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Biogas - Sewage Gas

The anaerobic digestion is one of the technologies for
generating renewable energy and is an essential part of
our energy production in the future.

In contrast to natural gas with a methane concentration
between 85% and 98% in addition with an inert gas
concentration up to 11%, biogas contains an average
methane concentration of only 60% and about 35% CO2.
The content of steam varies in a wide range depending
on source, just as the content of hydrogen sulphide.

The demands for the purification of natural gas and

biogas resemble in many parts but because of the

different compositions of the gases there are some

special requirements to be heeded for the treatment of biogas.

The hydrogen sulphide must be removed to avoid any
corrosion in parts of the plant. The removal also protects
catalysts which are used from an impact by sulphur
containing compounds and a subsequent deactivation.

Siloxanes are another group of substances beeing found
in biogas only and not in natural gas. The occurrence of

siloxanes is often found by recycling of municipal waste,
wasted fats and also in sewage treatment plants.
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Hydrogen Sulphide and
Mercaptane Removal

Hydrogen sulphide and mercaptanes can be removed
from gas by different types of activated carbon. The
selection of the most suitable process and the related
activated carbon type is difficult and depends on the
chemical composition of the gas as well as on the
physical parameters such as humidity and temperature.

In general four different types of activated carbon
can be chosen:

B Potassium iodide impregnated activated carbon,
W Alkaline impregnated activated carbon

B Alkaline earth carbonate impregnated carbon or
W Catalytic activated carbon.

For the selection of the best activated carbon type some
hints are given on the following pages.

Temperature of the gas

W preferable temperatures of 10 — 70°C
W < 10°C extension of the working layer
=> lower loading of elemental sulfur
B > 70°C causes formation of by-products
=> S0, und H,S0, formation
=> corrosion problems in the downstream equipment

CAUTION|
H,S
POISONOUS GAS

'MAY BE PRESENT




Kl impregnated
activated carbon

The presence of 2-fold stoichiometric value Oxygen is
necessary to realise the transformation from hydrogen
sulphide to elemental sulphur.

The precondition for a high loading of elemental sulphur is

a sufficient mixture. Heating of the gas is necessary when the
relative humidity is more than 70%.

The conversion of H,S and mercaptans into elemental
sulphur occurs inside the pore structure through catalytic
oxidation. In this case we recommend the usage of the
activated carbon impregnated with potassium iodide, e.g.
our Desorex® K43J.

H,S + 1 0, alykl S+ H,0

2 CHg'CHz'SH + A 02 kataly.kJ CHg'CHz'S'S'CHz'CHg + Hzo

Oxygen demand

W Optimal rate between H,S /0,
=> A factor of 1.7 times the stoichiometric value
W [f the air flow interrupted irreversible damage to
the carbon bed occurs
B This damage cannot be reversed by the injection of more air.

Characteristics Desorex® K 43 J

Extruded activated carbon based on bituminous coal
(potassium iodide impregnated)

Specifications:

Impregnation (wt.%) approx. 2
Bulk density (kg/m?) 480 £ 30
Moisture content (wt.%)

(as packed) <10

Product data before impregnation:
Total surface area (m2/g)

(BET-method) 1000

Diameter of particles (mm) 4

CTC-adsorption (wt.%) 60

Benzene adsorption in air at 20°C (wt.%)

plpg* 0.9 >38
0.1 >34

Comments:

*plpg = relative saturation (concentration of saturation
at 20°C, 320 g/m®)

Characteristics Desorex® G 50

Extruded activated carbon based on bituminous coal
(alkaline impregnated)

Specifications:

Impregnation (wt.%) approx. 5
Bulk density (kg/m?) 570 £ 30
Moisture content (wt.%)

(as packed) <15
Diameter of particles (mm) 4
Product data before impregnation:

Total surface area (m?/

(BET-method) o 1000
CTC-adsorption (wt.%) > 60
Hardness (wt.%) 95

Alkaline impregnated activated
carbon

The use of alkaline impregnated activated carbon can also
be carried out at very high and very low relative gas
humidity in the gas to be purified without any major
performance degradation.

The removal of H,S is a chemisorptive process which is
described by the following equation with caustic soda:

H,S + 2 NaOH — Na,S + 2 H,0

It easily can be seen that the caustic soda is used to neutralise the
acidic hydrogen sulphide. The adsorption capacity is limited to the
amount of NaOH which also reacts with all other acidic components
present in the treated gas.

Mercaptanes are converted into their sodium salts according to
following equation:

R-SH + NaOH ———— R-SNa + H,0
In addition, alkaline-impregnated activated carbon, e.g. our

Desorex® G50 is less sensitive to lower oxygen concentrations in
the gas to be purified compared to other impregnated active carbon types.
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Alkaline earth carbonate
Impregnated activated carbon

Especially in biogas plants with a significantly higher gas
humidity of> 50%, the use of active carbons impregnated

with alkaline earth carbonates, e.g. our Desorex® K 43 BG,

is an excellent solution.

This product represents a very good alternative for biogas plants
without pre-drying, in which the potassium iodide impregnated
activated carbon can not be used.

The conversion of the hydrogen sulfide is similar to the alkali
impregnated activated carbon.

Process-Flowchart
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Characteristics Desorex® K 43 BG

Extruded activated carbon based on bituminous coal
(alkaline earth carbonate impregnated)

Characteristics Desorex® G 70

Extruded activated carbon based on bituminous coal
(Special activation)

Specifications:

Bulk density (kg/m?) 510+ 30

Moisture content (wt.%)
<15

(as packed)

Benzene adsorption in air at 20°C (wt.%)

plps” 0.9 > 41
0.1 > 36

Comments:
*plpg = relative saturation (concentration of saturation
at 20°C, 320 g/m?)

