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Characteristics of Collection of Multi-stage Porous Plate System

and Photocatalytic Degradation of Toluene

Jun-Ho Kim

Department of Environmental Engineering Graduate School,

Pukyoug Natiomal University

Abstract

Part I: The main purpose of this study is to investigate the collection characteristics of
multi-stage porous plate system with impaction effect, experimentally, The experiment is carried
out to analyze the characteristics of pressure drop and collection efficiency for the present
system with the experimental parameters such as inlet velocity, hole number, hole diameter, stage
number and porous plate array, etc. In results, the collection efficiency becomes higher 36.1 to
97.9x with increment of stage number of porous plate system (1 to 5 stages), while the gradient of
increment of collection efficiency is to be lower. 5 stage porous plate system of {2, 2, 3. 2(10),
2mm] changed partially to 10mm plate distance, represents the higher collection efficiency over 99x%
for overall range and 80X around 0 7 particle diameter showing the similar collection
characteristics to a fabric bag filter as a conventional collection equipment of high efficiency.
Additionally, it is estimated that with increment of stage number(l tc 5 stage) at inlet velocity
V,ix = 1.0m/s, the pressure drop becomes much higher as 52, 123, 152, 203 and 250mmH:0
respectively.

Part 1I : In an effect of bead supports on the conversion of toluene, glass bead was effective
than alumina bead. The rate of conversion of toluene increases with the decrease of the initial
concentration and smaller bead size. And the activity of the used photocatalyst can be effectively
regenerated by addition of ozone, nitric acid. The experimental results show that the addition of
ozone to the photocatalytic process can greatly increase the rate of conversion of toluene, The
0:/Ti0,/UV process is more efficient than the O3 03/Ti0z O/UV and Ti0;/UV process avoiding
photocatalyst deactivation and reducing residual ozene concentration., A used Ti0; catalyst is
suspended in methanol to extract any adsorbed species, and the resultant solution is examined by
GC/MS analysis, This analysis identifies benzoic acid, and benzyl alcohol in the solution. During
the initial stages of the reaction, benzaldehyde is the preferential surface species formed. As the
time on stream or irradiation time increases, the benzaldehyde is further oxidized into benzoic
acid accumulated on the surface, Benzoic acid is strongly adsorbed on the surface of the
photocatalyst. The accumulation of benzoic acid on the surface appears to be responsible for the

catalyst deactivation.
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Table 1. Chemical composition of test fly ash.

Component Si0: Al:0Os Fex03 CaO MgO C
Wt % 61.63 22.31 561 1.81 0.58 511
Component 504 TiO2 NaxO3 NazO K»O Others
Wt %6 0.43 1.11 0.05 0.78 0.59 0.59
N [cm'a]
6000 + .
4000 +
2000 +
0 ﬂﬁﬂ: .J | : H“HHHNH”H.—. !

d,, [um]

Fig. 6. Size distribution of test dust.
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1~-5 stage7t#] stage ¢ Z7}e) W& gtalsd EAS el Aod. gEA
plateel M 9] 3tiEA el 9le plate HH X WE hole T3H5 o3 drag force
of ofsl] WA, stage Tt FIEFE drag force?t FZhete] & ¢hEEH 54
o] vtebykct,

FAFEol 10m/sd W 1, 4 staged] $HEEHE bz 52, 203mmH0%1 2.9, 1.2
m/sY ®ol = Zhzt 75, 302mmH02 F g F5o] #el A+ = stage 7 St e
dHELo FAEE o 7 U

w8 5 stagee AT wUTEel 10m/isY o JESAR HA
mmH;0, 9791%A 12 1.2m/sY o 7zt 399mmHz0, 9853%2 U +F
sl geE&do] A Frkg wbd A ZE ] FUHELE ofF AT

1.2. Hole =9 M & & 54

Fig. 8& plate®] hole 7o W& 48 E&d 54
Aok vl 70780 g, AdALR wE hole T
7l gFod & dEEdel vevEs ez
hole #7%¢) 2mm<% W hole = 7070 1070¢] 2%

iu)
=
PO
L o
=2
=5
lg)
I
~
)
o
o)
~J
e =)
re,
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380 - —— -Ir—————~~*7/*———-lr ——————————————
I - I
8 | /J// |
™ 300 e ——— JF“}"‘ ————————— »I# ——————————————
E l// / I
|
£ 250 b—————— #*'*71— ———— I Dt
- [} |
Q [ o)
g 200—————- (e é ——————————————
=
{
) bt il ]
| |
2 ¥ |
g 100 - A -+ —1
a i | | —e— 1 stage [2]
-w - 2 stage [2.2)
2 3 stage [2,2,3] —
—&— 4 stage {2,2,3,2}
—a&— 5 stage {2,2.3.2,2]

Inlet velocity{m/s)
Fig. 7. Pressure drop with increasing stage number (plate interval :

4mm, hole number : 108EA, plate arrangement : [2, 2, 3, 2, 2mm]}.

3008 m/s°l™ hole &7 o] 3mm?l 4A5-E 24 2062, 13.37Tm/s= A hole A7 u}
B hole T#HF£2 AolE BPew, FfF&el 10m/sd o [2, 2, 2mm]Q] H $-9

el eA2 2hzE 302, 211lmmH0°19, [3, 2, 2mm]S! 4 ¢+ &7 204, 151mmH0 o}
asq
300 F=——- I S 3 1:(2.2.2). hola TO EA 1]
= 2 :[3.2.2], hole 70 EA
2, 3:[2.2.2] hole 108 EA
T W0 e 4:[3.2.2]. hole 108 EA |1
£
5 200 -——— b——— e R
g
=]
160 ———— T B
g
=
)]
0100 b———— ‘SRR L S—
2
o
50 b ———— P e —— e
o

2

Plate arrangement

Fig. 8. Pressure drop with various plate arrangement of different

hole number (3 stage, inlet velocity : 1.0m/s, plate interval : 4mm).
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1.3. Plate 1A w2 &L 54
Fig. 9= plate 7+ w2 stEE&4d EAHS Jed R 2 5 stage F hole 24
& plate WiE 0] [2, 2, 3, 2, 2mm]3] A$E A&}

el Eel 1.0m/sY W platedl A 4, 10, 15mmy 3¢

259, 235, 226mmH02 M Aol HoldsE gtelEHdo) ZhAsEE Hgg Holy

ol plate®] Al WoAAFE plate WA FHe fFEol @ Ho drag forcer}

sobA dEHEH Facte AR AREHW, A Frle wWE HH g8

9791, 89.22, 85.28% 2 qHEHe AAhZe nlaf F2 F& #AZFo A JEbw

300

250 b—————— ] e ——— ———— ]

200 F—————— EE e —— :

150 F—————— P . ——

100 b———— — — Fe oo e om

Pressure drop(mmH50)

50 - -————— e ———

interval 4mm interval 10mm interval 15mm
Plate interval(mm}

Fig. 9. Pressure drop with various plate interval (inlet velocity :

1.0m/s, hole number © 108EA, plate arrangement : [2, 2, 3, 2, 2mm)]).

2.99744 »HA 588 54

52§94 impaction &beh i R BEE £Eol A% AR} AAEA
PlAlE GEHg Thetelr] 8 APSE AMgetd #9270 ASE S4stn e

Aol olel 149 B wET Adetdnh

, . VR C
AZNM, g R FE AW BE NyE 998 KU QAT Na,©

zl
oX.
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3 #E YATE vENN

212 e HAd HEdE vAE F8 HEE FURSE, plate?] hole 7, hole 27,
stage & 92 plate 743 So] glom, %‘J%l 580 Fe3E F2 wWAUEE inertial
forceol] 2|3t impaction Z 38} GH 2 HygE 5o 25 SAEREA, 0.7m o]
o 94 B9 M e impaction &) ¢ld] HAe] o] Fo{A 1, 0.7m ojdte UA W
oA = &b ate] o] FHAo] o]F AT 0.7um HFo M= impaction A¥ ¥
24 A7 FAlef 2ga e nAe Fao] n st

2.1. Plate W] o] u} & staged HAA &8& 54

Fig. 102 #YH%0) 10m/sY ™, 2 stagedl Mol plate sldel] W& 473 E 32
A& vEtd 222 hole 4l W& plate B g ] [2, 3mmlg] Z-$-¢ 823t
of [2, 2mmle] A%, HAAH A JAEAG] FAR Hefolt} 22 I 5E&E
Hol, 53| 07um FIoAME oledt Fdo] @AFHA Yetd=t o= plate?] hole
Aol 2, 3mmd W hole F#HFFol ZHzZE 3008, 13.36m/sE Aol 2mmSl Ist
platecll A 2] w2 hole E3F%0) 28 F& inertial forces 71 v & YA HHl9
#AN27E 2nd platedl) FE - AzHY I F dREo] F& Aoz 2HEdE ¥ A
AlAdE s B Qdabe] vlgol [2, 3mmlel HE %7 Wi vehde #@dog Az}
o

% [3, 2mm]e]

A

KX
3E A

JH

o)
-8

‘,‘Dgr

A5 & F ooldo} vl Zm ol JAE HAAA Y3 Z&)
& st platecl A8l @& hole THF&o o & 44 #MHd £
AYA7E AL YA es FEede Hlgo] geob el & Yzl 2nd plated] &
- 2aEE b o) ] "Ry, 12um olate] A HHlelA FHA dgel 2
& hole S#F5e] 28 2 4% €99 AAEe} FL& JAHLR 2YHE
! vhol A YA BExel s A |ixbrE ARk Hl &) el e F 4
Blaksl s v &o] AdlA e ] dfFoitt

b el 1.2~2mm WA HA F&o] w2 AL AAe WE inertial force?t
o} 1st plateol M9 @& hole E3H40 o3 vlM A2 #dlE B plateo] F
= AR EE vl go] v Yo A7dAc
Fig. 112 #3lf£0] 1.0m/sY W 3stageol A el plate ¥Wlga @2 48 HA &
48 Ugd Ao (3 2, 2mm]ql A$eiMd A & 2 &S Hon,
t plateo]l A2 @& hole SH A5 23l impaction & 37F Yol 2um <144

wz9) A=l 2nd plated] F&5 F #He dH R FyEHE Al &0] wo
7ol & QdxtEel R os) HA FHol A Uehus o =R, 2nd platec A
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Fig. 10. Fractional collection efficiency with various plate arrangement

(inlet velocity @ 1.0m/s, plate interval : 4mm, hole number : 108EA).

