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Highlights 

 H2S removal from a biogas mimic in anoxic biofilters was investigated 

 Two packing materials were used: expanded schist and cellular concrete waste 

 Expanded schist is efficient for removing H2S (up to 1100 ppmv) at an EBRT of 300 s 

 Cellular concrete waste is also efficient (H2S up to 900 ppmv) at an EBRT of 240 s 

 Biofilters could be used instead of biotrickling filters for biogas cleaning 

Abstract 

The biofiltration of hydrogen sulfide present in a biogas mimic under anoxic conditions was 

performed using expanded schist and cellular concrete waste as packing materials. The impact 

of various parameters, such as H2S concentrations, Empty Bed Residence Time (EBRT) and 

molar ratio N/S, on the performances of biofilters was evaluated. At an EBRT of 300 s, 

expanded schist efficiently treated H2S concentrations up to 1100 ppmv (maximum 

elimination capacity ECmax = 30.3 g m-3 h-1). At an EBRT of 240 s, cellular concrete waste 

was an effective material for the treatment of concentrations of H2S up to 900 ppmv (ECmax = 

25.2 g m-3 h-1). Whatever the molar ratio N/S selected, sulfate and elemental sulfur were 

produced in the biofilters. Both materials presented a satisfactory mechanical behavior with 

low pressure drops. Therefore, this study showed that biofilters could be used to treat 

moderate concentrations of H2S in biogas under anoxic conditions. 

Keywords: Biogas; Biofilter; Anoxic conditions; Cellular concrete waste; Expanded schist; 

H2S 
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1. Introduction 

Biogas is a renewable energy source that is produced during the anaerobic digestion of 

organic wastes (i.e., sewage sludge, municipal solid wastes, agricultural wastes, etc.). Typical 

biogas contains methane (CH4, 40 - 75 %), carbon dioxide (CO2, 15 - 60 %) and trace 

amounts of other constituents, such as hydrogen sulfide (H2S), halogenated hydrocarbons, 

ammonia, nitrogen and siloxanes [1]. Hydrogen sulfide can be present at high concentrations 

(10 to 10,000 ppmv) depending on the composition of the organic substrate [2]. H2S has a real 

impact on human health, corrodes engine parts and forms poisonous sulfur dioxide (SO2) 

during its combustion. Before biogas can be used, H2S must therefore be removed. A well-

known method of biogas purification is absorption using amine solutions such as 

methyldiethanolamine (MDEA) and monoethanolamine (MEA) and alkaline solutions [3–5]. 

These technologies have been successfully applied. However, the major drawbacks of these 

processes are the high energy and operating costs due to the regeneration of the absorbent 

phase. Another biogas desulfurization method is adsorption using different porous and/or 

reactive materials such as activated carbon [6–9] and zeolite [10,11]. However, for high 

concentrations of H2S in biogas, the adsorbing materials are saturated relatively quickly and 

need to be changed frequently, which results in high operational costs. Recently, the focus has 

shifted toward using bioreactors for biogas desulfurization. Such a technology appears an 

attractive process due to its effectiveness, low energy consumption and environmental 

acceptability. Bioreactors use microorganisms immobilized in the form of a biofilm for 

pollutant biodegradation. H2S is transferred from the gaseous phase to the biofilm where it is 

metabolized. Pollutant transfer and biodegradation kinetics depend on the properties of the 

medium and operating conditions such as pH, water holding capacity, porosity, and 

mechanical stability. The packing material represents the cornerstone of the process. Synthetic 

media, such as polypropylene Pall rings and plastic fibers, are widely used for H2S removal 



3 

 

due to their interesting mechanical behavior [12–14]. Hydrogen sulfide biodegradation in 

biogas has been mainly studied under aerobic conditions [15–17] but several studies using 

anoxic conditions have also been reported [12,14]. The main advantage of working in an 

anoxic environment is that biogas is not diluted with air so that the methane concentration is 

not reduced. Moreover, these conditions prevent the risk of explosion of the oxygen/methane 

mixture. In this case, nitrates (NO3
-) can be used as electron acceptors instead of oxygen. In 

addition, anoxic bioreactors produce less biomass than aerobic bioreactors due to the 

inorganic nature of the reactants and the lower energy yield, resulting from the smaller 

oxidation potential of nitrate compared to oxygen [18]. Although the denitrification process 

using nitrates as electron acceptors to remove H2S in wastewater is feasible, it has been paid 

little attention for biogas purification. Moreover, the interactions between H2S oxidation and 

