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ABSTRACT

Reducing H,S and H,O content will significantly improve biogas quality. Thus, this
study aims to design and manufacture a biogas purification technology system. These
experiments were conducted at the Department of Agricultural Engineering, Faculty of
Agriculture, Damietta University, Egypt, in 2021. Biogas desulphurisation experiments
were conducted by H,S scrubber using two different depths of steel wool bed of (300
and 500 mm) with different biogas flow rates of (2,34,56,9,10 and 12 L/min).
Desulphurised biogas was passed through a CO, scrubber for purification and then dried
the biogas product throughout dehydrator to remove water at different pressures of (1, 2,
3, and 4 bar) and different gas flow rates of (2,34 and 6 L/min) and different water flow
rates of (4,6,8 and 12 L/min). The desulfurization experiment results show that when the
depth of the steel wool bed is 500 mm and the biogas flow rate is 6 L/min, the highest
H,S removal efficiency is 95.40%. The highest weight of the water removed from the
purified biogas using silica gel was 0.449 g at a biogas pressure of 1 bar, biogas flow rate
of 6 L/min, and water flow rate of 12 L/min.

1. INTRODUCTION

generated annually. Bioconversion can convert those
agricultural wastes into about 12.6x10° m3/year of biogas
with about 60% methane, which is equal to 7.6x10° m® of

Using biogas to generate energy is not only a renewable
source of energy, but also because it captures and uses
the greenhouse gases that are normally released into the
atmosphere. Many researchers indicated the importance
the biogas production. Nallamothu et al., (2013)
mentioned that dwindling petroleum resources, global
warming, and the threat of climate change, exploring
other avenues for eco-friendly fuels became essential.
Biogas is a clean and environmentally friendly fuel and
has become one of the potential alternative fuels. Raw
biogas contains methane (CHas), carbon dioxide (CO2),
traces of hydrogen sulfide (H2S), and fractions of water
vapors. Hfeki et al ., (2017) reported that data on
agricultural wastes in Egypt reveal that there is an
approximate amount of 33.4 million tons of waste

natural gas. The produced biogas from anaerobic
digestion can contribute to about 13% of the Egypt’s total
natural gas production. The energy content of 1.0 m3 of
purified biogas is equal to 0.97m® of NG . Energy
consumption in Egypt in 2015 relied mainly on gas
(53%), about 70% of Egypt's electricity is fueled by
natural gas , ccording to (EIA, 2015). Shakrum et
al.,(2022) mentioned that raw biogas is generally
composed of methane (50-75%), and carbon dioxide
(25-45%). Other gases (contaminants) present are
nitrogen (<2%), oxygen (<2%),water (2-7%), hydrogen
sulfide (<1%). Kaptan et al.,(2021) defined hydrogen
sulphide as a colorless, flammable gas with an unpleasant
odor, which is highly toxic to organisms and affects the
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nervous and respiratory systems. High concentrations of
H.S in biogas can cause corrosion of thermal heat and
power units and boilers. H2S is therefore considered an
undesirable component of biogas and should be removed.
The removal of hydrogen sulphide (desulphurisation) is
one of the most important processes in biogas upgrading.
Konkol et al., (2021) pointed out that H>S removal
methods can be divided into physical using solubility in
water and sorbents, chemical based on adsorption and
absorption chemical and biological using
microorganisms. Awe et al., (2017) reported that HxS
needs to be removed from biogas to achieve the
requirements for the different biogas applications, as
natural gas <4 ppm, kitchen stoves <10 ppmand internal
combustion engines<50 ppm.