HAHA G& o] §2h= 3rd platedld 4% K9 £ whd ok ®©3 0.7m
4 WA [2, 2, Zmmlet [2, 3, 2mm]e] Ao HE =& I 1L
< lst platedl A1 ¢l @& hole 3 F40] <8 2nd plated] 23 I 97
el BAdAEe] AL dAeR £YHE v o] Yol A UAR T g A
AR ApA] st dlEo) 27] Wil Aoz AztdEr)

[2, 2, 3mml= hole E3H4& w2y Ist9 2nd plate® W& AL ofd %m
oldel B MANM & WA A&l UEbUH, 07 F 2o YA WY A =L

g
e
jinss

L
rlr
)

U Z&E Bole AL 2nd plated] FEF 2 A7 MY LFYANE F Quy
of 22 gl ez Feldol #42 wel 3rd plated] T8 T @S hole b8
s Al s Hge] thE Aol vls) duiEeg vy g Aoz Adarc

(2, 2, Zmm]el B4 AAERE 7bd wort 7 plated TASWEA LA E w2
hole F 2 4Fdol ol 2 3174 Hele] B2RdAEe] #A& Yoz 2asHE ngo)
Tob Zum ool WA WHOA $e P EEE Holn, AA YAELI e vl
AL SIAZE A sk vlg " A v ge] ol 07mm HIoAMe A ags

SA YEhve Aeg Azbgc
[2, 3, 2mm]oi A FHF F&ol 7bF WBe o] fi st plateE FHslaA] W Am=
W2 hole §#-F&o 23f & AAHHS 74AE YrtSo] Ind platedl] FE - FAx =

o 27 2mm<l Dlateoll el 27 3mmel platee] JAWHe) Friy ez Fof An

by
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Ho AR vlge) won, 3rd plated] %5 - 1AY 2AYAES0] 3rd plate?]
WE hole Fdfrdol ofsl AuayE v go] Frtaty] g Fol YehtiE dFyos
A EIT 8 07m F29 9 oM W 3 58S Hol: R ond plate
ol A R & inertial forceE 7HAE B4 YRSl £4L uwte} 3rd
plate?] ®E hole F3f&0) oo Ha8z Rexn FFHstE vl go) 27 fgRoz
Az

100

80
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-40

Collection efficiency(%)

-60

—e— [2.2.2]
. v [3,22]
-80 T T T T T T T T e oS m (2,32
.- [2,2,3]

2 3 4 5 6 7 8 910
Particle diameter(mm)

Fig. 11. Fractional collection efficiency with various plate arrangement

linlet velocity @ 1.0m/s, plate interval : 4mm, hole number : 108EA).

Fig. 12 FY7%¢ 1.0m/s¥ W 4 stageoll A 2] plate wido] wa JA4 A
Yetd Aoz (22 2 2mm]e 4§ o}& vidol H 3] 2un o)ste] oA

22g =24
HeolA @ 8 A& Holed ole ME hole B35S0 23 2 YA WY
of EXAAE F dHEo] plated] FEF 2L gAoz By 9 Au|asE= v go)

dildo g g7 dfd Jdelde Aer 47tde, o121 AFE 07m FIohA R
A atA EbR

hole #7de] [2, 3mm]?] plate®] 3ol B$AME Lum ol4tel 24 B E A

AEAol A Lim olste] UE ¥ ]"1 olgt aolE HHLh

(3, 2, 2, 2mm]el 2% Ist platedl e 22 hole F3F%o] 93] 2nd platedl
B QA B #e AH o REEHE vl fo] FHo| Im o4 9A
M w2 AW BEE Heolw, w4 Qate] wige] wal Fohel WA Y

==
)
Cr

)
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o 07m F22 YA HYdME & 1A mago) ey

(2, 2, 3, 2mm]e I olde] 947 HeolM: e W fASE ANEH LS Kol
W, 07m F2e JAHYM FE HAY Tl YEhEH, o= EQAs Mg
A $EF AL YA FydE HELS Eou 3rd plated) 9] ¥E hole £33
o ofaf AH|AbEE vl &o] W 4th plated] WL HAWA o3 WA 9ol 2
ZH Fo] %7 WEos Azgn

(2,2, 2 3mm]e] F% 1 o]4de] 47 WM E G2 wido) vls WE hole =

&l of% ¥& impaction A3 ® H& FAWEAHG g =L AR FLL Ho)
o, 07m Fof HeolA ¥e AR 28S Holt AL MG wE hole £
rael o 2 U4 M ExUAE) 4L dFew 2B @ AuAEE vl o)
¥ 4th plate®] HUWA ] JiA oz F7] diF-o) vlA] Aol HAH| go] FAS)
of vElE @ oz Azbgc

5

I

100

80 MY -— e
60 - 1 (e
40 ; 7 U S
20 |- — lo 4 A
[ J S -]
.20 Al vy

40— —— b

Collection efficiency(%)

-60

-80

- [2,2,2,3]
-t00 L - .
0.5 060708091 2 3 4 5 & 7 8 910

Particle diameter(mm)

Fig. 12. Fractional collection efficiency with various plate arrangement

(inlet velocity : 1.0m/s, plate interval : 4mm, hole number : 108EA).

Fig. 13. (a}¥ FUFFel 1.0m/sd o 5 staged) A 9 plate vlgel w2 129 2
A EESAE YEd A2 plate ol wat 2um o)A 97 HYdAE e 2

A maEe wden, m olatel 17 WM T deld HAEdel el
e HA me2 MY (2 2 2 2 2mm]e A La oldtel 93 WA
shbe g ESS Hor, oeld AL 0.7m £ v fak F9ed #As
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Al e ol= 2 platec] M @) WHE hole BT 4o oo 2 4 W e BAg
AE T AFEO] plates] FE A2 YFoz PeH: HEo] ¥1, 7 stage:
AVEA s 3A4E B8 nA date] v go) ZrEn Foe A WE hole
Tl ool AuatEE EAYAL vl fo] 27| WEo s AzrETH

Hole 217d°] 2mmet 3mm<l plate?] %o W2 wgd e wmsd, hole 220 3
mmg! plate?} Fthell HX"-2 wa ot BRe A mgo] Pgasts Ao
By, ol Wk W hole SHREe ols] 2 7 W HAYASo] Ha
ol mA Aol vl &ol Friate FHav|go]l £& AP N HuAHE v gT =
ohxi7] wo] @& AW Zgol YElvdE Aoz Azt

Hole 7ol 3mm<) plate?t Aol M9 [2 3 2, 2 2mmle [2, 2, 3, 2. 2mm]
AME & widel dlal] 2m ol4el 9% MY 97% oj4e e YA LS
B o) Aol dulMo2 =3 hole Eahfo] o8 2 917 Wojo 5
HUAZE 22 Y42z Eede vgo) 97 fEd e Aoz 47 3mme
plate?t Fqoll 4 D4 E A2 Aoz R ulgo] Zrs 2L & 3 gyl

(2, 3,2, 2, 2mm]®] A$E Ist plateE £33 2 47 ¥ BIUs = gn
w0l 2nd plated] FE ¥ & U% oz EelHv, 2nd plated] YRAHo] o} o
del el HAngo] Fasht BulHes @& hole $#540] ofs) AuaE= 2
dAdAre] Blgo)l FaHm HAEA e EAUYAE0] 3rd plated] 2E - YA F o
dAel devt Fase 2 4B Wee ddulgol ZAHWUA 2 wide v A
HHoR %& AW A& Ut Rer 4a8g

(2, 2, 3, 2, 2mm]e] Aoz 0.7um )42 A Held 32 o & =&
W &S Holed ol Ist plate®] W& hole E31-§20] 9]2) 2nd platesl] =&
2 A e Y4AE F YRR e YAez 21, 2nd plateE E 73}
WA o shge) wEHel vlHl Axtel W&ol F7Hehit, 2nd plates) el 1M &)
E 3 3rd plates] W& hole B# 40 28] Yo Eengo] FFago] Aujas=
Hgo] ou 4th plated 49 W& YAWHA o AAu) o] Zrlde =o 7
d FZ 8ol el Aow gz,
3mm<l plate”t el AA9 [2 2 2, 3, 2mm]et [2, 2, 2, 2, 3mm]& A $-olAEe
oA e AAMHL Yo} wE hole EIHLd o8 Fe QAoz Rage
&