NO3
- reduction are complex and there are many challenges to overcome before achieving the 

development of an industrial-scale pilot [19]. Depending on the molar ratio of nitrogen source 

to sulfide (N/S), a specific denitrifying bacteria, namely Thiobacillus denitrificans, carries out 

a double action: (i) H2S oxidation with formation of sulfate [Eqs. (1) and (3)] or elemental 

sulfur (Eqs. (2) and (4)]; (ii) NO3
- reduction with formation of nitrogen [Eqs. (1, 2)] or nitrite 

[Eqs (3, 4)]. The overall reaction is given by Eq. (5). 

N/S = 1.6: 5 H2S + 8 NO3
-
 → 5 SO4

2-
 + 4 N2 + 4 H2O + 2H+ (1) 

N/S = 0.4: 5 H2S + 2 NO3
-
 → 5 S0 + N2 + 4 H2O + 2 OH- (2) 

N/S = 4: H2S + 4NO3
-
 → SO4

2-
 + 4 NO2

-
 + 2 H+  (3) 

N/S = 1: H2S + NO3
-
 → S0 + NO2

-
+ H2O   (4) 

12 H2S + 15 NO3
-
 → 6 S0 + 6 SO4

2-
 + 5 N2 + 5 NO2

-
 + 9 H2O + 2 OH- + 4 H+  (5) 

To date, biological biogas cleaning under anoxic conditions has only been studied using 

biotrickling filters [14,16,20,21]. To the best of our knowledge, there is no study reporting the 

purification of biogas using biofilters. The purpose of this study was therefore to investigate 
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the performances of anoxic biofilters treating H2S present in a biogas mimic using different 

packing materials, i.e. expanded schist and cellular concrete waste. Significant effort was 

focused on the impact of key parameters, such as Empty Bed Residence Time (EBRT), H2S 

concentration, and the molar ratio N/S, on the performances of the process. The final 

objective was to demonstrate that when biogas is produced by on-farm anaerobic digesters, 

the simultaneous biological removal of H2S from biogas and nitrates from wastewater could 

be coupled in a biofilter. The paper is organized as follows. The packing materials used in this 

study are described in the first part as well as the operating conditions selected for H2S 

biofiltration. Then, the impact of the operating conditions on H2S removal is reported in the 

second part. 

2. Materials and methods 

2.1. Filter media 

Two different packing materials were tested in this study. 

(i) Expanded schist is an inorganic support produced in Mayenne, France (Granulex 

Company; www.granulex.fr) [Fig. 1]. It has been efficiently used for H2S biofiltration in air in 

several studies [22–24]. Recently, Ben Jaber et al. [25,26] proved that expanded schist could 

be successfully used for treating high H2S concentrations in air under extreme acidic 

conditions due to its excellent mechanical behavior, which resulted in low pressure drops over 

a long period of operation. At an EBRT of 63 s, a removal efficiency higher than 95 % was 

thus achieved for concentrations up to 250 ppmv, corresponding to a maximum elimination 

capacity (ECmax) of 24.7 g m-3 h-1. 

(ii) Cellular concrete is a recycled mineral waste material provided by the Florentaise 

company (Nantes, France; www.florentaise.com) [Fig. 1]. It was used for the first time as a 

new packing material for H2S biofiltration in air by Ben Jaber et al. [27]. At an EBRT of 63 s, 

a removal efficiency of 100 % was reached for H2S concentrations up to 133 ppmv 
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(elimination capacity of 10.5 g m-3 h-1). Physicochemical and biological mechanisms 

explaining H2S removal were evidenced and an ECmax value of 17.8 g m-3 h-1 was calculated. 

