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1. Introduction

In oxy-fuel combustion, the flue gas is re-circulated from upstream of a CO2 compressor to the boiler. In this 

process, the CO2 concentration in the flue gas is greatly increased by using a mixture of re-circulated and pure 
oxygen. Condensing, compression and cooling of CO2-rich flue gas are required to obtain CO2 of an acceptable 

purity for transport and storage. However, the flue gas contains components such as NOx, SO2, and Hg. In oxy-fuel 
combustion system, Hg in the flue gas can cause corrosion in CO2 purification and compression units. Therefore, the 

Hg needs to be removed upstream of CO2 compressor.
Babcock-Hitachi conducted tests using a 1.5MWth Combustion & Air Quality Control System (AQCS) test facility 

which consists of oxygen supply unit, furnace, Selective Catalytic Reduction (SCR) catalyst, Clean Energy 
Recuperator (CER), Dry Electrostatic Precipitator (DESP), flue gas recirculation system, Wet Flue Gas 

Desulfurization (WFGD), and CO2 Compression and Purification Unit (CPU).
This paper focuses on the Hg oxidation at SCR and the influence of temperature on Hg and SO3 removal at DESP, 

and Hg behavior across CO2 compressor under oxy-fuel combustion conditions.

2. Material and methods

Appearance of the pilot test plant and a schematic diagram of the test facility is presented in Figure 1, 2. This 
system consists of an SCR, CER, DESP, flue gas re-circulation system, Wet-FGD and a CO2 compressor. In this test, 

we installed a TRACTM catalyst in the SCR reactor. TRACTM has a higher oxidation of elemental Hg while keeping 
a very low SO2 to SO3 conversion. Flue gas temperature at the inlet of DESP was controlled at a constant 

temperature ranging from 90 to 160 degree C by the CER. A part of FGD outlet gas was compressed to 3.0MPa by 
the CO2 compressor. The inlet gas and outlet gas of CO2 compressor were cooled with water. Symbols from A to F 

in Figure 2 indicate the sampling points. Gas samples were simultaneously taken at these six points through the flue 
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gas stream. The drain was recovered from inlet and outlet of CO2 compressor and Hg concentration in the drain was 

measured. Hg behavior across CO2 compressor was evaluated by these results.

3. Results

Pilot studies conducted at Babcock-Hitachi’s combustion and AQCS test facility examined the behavior of Hg and 
SO3 in flue gas generated by both oxy-fuel and air combustion. The results from this study are summarized as 

follows.
- Hg concentration at the SCR inlet was higher for oxy-fuel combustion compared with air combustion due to 

the re-circulation of flue gas, containing Hg.
- The sum of Hg++ and Hg(p) at the SCR outlet was 91-96% of the total Hg under oxy-fuel combustion condition.

- Both Hg and SO3 removal increased across the DESP as the gas temperature at the DESP inlet was reduced by 
a CER.

- The SO3 concentration at the DESP outlet was reduced to less than 1ppm by decreasing the fl ue gas 
temperature at DESP inlet from 160 to 90 degree C. This behavior is similar for both oxy-fuel and air 

combustion.

4. Summary

A combination of the TRACTM catalyst and the CER system was very effective in removing Hg at high efficiencies 
in oxy-fuel combustion as well as in air combustion.

Figure 1  Appearance of the pilot test plant
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SCR: Selective Catalytic Reduction
CER: Clean Energy Recuperator
DESP: Dry Electrostatic Precipitator
WFGD: Wet Flue Gas Desulfurization

A-F: Hg Sampling Points
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Figure 2 Schematic diagram of the pilot test plant