N

of S7hatel & 4% WselAe YA el Foe won o4 312
dhlgo] F7hsle 0.7m W) 91 HYelME e A §8&& mot)
Fig. 13. (b)i= 5 stage ¥ plate W<de] [2, 2, 3, 2, 2mm]Y} Z A plate 73S
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dmmE FARL FRHeD BAL WmmZ ANE We AW TEHHS e
Ao wE wdd QoM m oo U4 B4 B AW E&0 Yepten

53 [2010), 2, 3, 2, 2mm]®} [2, 2, 3, 2(10), 2mm]2] A$olME 99% o|4te] =
AR 58F 2

g (2, 2,3, 2, Zmmi W RE 07m K29 mid A godo JAA F&e
ol dAEA el ol ulMl A HFdde HA A2 FrlE REH
plate +A ¢ o] ol FA7F FUE W plate?] AlelolA WA E FEHE A2
Aoz Qlel shsEe] wE wiZol o3 nA xte AulAk FrEAG] AA4He Y
Ehus #@4e s Adzbgc

[2(10), 2, 3, 2, 2mm]® 4% 1st plate® 2nd plate AFo]9 ztA o] 10mm=z Z7}t
ol & U4 Wl de 2AAAEL] A S inertial force?t #o]= 2nd plated]
T F AL dFdezd Feu g AnitEe b 8o gy, 0.7m EIAdME
Ist platecl A o] #-& hole T 3-f%ol| 23t impaction &3¢} plate 7+7 2] B R0
Hgor & & FAX BE g4l vEde Reg AzdEdg,

[2, 2, 3010), 2, 2mm]9] A FT Zm o] A7 HYdME & FW 248 Bo
v 2 olste] A WM HARE & HaFHT A Fo]l dehyed, o=
ol Ae] w2 hole B3 F&o ofs) 2 14 W EAUAE F ¥ Eo] 2L 3
Ao ¥ Fdifoes 2 3rd plate® hole 9% % plate 1429 &3]
ol#f inertial force7} W& Qo] 2L R YztEe] F A9l gol B4, 4th plate
ol #E hole F3f&oll o8 AulddE vigE F7hdel A age P47t Jeg
e Ao ofuldt B4 07m F29 A4 Heldd dAEA Jebwo

(2, 2, 3 2(10), 2mm]e] A% 71 £ ¥z 2§ 5 g, ol "mlAl o
A dgeMel H g Fadel st Aoz 2 9l
3rd plateol Al di# 8 AHH, JEEL plateo)] 28 F 2] =
Al qlarel vl & o} Z7tEIL 4th plates} Gth plate Atole] 7+A &3S %&] 4th plate
oA el WE hole #3750 3 H%F inertial force® EFoE oM EAAA47}
platec] F& & wA Qlat2 EalwE vl &o] B4HD, plate Atelold DAEHE §
Ao AHS @AA AP vA Jake] Aulibe]l FaEol HA Aol TR A
o2 Aztdd
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*
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(b) Plate interval © 4mm, 10mm
Fig. 13. Fractional collection efficiency with various plate arrangement

(5 stage, inlet velocity : 1.0m/s, hole number : 108EA).
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2.2. Stage 79 S719 @2 YA 58 E4

Fig. 14. (@), (e f8dF%el 2H2h 10, 12m/sY 9, hole Ao wa plate v o]
(2.2, 3 2, 2mm]9) 2ol stage 9 Z7lo wE A £ E42 et zolo)
U4 plates thero R MA AL stage F7F 2RSSR impaction % &4k &
el TR A AR ERel T, AW 28 27 el gasisd o= o
el Yare] A nlasng & A7 Ml £33 AxSo) Mol FAE
e wlA JAER Foe g olgsn Fud e M v go] HyHew
Vo Aztdn oy e A 44 2o gRRES AAsE Lm oA o
Soll A A A e e, Sstages] A& 2m oAk 27 W 9jol X 98% o] Aol
W A E88 By,

EE frdfrSel S, gt 914 WA stage o Zrle]l mE @A

= 2 5 A¥eH, 0.7m ¥ 29 dde M= impaction £ ¥ U8 A

& el g Bk mne Fd2 g8 ¥ Feol ZrEED 22} 3 stage
% Fo] /e TE AR 9% HdA Uz g8 Zshsy, 05~
Aol HY Adol FasHE Aol YewEn, ol HuoMo] m
< hole &3 &l efal] nlA Yate] H]lgo] Fr15ted 3rd. plated] ATiH o Fo
A o Pss HEol Pon F9fEe] ZARE nAEHE v 4
el ol FhEY] WE o2 Qg

I stage®] F9o flfde] F7HET2 R 9174 dsldd e we 3a
) |

9

HL

£

iy

]

o

548 neled, oo® ATe %S #AEL AT m ol el Aol @A
A et ot §9sel Fbl o8 plated] FE F B wgo] Zoha

3 holed E3sts £ QA7 Fo o] EASA ol YA H o] @
7] o)},

2.3. Hole ro] & Y 58 54

B 10871 A gjel mwstel FHAwH] [4ujo|u},

hole g #tHr o] 1542 %] %2 impaction Aol ofsf & Y7 Mo 2 AU At
7b A Sl o2 EeslE HE W plated] 25 - B3 A6 AE = v go] Z780)

Fig. 152 94 f%e] 1.0m/sd o 3 stagel A 2] hole 5o W2 M7 &8 =4
Mgk Ze A 2um ool 917 WHelAE BB wdolM 80% olAte HA &
o EAA, Zm oldtol Al plate Bl whet Ato]dt WA E o] pebyith

(2, 2, 2mm]e] A-FellA] hole ol M2 AREDS Aund 07m o4 A

Bl A R e Aot A #g o 4 gled o= WA 2mmel plated) A

o o

_21_



>

e~

-

>

o

| =

2

2

[}

c

L

-~

3]

2

-]

o P Ao ] —-@— 1 stage (2] 7
: ¥ 2 slage [2,2]

I B a - 3 stage [2,2,3] J
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| ~-he 5 stage [2,2,3,2,2]
-100 Y- !
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Particle diameter(mm)

(a) Inlet velocity : 1.0m/s

40— — — i e e e pu—

Collection efficiency(%)

Y o —®— 1 stage [2]
60 ! ‘% - 2 stage [2,2]
@- 3 stage [2,2,3]
B0 e e —o— 4 stage [2,2,3.2]
I -4 5 stage [2,2,3,2,2]

-100

0.5 0.6 0.70.80.91 2 3 4 5 6 7 B8 910
Particle diameter(mm)

(b) Inlet velocity : 1.2m/s
Fig. 14. Fractional collection efficiency with increasing stage number

(plate interval : 4mm, hole number : 108EA).
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[3, 2, 2mm]e] Z9& o9} W2 0.7m ol4e 9474 WM AR HE xte]s}
A vebded (2, 2, Zmm]9} vl sle] Ist stageol A 2] hole £ #FE0] AulAo

2 571 WiEel hole #9 F7bel W& hole S35 7had o8 2 947 ¥
A

EAYRZE AL A2 ResHe dgo] grde 2 glH #Hegdae IR
of A Yethv, 0.7um oldte 44 HYAAE hole TAFE9 220 gz

A oelge) Zavh Pob AW 589 Aol #E& Aoz Azuc

Collection efficiency(%)

-80 —-- i —e— [2.2.2]hole 1 TOEA |
! ¥ - [2.2, 2]hole 108 EA
-100 b |
0.5 0.6 0.70.80.9 1 2 3 4 5 6 7 8 910
Particle diameter{um}
(a) Plate arrangement : {2, 2, 2mm]
100

TEV? s .
50 +383334e333I3333TRUITY
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40 |-~ =
20
0 . b
-20 A e ————

40 e

Collection efficiency(%)

B0 e e

-80 —®— [3,2 2| hole : TOEA |
| ¥ [3.2 2] hole: 108 EA
100 L N l .
05 060708091 2 3 4 5 6 7 8 910
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(b} Plate arrangement : [3, 2, 2mm]
Fig. 15. Fractional collection efficiency with various plate arrangement of

different hole number {inlet velocity : 1.0m/s plate interval : 4mm).
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2.4. Plate 3tzjo] @& 34 58 =4

Fig. 16 FYf%e) 1.0m/se o, hole Ao §E plate wj L o] (2, 2 3 2 2
mm]<l 5 stageol Mol plate Ao B2 32 g VER Aok el plate
dHel SRR BE Q3 WM 1 58e pa %= AA Yehgg, of
oplate THASE F72 g B Azbe] FaAoigpa g ol A7t doix 2w
HHA B3 7R FAL wel MEHs 6 8o T2t WE o}, olaisk @A
= 2m o3 A Weleld e g o al #3He Ba2 98 B Feo
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Fig. 16, Fractional collection efficiency with various plate interval

(hole number : 108EA, plate arrangement : [2, 2, 3, 2 2mm]).

