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Catalytic Oxidation of Toluene by Manganese Oxide :
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Abstract

Catalytic oxidation of toluene in low concentrations was investigated over various supports. As the manganese
oxides loading was increased, the conversion of toluene increased at a lower temperature. The 18.2 wt% Mn/Y-
Al,O; appeared to be the most active catalyst. Among the supports, Y-Al,O; was more active than TiO, and SiO,.
Manganese oxide catalysts prepared from manganese nitrate precursor were better for complete oxidation of
toluene than those prepared from manganese sulfate and chloride precursor because sulfate from manganese sulfate
and chloride from chloride manganese remained even after the calcination by XRD (X~-Ray Diffraction) analyses.
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278 AelA - HAR - o)A
2003). @b VOCsE Aelatr] ¢lal choret 71%
o] ALa-E T AUl o|F Zu|] AL} (Catalytic Oxi-
dation) 7)%0] &uts] AFH3 9o} (Ferreira et al.,
2004; Centeno et al.. 2002; Luo et al., 1998; Spivey,
1987).

Zu| Abz} 7)1 A% =2} (<5,000 ppmv) VOCs

£ HC+air (0y) M CO,+H,02 HIAF)=

7€z 4 adRn 8 AoA odF7] dfj el
AR A oo, el |2 ARLBAAAN TP f-43 A
© 2 Hrpky 9)r} (Ronald, 2002).

VOCs A3} Swl7} Zofol 8702 =7 37}
A A5 E 4 Aok 3A, 350°C ol5}e) H-& oje
oA VOCsoll Wit & Alst B4, EA, 9% o4
o VOCs st E&E vehie Yo £x 99, vl
Antoz Sl Clo] A&t 443 35 23] &
T2 et

AF7HA ge] AFFHI ¥ VOCs A3} Eofjz
= P, Pd ¥ Ag 59 AF<E v (Wu et al, 2004,
Farrauto et al., 1995; Skoglundh et al., 1991)2} Cu, V,
Mn 52} #Heo|Z<% =v| (Einaga and Futamura, 2004,
Ferreira et al., 2004; Kundakovic and Flytzani-
Stephanopoulos, 1998)7} gl.en, & °] 5 34 4
3 EujE ot HAe} Alzdle 94 84
RS vebiE &l el $3E 3 glot Kim
(2002)2 Y-ALO;, TiO, (anatase, rutile), 12| 3 SiO,
(1, 18] o] CuZ DR)ske] Bl xpdal, wlA
o dsled Ab3 #}AS dF3-3le]en, Einaga and
Futamura (2004) ©7}9] F4 AE-EQ 42k Alst
2 Zuje] Y-ALO,, TiO,, Si0,, 18] 1 Zr0, 2 2
2 AHesled S Bl WA choled S0

Ar3} ub-2-el) t)3}ed Larsson et al. (1997)2 TiO,
(anatase), Si0,, 2&8]x Y-Al,0;9) Co, Cu, Fe2} Mn
59 o] T ASIES TRl FHuj AR} ubg-
& 433193k MeO, Y-ALO;, Si0,, ZrO,, TiO,,
21 Si0,—-ALOsel 47k ALZ}FE-S =E)Ele] methyl
benzoate2] vl AbF} HF-$-& £33t Chen er al.
(2003)2 v-AlL,0;%} ZrO,ol] 20% MnS A]3}s=
o vk 2% 410°ColA ZHzF 90.0, 99.2%2] Ar3}
F&o| Velden R sty =8k Okumura et al.
(2003)2 c}okat 24 AbELE AR A o] W3k EFl

gEdriggstslx) 21 d A3 %

A3} ®F-2-2 XPS (X-ray Photoelectron Spectros-
copy)E F3sle] Evle] =d Ak Abele} I=oloh
3 slgdet o] A VOCs2] Zwl Ak}l kg gled
geoFat gAlel] 34 AEFE FulE Azl Aol
A 58 Aks) b Ve |9 s A

2 CO, VOCs, CI-VOCs2} At
H,oll ¢)3F NOx2] A= 3] u}
=2 A e Aol 34 At
B &)z naEg o, (Liu et al., 2001) 2=

W2 AshEs) Bt 34 3 AFS ShE 9
A zsle] Absl 2] At SE3] SPH U
(Adrian et al., 2004; Alvarez-Galvan et al., 2003;
Gongshin and Raiph, 2003).

