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Abstract : Catalytic oxidation characteristics of benzene as a VOC was investigated in a fixed bed flow reactor using Cu/y-Al,03
catalyst. The parametric tests were conducted at the reaction temperature range of 200~500 ‘C, benzene concentration of 400~650
ppm, gas flow rate of 50~100 cc/min, and space velocity range of 7,500~22,500 hr'. The property analyses by using the BET,
SEM, TGA and the conversion of catalytic oxidation of benzene were examined. The experimental results showed that the
conversion was increased with decreasing benzene concentration, gas flow rate and space velocity. Benzene oxidation reaction
over Cu/y-AlLOs catalyst could be expressed as the first order homogeneous reaction of which the activation energy was 17.2
keal/mol and frequency factor was 1.33 x 10°sec”.
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Figure 1. Preparation procedure of transition metal catalyst by
impregnation method.

Figure 13 Zth A A A=A y-ALOsot F-2]542] S-H]of
e} 25 dste] FelA SuiE Alxshyich SuA 28
S0 ATLAS Cu(NOy,-3H02] A|oFS ALg-aFelch 2|4
A9l y-AlLOs= Alfa Aesar il2] <% 99.997%¢1 A| &S AL
Shch Cu A Aloke gl el & AR A0 T
K7\, oluj HA Alkgeto] A Ao WALz A
2 T dAs] Hao gz 7pgkeh 1A]7F 52t magnetic stirrer
£ o]gsto] FE3] WRHAFZ]AL, Aol A SAIZE, 110 ColA]
15A)7F o|AF AzAZITh ulxEko g2 500 Co| A 5A|7F ZoF
S71ER1 710 A 2AAIA A 28T

2.
HolFEA Y FEEME o] §3to] ABEAS obi]
AR g 20 S5 viaf o] WAl s}

4 X (reactor, furnace) 12|31 7HE4}%|(gas chromato-

graph, GC)i TS0 Qlok WAl EE7EA0} iuﬂ*@*l e

Q3 F7)E T8 Y8 Air compressorS A %] 3}9 L

e T2 IS AAS] A8 F-4F7171 diyers 47‘1
A shoden, vhg7eol fdE= 3719 FF2 39| mass

flow meter (MFC)E AXHA ZXAHEZ=Z 51T
ZujAF5A 2] &= fixed bed type] o] 110 ecm, 7 1/2"9]

A9 ¥H(quartz tube)E 6712 ARE-3FAL, RES-719] F3ko]
© 29

Hk2 A o] gl sintered plateS A 2|3t 225 Z0j& 22|
S 3,1 = o]— At ¥vk-g7] 71498 913l 3-zone Lindberg furnace
5 ALY, =2 A8 k-type thermocouple2 HH2-7] )

20)59] Fofo] S EE X5l WgLES shetateon,
Lindberg temperature controllerE ©]-8&3}6] 3-zone? 2=&
Aolste] #AT ABEAL FASIAT AEHA W
A - 2o MErFESHS F18 GCRA7IE AR5k FID(E
% o234 oz 1A

stk

%7], flame ionization detecter)® <1<5:%]



258 A7 7]%, #2048 A3E, 2014 9

I N

9
=l 8
I 0 ﬂ ﬂ 7
14
LI
4

@ Air compressor @ Dryer

(3 Ball flow meter @ Water bath

® Niddle valve Thermocouple

(D Reactor ® Furnace

@ Temperature controller {0 Gas chromatograph
@ Vent
Figure 2. Schematic diagrams of VOC catalytic oxidation reaction
system.

Table 1. Experimental condition of benzene oxidation reaction

Table 2. Analysis condition of gas chromatograph

GC DONAM DS6200

Detector FID

Column #% OV-1 12ft x 1/8"SS

Carrier gas N,
Oven temperature (C) 100
Injector temperature (C) 100
Detector temperature (C) 250
Range (10" n=2
Flow rate (N, : H, : Air, mL/min) 30:30:300

Parameter Experimental condition
Gas flow rate (cc/min) 50~100
Cu impregnation ratio (wt%) 5~20
Space velocity (hr') 7,500~22,500
Benzene concentration (ppm) 400, 650
Bed temperature (C) 200~500
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Figure 3. Variation of BET surface area as a function of impregna-
tion amount.