This recent study revealed that the packed bed of cellular concrete also presented a 

satisfactory mechanical behavior with low pressure drops (30 % lower than those measured 

with expanded schist in the same conditions). 

The composition of the packing materials (Table 1) was determined using an Energy 

Dispersive X-ray Fluorescence Spectrometer (EDX-800HS, Shimadzu Company). The 

internal porosity and the apparent density were measured by a Micromeritics AutoPore IV 

9500 mercury porosimeter. The specific surface area was measured by a Micromeritics ASAP 

2020 Surface Area Analyzer. The physical characteristics of the two packing materials are 

presented in Table 2. The water retention capacity of a material represents the maximum mass 

of water retained per gram of dry material. The material was immersed for 1 h in water and 

then drained for 24 h. The difference in mass was used to calculate its water retention 

capacity. The pH of the packing material was measured with a pH electrode (Consort) 

connected to a multi-parameter analyzer Consort C561 (measurement accuracy 0.2 % ± 1 

digit). 

Fig. 1 Pictures of expanded schist (left) and cellular concrete waste (right). 

Table 1 Composition (% weight) of cellular concrete and expanded schist (the main 

components are given). 

Composition (%) Cellular concrete Expanded schist 

SiO2 50.5 56.4 

CaO 24.6 0.9 

SO3 19.7 1.6 

Al2O3 2.2 20.5 

P2O5 1.4 1.6 

Fe2O3 1.3 12.4 

K2O 0.2 5.0 

 

Table 2 Physical characteristics of cellular concrete and expanded schist. 
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Characteristics Cellular concrete Expanded schist 

Median size of particles (mm) 11 12 

Apparent density (kg m-3) 547 ± 5 1248 ± 12 

Specific surface area SBET (m2 g-1) 44 ± 0.8 - 

Initial pH 9.0 ± 0.1 7.0 ± 0.1 

Water retention capacity (%) 56 ± 2 - 

 

 

2.2. Analytical methods 

The H2S concentration was measured with a ProCeas® Biogas analyzer (from AP2E 

Company, Aix-en-Provence, France). This is a complete pre-calibrated laser infrared 

spectrometer of rapid real-time measurement of H2S (0 - 2000 ppmv ± 1 %), CO2 and CH4 for 

methanization process monitoring. 

Samples of leachate were taken periodically in order to determine (i) the sulfate concentration 

(by the turbidimetric method) and (ii) the nitrite concentration (by the photometric method) as 

described in the Standard Methods for the examination of Water and Wastewater [28]. 

2.3. Experimental set-up 

The biofiltration unit [Fig. 2] consisted of three identical PVC columns (called “BF1”; “BF2” 

and “BF3”) with an internal diameter of 10 cm and a packed volume of 7.85 L (1 m height). 

Biofilters BF1 and BF2 were filled with 5.2 kg of expanded schist while BF3 was filled with 

2.5 kg of cellular concrete waste. The biofilters were inoculated with 3 L of a diluted solution 

of activated sludge from a domestic wastewater treatment plant (Tougas, Nantes, France). The 

initial biomass was not acclimatized beforehand to H2S treatment under anoxic conditions. 

For safety reasons, methane was replaced by nitrogen and the biogas mimic treated was a 

mixture of nitrogen and hydrogen sulfide. The replacement of methane by nitrogen in the 

biogas mimic has been successfully considered in several studies [16,29,30]. Since methane is 

barely soluble in water, it has been shown that it is not degraded during biogas purification 
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[12,17,21]. A nitrogen generator BrezzaNiGen LC-MS (40-1) (purity up to 99.9 %) from 

Gengaz Company (Wasquehal, France) was set up in order to provide a continuous supply of 

N2 for biofilters. A stream of H2S (99.7 % purity) controlled by a mass flow controller (Model 

5850S, Brooks Instruments, Hatfield, USA) was mixed with N2, and then introduced at the 

bottom of the biofilter. In order to maintain an optimal bed humidity and to provide nutrients 

for microorganisms, biofilters were sprinkled with a nutritive solution for 5 min each hour (80 

mL h-1). The composition of this solution was as follows: [KH2PO4], 0.025 g L-1; [Na2CO3], 

0.400 g L-1; [NH4Cl], 0.020 g L-1; [FeSO4.7H2O], 0.014 g L-1. 

