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In order to reduce roadside and indoor air pollution for volatile organic compounds VOC),

it may be

necessary to apply photocatalyst-coated construction materials. This study evaluated the technical feasibility of
the application of TiO, photocatalysis for the removal of VOC present in roadside or indoor air. The photo-
catalytic removal of five target VOC was investigated: benzene, toluene, ethyl benzene and o,m,p-xylenes.
Variables tested for the current study included ultraviolet(UV) light intensity coating materials, relative humidity
(RH), and input concentrations. Prior to performing the parameter tests, adsorption of VOC onto the current
experiment was surveyed, and no adsorption was observed. Stronger UV intensity provided higher photocatalytic
destruction(PCD) efficiency of the target compounds. For higher humidity, higher PCD efficiency was observed.
The PCD efficiency depended on coating material. Contrary to certain previous findings, lower PCD efficiencies
were observed for the experimental condition of higher input concentrations. The current findings suggested that
the four parameters tested in the present study should be considered for the application of photocatalyst-coated
construction materials in cleaning VOC of roadside or indoor air.

Key Words : Construction material, Photocatalytic-coated, Roadside air, Indoor air, VOC

1.4 &

%7 Anti-Knocking & 984 Tetraethyl Lead
(CHz)P) & SEfol A7lst ot o2 & ¢
HH7}7}*9} A Z}Eﬂi‘ﬂlﬂ H&E o2
bzl el BAlZE A4EoRA B F
Alg-o] o] 735} 5]3 Knocking @4&
I SEIHE F7HAF)7] YElA AR FabelA
Tetraethyl Lead®] A}-& tile] &2 wak
g}tﬂﬂ -61—3}:9‘ 2_7]./\1 ] 11;], 1980“‘011*‘ u]
=9 Fod Fubfof wek 31ghE o] 22% A

JH‘ (r N 1= e O ¢
2, Ho o

Corresponding Author : Wan-Kuen Jo, Department of En-
vironmental Engineering, Kyungpook National University,
Daegu 702-701, Korea

Phone: +82-53-950-6584

E-mail: wkjo@knu.ac kr

785

d wbEo] H 2o = 33%0] Yatn Qo 2l
o—r, HA ABE o] §F & ¢lx 1993 T F
A Fabqe] WEks SE S 0~40%E AL
9. olg e WFE e g 2rte) 9
ato] o] Bl ol T E =zl A e
Z Al §7]1318HE(volatile organic compounds:
vOC)9 st v lﬁe Ao FAHYP O
EEBMVH o]# g LFE VOCE b 3A HH
=nddAs 2 oA xg 18 gal3 AJFdRs) 3

ey

5]



£

<

A, =29 A AFAEY VOC =53 o]z
3 A7 E £017] 9% 71eMET o]&o] B
83t ol2j3t i Folle VOC 3l 5ol 3eld A

22 A4 2T oJ4E ¥

=28 oz AeFriedmat ohyz) AT
70dE AEZEFS T A dPUL =
AN7IEZ o ATl E VOC Aold] g
A7l B A7 H ANE 3 de AH
13 o8 a VOC $8l7t ARl &3] A}
g5t= HAE, 22do] Mg Ui 2 FA 5o
2HEH wEHo] A2 AU edAAH T
A, A2EFER A 9HES Fo]7] YeAE

o UFNePEAL Aol T AP
Fasolok Bk e, AUF7IeY Ao} N%
o W@ A £E7 AWErlede] el o
24 231 glE 4

eggde Aosrl s

T o= EeE
UA

ol
X
ol
ke
)

ol e WAL wm g’
EujAkgio] ZAXe F 7MAY gi¥A
3} d8A Ba5H A7) 5(self cleaning)
715018 A0 dBA BEse TiO, ¥&0
of BFAYA(ZT L UNE zAleHA Hw o 7}
A ARE AR 29 A3 s F4 g
77) (hydroxyl radical)’t AAHE del 7]}
£ AA715e TiO, BEWS 39 Az ¥
Hol 23454¢ #7 Po wat FHo 2o &
Hz] 7120l = ZAW(soot) To] HES 3

HA AAA He dAHA 4 & A dd

T Agy o] A AMEFA HAAC o2
EAd o3 FEuE IYI Ase F4HS A
& & g ¥ ool T AR JgHAe FAT
T olemg B3 HEEop 1 §x7 #HESs
A S84 & 98 AOoE AR . AEAA
Z2A o)3g 7154 A8V} ol&EUH Yo g
&3l AF7Ied AA, fAEe v& 43 A
o 9 A% 5§ 1 aH4st F Aolth

1980w Tk v, {7, &F FoA &4
Bolo] AN2g uErlezs 2oz AFHT

AZek BEa) BEsied x7)de FEoie 4
3 AEE e o] 83 dALEEH HEre Al
Z4o] Zolx gron) 1990d ] F FEv)|(E 3]
TiOnE z83 A8 FH ZA(super hydro-

—L
.

