
Tar removal from producer gas

One of the biggest problems in the cleaning of producer gas is the tar 
compounds which are formed in the gasification of biomass below 1000 
ºC temperature. The compounds which form tars can be defined as a 
group of organic molecules with a higher molecular mass than benzene. 
They can contain one ring, more rings or be heteroatom containing  
organic cyclic compounds. The content of the tar compounds which is 
formed in the gasification can be several dozens of grams per cubic 
meter. The product gas has to be cleaned from tar before the synthesis 
gas can be used in applications for example in the making of Fischer- 
Tropsch diesel. In the Fischer-Tropsch synthesis the content of the tar 
compounds has to be below 1 ppb otherwise tar causes problems by 
condensing during the synthesis to the surface of catalyst and reaction 
equipment. 
Tar cleaning techniques in use are catalytic cracking, physical removal 
of tar and thermal cracking. Often combinations of these techniques 
have to be used in the cleaning of gas. 

Catalysts that have been used as crackers of tar are also char and metal 
catalysts, of which nickel based catalysts are most favored. Char is a 
cheap catalyst material which is formed in the gasification process. In 
typical air gasification (750 ºC) its conversion of tars is more than 95%.
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Scheme 1: Catalytical tar reduction.

1) Catalytic cracking 
Natural minerals which can be used as catalysts in tar removal are 
among others stone materials (dolomite, limestone), olivine, clay 
minerals and iron ore. Dolomite CaMg(CO3 )2 is the most generally 
used, cheap catalyst material which has a high conversion rate of 
tars (~95%). The drawback is quick erosion.   

Picture 1: Nickel covered monolith catalyst 
for oxidation of tar compounds

Nickel based catalysts are efficient for  
removal of tar. They oxidize tar  
compounds and light hydrocarbons 
(methane) and transform them to carbon 
dioxide and hydrogen. With the help of 
the catalyst nearly all ammonia will be 
removed from gas. The weakness of the 
catalyst is its quick deactivation from the 
effect of sulfur compounds. Nickel can be 
used for the removal of tar (picture 1) for 
example in its monolith structure. 



2) Thermal cracking of tars

Thermal cracking of tars takes place without a catalyst by handling gas in 
high temperatures above 900ºC. Above 1300ºC temperature most of the 
tars decompose but undesirable soot forms. During thermal cracking, the 
hydrocarbons forming the tar decompose and the synthesis gas contains 
only low amounts of methane. Thermal cracking requires a lot of energy 
and the gas has a lower calorific value. There are no advantages to use 
thermal tar cracking from the point of view of economic reasons.

3) Physical removal of tar

Physical removal of tar is made at lower temperatures than thermal and 
catalytic cracking, mainly using electrostatic precipitation, wet scrubbers, 
filters or cyclones. The most efficient methods for the physical removal of 
tar are the use of wet scrubbers or electrostatic filters. 

Wet scrubbers operate with the help of water or oil where the tar  
compounds dissolve. The electrostatic precipitator operates forming an 
electric reservation through which the particles will be separated from the 
gas. The method is efficient especially for small tar particles in the 
aerosol form. The filters clog up easily so they are not the best method for 
the cleaning of tar. Also, by using cyclones the tar sticking to the surface 
of the cyclone causes problems. These techniques are mainly used for 
the removal of particles and inorganic compounds when cleaning the 
gas. 

Table 1: Advantages and drawbacks of catalytic tar reduction.
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Catalyst Advantages Disadvantages

Calcined rocks
(dolomite, kalsite,

magnesite)

- Inexpensive and abundant
- Attains high tar conversion rate 

(~95%  with dolomite)
- Most popular in the reduction of 

tars

- Fragile material and quickly 
eroded 

Olivine - Inexpensive
- High attrition resistance

- Lower catalytic activity than 
dolomite

Clay minerals - Inexpensive and abundant
- Lower catalytic activity than 

dolomite
- Temperatures > 800ºC

Iron ores - Inexpensive and abundant
- Rapidly deactivated in 

absence of hydrogen
- Lower catalytic activity than 

dolomite

Char
- Inexpensive 
- Natural production inside the 

gasifier
- High tar conversion comparable 

to dolomite

- Consumption because of 
gasification reactions

- Properties depends on the 
biomass and gasification 
process

FCC –Fluid 
Catalytic 
Cracking

- Relatively cheap (more 
expensive than the above)

- Quick deactivation by coke
- Lower catalytic activity than 

dolomite

Alkali metals
- Natural production in the gasifier
- Reduce ash handling problems 

when used as a catalyst

- Particle agglomeration at 
high temperatures

- Lower catalytic activity than 
dolomite

Activated 
alumina

- High tar conversion comparable 
to dolomite

- Quick deactivation by coke

Transition
metals

- Able to attain complete tar 
reduction at ~900 ºC

- Increase the yield of CO and H2
- Ni-based catalyst 8 to 10 times 

more active than dolomite

- Quick deactivation because 
of sulfur and high tar 
content in the feed

- Relatively expensive
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