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Abstract 

An reactor  used to carry out research on the influence of 
 process of different types of  

, and a reference material. 
a mixture of O2/CO2/H2O. The impact of the application of CO2 on yield of H2 
determined. in chemical synthesis 
applications very difficult . On the other hand, the CO2 proved to 
improve Car  an option for its 
chemical sequestration ( ). of 

Le Chatelier's principle.  
yields of CH  and xHy) the 

 For each pressure level and a standard 850°C temperature, 
a of .  

O2/CO2/H2O, s, pressure, ash 
n 

 
1. Introduction: 

-of-art 
-efficient production 

of chemical intermediates or fuels from 
, 
-

, the need for use 
 

The impulse for development of pressure 

production of 
fuels and chemicals, International 

prioritized the 

 
1) to develop BtL routes for the produc-

 
2) to maturate pressu

-SNG, as in the 
 

-
mochemical conversion routes. 

 
N from the principle for ther-
modynamics 



 

-
tives. Firstly, 
elevated pressures -

ndly, 
-

pose of chemical synthesis, the overall 

, 

loses. Nonetheless, -
es related to complexity of 

the system, its construction and control. 
-
-

 (TG) approaches are applied. 
Currently, TG he -
actly map the process conditions of 
a  

the other at the same temperature and 

- -
cation pressure provides an opti-
mum ratio of -  to process-
complexity-loss. Thus, 

- -
-2, 5). 

Another approach is thermodynamic 

With equili  
-

2 and CO production, 
yields of CO2 and CH  increase  

-5]. 
-

tory results of FB pressure 

of char . In 

ane 

increase from 2- -

shift and conversion after pressurized 
of 

eous compounds 
partly expla

–
that 

principle. The increase of methane yield 
e 

partially 
s 

sures.  

utilization of CO2 
CO2 
similar to steam an -

2 
Boudouard’s reaction -shift 
reaction in favour of CO. CO2 also has 

er specific heat capacity and hence 
-

cation
. 

CO2 

coal -
cation and oxy- studies. For 

, use of CO2 
C 
the future. To this point only limited 

2 
-21]. 

The article presents results of experi-
-

-ethanol) 

-
tion ef

of O2/CO2/H2
-

, process effi-

 



 

F -
ments 

For O2/CO2/H2
encountered 2 and 
H2 s the use of conventional indi-

,  
process and efficiency indices are pre-
sented here in order to 
the CO2 

field of production of FT fuels from CO2 
 

 
2. Concept and methodology: 
Research installation 

a -scale experimental stand 
 1. Main part of the unit 

is a fluidised- an in-

-up. Its upper part is a 
- is used for 

excess  
-

oper
temperature. The internal part of the 
reactor is made of a heat-resistant steel 
tu

. Bottom part of 
the reactor is 3

the 
diameter of 75 mm at the  
level

measurements inside the reactor and the 
f
vertically mounted K-type 

-

indicate 
tempera  

system consists of three 

Fig. 1: Process scheme of the lab scale gasification installation 



 

-

t
a 

-

technical solution prevents 
-up of the stored fuel and its 

uncontrolled pyrol
phases of reactor’s operation. For safety 

 

particles of the 
 material are 

-
rected t  

 a flare. After reduction of pres-
sure,  

 mixture is prepared 

 2, N2, CO2. 

inde a dedicated 
–
 

lines are electrically heated up to 320°C. 

- 3/h) positioned 

steam preheater. 
 
Feedstocks 
The conducted research  focused on 

of 
chemical compo

diameter) to 
im

size 
feeders used in this small-scale unit, the 

ore use

-
-

ured. Physicochemical properties of the 
 1.  

 ashes 
visual method -
haviour in half-

-1.  
ed in the research 

 
 
Determination of syngas composition 
and content of contaminants 
S

order to determine the exact composition. 

a Varian CP3800 coupled 

 and Pulse Flame 
The qualitative and 

quantitative analyse performed 
 the  method. 

Moreover, s  sampled to deter-
mine its content of 

  SWP Bark Lignin 

Moisture ar. 5.28 3.51 10.80 

Ash     
Volatile 
matter   71.7  

C    52.7 
H  5.379   
N     
S  0.022 0.033 0.208 
HHV  20,799   

Charac-
teristic ash 

temp. 

