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Removal of Volatile Organic Compounds Using
a Plasma Assisted Biotrickling System
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Abstract

In this study, a newly developed biotrickling system, combined with a non-thermal plasma reactor, was
investigated to effectively treat gaseous contaminants such as VOCs (Volatile Organic Compounds). Three kinds of
non-thermal plasmas (NTPs) such as a rod type dielectric barrier discharge (DBD) plasma, a packed bead type
DBD plasma and a gliding arc (GA) plasma, were tested and compared in terms of power consumption. The rod
type DBD plasma was selected as one for integration with biotrickling system due to its relatively high VOC
removal efficiency, low power consumption and low pressure drop. Toluene and xylene as representatives of VOCs
were used as test gases. The experiment results showed that the efficiency of biotrickling system was especially
very low at the high gas concentration and high flow rate and the removal efficiencies of VOCs were considerably
enhanced in the biotrickling system, when the DBD plasma was worked in front of that even at the high gas

concentration and high flow rate.
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Fig. 1. Three different NTP reactors tested (a) Rod type;
(b) Packed bead type DBD plasma; (c) Semicircle
type GA plasma.
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Fig. 2. Biotrickling filtration test system.
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Fig. 4. Changes in toluene removal efficiency with power
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Table 1. Physical and chemical properties of toluene and xylene.

Molecular Molecular Molar mass Boiling Splubility lonization
Type temperature in water energy
formula structure (g/mol) e (¢/100 mL) (eV)
Toluene CH, ne—( ) 92.14 110.6 0.053 8.8
CH;
Xylene CgHj 106.16 138.0 Insoluble 8.4
CH,
A2 9 vlole EFHY A" A -3 sk 5 100
&+ GC-MS (5973/6890N, Agilent, USA)S o] 83} /
A3, Fehzeh vk Fo RAHEL FTIR (FTLA & %0
)
2000, ABB bomen, Canada)E &3l Z&A3}gc) 7kA g 0
MELY 7 =4 2] VOC 242 wAs] 98 =e 2 J/
L)
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140°Cz $-#] 3}eivh g
o
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3. Ay a3 o A S,
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3.1 %E-I'?—':DI' él'ils’-l 58 gg Power consumption (J/L)
£ 97e vhole EREY AL 53 B2 Fig. 5. Toluene and xylene removal efficiencies with di-
o} AXE MA 7] sl 7|E L Zep=znl 2} fferent power consumptions in rod type DBD.

2 g2 AM-EHI 3+ GA &eh=vle} DBDES}
zn} A9 Asg Frkstazl gk 19 4= &
gtzol A4 W {9 7kA 5 =) 200 ppmd 4 3

7 Eetzol AA 9 ujeAel] we B4 A
AXSE B33 gich Z7] ¢3S 10, 30, 50 L/min
ojglor, A Ul Anv|AHE FFo= Y
o] AARsl et Zh7ke] FEefzn) A6l ArlEE &
WU A7t S718 405 79 A Az F7}51%
. ol E=kxv) oA}t So1geS Eekza) b
$Al VOCE ARIA71E &AAtAst OH a)ze)
kol F7kstgd7] Witelvh 35F Bz} 4x) 3

GA Zgtz=nl7} 712 AL e 4n)stgdoL)
%’?‘Q‘l Z‘"}li‘% 5‘:_.'3"1' Z—]}_’&\l— 0 o A %%\E}

DBD E2t=v} A2e GA Egt=rlo s AA
o2 ¥ dVAE MR Aoz Yehgar 53
%3 DBD Eehzn) A L@éiﬂ} U A
Hol A of 5~10% AA 5] 53 Z& AP
4 8l%idh 28]z ¥)=3% DBD Sel=wl 229 7
S v=o 97 o £49) EAAe) A5 9
ol vlele E2E®) Alawlse] B¢ Ax2e %t

2

=718 3A] A 23 W A6

100

g 80 r

el

2

2 60

=

&

L

T{i 40 | RS- e s A e A S 51 18O 1 A e 10
=

Q

E 20 b .| =& Toluene | _
o

-O-Xylene
0 A - L
0 200 400 600 800
Initial gas concentration (ppm)

Fig. 6. Removal efficiencies of toluene and xylene with

gas concentration.
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Fig. 8. Removal efficiencies of toluene and xylene with
dif-ferent residence times in the biotrickling filter.
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Fig. 9. Removal efficiency versus gas concentration cur-
ve for toluene and xylene.
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