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Removal Characteristics and Mass Balance Analysis of Mixed
VOCs in Trickle Bed Air Biofilter Using Backwashing Operation

tf £2* - George A. Sorial”
37 Zaknt VA e e e B3 T ek
2

3 N

)
gus =1 =

8% ) =)

A&k o st

(2009 7€ 24 A 4=, 20091 9¥€ 59 47, 2009+d 10¥

Daekeun Kim* and George A. Sorial”
Department of Environmental Engineering, Seoul National University of Technoology
YDepartment of Civil & Environmental Engineering, University of Cincinnati, USA

(Received 24 July 2009, revised 5 September 2009, accepted 28 October 2009)

Abstract

VOC mixture was fed to atrickle bed air biofilter (TBAB) with step-change in influent mixture concentrations from
50 ppmv to 1,000 ppmv, corresponding to loadings of 5.7 g/m®/hr to 114.1 g/m*hr. VOC mixture was an equimolar
ratio of two aromatic VOC:s, i.e., toluene and styrene, and two oxygenated VOCs, i.e., methyl ethyl ketone(MEK)
and methyl isobutyl ketone (MIBK). The TBAB system employed backwashing as biomass control. The experimental
results showed that a critical loading rate for VOC mixture removal was determined to be about 60 g/m®hr, and criti-
cal loading rates for individual VOCsin the mixture were different. Specificaly, toluene content in the mixture played
amajor rolein the biofilter overal performance. As VOC mixture was fed beyond the critical loading rate, reacclima-
tion of the biofilter to reach the 99% removal efficiency following backwashing was delayed, which was a critical
factor in the biofilter performance. In the mass balance analysis, 63.8% of the carbon equivalent in VOCs removal
was used for CO, production during the experimental runs. The 82.6% nitrogen utilized in the biofilter was con-
tributed to microbia cell synthesis. The obtained results were compared against consistently high efficient perfor-
mance of TBAB for VOC mixture by employing backwashing as biomass control.
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(Deshusses, 1997; Devinny et al., 1996). v}o] @ e =
VOCs 8| & ¢]8le] A3} GAld 22 AAAs=
U AES o] &8 = AEH A, &
& sl Algsy) A= o

Trickle bed air biofilter (TBAB)= ¢}&8-ol3} ofofF
E-o] iE Aol nkETel| 1HEH o=z FFH
FAo=zH, 7]E vlo] 2 dE| e} wlwate] A9
Aol e mAERRET olH 58] whgT] W
HY g1, dakEAe] sx 2o foldle] nAE
AR H AL HAHoE FAAA $ e 5Ao
9Je} (Sorial et al., 1998; Zhu et al., 1998). =3+ TBAB
= uloledEle] BT $AEST BAe] i
A (clogging) &A12 s 237 93 SA)= (back-
washing) #4¢ EYste] F71Mom whol vl
FAFo N, 7] A A g} T
FAFA L] w3 glo] A7z A o] Jhedltha B
=3 9Joh(Kim et al., 20053, b; Cai et al., 2004; Smith
et al., 1996).
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Fig. 1. Schematic diagram for lab-scale TBAB system.
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Table 1. Composition of the various components in the
buffered nutrient solution.

Component Chemical Concentration
compound (mg/L)
B3 Na,B,0; - 10H,0 0.0019
cat CaCl, - 2H,0 0.2699
Co?* CoCl, - 6H,0 0.0104
Cu? CuCl, - 2H,0 0.0113
Fe?+ FeCl, 0.0159
K* KHSO, 1.7427
Mg** MgCl, - 6H,0 0.4338
Mn2+ MnCl, - 4H,0 0.0194
(o -2 1.8512
SO, KHSO, 4.28
Mot (NH)eM0,0,, 0.0167
NH,* 0.0027
Zn% ZnCl, 0.0232
Na* _b _c
NO; NaNO; -
PO NaH,PO, - H,O —°
CO;” NaHCO, -d
p-Aminobenzoic acid C;H,NO, 0.0011
Biotin CioH16N205S 0.0004
Cyanocobalamin (B12) CegsHgsCoON,O1,P” 0.00002
Folic acid CigH19N;Og 0.0004
Nicotinic acid CeHsNO, 0.0011
Panothenic acid. CigH3,CaN,Oyg 0.0011
Pyriodoxine hydrochloride CgH;,CINO; 0.0023
Riboflavin C17H20N4Os 0.0011
Thiamin hydrochloride Cy,H16CIN,OS 0.0011
Thioctic acid CgH1,0,S, 0.0011