Under anoxic conditions, nitrates are used as electron acceptors. Sodium nitrate (NaNO3) was 

used as the nitrate source. Depending on the molar ratio N/S selected, the same quantity of 

nitrate was added in BF1, BF2 and BF3, respectively. 

 

 

Fig. 2 Experimental pilot-scale biofilters. 

 

2.4. Operating conditions 

The parameters used in this paper to describe the operating conditions and for the 

determination of the removal performances are given in Table 3. 

For biofilter BF1 (expanded schist), different molar ratios N/S (0.4, 0.89 and 1.6) were tested 

in order to monitor the impact of this parameter on the performances of the process. The 

concentration was maintained at a constant level (300 ppmv) and the EBRT was 60 s. 

For biofilters BF2 (expanded schist) and BF3 (cellular concrete waste), two parameters 

affecting the loading rate were studied during 213 days: (i) pollutant concentration was 

increased in order to compare biofilter removal efficiencies; (ii) the influence of the variation 

in EBRT as concentration increases. The H2S concentrations considered (Table 4) were 
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selected according to a moderate concentration that can be present in a biogas (up to 1000 

ppmv). A constant molar ratio N/S of 0.89 was applied. In fact, using such an N/S value, 

Manconi et al. [31] achieved the complete oxidation of sulfide to sulfate. As a result of an 

external disturbance (a problem with the BF3 flowmeter), a drop in process performance 

occurred from the 116th day. To restore the biofilter capacities, a lower concentration of H2S 

up to 200 ppmv was applied from the 125th day. 

 

Table 3 Parameters used in this paper. 

 Definition Nomenclature 

Loading rate 

(g m-3 h-1) 
LR =

Q

V
Cin 

Cin: inlet concentration (mg m-3) 

Cout: outlet concentration (mg m-3) 

Q: gas flow rate (m3 h-1) 

V: packed bed volume (m3) 

Elimination capacity 

(g m-3 h-1) 
EC =

Q

V
(Cin-Cout) 

Removal efficiency 

(%) 
RE =

(Cin-Cout)

Cin

 100 

Empty Bed Residence 

Time (s) 
EBRT =

V

Q
 

 

 

Table 4 Operating conditions for biofilters BF2 and BF3. 

BF2 BF3 

Duration 

(days) 

[H2S] 

(ppmv) 

EBRT 

(s) 

LR 

(g m-3 h-1) 

Duration 

(days) 

[H2S] 

(ppmv) 

EBRT 

(s) 

LR 

(g m-3 h-1) 

9 25 60 2.1 9 25 60 2.1 

13 150 60 12.6 13 150 60 12.6 

13 300 60 25.2 13 300 60 25.2 

16 450 60 37.8 16 450 60 37.8 

6 450 120 18.9 6 450 120 18.9 

Technical problems (48 days) 

9 450 120 18.9 9 450 120 18.9 

11 600 120 25.2 11 600 120 25.2 

14 700 120 29.4 10 200 120 8.4 

8 800 120 33.6 10 300 120 12.6 

8 800 180 22.4 10 450 120 18.9 

13 800 240 16.8 10 450 180 12.6 

14 900 240 18.9 17 600 180 16.8 
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12 1000 240 21 12 800 180 22.4 

10 1100 240 23.1 12 900 180 25.2 

9 1100 300 18.5 7 900 240 18.9 

 

3. Results and discussion 

3.1. Impact of change in H2S concentration and EBRT 

The impact of an increase in the H2S concentration from 25 to 450 ppmv (LR from 2.1 to 37.8 

g m-3 h-1) on the performances of biofilters BF2 (expanded schist) and BF3 (cellular concrete 

waste) is shown in Fig. 3. The acclimation period for the microbial population for both 

biofilters was short. H2S was totally removed from the 3rd day (RE > 99 %). At an EBRT of 

60 s and a constant molar ratio N/S of 0.89, for H2S concentrations up to 300 ppmv, a removal 

efficiency of 100 % (corresponding to an EC of 25.2 g m-3 h-1) was recorded in both biofilters 

proving the ability of expanded schist and cellular concrete waste to be used for biofiltration 

under anoxic conditions. Note that expanded schist has previously been demonstrated as 

efficient for treating moderate concentrations of H2S in air [22–24]. Additionally, Ben Jaber et 

al. [25] recently highlighted that this material gives interesting performances for removing 

high concentrations of H2S (up to 360 ppmv) present in waste gas at an EBRT of 63 s. 

