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Removal Characteristics of Toluene in Biofilters Packed
with Reticulated-PU-Foams of Different Porosities

Sung-Woon Myung, Yeun-Su Nam, Yong-Woo Lee, and Ho-Suk Choit
Department of Chemical Engineering, Chungnam National University,
220 Gung-dong, Yuseong-gu, Daejeon 305-764, Korea
(Received : 2003. 8. 14. Accepted : 2003. 12. 24)

We studied on the removal of toluene vapors in a lab-scale biofilter. There are three biofilters packed with reticulated
polyurethane foams of different porosities of 15, 25, 45 PPl (Pore Per Inch) as media. A toluene-deg-ading strain
(Pseudomonas putida KCCM 11348, ATCC 12633) was naturally immobilized on the filter media by circulating the culture
media. Three biofilters were operated under different sets of continuous experiments, varying both the design and operation
parameters such as the inlet toluene concentration and the flow rate. Maximum elimination capacity of 1155 g/m*hr of
biofilter packed with foams of 25 PPl was obtained for toluene degradation. The effect of operating conditions such as flow
rate, inlet toluene concentration and porosity on the performarice of the biofilter was investigated.

Key Words : Biofilter, reticulated polyurethane foam, toluene, porosity, elimination capacity

N E

AA 43T dES Ay e 4% g3Ede] IFH
428 U/ ok 2 F A4 $713EE (VOO
Volatile Organic Compounds)®] A}-&-o] §A3] E7}5le] A5

2, &3 9, A 2dsle] FPOE fef4do] A4HL
A EAZ HFHL e ofd] VOCse| t7] F WES &
oli A7) fAzte] AL B ZH olE wazs] ¢
& AAAA, 53 2R AiAlY RE Hlgo] FuiEo
e BAARE =3 A, 2). fdEhe A7)
7Ao] vlgste] VOCs wjEAtd gl dAsta 8l
o AdE A= Jled =Y - ARESt

- % AAE VOCs & - AL d3] 74
ool wEdart B4l v wiE - AL
st AlFEE FAsit dEoisEye
AFo]7) W Ee TE VOCsE

ofy

¥
5 1r

o

ir

= 9l

AR

Z

F—lO o 2

"

i o

A

or 2 U [Er m ofd

B M

¥ Corresponding Author : Department of Chemical Engineering,
Chungnam National University, Daejeon 305-764, Korea
Tel : +82-42-821-5689, +82-42-822-8995

E-mail : hchoi@cnu.ac.kr

Fax :

448

Aol o) Ajste] 1 HEdol =
oA R A ez A
ZHASL A3, 4). 1A A
2 Agsly] 48 A Ee] =
Aol ¥ 2% (15T ~30T)A
BE (<5 gm)9) 7] BRES 23 298
21 AAY = Qe Folths).
ré [e)ez Ry NN
)}

9 =
Hog
o

E}—‘E HH7]7}.}:.§—‘?—E% X asEa=E Xﬂ743}-
Aolel gAULE AP Yo wAH
A1 A w22z
e 4B FERY B84 3F
t ©% &7Ho|tk6). vlol L THE 2 EER
| 98l &< (absorption), &2 (adsorption), W&
g Subath Agetye @
e

|

oA YA EHoIY E
Holl 313} Ry
o] mAFel olste AEdHez Jtadn. A FE
compost, peat B9 A9  GAY polys:yrene bead,



Myung, S. W., Toluene Removal in Biofilters Packed with Reticulated-PU-Foams 449

polyurethane foam % <¢1F ©Al7} AL @A+ s
o] sl AT 5 Qle AMAAR L3 A Q.
# Qdess 49 skt A4S Az A%E 5 A=
g He 39e AT Aol FAR FolA
cogging® %71 & A 4% Aske) fsle] Ak B3 A
A HAdAE we FHEZ skl GBI A B
Aok GAAE ool YELeE 2and 4 Alent B
v ES] ¢£47) A HS 7)ol HQEt

