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Background 

Oxyfuel combustion is an important CCS technology that is capable of 
drastically reducing the CO2 emissions from power plants. 

Although similar in many ways to its predecessor, air-fired combustion 
technology, there are some significant differences caused mainly due to the 
high CO2 concentrations in the system. 

The main differences occur in the heat transfer, fuel reactivity, flame ignition & 
stability, and emissions. The study of these processes is important for the 
development of the technology. 

The optimization of these processes is vital for improving the efficiency of the 
overall process and thereby reducing the efficiency penalty. 
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Motivation & Objective 

Better understanding of coal combustion in oxyfuel conditions. 
Coal combustion in oxyfuel conditions is different from air 
conditions due to the presence of significantly higher CO2 levels in 
oxyfuel conditions. 

The final coal burnout may be higher or lower in oxyfuel 
conditions in comparison to air conditions depending on 
various factors. The lower diffusivity of O2 in CO2 and the 
char-CO2 gasification reaction that may occur in addition to 
the char-O2 oxidation reaction are important factors to be 
considered.  

Obtaining experimental data used for validating coal 
combustion models in O2/CO2 conditions – important for 
designing new oxyfuel furnaces. Comparison of the 
reactivities of coals in O2/CO2 and O2/N2 conditions - 
important for retrofit furnaces originally designed for air-
firing. 

The main objective of this study is to measure and compare the 
reactivities of pulverised coals and their chars in oxyfuel and air 
conditions using thermogravimetric analysis (TGA). 
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Coal properties 

Coal 

Wt. % air dried basis 

Proximate analysis Ultimate analysis 

Moisture Ash V M F C C H N S O 

Lignite 11.20 5.40 47.70 35.70 56.30 4.16 0.55 0.96 21.43 

Bituminous 

Coal 
3.80 22.90 23.90 49.40 60.00 3.29 1.46 1.94 6.61 
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Experimental plan for reactivity measurements 

Isothermal Drop Tube 
Furnace (DTF) Tests with 
coal 

900 – 1400 oC 

0-21% O2 in N2/CO2 

Measurement of coal 
burnout 

Char formation at 
1400 oC in a N2 
atmosphere for the 
isothermal TGA tests  

Comparison of 
coal/char burnouts 
under similar furnace 
temperatures and O2 
levels 

Non-isothermal (heating) TGA 
tests with coal 

25 – 1100 oC at 10 oC/min 

0-21% O2 in N2/CO2 

Simultaneous 
measurement of 
temperature & coal 
reactivity when the 
coal sample is 
heated 

Comparison of coal 
reactivity as a 
function of 
temperature in a 
constant O2 level 

Isothermal TGA tests 
with char formed in the 
DTF 

800 – 1000 oC 

0-21% O2 in N2/CO2 

Measurement of fuel 
reactivity at constant 
temperature 

Comparison of char 
reactivity as a 
function of char 
conversion at a 
constant 
temperature in a 
constant O2 level 
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Parameters measured by the TGA during the tests: 

m Instantaneous mass mg 

mo Initial mass of dry char sample mg 

mash Final mass of ash mg 

dm/dt Mass loss rate mg/min 

t Time min or s 

T Temperature oC 

Parameters estimated from the measurements: 

Rm,char Char reactivity min-1 or s-1 

Rm,coal Coal reactivity min-1 

α Conversion (wt.%, daf basis) - 

Reactivity of char during isothermal 

experiments is defined by: 

Reactivity of coal during non-

isothermal (heating) experiments is 

defined by: 

Definition of reactivity in the TGA tests 
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A non-isothermal (heating) TGA test 
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Drastic increase in fuel/char reactivity is observed in 3% O2/CO2 and 100% CO2 atmospheres at T > 700 oC. 

Coal reactivity during non-isothermal tests with 

Lignite at various O2 levels 
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Endothermic reactions are observed in 3% O2/CO2 and 100% CO2 atmospheres at T > 700 oC. 

Heat flow during non-isothermal tests with 

Lignite at various O2 levels 
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Results from non-isothermal TGA tests with Lignite 

0% O2 (Pyrolysis) 

• Pyrolysis rates similar in 
100% N2 & 100% CO2 

 

• Higher reactivity & 
endothermicity at T > 700 
oC in a 100% CO2 
atmosphere are indicative 
of the influence of the 
char-CO2 gasification 
reaction 

3% O2 

• Reactivity slightly lower in 
O2/CO2 conditions until T 
< 700 oC 

 

• The char-CO2 gasification 
reaction significantly 
increases the reactivity at 
T > 700 oC in O2/CO2 
conditions 

10% & 21% O2 

• Reactivity slightly lower in 
O2/CO2 conditions 
probably due to the 
lowering of temperatures 
by the high CO2 levels 
and the lower diffusivity of 
O2 in CO2  

 

• Complete combustion 
occurs at T < 650 oC, 
hence no evidence of the 
char-CO2 gasification 
reaction in O2/CO2 
conditions 

 

 

- Major differences in coal reactivity are caused by the differences in the char reactivity as the pyrolysis 

rates appear to be similar. 

