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Decomposition of Volatile Organic Compounds in Indoor Spaces
Using a Combined Advanced Oxidation Process
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Plasma technology with dielectric barrier discharge (DBD) is one of advanced oxidation processes (AOP) plausible

for the treatment of volatile organic compounds. In this study, a combined process of DBD plasma and ultra-violet photocatalytic

reactor was experimentally reviewed for decomposition of low-concentration volatile organic compounds. A test photocatalytic

reactor was prepared by coating TiO,-sol, which was synthesized in our lab, on the surface of electrodes. As a result, combination
of two AOP processes improved the removal efficiency of MEK, IPA, and Toluene from 20.94%, 3.6%, and 13.27% by a simple DBD
plasma to 83.21%, 92.59%, and 68.74%, respectively. Addition of UV-catalytic process remarkably reduced by-products such as
organic intermediates and ozone, and increased mineralization for more ultimate decomposition.

Key words: Plasma, Photocatalyst, VOCs, DBD, Advanced oxidation process

LA &

o7 ] w0 2 Aeld BEHe AZto] 2
o] whet 212 AEe] e ol Fteka
Ak P A1) 594 g ) 20
7] oA, Al WAL SR REE F98

o= 0] WEEA 9 55 4 A AR
2 A1) el A AFr1 8o Tl Boo]
ok GBIt thEolg AR FH 0GB

e 3R] SHHE (Volatile organic compounds,

VOCs)oltth. R A= AR gES HA
o] GrolA] th7] Fo2 HA TUEE HA B 7|4
& R715kE o= Aolstar Qict.

A lolLh 27t A VOCsE Alojeh= Whog

0|

L

=
o
kol

2}
)

rL

Sk $-= Bio filtration 5°| %)
(Son, 2017). 131 HHES A EElA vOCs Zﬂ
o= 15 ARSI AL AAIRE A AAE 21l W2
Holup AL o] "asto] Ay 7] ZiiEi
TAkE VOCsE A2 fl= Bl agdolth. 98 5
W F2AlE AAEsH ] flsiA 2ehE wEAEs
H2AAof o, F2be ks AjA 27T asta,
ik e 272 = sto] B2 g oy
7b anlEh FZols AWiEtollA AAl = EEE=
A& VOCs HlolE 98l =0, Eet=nt 4te}, A
Al & 3T ARG <% (Advanced Oxidation Process,
AOP)©] 5] 11 QTh(Calinescu et al., 2008). ©] =
Eetznt 4k} 7]e2 W VOC Fkel Aetstal 4
o] golstm £ voce] gt Aei/go] g17] wii

ol
ﬂ‘;"

1
. >

el

=71 stE|X| M 39 E M3 S


https://crossmark.crossref.org/dialog/?doi=10.5572/KOSAE.2023.39.3.320&domain=https://jekosae.or.kr/&uri_scheme=http:&cm_version=v1.5

of of2] FF2l vOC7t Aske® EAlsh=
Alojofl 21-§-517] A2ttt (Adelodun, 2020).
;qi H]OﬂEa}ZD} 7oA ARSI H2te] &
1 FA YAre] exHth A4 =t oY
B e
2, aTq , 91719 BARE A9 o2t A=
2 3} g4 HiE o 2 VOCsE CO,%t
H,0% 4R ZIth H|dE&etznts Yy 2
A, Z2Y A, 41A A 1A (dielectric barrier
discharge, DBD), FA1F-ub {7 9 wio] 2 =u} 1
Ho 2 E, o] F 7] A L ol 3}
ool §A} 13 Afolol 41elE P2 o)
o] olg Agtsto] An2L i ofAR ] HolS 1}
A& 4= 3tk (Ragazzi et al., 2014). TS &H50] 89|
S O Igeln e SefxolE Age 4 9l
= 4ol Aol ti71 e AeZopllA de] A4
1! %/} (Adelodun, 2020; Mohanty et al., 2015; Holzer
etal., 2002).