786

SR

s

philicity)e] &
A AB(E3]
P51 Qu?. 3 9B TOTOAHE 200080 %
W BEuE o] &3 75 AR Al AAA
o7 £ 2 2 Ao B3 vkt A5
of #e =#L 1 vt dA dF JIFTHAES
A3 o of@ARRE BAHog At
s b YHoltt, §8 UgdAr &
Bl g A8 sk o o
Ve AT FoH Tl

AFHEAM dBS FAHE 7+ 7]
A

A

y

=

4

o rir
D)
ot flr
’

N pok 3O b o o R

¢

ﬂd
o
B
W v

lo
d
1,
rie b

i ont i
>

1o
e

-

2

o By M > o
% to T
& fu
o o

g3+

= oy AL

7
e A .
EE 9437] fsto daHoz A
oh - AZsta o] & o] gt FEFWE =
A2 et VOCo ot FEo) &3
- B7Eet7] HEA FEu) wkg A
2, 78 A2, & 2 9% <
OC #&v EalsS ZASA

o

By

g pv
Ao R

R
.
4

59

2 0 off ot oX R M 2 8 K 3 ox - rlo mit
2L o it o

ot

\]

. a3
21. A%

FEv] B3l AME A WEFA(Fig. DY
ZANAALGEAY E 28 Ay 3o
HHeFA] F(background test)e] FHHUAT o AlE
S YA B AA dojAq UV FZE TIOE =
gl fFol ZAMAIIEA] zero-grade F71E A8
FA2 BHRANA ANDFAE 1247 A= AAA
. A3 & AAFAZEE AR AFH 2 24
tod AR doll LEFEE st
NS 7 QEHA dstthE RS g Fof
3 W v B34 gde F& oAF

a

of 2
o

9

?"5}

)

offt
[0

£

=]

KB
o

=
g

oN

T

=

pud

UV Lamp
(Length : 100 cm)

Fig. 1. Schematic diagram of the experimental set-up.
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Table 1. UV intensity (mW/cr) according to distance
and irradiation angle

Irradiation angle

Distance(cm)

