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2.3 Flue Gas Cleaning by Electron Beam Technology in 21 s t
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China has pay great attention to the pollution caused by flue gas, which including
sulfur dioxide SO2 and acid rain. In January 1998, our Government has approved and
putted into force of the Scheme of the Division of the Acid rain Pollution Control Region
and Sulfur Dioxide Pollution Control Region and so on drawn up by the State
Environment Protection Bureau. According to the document, the newly built coal power
station must have devices for flue gas purification FGD for SO2 reduction during the past
years. Along the rapid development of economy and power industry in China,
environmental protection in power sector witnessed a definite achievement in China, the
environmental protection requirements, norms and standard not only limited the emission
of SO2, NOX and fine particles removing are also included. But facing the new 21st

century environmental protection and sustainable development of China economy, power
station flue gas should be purified further accordingly, such as reduced VOCs, fine
particle and CO2 emission in the near future. And any hazard wastes ought to be
transformed into a useful by-product without any second pollutants.

Since 1987, U. S. Environmental Protection Agency (EPA) has been measuring
fine-particle air pollution, calling it PM-10, which means "particulate matter 10 /zm or
less in diameter". The size of the particles is what's most important from a public health
viewpoint. Particles larger than 10 //m generally get caught in the nose and throat, never
entering the lungs. Particles smaller than 10 //m can get into the large upper branches just
below your throat where they are caught and removed (by coughing and spitting or by
swallowing). Particles smaller than 5 /an can get into your bronchial tubes, at the top of
the lungs; particles smaller than 2.5 //m in diameter can get down into the deepest
(alveolar) portions of your lungs where gas exchange occurs between the air and your
blood stream, oxygen moving in and carbon dioxide moving out. These are the really
dangerous particles because the deepest (alveolar) portions of the lung have no efficient
mechanisms for removing them. If these particles are soluble in water, they pass directly
into the blood stream within minutes. If they are not soluble in water, they are retained in
the deep lung for long periods (months or years). About 60 % of PM-10 particles (by
weight) have a diameter of 2.5 //m or less. These are the particles that can enter the
human lung directly.

Volatile Organic Compounds or VOCs are organic chemicals that easily vaporize at
room temperature. They are called organic because they contain the element carbon in
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their molecular structures. VOCs have no color, smell, or taste. VOCs include a very wide
range of individual substances. Some VOCs are quite harmful and can cause cancer or a
higher risk of cancer. The removal of VOCs from the flue gases of thermal power plants
becomes more problematic due to the presence of other pollutants such SO2, NOX and
dust particles, They are also problems associated with the application of conventional
technologies to control VOC emission from industrial facilities. The cleaning processes
are rather expensive which compare to emitting production facilities. Their energy
consumption may be quite high, especially for off gas containing only few concentrations
of VOCs. The problems remaining to be solved promoted the investigation of the
application of EB for the cleaning of industrial off gas and flue gas from power plants to
control the emission of VOCs.

Over the last few years, a promising wet FGD process has been under development.
Limestone and wet scrubbing processes are widely used for the flue gas desulfurization
(only for SO2 removal) recently. But the by-product of this process is the plaster waster
containing water and impurities, and water is discharged to the ground causing the second
pollution. Ammonium method is also a kind of quite mature and economic flue gas
removal process, but it is also limited on SO2 removing. Many countries around have
imposed industrial emission limits and this move has forced to find a cost and effective
solutions to SO2 and NOX pollution control. Conventional technologies —wet scrubbing
for SO2 and selective catalytic reduction for NOX have reached their full potential.

This wet ammonia process has the potential to improve the waste management in
conjunction with providing sulfur dioxide, SO2 removal efficiency in excess 95%. The
attractiveness of the ammonia scrubbing process appears to depend on the ability of the
plant to sell ammonium sulfate fertilizer. At present, the wet ammonia FGD process offers
the unique advantage of an attractive ammonium sulfate by-product that can be used as
fertilizer.

New technologies are being investigated for industrial scale commercial viability.
One of them is the Electron Beam, EB scrubbing process, which follows the simultaneous
removal of SO2, NOX, PM-10, VOC and CO2 from the flue gas. And the by-products from
EB process are useful fertilizers and without any second pollutants.

The EB flue gas cleaning process is a new high technology combined with physics
and chemistry. The principle of EB flue gas purification is as follows: the high-energy
electrons generated by electron accelerator are used to irradiate the flue gas, gaseous
ammonia and vaporized water being added simultaneously. Ionization occurs among
electrons, nitrogen, oxygen and vaporized water within the flue gas, resulting in large
amounts of ions, free radicals and many active atoms and molecules in activated state, as
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HO2H, O, N, OH. Sulfur dioxide and nitrogen oxides in the flue gas are oxidized by these
molecules and then react with vaporized water, respectively, resulting in foggy sulfur acid
and nitrate acid. These acids react further with ammonia earlier poured and generate
fertilizers as ammonium sulfate and ammonium nitrate. Therefore, in the whole reaction,
parameters playing the decisive roles are radiation dosage, ammonia equivalent and the
humidity, etc.