 
ST/ 
HT/ 
FT, 
°C 

 
900/ 

 
 

 
1500/ 
1530/ 

 

 
 

1310/ 
 

density 
3 502.8 797.9  

>3.15 mm     
3.15–2mm  35.13 35.97 25.29 
2-   25.57  31.15 

–1mm    15.31 
1-0.8mm     

Tab. 1: Physicochemical characteristic 
of gasified feedstocks 



 

a 

after the pressure relief valve. The end of 

-

fitted at  as 

 
F in 

Karl-Fischer method . 
M
after evaporation of solvent under re-
duced pressu

Conditions of t
treatment, stand for definition of tars 
adapted for this research.  

particles collected in the isopropanol 
solution ere 
additional portion of isopropanol and 
dried . 
The total amount of solids after the 

 solids from the isopropanol 
from the stream of solids 

separated in the cyclone. For mass 

recovered solids  proximate 
and ultimate analysis. 
 
Method and operating conditions of the 
reactor 

-
of the process 

-
If the 

conditions in the reactor/installation 
(i.e. 
suffi -

-
cess. Set -

-
sure-relieve valve.  

The 

 Reactor 

2 . 
The influence of steam added to the 

 
0.55 – 1.2 H2 index can 

 

 = , ,,   (1) 

 the level of U/Umf = 
8.5±1.5  
 
FB gasification indices 

H2O or O2/H2O mixtures are 

reactors and process conditions. Primary 
Cold 

-
s 2
(H2O/C).  

direct 

transformed 

composi
 

 

 CGE = ( )( )   (2) 



 

-
’s 

  to tars or 
of the 

use of the  

 ,  , = , ,   (3) 

3 does not  the addi-

CO2. Hence, it evaluates process efficien-

term related to the fed CO2. For this rea-
son equation  is 
a 
into account the additional - 
CO2. Part of the CO2 
influences the CO and H2 yields in 

 

 ,  , = ,, ,   ( ) 

 is 
approximation of the 

on CO2  
The same   
determination of a 
an index 2O/C, 
serve the purpose 
of to the 

2.  
H2O/C 

finds limits 2 is introduced into 
a CO2 -
strate in CO2 

-
reactions. The most important steam and 
CO2 

. 2. Boudouard’s reaction is the 
main  2 influ-
en

-
-
-
2 

simultaneous drop in production of H2.  
2 

and H2

the index H2O/(C+CO2  

 ( ) = , ,, ,   (5) 

 
 

Tab. 2: Collation of most important 
gasification reactions impacted by 
partial pressure of H2O and CO2. 

Irreversible reactions 

 +   = 405  Complete oxidation of C 

  +    =  242  Oxidation of H  

Reversible reactions 

  +    +  = 131  Water –  gas reaction 

  +    +  =  41  Water –  gas shift reaction 

 +  + ( )  

  = +( . ) General steam reforming reaction 

 +   2  = 172  Boudouard s reaction 

 +  2 +  
or 

 +  + +  

  = +( . ) General CO  reforming rection 



 

Design of experiment 
-

ments in FB reactors it is vitally im-
-

ditions a (U/Umf, 
2/C, H2 fuel etc.). This  

 The 
level of complexity rises even further 

mixture of O2/CO2/H2O is used for 
. To simplify the amount of 

,  
a FB research, ly 
applied  . 
For any FB research, the fundamental 
condition is  hydrodynamic 

 constant
 

stant heat input) or rise 
 in a linear or 

the rise in reactor’s output 

8  In the constant heat input case, it is 

the amount of H2O/CO2  
( ) constant H2O or 
CO2 

s. On the 

he 
n this case another 

source of 

in the system. On one hand ash 
influence the 

on the other it 
can leads 

. 

 
3. Results and discussion 

-

limits f
. Results of the 

process 
are presented in 

T 3. For each pressure value, at 
standard 850°C FB temperature, a set of 

achieved -
 . 

experiments at 2  and temperatures of 
830°C and 800°C  
or s  

stood out 

that it 
temperatures difference in FB). Here also 
the f

On the other 
 1 

  
 ation, and 

fuel  elutriated 
from the 
tempera noticed. To assess if 
this prop

-
velocities. H

s for 
defluidization 

 Also, no 

 
produced 

 

 

increase in pressure led to 



 

increase in yield of CH . For 
CxHy) the 

unclear.  
To perform synthesis of chemicals from 

ratio of H2/CO. For FT the ratio should 
reach values in excess of 2. With conven-
tional O2/H2

-

- -
actors. Ho
experiments 
addition of even small amounts of CO2 

a detrimental effect on the yield of H2. 
2

H2O/(C+CO2 2O/C 
= 1.03). For l

Fuel Softwood pellet Oak bark Lignin 
 1 2 3  5  7 8 9 

In  temp. 
[°C] 852.8   853.3 853.7  852.0 853.9 - 

Reactor pres-
sure (MPa ) 0.0 1.0 1.9 0.0 1.0 2.0 0.0 1.0 2.0 

Fuel ar. 
 

