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Removal of Inorganic Odorous Compounds by Scrubbing
Techniques using Silver Nano-particles
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Abstract

Silver as a metal catalyst has been used to remove odorous compounds. In this study, silver particles in nano
sizes (5~ 30 nm) were prepared on the surface of NaHCO,, the supporting material, using a sputtering method. The
silver nano-particles were dispersed by dissolving Ag-NaHCO, into water, and the dispersed silver nano-particles

in the aqueous phase was applied to remove inorganic odor compounds, NH; and H,S, in a scrubbing reactor. Since

ammonia has high solubility, it was removed from the gas phase even by spraying water in the scrubber. However,
the concentration of nitrate (NO;™) ion increased only in the silver nano-particle solution, implying that the silver
nano-particles oxidized ammonia. Hydrogen sulfide in the gas phase was rapidly removed by the silver nano-parti-
cles, and the concentration of sulfate (50,%7) ion increased with time due to the oxidation reaction by silver. As a
result, the silver nano-particles in the aqueous solution can be successfully applied to remove odorous compounds
without adding additional energy sources and producing any harmful byproducts,
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2] 7-9ol2= 38R (chemical scrubbing)o|i} 1}e}
2.9 (biofilter) & A3l gheh (A AH %, 2006). 3}
2wk #E Bol Al%E5 (Sick House syndrome),
A 8-2% 7 (Sick building syndrome) 52} 24} 3+
A AW 7] el dak #ale] &Mooz v}
Al (el z 5, 2005), A otH &AL Ar)e
o) BAELT ot ubd el Al aEAte] e &EA
of Bt dir| e EwAl Arieds thad), A
7] A=l7142 Hejoh Ar|Aal sele) 2gwix] A
A7VEe] F8 o] FI ST (olfE §, 2005). w7t
AHEA AL Hsted AEr) AR Lol A

= 4=l FAgEe) F3HE o83 AW A
MAe] #e AF= #yFH I glo}k (Grangvist and

Osterl und, 2007). &l Al e Alele] A
Ha gle A2 AR,
Bl & &4 317:];@“1\4 .C_o} g.z}}zé___gf__ x]x%ﬂ_,_ a1,
AA YAEA AA 2} AR FAIEHE A
S} ghot wteba] o FH Bl AAE 28 Ao
ZAAA Q] el AetEe] F7IAHA Aoz A4
= gavt 9ok

2(Ag) s & o] 2 (AghH FHolut AFFAl ol 9l
on Ao g Fhoz el glvh o 25E
A7t A2 ARgEe) fom, o] oM A
o AR ohzt frobe¥, dugE, ATEF
ol s 71eA B ok 2481 v
(Liau et al., 1997). w}2}r] 2o ojq FEH AF=
HEE AE W A PofellM AFeEH HAMe A
Zx o] glow], AT (Escherichia coliyelr} EmA}
T (Staphylococcus aureus)ol) o) & A2 o] 2w
¥ A = 2ol i} (Schreurs and Rosenberg, 1982),

w3 4 2 4FHEA A5 EH| oy HeR
A it 2o o3 GdFEd APEA 7RA
o2 F& mHA o] Zefalste) o8 vebdeh &
SR i vxsize A o8 Z4 g““ﬂ"ﬂ
uls] wh2 Folu}, 28 QlA HAdo] yol <l
o SPHSEA] ALgo] rPsdiels A o .‘ilLJr- 2]
AbspEe 3] & AlA BApe] A gl ukgd 7S

H2ie] gjom, ,\J__Q_o;}/q AbAa B
1

+A] 6}7% %5‘30% 31 ©ow (Wang et al.,
Cordi and Falconer, 1997; Hiroshi e al., 1997) 5%
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Fig. 1. Mechanism of inorganic compounds oxidation on
nano-silver surface.
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=3k} Cordied Falconer (1997) 2 $Ixjell 93)
#7189 Ayt fEdE 7)13_' 3—’4915]'93‘4 Az
o8 2 A auel % YA °L"‘?]%’<]
Pl g fwdhA He, 2 } TR 84 As
Aoz FABRE 5 9\12‘ s A2 28 x_‘:]'
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& AbEEh wmat 2 QAE Eel2 dle] 84 Als

