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Abstract  

 

Biogas is a suitable alternative renewable energy source if unwanted impurities are removed to avoid corrosion of 

the engine. This work presents the selective removal of H2S from biogas using a poly-dimethyl siloxane (PDMS) 

membrane contactor and a liquid media containing 1 N sodium hydroxide solution. Effects of the gas retention time 

(gas flow rate), liquid pH and membrane thickness on the extent of H2S removal and the selectivity were 

investigated. The experimental results indicated that increasing the gas retention time or decreasing the membrane 

thickness linearly increases the permeation of the compounds. An efficiency of 99.3% H2S removal and 56% CO2 

removal was achieved at gas retention time greater than 10 min and membrane thickness of 1 mm. The biogas was 

enriched up to 87% CH4. The results also revealed that the PDMS membrane contactor used was very efficient for 

the selective removal of H2S particularly at low retention times (5.7 min). When the membrane thickness increased 

from 1.0 to 2.0 mm, the removal of both CO2 and H2S decreased, but the decrease in CO2 removal was more severe 

and therefore the H2S selectivity boosted. The maximum selectivity observed was 2.6 and 40 for H2S/CO2 and 

H2S/CH4, respectively. Finally, the gas-liquid PDMS membrane contactor used in this study is concluded as a cheap 

and easy-to-operate system for desulfurization of biogas. 
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1. INTRODUCTION  

 

Biogas produced from anaerobic digestion is one of the most favorable bioenergy sources that plays a vital role in 

the emerging market of renewable energy, because of its great substrate flexibility and energy yields per acreage [1]. 

Biogas composition mainly depends on the used organic substance and the digestion conditions and it largely 

consists of methane (CH4) and carbon dioxide (CO2) together with other minor components, such as hydrogen 

sulfide (H2S), ammonia (NH3). Generally, biogas can be used directly to generate power and heat, but the high CO2 

content reduces its calorific value and also increases the compression and transportation costs which can limits its 

use at the point of production [2]. Whereas, the presence of H2S can cause critical problems such as; toxicity, 

offensive stench, corrosion of engine components and can have adverse environmental effects due to the sulfur 
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oxides generated during combustion [2-4]. Thus, reducing H2S contents in the biogas is obligatory to increase the 

quality of the gas and protect combustion equipment from corrosion. Numerous technologies for biogas cleaning 

have been developed to date that includes: physical and chemical absorption, adsorption, membrane separation and 

biological methods [5-6]. However, studies that focused on the combined and continuous operation are limited. 

Hence, researches on biogas cleaning to further improve the overall efficiency, reducing investment and operation 

costs are needed. Recently, a combined membrane absorption processes have received much attention due to its 

advantage in energy efficiency, simple construction, easy scale up, operational flexibility, and reduced 

environmental impact [7-8]. In the earlier studies semipermeable hydrophobic and microporous membranes type 

have been studied for gas to liquid transfer [9-10]. The advantage of porous membranes is their excellent mass 

transfer characteristics, while its performance decreased when the membrane used for long operational period, due 

to wetting problem [11]. This drawback can be eliminated by selecting non-porous membranes, which is highly 

permeable to acid gases and fully impermeable to the liquid phase. Furthermore, the nonporous membrane, 

particularly rubbery polymers, can enhance selectivity for H2S over CO2 and CH4, since separation is mediated by 

diffusion through the polymeric membrane substrate. However, some studies described nonporous polymeric 

membrane cannot provide high amount of mass transfer compared to microporous membranes [12]. The motivation 

of this study is the selective absorption of H2S from biogas to an aqueous hydroxide solution through PDMS 

membrane contactor. The principle of gas permeation in PDMS membrane is solubility and diffusivity differences of 

gas constituents. Here, H2S is preferably diffused across the membrane and subsequently absorbed into a caustic 

solution. The reaction of H2S is instantaneous, whereas CO2 reacts at a finite rate. Thus, a selective removal of H2S 

over CO2 absorption is achieved, which would lead to the decreased consumption of the base. In the present study, 

optimal operating parameters such as retention time, membrane thickness, liquid pH and H2S inlet loading were 

investigated. 

