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ABSTRACT: In the present study, a method was developed for testing of the tar adsorption capacity 
of a bed of granular activated carbon for the application of sampling particles from biomass 
gasification at high temperature. A laboratory scale gasifier was used to produce a tar-rich gas and 
sampling was performed using a dilution probe, diluting the gas with either pure nitrogen or nitrogen 
containing K2SO4 particles. It was found that when using pure nitrogen for dilution; particles were 
formed using all tested primary dilution ratios; however the concentration decreased when the primary 
dilution ratio increased. When using nitrogen containing K2SO4 particles for dilution the particle 
number and volume size distributions were identical with the reference when higher primary dilution 
ratios were used while particle formation took place when the primary dilution ratio was lower, 
indicating incomplete tar adsorption. The conclusion of the study was that the method could be used 
for testing of the tar adsorption capacity of a bed of granular activated carbon for the application of 
sampling particles from biomass gasification at high temperature and that it is advantageous to use 
nitrogen containing K2SO4 particles instead of pure nitrogen for dilution in order to facilitate the 
evaluation of results.  
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1 INTRODUCTION 
 
 Biomass gasification for the production of synthesis gas followed by conversion to various liquid 
fuels, such as methanol, dimethyl ether, and synthetic diesel, is a promising technology. This study has 
been done as a part of the CHRISGAS (Clean Hydrogen-rich Synthesis Gas) project, a European 
project financed by the European Commission through the sixth framework program and by the 
Swedish Energy Agency, with the aim of producing a clean hydrogen-rich synthesis gas by steam and 
oxygen blown biomass gasification [1]. 
 The raw product gas from biomass gasification contains both gas- and particle-phase impurities 
that may seriously damage the catalysts used for the upgrading to synthesis gas. There is a lack of 
knowledge regarding particles formed during biomass gasification. Sampling of particles from 
biomass gasification at high temperature is complicated by the presence of both inorganic vapors and 
tars that may nucleate or condense when the gas is cooled, thereby contributing to the particulate 
matter.  In a previous study, particles from a bubbling fluidized bed gasifier, fired with wood pellets 
and using oxygen and steam for gasification, were physically and chemically characterized [2]. The 
particles were sampled using a dilution probe and tars were removed from the gas using a bed of 
granular activated carbon for adsorption.  
 The aim of this study was to develop a method for testing of the tar adsorption capacity of a bed of 
granular activated carbon for the application of sampling particles from biomass gasification at high 
temperature. A laboratory scale gasifier was used to produce a tar-rich gas and the tar adsorption in a 
bed of granular activated carbon was studied. Sampling of the tar-rich gas was performed using a 
dilution probe and dilution took place with either pure nitrogen or nitrogen containing K2SO4 particles. 
 
 
2 EXPERIMENTAL 
 
 The tar adsorption capacity of a bed of granular activated carbon was tested using a laboratory 



scale bubbling fluidized bed gasifier previously described by Gustafsson and Strand [3]. The 
laboratory scale gasifier including the system for generation of K2SO4 particles and particle 
characterization is presented in Fig. 1. The stainless steel gasifier reactor is placed in an electrically 
heated oven with a temperature of 800ºC. Pulverized clean wood pellets with a particle size of 0.4-
0.63 mm were gasified using air as oxidizing agent and nitrogen as carrier gas. The total volumetric 
flow rate was 5.1 lpm with an oxygen concentration of 1 %. The fuel feed was approximately 0.1 
g/min and the residence time in the gasifier was approximately 4 seconds. Alumina (Al2O3) of size 
0.4-0.6 mm was used as bed material. 
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Figure 1. The laboratory scale bubbling fluidized bed gasifier including the system for generation of 
K2SO4 particles and particle characterization. 
 
 Gas was sampled from the top of the gasifier with a stainless steel dilution probe; see Fig. 2. The 
tar-rich gas produced in the gasifier was filtered at high temperature using a quartz filter mounted on 
the tip of the probe in order to remove the particulate matter present in the gas. Dilution (primary 
dilution) was performed with pure nitrogen or nitrogen containing K2SO4 particles, in the dilution 
section, close to the tip of the probe. The aerosol of K2SO4 was generated using a liquid nebulizer 
(AGK-2000; Palas GmbH, Karlsruhe, Germany). A solution of 0.5 g/l K2SO4 (reagent grade, Scharlau 
Chemie S.A., Barcelona, Spain) was sprayed using nitrogen at a volumetric flow rate of 4.8 lpm. The 
particles were dried using silica gel (silica gel with humidity indicator (orange) 2.5-6 mm, Scharlau 
Chemie S.A., Barcelona, Spain). The primary dilution ratio when using pure nitrogen for dilution was 
between 3 and 14 and between 3 and 18 when using nitrogen containing K2SO4 particles for dilution. 
 Downstream from the dilution probe, the gas was passed through a bed of granular activated carbon 
in order to adsorb the tars (Fig. 3). The bed is constructed of a stainless steel tube with an outer 
diameter of 27 mm and an inner diameter of 23 mm. The filling of the tube (i.e. the axial position and 
length of the bed) can be adjusted by moving perforated steel plates on a threaded bar. In this work, a 
bed of 100 mm was used corresponding to approximately 40 ml of granular activated carbon 
(Activated charcoal Norit, type RB3, diameter 3 mm). The inlet temperature (T1) to the bed was 290ºC 
and the temperature inside the bed (T2) was 115ºC; the temperature at the outlet of the bed was 
approximately 25ºC. 
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Figure 2: Scheme of the dilution probe.  Figure 3: Scheme of the bed of granular 

activated carbon. 
 
