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Ao A= A= 23HE A4} o] Akt ¥hgsto] 7] @ HEE N AAASHE(NOx) T ZARHE(SOx)& T
A QA f-afiskar 873 L HS oF715k= NOx, SOxE A5H7] Yol AAA D &2 JAFAE Al FolH, FAIE
ZZ517] Y9 st 71E5S 8okl Aot AESHE NOx ¥ SOx AU &2 SCR (selective catalytic reduction),
SNCR (selective non-catalytic reduction), WFGD (wet flue gas desulfurization) 5-°] 1 2.1} o] ¥F4]&2] T & mj&o] NOy,
SOxE SAIAIASH: A7t 2l 2ol 3= AL Tk 184 NOx, SOx A AA BA oA & 4ekA] 9 S4A| 2 Q15 5|
g Ao gt ZAIH, B ASHA|E 2493) 517] 913 S 2 A7) &S ARl whE W8 Ay, mpR e e = V1A ASHAl &
AA| 399 EAEE 7HA I Uk whEhbA & Aol A= NOx, SOx SAIA 2] B4 9] G &S Bhetaiat 1424719
A A/ mho]| A2 W} FYAE o-&oto] H-§E H HRA P A @A F A TS A staAr skt &4
7|7} upo] 22 HES ABAsh= A o] u] A LEA|4JT} ESR (electron spin resonance) £41& &3 <lstleH, uo]2&2
E9HS 0] &5to] 2% o] W= NOy, SOx AAE A5 HIAELR Adstgict. Bt ofu g} H4=& A 7bst7] 98l S-UA< vt
o|AZHES 0|85l FA2E NOx AAE & 75%, SOx A AE 99%E /45t th & rto] AR H & A|AH ] AS A&
WA T -9 NOx, SOxA|AE BT 99%01/4d-Z B4 oF3lth o] 8t AT 25 EHE SAASIA A4S H85l=
Al e g0 d v& E 3 AL AT 7199 5= Sl AL E 7|t "t

FHO - A2AeE, fAatehs, SAAIA, vhel A2 &, 2HeA|

Abstract : In combustion facilities, the nitrogen and sulfur in fossil fuels react with oxygen to generate air pollutants such as
nitrogen oxides (NOx) and sulfur oxides (SOx), which are harmful to the human body and cause environmental pollution. There
are regulations worldwide to reduce NOx and SOx, and various technologies are being applied to meet these regulations. There
are commercialized methods to reduce NOx and SOx emissions such as selective catalytic reduction (SCR), selective
non-catalytic reduction (SNCR) and wet flue gas desulfurization (WFGD), but due to the disadvantages of these methods, many
studies have been conducted to simultaneously remove NOx and SOx. However, even in the NOx and SOx simultaneous removal
methods, there are problems with wastewater generation due to oxidants and absorbents, costs incurred due to the use of catalysts
and electrolysis to activate specific oxidants, and the harmfulness of gas oxidants themselves. Therefore, in this research,
microbubbles generated in a high-pressure disperser and reducing agents were used to reduce costs and facilitate wastewater
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treatment in order to compensate for the shortcomings of the NOx, SOx simultaneous treatment method. It was confirmed

through image processing and ESR (electron spin resonance) analysis that the disperser generates real microbubbles. NOx and

SOx removal tests according to temperature were also conducted using only microbubbles. In addition, the removal efficiencies

of NOx and SOx are about 75% and 99% using a reducing agent and microbubbles to reduce wastewater. When a small amount of

oxidizing agent was added to this microbubble system, both NOx and SOx removal rates achieved 99% or more. Based on these
findings, it is expected that this suggested method will contribute to solving the cost and environmental problems associated with

the wet oxidation removal method.
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Figure 1. Schematic diagram of microbubble behavior.
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Figure 2. Schematic diagram of experimental setup. @D O,, CO,
cylinder, @ NO cylinder, 3 SO, cylinder, @ mass flow
controller, @ gas mixer, ® microbubble reactor, @
water bath, @ glass condenser, @ water chiller, 0 cold
trap, D gas analyzer.
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Figure 3. Picture of microbubble and micro scale. (a) micro scale,
(b) microbubble, (c¢) selected bubble in picture for
measure, (d) micro scale size calculation.
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Figure 4. Number of pixels in each micro scale graduation.
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Scale (mm)+ Pizel (ea) = Pizel length (mm/ea) (1)
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2 15.004 0.0457 45.7
3 16.502 0.0503 50.3

Average. 0.0455 45.6
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Figure 5. Mechanism of spin-adduct generation.
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Figure 6. ESR spectrum. (a) spectrum of fresh water with DMPO,
(b) spectrum of microbubble-dispersed water with
DMPO.