Therefore, the present approach confirmed that this medium can also be successfully used to 

treat high concentrations of H2S up to 450 ppmv at an EBRT of 60 s under anoxic conditions. 

A similar conclusion can be made for cellular concrete waste (RE = 100 % for H2S 

concentrations up to 300 ppmv). 

As shown in Fig. 3, the removal efficiencies in both biofilters started to decrease for H2S 

concentrations of 450 ppmv. However, expanded schist (BF2) presented better performances 

than those found with cellular concrete (BF3) (a difference of 13 % in terms of removal 

efficiency was recorded). Such a difference between media performances was also evidenced 

by Ben Jaber et al. [27] in the case of H2S biofiltration in air under aerobic conditions. 
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According to these authors, at a loading rate of 28.8 g m-3 h-1 (EBRT of 63 s and H2S 

concentration of 360 ppmv), the removal efficiencies obtained for expanded schist and 

cellular concrete were 87 % and 63 %, respectively. They assumed that physicochemical and 

biological mechanisms explaining H2S removal occurred simultaneously in the biofilter. 

However, physicochemical interactions between the main components (Table 1) of the 

packing materials and H2S are not yet fully understood. Consequently, further investigations 

are necessary to identify the precise physicochemical mechanisms involved in H2S removal 

and to determine the part played by these mechanisms regarding the overall H2S removal. The 

decrease in the removal efficiency as concentration increases may be due to a direct inhibitory 

effect on the metabolism of some microorganisms or to mass transfer limitations owing to a 

too low EBRT [32–34]. 

 

At high H2S concentration, the Empty Bed Residence Time (EBRT) is the key parameter to 

ensure a successful biofiltration operation. However, an increase in EBRT mechanically 

implies a decrease in the loading rate to be treated. The impact of the EBRT on the 

performances of biofilters BF2 and BF3 is shown in Figs. 4-5, respectively. The biofilter 

filled with expanded schist (BF2) was able to remove completely H2S concentrations up to 

1100 ppmv at an EBRT of 300 s. During the operation time (213 days), an experimental 

maximum elimination capacity (ECmax) of 30.3 g m-3 h-1 was achieved [Fig. 4]. Concerning 

the biofilter filled with cellular concrete waste (BF3), Fig. 5 shows that this material is 

efficient for the treatment of H2S concentrations up to 900 ppmv at an EBRT of 240 s (ECmax 

= 25.2 g m-3 h-1). These results confirm that expanded schist showed better performances than 

cellular concrete waste. Moreover, they indicate that the elimination capacities of the 

biofilters were around 25 and 30 g m-3 h-1 for BF3 and BF2, respectively, irrespective of the 

parameters used to change the loading rate (H2S concentration or EBRT). In the literature, 
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only few data are available dealing with biogas purification using biofilters and these studies 

were carried out under aerobic conditions. Nonetheless, these results could be compared with 

those obtained using biotrickling filters under anoxic conditions. Although a direct 

comparison of bioreactor performances operating at different EBRTs has to be considered 

with caution, it appears that expanded schist and cellular concrete waste are promising 

materials to treat H2S from biogas in terms of elimination capacity and removal efficiency. 

Thus, although better performances were reported by Montebello et al. [16] who achieved a 

maximum removal capacity of 142 g m-3 h-1 at an EBRT of 163 s using polyurethane foam as 

packing material, and by Fernandez et al. [20] who found a maximum removal capacity of 

171 g m-3 h-1 at an EBRT of 144 s using polypropylene Pall rings, the present results are 

significantly higher than the performances obtained by Soreanu et al. [35] using plastic fibers 

and lava rock as packing materials in a biotrickling filter at an EBRT of 16 min (7.37 and 7.58 

g m-3 h-1, respectively). In the same way, Soreanu et al. [21] reported a maximum removal 

capacity of 12.5 g m-3 h -1 for an EBRT of 18 min using plastic fibers as packing material. 