Mohanakrishnan et al., (2016) established a Pilot level
biogas-cleaning unit by Chemical scrubbing method to
desulphurise. Biogas was passed through iron sponge
(iron oxide) bed depth of 100 mm, 300 mm and 500 mm.
The removal of H2S was 55.56 %, 63.22 % and 70.37 %
respectively. Kulkarni and Ghanegaonkar.,(2019) used
a column to remove hydrogen sulfide from biogas. Gas
flow rates are varied as 2, 5 and 10 L/min, at a constant
pressure. When the biogas flow rate is maintained at 5
L/min, the steel wool reduced the H»2S content from 790
to 60 ppm with hydrogen sulfide removal efficiency is
higher (92.41%) using single column. Therefore, they
recommended dry desulfurization using steel wool which
provides the most suitable option for hydrogen sulfide
removal from biogas, in the contex of cost
considerations.

Al Mamun and Torii (2015) stated that water vapor can
be particularly dangerous because it is highly corrosive
when HzS and water vapor react to form sulfuric acid
(H2S04), which can be very corrosive to pipelines and
other equipment exposed to biogas. Even if HzS is
removed, water vapor can react with CO. to form
carbonic acid (H2COs), which is likewise corrosive.
Mezmur and Bogale., (2019 decided to use silica gel
because it has an excellent moisture absorbing capacity.
The biogas enters the dehumidification column after
passing the biogas upgrading systemto make certain that
the biogas become dry as silica gel. They used a silica gel
column with a height of 150 mm and a diameter of 50
mm to dehydrate the biogas. According to Rohani,2009,
how the water is removed from the biogas depends on the
quality of the desiccant and since it only focuses on the
operating pressure, the temperature is constant. At a
constant temperature, the water content of a gas
decreases with increasing pressure, so there is less water
to remove when drying a gas at high pressure. The
content of saturated biogas vapor decreases with
increasing pressure or decreasing temperature.

The purpose of this research is to produce an enriched
biogas conforming to the natural gas standard and
achieve a significant contribution to Egypt's future
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energy requirements. So , the hydrogen sulfide separation
technology has been designed based on dry adsorption of
H>S wusing steel wool (iron oxde).Finally, the
dehydration process was done using adsorption drying
where H20 is adsorbed on the silica gel.

2. MATERIALS AND METHODS:

A biogas cleaning system was manufactured at a private
workshop in New Damietta City, Damietta Governorate,
Egypt. Experiments were carried out through the year of
2021 at Agricultural Engineering Department, Faculty of

Agriculture, Damietta University, to evaluate the
performance of the manufactured system for biogas
cleaning.

2.1. Materials:

2.1.1. Biogas production

The operating conditions of the reactor are as follows:
A plastic reactor for the decomposition of cow dung,
with a capacity of 200 liters, is used for the production of
biogas. The feed gas produced daily in the reactor is
collected in tire tube for 45 days, and the pH value in the
reactor is maintained in the range of (6.5 to 7.5) by
manual stirring during the anaerobic treatment. The
operating temperature is (30-35°C) under moderate
temperature conditions, the C/N ratio is 25:1 and the total
solids is 8%. The following physicochemical properties
of cow dung were observed: moisture 43%, dry matter
20.83%, organic matter 57%, density 625 kg/m3, carbon
content 31%, nitrogen content 1.46%. The raw material
gas produced by the plant is collected through tire tubes
for 30 days, as shown in FHg.1 and the biogas conposition are
presented in Tade .1.

FHgure .1. Raw Biogas collection by tyre tube

Table .1. Composition of hiogas.

Gas Concentration
Methane (CHa4),% 53.6
Carbon dioxide (CO2),% 25.8
Hydrogen sulphide (H2S),ppm | 420
Heating value, MJ/m? 225
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2.1.2. Biogas cleaning system:

As shown in Fig.2, the H2S scrubber had made of a PVC
with an outer diameter of 0.2 m (8 inches) by a length of 1
m. It is designed and customized to remove H»S from biogas
using a steel wool bed and a chemical adsorption process.
An experimental study has been conducted to determine the
efficacy of steel wool for use in the adsorption of H2S. A
bed of steel wool with two different depths of 300 and 500
mm was provided for the desulphurisation of the raw
biogas.

