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ABSTRACT

Catalytic wet air oxidation of acetic acid over Mn-Ce based catalysts deposited on
various supports(SiOz, TiOz, ZrOz, ZrSiOs, ZrO2(10 wt%)/TiO2) have been carried out
in high pressure microreactors. Also, promotional effects by small addition(0.5~1.0
wt%) of p-type semiconductors(CoO, Ag20., SnO) have been investigated. From the
screening tests for initial activity ranking, both Mn(2.8)-Ce(7.2 wt%) and Ru(0.4)-
Mn(2.7)-Ce(6.9 wt%) supported on TiOz were selected as the promising reference
candidates. In Mn-Ce/TiO; reference catalyst, addition of small amount of each p-type
semiconductor(Co, Sn and Ag) resulted in activity promotional effect and the degree of
the increase was in the following order: Co > Ag > Sn. Especially, Mn~Ce/TiOz promoted
with 0.5 wt% Co gave the 2.6 folds activity increase compared to the reference case
attributing to the surface area increase as well as synergy effect. In Ru-Mn-Ce/TiO2
reference catalyst, only Co(1.0 wt%) promoted case showed a little reaction rate
increase.
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Table 1. Metal precursors
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SN EAE Egr|d wER 3o diatdez
Mn-CeAle] ZH@AYE % BA o] 28] e
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& AT F, ojge iy §HE FAAI
A8 gxzte] RelF p-type FEHAE(CoO,
Ag:0, SnO, Ztzte] AH(HAE)= -57.5, -6.95,
-66.7 kcal/mol, 25C 71&)& 0.5¢1A4 1.0 wt%
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Component Formula Name Manufacturing Co.
Mn Mn(CH3COO); - 4H0 Manganese(Il) acetate tetrahydrate Junsei Co
Ce Ce(NO3)s - 6H:0 Cerium(II) nitrate hexahydrate Aldrich Co.
Ru RuCls * xH20 Ruthenium(M) chloride hydrate Aldrich Co.
Co Co(NO3); * 6H20 Cobalt nitrate Yakuri Co.
Sn SnClz - 2H20 Tin(II) chloride dihydrate Aldrich Co
Ag AgNO3 silver nitrate Junsei Co.

Table 2. The supports used in this study

Component Name Manufacturing Co.
Si02 Silica catalyst support Aldrich Chemical Co.
TiO2 Titania(anatase form) Yakuri Pure Chemical Co.

ZrSi0q Zirconium silicate Aldrich Chemical Co.
ZrOs Zirconium oxide Aldrich Chemical Co.
Zr02(10)/TiO; Zirconium oxide/Titania(anatase form) Lab prepared’

* this catalyst is manufactured by dispersing zirconium citrate to TiO2 anatase(calcined at 550TC)
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Fig. 1. Schematic diagram of microautoclave.
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COD¥ DR/2000 ¥#3#=4 (HACH Co.)& o]
S8l AFHoZ FAANUT. A ARE HEF
= el ol €28 4 X COD vial(A¥E:
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Table 3. Analysis condition of HPLC
SUPELCOGEL C-610H,

Column 30 cm X 7.8 mm ID
Mobile phase 0.1% HzPO4
Flow rate 0.6 mL/min
Detector UV, 210 nm
Injection 10 uL
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Table 4 Uehd d¥dde 4% 48 7R
BAA S 2ol JF MHMERS] AARYE Uo}
¥ AozA, gAMLLE @522 AHEPE o
Zt gAMol B5E GUAE, )Y, AEdRAR
Y3t FAXNAE B AANEEYE va
g Ao,

T4, o0& AHE3A ge @ F4UNEe
YR E B9 BATE &522 vgARE
W otH Bl AL WA ¥EE VBE + A
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AF A7} Aol ol ¢ diEHA EAYH T
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g0l 471 daA vehdAw g 70% v
g€ RAFUen 83 AE4q dFehe Ruz
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F7H #4% §44EcE AH8E A4, @Y
F&odMe & 7 UMD WS w2 845D &3
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Zr02(10 wt%)/TiOgo 2218 o, g1} 7}
7HE §e $4E HAFAR. RuCedl 3¥ Zr0z