Therefore, the present study highlights that biofiltration using cheap materials such as 

expanded schist and cellular concrete waste can be an efficient technique to treat H2S in 

biogas under anoxic conditions. However, the use of biofilters should be restricted to treating 

biogas moderately loaded in H2S, i.e. for biogas containing a few hundreds of ppmv of H2S. 

 

Fig. 3 Removal efficiency of H2S using expanded schist (BF2) and cellular concrete (BF3) as packing 

materials (H2S concentrations from 25 to 450 ppmv; EBRT = 60 s; N/S = 0.89). 

 

Fig. 4 EBRT influence on removal efficiency of H2S using expanded schist (BF2) as packing material 

(H2S concentrations from 25 to 1100 ppmv; N/S = 0.89). 
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Fig. 5 EBRT influence on removal efficiency of H2S using cellular concrete waste (BF3) as packing 

material (H2S concentrations from 25 to 900 ppmv; N/S = 0.89). 

 

 

3.2. Accumulation of nitrites and sulfates 

The selected N/S molar ratio for BF2 and BF3 was 0.89. This choice was based on the work 

of Manconi et al. [31] who observed the complete oxidation of hydrogen sulfide using this 

molar ratio. For the treatment of H2S under anoxic conditions, a double activity is ideally 

expected in the biofilter, i.e. the complete oxidation of H2S and the complete reduction of 

nitrates leading to N2 generation. However, H2S can usually be oxidized to sulfates (SO4
2-) 

according to Eqs. (1, 3) and to elemental sulfur (S0) according to Eqs. (2, 4). Moreover, the 

production of nitrites (NO2
-), by-products in the denitrification process, is also observed [Eqs. 

(3, 4)]. Figure 6 shows the leachate analysis in terms of sulfate and nitrite production. For 

both biofilters, nitrite production was low even at high concentrations of H2S. Thus, at a 

concentration of 600 ppmv (corresponding to a loading rate of 25.2 g m-3 h-1), the nitrite 

concentration was less than 0.8 mg L-1, suggesting total denitrification. Such a value is a 

hundred times lower than that given by Fernandez et al. [20] who reported an accumulation of 

nitrite of less than 80 mg L-1 in a biotrickling filter (N/S value of 0.77). However, the loading 

rate applied by these authors (201 g m-3 h-1) was eight times higher than the one applied in the 

present study. Concerning the sulfate production, Fig. 6 shows that the concentration of SO4
2- 

reached 6,593 and 5,252 mg L-1 in BF2 (expanded schist) and BF3 (cellular concrete), 

respectively, for an H2S concentration of 600 ppmv. This difference (around 20 %) can be 

explained by the higher removal efficiency recorded for BF2 than for BF3. For example, at an 

EBRT of 120 s and a pollutant concentration of 450 ppmv, H2S was completely eliminated by 

the expanded schist (BF2) while a removal efficiency of 83 % was obtained for the cellular 

concrete (BF3). 
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In terms of the sulfur mass balance, using a constant molar ratio N/S, it can be seen that the 

conversion of H2S to sulfates decreased when the H2S concentration increased (Table 5). At a 

concentration of 600 ppmv, sulfate conversion rates of 59 and 47 % were obtained in BF2 

(expanded schist) and BF3 (cellular concrete), respectively. From these findings, it can be 

concluded that a significant part of H2S removed is converted into elemental sulfur S0, which 

can accumulate and form a deposit in packing materials. This accumulation was evidenced by 

a yellow deposit on the packing materials (Fig. 7). These results are in agreement with those 

found by Soreanu et al. [21], who reported that for sulfate concentrations higher than 2,500 

mg L-1, elemental sulfur became the major product of oxidation of H2S under anoxic 

conditions. Fortuny et al. [29] also observed that the bed was almost completely clogged with 

elemental sulfur after 3 months of operation leading to an increase in pressure drops. The 

selected N/S molar ratio (0.89) may not be sufficient to achieve complete oxidation of H2S. 

