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Abstract

An EBeam (electron beam)-catalyst coupling technique has been developed to control aromatic volatile organic
compounds (VOCs) by annexing the catalyst with already existing EBeam technology. In this study, toluene
emitted from various industrial coating processes was selected as a representative VOC. The concentration of
toluene of concern was 200 ppm. There was an increase in the romoval efficieny of toluene by increasing the
absorbed dose (kGy) in the EBeam-only and the EBeam—catalyst coupling systems. Compared to EBeam-only
system under the same existing EBeam—Pt 1% coupling conditions, EBeam-Pt 1% coupling system revealed 36,
29, 30% increase in toluene treatmenet at (5, 6.7, 8.7 kGy), respectively. In addition, O; was decreased and CO,
CO, were increased by increasing the absorbed dose (kGy) in the EBeam~catalyst (Pt 1%, Cu 1%) coupling
systems. Therefore, it was concluded that the EBeam—catalyst coupling system had a synergy effect on toluene
control, compared to the EBeam—only system.
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W Eeke Fopa B 2R, A 59 A=A
TR AA Wi EF 50% o4& AATT gl
o, A EAFHANHE VOC Aol WS Fosheh
(3744, 2002). ALY =AFAANA AxH oz WS
+ VOCs: TEX (Toluene, Ethylbenzene, Xylene)o)
o, 93t VOCs7t A4, £ ez wiEHw
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1. M £

3)utAl-§-7133HE-A (Volatile Organic Compounds,
VOCs)2 Aty =AFA)A (Industrial coating process)3
A 5-2}8HA1 A (Petroleum refining and chemical manu-
facturing) 2 ¥8) 32 w)25 7 Yok T4 VOC
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v)ws] & df 3}std oz whgAdo] feol F3}tstey
of Wt 7l =rt ¥3, A2 A4S dehy A
of falgt J3FE F7] wfel o]F adAeln A
AR oz Aejsh= wge] A 2FHT Yot
(Kim, 2002). o]ejgt 7+ AbdFA o2 e wiEs
+ VOCsE AHzjslr] 1% 719 Ao 7|e52:
&3 (Adsorption), $<4~(Absorption), G A}#} (Ther-
mal Oxidation), Zuj A3} (Catalyst Oxidation), A B8t
Z 21 2] (Biofiltration) 7|4 5ol v} o] & HY- 7]
Foll ajebd HAG Alojx g WF3T glont 8
z g Aoz v Rite] wlg A3, {HA3
7t o FAAE /M U8 FHERA 5
2000; Hirota e al., 1995). Weh] 71& Ao} 7]42)
Hg& B £ Qe 7)E e g AAe]
u, #F Tl VOCE A3 AAH (Electron
Beam, EBeam) A} Al714 d47F 35 gle)
(Kim, 2002). EBeam ZA} Alo] 7|42 dI7] £ &%
oA o] rlsdel wel oluA] Angke] wig-
Ax, 53] ¥ 5= vofd VOCs7t A 4oz
Wl EHE A AAHe=z H4d 4 9lo (Paur
and Shikarski, 1992). =3}, 107~ 10712% x}eje] A
As-o] AAE Ao} WAEAR FA} o] FoiR]
T,107°~107" 2 Atelol] 9L £579] A, ol
o] A VOCs B4} bge] A3Hmz A
o] &x7} ol$ whaoh(EA 5 2000).

# o= 7|12 EBeam 2A} Ale] 7|14S B} B
gale, BE&S oS 7|3 v B‘Li HEAY =)
BAES oA A3} A7 4 gl EBeam-3v)
coupling 7]%o] AFHT ¢} (Kim ef al., 2005). of

(=]

714&-8 71& AL A} (EBeam Irradiation)el] -7}
sjof wHe7) el 9} 28 Fof ¥ ol
o] AHEs= AR 20 coupling Ale] 7|&e]t}
EBeam ¥1-g-7] sjatel A€ Fwll= 24 EBeam?]
22 BT} o FolAH, EBeam 237] ol
AR BHZ, o] Fo] Enie sl AL
ZoNA AR VOC Ao} TEE TR
(Kim er al., 2006; Kim et al., 2005; Jun et al., 2004).
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Fig. 1. Schematic of EBeam-catalyst coupling system.
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Fig. 2. VOC control system (MFC, Mixing Chamber).
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2 2] ghaknto] A (Diffusion Via) & AME-3lic) &5
A& Ao Wrs2 whHRes 54 279 ¥
o weid 1 =& 24 & £ =F MFC
(Mass Flow Controller)®} &£3%}7] (Mixing Chamber)

