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Abstract— The Korea Institute of Energy Research has been carrying out a project to develop a
simultaneous SOx, NOx removal process from flue gas using non-thermal plasma technologies. One
of the main tasks is to investigate the reaction mechanism of SOx and NOx with reagent in the non-
thermal plasma conditions. The experiments have performed with simulated and real flue gases, and
the gas flow rates are 1.0 and 20 Nm’/hr, respectively. Ammonia (NH,), paraffinic and olefinic
hydrocarbons are employed as reagents. The tested parameters were the voltage, frequency, gas flow
rate, gas temperature and the amount of reagent. Without NH; injection, SO, was converted to
elemental sulfur and O, in plasma condition and the chemical equilibrium was controlled by power
and composition of gas. The SO, gas could be removed effectively with NH,. However the reaction
between SO, and NH, occured in a different way according to the presence of plasma power.
Ammonium sulfate, (NH,),SO,. was produced under the plasma condition, but ammmoium bisulfa

HSO,, without plasma. Without reagent injection, reaction of NO under plasma condition showed
both reduction and oxidation simultaneously. Reduction reaction dominates in low O, concentration,
but oxidation reaction in high O, concentration. The product of reaction between NO and NH, was
N, and O,, but the reaction requires much power consumption. Hydrocarbons acted as strong
oxidative reagents when it reacted with NO in plasma conditions. The reactivity of olefinic
hydrocarbon is stronger than that of paraffinic hydrocarbon in plasma condition, and SO, removal
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efficiency reached about 40%. However reaction mechanism of NO oxidation with hydrocarbon was

not clearly known at the present time.
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Table 1. Specification of BSU-20 experimental appa-
ratus.

Experimental Apparatus Size
Flue Gas Burmer 20,000 kcal/hr
Generation Combustor ®350x 950 L
Apparatus Heat Exchanger
Power Supplier 25kV, 5kW
) Thyratron
Type Switch
Pulse Pulse: rising 2 nS/kV
Generator time
Pulse Voltage 25 kV
Plasma
Generation Frequency 10~1,000 Hz
Apparatus Type Plate-Wire
and Reactor 208 W X 80 T x
Size
1200 L
Plasma  Material  SUS304, Teflon
Reactor .
Distance
between
Plate 25 mm
and Wire
Bacharach
Flue Gas Analyzer g([) (;r?lfts?ig?l
Analyzer
Incidental I D. Fan F.IO.S HP
equipment Fabric Filters ater Arze a
0.64 m

Energy Engg. J (1999), Vol. 8(1)
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Fig. 1. Schematic diagram of BSU-20 experimental
apparatus.
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Fig. 2. Wave form of Pulse Voltage, Current and
Power.
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Fig. 3. Effect on dissociation of SO, and NOx in plasma
condition (without O,).
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Fig. 4. Effect on dissociation of SO, and NOx in plasma
condition (with O, 2.5%).
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3-2. Q8- S0 CHE tLiole] HE
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Aelr}. 67| M Hak=vl w3164 SOx, NOx}
NH;¢] Hh-g-of] dall sl

Eepzo Whgell A= SO.2F NOZL ARk 3]
H.SO,, HNO-} =1, NH:8} ukg-sled maate] d& 3§
Algke 24 SO0t NO7t A7 == w7} Zo]c}. Table 2
£ 712 ATNE BAPRE dRYelE 3rlehA] o
& 7359} AR 395 vlwsled wal Fe|v). sk
32 6.0 /min, A3te} W& 5kV, 10kV, 15kV, 8
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A FFHA dstet

Table 25 R, ofmvo}E Hrlslz| e A4,
NOx+& 98% o]Ake] A7 8-& ety et SO 739+
18~20% A =9 A|AEE vieblict a2y drdelE
71 79+ NOx7} $443] Al A= 5, SO0 AlAE
= 80~99% A =& uf$ &gt}

gtrvjolE HrIRE %ol SO AAE) 2 A
& gtyajolsele] HFlshybgo] F2 Yolydr] wWEL
2 B]lep?. i ghuyeld Y 7kad ekt
Wk 8 A7 AYE A F gheuolE A
7VakA] e AR E oA & S dAHLE S0 F
=7} F3% F% 600 ppm R} W FL 2500 ppm
A2 g gl o]a g dARS w7l A ] Fhx
&5 7b Gola] kS el A-E G SAlde] E
elzwtel] ola) Fal=Ee] SO, AR wiEELE FAbe
2 A

7l NOoJ AlA vh-& (DAl 27t 314 uhge] 5
FAo adofufs NH, Hrlel o8 F71A28 ofg

Table 2. Effect of NH, injection on removal of SO,
and NO.

TE 6.0 I/min. 300 Hz. no oxygen
q kv o2 10 15 0 10 s 10
" NH, ¥% 0 0 083% 083 083 083
SO, 497 410 400 385 93 13 3
A4 NO 276 2 1 268 0 0 0
# NOox 276 5 4 269 0 1
NO. 0 3 3 0 0 1 1

el g SO, 18 20 23 813 974 994

(%) No 98 986 0 100 100 100
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Fig. 5. Effect of NH, concentration on simultaneous
removal of SO, and NOx.
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