B a5l Zde FApAT s 30l v AN
A5g AR ok ESdE £ A @9 §A
A7IA (additive)2 F2 AFEHAA T, Moe®)E AlE:Ao
S Felvelw £& gasel B Az S48 3
Vg, Hz2 volede] Agaert FFo YE
4o} clogging®) EANE AHT B Sok®) WA B AT
oA woloMEolA s ERA SR fue] T2
AA 54L& golFozN A= ‘:}E FFE o2 YAy
E2vde £9 gAY F5E Aefetnat 3ot

—

E]_I

N =
A% A nAge FFVAEYNTIE o
Pseudomonas Putida (KCCM 11348, ATCC 12633)% ©0]-&3
At Pseudomonas putida= THE, 24 BR, 574, 29
-gg0)aL 25~30T oA F AR 41T o) dellA Al A
SETh AXe mZ7E AAo] 0.7~1.1 mo]il Zol7} 2.0~
4.0 mo|th9). H|BE-L 4T agar plateo] X BREstgom, &
4 1 853 glucose 1.1 g, NH.Cl 0.1 g, MgSO, 7H,0
0.05 g, FeSO, 7H,0 0.005 g, MnSOs H,0 0.005 g CaCly
0.00375 g, Yeast extract 1 g, 0.1 M phosphate buffer
solution 18 mlE E3e wjokelom P wjoksldch wA|
= 121CoA 1587 1% Eadtgch GA 8 #o)ls &

rlo

(o
-

SR Fe SAYNIERAGOAN A BT
(99.5%, ORIENTAL CHEMICAL INDUNTRIES)E ad F
7l LAN0E AGFE IUR ASSET EFAL WS

Fdolar ol tidt &3 (Henry 4 : 443.1 bar , 30
T, &3l% : 0.67 g-toluene/ # H;0, 23.5TC, Merck Index.
1989)7} & tfiE 2 FIA 7] EC|th

H AU} -I

Ao ALgE EFQe] HEE portable Gas-TEC (Flame
Ionization Monitor Type 47674. Telegan Gas Monitoring Ltd.,
West Sussex, England) AZ7|Z A}&3le =AslHct w4
=92 F3Er)d (OLYMPUS BX 60)o.= #ZsAT). vt
oleZH F W9 ¢Y 3= n-pentaneo] A whvlH
£ ol&3to ZFsHtt Hpoleva Fe FFA AALY
| B¢ F Ale]eFE FAES 4BAIFSE 60TlAM A=
17 A9 A 5o FA Aolg FAsto] T35

-

o]

>~

ig. 1] Yehfich Hlo|edEE
o7} 40 cm?l o}=d #HH A A7 2

Mo
i)
ki
il
es!
&l

SR AA Hlo] 2"WEH Q) FolE 160 cmolH, 7 Yol&
sampling port7} AXH o) ok 7+ ZH e F=5

7] (15, 25, 45 PP7} & w33 Zaedwt Fol A9A
Row, Eo A7) A4 11 cm, ¥°] 10 eml YEFolth
FIE0| MZ o2 E 15, 25, 45 PPIS A& Hlo|QWEE
z}z} BF1, BF2, BF3E Aslm old] w2 A ASL vla
9k vlo]o e FA HY e AA FAZY Fole

90 cmo]t 1 Eul= 855 x 10° m’o)t}l. 7 ©@o] A 5
mm A7Z9 FHol 5 mm 7tHoE U e o] AP
A ZF AL OringS Abolol] T2 8719 YAIR =9 21

O

A A5 YUEANE BAen FeAe 22
stk f9E BRAe) sEE 2dsy) A5 BRA
o) AN Qe §7I9% AFE FES o]