£ AHasiglEh 2 AT ALEE RS SR

200 ppm o2 FA| = 3]

Aol AHgE W= dEHor {9 &8
o] Whg-7] ARZSHANAM {515 W-57] ukH 3}
HEHos HEFHES AAHG ugy) =)=
A7 70 mm, &o] 55mm, £3F 0213L2 A2Hq]
T ke e APy A HA RS g
HAHom, 7]l W #4), F F%2 1Sml/mine.
2 FA=H v shdel 1Rk Sul A=
= YA Peo} Cu 42 1% (wi%)7F 2R =9
o EBeame] A= 91-87) Wl /4 A $9 A8
AAE Azt iRl fERl AEAF WEE
ARG 3, F 28 SR gar Alse] WS 9t
7] 918} Lung sampler (ACEN, Korea)& A}-4-3}e]
2|4 Tedlar bag (1L, SKC, USA)2.2 Alag 33}
%ok

2.2 2Muly

AR AREES A $4S 5ked GO/FID (HP
5890)9} ZEFs}44 (THC) 24719 FIA (MicroFID,
Photovac, USA)7} AH&-=¢lt}. ofu, GC A 2-S DB~
5(J&W, 60m x0.53 mm X 1.5 um)7} A% %) 51, GC
QE 2x AL 40°CellA 5°C/mine.z [50°C7}
A, 10°C/min 2 220°C7HA] AFS & 220°ColA) 10
7t HEES A4 H¢dvh FIA (MicroFID)2] 7%
+ 600 mL/min®] dAfsfoz Agr} EX72 &
A=} AEHol| A ZrhE 42 (THC) B4 o] o] Fo
Aok A EAL 9ste] GC/MSD (Clarus 500, Perkin
Elmer)2} 1§ 2t533HA] (Aerotrap 6000, Tekmar)7} A}
£=%ic}. Trap desorber®] dehzl A2 250°Col| A
A frgFoz SET ojFoizion, AHALE AL
dle] —150°C7HA] 222 #8FA17) cryo trapoll A &
x& 2E o). 190°CY] transfer lineS E3fe] A
27} cryo focusZ ©}E% % GC columno g FHEH
4] Hgli columng- capillary DB-1 (50.0 m X 320
pm X 5.0 um)o] AFE-% ¢}k (Kim et al., 2005).

EBeam~-Zm)] coupling A|2®]dl] 2|3t E-3ql A)o]
BES YUlEpr) $13ked GCFID A RA9) 43
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Fig. 3. The mechanism of coupling system.

3 #3A AA 7] gAY W&t
Zeb8}4 4 (THC) 244 © 2 FIA (MicrhoFID) =
AHg-3te] THC ZHof|Ae] Al ag-S 37 37) 8
et o, A FH= CO, CO,, 0% A3 st
o U} F2RA A7 COCO, $47) (Gas
Data PAQ, UK)&} O; £47] (Model 49C, Thermo,
USA)7t AH8-5 40 et

2.3 93 diAUE

17 32 EBeam-Z7 coupling A]A~82] VOC £
& AAUYEE HdF3 Qloh ubsr] Aol =
EBeam ZAte]]l 2] AA7} Ti-foil #Hg& %3] vh-e
7] M2 fgEe} ih87] el A s EBeam =AML
2] Aol 2lsk VOC Aej38As} @7 3k VOC,
Nelz2E P oofsl FAHZo] 7t AxlEm A
o 2ol 9t W3] oz oY of § A
A5 E0 mHle] A43s XA A3t
2o} ZelA] el VOC, RAE B iz 5
ABAIA AAT 4 Aot (Kim et al., 2006; Kim er
al., 2005; Kim ez al., 2004; Jun et al., 2004).