Table 4. Acstic acid removal efficiency of various catalysts (unit: %)
Support SiO2 TiOe ZrSi0q ZrO; Zr02(10)/TiO2

Active components (220 m¥g)* | (16 m¥%e) | (7.3 m¥® | (19 m¥» (38 m%/)
Support only - - 24 25 0.0
Mn(10 wt%) 9.5 14.6 3.2 67.5 42.0
Ce(10 wt%) 6.4 19.5 16.8 21.1 51.1
Ru(2 wt%) 39.8 18.2 32.9 39.7 29.3
Mn-Ce(2.8 : 7.2 wt%) 8.4 93.7 71.9 100.0 ’ 100.0
Ce-Ru(9.5: 0.5 wt%) 11.2 45.0 81.3 100.0 62.0
Mn-Ru(8.7: 1.3 wt%) 354 63.4 354 87.3 66.4
Mn-Ce-Ru(2.7 : 6.9 : 0.4 wt%) 14.2 97.4 100.0 100.0 100.0

Reaction condition: 2607C. acetic acid 2,500 ppm, cat conc. of 20 mmol 40 bar of air, 60 min.

* BET surface area
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wxA £2(Co, Sn, Ag)€ 0.5904 1.0 wt% 37}
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Table 5. P-type semiconductor addition effects upon Mn-Ce and Ru-Mn-Ce reference catalysts

Support Active components(wt%)* BET Conv. Reaction rate

Mn | Ce | Ru| Co | Sn | Ag | ®¥8) | 8 | g/gcat-hr g/m? - hr
28| 7.2 16 28** 1.20 x 10% | 0.75 x 10°
27| 68 |05 14.26 59** 2.56 x 10% | 1.79 x 103
27| 68| - | 05 27.07 75 3.32 x 10% | 1.20 x 107
27| 68| - 0.5 17.26 40 1.72 x 10% | 0.90 x 10°
27 68 | - 0.5 | 21.09 59 2.55 x 10% | 1.21 x 107
25| 65| - | 1.0 23.62 66 2.98 x 10% | 1.26 x 103

. 25| 65 | - 1.0 17.63 33 141 x 10% | 0.80 x 10°

e 25| 65| - 1.0 | 2253 44 1.90 x 10% | 0.84 x 10°
251 65| 05| 05 14.31 54 2.39 x 10% | 1.67 x 1073
25| 65 | 05 0.5 12.70 42 1.81 x 102 | 1.44 x 10°
25165 |05 0.5 | 14.48 55 2.39 x 10% | 1.65 x 103
24| 6105 10 16.57 69 3.15 x 10% | 1.89 x 107
24| 61|05 1.0 12.41 48 2.07 x 10% | 1.67 x 107
24| 61|05 1.0 | 13.32 40 1.75 x 107 | 1.31 x 10°

* wt% is based on metal, not metal oxide, *

* as references

Reaction condition: 200°C, acetic acid 2,500 ppm, cat conc. of 50 mmol 40 bar of air, 60 min.
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3.4.1. OMIEN SR2uEa#(CH,COOH-TPD)

ol ¥A FHvl(Mn-Ce(2.8:7.2 wt%)/TiOz)l
p-type ¥ = Co ¥ F(0.5 wt%, 1.0 wt%)
H7WNA Azg Zolo g3l |r1HE& GolEy)
A3 oMNEL ¢2EAUY(TPD)E =T Ay
€ Fig. 2~4°) &z Jehiich