25. NtAste] WE YA 54 =4

Fig. 175 084 plate?] Azbe] w2 Ixs42 Yoy goa hole Z| Ao w2
plate o] {2, 2, 3 2(10), 2mm]el AFel A 10, 30, 50, 702 el A 58S
HdEE Getugd

34 platee] Puwe] Ragiarp = - AME |, 27A0dE BYe g
oA slipdidol WAlatd wre A=A o) HERAIRE 3027 AR F BAae
FAHOR QlH greasert TEHS 9= wWo) dET AAZ I 4P o)lyy mu

HAZ) o o8] FFEo] A E o 0.7am o172l 3% WA= inertial forces) o] gk
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el HAA ol Fasel RE 44 WM WA Teo el Y E Aoz
Azbdn e, 9ol o Azeia =@ A A 9] B3¢z} 3’—}~‘?’~'P
A oUAECl FE F AT ulgo] Basin) gelatn s Bl & Ttz
A g0 AaHE Aorw Ay

07@m FZol Aol AlZke] W Az Zgo Waz Ymuo 10, 30, 50, 7024 o
o A3 58&& 47 21, 7742, -99.13, -12821% 2 A 50, 70z&oA HA FZ&o] (-)
of &E Bl AL platec] HAH o] Qu u)a AAECl AUSHE IAtE e 25
A el AulaEo) FARE u4 YRR fE2HS o4 Azte] ool Frtetr] o
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Collection efficiency(%)
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Fig. 17. Fractional collection efficiency with time (inlet velocity

1.0m/s, plate interval : 4dmm, 10mm, hole number : 108EA).
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A71M, w2 AW BE Ve U4Ad Ra N, E YA 59 W2,
Now,© 989 52 94aA+2 Yehdo

3.1. Plate Wig o] @& stage™d AR a8 =4

Fig. 182 #%-f%°) 1.0m/sY ®, 2~4 stageo] 2] hole A7 w& plate wA
3 P A& 548 vebg el

[2, 2mm]e] F@e) stage 471 F71d [2, 2, 2mm], [2, 2, 3mm]= H]E'&}Eﬂ 3rd
platel 2mm?! plate® A& d A2 H v} 3mme) plated 23 AEold & FyA

gol vebdedl [2, 2, 3mm]ol A 3rd palte?) R 3W AL Wol hole 38§40
=27 WEel B A vlgo] Faste AR meol AUNoz kA4 U
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ZH 71.94, 8320, 84.94% 2 stage®l F7F % plate®] hole 7ol uwet Ao)dt WA
= HAn E9, (2, 2, 2mm]e] $9el stagert E7HE (2, 2, 2, 2mm]9} [2, 2, 2 3
mm]e] el ME Uz " &o) 22 9044, 9349%E FAMG Aeke] Lpebtow] (2,
2, 3mm]el ¥ stage7t Z7H€ (2, 2, 3 2mmlel A oeA U@ AL 9264%
(2,2, 2, 3mm]e] 7% vl thax $e AR g5 Bold, o]t 3rd plated] A 9
dddel dges Fau, 4ih plated A2 we hole E3bgo] ofsf Afu|shs =
Blgo] %7 WFoes Mztgd,

[3, 2mm]9} F99l stage 571 2719 [3, 2 2mm], (3, 2, 2, 2mm]9) H| 2 E A9
R, Ist plated] o] AhA o @ hole B3 550) o) 2 YA We =7t
2nd plated] & ¥ 42 1A ow Fe=EE v go] PAdtd Ao = 9xpe
BArgel wa a4 Ytz Bl Ho| FuoA AulaEs ugo] Wy o
o 2t stageoll Al 79.14, 8622, 92.72% 2 U2 wjde] H& =& A EES Ky

(2, 3mmle]l 2932 [3, 2mmlell Hl& @2 3R 58S Woliy, o
Aol 82 hole E3f%e] 93 2 914 ®9o £AYA7} 2nd plate] 2% ¥ %

o] = 1st plate®l

= HALR YT ¥ Eo] ¥1 2nd plated] A oR & HAUAY o A
A Fgol wA ey, [2, 3mmlel 2mmel plate® Z7pA17) (2, 3, 2mm]e} #H %
© 2nd platec] M 2] HAA g hole F3}f-4£0] wo} impaction EFo] A 5= H]

#o] W31 3rd plate?] W& hole 3ol s Au i v o] Hop AA 5 g
of WA e Rer gzt
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Collection efficiency(%)
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Plate arrangement
Fig. 18. Overal] collection efficiency with various plate arrangement

(plate interval . 4mm, hole number : 108EA).

Fig. 19. (@)= frd#%e] 10m/s & ul, 5 stagedl 4 plate "l <o) w2 23 =z
EE 542 e Aot Plate w g (2,2 2 2 2mm], [2, 3, 2, 2, 2mm], [2, 2, 3,
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WoHrL [2, 2,3, 2, 2mm]e} 24 714 £& A7 &S YEUY, hole A 7o) o3t
plate Mol Ful F & wAE Pgo] ole 22T @ 5 glown olo Wa A
2 R S =

Fig. 19. (b= 5 stagedl*l plate V2S¢ dmmZ 2] 819 A] HEH2Z [0mma
ofet s W F2 HA ZES Yl AHew plate B [2(10), 2, 3, 2, 2mm),
(2, 2, 3, 210}, 2mm]e] 2 &L 99 22, 994% % plate 214 4mme] [2, 2, 3, 2, 2
mmlell vjs) Al wpebue), whdel [2, 2, 310), 2, 2mmliE 97.29%<] we HW e
o] et}

3.2. Stage 9 Z7lo WhE AR 578 4

2
>

Fig. 20 stage 529 F7bol W2 R 9/44 37 282 a2z iy Ros

.
I stagest 2 stage®] 07 T& Aol 4R 2 2e @ & Qoo

nertial forceis Abe] Wash Swof vAsun Rt ALY B 2
b & U4 W9le) EAYAEel Avold AW D, o] AAEL Brraa il
He} Farol e WMol Aetel Ma| AU ow Wyl gRel siage 7 Zrba
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&% impaction &3 4F 9 2z
S7tebAl ©dd

FAFEol 1.0m/sY W, 1~5 stages] Ax 5He 2+2} 36.09, 71.84, 84.94, 92.64,
9791%°]™, 12m/sY wl& 2zt 35.09, 7817, 88.76, 95.96, 98.53% % stage T &7}
o e FW EE FrhEo 2 staged M 71 %01 5 staged] AL 24449 o
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T o¢ UAA7 Fuse) Yu xg
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Fig. 20. Overall collection efficiency with increasing stage number

3.3. Hole ol & A=A 58 E4

Fig. 212 #9f%°] 1.0m/sd o 3 stage A 9] hole o] W}E Az 78 EAde
HEHE AOR hole 7 10870 2 W A B W &2 MW [3 2 2mmle
W A 288 29d (2 2 2mm]e 4SS vlwstd o

Avts duinw E plate WA hole 47 70719 A9 71 1087491 o) ]
# RS A &S Wolwd, ok BAWAL 14N FAsht hole 3ol
P54 2 Zohstel 2 Aol D& glmome] Re) 9 ApldEs ) go] o v
Wit vEhts Rem AR, fd4e] 1.0m/s, plate W Do) [2, 2, 2mm]Y o
hole 7+ 7071t 1087HS] ¢ A% &8 7H 8036, 83.20%% <™, [3, 2. 2mm]®)
BEe st 8222, 86.22% 4t
34. Plate 1A & A 538 =4

Fig. 225 945l 1.0m/s wl hole A whe plate wjde) [2, 2, 3, 2 2
mmlQ! F-oll A plate G WE HA 28 54 gy A Z plate 7HZH o] Z7}
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Fig. 21. Qverall collection efficiency with different hole number

(inlet velocity : 1.0m/s, plate interval : 4mm).
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AAE dF3e Ad 4 des, Juntela2(um o) edMe A x&S
T7HZIA, 99% ol REEE FASE YW A2dS AHdy) 9 v
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I.A &

VOCs 29 daAde af HE Tv 35712 4o 444 So Fojz o
27 B, AU e, dand, grls gasa Bioln, Z7gto]
=ob di7] Foz 444 FHdste o3 2 eFo] YdE2ARNYA, N EYY I,
Aed, obZAEA 5IZ 2837 Yol

TR R QM A"AM, $13EF9 2 HRAATY Sol Algn: &3
(Solvent)Fell Wel Ffslo]l slen, AF N7t A2E H45E A3, B2, 219

T A WIS FFEEolY dxY ARV HE 39, Reoly Zagy
Z2e Ay d=

ol

T2 5%}*’?‘@‘101]*‘] EaHAl AFRET U {FUIEAEC) gER
VOCsell g s]e] Stk VOCsE Ats e e 71 2 f71 849 43Uz w2
Fol A F7hetn feow, A7 Aoz S dde wAAY gr] T
slE 5ol P e Fu 2FES YYD o] BHL chokg mEAM w2
S, Feude] VOCsE 98 4¥EwE0l 12, #4%) g4 wa
o] 55%2 7t 2 ¥FE AT Qen AFa T REST I HE ol
28%% 7'(]—2]6}_,‘_7 gl‘;}_.la,lﬁ)

