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Abstract :

In recent years, researchers have put a considerable effort to decrease the emission of

harmful gaseous pollutants to the atmosphere. In order to remove simultaneously SO, and NOx
from the flue gas of small and medium-sized ship, we designed minimal wet scrubber inside a
compact multistage modular system. In this study we proceed experiment of elemental technology
at each stage of the scrubber. The each stage is oxidation of NO which is the main component of
NOx, and removal of SO, respectively. NaClO; was used to oxidize NO gas, and NaOH was
used to remove SO, gas. The maximum NO conversion efficiency and the SO, removal efficiency

are both indicate 100%.
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Table 1. pH in accordance with the concentration of the aqueous solution NaClO; and NaOH.

NaClO; 0.39 0.78 3.9 7.8 15.6 23.4 31.2 39
Con. wt% wt% wt% wt% wt% wt% wt% wt%
NaClO,(pH) 10.38 10.96 11.03 11.26 11.54 11.69 11.84 11.99
NaOH 0.25 0.5 2.5 5
Con. wt% wt% wt% wt%
NaOH (pH) 12.75 13.08 13.60 13.79
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Fig. 3. The conversion factor (%) of NO
removal with various NO gas flow
rate.
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Fig. 6. The gastec of SO, passed through (a) poling layer with the aqueous solution 0.25 wt%
NaOH, (b) poling layer and sprayed the aqueous solution 0.25 wt% NaOH by nozzle.

LEoA BAEA] ¢ e Z2E AnE7]
9, HxE OFF & Aol AALZES gl
siEdct SO, o 271sE+= 116 ppm= UE
Wely, HEE 7HeokA] dotgole vhg Al
7t 2859t 56.9 % 9 AAEES U eH,
o]% Hat SO, F=7F F7lsto] WHEAIRE 44+
ol Al 116 ppme WEHHIH. olE%, =&

Pu ok 52

S Fo ARl BAEA ishgel ol
ot AATES e AL, Ae ARNS
FANAEA ol §9) A BRom FAW =
Azo] Zude] Bofold Ao SO, 7h2st
e %@ ﬁau}am g7pe 94 S48
7182 Fig 6 (@ of el

< 27401]/\1 HoE QN 3+ A+
SHth 2715 %+ 116 ppm
B glr LZo] ZEoz ols}
of, BEE 1T 7] 28 THo] SO, AAEEo|
100 %% JERRRLE, olF 242t B9t A% §
A= Ut} kEo] Q%EJE‘_E ¢lste] SAAMAT
A5 THcte 7hae] ARNS EAATIES
ojofl, EAFHA] ¢te wiofl Hlsl &&o] Al
A F7des 2RI 4 AUtk SO, 7kA
7‘3-:’— AAsE] HAsliAe Agagolx el stehit-g

TS, 7hAet A dlo] Aw slehih-g2
o15_i OHZ‘— Eazqo] x%x gﬂ]/\] kil
B.?J.’f—:._ 01— _/'\_ 01041—4_ JﬂuE 7]..‘5—_}],1_‘% ‘IH
A¢S Fig. 6 (b) o Hebligy, =&
7FEE met 7HEokA] ks ™o SEEk

2 AA 8-8L Fig. 7 o YeErch

il

:x::ﬂ-‘

=]
o
1

—a— Spray [Off]
—s— Spray [On]

60+

404

204

Removal efficiency (%)

o
L

0 10 20 30 40 50 60 70 80 90 100 110 120

Time (min)

Fig. 7. The  concentration and  removal
efficiency of SO, passed through the
aqueous solution 0.25 wt% NaOH

with spray on/off.

4. 4 B

S oo Adelw FsRE 092
WALRE F4d AR ol FHsshe
191, A Fsa Atelzst A)5Aa
Ao wefstedch. Aol ek gelwrt

A
=3
el
=
of FAZANA o]go] of#Hd NOZIAE
Al
X
&

E o> WL

TAo| HEA77] $J5te] NaClO, AL
3 NO, 7tAz2 AsAAoH, SO, 7]‘ =
NaOH 4H& o]gsto] ¥k Azt & 42 Yo
AAEE 2elskant.