Dehydrator /JA\‘

\ H28 Scrubber

H2S Scrubber

CO2 Scrubber

=

00

rised

Hgure 2. Schematic drawing of the hiogas cleaning
system, all dmensions in mm

Raw biogas is passedthroughthe H>S scrubber filled with
the steelwoolbed. At first, the color of steelwool is gray
and then the colorchanges to black, which indicates that it
needs to be replacedand it can be safely disposed, as shown
in Fig.3.

A B
Fgure3. Photos of steel wool, (A): Before asorbing HS,
(B): After asorting HbS.
A silica gel dehydration system with a diameter of 150
mm (6 inches) and a height of 300 mm was placed direct
above CO: scrubbing system in the same column, as

shown in Fig.4. A dehydrator was filled with a diameter 150 g
of silica gel (Mesh 56 mm). Purified biogas enters the
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dehydrator after passing through the CO. scrubber to
ensure removing moisture from it.

Dehydrator

Dried biogas

300 mm

Purified
biogas

Hgure 4. Schematic 3D drawing of the biogas cehydrator,
all dimensions inmm

As seen in Hg. 5, the silica gels colour changed from blue to
pink as a result of absorbing the water vapour from the purified
biogas.

(A

(B)

Figure.5. Photographic view of silicagel , (A)
Granular form silica gel before water absorbed , (B)
after water absorbed.

2.2. METHODS:

Biogas desulphurisation experiments were carried out
using two different depths of steel wool bed of 300 and
500 mm, with different biogas flow rates of 2, 3, 4, 5, 6,
9, 10 and 12 L/min. The raw biogas is passed through the
H.S scrubber which filled with the steel wool bed. H2S is
removed through chemical mechanism as it reacted with
iron oxide (Fe203) to form iron sulphide (Fe2Ss), the steel
wool can be safely disposed. The silica gel filter executed
the chemical drying method in its basic way which is the
adsorption for moisture removal from purified biogas. It
was filled with 1.5 kilos of silica gel which reaches to
around three-fourth of its total volume. The biogas enters
the dehydrator after passing the CO. removal system to
ensure that the biogas was dry by using silica gel. The
silica gel was weighted before and after biogas passes to
estimate water content in purified biogas. The difference
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of weight gave the quantity of water removed

(Quantitative Analyzing).

2.2.1.Measurements and determinations:

1. Biogas analyzer:

Biogas analyzer Bosean Model (K-600) was used to
measure the chemical composition (v/v) of the gases in
biogas. It can analyze and measure biogas using a gas
sampling method by pump and a high-sensitivity sensor,
as shown in Fig. 6-A. Its measurements ranged from (0-
100%) for CH4, (0-50%) for CO. and (0-3000) ppm for
H.S. It features with an accuracy reach to <+5% of
reading with a response time <30.

2. Biogas flow meter:

The tyre tube was connected to a biogas flow meter to
measure the amount of raw bhiogas ,as shown in Fig. 6-B.
A biogas flow meter (Chint ZT-G2.5S) was used to
measure the amount of biogas. It features a high accuracy
to +2% of reading, with maximum working pressure of
0.5 bar.

B AR

Figure.6. Photos of measuring instruments, (A):
Biogas analyzer, (B): Biogas flow meter

3.Digital balance:

Balance made in China, model SF-400 with measuring
range of 0-3kg + 0.001kg was used to determine the
mass of the silica gel before and after dehydration
process (samples 150g ).
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3. Calculation method:
(A) Cleaning efficiency:

The H2S removal efficiency (T]Hz S), the CO2 removal
efficiency (T]COz) and the CHas enrichment efficiency

(nCHq,) were calculated, according to Huang et al.
(2015) as follows:
Hys, —

1

HES

=
27 put

x 100 (1)

T =
]st .
m

st. and st = The volume of H2S in raw
in out
biogas and purified biogas, respectively.

(B) Heating value:

Heating value is a magnitude of a fuel's energy density
and is expressed in energy unit per specified amount.
heating value, HV can be calculated using the following
equation. The equations have been used in this study
according to (Badr ,2019).