W R R EHA Y A30x Aldee 483SAF - G784 == s)g2d
2N @AFFE) dAFIYATIB FG Foldte mAeE BAZ HoIju g
om, AR aA Al 2001-36E(2001. 3. 8)oll uwhel WA, B2 FHug S 377 22
% AFS FAddeR 1 vk E3), polychlorinated biphenyl(PCB), polychloropheny]
(PCP), trichloroethylene(TCE), phenol, benzene, toluened® =3 #€e chlornated
aliphatic K+ aromatic J¥EE2 9 ed 39, A" ¥, ALy, wo gl

, M FEE 5o FE g vEsa o

A AFE ubel e EAS AW VOCsE Aostr] 9sted Zye o749
A7 H Jidel daAHw gk dA AEEI} o]FAL ' VOCs #ojrleat

2 A4 4 (Combustion process), Zull4tsH(Catalvtic oxidation), 48 F2HActivated

go

~

carbon adsorption), ®te] 2 HH (Bio-filter), -2 Z(Condensation), %7]% (Membrane
technology), & (Absorption), Fe}Zvl¥ 4 (Plasma process) 5°] Utk o] Foj A
@ol ol & v HHALFTAHL dyoz FAuh dgd st RrHel am
= $IAIRE, FAbElgo] Bol aEY, AT olFAe A 918 By 2 NO,
CO, COE &#% 22t 29&E2 MY 5 del 7b4 98g 7131 oy, 2udsn

W2 S, CL R oSish g2 g frlaterEe it Fojo o] EalAgch &



48 FANe A o) wAE AgdDe] AYTAs) obrldY, ¥e AYzes
AT FFYE ASANEASG FLEEL AFAE A 2o AT A
slolok shE EAHER AT Qi § oolm giRel s4e wad gegos
Bolut TR, $9 YoM HY87 Fol 483s10E ool Yok

HAF HeAAe VOCs Hele B/ R FEE g 2a ) S9 4
WA B ol8E T W FEU o)kt 7E So] HEHm Qow o £
F49 FAHel b Bol AHEHT Ak 2l YW FAME Be rudas
4o}, Feol ol BYYE AT WAl e BRI ojge Lk EdA
©RANTE Wl 2eudte dalel Ao webd olelw ¢ <
FAEE woh £ 5 A uae] Wasg W

@ ol AAAY ¥ obue, AVAA NERA YU Qb wFs
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“.4

1

rf"

7] &(AOP  Advance Oxidation Process)& VOCs A7 7224 Be =ES wy
o aqtEbygel®, e Aslabe g AW OH radical MAAA oz xe n
sAZlE M2 fal gase] B, B/1AE W, Ao ol z2rAx b
© BER ASE £ ddoy AEe fAuE, 5o #eH oA 9 23 owRd
of ke Aol el Aela sty B2 R wuo)r nFAEY o
Fwels e Ay, oF AHY, UV g, 294 43y So] 9ed 19504 )
E7EH TiO1 N3 EEHE)E o) &8 BFu] Halv)ao] Awen g ojRAL oy

o w5 dEHY F712 2o @ 2 7) sHmineralization)oll Hold 715 S AU

e g gty 53] o] whye adlA Bt} 7)4Hgas phase)?] @2

Aol &A1 5 ojetth BEu S o) 48 TUIOHEH AAA v TIO, 2

Hlpowden)® 2319 Eoz %88 4 gu wgo] gEY F TIO, ¥UL -
[e]

ok #olt BHe AXT U AE H2el HRFeNs] TIO, sol AZNE W
TiO2 $abE A A A(media)®] TRHATE AT B o] Foixw rp P
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SEERE

Tet=vidl 9] VOCs A g

Fehzvis o8 ATHe Tepzor werld s LAY B U2 3
T 8HAN A FEistag B0 oSl 84HRT Ny Oy HO BaIS T
SESl 449 O, N, OH $9 setdes A4S e oo 84 radical® 4
o Adsrsel A MM A He] e BEsAY Asagoay FaMow
TAl® 7ty datE AVAIE AL £3o2 3= processth

Sehzvh FAHolA 2Fe AL ol LA e AMRA Ao 2 Bael
W, AR dAEAe 98 S Fezer 2HAMY o244 9 2A Hr=
& g g

@ ol&stz g ot #4aa radical 44

(Oxygen-free radicals are generated by ionic processes.)

o

Oz+e— 0 + 2 direct ionization
-0 +0+2 dissociative ionization
- 0 +0+e dissociation
-0 +0 dissociative attachment

@ ¥4 radical %39 g o F 44
(Ozone is generated by free radical reactions.)
O+O0+M—=>03+M M=0Oor Ny
@ A radical W&ol 2 oF 2@
{Ozone is dissipated by free radical reactions.}
M+O3—=M+0,+0
O3 + 0 — 20,
O + H:0 — 20H -
OH: + O3 — HO; + O
HOz + O3 — 20,
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Zobzvl FRNA VOCsE e weAEE 21 gl
ol zHeFsl Hoejuw ohg 2ol

o

Aoz deld e,

0O+ VOCs — COx + H20 + by-products
OH + VOCs — COx + H:0 + by-products
O3 + VOCs — COx + H0 + by-products
e + VOCs — COx + 20 + by-products

X + VOCs — COx + H0 + by-products

A7IM e AAolw, X& &ol2& u@t} o]4e] w4 SoM by-productss
VOCs7t &ds Eals]7] He 584 S 80, ols3 & 225 Ragz ¥
G gt ol diREe VOCs7t £&3e #re4wrt g7 R VOCs
A Aol 22k A wEsel A & Ak dry $7) 220 delA VOCsE Zez
e 7\1?—]6‘ A5 A BE ool 9@ we HRE AR 4L 23
stom, e Etel whg }ge A St 1% Helma R VOCs A Ao
LE= A wWiEd 5 o

wetd e Eate] MRt We VOCsE Aelates A4S ool 7FAR 34
AdE S, #FEE Fdzeh i) £ Hx5o AE 2F S Aol
s A% 29 wEe By ¥ Aeg #
2gh 2w} A g ¥ (Surface Discharge Induced
Plasma Chemical Process @ SPCP}& o148 VOCs2 A elo glojA], ¥e £ 2&3}

2

EoeFel d@ g AFsy Ak oluw Eohzul 34 T aRets
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2. 2E(09)
eEe Fasl AFY WAL Ut A2 2EE 43EE AR Yoo, B4l
A ST ARTH AU 2E L W2 59 vol ABAZ 2 o §4 25
& W8 W1 wom, A@ol e wHolols veld AL A wa, 7
g maEE A g
By 14 29Ede A0l dsf wEoA = 23 e @EAE AAAHE
(NOx)e|\t VOCs7t th71 %o #3l3t ubgol o4 QALY o2 7aig A5
= 7] HEA Q@M HAFEOZE o] BHRE YR|T AZo AW
Re A5 BT E Palsied JEA dF2AS AangosA Hxyw @
At AdAelE 12H ez 5578 Fd Auld] Zo0j97) BB 3 E|e] v
e 9% 718 av], 538 2579 AT ngstA g HA S A
NEEe] 0 FL A B Fdte HoT A Uuk MR ey =g
T 8IS AdSHEAYe] HA S glon, Seluale 14z F7A

e s
#471F & 0lppm ©] 3ot

ArHEe] 4HE Frldc 005ppm F T AALFo] B A1, Y Lo
&

NAdE FrlE 003ppm Y5 L&) 2¥E AL B, 9 o Q1A o u] A=
B3-S Table. 2 VER G T}

Table. 2 Health disorder by exposure concentration of ozone.

% % (ppm) T E A A A o] v A= o F
005~01 Z 4 33 HA
0.05~0.3 0.5~64] T 715 AE, tesd i
0.08~04 3~4+%}F Ay goly
 01~03 1421 F5A7HE) 2 1Y
01~1.0 1A 7 3E7) AS3A ) 1H R A
L o1-10 ) &2 F4 E 2EAAE 24 ofg
0.25~0.75 274171 715 A% 7t
06~08 2FY HA =71 TR, s A wg) AlE Aol
0.94 1417+ 30+ +E T AT Fa
FE 71, 7w A
714, &
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3. #&
1. FFv

FEo7E 53 RS wol F4FHHE Ao J)EAH AdL Fig 230 U
At ool Wol ZALEW Zu oA HAelectron | e )9} 7 & (positive hole :
hijel MEHR, oA A48 Aatel FFol sl 23 zsraa (3}, a9
el dejyt 29y BEEE g A HEHez HO09 COr 59 A Ede A
BAA Fu AL ggth FFols o] Y DR Avsx g, 72
e Al dE diidE FRE AT HSEEE ASANE Qe s #
ooz o2t FHe Bde AAW, BAAA s} P ALHI 9 MEzs
o] S B (TION S & & 9t

Fig. 23. The basic concept of photocatalyst.
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3.2. 35w W g
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H,0,
b & fm o,
%ozwj’u Conduction Band %®
Electron Recombination

Excitation |3 2
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Fig. 24. Generation of electron-hole pairs at surface of irradiated TiO:,
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Fig. 25. The band gap energy of a semiconductor.
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Table. 3. The oxidation power of various oxidants.