o WA L o718 Bsto] 7}
tiofl B (h+)= Aot Atz HAE H=
oL A BT A e AR gehe
9 che e ol o] A SRS A1s)
AAIZ 5= 9T} (Neyts, 2016). 54 2 F=H
ek e lshr| & skar, T & /ﬁ¢9’r Uy
Shol A1 et Zolut SOl SR A] etriZhe A4S
S} (Nakata and Fujishima, 2012). 3 UH of A
45 ¢+ Qe EXgE gjExog TIOZ, Zn0O, CdS,
Zr0,, V,05, WO, _1,]- ,lﬂé/\;].o]e k| EoL:L_:_A]-
Sz 50l Atk ZnOY Cds= H2 Srdoss %
o 2417} o] el 2afslol faket znz} Cd o2
= TAsks @S 7L A WosE 54 20
7 Ego] 9lo] of] @ QR el ALt o] 4
GSHA] et TiO = 719 B f7133 AFRA A o]
ASErAS B2 BelF 4 o1, B2 7,
HutAdo] skl A= o
54 B4 22 Foflol] digt E
=) Abg =T

AUE71

rlogé

Hir

&
&

-

29 13

o L

rulo s rﬂ

lﬁi rll
>

¢

t

N oo N

H‘I

¢

E

o=
i OH7]' I:Vn_’"l_

el
7F §71 wizell @

=2 M8 HUS YRV IEEE 2ol HF 321

=2

o op

o rE oX
o

H] T 0= o= =~ L”E—EH%tI%}

o, Eetzut 342 VOC 2ofle2 EX|9 FAHE 9
Aol &2 ollvA] 4-H] 5ol ZAI7F "t o] &
742 B AR B 22 BB} 57

zami et al., 2021).

ole] 3 ATl Pl Befzulg shel
HEE71ol §E o & FAdoto] W oy A] Ange
Foll At o2 43t VOCs 2ol &7t AFshE el
o] BAHEE olAlsh SetzulEEn) sholuels

AR B3HE Bk

= gukd oz wo] A}-8-5k= sol-gel
IS olgstel Tio, B0 RS EH1ste

o]

t}. Titanium isopropoxide (TTIP, Aldrich, 97%)<] 7}
SR £ 5 2A517] 98l acetic acid (Daejung
Chemicals & Metals Co., 99.5%) 5 7}5}0] acetate 7l
A& 74T 5 DI watero]l 7HEE TTIPE %3]
7¥stod 25°Col A 72413t &4 wRESHATE. §Hgell At
4% TTIP:acetic acid: DI water®] EH]= 1:20:400
O]E} AAE TiO, sol= 100°ColA 50417t B3t A
T SRR R FASeEAL, 447 Eot &4

A ZTE 22825 = 200~800°C71HA] HISHA 7|0 A%
H Ti0,9] 2442 XRD (XRD-6100, Shimadzu,
Japan)E Fofl 245ttt 44 TiO,= FE-SEM
(JSM-6701F/INCA, JEOL, Japan)2.= EHE BX5}
11, FT-IR (Nicolet 6700, Thermo Fisher, USA)= }8}
B PEohel 712 5 ABS

I FE 2l HEdEF

(Methyleneblue, 1% wt/vol aqueous solution, Alfa
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Fig. 1. Schematic of plasma generator (Nguyen et al., 2018).
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QFIL 2 Y (Tektronix P6015A, USA)7} FZH QA2
51 I (Tektronix TBS2104, Newark, Indiana, USA)S
AR-gsto] DBD 'HA71 9] WAeS SAskL g
71l A== AskHE 74571 91sl 1 uF 832 7N
T AIE}E DBD 'A7]9] Ao Ade AZdstal ¢
o] AE Z45HAtE. S8 % HlolElE Lissajous
figure®| LEFY 1L Manley method= ®AHH-S A
AF5F T (Manley, 1943).
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2.2.3 Plasma/photocatalyst hybrid reactor
A 3 H=

EetznlgEn 29 ¥V Ekxnret 5
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Fig. 3. 3D image of a combined reactor with plasma/photo-
catalyst.

alcohol (IPA), Toluene® 2 41745} 0, Anbz{ o]
FAE AHEB R e G20 5Tt =2 48
2rdghg ol 9] FEE 1125to] 20~100 ppmvE A
gttt VOCs 7tae I 5k o] 7k Y
(Deokyang Co., Korea)2 3 %™, mass flow con-
troller (MFC)of| &J5}] A|4THE H-EZ static mixer©]|A]
712 3Aste] ARt & (20~100 ppm)E FA]
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Fig. 4. Schematic diagram of VOC decomposition experiment set-up composed of DBD and photocatalyst reactor.