Fig. 28 BY o|AEA ZF(Mn-Ce(2.8:7.2
wt2%)/TiO2)9 7% 150T BZolA] ol EALe] &
o] Al&so] 300CAA 72§ Fr1Fo]l &4 3y
400°C XA F A2 kg 471 He] EANdle
RE & £ gk JHAEA Zolol CoB 0.5 wt%
A/MAE 4% vhRZAE 150TAA g3e] A
oy 300TS 400CTAM 5 A9 e39ag v
guiled Ho @33 & 305ToIt, a8
U Co 1.0 wt% H7HN71H Ex9 3 2299
oM F ) 2ASAT 0.5 wt% H7AAEL wWro
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Fig. 2. CH3COOH-TPD profiles measured for
various catalysts: (a) Mn-Ce(2.8:
7.2 wt%)/TiOz, (b) Mn-Ce-Co0(2.7:6.8:
0.5 wt%)/TiO2, (¢c) Mn-Ce-Co(2.5:6.5:
1.0 wt%)/TiOx.
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Fig. 3. CHiCOOH-TPD profiles measured for
various catalysts: (a) Mn-Ce-Ru(2.7:
6.8:0.5 wt%)/TiO2, (b) Mn-Ce-Ru-Co
(2.5: 6.5:0.5:0.56 wt%)/TiO2, (c) Mn-
Ce-Ru-Co(2.4:6.1:0.6:1.0 wt%)}/TiOa,.
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Fig. 4. CHsCOOH-TPD profiles measured for
various catalysts: (a) Mn-Ce-Ru(2.7:
6.8:0.5 wt%)/TiOz, (b) Mn-Ce-Co(2.7:
6.8: 0.5 wt%)/TiO2, (¢) Mn-Ce-Ru-Co
(2.4:6.1:0.6:1.0 wt%)/TiOx.

P 300C #29| gAYl & Wl §YUYE
% ek,

3.4.2. M4 SRHEHYH(0-TPD)

Coln] AFE HE FHUNE oo uis A
$22244 (0 TPD) & $38% 22E Fig. 5l
VeI, 2 23 2ddM uehd vis o) =
ASl A Fo] BY FENHE Zoj2RE o)
g9ich R HA BAFL e LE(140T |39
N gao] oA 1 wEe] JyHos e
LE(500C °] )l 5 WA @xo] Yolyit} o
WAooz Fag A4k ten Be A os)
Wit dojyrt,

Oz(ad) — Oz2(ad) — O(ad) — O%(lattice)

BolHog F3dE Adeg Ox(ad)F & AU
2 27 QAT v Az O*AA e B
3717F w9 ol fch ateld, Fig. 59149 A& o
e B daFo] B3z F3E Ak EE
Ox(ad)FY Ao 2 @ddd dvtxoz FHaita
FE o =gA E3do

B2E FRAA €38 Mn-Ce-Ru(2.7:6.8:0.5
wt2%)/TiOz2 #vle} 79 115T 24 €=z
€ EY3 Mn-Ce-Ru-Co(2.4:6.1:0.5:1.0 wt%)/

Mn-CeAl/Ti0; &ollo] SJ% ol =ile] g ust ey 2271

RN "

-
L
/ o g Ao e

intensity (a.u.)

1 o

100 200 %0 0 500
Temperature (°C)

Fig. 6. O2-TPD profiles measured for various

catalysts: (a) Mn-Ce-Ru(2.7:6.8:0.5

wt2%)/ TiOz, (b} Mn-Ce-Co(2.7:6.8:0.6

wt%)/TiOz, (¢) Mn-Ce-Ru-Co(2.4:6.1:
0.5:1.0 wvt%)/TiO..
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Fig. 6. Amount of CO; profiles measured for
various catalysts: (a) Mn-Ce-Ru(2.7:
6.8: 0.5 wt%)/TiO2, (b) Mn-Ce-Co
(2.7:6.8:0.56 wt%)/TiOz2, (c) Mn-Ce-
Ru-Co(2.4:6.1:0.6: 1.0 wt%)/TiOa.
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