adebd 2 ATANE F718A2 ol ALesE
gRae AL 2alabr] slaked ohlel a4 Alse
9l = J’ AbglE 29]& Y-AlLO,, TiO, (anatase, ru-
tile), Si0,2] A9} A|zsted Bl A3} FA] wb
<, A 7J°1] 3k A, 28] XRD, TPR (Tempera-
ture Programmed Reduction) A& ¥-A3}9c}. =3t
b AbshEel A7EAE WIAA A B Y
AL B Suien TUEg 2% U
Sfe) BT FotumAl Sk

3

2. AF 4y

2.1 &0 H=

) AzE 93l 7|E AFEAR AHEE Mn
(NO,), - xH,0 (Aldrich, 98%)¢} vlx AF-EA=2 A}
4% MnCl, - 4H,0 (Junsei, 99%)% MnSO, - H,0
(Junsei, 99%) LA S Fof ol g A (excess
solution impregnation) 2.2 Y-Al,O; (Aldrich, 155
m¥/g) 7% FA FAsH A AFEAEE Al
23 Agz v-ALO; AlFFI ] 13w A= F
Foell =9 F 7-ALO; FAlol Heo ¢ 70°C2 f4]
H Ay 3" M 8 AT F 120°C
9] ZAz71eIA 24hr o] %A HAxAIF o™, 100~
150um =712 F3le] miATtoz 500°Ce] F7]%
A71elA dhr Ft 2A33ke] Mn/Y-ALOsE A3t
ot w3 vjwgA = A}8-3 TiO, (anatase, rutile),
SiO el = $lof] 71 W3 FdshA Az
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Fig. 1. Schematic diagram of experimental apparatus.
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Fig. 2. Effect of Mn on toluene conversion with operating
temperature.
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Fig. 3. Comparison of toluene conversion for 18.2 wt%
manganese oxide supported on different sup-
ports, reaction condition: catalyst weight = 0.1 g:
toluene concentration = 100 ppm in air; total flow
rate = 50 mL/min, GHSV (Gas Hourly Space Velo-
city) = 30000 L/gcat/h~".
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Fig. 4. Effect of various support over 18.2 wt% mangane-
se oxide catalysts at 300°C, reaction condition:
catalyst weight = 0.1 g: toluene concentration =
100 ppm in air; total flow rate = 50 mL/min, GHSV =
30000 L/gcat/h™".
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St Walol sl BeA S A ReE
vlwdt A3 L3 22 £ 18.2 wt% Mu/TiO,
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I3 4% 300°Ce] AAT exelA whgt AbFE
o] FAFE 182wth2 WA 3 A 7he] w7} Ab3}




P2 Abghg] o8 BRA S0 AL} WS

27

nﬁ?ﬂ

e 94 WSS el B 1-ALO,Y 7
A Sl s s 4e) Wbk AL gle
€ & 4 glglen, TiO, (anatase, rutile)?} SiO,=
oscillation &Afo] FFE e} Abs}t ubgo gloy A
Zxell o8] AbStE 3 whEbegee] ojs] FA=ETEA ¢
Fsl= 242 #5 & Ao 93] oscillation HAF
< dodle Aoz By Qluk(Tsou et al., 2004).
E=0o)
QA AT ALE elrr] S13hed A1E 2
2 A9 nitrate 7 ATA (Mn (NOy), - xH,0)&
Chloride (MnCl, - 4H,0)8} Sulfate (MnSO, - H,0)
w7k A v YR AzE 19 Sof vhehy
sieh o) Az 2L F1EE0) 2% FdabA
shsieh

29 5elM vehe vhst o] iztel AFA m
o g Als g Bl o] Ao)7t hehpe
A& o 4 9]t} Chloride$} sulfate A3-x|2] Ao
nitrate YF HFA 9] Abs} kg Ao ] HA3
71}/‘*1%—% 2 4= 9o} o) chloride$} sulfate A7)

Fujo] Ag- 3oz v Jeo PR YA
EM At} vhS- B4 ZAAA A d&-g 3= T4

100

801
60

40

Conversion (%)

20

L Lt

O0r—y—v—v—=% — 1
160 180 200 220 240 260 280 300 320 340 360 380 400

Temperature (°C)

Fig. 5. The conversion as a function of temperature over
18.2 wt% Mn/Y-Al,O; prepared from various pre-
cusor, reaction condition: catalyst weight = 0.1g:
toluene concentration = 100 ppm in air; total flow
rate = 50 mL/min, GHSV = 30000 L/gcat/h™', (1) 18.2
wt% Mn(nitrate)/Y- Al,0;, (2) 18.2 wt% Mn(chli-
oride)/Y- Al,0,, (3) 18.2 wt% Mn(suifate)/Y- Al,O;.
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Fig. 6. XRD pattern of 18.2 wt% manganese oxide catal-
yst prepared from Mn nitrate, sulfate and chloride
before reaction.
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