- Isothermal tests with char at higher temperatures are required to study the differences in char reactivity 

in air and oxyfuel conditions. 
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Step Atmosphere Process 

1 

2 

3 

4 

5 

6 

N2 

N2 

N2 

N2 

No gas 

N2, CO2, 

O2/N2, 

O2/CO2 

Flow stabilization 

Heating to drying temp. 

Drying 

Heating to Tf 

Gas change (if required) 

Reactivity measurement 

An isothermal TGA test with char  
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Lignite char reactivity & heat flow, 1000 oC, 2.5% O2 

- Significantly higher reactivity and significantly lower heat flow in O2/CO2 conditions is mainly attributed 

to the char-CO2 gasification reaction,   
which occurs in addition to the char-O2 oxidation reactions. 

    &  
- Under low O2 conditions, the effect of the char-CO2 gasification reaction can be significant resulting in 

better char burnout & lower particle temperatures. However, lower particle temperatures could reduce 

the char-O2 oxidation rates which in turn could reduce the char burnout. 

- Very low O2 levels inhibit the combustion of the CO released from the char-CO2 gasification reaction. 
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Lignite char reactivity & heat flow, 1000 oC, 5% O2 
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Lignite char reactivity & heat flow, 1000 oC, 10% O2 
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Lignite char reactivity & heat flow, 1000 oC, 21% O2 

- The difference in reactivity in oxyfuel and air conditions gradually decreases with the increase in the O2 

content in the gas. 

- The higher heat flows (exothermic) measured are attributed to the heat released from the combustion of 

the CO released during the char-CO2 gasification reaction; the O2 levels are now high enough.  
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Lignite char reactivity & heat flow, 800 oC, 10% O2 
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Lignite char reactivity & heat flow, 900 oC, 10% O2 
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Comparison of trends in TGA & DTF 

- Char reactivity trends from the isothermal TGA tests are consistent with the burnout trends obtained in 

the DTF. 

- The influence of the char-CO2 gasification reaction is significant at lower O2 levels. 

Reactivity in TGA Burnout in DTF 
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Comparison of trends in TGA & DTF 

- Char reactivity trends from the isothermal TGA tests are consistent with the burnout trends obtained in 

the DTF. 

- The influence of the char-CO2 gasification reaction increases with the increase in the furnace 

temperature. 

Reactivity in TGA Burnout in DTF 



21 

Comparison 

of trends in 

TGA & DTF 

for two 

different 

coal types 
R

e
a

c
ti

v
it

y
 i

n
 T

G
A

 

B
u

rn
o

u
t 

in
 D

T
F

 



22 

Comparison 

of trends in 

TGA & DTF 

for two 

different 

coal types 
R

e
a

c
ti

v
it

y
 i

n
 T

G
A

 

B
u

rn
o

u
t 

in
 D

T
F

 



23 

Summary & Conclusions 

Differences in pulverised coal reactivity in air and oxy-fuel conditions depend on the coal 
type (rank) and on the combustion conditions such as furnace temperature and O2 
concentration.  

The char-CO2 gasification reaction and the lower diffusivity of O2 in CO2 are important 
factors that influence the char reactivity and the final burnout in oxyfuel conditions.  

The char-CO2 gasification reaction appears to have a greater influence at lower O2 levels 
and higher temperatures, and on chars formed from low rank coals with higher internal 
surface areas.  

The overall reactivity and hence the final burnout under oxyfuel conditions depends on the 
above-mentioned factors. For accurate prediction of the combustion behaviour, these 
factors should be included and not ignored in coal combustion models developed for 
oxyfuel combustion. 

A combination of TGA and DTF experiments could be useful for obtaining reactivity and 
burnout data especially in oxyfuel conditions where the char-CO2 gasification reaction 
could compete with the char-O2 oxidation reaction under favourable conditions. The heat 
flow data from the TGA tests is additional valuable information. 

The data from the present study could be used for validating combustion models 
developed for oxyfuel combustion conditions including the char-CO2 gasification reaction. 
Reactivity parameters for char combustion could also be estimated. 
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