Oxidants Oxidation potential(eV) Relative oxidation™

Flurine 3.03 2.23
Hydroxyl radical 2.80 2.06
Atomic oxygen 2.42 1.78
Ozone 2.07 1.52
Hydrogen peroxide 1.77 1.30
Perhydroxyl radical 1.70 1.25
Permanganate 1.68 1.24
Chlorine dioxide 1.57 1.15
Chlorine 1.36 1.00
Oxvgen 1.20 0.88
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ofet 3te, 200~300nm Alele] S WASM(far ultraviolet)olel B Er} & Abol
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Fig. 26. Classification of lights.
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Table. 4. General characteristics of toluene.

.
molecular formula @
CsHsCH3
Molecular weight 92.1
melting point (T) -95.1
boiling point (C) 110.8
vapor pressure(mmH:0, 207TC) 22
specific gravity (207) 0.8669
manufacturing source petroleum refining, coal tar distillation

Table. 5. Health disorder by one time exposure concentration of toluene.

Concentration .
Health disorder
(ppm)
25 Threshold of odor perception
40 Odor perception by all the people
50 ~ 100 Fatigue, drowsiness, light headache etc,
No change in nervous reaction time and Symmetry excise function
Light stimulus symptom in throat and eye, light deterioration in
200 symmetry excise and recognizable function, light headache and vertigo,
fatigue, chaos, drowsiness after exposure
300 Change in symmetry exercise is confirmed because of 8hr exposure
400 stimulus symptom in eye and throat, general exercise deterioration,
mental chaos
500 ~ 600 Appetite decrease, difficulty in walking, misjudgement, decrease in
short term memory decrease in reaction time
200 Severe nauses, chaos, self-control deficiency, severe nervousness,
muscular fatigue sleeping disorder
1500 Severe disorder in symmetry exercise due to 8hr exposure, intense
’ fatigue
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Fig. 29. Schematic diagram of experimental system for photo-oxidation.
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Fig. 30. Schematic diagram of photoreactor designed for this study.
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Fig. 31. Schematic of gas generator.
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olH B o] Al = 3mm glass beadE Fo] 1~15cmA = A7tshA gas distributor?
qAgg FEF A

A48 UV lamp: Sankyo denki*t2] blacklight(BLB, F15T8, 15W, #°] : 436mm,
27 255mm)E AHE3tE T o] lampel B WY E 300~400nm(UV-A)elof, HT
Wz mas ¢ 365nmelth UV-A lamp® #ikgol A g4dde He 7hA#ddd 7}
7he WE A ZE P NEAd Y A7 sbgdtAl He A gel= %ol
Az @71 S wE: 5 ol A A whgrie] AFe] shEsA ®rh lampe] 42
sted wbey] URe 2EE 45C AEER FAHUeH, BFF e R g
o2 9) &S HAAissta, £ w3r)s FI vrte 4E Holgdtd BB
xol7] el EYE wgrE @k agm okdd uvaEe xAE7] ddl lamp
o AYe Ihr ol AFS F A4¥L FA}IAY

23 2F w4y

o F WAE FASAY oef e Fol dAEE AA(Ozonia, 1500L/hr)EA F
AuE Fl2rt grlEed F213 ogaglen, FaHE Fvle dertAE o83
RS Hus AARAN oo Ao JBEHEE st AP ALESHATH
Ay e ool Bed, Ao b, &3 F Aloje] a4
oA 71 $4Tom A BE 2F MFAZE AWt o

i)
%

me
kd
!
o
i
-n

B Ao 2183 BAAU = AZE7]E FID(Flame lonization Detector}& AH&38h
1= Gas Chromatography(HP 58900 )clt}. Gas Chromatography?l 7% i 7
3 AmEw 72 Ag FE g A aAARE $ubrbad ot £,
Well AAMAA 71AAElA EYHE &4 QEe Z2otEady Jor EYIte
oz AwHow 7180 Wrled T dd A - AE Pl olgH T AUk

B AgAE gWlAR REE BAE Agaslen, Y2 HP-20M(Z5mX
0.32mmx 0.3um) 2 A1-&3 Atk Gas Chromatography®l &4 Z7E& ot Table. 6°]
HERH U

uhe71oke] € &= & A t)(thermocouple)® multiscan %A & 8t PCE %3t
gon, A84% ozonedl FEE B9 FUFED FEHEAAM ozone F471(Ozomat

GM, Germany, accuracy +0.lppm)E %3 FH3tA

e rsl

)
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Table. 6. Operating conditions of (Gas Chromatography.

Instrument HP 58901
Detector Flame Ionization Detector (FID)
Oven Temperature 45 T
Injection Temperature 100 T
Detector Temperature 230 C
Carrier gas Na
Sample injection volume 200 L
3. v

dA7EA 714 2 B4 VOCs Al lojA 7173 B sstA Aol ol 4xe 3
Zuf 85w F2 AAH 4] anatase® T3(antase : rutile = 7 1 3 or 8§ : 2)8 P-25
(Degussa, Germany)® TiO, 2ol & sol el AR HC}

= A¥AAE TiO: sol®] HEEA o] elu® o] Z&35o] s EANY sold
o] &3t dip-coating WW 0.8 A R H(glass, alumina bead)E ¥ 3dla] #Fukg7]o|
ZFHa At sol2] 5442 ofef el Table 79 YElWA L™ X-ray FAHEN A3t}
H AFZ(SEM : Scanning Electron Microscopy)& Fig. 320 vrebict.

Table. 7. Physical and chemical properties of TiO: solution.

_ Crystal structure |} Anatase
.................. Solvent ol Water

Particle size 30~40nm

pH [ o~10

___________________ T

BABGAR LTy eV MR IBAK R

B +

SEM image XRD DATA

Fig. 32. SEM photograph and X-ray diffraction pattern of TiO2 sol.
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4. test gas A= ¥ A&

Ao A1 89 test gas? A ZFE Standard method(Moris Katz, second edition)ol
et 5 EFF2E teflon bag(l, 2, 4 L)o] Fo} EFAE ool T4 uet
Micro-syringe® Al dAFEF FYs A FE2 950 Add ALL3tg.

PVL

Com = 22.4%10° x (550 x (550 « (160,

C ! concentration of test gas(ppm) V ! volume of teflon bag(L)
o ° density of liquid sample(g/ml.) T temperature(K)
M © molecular weight of sample(g/mol) P : pressure(mmHg)

Vi : volume of liquid sample(mL)

test gas?® TET LA E 150ppmd EF 9 50, 100, 150ppm o2 22k Az wb
72 FUANRAT, FHFFE flowmeterE A& 2 s

2 AYPeA EFAF LF HBALL ofzfe] AL ol&sley AALSIHUCE o7,
Ve Bwesle Bosly) del §9IRE 0 = BHEsE FH ue: £ERE
of 1] g o}

VoCse mme (%) — —vOCsk = (VOCS, .,

(VOCs),

(03), — (0y),
) % 100

H

Ozoned HE&(%) =
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ol 43

p—a
i
e e

FH2 5 dphase)rtele] ZAGAN BAsts Aoz FW £ I A
dojute F A AloldiMe 2 7 Ze F2P Aot TANE TN AL
&2 A (Adsorbent)2t 1 &u], Fas= 7144 E22 &332 (Adsorbate) £ 5 F 3}
An dop obEd FAAY F2AE HEFAACL YA F2 g o5 A
0% FHARAL ddo A% E}ﬁﬂi ‘4” 9&4 AR dA = 35 #A (Adsorbate)

>
ok
mop D mb

ol
i
o
R
2

b SR mHoREE ¢ } Wi E Ol%f}L ;AR Sl JE A
7 FEA A E2 oR guidM Bejgdaos 17—‘}51: oA o] o},

FRbgel oM FARAL wjg Faste, Fof whgel glojd b slRAe)d ul
o9 Alztelgta & 4 ok wEbAd B odge] M TiO:7t Y E bead(6.5mm
alumina, 7mm glass bead)E #W&7]o] F A& x, dd7lo UVae ZAl glo] E&q

(100ppm, 250mL/min)& F k<o),

=

Ly
L)

bead THlM W3FE F27t Frhsts 495 Faolgln 9, ust ZAskd
2ozt Tk HPAE bead HWY FTEE AAUA 2T F1 goesz
5o FY st & vE 28 W o g8d ANHoR e

AE Al 308 (glass bead)® 40% (alumina bead)9rol Furgr)e] SQ3 9 F21R
AMe E7d g7t ZUTh =, bead EHH Tl w7 UolA dold 5 AUE
RE FHEol gue AozA UVEe 24 Qlo] TIO, 508 E EFdo] AHals)
s, £ 2hzhe) beadd ol FA AYNA wg 2w FHe Pl ou A
E AAAR QA FPee 2A FasA e ¢ F U

¥ Aol A& ¥ alumina beadt F&H o] @2 AEL ALREYEY, 11 o) FE

1
aluminazh 7h2l= dee] F2 f o FR& e xHE B 5 /A7) wFold)

2. TiO: sol9] &4 H7}

obEE Gtd FTAAM EyA AESHE VOCs 7Hed U EA, FHA4E
(intermediate) & A2l HAAZIA 93 CO9 HLOEAM #Ad £7)E 3Hmineralization)
Zb el gl gl e, FEHufe] ogh Rajang wWHalAd #2E 5 glo] FEZu
gl x Aol ol ol&H Ut olAEd i B @& #iyse g
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=EAY ol R1d vprb 9o 22y dRE AFAEL ofHEE kgl 9l
ofA & st CO% H:08 A48 ez Baugla vy wakd FHE
A2 ohga g