2.52 
13.9 

 
30.9 

7.35 
39.9 

2.95 
 

5.73 
 

8.51 
 

 
 

5.37 
 - 

  
O2 1.02 1.81 2.77 1.08   1.28 2.58 - 
CO2 2.90   3.18    5.33 - 
H2O 0.73  3.70    0.70 2.70 - 

 composition [vol.  
H2 11.88  13.21    12.13 18.00 - 
CO     27.01 25.10   - 
CO2       52.00  - 
CH    8.70    3.18  - 
C2H   3.32  1.59  1.52 1.01 1.00 - 
C2H   0.37 0.27   0.31 0.18 0.09 - 
HHV 

3]*   10.27 8.15 8.78 9.72 7.08 8.38 - 

[Nm3
daf] 

 1.305 1.570       

H2
3] 228.1  383.0   309.0 172.8 312.0 - 

3]** 5.50 5.29   5.20    - 
3]  3.30    52.52 10.51 7.87 - 

 
U/Umf [-] 8.93 7.99 7.31 8.87  8.79 11.57 11.39 - 

-] 0.30  0.30 0.29 0.29 0.28  0.33 - 
H2   1.00 1.15 0.55 0.99 1.03 0.73 1.21 - 
H2O/ 
(C+CO2) 
[mol/mol] 

  0.5101   0.5138  0.5258 - 

H/CO 
 0.55   0.59 0.58 0.78   - 

Gasification efficiency parameters  
 –  2 70.91  73.05  78.28 79.22  75.05 - 
 –  3  125.23  158.37   185.75 150.85 - 
 – Eq. 4 98.40 98.67 98.97 97.20 97.27 97.13 98.73 98.58 - 

2 
** tar  

Tab. 3: Results experimental test runs CO2 gasification,  
Process efficiency parameters, Process indices. 



 

2O/C=1.2, 
yielded only H2  (here 
H2O/(C+CO2) = 0.53).  
When process efficiency is concerned, the 

of over 7 s 
reached for Consecutivel

 yet still 
 

 
r    in 

. No clear information 
of 

a . 
 
Bed agglomeration propensity 

same temperature level the amount of 
differed 

-

-
tio
defluidization. Finally, e
experiments performed  

  for 
. 

no effect o of 
. Still, performed 

 the amount of fuel 
fed into a FB is increased, situations 

encountered often.  of this 
may lie in 

the 
amount of char material present in FB or 

the critical concentration of ash. 
4. Conclusion and Outlook 

of fed -
lar fluidization conditions. This mode of 

-

. Hence, it is 
proposed for future research on pressure 

2. Important 
 the 

 
, 

-
 

,  
for 

 , 

future research. SWP used here as 
reference material 

. H it 

FB.  
On the other hand, -

fuel and system pressure. It   

a the chemical 
charac in’s ash material as 

amount of the 
 

, 

ter and 

treated as choice for diversifica-
tion 

.  

concept of chemical sequestration of CO2 
is technically  

of the applied CO2 on the composition of 
 may 

deem its utilization for the purpose of 
chemical synthesis impractical. 



 

2 into 
a -
ness of commonly applied process 
efficiency indicators it is important to 

For this reason the ) 
and H2O/(C+CO2 5) 
proposed. 

5. Acknowledgements 

-to-Fuel). 
 
6. References 
[1] I. Lopes Motta et al., Ren. and Sust. . Rev. 94 (2018) p998 
[2] C. Wu et al., 27 (2009) p588 
[3] C. Pfeifer et at., Biomass Conversion and Biorefinery. 1 (1) p39. 

. Xu et al.,  6 (2008) p  
33 ( ) p  

Y.   179 (2019) p571 
 et al., 17 (2003) p  

. Li et al., Fuel 220 (2018) p80 
[9] H. H. Bui et al., 152 ( ) p207 
[10] R. S.Xu et al., 107 ( ) p  
[11] S. Tuomi et al., Fuel 158 (2015) p293 

nalytical and Applied Pyrolysis 85 (2009) 
 26 ( ) p377 

Fuel 99 (2012  
[15] S. Valin et al.,  91 (2010) p1222 

32 (2008) p573 
. et al., Chapter 52 in Fundamentals of Thermochemical Biomass Conver-

sion (1985). 
[18] M.  Fuel 210 (2017)  
[19] M.  et al., (2018  
[20] S. Valin et al., Fuel 177 ( ) p288 
[21] Y ( ) p87 
[22] M. Balland, Waste and Biomass Valorization 8 (2017) p2823 