- 164 -



Vol. 31, No. 1 (2014)

E 2% T AutolA uiEx
o, &7 AES 5
7HAZIY, NO 9 4takgo] FAaHUA, o& df
Ast7] Yall, HoSO4 0.15 wtns H7¥ste] 49
o] pHE =dstdth. 75 %ol ™E= AU
NO9| Atakgo] ofibdo]l oA thA] 100 %
= 7S 1 5 sl
SO 7k AlA AR A, Axnge] ZAEE
5 ATA7IA 2 Aol oF 3029 &2
AZHEeE oRte] AARES UYL, o= &

AR BT AT BY F50) EAR
skl SO, A27t ARee] B EAES B
sie] ojAat A A5 § Al A% 2
oz wEt =Z2 ABARL wels, 28
wol 100 %°] TS Uehyglon] o] Auks

2 FS A% fAHL. =5 Faf Aol
BAEoR dstel shask Age] Mz whi
sepitge dod 4 YRS Gt Belza
B0l 2 Z7hsIelr] wholet Azkect. sk}
N3 @A BeE AEolRel BEA] BT
Za% Wpde AT 5 99k oW Aol
7 9adEe Folel, FAE Aol
SOx/NOx BAAH ] 7Fs4e ald 4 99
T, 19 FAAAEAE o8 ol Ao of
o, HZANHHAE 3por Adsiel APS A
Sstel AT o Holct.

References

1. Tennessee Valley Authority, State—of-the-

art review for simultaneous removal of
nitrogen oxides and sulfur oxides from flue
gas, ANL/ECT-3, Appendix G, Argonne
National Laboratory, Argonne, IL, p.
81-88(1977).

2. S. S. Novoselov, A. F. Gavrilov, V. Yu.
Simachev, and V. A. Svetlichnyi, Ozone
method of SO, and NO, from the flue gas
of thermal power stations,
33, 496(1986).

3. Y. Zhao, T. X. Guo, Z, Y, Chen, Y. R.
Du, Simultaneous removal of SO; and NO
using  M/NaClO;  complex

Chem. Eng. J., 160, 42(2010).

Therm. Eng.,

absorbent,

~

10.

11.

12.

13.

- 165 -

F49 4] SOx/NOx SAAAS 918 SAAHALT 7

. J. C. Wei, Y. B. Luo, P. Yu, B. Cai, H.
Z. Tan, Removal of NO from flue gas by
wet scrubbing with NaClO,/(NHz), CO
solutions, /. Ind. Eng. ~ Chem., 15,
16(2009).

. X. L. Long, Z. L. Xin, M. B. Chen, W.

Li, W. D. Xiao, W. K. Yuan, Kinetics for

the simultaneous removal of NO and SO;

with cobalt ethylenediamine solution, Sep.

Purif. Techno., 58, 328(2008).

L. Wang, W. R. Zhao, Z. B. Wu,

Simultaneous absorption of NO and SO,

by Fe(lDEDTA combined with NaSOs;

solution, Chem. Eng. j., 132, 227(2007).

. D. S. Jin, B. R. Deshwal, Y. S. Park, H.
K. Lee, Simultaneous removal of SO; and
NO by wet scrubbing using aqueous
chlorine dioxide solution, [ Hazard Mater.
B, 135, 412(2006).

. X. H. Xu, S. G. Chang, Removing nitric

oxide from flue gas using iron(l) citrate

chelate absorption with microbial

regeneration, Chemosphere, 67, 1628(2007).
H. Chu, T. W. Chien, S. Y. Li

Simultaneous absorption of SO, and NO
with  KMnO4/NaOH

Total  Environ., 275,

from flue gas
solutions,  Sci.
127(2001).

E. B. Myers, T. J. Overcamp, Hydrogen
scrubber for the
nitrogen oxides, Environ. Eng. Sci, 19,
321(1992).

T. W. Chien, Hsin Chu, Removal of SO,
and NO from flue gas by wet scrubbing
using an aqueous NaClO; solution, /.
Hazard, Mater. B, 80, 43(2000).

C. L. Yang, and H. Shaw, Aqueous
absorption of nitric-oxide induced by

peroxide control  of

sodium—chlorite oxidation in the presence
of sulfur—dioxide, 17(2),
80(1998).

B. R. Deshwal, S. H. Lee, J. H. Jung, B.
H. Shon, and H. K. Lee, Study on the
removal of NOx from simulated flue gas
using acidic NaClO; solution, J Environ.

Sci., 20(1), 33(2008).

Environ. Prog.,



14. Sada, E., Kumazawa, H., Kudo, I. and
Tondo, T. Absorption of NO in Aqueous
Mixed Solutions of NaClO, and NaOH,
Chem. Eng. Sci., 33(1), 315(1978).

WP LA G

15. Kaczur, ]. ]. Oxidation Chemistry of
Chloric Acid in NOx/SOx and Air Toxic
Metal Removal from Gas Streams, Environ.

Prog., 15(4), 245(1996).

- 166 -