QA wm Ak BA7E FA4HH oy AA HhEel
Fosled §71E8 A AL#AZIH (Luo er al.,
1998). S AFEE= & siAel] &% FrlgHEd ARt

dFH] & 198 13} 2} (Rahimpour and Asgari,
2008; Kato er al., 2005; Sano et al., 2000).
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Fig. 2. Schematic of nano-silver scrubbing reactor.
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Fig. 3. SEM images of the silver nano-particles on the
surface of supporting solid.

Fig. 4. TEM images of the silver nano-particles at the
concentration of 100 mg-Ag/L in the liquid phase.
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Fig. 5. Change of ammonia concentration in the gas
phase of the batch nano-silver scrubbing reactor.
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Fig. 6. Change of hydrogen sulfide concentration in the
gas phase of the batch Nano-silver scrubbing re-
actor.

W3E vmsnd Ve & g 2495 gz
R4 A At Z AelE RolA g F
F4 AgAlge) ghrdol H4l% =% 110 ppmel
o e & YA S8 LAY dRY et
UYEEE 130ppme= o 20ppm © ¥ FEE F
ALl = B3l krvole] FHx {F Azte]
1} A AFALE (steady state) BT 52 R
vy 2 A 49 ghrujol AlA &g ]
7 dehdo

R R LR AL EE R e
tufobst il galgel wek pH} HR 271
A9iek =8 v & A 4-899) F9olE pH7L
Hz 8504 Aste] Agel AP A
ST, RS GRS (NH) = 3hE A
Huw & R SEst 2R Aol
2 3ol glo] $A2 A3E epiRich vhe £ 9
2 gole] AS FRARIER 43 A 7]|Fe] H
+ pH7.8& A3]ste] pHB.5eA A1zk= e, ol&
AAFe] HCO; 8 obet 2 §iAtell &8l pH7L A%
g Hoz AlrEH, AR W SF4e v wst
of ¢ 0.8 =2 ¥ pHE A3k U=t

e 2 Akl &gt ghRuol Ab3} o ofd
A (NOHH AAFE (NOy )9 wxwstg ¥y &
IE BE3] HAE A v S gA S8




(a) NHz in gas

2%

= 100
g —a— Ag-NaHCO, inlet
= —&— Ag-NaHCO, outlet
g 80 —7— DI water-inlet
g ~L~ DI water-outlet
= 60
(5]
5
O 404

201

0 T T T T :

0 50 100 150 200 250

167 (c) NHy" in liquid

144

124
£ 107
[
2
=
g o
5}
%]

4 P

2 —8— Ag-NaHCO,

—A— Di water
05— T T T " c
0 50 100 150 200 250

Time (min)

v & SRR AR E ol g

7] kR EA AA 679

(b) pH in liquid
10
£
8
64
4 E:
2 E
8 Ag-NaHCO,
~Lx D water
¢ T T T T -
0 50 100 15G 200 250
801 (d)NO,™, NO;~ in liquid
7.0
6.0
S 50
E
= 40
2
g 3.0
=
§ 2.0
3 10 ~8— AeNO,.
—#— Ag-NO;
&~ Di water NO,~
0.1 —7— Di water NO;
0.0
0 50 100 150 200 250
Time (min)

Fig. 7. Change of NH; concentration in gas phase, pH, NH,*, NO,, and NO; ™ ion concentrations in liquid phase for the

continuous nano-silver scrubbing reactor.
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Fig. 8. Change of H,S concentration in the gas phase,
and SO,” and S?” ion concentration in the liquid
phase of the continuous nano-silver scrubbing
reactor.
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