30° 45° 60° 90°

5 02 11 23 37

55 02 10 2.0 34
10 0.1 05 0.9 14
15 0.1 03 06 09
20 0.0 0.2 04 0.7
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Table 2. Characteristics of two coating materials
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Coating Solid content Binder content  TiO:z content Solvent content H Dry
Material (wt %) (wt %) (wt %) b Condition
Room temp-24hr
~ Alcohol(35%)/ or
ST-KO03 10/11.7 50 5.0 water(65%) 15 150°C-30
min
~ Alcohol(50%)/ o .
P&T-Re 15 0.7 0.8 water(50%) 35 500C-15 min
(Table 2) ZHE ElL L o] &3 Ago| FrtHeog o BAHUY. ZA#T ZH(capillary column: J&
TS P&T-Re AZ2 399 BA& 2183t W Scientific, 30m x 0.45mm inside diameter)# &
o sz U‘}% VOC 2358 #7tstsinh. o) |7 2 o) 28 72 7)(Flame Ionization Detector, FID)
g ﬁH’H <= UV 701'—?— 0] o]%‘ﬂ}%—‘l] 1 7}- 78‘%]%_ 7]?-“ ﬂiU}E:LEHTj.](GaS Chromato-
5-20%6 2 5-50%¢) T AAFE WH7E ZAH graphy, GC:Vatian 3400CX)% 9€# 3 (Thermal
A3 FGEE FEo mE VOC £35 B71E 4 Desorbing System, TDS: Tekmar Model Aerotrap
A fFds = 1 9 10 ppmo] }—*}E]oi‘:} T £ 6000)7} 4 ﬂi]i o] 8- 3t
H gde 52 £% 244 1" 19'4 3§1 EL 5:@1 < -‘?‘lﬁﬂ"i 50% (ovenH Z7] =& 35°CAAA 4
FHE B ZE7h olgHY @ d¥L ¥2 2g ex A4 $EE £C/mn, 2181 HF LE
UV Z=(Hd 37 W/cmz 2 FHA L1 iWe)ol A -r = 200°C2 2485tk TDSH A d&are 98 &
Pt g4, e A¥ AL HG10)e2 2 TE 95°CE HAAET dEHATRe 1050 AL
4 98 olgeel #U5E 12 10 ppm imﬂ Hich TDSOIA 4k 7] 3l (carrier gas, M)l 3
Bl i Al o]
ij VOC_“‘EH °_Jé7} :‘55! 1_ zsgg]o%r/} FHEE o 10 ni/min, Transfer line®) £Ei= 200°C, %A
& 2da7] ASM, WA F dulE AME gg vave R 2000c2 1A
ZAIRLAEAY FUHFE FHo] T AEFUR
% wotel SHAR FUsRL, FU ﬁﬁ%i‘% 3. A7 A g 3%
2 g7 UlFe AdA"H F oY Fe AF 4 . o 525 5
s " 5 31 = HYPAEH B F2
(fan)°ﬂ 45}] 1J‘]‘r‘ 0719} \_}:}E]?}\q' B}%Xo]'i] LHO]]A-] uv %JE% iOz i% T"ral"ﬂ
25 AE AQH 2 B FZAAZIHA zero-grade 718 ABZAZ TH
Tenax-TA7} $3 8 149X 974-794 Zolo]  AA AFZAE 1243 A= A3 & A8H
EPL wtgy) F&7o dAdstm tir] Ay HZ  XEEH AR AFH 9 BAT uEAE ZadA
(Ambient air sampler; Supelco)Z- ¢] &3t VOC %8 #FA|7} BTEXE 2¢o] HA FIdthe A&
AEE ‘HH;}‘I’U} =2 AR AFFE dgrl O BUF Fol AR WY edEE FEY B
o tADAE FHuhslA §LH 4 gomz Az Aue 5de FF o5} J”Hﬂi’i‘# Table 39
AHZ A3 01:7]% e ey W 4y A vehd wie Zo], 2HER Y & AMAE
g HAx38sl7] 98t v AJBE TenaxE AHE FTEVF AY dAGA FAHJUSLEE o] AL F
& e7EE H2 39 10 m/ming §ZFVo e FE 333501 o)2olA = Aoz Hridh
2 18 S AAHUT Tenax ERL HFA, & o 4F4F AU st Fds= 1 2 10
o AR EE FFFEORRY Edol oF@HE A ppmolA 8AFF T I AR AFAHA A
& A7) fste] A ART WARES AL g A3ste] 48 A1) Tables 49 50 el
Atk B Edbo] R Pl mEFHo] ods  uieh o] eGEA FY F 8A AAE FEIL
= AL wAE] 9ste] BA Ax gxE Adg AY dFA fAETE AE AgdT F UA
ojujo Yo REHTH oh F=3 QEER F AWRWE AAAR 9
NHY F7) ANBE nFe BHARET(United FE s=F 82T o 2 2ot glE o2 vE
States Environrnental Protection Agency, USEPA) %3, o2t Axt= std9 BTEX &3] A &
o} WY TO-15 o] Ui o9 B4 ds &S YErAh wEA, VOC #3lls A8& A
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Table 3. VOC concentrations(ppm) according to sampling time(up to 25 hr) with the input concentration of 10

ppm for each compound

Sampling time(hr) Benzene Toluene Ethylbenzene m,p-Xylene o-Xylene
0 10 10 10 10 10
0.5 96 95 92 9.9 9.9
2 95 89 10 938 9.4
5 9.0 97 9.2 95 10
8 97 95 9.7 94 93
205 91 82 76 74 74
25 74 6.2 49 46 47

Table 4. VOC concentrations(ppm) according to sampling time(up to 8 hr) with the input concentration of 1

ppm for each compound

Sampling time(hr) Benzene Toluene Ethylbenzene m,p-Xylene o-xylene
0 1.00 1.00 1.00 1.00 1.00
05 1.04 094 1.00 0.93 1.00
2 1.01 0.91 1.04 0.99 1.02
5 0.99 1.00 0.97 094 0.99
8 0.96 1.04 0.99 1.05 1.00