Moreover, the accumulation of elemental sulfur may also be due to high concentrations of 

H2S continuously feeding the biofilters [21]. For instance, in BF2 (expanded schist), 92 % of 

H2S was oxidized to sulfates at a concentration of 150 ppmv, while the sulfate conversion rate 

decreased to 59 % at a concentration of 600 ppmv (Table 5). 

 

Fig. 6 Production of nitrites and sulfates in BF2 (expanded schist) and BF3 (cellular concrete) during 

H2S biofiltration (N/S = 0.89). 

 

 

Table 5 H2S conversion to sulfates in BF2 (expanded schist) and BF3 (cellular concrete) (N/S = 0.89). 

H2S input BF2 (expanded schist) BF3 (cellular concrete) 

[H2S] (ppmv) mg S-H2S/day 
mg S-SO4

2-

/day 

Conversion to 

sulfates (%) 

mg S-SO4
2-

/day 

Conversion to 

sulfates (%) 

150 2229  2058 92 1794 80 

300 4459 2800 63 3049 68 

450 6688 4566 68 3610 54 

600 8918 5274 59 4202 47 
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Fig. 7 Elemental sulfur accumulation in BF2 (expanded schist) and BF3 (cellular concrete) (N/S = 

0.89). 

 

 

3.3. Impact of the molar ratio N/S 

In order to evaluate the impact of the molar ratio N/S on the by-products obtained from H2S 

oxidation, different values were tested (0.4, 0.89 and 1.6). As expected, the value of the N/S 

ratio did not affect the removal efficiency. Table 6 shows that, irrespective of the N/S ratio, 

H2S was totally removed from BF1 (RE = 100 %) at a constant H2S concentration of 300 

ppmv and at an EBRT of 60 s. This finding is in agreement with the results of Almenglo et al. 

[36] who showed no impact of nitrate concentration on the removal efficiency for N/S in the 

range of 0.96 to 1.25. However, surprisingly, sulfate concentrations were similar for the three 

molar ratios tested. The average percentage of conversion of H2S to sulfate was 55 % (Table 

6) whereas Manconi et al. [31] achieved the complete oxidation of sulfide to sulfate with an 

N/S ratio of 0.89. Nonetheless, this result is in agreement with the overall reaction given by 

Eq. (5). Testing different N/S molar ratios (between 0.34 and 1.74) in a biotrickling filter, 

Almenglo et al. [36] observed a sulfate production of between 8 % and 95 %, respectively. 

Thus, increasing the nitrate supply can avoid elemental sulfur production. However, the 

present results differ significantly from the data reported in the literature devoted to H2S 

removal in biotrickling filters. In fact, Soreanu et al. [21] showed that when the system was 

overloaded by a high H2S input, elemental sulfur became the primary reaction product. When 

working with a molar ratio N/S of 0.78, the elemental sulfur accumulated in the bed packing 

material [14]. Similarly, Fernandez et al. [12] observed the production of elemental sulfur 

(68.4 ± 15.7 %) for a molar ratio N/S of 0.77 ± 0.32. Consequently, it can be assumed that the 

part of H2S not oxidized into sulfate was probably converted into elemental sulfur as 

evidenced by the appearance of yellow deposits on the packing material after H2S biofiltration 
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[Fig. 7]. Nonetheless, the lack of influence of the N/S ratio value on H2S conversion into S0 or 

SO4
2- in biofilters remains to be investigated. 

 

 

Table 6 Impact of molar ratio N/S on sulfate production in BF1 (expanded schist) ([H2S] = 300 ppmv). 