(CH3)2CO + 40, — 3C0O; + 3H:0

et £ d@elM AHEE sold] FEH A
fAch

Fig. 33& & 439 zdelA 29F ol4E 284 AAE Jetd Aot} e
Folls 302elA 141 BAOE sampling A ov, Y 5AZL ol FelE 2~3A47
4AL R samplingsh ATk A EolA B o] B AFel AMEE soldt mEWHE ¥
G495 bt ool Y&E RAFL Uk olE olHEY H$ FUHAYE
A2 glol €A s} o)FojA e CO0 H02 AEy Roz Hold, wepi
TiO7} ZHE bead EWAME FAEHEYS T2 o L7t Qornz AL
o2 opMEDR wEg & 5 YA "rh ol olfFE B dyolM Ty ofHEY
B o OADARE o 5% AEY S BAS AT 7 AUD Aoz wd,

oll

g #AstnA ofAE 4P QA

100

G e

90
80 r
70
60 -
50

40

Conversion(%)

30 -

20 +

Wrl —e— Acetone : 150ppm

0 1 n 1 1 L L n !
0 S 10 15 20 25 30 35 40

Reaction time(hr)

Fig. 33. Effect of reaction time on the conversion of acetone in

TiOzUV process (flow rate 250ml/min, RH 25%, 7mm glass bead).
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3. AA A & Fis 54
A WE FEo) B diE s1Ee) AFAARE @M, ddE $V ¥
%2 (batch) 28 & 53l ceramic bead®t glass beadol TiO: sol& I )2 H o
wE A gdss 3 gl ok WA AAEEL TIO»E glass bead
of Z®W§ A$E ceramic beadol ZWE A7t o FFEY, I olfo] dEiAe
ceramic bead”} 71Al & 7t TR 9T A2 Z glass beaddlM & 7149 F&
ol A2 dojupal g u UVH XEAte] s o71€ TiO, Soifatel ojajA vt e
Ul fiEelsn B S
HEAo] ohd A& Wl E dAolMe o= AR FEYEE AWM UVR
o F7b gl& e R d4Ee ¢Fuv & (alumina bead) ¥ FEHH S vha d
v UVH Y 53471 45 f8 tE(glass bead)®] TiO: sold ZH7h ZWE o R
AlA et UV Fibg ol e #d4de S4E& Fig 340 veEhddch
AHE Z& AFALAA FFdel Fxo ¥WH(G0, 100ppm)E FH dH3A A
& (alumina beady 27 65mm, ¥F=50°] o 46% 45o|¥ glass bead®] A%+ 3
7ol 7mm, F=F°| °F 47%% alumina bead® H|E Y Ho] glass beadZt} FF ¢
Arng A4 HE&HAN F Aoz o4)S 3. 50, 100ppm FXol wig
2 »wy 5 7F¢] A 25 glass bead?t alumina bead®] 7 $-Ht} Aol

3t 9l

r]m

2

For, dbg 2108 ol Fol= Adee T2el st JEE Hol: glass bead$t e
@] alumina bead® 4% 24 EAdo] Ho{HS 2 & U L ojFE Y, B
Ago AHEE FEre H(HAE - JlA = 2lmmie] AR FIH T bead?t 44

o] F& olFrh wetM UVHel ¥3 7| wgE bead7tA FHEHEAIE FR3I ¥y
: 2t} glass bead?] A9+ 9§57 vlEE bead7tA Wo] Fr Ayl
alumina bead®] A%t 2%7A L9t etAM glass beade FE8AAo] UVEe = A
8% Wil alumina beadt UV3Eol] 213t 32y} alumina AhA 9] FAAH 9%
S o=y @ ook, B A9 glass bead”t alumina beadRth FE8 A o] =
o] f = A=A A 2bAle] FaBue(E AdolA AL S glass bead®t alumina bead™
Feo] Aol ) UVHS Fate 2d 27|17 q FaAdel s, ol A
Al #E B&E Tl & 4 AW I ol FE alumina beado A= o= AE A
tol Al AlFFH Faol o ol HAHA Fot glass beadd ot &4 FAE o]
2 vebgolr AzbE wesd B Aol A s glass bead® AR A AASA F

walo] Buhe ¥ FAsEt

i

e
op
Fu’?‘,
I

M

%

N
0 J

N
=]
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100

CHIES —e-— Glass bead 50ppm
| N o Glass bead 100ppm
8 . ™ —v— Alumina bead 50ppm
- 70| ) —v— Alumina bead 100ppm
R ~.
E 60 | w
= ~
#os0t
> N
a0} .
S \ O\\\O
O 30} ~ .0
N 4
20 — ~g )
v
10 t
0 30 60 90 120 150 180 210 240 270

Reaction timefmin)
Fig. 34. Effect of bead supports on the conversion of toluene in TiOz /UV process
(flow rate 250mL/min, RH 25%, 7mm glass bead / 6.5mm alumina bead).

4. TYs=d BE FE 54

HA7LA TiOS/UV processE °]&3ted VOCs Ao @8 A9 A7S doud
ioko] A §-7F TiO:Z honeycomb?l EWe] ZEAZlE w3 ags wer] U
o Hdo TiOE ZWAIFIE S A48 ). 88 £2deY TiOE AHg
A o] FAR o8 st HEAY Ao Qo)A E & ALEEA @

honeycomb® 4-¢elc 2 AA7 7HA & 7t&9] FRAA4GT UVEe ZAR 98] o
71€ TiOx Feid el ol AAE ZoE Frld 7] 43 Ao)A ¢ honeycomb
of R Aol AdsE FA TadHAAY B3 g3 R Z"HE TiO,

ozl Uva e 2ALS vz 2317 ufo 3ubge] o3 g4 71gd ¢ ¢
o, weld VOCsstel AW Aol 4uHoT Zejst wael At 1en #87]
Wi W 3¥els #8 I"gds £4% 29 Ad(alumina or glass bead ¥
o] A A Ao TiOxE ZEAIA HES-7] Wid H78E

Fhs e gule B Agol od HFd

)R VOCs7t TiOo A8 + e 58

doig F gl BAHe] Hoprivk: AT gzt dq®
o 3

4
il
ol
oX.
L
2
C
i)
o
:
12}
o
o
_
L
T
o
°

olde EE Z dvoAe AAAd mE 38 HztdA F o 943 342
B2l fe]lT&(glass bead)o] Ti0: sol& FIEste EFd9 HUxxo uet bead
sized(3, 5, Tmm)E FEAPL W E3HT, 7 YF2ZE bead sized] Wl FA¥EE
dHPE mo FE EA4S vustdcth ERdde §YFEE 50, 100, 150ppmeE F



7AA 7 g Ay d38 242 Fig. 35. (a), (b), (c)9 Fig. 36. (a), (b), (c)oll -
ER U et

HA EFe FYUFE wt bead sizeE 2 FE EHS dolusith & B
o) maﬂm AR E 3mm(FFE 40%)% 5Smm(F3E 4%)e FASE AL Ko
A Ed, ol HE 5mme] v HHAO 3mmEthe AN FdgE doF 4 9]
S AEe HEAEAL A, ofr)o UVHo] wtgr] ubg bead7tA| FFHEH = 9F
o2 w7 head7tA UVHS E371 @ He 3mmaE #42 29 202 J7H0,
kg Al gke] oA E ol dFo 2 A3 Smm7t 3mmiEct A7 So] ¢ubgh
ez vebgt Tmme F9¢E wol € HAE=E 84 Bagol FE B S UE
g, 3mm¢%} Smmell #ld dildog B uwgHAHer Qs ERA FEHu HFH
of fUvtsta] grel #East € doid Aoz AdEnt

OJ

B9, 4% ¥ B50 beadol AAST gdoiAt 5mmst Tmmel H$E W]
% bead® ol v beads] AR ROME oFziel WAo] WARROW, AFo

=
L
=
BO

A vbg bead® ZAFE WMol do] AL woz AT £ AU AR
Aole w87 wgE beadd]*‘]% ojw 3t bead?l WAHE AS 4+ U, HEH
FHEE S beadoll M BAE AT ole $A AFEE dE 3mme] A o= bead?
FAYU 7 WY gotd UVl vhg beadZt Al F37F @ =7 wiiol wpgiFEe
bead= kg o8 JFFo] vuE R bead? WMol Yojuhx] gw Ro= A
7zt ol o] f& kg 7|e F2 ¥ HA beadd WS E o] 8 4 U™ Smm
= 3mmet FAMS 284S AT = U2, 100ppmA 150ppmol A S ¥EE 210%
NAME 288 FF 58 FFAH4S 2 £ AW o] FE Bt o]F glass bead
Z AAAZ so] BE) TAHE o) EFzmA & o wrgrie &, 53 g7 F9
Ao} Qo] ALEE bead sized wWE UVHe] & ;

o},

2:‘_

>
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Conversion(%)
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20 [|—*— 3mm
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o T R s
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Reaction time{min)

(a) toluene 50ppm
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80 t
- 7a |}
Ed
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P osof
$
£ a0t
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2 —— 3Imm
10 o Smm
—+—7mm
0 N .
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{b) toluene 100ppm
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—e— 3mm

o Smm
[f—+— Tmm

0 » v " s . . " R
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Reaction time(min)

20

(c) toluene 150ppm

Fig. 35. Effect of inlet concentration on the conversion of toluene

in TiOx/UV process (flow rate 250mL/min, RH 25%).
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ol wel M8 Fdo| AHAA 200min ©|Fo = 3mm2t Smm bead®] 7 $-d)
v % 80%° A&E, 281 Tmm bead? A-¢olE oF 40%9 AS&E Rolu Q)
100, 150ppme2 Fs L7t S7teel wet EFde] MAvraEel &4 F45 A
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(a) 3mm glass bead
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(b) 5mm glass bead

100

80 |
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0t

Conversion(%)

—e— S50ppm
co 100ppm
10 —»- 150ppm

20 |

L L
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Reaction time(min)

(¢) 7mm glass bead

Fig. 36. Effect of inlet concentration on the conversion of toluene

in TiO/UV process (flow rate 250mL/min, RH 25%).