Z, 71& 9| At FA el Eef=vh-F+) Hy-
brid FANAE S0 E4E d7] sl H=e] 7}
o Au)r} Haslgdol (Ogata et al., 1999). ¥id o)
EBeam-Zm) coupling A| &Rl M= A48l Ak
TR wel Ryl deluiA] gle] W) &)
VOC 2 RAbg2] A3} Alo]r) 713t (Kim et al.,
2005).
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Fig. 4. Removal efficiency (R.E.) of toluene by EBeam-
catalyst (EBeam- Pt 1%) coupling system.
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3.1 Coupling A|AH”e| Z0iY Hlof EA

oju] Pt ] 5 o] 83 VOCs Ful| Az} zoi7} A
BRy 77 AsdFe] -3 (Goralski er al., 1998;
Shepson et al., 1984) Zvj e} 7| IA& A
VOC #Aelx A+ w} ¢l (Magureanu ef al., 2005).
2 AF)Ae EBeam-Z+ coupling Al2slo A &
o Ale] BAS A7 n A Sz Pri%
%} Cu 1%E AHE-8FT) 200 ppme] B2l Az}
Wow =zAgl Aaf wkgr] W F-A13 (Absorbed
dose, kGy) Z7}e| @& EBeam-Pt 1% coupling A]2~
el 23t Aol x& W BARE(CO, CO,, 0,24
7AEE 39 49 5o Jefigich FeA%e] 5kGy
oAl GC/FIDell ]38t Bl Alo] &-fo| 85%7}A]
43| 45T F 6.7kGys} 8.7kGyolA 77 91,
95%= Aol &Y A5E AT 5 U =
#}422 (THC) 24712 FIA (MicrhoFID) 2 }el| A =
SkGyd] FAdeelr B4 Aol &g 7T1%7HA]
A5t ol F Alj & &2 6.7kGy9} 8.7kGyellA
77k 81, 2% WimA A FEsteir GCFID2)
A Ao} vledt Aol &£& A3FE A 4+ 9l
AH(ZE 4). olell F7}5le] EBeam FAke] &
7tell wg RARES] FEwsE vlaw sk Eul, CO
9} CO,9 Aex z7] 1.7kGyoll ®%7} 7bzt 2.4
ppm, 230ppm e 2 FMg Fold et et &
7¥ske] FpAgF 8.7kGyol| A 13.7 ppm, 1030 ppm 7}
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Fig. 5. Characteristics of by-products by EBeam- cata-
lyst (EBeam-Pt 1%) coupling system.
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Fig. 6. Removal efficiency of toluene by EBeam-catalyst
(EBeam-Cu 1%) coupling system.
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Fig. 7. Characteristics of by-products by EBeam-catalyst
(EBeam-Cu 1%) coupling system.
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Fig. 8. The comparison of removal efficiency.

Ao &) Z7)5}e] 8.7kGyolA 2+t 64, 66%, 94%
(EBeam-only, EBeam-Cu 1% coupling, EBeam-Pt
1% coupling A~ 2 Yeldt), EBeam A] AT
EF9 Alo] && 1R EBeam-31) coupling Al
oA & EF9 Alo] £EE Holw glod, &
<Za] 2 A143F EBeam-Cu 1% coupling A]A®] 9]
A4 AR ez 2 AbE 3 (Synergy effect) S
29k g4 &9 E A48 EBeam-Pt 1% coupl-
ing A]2E19] 734 EBeam A|2®] o] 9]2] Pt Evljo|
g AeadE #FAFg £ A dubdez Py,
Cu %) 5 couplinggt A 2®2 Ajad A5t
A 0,9 HALE YA 749} CO, CO,8 Z=7}s 7
A 4 U=

4. 4 2

2 QFNE 712 BBeam 24} Aol 7)€
'LL VOC Aoy ZA#Z wlelo g EBeam A} Ao
1S & Bt Alo] a8 A 4 4
Zol 2 A A2 EBeam-Zvl] coupling A| 242
71¢€ d78keh 183 gAEelaA P Cu &
} A12-® EBeam-Zv) coupling A]28l-& E-Fs]-oc]
A=AFANA HeHor SAEE VOCs 3 &
AATE SR o|B Fohod o3
Aee 22 + ok

1) EBeam3} EBeam—-Zv) (Pt 1%, Cu 1%) coupling

Alzwlel o8k 200 ppm BT Ao A& uHET]
o 4ol 271eH(17~8.7kGy)sl afet 271t

°lm

N

w2 % > ol

rl° 2
.&2

~—

fﬂ._;‘!_qi7]j‘s}7§§}-§ilzl X‘“ 21 :ﬂ }“ 635

+ A% B33, FeAFe] 8.7 kGyolM &5l
Ao) &5-8-2 7}7} 64, 66, 99% (EBeam-only, EBeam -
Cu 1% coupling, EBeam-Pt 1% coupling AjAeh) 3
ebgte