asupplied as CaCl, - 2H,0, CoCl, - 6H,0, CuCl, - 2H,0, FeCls, MgCl,
- 6H,0, MnCl, - 4H,0, ZnCl,,

bsupplied as NaNOy, NaH,PO, - H,0, NaHCO,

“flexible as VOCs loading rate: COD/N=50:1; N/P=4:1

“flexible to control pH of 7.5~8.0

AN AFH & £2iA] ] Ao 37 EFVAES
< AEsle) Al2" =A-d9A]E= VOCs (tolene, styr-
ene, MEK, MIBK)E 7]z 2 wx} §3 )71 Hlo
28 Al 1809 o4} AM8-E <l (Cai et al.,
2006), g8 FALAL B AT A o) He] 34
Soz ofslA AHske] W7ol A3Askadc

2 Aol Ae AR uho] erl el o3k 25
Ae) TFAAE YA 915k SAAE F
= AAsHge GH R AHgE MR vl o)
B A 4% 3845 FUdsk ez Az
Ho} AgsIgeh GHHS Hre Aty G
2 (23 2)9} vlo] 2 FEH S AZAste] UdF8ME £
BA7)E T, Skt w58 FADAL opa
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Fig. 2. Schematic diagram for backwashing system.
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Fig. 3. Initial performance of TBAB system with respect
to percent VOCs removal (VOCs inlet concentra-
tion=50 ppmv with an equal molar ratio of the four
VOCs; VOCs inlet loading rate=5.7 g/m® hr).
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Fig. 4. VOCs removal capacity with respect to their load-
ing rate.
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Table 2. Carbon recovery during the experimental run with media backwashing.

Experimental observation

o - - - - - Unaccounted
Description CO,in ICin TOCin VSS in Biomass washed out carbon
effluentgas  effluent liquid effluent liquid effluent liquid  through backwashing
Carbon recovery? C, Cy C. Cyq Ce Cnaccounted
% 63.8 0.3 29 0.3 225 10.2

aCarbon recorvery: C\/OC remm/edzca(co2 in effluent gas)+cb(\norgan|c carbon in effluent \lquld)+cc(Total organic carbon in effluent I|qu|d)+cd(VSS|n effluent I|qund)+ce(V$ washed out through backwashing)

+Cbiomass retained in the reactor*

A typical cellular composition for a heterogeneous microorganism is represented as CsH;O,N.

Table 3. Nitrogen recovery during the experimental run with media backwashing.

Experimental observation

. - - - Unaccounted
Description VSSin V SS washed out Biomass retained nitrogen
effluent liquid through backwashing in the reactor®
Nitrogen recovery® Na N N unaccounted
% 0.7 56.5 254 17.4

aN [ tron recovery: N nitrogen utilized ™ nitrogen used for biomass growth+Nnnroga\ served as electron acceptor®

an!mgen used for biomass grth: Na (VSSin effluent I|qu|d)+Nb (VSS washed out through back-washing) + Nc (biomass retained in the reactor)*
A typical cellular composition for a heterogeneous microorganism is represented as CsH,O,N.

PEstimated from Caceounted iN TablE 2 in an assumption that the carbon unaccounted in the experiment is equal to the carbon retained in the reactor.
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