HV =%CHaxpxLHV , MJ/m3 2

Where:

%CHs :The percentage of methane obtained after
purification process ,

p : methane density =0.717 kg/ m®

LHV : The lower heating value of the methane = 50
MJ/kg (Badr ,2019),

LHV : The lower heating value of the methane = 35.85
MJ/m? (Badr ,2019),

The average lower heating value of a raw biogas varies
between 30 and 35 MJ/kg (Mezmur and Bogale., 2019).

3.RESULTS AND DISCUSSION:
3.1. Effect of steel wool depth and biogas flow

rate on H,S content:

The results of each sample passing through H2S
scrubber were tested in 16 runs. The experimental
results were assigned for testing and analysis using
Taguchi method to study the effects of input parameters
on HS content. Results in Table .2. showed the actual
values of H,S content, also the signal to noise (S/N)
ratios of the control factors in H2S response and identify
the influence of parameters in each run.

Fig.7 showed the main effects plots for the signal to
noise (S/N) ratios of the control factors in H2S response
and identify the optimal levels of these factors. The
lowest H2S content of 19 ppm was obtained in run 10 at
the optimum levels of factors with a biogas flow rate of
6 L/min (level five) and a steel wool depth of 500 mm
(level two).
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Table .2. Response data of Taguchi design of treated
biogas.

BFilogas Depth of S

ow

Run Rate, ster:d\/\gol Content (Elg)

I/ min mm m

1 2 300 146 432871
2 2 500 93 -39.3385
3 3 300 95 -39.5545
4 3 500 85 -386224
5 4 300 73 -37.2665
6 4 500 48 -335643
7 5 300 53 -34.5400
8 5 500 38 -31.5957
9 6 300 42 -32.4650
10 |6 500 19 25.7261
11 9 300 55 -34.8597
12 9 500 30 -29.6384
13 10 300 155 438253
14 |10 500 97 -39.7055
15 12 300 145 432074
16 12 500 107 -40.6147

Main Effects Plot for SN ratios
Data Means

Biogas flow rate, [/min

32 / \I

34 \

8 ’ ‘I'|| /.

Depth of steel wool media,mm

Mean of SN ratios

Signal-to-noise: Smaller is better

Figure .7. Main effect for S/N ratios of the control
factors in H.S removal.

The interaction plot gives better insight on optimum
levels and combinations desired. It is clear that there
exists prominent interdependencies among the biogas
flow rate and the depth of steel wool.

It is understood from Fig.8 that when the biogas flow rate
was increased from 2 to 6 L/min at steel wool depth of
300 and 500 mm, the HzS content first was decreased but
when the biogas flow rate was increased from 6 to 12
L/min, it was found that the H2S content was increased.
The minimum HzS content was observed at 6 L/min
biogas flow rate and 500 mm of steel wool depth. After
experiments in H2S scrubber, the desulphurised biogas
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H,S content , ppm
[=a)
=

has a heating value 23.7 MJ/m? and its wobbe index was
24 MJ/md,

Depth Of Steel Wool Media 300 =@=Depth Of Steel Wool Media 500

180
160
140
120

0 2 4 6 8 10 12 14
Biogas flow rate , Lmin!

Figure .8. Interaction plot for H.S content in
desulphurised biogas.

The optimum results of the effect of steel wool bed
depth at biogas flow rate 6 L/min on desulphurisation is
presented in Table.3. The HzS content in the raw biogas
was 420 ppm. Steel wool bed depth of 300 mm reduced
the H2S concentration to 42 ppm. Finally, when the
biogas was fed through 500 mm steel wool bed depth,
the H2S content of the desulphurised biogas was found
to be 19 ppm. The removal of H2S was 90 % and 95.40
% for steel wool bed depth of 300 mm and 500 mm,
respectively, when biogas flow rate is 6 L/min. From
the above-mentioned results, a maximum of hydrogen
sulfide removal efficiency of 95.3% was achieved at a
steel wool depth of 500 mm with a flow rate of 6 L/min.

