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Abstract The rice husk contains nutrients which can be easily utilized by microorganisms, and also has a water retaining
ability, which played a crucial part in enabling it to become a biofilter media. In this study, we evaluated the applicability of
rice husk pellet bio-scrubber as a microbiological carrier. The pelletization experiment of rice husk as a biological media was
performed using PVA and EVA binder. Also, the feasibility tests of rice husk as a biological media for odor removal were

carried out in order to know whether rice-husk contains useful components as a media for microbiological growth or not.
Lastly, a combined test for odor gas absorption and biological oxidation was conducted using a lab scale bio-filter set-up
packed with rice-husk pellets as wet-scrubber. The major components of the rice husk were carbon, hydrogen, nitrogen, and
oxygen, while carbon acted as the main ingredient which comprised up to 23.00%. The C: N : P ratio was calculated as 45 : 1 :
2. Oxygen uptake rate, yield and decay rate of the rice husk eluent was calculated to be 0.0049 mgO,/L/sec, 0.24 mgSS/
mgCOD and 0.004 respectively. The most stable form of rice husk pellets was produced when the weight of the rice husk,
EVAc, PVAc, and distilled water was 10:2: 0.2 : 10. The prepared rice husk pellets had an apparent density of 368 g/L and a
porosity of 59.00% upon filling. Dry rice husks showed high adsorption capacity for ammonia gas but low adsorption capacity
for hydrogen sulfide. The bio-filter odor removal column filled with rice husk pellets showed more than 99.50% removal
efficiency for NH; and H.S gas. Through the analysis of circulation water, the prime removal mechanism is assumed to be the
dissolution by water, microbial nitrification, and sulfation. Finally, it was confirmed that the microorganisms could survive well
on the rice husk pellets, which provided them a stable supply of nutrients for their activity in this long-term experiment. This
adequate supply of nutrients from the rice husk enabled high removal efficiency by the microorganisms.
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Fig. 1. Scheme of lab-scale bio scrubber.
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Table 1. Elemental composition of dried rick husk (% by
weight).

N C H S (0]

3294 23.00 2.05 n/d 42.01

Table 2. Elemental composition of surface of dried rice
husk (% by weight).

C (0] Al Si K
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Fig. 4. Oxygen uptake rate of eluated rice husk and water
water.
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Table 3. The results of pelletization of rick husk.