Product data before impregnation:
Total surface area (m?2/g)

(BET-method) 100
Diameter of particles (mm) 4
CTC-adsorption (wt.%) > 65
Hardness (wt.%) 95

Specifications:

Impregnation (wt.%) approx. 5

Bulk density (kg/m?) 570 £ 10%
i 0,

gzlzt:gﬁecdc;ntent (wt.%) <20

Product data before impregnation:

Total surface area (m?/

(BET-method) o 1000

Diameter of particles (mm) 4

CTC-adsorption (wt.%) > 60

Hardness (wt.%) 95

Catalytic activated carbon

A superior adsorption capacity is absolutely necessary for

very small activated carbon filter units, so that the

adsorption time between the change intervals is as long as
possible. Very high loading capacities over all other

impregnated activated carbon types very long periods of operation
can be realized.

The activated carbons produced by a special activation with
pronounced catalytic properties, e.g. our Desorex® G 70,
shows superior hydrogen sulfide removal at higher gas
humidity of> 60% compared to other activated carbon grades.

Due to its positive characteristics, the use of this product quality in
addition to the very long operating life, high service intervals and
reduced disposal costs offers.




Removal of organosilicon
Compounds

Besides the silicones, siloxanes also belong to
organosilicon compounds. Siloxanes are synthetic
components and do not appear in nature.

The input of these kind of impurities into biogas plants
results from the processing of waste water which
contains siloxanes deliberated from cosmetics and
detergents. Municipal waste and fats which are used as
coferments also contain siloxanes.

As a result siloxanes do not occur in plants which are
exclusively run with biomass originating from agricultural
production.

Characteristics Desorex® K47

Extruded activated carbon based on bituminous
coal

Specifications:

Bulk density (kg/m?) 500 + 30

Moisture content (wt. %) <8

(as packed)

Benzene adsorption (wt. %) in air at 20°C

plps* 0.9 > 31
0.1 > 26
0.01 >21
0.001 >13

Typical specifications :

Total surface area (m?/g) 900

(BET-Method)

Diameter of particles (mm) ca. 4

CTC adsorption (wt. %) > 50

Comments:

The above data are based on test methods of Donau
Carbon. Copies are available upon request.

*plps = relative saturation (concentration of saturation at
20°C, 320 g/m?)

When burning siloxanes there are accruing fine-crystalline
Si0,. It is deposited at cylinders and valves of the combusting
engines of the thermal power station which leads to damage
by enhanced abrasion.

Silica deposits at a cylinder and valve of a thermal power station run with biogas

A pilot plant from Donau Carbon was used to perform a
test for the adsorption of siloxanes which showed that
siloxanes easily can be removed from biogas by
activated carbon.

The removal by activated carbon — a relatively cheap
action — avoids the damage caused by siloxanes and
leads to a longer life cycle of the combustion engines,
which otherwise can only be achieved by more frequent
replacement of the SiO, contaminated lubricants.




General Information

Laboratories / Applications Engineering Support

The controlling and evaluation of new and used
activated carbon will be done in our own laboratories in
compliance as well with own methods as also with
national and international standard test processes.

Furthermore, our application engineering have decades of experience
on the sectors of hydrogen sulphide removal.

We provide special calculations for operators and plant builders to
support e.g. with the determination of the service life of activated
carbon in filters.
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Donau Carbon world-wide

@ Stammhaus / Headquarters

@ Donau Carbon-Gesellschaften / Donau Carbon Subsidiaries
@ Konzerngesellschaften / Group Companies
® Vertretungen / Representative offices, Agents & Distributors

Donau Carbon GmbH
GwinnerstraBBe 27-33

60388 Frankfurt/Germany

Tel.: +49(0) 69 40 11-6 50

Fax: + 49 (0) 69 40 11-6 59
www.donau-carbon.com

e-mail: office@donau-carbon.com

Donau Carbon US LLC

551 N. US Highway 41

Dunnellon, FL 34432

Tel.: + 1-352-465-5959

Fax: + 1-352-465-0679
www.donau-carbon-us.com
e-mail: admin.us@donau-carbon.com

Donau Carbon Philippines Corp.

Zone 1

Sitio Taghak

Bo. Cogon, El Salvador City

Misamis Oriental, Mindanao

Philippines

e-mail: officephilippines@donau-carbon.com

Donau Carbon Pischelsdorf

3435 Zwentendorf/Austria

Tel.: + 43 (0) 22 77 2510-2 79

Fax: +43(0) 22 77 25 10-3 26
www.donau-chemie.com

e-mail: donaucarbon@donau-chemie.com

Americas:
Argentina
Brasil

Chile
Columbia
Ecuador
Mexico
Peru
Venezuela

Australia:
Queensland

Europe:
Belgium
Denmark
Finland
France
Greece

Italy
Luxembourg
Netherlands
Norway
Portugal
Russia
Spain
Sweden
Switzerland
Ukraine
United Kingdom

Middle East: Asia:
Iran China
Israel India
Saudi Arabia Indonesia
United Arab Emirates ~ Malaysia
Pakistan
Africa: Singapore
Egypt South Korea
Ghana Thailand
Simbabwe Vietnam
South Africa
Tanzania

Represented by Group Company
Donauchem in:

Austria

Czech Republic

Hungary

Poland

Romania

Serbia

Slovakia
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