Table .3.Effect of depth of Steel wool on biogas
desulphurisation

Steel . .

wool | H2S in | Biogas HoS in HaS
raw flow .

bed bi desulphurised | removal
iogas rate , A

depth m L/min biogas , ppm %

mm » PP

300 420 6 42 0

mm

500 1 4o 6 19 95.40

mm

This result agree with Kulkarni and

Ghanegaonkar.,(2019), they attained the removal
efficiency of hydrogen sulfide of 92.41% using fixed bed
of steel wool when biogas flow rate is maintained at 5
L/min.  Mohanakrishnan et al., 2016 achieved a
minimum hydrogen sulfide content at a steel wool bed
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depth of 500 mm. This can be compared with Machunda
and Pogrebnaya.,(2020) , they reported that biogas flow
rate was one of parameters that influenced the H»S
removal efficiency. Therefore, high H>S adsorption was
observed at low flow rates as the adsorbent had more
time to contact the biogas. According to literature, the
adsorption capacity of the adsorbent decreases with
increasing biogas consumption. At high flow rates, the
contact time of the adsorbent with the biogas decreases;
therefore, H2S passes through the adsorbent without
being adsorbed; therefore removal efficiency is low
compared to low flow rates.

3.2. Effect of water flow rate, biogas pressure,
and biogas flow rate on H,O removal:

By passing biogas through the column, water was
eliminated by the anhydrous silica gel, which completely
absorbs the water. Water vapor may be adsorbed to the
surface of a solid by actual chemical bonds from a
reaction, through formation of loose hydrated compounds
or by weaker physical or Vander Walls forces. Near the
bottom of the column, the silica gel's colour changed to a
light blue colour. The colour change of all silica gel from
blue to pink was a sign of the silica gel's initial point of
saturation in the column and an indication that the
packing material was depleted. 1500 g of Silica gel are
needed to remove the moisture. Before and after each
run, the silica gel was weighed where the silica gel
gradually turned pink. The amount of moisture present
was determined using a qualitative method. Data in
Table .4 showed the ratio between water flow rate and
biogas flow rate (L/G) and weight of removed water (g)
for 16 runs.

Table 4. Data for silicagel test.

Run | Biogas | Biogas | Water | L/G | Weight
Pressure | flow flow of

, bar rate rate remowved

J/min | I/min water , g
1 1 2 4 2.0 0.190
2 1 3 6 2.0 0.230
3 1 4 8 2.0 0.322
4 1 6 12 2.0 0.449
5 2 2 6 3.0 0.276
6 2 3 4 13 0.138
7 2 4 12 3.0 0.414
8 2 6 8 1.3 0.172
9 3 2 8 4.0 0.273
10 3 3 12 4.0 0.380
11 3 4 4 1.0 0.134
12 3 6 6 1.0 0.130
13 4 2 12 6.0 0.207
14 4 3 8 2.7 0.238
15 4 4 6 15 0.184
16 4 6 4 0.7 0.127
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Fig.9 showed the 3D response surface plot for weight of
removed water where the interaction between the inputs
(water flow rate, biogas flow rate and biogas pressure)
and output (weight of silica gel after drying) was shown
in the following Figures. In Fig.9-a, interaction of
individual plot shows a trigonometric relation. The
increase in biogas pressure from 1 to 4 bar decreases the
weight of silica gel at biogas flow rate of 6 L/min. It can
be seen that the weight of silica gel has decreased along
with with the increasing biogas flow rate. In Fig.9-b,
interaction of individual plot shows a Parallelogram
relation. The increase in water flow rate from 4 to 12
L/min increases the weight of silica gel, also increases in
biogas pressure from 1 to 4 bar decreases the weight of
silica gel.