Table 5. VOC concentrations(ppm) according to sampling time(up to 8 hr) with the input concentration of 10 ppm

for each compound

Sampling time(hr) Benzene Toluene Ethylbenzene mp-Xylene o-xylene
0 10.0 10.0 10.0 10.0 10.0
05 10.2 10.2 10.3 10.2 102
2 10.2 104 10.7 10.7 10.7
5 99 10.0 9.7 9.7 99
8 9.7 9.5 9.3 9.3 9.3
NE AFe LEEE T4 F 8AT ofle] F3F BTEX o] ago R Qs Yepbe Al A
ofof 3t eldel Fa gg2 FASE A A FALY, 52 UV 4E 2702 F 2 B9
Oi B A Fofl HEAE T lojAE o] 7‘7401]/‘1 —r3351°i‘4 Alg AHAZE gl 9lof
foll dsiNE Al e H8AR]9] leaking F A ”EH FE 2 vistoq 2 A F
“H%_QE FAE ZhAA £ VOC £37F dejuks Ao g ye
32. UV 4% 2 5o ©& VOC 2as pre=3 °]f“45} A3+ Obee et al.(1995)'Ve) A74
ST-K03 Az zEs g§de o83 UV 7% o} gxgict, fEE A9 UV FA 1208 ol F
g £ g3 VOC BEals Ad A3Z Table 6 °ﬂ% FEu gl EH%* A4 e =est 4
of UEQGTh B AdoA] AL UV AER DR 12083 olF AMFAMY FH&E HFd
UM 2 2AA a4 UV AZu(FEn a9 g 04 BTEX ##l&<& 2R Flg 20 JeErT)
o])& Apg-3ho] _rsgg APAFGANE VOC B xo FEAE A 18%, EF 30%, 2w
go 37 7] WRo® B AFME oo g  99%, mp-ALd 66%, o- Z}?Qﬂl 66%9 Elas
AHe 2=agux 2ot B AFgAE 2o Uyv 2F F dNen WAy AS e 2EEdd
AEY B UV 2% BEA UV dZE Axn  # ZdHE0] 2t & Y 55 4= W
305 Aol A BTEX 7+ &do digt Baigo] 120 A 16%, EFA 32%, AL2HA 49%, mp-AdH
B AFoA e 2ag Bl A et o= &= 58%, o-Add 56%9] EHES 3’1 gl ol &
7] 30®A A= UV Aol o3 F=u] 289 o 2 A 5 4-74«] iRt @& glojt}, 53,
Bo] I8 g FHozo 2¥8dy FF5 £ UV #ZE A 308 AHAY Tﬁﬂ%ﬂ e
g UV ZAL] o3 Fdiso] §-87] W 7tx F *]”"ﬂ’ﬂ«l Taﬂgi‘:} oA A 2 A
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Table 6. VOC removal efficiency (%) according to UV intensity and relative humidity with sampling time with

the inlet concentration of 10 ppm for each compound

uv Relative Sampling
intensity humidity time Benzene Toluene  Ethylbenzene — m,p-Xylene o-Xylene
(mW/cm) (%) (hr) )

High High 05 26 38 66 72 72
2 15 22 51 58 57

5 21 38 67 75 74

Low 05 0 3 14 20 22

2 10 18 30 37 36

5 18 33 53 62 60

8 19 45 66 () 73

Low High 05 31 44 62 67 67
2 1 16 19 18 21

5 9 28 37 38 40

8 8 27 36 38 38

* “High” in UV intensity indicates high UV intensity (Max. 3.7 mW/cr, Min. L1nW/cx); “Low” in UV intensity
. indicates low UV intensity (Max. 1.4 mW/cri, Min. 0.9mW/cr); “High” in relative humidity indicates high relative
humidity(45~50 %); “Low” in relative humidity indicates low relative humidity(30~35 %); Input concentration

of each compound was 10 ppm.

B UV in-R-Hyign
U¥ pign R How
4| EEEE UVy,w-RHygn

Removal efficiency, %

Benzene Toluene Ethylbenzene m,p-Xylene o-Xyle

Target compounds

Fig. 2. VOC removal efficiencies according to UV
intensity and relative intensity.
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