N/S mg S-SO4
2-/day Conversion into sulfate (%) RE (%) 

0.4 2439 55 100 

0.89 2410 54 100 

1.6 2531 57 100 

 

 

3.4. Pressure drops 

Pressure drops ΔP in biofilters depend mainly on the superficial gas velocity U0, the particle 

size, and biofilm development [23,37]. However, the accumulation of elemental sulfur in the 

biofilter can gradually clog the packing material, causing the biofilter pressure drop to 

increase. This deposit of elemental sulfur in the packed bed is therefore an issue for practical 

applications. For biofilters BF2 and BF3, the pressure drops (ΔP) were measured daily 

between the ports located at 20 and 100 cm from the bottom of the packing material. At the 

beginning of the operation, pressure drops were identical for both biofilters and varied 

between 3 and 14 Pa m-1 for gas velocities ranging from 23 to 115 m h-1. After 213 days of 

operation, the pressure drops increased to reach values between 22 and 39 Pa m-1 and 3 and 

16 Pa m-1 for expanded schist (BF2) and cellular concrete (BF3), respectively. These values 

remain significantly low compared to those found for other packing materials used for 

biofiltration (Table 7). As a result, this finding highlights that expanded schist as well as 

cellular concrete waste are interesting materials for biofiltration in terms of bed mechanical 

stability. 



16 

 

 

4. Conclusion 

The removal of H2S from biogas in anoxic biofilters using expanded schist and cellular 

concrete waste as packing materials was evaluated. At an EBRT of 300 s, expanded schist 

efficiently treated high concentrations of H2S in biogas up to 1100 ppmv (RE = 100 %; ECmax 

= 30.3 g m-3 h-1). At an EBRT of 240 s, cellular concrete was also an effective material for the 

treatment of concentrations of H2S up to 900 ppmv (ECmax = 25.2 g m-3 h-1). Whatever the 

molar ratio N/S selected (0.4, 0.89 and 1.6), sulfate was produced (about 55 %) and elemental 

sulfur accumulated in the biofilters (about 45 %). In spite of this production of elemental 

sulfur due to H2S oxidation, the pressure drops in biofilters were significantly lower than 

those obtained using other packing materials assessed in several studies. Expanded schist and 

cellular concrete waste are therefore interesting materials for biofiltration in terms of bed 

mechanical stability and treatment efficiency. In addition, this study presents experimental 

evidence that classic biofilters can be used as an alternative to biotrickling filters to treat 

moderate concentrations of H2S up to 1100 ppmv in biogas under anoxic conditions. 

 

 

Table 7 Pressure drops using different packing materials. 

Packing materials ∆P/H (Pa m-1) U0 (m h-1) References 

Pine bark 15 - 388 65 - 520 [38]  

Compost 500 - 1000 72 - 1000 [39]  

Compost 368 - 760 76 - 534 [40]  

Mixture of composted pig 

manure and sawdust 
15 - 460 100 - 200 [41]  

Open pore polyurethane 

(PU) foam 
2452 8.6 [29]  

Polyurethane foam 637 105 [42]  

Coconut fiber 550 230 [43]  
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Granulated sludge 2000 100 [44]  

Peat fiber 385 200 [45]  

Expanded schist 22 - 39 23 - 115 Present study 

Cellular concrete waste 3 - 16 23 - 115 Present study 
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Fig. 1 Pictures of expanded schist (left) and cellular concrete waste (right). 

 

 

Fig. 2 Experimental pilot-scale biofilters. 

 

 

Fig. 3 Removal efficiency of H2S using expanded schist (BF2) and cellular concrete (BF3) as 

packing materials (H2S concentrations from 25 to 450 ppmv; EBRT = 60 s; N/S = 0.89). 

 

 

Fig. 4 EBRT influence on removal efficiency of H2S using expanded schist (BF2) as packing 

material (H2S concentrations from 25 to 1100 ppmv; N/S = 0.89). 

 

 

Fig. 5 EBRT influence on removal efficiency of H2S using cellular concrete waste (BF3) as 

packing material (H2S concentrations from 25 to 900 ppmv; N/S = 0.89). 

 

 

Fig. 6 Production of nitrites and sulfates in BF2 (expanded schist) and BF3 (cellular concrete) 

during H2S biofiltration (N/S = 0.89). 

 

 

Fig. 7 Elemental sulfur accumulation in BF2 (expanded schist) and BF3 (cellular concrete) 

(N/S = 0.89). 

 

 

 