1500440

15003 + 15004
1500.2
15001

1500 A==

Weight of Silica Gel with
H20 Concentration (Grams)

1500.35

""‘-.a-r'—"'__-___- 2
Biogas Flow Rate (I/min) 2 1m

Biogas presure (bar)
(b) } = 1500.3

= 1500.25

515002

Weight of Silica Gel with
H20O Concentration (Grams)

5 <, 25 1800.15
Water Flow Rate (I/min) 4 15
Biogas presure (bar)

Figure.9. 3D Effect of biogas flow rate, water flow
rate and biogas pressure on weight of remowed water.

Fig.10 showed the highest weight of removed water of
0.449 g was obtained in run 4 at biogas pressure 1 bar,
biogas flow rate of 6 L/min and water flow rate of 12
L/min, the ratio between water flow rate and biogas flow
rate (L/G) was 2.0. While, the lowest weight of removed
water of 0.127 g was obtained in run 16 at biogas
pressure 4 bar, biogas flow rate of 6 L/min and water
flow rate of 4 L/min, the ratio between water flow rate
and biogas flow rate (L/G) was 0.7.
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Figure.10. 3D HEffect of biogas flow rate , water flow
rate and biogas pressure on weight of remowed water.

This result is consistent with (Rohani, 2009), who
demonstrated that the water content of a gas declines
with increasing pressure, necessitating the removal of
less water when a gas is dehydrated at a high pressure.
According to the obtained Figure, it was found that the
silica gel weight was increased when water and biogas
flow rates increased along with the increase in the
efficacy of silica gel removing water. High water flow
rate results in an increase in the silica gel absorption of
water because of the increase of water ratio in purified
biogas which passing through silica gel after scrubbing
with more washing water, the contact point between
silica gel and the water will be wider. At the same time,
high biogas flow rate also results in an increase in
molecules of water which connected with molecules of
biogas, so the silica gel absorption of water is increase.
3.3. Effect of biogas flow rate on biogas heating value:
Heating value is one of the most important indicators
after biogas purification process to meet natural gas
quality and to achieve a significant contribution to
Egypt's energy requirements. Raw biogas has a heating
value of 191 MJm® with methane content of
53.3%.Values of both the heating value from the
integrated biogas cleaning system were estimated as
shown in Table (5).

It was noticed that higher values of both the heating
value and the generated energy were associated with the
percentage of methane obtained after purification
process, according to Badr (2019).
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Table.5. Energy balance for purification system.

Run CHs Gas flow Heating
content, % | rate, m3/h | value, MJ/m?3
1 53.9 0.12 19.3
2 54.4 0.18 19.5
3 54.1 0.24 19.4
4 54.9 0.36 19.7
5 54.0 0.12 19.4
6 56.3 0.18 20.2
7 55.8 0.24 20.0
8 56.7 0.36 20.3
9 55.7 0.12 20.0
10 58.9 0.18 21.1
11 55.9 0.24 20.0
12 58.2 0.36 20.9
13 54.2 0.12 19.4
14 57.3 0.18 20.5
15 53.6 0.24 19.2
16 55.7 0.36 20.0

4. CONCLUSION:
In order to significantly contribute to Egypt's future
energy needs, experimental work was done to
investigate a more effective method for biogas cleaning
that would using inexpensive material. It is essential to
clean and upgrade raw biogas in order to improve its
calorific value, increase its usability, and remove
pollutants. These contaminants were removed using
steel wool, water, and silica gel. H2S is removed
through chemical mechanism as it reacted with steel
wool to form iron sulphide. Water vapour is reduced in
the purified biogas by using silica gel. Therefore, the
important results could be summarised in the following
points:
» According to the desulfurization results, the highest
H>S removal efficiency was 95.40% at a steel wool bed
depth of 500 mm and a biogas flow rate of 6 L/min.
* The highest value of heating value of desulphurised
biogas of 21.1 MJ/ m3.
* In run 4 with a biogas pressure of 1 bar, a biogas flow
rate of 6 L/min, and a water flow rate of 12 L/min, the
greatest weight of removed water was measured at
0.449 g.
» These chemical methods are a feasible method for
cleaning biogas given the successful elimination of H.S
and Hz0.