 

2. MATERIALS and METHODS  

 

2.1. Experimental set-up and operation 

 

The experimental set-up was similar to that used by Tilahun et al. [13] (Fig. 1). The reactor was made of cylindrical 

Plexiglas (diameter 120 mm, height 200 mm) with a working volume of 1.5 L and it was totally filled with tap water 

to minimize the volatilization of the sulfur compounds, after closing the vessel the absorbing liquid was flushed with 

N2 gas to remove the dissolved oxygen. A simulated gas mixture of methane (CH4, 60%), carbon dioxide (CO2, 

39%) and hydrogen sulfide (H2S, 1%) was used (Hat Industrial Gases PLC, Kocaeli, Turkey). The biogas flowrate 

was regulated by using mass flow controllers at the outlet of the gas cylinder and the cumulative volume of the gas 

measured by a milligas counters (MGC, Ritter). Subsequently, the gas was passed through the tubular membrane 

placed folded into the absorption liquid. The nonporous tubular polydimethylsiloxane (PDMS) membrane with 1mm 

thickness (7mm ID, 3m length) was purchased from EUROFLEX (GmbH, Germany) while the PDMS having 

thickness of 1.5mm and 2mm (7mm ID, 3m length) were bought from DEUTSCH & NEUMANN (GmbH, Berlin, 
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Germany).  Tap water was used as absorption liquid and its pH was adjusted to 10 with 1 N NaOH solution using a 

pH transmitter and a dosing pump (Seko, PR 40/Q). The absorption liquid was mixed with a magnetic stirrer at 550 

rpm. The temperature of the liquid in the reactor was controlled at 20±1 using an electrical heating blanket 

externally wrapped around the glass vessel. 

 

2.2. Analytical methods 

 

The Sulfide concentration in the liquid media, i.e. permeate side of the membrane, was determined spectrometrically 

(WTW PhotoLab 6100VIS) following the method described by Cord-Ruwisch [14]. Samples were taken from the 

inlet and outlet of the membrane contactor to determine the concentrations of the biogas components (H2S, CO2 and 

CH4) using a GC equipped with thermal conductivity detector and a stainless steel column (Restek MS-13X 45/60, 

2.74 m length internal diameter of 2 mm). The temperatures of injection, column and detector were 150 
o
C, 40 

o
C 

and 150 
o
C, respectively. All samples were analyzed in triplicate and the averages were reported. When the H2S 

concentration in the biogas was below the detection limit of the GC-TCD, a 2
nd

 scrubber filled with 0.5% NaOH 

solution was used to absorb the H2S before measuring the sulfide concentration spectrometrically as mentioned 

above. The detail of this system was described in our former paper [15]. During the operation, the concentration of 

dissolved oxygen (DO), conductivity and oxidation reduction potential (ORP) in the liquid phase were monitored 

online using a digital multimeter, (Multi 9430, WTW GmbH, Germany). 

 

2.3. Calculations  

 

In this study, the CO2 or H2S removal efficiencies (R) and CH4 loss were calculated according to Eq. (1).  

 

R (%) =
Cin−Cout

Cin
∗ 100          (1) 

 

where, R - removal efficiency of CO2 or H2S, and CH4 loss, Cin - the concentrations of biogas components entering 

into the tubular membrane, Cout - the concentrations of biogas components exiting from the tubular membrane. In 

gas purification processes the performance of the system can be indicated also by computing the selectivity factor. 

Selectivity of the polydimethylsiloxane (PDMS) membrane for H2S may be defined as the tendency for the ratio of 

H2S over CO2 concentrations to be greater in the liquid phase than in the gas phase (Eq. 2). Likewise, the selectivity 

of H2S over CH4 was calculated according to Eq. (3). 

 

S(H2S CO2⁄ ) = (xH2S xCO2⁄ ) (yH2S yCO2⁄ )⁄        (2) 

 

S(H2S CH4⁄ ) = (xH2S xCH4⁄ ) (yH2S 𝑦CH4⁄ )⁄        (3) 
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where, S is dimensionless which represents the selectivity factor, x - denotes the mole fraction of the biogas 

components absorbed in the liquid phase and y - denotes the mole fraction of the biogas components in the feed gas. 

3. RESULTS and DISCUSSIONS  

 

According to the experimental results the membrane contactor performance is quite good for the removal of both 

acid gases, particularly at high gas retention time. The influence of retention time and membrane thickness on the 

removal efficiency of the biogas components is shown in Table 1. Under all tested membrane thickness, almost 

complete H2S removal had been found particularly at the highest retention time tested (19 min), which is safe to use 

in cogeneration units [16]. Whereas, decreasing the gas retention time to 5.7 min decreased the H2S removal 

efficiency gradually to 62, 56 and 51% at membrane thickness of 1 mm, 1.5 mm and 2 mm, respectively. This 

indicates that reducing the retention time increases the amount of H2S concentration in the retentate stream, thus 

resulting in lower efficiencies.  