ANZeh §H71E Bt 7EAE VOC sE 4
= FI8l &= o238t HAE7] (FID)7} = 7t =0t
E 189 (GC, Shimadzu 2010, Japan) 2 EA 5] ¢]c},
GC &4 ZAHL Restex GC Columns®] Rtx-5 (cat.
#10287)2 ARESHATE RE 7hA 242 4~5H HE
&5t GC 24 ol L7gaid wi7hA] WSkt
Hgo] B 7t 0] B4tk die dEsH] Asl =
] 4~400 ppme] 2F AT (Gastec NO. 18M,
Japan)Zt S 9] 0.025~3 ppm 2] 2F AT (Gas-
tec NO. 18L, Japan) 2.2 QF 5, CO, AlA] (Gas-
card NG, Edinburgh Instruments, UK)Z CO, §L,
CO A4} (SENKO SP2nd, Korea) 2 CO FEE 574
SkRiTh B VOCs 7h2of A AlA&&2 UV-3
Zofgk ARERt 739, EetRugt AR A, Bk

ohgEu) A4S AT A9 HlTelL, MEK

Table 1. Experimental conditions of VOCs decomposition
experiment.

Parameter Value and domain
Temperature Room temperature (298 K)
Pressure Atmospheric pressure (1 atm)
Applied voltage 4.3kV
Applied frequency 60Hz
Flowrate 1L/min
Target gas methylethylketone(MEK),

isopropyl alcohol(IPA), toluene
UV lamp power 8Wx3
UV lamp wavelength 254nm
Inlet concentration 20, 50,70, 100 ppm
Relative humidity 40%

7k2of HisiA= UVEE ARERE Z-9-9F UV §lo]
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SED (Specific energy density) 402 UEfo] EA|
5} Th(Santos et al., 2020).

60X P (W)

SED (J/L)=—— (5)
Q (L/min)

P(W)=F(Hz) XE(]) (6)

A1 (5)9] P 15 7 WU A|oF T
wo=2 Uehfolzl= ol 2
oJch.

o)
rr
N
I~
Jo

|&2 M8 HUS ILERVIEEE 2ol ST 325
A Y8 HPHOR AZHT, o] L AT5E T
Ayt 215t B 27

ST ot @4, 27 2
#o] It} (Kanna and Wongnawa, 2008).
ol2|gh Wl vlsl - A2 i or WA &
Ho] AL, Al zAzto] 8 AYtks @do] QLo
/\—1 EHE]Z A@/K]—Q_ o}Eﬂ thl', Z_}-‘_@- XPH]fTL/qu. 14-_9_ H]—
—il:._oﬂ/\‘] J_LZF—EE @—/L %E} —/F‘ glo A=k=1 MOJM _ﬁL
o] Aol 4] go] AREE AL QIth(Ullattil and Peri-
yat, 2017). ©ebA] 2 AtollA= —g—@l‘ﬂﬂi TiO,
Bzolg gste] Setxolgzl 2 gl

#gsioirt

3.1.1 22|3IsHy gg
A= Tio, FZujo
Sff XRD % FT-IR= 244 2 3fet 218715 #45
ok 719 59k I 62 A7 dH Bl &4
2% XRD H¥ 2 FT-IR go]E]2 Uehd Zolch
AL L7} ZotA4E anatase T A7}t AT
231, 600°CH-H rutile2] A7o] ufE}qu 7

600°Co A A ZEE 7oz TETh(Alam and
Cameron, 2002). 800°CO|Al+= Z014 AFEH Q] anatase
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Fig. 5. XRD diffractogram with TiO, calcination temperature
(A: anatese, R: Rutile).
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Fig. 6. FT-IR spectra with TiO, calcination temperature.
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2H3e 719 1-10]1] AL, %?ﬁ. o= et AAH

=2E FH|5
Z| Y25 AAote 28715 ERlIst] flste
FT-IR 415 AATsteth 19 6]l :01{ AIE B
A £AL% 200°C7HAE 1,450 cm ™ol A UER =
Hg7]e] C-Hell 2§t m39] EA=Z §7] FhejEo]
Holols 2 1% 4= Qlglon, 350°C o) FellA=
400~800 cm™ H919] Ti-O ¥ Ti-O-Ti 28-S LrebY
£ m3gto] Jolgls 20 R njFo] Hol E4Eo]
LHE]Z] 9B Ao g F5e 4 Itk whebA] anatase
£ Aok EebET Atal] Aol o 74 28
7191 Ao 7 sl