FUNDING:
This research did not receive any funding.



DJAS., Vol. (2) (I): (77-85) (2023)

CONFLICT OF INTEREST:
The authors declare that they have no conflict
of interest.

AUTHORS CONTRIBUTION:

All authors developed the concept of the
manuscript. Khafagy wrote the manuscript and
achieved  the  experimental work and
measurements.  All  authors checked and
confirmed the final revised manuscript.

5. REFERENCES:

Al Mamun, M. R. and Torii, S. 2015. Removal of H.S
and H2O by chemical treatment to upgrade methane
of biogas generated from anaerobic Co-digestion of
organic biomass waste. IPASJ, 3(12).

Awe, O. W.; Zhao, Y.; Nzihou, A.; Minh, D. P. and
Lyczko, N. 2017. A review of biogas utilisation,
purification and upgrading technologies. Waste and
Biomass Valorization, 8(2), 267-283.

EIAUS Energy Information Administration: Egypt
International energy data and
analysis,2015.https://www.eia.gov/beta/international/
analysis.cfm?iso=EGY.

Hfeki, M.; Hbestawy, E and Tkadlec, E (2017).
Bioconversion of Egypt's Agricultural Wastes into
Biogas and Compost. Polish  Journal of
Environmental Studies, 26(6).

Huang, L.; Qing, C.; Tao, H.; Wang, Y.and Liu, X
2015. Bxperimental study for biogas upgrading by
water scrubbing under low pressure. The Open
Chemical Engineering Journal, 9(1).

Kaptan, M.; Klimek, K.; Syrotyuk, S.; Konieczny, R.;

Jura, B.; Smolinski, A. and Walowski, G
2021.Raw Biogas Desulphurization Using the
adsorption-Absorption  Technique for a Pilot

Production of Agricultural Biogas from Pig Slurry in
Poland. Energies, 14(18), 5929.

Konkol, I.; Cebula, J. and Cenian, A. 2021. Oxidization
of hydrogen sulfide in biogas by manganese (IV)
oxide particles. Environmental Engineering Research,

26(2).
Kulkarni, M. B. and Ghanegaonkar, P. M. 2019.
Hydrogen sulfide removal from biogas using

chemical absorption technique in packed column
reactors. Global Journal of Environmental Science
and Management, 5(2), 155-166.

Machunda, R. and Pogrebnaya, T. 2020. Removal of
hydrogen sulfide from biogas using a red rock.
Journal of Energy, 2020.

Mezmur, Y. and Bogale, W. 2019. Simulation and
experimental analysis of biogas upgrading. AIMS
Energy, 7(3), 371-381.

84

Mohanakrishnan, L.; Kurian, J. and Rintala, J.2016.
Chemical scrubbing for removal of CO, from biogas
using algae and H»S using sponge iron. International
Journal of Renewable Energy and Environmental
Engineering, 4(3), 35-41.

Nallamothu, R. B.; Teferra, A. and Rao, B. A. 2013.
Biogas purification, compression and bottling. Global
journal of engineering, design and technology, 2(6),
34-38.

Rohani, S.S.M.2009. Natural Gas Dehydration Using
Silica gel: Fabrication of Dehydration Unit (Doctoral
dissertation, UMP).

Shakrum, M. A.; Heikal, G.and Abdo, A. (2022). Effect
of nano addition on biogas production from different
substrates. The Egyptian International Journal of
Engineering Sciences and Technology, 39(1), 38-48.



