrosion rate as a function of time in the BNF of Cu and Al 
 
The two graphs in the figure above show an increase in the corrosion rate during the different contact 
times of aluminum and copper with unfiltered biogas. A comparison of the two graphs suggests that 
the slight increase in corrosion rate observed for copper compared to aluminum is due to the 
crystalline structure of each metal.  
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3.3.3.2 Comparative study of aluminum and copper (Cu) corrosion rates as a function of time (t) 
in filtered biogas (BF) 
Figure 21: below shows the variation of aluminum and copper corrosion rates as a function of time 
in filtered biogas. The two curves in Figure 21 above show a decreasing trend in overall corrosion 
rate over the study time. Both curves show a drop-in corrosion rate from 5 h to 24 h, before remaining 
almost constant between 24 h and 72 h. Aluminium's corrosion rate in this environment is much lower 
than that of copper. This can be explained by the fact that aluminum's protective layer is much more 
effective in this environment than that of copper. 
 

 
 

Figure 21: Corrosion rate vs. time in filtered biogas (BF) for the metals copper and aluminum. 
 
3.3.4 Study of induced protective power (IPP)  
3.3.4.1 Study of the protective power induced by filtration as a function of time (case of aluminum) 
Figure 22 below shows the evolution of filtration-induced aluminum protective power as a function 
of time in filtered biogas. 
 

 

Figure 22: Evolution of the protective power induced in filtered biogas (case of aluminum).  
 

Figure 22 above also shows that the protective power induced by filtration increases over time from 
41.50% to 85.47%.  This would indicate the presence of a physical barrier that gradually expands, 
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resulting in a high degree of coverage of the copper metal surface by traces of activated carbon. In 
this way, a large part of our metal would be isolated from the aggressive environment (Ikeuba et al., 
2019). Consequently, CACGP activated carbon would have good protective properties for aluminum. 
 
3.3.4.2 Study of the protective power induced by copper filtration as a function of time (copper) 
Figure 23 below shows the evolution of filtration-induced protective power as a function of time in 
filtered biogas. Analysis of this figure 23 shows that the protective power (i.e. the rate of surface 
coverage) increases over time from 40 to 82.63%, indicating the presence of a physical barrier that 
gradually expands. As a result, the copper surface will be increasingly covered by traces of charcoal. 
In this way, a large part of our metal would be isolated from the aggressive environment environment 
(Ikeuba et al., 2019). As a result, CACGP activated carbon has a good protective effect on copper in 
filtered biogas. 
 

                         
                 Figure 23: Evolution of induced protective power in filtered biogas (case of copper) 
 
3.3.5 Comparative study of induced protective power for copper and aluminum as a function of 
time in filtered biogas. 
Figure 24 below shows the evolution of the induced protective powers of aluminum and copper as a 
function of time in filtered biogas (BF). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 24. Time-dependent evolution of the induced protective powers of aluminum and copper in 
filtered biogas (BF). 
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Analysis of this figure shows that for all study times, the induced protective power of aluminum in 
filtered biogas is greater than that of copper in filtered biogas. This could be explained by the different 
crystalline structures of the two metals aluminum and copper. As a result, aluminum is more resistant 
than copper to corrosion in filtered biogas. CACGP activated carbon has good protective properties. 
 

4. GENERAL CONCLUSION  
The parameters of activated carbon based on palm kernel shells, such as iodine value, yield, ash 
content and pH at zero loading point, were 818.505 mg/g, 41%, 4.36% and 5.0 respectively. These 
results indicate that the activated carbon prepared is microporous (0-2 mm), of good quality and 
lightweight. Furthermore, the activated carbon samples prepared have a H2S removal efficiency (RE), 
during the working time (10 h), of over 90% for the 30 g filtration column used with H2S output 
concentrations below 10 ppm, which is the tolerance threshold for prolonged exposure. Activated 
carbon based on palm kernel shells can therefore be used to remove hydrogen sulfide from biogas. 
The induced protective power values (i.e. the surface coverage rate) for aluminum and copper in 
filtered biogas are 85.47% and 82.63% respectively. CACGP activated carbon has good protective 
properties. 
The protective layer of aluminum is much more effective in this environment than that of copper. As 
a result, aluminum is more resistant than copper to corrosion in biogas. 
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