& 3 DMPOE °©]-83to] A& Y53 oH, spin-adduct A
g HWAYSEZ Figure 5O WERHIITH31]. L¥E SFl
DMPOE 3]45to] Rl §oliat wkE7]o)A d4g ol
stof who]A2rEo] AgH| e SF5ol DMPOE 514
3to] @2 A ESR=E 243+ 2™ Figure 601 AT
St DMPOE 42 & (Figure 6(2)o A= ESR # =7t
SR AL, welazHE 943 DMPOE 412 &9
(Figure 6(b))fl A= =7} LERgT. Spin-adduct”} 90Z& 3¢
T27F YERGAL, §le BF 27t Qltk= Shoji et al[3119]
A7ZA3o] we}l, DMPO-OHE DMPOS} OHttZo] uh-g
3|4 A71= ABd=clBR oHFfHZe] s AL
sttt

ok
1)

3.2. OI0|3 2HE A|ARIC| NOy, SOx SAIX|H Hs HIAE
upo] RS AHA| 9] NOx, SOx A|A 62 &RIst] 25l

o] 22 ¥ B3} FUA S 0|83 54 NO U 809 SAIAA 345

100F ™. "No, (20T)| j:g (z0t) 200
(s0c)
= NOy(s0T) L NO, (20T)
o N, (80C)

160

=]
?/

=2}
(=]

120

F=Y
(=]
Gas outlet (ppm)

NO, removal efficiency (%)

[
o

. ' e Rty ey T we
% 5 10 15 20 25 3
Time (min)
Figure 7. Effect of initial temperature of microbubble on removal
NOx efficiency.
100_ T T T T T T
~— - ‘W'
;-\.;80 + 503(20 T) |
ol + 803(50 T)
Q
c
2
(3
g 60 i
o
®
3
g 401 .
e
)
o 201 E
0 1 1 | | 1 1
0 5 10 15 20 25 30

Time (min)

Figure 8. Effect of initial temperature of microbubble on removal
SO; efficiency.
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Figure 9. Effect of reductant on NOx removal efficiency.
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Figure 10. Effect of reductant on SO, removal efficiency.
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Table 3. Chemical price per mol
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Chemical Reagent price Reagent weight wt % Molecular weight Price per mol
NH; 79,500 KRW 900 g 30% 17 g mol™ 5,006 KRW mol!
CaCO; 162,600 KRW 500 g 98% 100 g mol™! 33,183 KRW mol™
NaClO, 190,500 KRW 1000 g 80% 90 g mol™! 21,537 KRW mol™
Na,SO; 95,600 KRW 1000 g 98% 126 g mol’! 12,256 KRW mol'
Table 4. Expected chemical cost of SCR + WFGD, SNCR + WFGD, and this study
SCR SNCR This study
NH; cost 6,007 KRW 7,509 KRW X
CaCO; cost 33,183 KRW 33,183 KRW X
NaClO; cost X X 10,768 KRW
Na,SOs; cost X X 12,256 KRW
Total 39,190 KRW 40,692 KRW 23,024 KRW
————————— H1g, 7ha Seulgol F7bE A9 ulo|AzHE AlAdol
100 A55 AP LA EL 74 Hol7] o] E ATl
g AgE tlolagHEA Aol AAHoR FYE A Ao
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SOz E3] ufo|maEHES F7|E =433, ESR spin-trapping
o s tchniques 4} vlol2526150)q Oneti o] A4l 2
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Figure 11. NOy, SO, removal efficiency of NaClO, + NaySOs %Oﬂ O3k NOx, SOx FAIAIA 452 2F 50%, 90% Y= &<l
solution. siglon, SRS A7kskel NOx, SOx9] A4 8L ZHz o
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