4 ]- Z}Z} 0~100 ccm,
q] A R 2

20~28CE AL 2378 7 }%ﬁ}crl FA AT 7‘
A" £AFFE 34317 et vl E A

Inlet
Samp\lng
Port
P1
Manometer
L
P2 s
E:E:E:z: ComDAri?ssed
RSP
(o2 22
939 3%
Polyurethane X
b
foam BSOS
55
o3, 298
03029593 Flow
uj Meter
P3 toq
PID
controlier
[ F‘l"l il
/ \ / \ / \ Therma-
? \ / ‘ \ / \ state
P4 5 1 T
Qutlet I 1 Mixing Toluene il
Samplin; Chamber Generator Humiditier
b tp 9 Container
or

Figure 1. Schematic diagram of lab-scale biofilters.
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Figure 2. Experimental results of biofiltration.
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Table 1. Comparison of filter media used in different biofilters

Filter media Property Microorganism Reference
Erz:g‘;lln'ccmlr)li%(zis;r(%noql()) pH 6.8 microbes in raw compost Delhomenie(12)
Compost and perlite(70:30) Dillo Dirt™ microbes in compost Neal(13)
;‘;ﬁ;‘e“dfoam(so,so) Clairtech Bioton® freeze-dried bacterial Sorial(14)
;SC(EEES:S(; ggbon(&ﬁ %) ;g‘;glcfilg gé 2‘5'11:}};’ (l)g g/cm mixture of yard waste and sewage sludge Abumaizar(15)
Ig)ﬁlasts atlalgad(4~1) op. surfuce area; 1.6 m g Acinetobacter sp. NCIMB 9689 Zilli(19)
Polyurethance foam(PU) Essgsé;y;rgfs 620 m /m activated sludge Moe(8)
 porosity - BET areg Pseudomonas.
Reticulated PU 15 ppi 90.15°% 631 ‘mfg Putida(KCCM 11348, This study

25 ppi 61.64 % 1044 mZ/g
45 ppi 4848 % 12.17 m'/g

ATCC 12633)

Table 2. Some reported performances for removing toluene

Author Reactor EBRT or Toluene Elimination Capacity or Days
Size Residence time Concentration Removal Efficiency

Zilli et al.(19) g Zocfnm 7-110 s 1.99 gfm’ 242 gm’hr 3209

3

Sorial et al.(14) g 1206 cc‘:‘n 12 min(EBRT) 137 gfm’ (9)97 1%kg COD/m 2209

Moe et al(8) H 100 em 2~4 min(EBRT) 0.54 g/m’ < 0.5 gm'r 2009
D 105 ¢cm

R H75 cm . 3

Abumaizar et al(15) D 5.1 cm 2.6 min(EBRT) 0.82 g/m <90 % 829

Delhomenie of al(12) 1 2> M 2's 1.9 gm’ 90-95 g/m’hr 459
D 153 cm

Neal et al(13) H53 cm 1~2 min(EBRT) 0.854 g/m’ 3.9~28.1g/m’hr 7289
D 762 cm
H 55 em 3 3 o

Cox et al(16) b 152 om 36 S(EBRT) 2.2 g/m 70 g/m’hr 29

. H 90 cm 3 3
This study D 11 em 12~60 s(EBRT) 0.27~5.5 g/m 115.5 g/m’hr 159
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Figure 3. Removal efficiency with respect to inlet concentration.
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Table 3. Weight of biomass and water

BF1 BF2 BF3
biomass(g) water (g) biomass(g) water (g) biomass(g) water(g)
t 2.3 523 14.8 144.6 6.1 76.6
T m 1.2 61.5 16.5 156.9 6.9 85.6
b 13 76.3 169 2769 84 169.2
t 44 83.8 73 1325 53 95.8
M| m 2.7 66.5 13.1 195.9 1.5 65.2
b 14.8 1519 134 176.7 1.3 623
t 5.4 89.9 13.4 137.8 43 103.1
B | m 6.7 83.1 10.6 134.9 23 105.1
b 6.9 82.7 7.6 131.0 2.1 187.4

T:top, M:medium, B:bottom
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