- 66 -



Im

5. & Artel BE B¥d)

TiOxUV process= 71& 1g2kst

g

(229 o4 $)3 BT 4% 42 Holy &
g 7N £ AT B dFoNE ERd} ol BEv wbge] o FA4E
o 4oz Y B4 M) BAYE AdsuA exe BAAY eEe B
Aup o)A BdRes AAHE AR adR g7 Fog wEny o 94 ¢
golm2 Mozl sjojof st Baolth g Eeavl 24 Fo] BEo) Ba
BATtd AYE 2Ee AolBaAEA ARHOZ VOCs BE2E AAT F+ o
Aoy BaAu}

mE,-l

dp o2 ’lr

n.io o aR

5.1. O3 process

A TiOoh UVage] XA gle] 2&2] ¢E 9oz EFAT B £ =
g A Eglel Fig, 3714 R50] 371~ £ 23 %27t 15ppmol M e o 12%
Arel FEAAE Roln] 3 300874 YA 48 Roln Yok rhIsiARE @
% ¥57F 20ppmeolyt 25ppmo 2 L EFE AL X ZI1E Holx] @t} oE=
F o5 AEA, gt FBEES VHE P 2 AHToRZE F 9uivt Qs ¢
S AT P, g F ETEE £ 2F AHEE of 0% ATE YRR 2
tof ghgof o] & s REL 1R WEHE ¥ F UAUTh

il

[

Y

¥

b

100
90 - —e— ozone 1.5ppm
~o - ozone 2.0ppm
80 —v— ozone 2.5ppm
- 70
&\O’
£ 60 [
2
® s0
[}
Z a0l
<]
o 30 -
——— e T Y ey, — —— — ¥
20 1 o o . o o O o
10 b e %4 e
O L L L 1 n )
0 50 100 150 200 250 300

Reaction time{min)
Fig. 37. Effect of ozone on the conversion of toluene in Os process

(flow rate 250mL/min, toluene 100ppm, RH 25%, 5mm glass bead).
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5.2. 03/TiO2 process

Fig. 38 Uvygeal AL glo] 23 TiO.7t ¥ Y glass bead$H2 o] &3 232
doh Aol & & QR F A BT dbg 300271A] A 8AE Ko, &
Q& FEd oA 2 F dE FAHAROAE EFd Heso] o 25% AL FFHA
oh 3, o F AJSHIAAME 30% =ud & @5 T vl& OyTio; FA
Mz o 45% A=R JERIT

ol &3 TiOw FEY dd= dF 2&o] OH radicalZ A# o] FBF
Lo a7t o 45 TAEY H5E S48HAAY] dEelgn AgddEn Ay
%, glass bead®} = U3 RAE GAcd £ 28] Asld Aoz E_"-‘H‘lq.

100

~l
o
T

[=2]
(=]
T

Conversion(%)

B3 w

fas ] (=]

e}

Q 4

o] [ ]

Q y

o ¢
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oW
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(=]
T

—e— opozohne 2.5ppm
oo pzone 2, Oppm

-
(=
T

(=]

0 50 100 150 200 250 300
Reaction time(min)

Fig. 38. Effect of ozone on the conversion of toluene in O+/TiO: process

(flow rate 250mL/min, toluene 100ppm, RH 25%, bmm glass bead).

5.3. 05/UV process

& W o) fHE e F2 AYHoRZAM ¢ & dUAE FFA L QY
afftell o E JleRE Hert BagstAY Aeigel v& fr18dEe] R - A
AL sfe 2 AFst olFold eu o nFAEEe AdFez o Foj} iats
G wY AHATE o fett WRe 49 A83E deelth a2t AaAlw
oz A} Aed dARE 1 W dHde o, A% ol WEw
gopzitis 9HE AT vk

deg AstAle Ao dE Hall AMelstd 4 AsEAE 2dEge] Fejangst v
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Moz Fdrh AGHE B e WAUAE AT U] e §7128 A
AT B oplel 2o BAe 45AE B4 £ Rase] kS AFHYA
48 A 4% radicale YH BT BE AHA L 2L AU FA Sel4 o

] 7}A] 928 AA radicals A TG H
Fig. 39+ 03UV processZA1 3F2-71o] TiOy7F Y E A &2 glass bead® 3
&L, o7)e] UVHE A EA &S Hrgh A9 d9Z232 3008 ¢ 9%

Moz =AU E¥sla 29 9F 2%y 20ppmd WE o 55~60% A Ko
BPHE Bo|n $F Bk} B o 2713 25ppmol M= oF 80% BEo BHAL
Bolxw 9lt} o]= AzlAel o.Fo] UVHe RAIE 9siA A5 A4+ & 9 (OH radical
o W7} 4 Bsde] Beage F4B AR wolv, 2Fe| UV luA
OH radicale] A EH= Wz =2 olgje} o™

O3+ hv — 0O+ O O + H.0O — Z20H-

3

e F, oMBEE vha 9 9F BES Z4sAT ©F FE7 20, 26ppm T

T oFe AWEES o BRAT $FS UNE AAYew BLAF N
3 UVHEE ZAR ga] 280 XYy 4E% OH radical®l Aol o] &5
1 Aoz Azt o B ofaA EWUE ol &¥ AeuT WEHa &9 ©
el AErgel ol Be FHS e Row walth

1-0

100
90 +
80+ o - o © T TUVEE G
—
5= 70+
=4
2 60§ H\W
9 50+
S
g 40 +
QO 30°F
20 |
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Fig. 39. Effect of ozone on the conversion of toluene in OyUV process

(flow rate 250mL/min, toluene 100ppm, RH 25%, 5mm glass bead).
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54. O TiO/UV process

Fig. 40. (a), (b)© OvTiO»UV processZ2 2.F2 Fdw ko wE FE3 EAL
doty 7] ste EF4d Fx S0ppm3 100ppmeol]l W 4 AYge g HAigs
vhebd Aol WA o2 TiOyUV processol &9 A2 A8l %719 =&
Aol AAT ALEE Y 4 A}

=2
Aol M gddd 4 glxe] EF<19 %= S0ppmel FF EFH7IE & oE
el %7t 1oppm o w &7]8 ¥& HFEL vHE 42070 AFAE AFAME oF
0% &S Aty ol {h&7] AFHol Fdl AR FoNAM ofF BL bead®] ¥

ol HEHoz HHALYT. T £ 2T FEE F vl &Y 20ppmelAE
uhE Z719 2 Ba4o] vhE 4208 7R E AEHFHAE, o] Ao bead XHAA
s oolwg WAE Yolubn 2t
EFde $30% L7t 100ppme 2 ZF7hate] wWel S0ppmt TE ¥R &S
e wuc degs AN FAE BAL 4 AT TEAA & 9LFE %
Sppm AE W4 W, EFAL] dBEE WG 208714 oF 95%E Eh AT
ol 100ppmel AL EFIA & 2F FE7F 25ppmo A bead TWo BRIl
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A} ole} fALE ANE B £ Jed, 0FL FYS AT v e AL Holn
| 9ege 4 ¢ 9t §
5t Ti0x7F 28 E bead L 0&9] F9 o5 TiO/UV processi.t HMo] o]H| &}
O

2 A FHAYEE beadol FH¥7]

o O
el
it
|
=2

O
off
L
>
Hir
L
A,
e
oX
=
_LL’ -
o
il
Ani
e
rlo
o
rh
[e]

O»{

= Oy TiO¥UV process®l RE A%l deixT 4% WA Olppme 7] =3
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Fig. 40. Effect of ozone on the conversion of toluene in Ox/TiOx/UV

process {(flow rate 250mL/min, RH 25%, Bmm glass bead).
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Fig. 42. Effect of residence time on the conversion of toluene in
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5mm glass bead).
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RH 25%, 5mm glass bead).
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Fig. 44. Photocatalytic reactivity of regeneration catalyst using pure air, UV in
Ti0»/UV process (flow rate 250ml/min, toluene 100ppm, RH 25%, 3mm glass bead).
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Fig. 45. Photocatalytic reactivity of regeneration catalyst using HNO;

in TiO¥UV process (flow rate 250mL/min, toluene 100ppm, RH 25%,

3mm glass bead).
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Fig. 47. GC/MS result for the photo-oxidation of toluene in the gas-phase.

T ' 12331051
17.05 ;

P Benzoic acid

31 11,858
6.884" °

Fig. 48. GC/MS(scan mode, TIC) result for the photo-oxidation of

toluene by the methanol extraction.
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