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 Heavy fuel oil (HFO) is a mixture of hydrocarbons 
composed of residual fractions from crude oil distilla-
tion and processing. It is black colour liquid of high 
specific gravity and high viscosity. HFO is an industrial 
fuel that is suitable for use in boiler plants and metallur-
gical operations which generally preheat the fuel oil. 
HFO contains excessive amount of sulphur which is 
converted to sulphur dioxide when burned. The combus-
tion process creates also nitrogen oxides. These gases 
are discharged to the atmosphere causing air pollution 
and acid rains. The purpose of this project was to dem-
onstrate that the electron beam flue gas treatment 
(EBFGT) technology was capable of removing SO2 and 
NOx from the HFO flue gas. 

Fig. 1. SO2 and NOx removal efficiency vs. absorbed dose 

 The study was performed in the laboratory plant [1]
at the Institute of Nuclear Chemistry and Technology. 
For this study the plant was enlarged with the oil com-
bustion unit. Three types of oil containing various sul-
phur content (oil I-2.81% wt., oil II-2.9% and oil III-
3.1%) were burned. The composition of the flue gas 
depends on burning conditions and oil itself and the 

basic components were within the following limits SO2

800-1500 ppm and NOx 80-190 ppm. 
 Various factors affect the removal of SO2 and NOx. 
The influence of such factors as irradiation dose, gas 
temperature at inlet to process vessel, ammonia 
stoichiometry, gas humidity and oxygen content were
studied. The electron beam dose is the primary factor in 
NOx removal efficiency (Fig. 1). This demonstrated that 
the NOx removal is a radiation-induced process. The 
SO2 removal is based on two different pathways: ther-
mal process and radiation-induced process. At zero dose 
the removal efficiency is caused by thermally based
reaction of SO2 and NH3 in the presence of moisture. 
The removal efficiency of SO2 and NOx depends 
strongly on the electron beam dose for small doses but 
saturates for doses exceeding 8 kGy (Fig. 1). 
 Results of the parametric test indicate that except 
the electron dose, sulphur dioxide and nitrogen oxides 
removal depends on different process conditions. NOx

removal is mainly energy absorption process, while SO2

removal is sensitive to temperature, humidity and am-
monia stoichiometry. The proper selection of the proc-
ess conditions (gas humidity to 10-15% vol., NH3

stoichiometry 0.90-0.95 and gas temperature 60-700C) 
guarantees high SO2 removal at low energy consump-
tion. A dose of 6-9 kGy is sufficient to achieve over 
90% SO2 and 70% NOx simultaneously removed from 
flue gas under optimum operating condition. High SO2

and NOx removal efficiency up to 95% for SO2 and 80% 
for NOx were achieved. Higher NOx removal efficien-
cies require higher energy consumption. The by-product 
of this process is almost pure mixture of ammonium 
sulfate and ammonium nitrate that makes it a valuable 
fertilizer.  
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