The potential of using EB to remove SO2 and NOX was first investigated by Japan
Atomic Energy Research Institute (JAERI) and the Ebara Corporation in early 1970. The
method has since then been developed from laboratory to pilot and large demonstration
scale, by R&D and implementation works in Germany, Japan, Poland and USA. Based
on the experience obtained from several pilot plants, the Ebara Corporation built the first
commercial scale EB flue gas treatment plant at Chengdu Thermal Power Plant in China
in 1997 in co-operation with Chinese Government. At the same time in Nagoya Japan, in
Pomorzany Poland and in Hangzhou China several industrial scale EB commercial flue
gas treatment power plants have been successfully putted into operation.

1.

The basic removing rates of above-mentioned power plants are as follows, see Table

Table 1. Basic parameters of the power stations equipped with EB treatment.

Flue

M3/h

S02

NOX

Gas flow

removal

removal

rate,

rate,

rate,

Chengdu

300,000

>80

>30

Hangzhou

305,000

>75

>40

Nagoya
620,000

>92

>60

Pomorzany

279,000

>90

>80

The current state of research and development of EB for removal VOCs from flue
gas has been demonstrated that the EB process has a strong advantage over other
technologies in a single process to remove SO2, NOX, dust and VOCs from flue gas. The
major products of irradiated organic compounds are H2O, CO2, CO, and HC1, for
chlorinated hydrocarbons. Irradiation of the air containing vaporized water caused
production of active species as HO2, O, N, H and OH radicals. The significant part of
degraded organic compounds is decomposed by oxidation process were the most effective
oxidizing species are OH radicals. The efficiencies of decomposition of VOCs have been
ranged from 60 % to 90 %.
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For PM-10 in EB process the removal rate for particles size bigger than 2.5
could be reached 99.99% accomplished with removal SO2, NOX, dust and VOCs
simultaneously.

Combustion of fossil fuels is large sources of green house gases (GHGs) such as
carbon dioxide CO2 and so on. In the atmosphere, these gases trap heat and warm the air.
It is the risk that increasing emissions of GHGs will change our planet's climate. Under
the 1997 Kyoto Protocol, industrialization countries indicated their intent to reduce
collective emissions of GHGs by 5.2% below 1990 levels by the period 2008 to 2012.
Between the GHGs, CO2 is the main contributor. Thus many R&D have been explored to
find an economical way of reducing CO2 emission. One promising way is the EB
processing now under development in our Institute and other research institutes around
the world.

The by-product obtained by EB process from flue gases is (NH^SC^ (95 %), and
NH4NO3 (5%), is equivalent to commercial fertilizer. Agriculture tests have been
performed between commercial fertilizer and by-product fertilizer from EB process.
Results are very positive. The content of heavy metals is much lower than the values
allowable for commercial fertilizer, as show in Table 2.

Table 2. Comparison between the heavy metals content between two kinds fertilizer

Commercial Ammonium
Sulfate, (ppm)

By-product Ammonium
Sulfate, (ppm)

Pb

<5

140

Cd

0.5-06

140

Cr

1-24
Hg
0.025-0.05

2

As

0.25-0.39

50

The next stage development of EB treatment of flue gas will be its optimization. Two
main problems have to be solved at this stage. There are the reduction of energy
consumption and an effective collection of by-product. Some further R&D is needed to
reduce the energy consumption and reliable collection the by-products before the EB
treatment process could be applicable to large power stations around 300 - 600 MWe in
China.

Accelerator is the key part in the EB process. Research and development on
accelerators for flue gas treatment have been developed also in China. The electron beam
energy produced by the DC transformer electron accelerators, which is widely used now,
is around 0.8 MeV. The electron beam penetration range of such energy in the flue gas is
about 3 m and is constrains the diameter of reaction vessel in the flue gas passage cannot
be too large. A new type of high power RF pulse electron accelerator that can produce
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electron beam with higher energy is about 2 MeV and penetration range in the flue gas is
about 8 - 10 m, is under considering. The whole size of the pulse RF accelerator is far
smaller than common DC accelerator. Due to these advantage of new RF machine, when
could be used in large power plants, there is no need to set radiation vessels in parallel, so
problems related to this could be avoided. With the new RF machine and semi-dry flap
process, then it have the potential market on flue gas cleaning removing SO2, NOX, dust,
VOCs and CO2 simultaneous in the near future and can follow the strict environmental
requirements according the 21st standards within one process.

The investment cost for different methods of removal of SO2 and NOX from the flue
gas is shown in Fig.l. It is obvious that the EB process is the most economic one. The
cost of removal SO2 and NOX simultaneous are particularly attractive for the EB process
when the revenues from the by-product sales are taken into account.
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Figl The investment comparison between different processes for SO2
and NQX removing (From: IAEA-TE CD GO1189)

All tests and experience performed from the existing EB flue gas treatment facilities
prove the advantage of ihis technology. But. R&D is still needed to fulfill the
requirements of the 21st flue gas cleaning requirements.
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