 A gas analyzer (Rosemount, NGA 2000) was used to measure the concentration of CO downstream 
the bed in order to determine the dilution ratio in the dilution probe. An ejector diluter was used to 
further dilute (secondary dilution) the gas with particle-free dry compressed air; the dilution ratio in 
the ejector diluter was approximately 12. The volumetric flow rate through the bed of granular 
activated carbon was, as set by the gas analyzer and ejector diluter, 3.6 lpm. 
 Downstream the ejector diluter the gas was analyzed using a scanning mobility particle sizer 
(SMPS; TSI, Inc., Shoreview, MN). The SMPS determines the number size distribution and total 
number concentration of particles with mobility equivalent diameter (dB) ranging from 15 to 670 nm. 
Since the tar-rich gas was filtered before entering the dilution probe, any new particulate matter 
indicates that the tars have not been completely adsorbed in the bed of granular activated carbon. New 
particle formation can occur through nucleation while condensation increases the mass of particulate 
matter. When using pure nitrogen for dilution, any particulate matter present downstream the bed of 
granular activated carbon originates from condensing tars while when using nitrogen containing 
K2SO4 particles for dilution any change in particle size, number and/or size distribution, indicate that 
tars have formed new particulate matter. Measurements were performed using different primary 
dilution ratios since a high dilution ratio decreases the tar concentration as well as the dew point of the 
gas. 
 
 
3 RESULTS AND DISCUSSION 
 
 The results from the experiments are presented in Fig. 4 and 5. The particle number size 
distributions determined using different primary dilution ratios (DR) in the dilution probe and pure 
nitrogen or nitrogen containing K2SO4 particles for dilution are compared. The particle number size 
distribution determined when no tar-rich gas was added in the dilution probe and using nitrogen 
containing K2SO4 particles for dilution is also presented (reference, DR ∞ K2SO4). The particle 
volume size distributions were calculated from the particle number size distribution assuming 
spherical particles, in order to further demonstrate the effect of the primary dilution ratio and presence 
of K2SO4 particles. If a size-independent effective particle density is assumed, the particle volume size 
distributions are directly proportional to the particle mass size distributions. 
 When using pure nitrogen for dilution, particles were formed using all tested primary dilution 
ratios; however the concentration decreased when the primary dilution ratio increased. When using 
nitrogen containing K2SO4 particles for dilution the particle number and volume size distributions 
were identical with the reference when primary dilution ratios of 9 and 18 were used, however when a 
primary dilution ratio of 3 was used, large numbers of fine particles were generated and in addition, 
condensation took place on the K2SO4 particles. The results indicate that tars have been adsorbed by 
the bed of granular activated carbon when high primary dilution ratios and lower tar concentrations 
were used, while nucleation and condensation took place when the primary dilution ratio was lower 
and the tar concentration was higher. 
 If the results from using pure nitrogen and nitrogen containing K2SO4 particles for dilution are 
compared, it is clear that the presence of K2SO4 particles affects the behavior of the tars. The presence 



of K2SO4 particles facilitates the evaluation of the adsorption capacity due to the clear difference in 
particle number and volume size distributions when using, in this case, primary dilution ratios of 9 and 
18 and a primary dilution ratio of 3. When using pure nitrogen for dilution, the difference between the 
different primary dilution ratios was not that clear. 
 

1.0E+01

1.0E+02

1.0E+03

1.0E+04

1.0E+05

1.0E+06

1.0E+07

1.0E+08

10 100 1000
Mobility equivalent diameter (dB) [nm]

dN
/d

lo
gd

B
 [p

ar
tic

le
s/

cm
3 ]

DR 3
DR 3 (K SO )
DR 7
DR 9 (K SO )
DR 14
DR 18 (K SO )
DR    (K SO )∞

2

2

2

4

4

4

4

2

 
 
Figure 4: Particle number size distributions using different primary dilution ratios and nitrogen or 
nitrogen containing K2SO4 particles for dilution. 
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Figure 5: Calculated particle volume size distributions using different primary dilution ratios and 
nitrogen or nitrogen containing K2SO4 particles for dilution, assuming spherical particles. 
 
 
4 CONCLUSIONS 
 



 In the present study, a method was developed for testing of the tar adsorption capacity of a bed of 
granular activated carbon for the application of sampling particles from biomass gasification at high 
temperature. A laboratory scale gasifier was used to produce a tar-rich gas and the tar adsorption in a 
bed of granular activated carbon was studied. Sampling of the tar-rich gas was performed using a 
dilution probe and dilution took place with either pure nitrogen or nitrogen containing K2SO4 particles. 
 It was found that when using pure nitrogen for dilution; particles were formed using all tested 
primary dilution ratios; however the concentration decreased when the primary dilution ratio 
increased. When using nitrogen containing K2SO4 particles for dilution the particle number and 
volume size distributions were identical with the reference when higher primary dilution ratios were 
used while particle formation took place when the primary dilution ratio was lower, indicating that the 
tar adsorption was incomplete. 
 The results from this study indicate that the method could be used for testing of the tar adsorption 
capacity of a bed of granular activated carbon for the application of sampling particles from biomass 
gasification at high temperature. It is advantageous to use nitrogen containing K2SO4 particles instead 
of pure nitrogen for dilution in order to facilitate the evaluation of results. This is due to the clear 
difference in particle number and volume size distributions for different primary dilution ratios when 
using nitrogen containing K2SO4 particles for dilution. When using pure nitrogen for dilution, the 
difference between the different primary dilution ratios was not that clear. 
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