H

3.1.2 ZEy A

T Ti0,9] S71E oSS Helsh] Slo)
o EAEZE o]gole] AL TE F=u)
o FEge nAsYd 19 72 P A4e
Ll fgAER 2oaeS vehd Aot F=m|
HkSo] ofst B §-8L anatase’} T8 Ao £
AFHE 600°CO] £ALEAANE ZHSIh} L
7} 800°C7HA] /d55HH Q5] Aok Aok Hal

100 +

80

60

40 4

20 A

MB Decomposition efficiency (%)

04

T T T T T T
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Fig. 7. Decomposition efficiency of methylene blue accord-
ing to TiO, calcination temperature.

501 2901 S ] 9o

A7} 215 Fo] AT anatase?} rutile®] 23]
F=o] e w E40] wortks Ayt Bt
(Zerjav et al., 2022; Guimaries et al., 2016b; Kafizas et
al., 2012; Yan et al., 2005). Anatase®]| 4] rutile®] A=)
oF 7R o] A | 2] Zfelof o]5) anatase %
SO A rutile2 2] AR}o]50] 0.2eVIFE X 71O
& IHA Q). whebA] £ A7) St FHO =
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7] Aol A 275 AT B0l WolA| 1, F%
uf] Ao Z715kc} (Guimaries ef al., 2016a; Carneiro
etal.,2011).
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Fig. 8. Removal efficiency with inlet concentration in a hybrid
process of plasma and photocatalyst.

5o} 917] who] ¥HS7] VR Ebe] wofA] A
9 et 2 BAE0 ke dAs nets
VOCs©] 557} ol wl @ B vhe e 4 Y
A7 9 BAFo) HEelne 444 Befagol

ZrA3BYH(Li et al., 2020).

&7} 20, 50, 70, 100 ppm¥ W ZHZF 8.9%, 8.24%,
6.02%, 5.8%= UVl o3t F4tal vh-g-2 mlj-¢- o2 &
s Heloh ey FEu7t 281 oAM=
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2 AARES Bk s FFurt 957
o2 BEg7ol Eet=ntet uveks 7Rt AH = A
AEES WSS W) 22 79.47%, 78.12%, 76.59%,
61.37%2A] ZEt=0} H-g7]of| A ko)A o 2] 9] &
o] A Fit EAete Ae skt
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Fig. 9. CO, selectivity with inlet concentration of test VOCs. Fig. 10. Carbon balance according to inlet concentration of

test VOCs.
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Fig. 13. Lissajous figures for with/without photocatalyst coat-
ing (Voltage = 4.3 kV, Frequency = 60 Hz).

Table 2. Specific energy density value based on the voltage applied.

Applied voltage

3kv 3.5kV 3.8kV 4kV 4.3kV
DBD reactor SED (J/L) (with TiO,) 63.56 77.74 91.62 113.95 133.61
DBD reactor SED (J/L) (without TiO,) - - - - 138.67
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Table 3. Overview of published papers on VOC removal with DBD plasma.

Reference DBD Reactor type

Target VOC

SED Removal

(Jiang et al., 2016) Benzene

(Kim et al., 2005)

Packed-bed plasma
Catalyst-assisted DBD

(Lu etal., 2015) Catalyst-assisted DBD Toluene
(Byeon etal., 2010) DBD Toluene
(Boetal., 2020) DBD Toluene

(Karuppiah et al., 2010)
(Karuppiah et al., 2014)
(Caietal, 2019) Catalyst-assisted DBD
(Chang etal., 2019) Catalyst-assisted DBD
(Magureanu et al., 2007) DBD

Catalyst-assisted DBD IPA
Catalyst-assisted DBD Benzene

Toluene

(Lu et al., 2006) Catalyst-assisted DBD Benzene
(Delagrange et al., 2006) Packed-bed plasma Toluene
(Lee et al., 2004) Packed-bed plasma Benzene

Formic acid, benzene, toluene

Ethyl acetate

Trichloroethylene

InputVOC level /0 efficiency (%)
400 ppmv 400 96
100 ppmv 240 >90
100 ppmv 284 >95
50~200 ppmv 2064 60
382 40
100 ppmv 195 29
250 ppmv 320 80
100 ppmv 584 20
125 ppmv 600 94
200 ppmv 480 99
300~380 ppmv 170 17
240 ppmv 172 36
100 ppmv 300 75
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