DJAS., Vol. (2) (11): (77-85) (2023)

2 padlal) )
s Gabaiad) 5ok F O 3 FLS AI3Y s seall Jil it

' AWl ey ‘M\dwws‘wbﬂ\w\wg.au
pae— bl dada — del ) A dael )l Auaigll ad

s A8k LY Laa Ay Apla®) 43 yhay udlall Ciyys Jpalaall i 4y punall cldlaall alasiul sde) ) s sall L sl 55 Cangs
4 guanl) QAL jadS (e 2l e baslae g (ggualdl el Dl e Al Alaa s di s daw ZUE) ae Al AL S5 s
O anel) 4S5 G S sl G 5 Gl e e el il ) (e deanadtiede gene e elldy S aY el ol sell e Jaa
Oe sl el Cuhas ) Caa) 1 Caagy el Sl a5y gl clisSle 5 S ) Jrdi g Al 5 3 Y5 (edall (8 sl Sl sy
W jee pualy YY) JSE e Jery Jadl we Gunsonel) 28 2sa o Gus ol Sl 4 el dell s sldls Comsouell S
Ll el JSB G 5 (gsand) il Aoy el Aadl) e J8 lall aal gig 0 ol sidY)

Lalad daala el 3l A0S el gl and 8 dlead) Cojlail o) jal iy dalied Adey duali Ay 8 gsenll Al Cadati san g sl
sl R Cadatidlee 3an 5l o3 olal aull Gll3 (o 2021 Ao b

AU (g soall Al Caplatisas 5 dpu I ol cy jal

) sl oy Sl Gan iy Syl Y Gilall el pabiata¥) A aladiuly 4 s(Cpagsdd A aS A1) AgY) As sl
(ndl) s gaall)

ol g el abaiel o s Gl Gladl el Gabaial) 4 pladiuly el A1) &l Cus sl Sl Ciadad) 400N Ala pall
Uae s jisies tan ) Lol dastiad) Ja ol gall ey ¢ Ja IShad) il sly

:@@Mﬁ\ Ayl Cilai caaaad g

(&gl jQ\M&A\@&;&,&A%M .

sl Al Gadasisan g ol e 555 i Qi) Jal se ol sl o
sand) Jall Cadati 5ol e e J geanll (g gnll al) Cadaii san g ol ayii o

ANl SRl Jal g Bl (g gaad) il ARG Saa g £ gl a3

N 5dll Caguall daida Gac g (34433/)33 VY9 Ve q 1o ¢ (Y cT)dﬁ;ﬂ Sl (38 Jasa ;(Q:\;})J,}@J\ Ay ,S :d\)\) ‘;JS“ syl (8 e
(ple oo v Vo)Al dgee

Janstdl ele G35 Jara s (A28 /1 1 € oF () gl Sl GAS Jamas (U € 5 Ve Yo)) auall Jadl Jara o(slal) A1 3)) 300 s al) 3 o
.(ﬁs\b/‘)ﬂ\\'_’l\"\ ‘i)

A LAY MR e o gead) Sl 4RI Ban g o1l il a3

O souell S AR5 dlee 2y dB gsall el clisSe ]

D) Ciai dlee ams JB da W) 05 2

(sl il by sl 3

Janes 4l 3gac Bale 00 v Lehae 3Vl Cogeall (yo Aida aladinl el Al Can s el 2t S A1) A6 o A ) ) @ ekl
LEE9 A Sl alaall 3y e o i) < jelal LS 7 40 60 als fam s yugl) a1 A 3) 56US ciiia Ay / 11 1 aly sl Sl i
Jare Al (5 ¢ &880/ VY olpal) (3855 Jaras 388/ 1 T gl Jall 385 Jaras ¢ Jo ) dais dic clldg £ ) Aldeall LB o) s
Y S gsaadl Al (385 Jane g olaal) (345

Jaras 488 / 51 7l gl 3855 Jaeay ¢ Jo £ o die @lldg 17 Q8 Alaleall 8ol a o VYV AR bl 5 J8 o i) @ pelal e
LY S gl Sl 3855 Jaee s olaall (383 Jama oAl () 5 ¢ A3y / 5l £ oLl 38N

(H20) sldll i (H2S) Comsonell 2ty WSkl s jlliall Casaall; el (aliaial); (g sanll jlall Ciplai cdpalidal) cilalsl)

85



DJAS., Vol. (2) (11): (77-85) (2023)