2) EBeam—Cu 1% coupling A) 282 EBeam A]2~
B3 ¥)&3 EFA Ao 2§ AFHE BeF3 gl
o1}, EBeam-Pt 1% coupling A|~&]-2 EBeam A2~
By B2 Xﬂﬂi’.‘%ﬂ z+z+ 36, 29, 30% (5, 6.7,
8.7kGy) Z7boked ¥ Aomate thehhald,

3) EBeam—-Zj] (Pt 1%, Cu 1%) coupling A]Z~gle]|
A g7) W g4urel Z7hgel wet EBeam 2
Al Bl Alolst HAHY Sojgon vl
s EFAT 2R AL o) FolA O, 5% (2
Z+ 8.06~1.76 ppm, 7.75~0.93 ppm)= Z+43}31. CO
=% (47t 24~13.7 ppm, 5.8~58 ppm)2} CO, 5%
(7 230~ 1030 ppm, 20~ 460 ppm)= Z7}3}= 73
e epi i

2 473 242 g2z d3 94 voCcel B
g opeh Al ARITANA WA Sk B
7 (Ethylbezene, Xylene S)ol wjgt H37} g% g
L Hloz Aedn

NERE

B AT 2R A AR ] 2Rk
(Eco-technopia 21 project)” 2.2 X4k 339y
o},

|

-

2]

f 1

Mo

AZA, o718k, 2171% (2000) AP BHE
o walsq A7
289-296.

HzA, A A, e7|sh 442, HA A, TEA, Wi, 24
o, 043, (2002) HAY] FZAlol] o]t wgke] 7Y
Aulgoll #AZ A7, FFF A3, 13(5),
411-416.

B (2002) o 7] BAA A 2] A A Y
=F AR AT

Goralski, C.T., Jr., L.D. Schmidt, and W.L. Brown (1998)
Catalytic Incineration of VOC Containing Air
Streams at Very Short Contact Times, AIChE

o] &3t VOCs
T+, FFA71€83A, 103),

AlZ~El 2001 )



EBeam- <% Couplings o4 %4 Alo] EA A7 673

Journal, 44(8), 1880-1888.

Hirota, K., H. Matzing, H.R. Paur, and K., Woletz (1995)
Analyses of products formed by electron beam
treatment of VOC/air mixtures, Radiat. Phys.
Chem, 45(4), 649-655.

Jun, J., J.C. Kim, J.H. Shin, K.W. Lee, and Y.S. Baek (2004)
Effect of electron beam irradiation on CO, refor-
ming of methane over Ni/Al,O, catalysts, Radia-
tion Physics and Chemistry, 71(6), 1095-1101.

Kim, J.C., N. Getoff, and J. Jun (2006) Catalytic conversion
of CO,-CH, mixture into synthetic gas—Effect of
electron—beam radiation, Radiation Physics and
Chemistry, 75(2), 243-246.

Kim, K.J., J.C. Kim, J.X. Kim, and Y. Sunwoo (2005)
Development of coupling technology using E-
beam and catalyst for aromatic VOCs control,
Radiation Physics and Chemistry, 73, 85-90.

Kim, J.K., B.S. Han, Y.R. Kim, J.H. Lee, C.R. Park, J.C.
Kim, J.C. Kim, and K.J. Kim (2004) Removal of
VOCs by hybrid electron beam reactor with cata-
lyst bed, Radiation Physics and Chemistry, 71(1-

2), 429-432.

Kim, J.C. (2002) Factors affecting aromatic VOC removal by
electron beam treatment, Radiation Physics and
Chemistry, 65(4~5), 429-435.

Magureanu, M., N.B. Manddache, P. Eloy, E.M. Gaigneaux,
and V.I. Parvulescu (2005) Plasma-assisted catal-
ysis for volatile organic compounds abatement,
Applied Catalysis B, Environmental 61, 13-21.

Ogata, K., K. Yamanouchi, S. Mizuno, Kushiyama, and T.
Yamamoto (1999) Oxidation of dilute benzene in
an alumina hybrid plasma reactor at atmospheric
pressure, Plasma Chem. Plasma Process. 19, 383~
394.

Paur, H.R. and W. Shikarski (1992) Electron Beam Induced
Purification of Industrial Emissions, (IAEA-SM-
325),93-104.

Shepson, P.B., E.O. edney, and E.-W. Corse (1984) Ring
fragmentation reactions on the photooxidations of
toluene and o-xylene, J. Phys. Chem. 88, 4122~
4126.

J. KOSAE Vol. 21, No. 6(2005)



