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Introduction

Oxy-fuel combustion is recognized as a promising technology for mitigation of the climate problem allegedly caused by an increasing level of anthropogenic CO2 in the 
earths atmosphere. As part of the research effort aimed at an industrialization of the process this investigation contributes with a clarification of the change the substitution 

of N2 with CO2 has on coal devolatilization and char conversion.
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Experimental

An electrically heated isothermal entrained flow reactor, designed to simulate suspension 

fired boilers, have been used in all experiments. Its configuration and connection to the 

remaining setup is shown in figures 1 and 2. Bituminous coal particles in the sieved size 

range 90-106 µm were fed at a rate of 50 g/hr in all combustion experiments. Gas and 

particle sampling were done iso-kinetically through an moveable water cooled probe. 

Except for experiments carried out in air all experimental atmospheres were made by 

mixing bottled gases. The inlet gas flow rate were controlled to obtain a constant residence 

of 2 s in the reactor, meaning that an identical laminar flow profile developed in all 

combustion experiments. 

During the devolatilization experiments oxygen corresponding to λ=3 were present in the 

inlet gas to avoid problems with tar. In order to prevent too high oxygen concentrations (> 6 
vol. %) the residence time was reduced slightly depending on the reactor temperature.  

Fig. 2: Experimental setup. Streams 

leaving the setup is sent to a 

ventilation system. 

Fig. 1: The electrically heated 

isothermal entrained flow reactor 

used for experiments. 

Results

In the combustion experiments inlet oxygen concentrations in the range 5 – 28 vol. % in N2 or CO2 were used in the temperature interval 1173 K – 1673 K with increments 

of 100 K. At these temperatures and with the feed rate fixed the oxygen concentrations corresponds to λ = 2 - 16. Devolatilization experiments were carried out at the same 

temperatures using CO2 as carrier gas. At 1573 K and 1673 K devolatilizations were also conducted with N2 as carrier gas. The result of the devolatilizations and an 

example of char conversion profiles are shown in figures 3 and 4. Figure 5 shows the dependence of oxygen concentration on char conversion at fixed sampling times.

Fig. 3: Volatile weight percents as 

found from devolatilization mass 

balances  

Fig. 4: Char conversion profiles obtained at 

1373 K. The calculated profiles are found for 

a shrinking sphere in zone III. (▲ 6.2 vol. % 

O2)(∆ 6.3 vol. % O2)(● 6.1 vol. % O2)(o 5.9 

vol. % O2).

Fig. 5: Conversions vs. oxygen 

concentrations at 1373 K for two 

different sampling residence times. 

Figures 3 - 5 show that no apparent differences are found between devolatilization and combustion in O2/N2 and 

O2/CO2. This conclusion is supported by most of the remaining data series. At the temperatures 1573 K and 1673 K 

,and measured oxygen concentrations between 3.1 and 3.7 vol. % at the sampling points, data does however 

indicate a faster conversion in O2/N2 than O2/CO2. This is most likely due the influence of external mass transfer 

control under which the lower diffusion coefficient of O2 in CO2 (22 %) causes a decrease in the reaction rate 
compared to O2/N2.

An investigation on char morphology has been conducted from scanning electron microscopy (SEM) and N2-BET 

measurements. A comparison between chars obtained in N2 and CO2 based atmospheres is shown in figure 6. 

From the figure no visual differences can be seen in their morphology, which is further supported from N2-BET 

measurements that show surface areas of 270 and 280 m2 g-1 for char devolatilized in N2 and CO2 respectively.

SEM images of chars obtained from devolatilization at different temperatures (1273 K, 1473 K and 1673 K) show a 

high degree of softening and measurements of particle size distributions show swelling estimated to 50 % at 1673 

K. These results illustrate the caution that should be exercised when data obtained over a span of temperatures is 

analyzed and compared as not only the experimental conditions but also the particle structural parameters 

changes.
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Fig. 6: SEM images of devolatilized chars 

obtained at 1673 K in N2 and CO2.