 

Table 1. The effects of operational parameters on the performance of the membrane contactor 

 

Thickness 

(mm) 

Retention 

time (min) 

Gas removal (%) Selectivity factor 

H2S CO2 CH4 H2S/CH4 H2S/CO2 

1.0 

19.0 100 79.3 4.7 21.4 1.26 

10.4 99.3 56.4 3.4 28.8 1.76 

5.7 61.94 34.91 2.04 30.4 1.77 

1.5 

19.0 99.9 70.7 4.3 23.1 1.41 

10.4 98.8 45.0 2.9 34.5 2.20 

5.7 55.6 24.8 1.6 35.6 2.24 

2.0 

19.0 99.78 62.49 3.58 27.8 1.60 

10.4 98.34 37.81 2.5 39.3 2.50 

5.7 50.9 20.02 1.33 40.2 2.60 

 

It should also be noted that decreasing the biogas retention time decreased the removal efficiency of the thickest 

membrane (2 mm), which was due to the limited diffusion rate of the gas and increased membrane resistance. Our 

result is in consistent with the findings of Marzouk et al. [2] and Al-Marzouqi et al. [12]. They reported that the H2S 

removal efficiency decreased as the gas pressure and flow rate are increased. Similarly, for all thicknesses tested, the 

CO2 removal efficiencies declined as the retention time decreased. For instance, when 1 mm thick tubing was used, 

the CO2 removal efficiency dropped from 79 to 58% when the retention time decreased from 19 to 10.4 min, and 

further dropped to 35% when the retention time was 5.7 min (Table 1). Relatively the CH4 permeance through dense 
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non porous polymeric layers was the lowest because of its considerably low diffusivity through PDMS membrane 

and low solubility in the liquid media.  Stern and Bhide [17] pointed out that H2S is more permeable than CO2 

through PDMS by approximately a factor of 1.8, which is in consistent with our study. Thus the CH4 content in the 

effluent stream increased along with the retention time and reached up to maximum 87% with only 5% loss when 

1mm thick PDMS membrane was used. Karaszova et al. [18] reported the enrichment of CH4 up to 95% when a thin 

hydrophilic composite membrane with a 33-µm thick membrane layer was used. As a conclusion, the H2S removal 

increases when the thickness of the PDMS layer decreases. Upon further optimization, separation of H2S from the 

biogas using PDMS membrane may offer a cheaper alternative in comparison with conventional methods. 

 

As formerly reported, a reduction in gas retention time significantly decreased the CO2 and CH4 removal, while it 

has a marginal effect on the removal of H2S up to the retention time of 10.4 min (Table 1). The H2S removal 

efficiency decreased dramatically when the gas retention time dropped below 10.4 min, although its selectivity 

increased. This result is supported by other studies [19-21]. The higher the H2S selectivity in the PDMS membrane 

contactor is due to the instantaneous reaction of H2S with slightly alkaline aqueous solution and high solubility of 

sulfide in the slightly alkaline liquid media [22]. Freeman and Pinnau [23] noted that the gas selectivity in PDMS 

membrane is governed by the penetrant solubility. Chatterjee et al. [24] used cellulose acetate membrane to clean the 

biogas consisting of H2S (6%), CO2 (29%) and CH4 (65%) at 10.1 bar pressure and reported that the H2S/CH4 

selectivity factor was 19. This value was significantly lower than the value we found in this study which was about 

40, especially at low gas retention times. Table 1 also reveals that, increasing the membrane thickness enhances the 

selectivity of H2S, because the H2S can diffuse relatively faster than the other gases as the membrane thickness 

increases. This finding is also supported by other studies [25-28]. The drawback of the PDMS membrane contactor 

we tested is that the gas removal efficiency is inversely proportional with the selectivity factor. Therefore, 

optimizing the system is crucial to have acceptable amount of H2S in the effluent stream with minimal absorption of 

both CO2 and CH4.  

 

Conclusions  

 

Both the gas retention time and membrane thickness were found to be very effective on the process performance of 

PDMS membrane contactor tested for biogas desulfurization. Increased gas retention times resulted in higher H2S 

removal efficiencies whereas increased membrane thicknesses decreased the efficiency. H2S removal efficiencies 

higher than 99% were obtained when a gas retention time higher than 10 min and a membrane thickness of 1 mm 

were used. Low gas retention time (less than 10 min) and high membrane thickness increased the mass transfer 

resistance against CO2, but showed a marginal influence on H2S removal, hence resulted in a higher selectivity for 

H2S removal. In addition, it was shown that the PDMS membrane submerged in slightly alkaline solution removed 

the H2S from biogas without resulting in any noticeable CH4 loss. The results indicated that the PDMS membrane 

contactor can be a promising alternative for selective removal of H2S from biogas. However, further studies should 
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be performed to address the influence of pH on the process performance and to optimize the operating conditions to 

reduce mass transfer resistance and alkaline consumption particularly at low gas retention times.  
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