Table 3. Variation of pore volume and size as a function of copper
impregnation ratio

Catalyst Pore volume (cm3/ g) | Pore diameter (A)
5 wt% Cu/y-Al O3 0.166 1153
10 wt% Cu/y-AL O3 0.157 118.2
15 wt% Cu/y-AL O3 0.159 120.7
20 wt% Cu/y-ALO; 0.144 118.9

(c) 15 wt% Cu/AL O3

Figure 4. SEM analysis of various Cu/y-Al,Oj; catalysts (magnifi-
cation: x2,000).

(d) 20 wt% Cu/AlLOs
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Figure 5. XRD analysis of various Cu/y-Al,Oj; catalysts.

(b) 10 wt% Cu/g-Al,03
(d) 20 wt% Cu/g-Al,05

Friedman et al.[20]-2 CuO7} XRDA o] g3 2 &A3l= dgi=
AubH oz A4 o] FHAT} o] Qv HE 100 mYg
o] FHAL 713 GFu|utof] g o] 5 wt%o| A HE CuO
o] g YAzHBulk)E 2ol P FA|Fo] F71E
£ peak intensity® LAsHA Z715ctn Bastgch & A
Fof 2291 Zujjo] AX A& ALGH -ALOsE 60 m*/g2] B &
WAL 7431 9lon, 5 wiv% o] R Eko] AE 35.6°9} 38.690]
A CuO2] AA/to] FElstA W= AT EL CuO2| peak
intensity+= Cu®] HA|&Fo] FolPdpE A H o, oA
== a-AbO3 2} CuAlOy 59 4 T3+ TWFE A ¢k
ot §hS 59 XRD #jd £4-& Fa) Suljrt wlAAEek-g-
of #oJslod = CuOL} y-ALO; 9] Aol W AX Ao IS
2| 2] k= ACR YET

7] HA FHE AR Ny 29710042 TGA
A 27| 2=F7] "t ARy
E5uol| uhel EAZATE dojubil ©]F 300 T 9 G
Alzol Z3HE Cu(NOs) 9| E3)1¢} y-ALO; o T3]
Q= hydroxyl7] €] 3| & <Qlgh Eeo| gato R <ls}
%Jfa FAGE7E dojubs Zleg AR, 3 800
Lol A= Codlshzo] 242 Qlsto] nju|gh 57
4& HolFal lrh21].

riot

Aolt}. 7FAFURF 100 ce/mino]| A HE-S-L- % 200~500 |

Flgure 7 WAGYsEol w2 wiHe] Mg vErd
A C
A LEE A Al7IH HAlE =S 400 ppm, 650 ppmo] Al



260 7)<, #2048 A3E, 2014 9

100.0 0.02
99.5 o i
001
H &)
N
£ 990 - <
< r £
£ - 000 2
2 §
o |
= 985 - =
I ©
[a)
- -0.01
98.0 - L
97.5 . ; . . -0.02
0 200 400 600 800 1000
Temperature (C)
Figure 6. TGA data of Cu/y-Al,O; catalyst.
100 e} 100 A o
20 - 90 |-
80 80
70 70 +
& e} g 60
c c
ke (<]
® 50 @ 50
[ [}
€ 4l g 4
g L
S 38
30 30 F
or A 400 2r
ppm )
A Flow rate (50 cc/min)
10~ ® 650 ppm 10 - @ Flow rate (100 cc/min)
O = b . L L L O : f 1 L 1 1
150 200 250 300 350 400 450 500 150 200 250 300 350 400 450

Temperature (C)

Figure 7. The Effect of gas concentration on the benzene conversion.
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Figure 8. Effect of gas flow rate on benzene conversion.
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