Mixing ratio

Method Rice husk (Rice husk : EVAC : PVAC) Solvent Pelletization
Grind and mix with dissolved binder 209 10:0.4:0 DI 20mL X
Grind and mix with dissolved binder 209 10:0.2:0 DI 20 mL X
Grinding with binder 209 10:1:0 DI 20 mL X
Grinding with binder 209 10:2:0 DI 20 mL X
Grinding with binder 209 10:2:0 30% NH, solution 20 mL X
Grinding with binder 209 10:2:0 0.1 M NaOH 20 mL X
Grinding with binder 209 10:2:0.1 DI 20 mL o
Grinding with binder 209 10:2:0.1 30% NH, solution 20 mL o
Grinding with binder 209 10:2:0.1 0.1 M NaOH 20 mL o
Grinding with binder 209 10:2:0.2 DI 20mL O (Optimum condition)
Grinding with binder 209 10:2:0.2 30% NH, solution 20mL o
Grinding with binder 209 10:2:0.2 0.1 M NaOH 20 mL o
o 2] 2] ket Hhdof| fAC HAA, S FAlOl HFEV] UE 9 I5ES ST fA"E 53
2R & ESIAS B A o] whEo] A ZEV] "Ik 368g/LolH, T Al FFES
FHom, oqt PVAcO] Hl&o] S71E ¢ H& g 59.00%= 1[E FAE 9o ¢H2 =24 58S
3 "elo] WEolAL AL sttt BT PVAc 2T LSS SISt SARE] Sugte B
e} EVAcO| 84 Age F=sh] o FARE 49k Fom, 1S i A el mE 2715
ey §o19) A9 1 ool mugon, FRE  JHe olFvhe, AFEHe U AW 4%
Fo 2% PVACSH EVACZ Ao 2 EFEATE.  1.51%, 3.80%, 9.40% Y-S EHQISHITH (& 5). whebA]
AnHow ZagAL HEBA= EVAc, PVAc 57  FAE 58 oz A A9, et viet
FE FARE 10(A224LA) 2 (EVAC): 0.2 2ol A=l 28t frlent dF=2d 2
(PVAQ): 10 (Z-F7m)E 7 24f Edtoto] et & & 9 Q19 o] S22 5 ofy=h o 387]
Az A5 oF e7lgt #FolM g2 & o Al gAE Az nldEe] AHEe WA
W GAW FehS GAGte] A £A0R MY Uk SRl FHE FHE 4+ 9SS LS Ut
SHATHE 3). =5 A £1S &6 11 6ol B
2 OF = S Xt=
ol Hhet Zol AA 1cme] 1% Fejo] v 3.6 DRSNS AAAS XS
FADZE 0]-83t bio scrubber 3742 7, &3
Txo] gAME] A2k A2 WS what
o] =& =0 B2 gIA] o]&
SO S e gt Foll okt WAyt A o] F8 AA W7t &2 gk Al7g ol ot Al A2t
_ o nAgEo] ot Zoi7t F AlA ML Aoz AlgH
A= AHEE EVAcOl ofsf ofzhe] gHelAdS wA & ) . 6 a1
ot o} e A A 0] oF AT LA FHS-S WISk
AT o
7} A2GAS ol gsto] mujol hast Falgs
3.5 Y7{Halo| 2a|™ EM 7t A EES dotRodtt A dnE I9 73
siARo] G| tlot A S 257] Yl o] et
= w2 eaEw RofoFohe SAlO el & ARUot 7hAE Ax YA 1g9] B4 97.73%, 28
wofo atul, obge] o] WE A WeAYol o S 98.63%, 4g°] A 100%9] AAEE Bl
lojof gttt mEEA Y] =52 =Y A SARAE dRYot Zkadf bt =2 &2 5e
BN AFIHE 72 AR, B ATIME GAW 4L Syt PAY Fa JRe AER el
gl& 0.5cm, 1em Zolz AAste] 127 S & 21d Az bt AFollA fRyof 7k A7

J. Korean Soc. Atmos. Environ., Vol. 34, No. 4, August 2018, pp.554-566



(a)

()

Fig. 6. The picture of dried (a), wetted (b) and microorganism attached (c) rice husk pellet

Table 4. Water retention capacity of rice husk pellets.

Dried pellet(g) Wetted pellet (g) Weight increase (%)
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Fig. 7. NH, gas adsorption capacity versus contact time at
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o|girt. 121 FulHsh= ol 7kA0] Fe=

SHORE 304g/m’-d, 5 HH|oto] QJFiAE 76
g/m’-do|gloH, Falpad] Aee= 34 H 5
tjot 2+t 6.2g/m*- d, 15. 4g/m -d2 A5

I8 o) e 224 oA oF 40d3te] 7t
2 AqATES YERH 2o E, NH, 7}29] ¢ 27]
HH =2 AA8&S Btk o]« njdEo] 8443}
=]7] o]Helli= Bl tigh E2 Sl E 2= =Y
of 7kA7} &eghapo] SR H AW Yot 7EATE
Ao A3 F2E7] g7l Aog webdn
(Nisola et al., 2009). Tt A 9] S250] E35}7}F =
015—0115 A&H o8 B2 AARES FAISHE ©]
e gl ot 22t n] g Eo] ofjt AAtel wt
&o] A5 wlEl Aoz wetEch 59 7o
2 gAY AARES SHT A}, 27] 1904 3

S22t AstE|x| M 34 H M4 &



4B MBEH 2 2 OIZ 0]3t bio scrubber 3 QHFAH ALH AT} 563
Table 5. Size and bulk increase of rice husk pellets after wetted.
Dried pellet Wetted pellet Length Diameter Volume
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Fig. 9. NH, gas removal efficiency of bio scrubber packed
with rice-husk pellets (a) long time experiment, (b) Removal
efficiency of each step.
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