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Abstract——The activity of natural manganese dioxide(NMD), electrolytic manganese dioxide(EMD), and metal oxide
(MeQ)/NMD composite catalysts for CO oxidation has been studied as a function of temperature and metal oxide wt% in a
differential plug flow reactor system in a temperature range 300-673K and under atmospheric pressure condition. The MeO/
NMD composite catalysts consisted of NMD and metals such as Pt, Pd, Ru, Au, Ag, Cu, Zn, CuCr prepared by wet im-
pregnation method and calcination in air. It was found from the experiment that NMD could effectively be utilized as a cat-
alyst as well as a support for CO oxidation. By the impregnation of metal oxides on NMD, the oxidation activity of CO
was increased, and palladium oxide showed the highest increase among other metal oxides. The activation energy of MeO/
NMD composite catalysts decreased with the increase of MeO content and the activation energy of NMD was lower than
that of EMD.
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Table 1. Physical properties of NMD, EMD, 5.0 wt% PdO/NMD cat-

alyst
5.0 wt%
NMD EMD PAO/NMD
BET surface area(m’/g) 17.02 22.48 16.5
Pore volume(cm’/g) 0.0398 0.0479 0.0381
(>9304)  (>1130A) (>1100 A)
Aerage pore diamcr(/\) 91.84 98.41 87.02

Table 2. Composition of the NMD

Balance oxygen

Component Mn SiO, ALO, Fe CaO MgO of Mn and Fe

wt% 51.85 3.13 251 386 011 025 38.33
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(B) Electrolytic Manganese Dioxide(EMD).
Fig. 1. SEM micrograph of NMD and EMD.
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Table 3. Preparation conditions of MeOQ/NMD catalysts

Calc. Source

Catalyst o
aalysts TCC)  Name Manufactured Co.

wt% Solvent

PdO/NMD 400  PdCl,

INUIHO PRECIOUS METALS CO., LTD., Japan

0.05, 0.1, 0.2, 0.4, 05, 1.0, 5.0 0.01M HCI

PtO/NMD 400  H,PtCl,-6H,0 WAKO-PURE CHEMICAL INDUSTRIES, LTD., Japan 0.25, 0.5, 5.0 D.I. water
RuO/NMD 400  RuCl,-3H.0 YAKURI PURE CHEMICALS CO., LTD., Japan 0.5 D.I water
AuO/NMD 400  HAuCl,-3H,0 YAKURI PURE CHEMICALS CO., LTD., Japan D.1. water
CuO/NMD 350  CuChL-3H,0 YAKURI PURE CHEMICALS CO., LTD., Japan 1.25, 2.5, 3.0, 10 D.I water
AgO/NMD 350 AgNO, Junsei Chemical Co., Ltd., Japan 0.5, 2.5, 10 D.I. water
CuCrO/NMD 350  Cr(NO,)-H,0 YAKURI PURE CHEMICALS CO., LTD., Japan 0.5, 5.0 D.I. water
ZnO/NMD 350  Zn(CH,COO),H,0 YAKURI PURE CHEMICALS CO.. LTD.. Japan 05, 5.0 D.1. water
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Fig. 2. Experimental apparatus.

1. Fumnace 7. N, bomb
2. Fixed bed 8. O, bomb
3. Gas analyzer 9. CO bomb
4. Gas mixer 10. Flow meter
5. Cooler 11. He bomb
6. Mass flow controller 12. Vent
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Fig. 3. CO oxidation power of NMD and EMD. The gas flow rate(2
I/min} and Mn moles(1.88E-2) were held constant(open sym-
bols). The space velocity(1.22E5/hr) and gas flow rate(2 //min)
were held constant(closed symbols).
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Table 4. Comparison of price of EMD and NMD

Imported or .

manufactured Price($/kg) Mn content(wt%)
EMD(99 wt%) Aldrich Co. 40 63.2
NMD(Pyrolusite)  Australia 0.25 51.85

Table 5. Activation energy of MeOQ/NMD catalyst for CO oxidation

Reaction order

Catalysts  wt% E(kJ/mol) T(°C) ®." ef.
EMD 4261 150-350 0.72(130°C) this work
MnO, 100 406  75-150 - 17
Mn,0, 100 504 130 0.68(130°C) 6
Ag/Mn 3/7 47.04 130 0.51(130°C) 6
NMD 35.00 150-400 0.69(150°C) this work
PdO/NMD 0.05 3126  150-400 - this work
0.1 29.22  150-400 - this work
0.2 25.6 175-400 - this work
0.4 19.0  175-350 0.85(150°C)  this work
1.0 17.9  175-400 - this work
5.0 142 175-300 - this work
Pd/SiO, 5.0 103.3 127-177 - 23
PtO/NMD  0.25 87  400-200 - this work
378 200-150 -0.609(180°C) this work
0.5 - 1.374(180°C) this work
0.4585(225°C)
5.0 15 180-400 - this work
Pt wire 133 227-527 -10 21
Pt/SiO, 504 3749 . 22
PY/SiO, 5 177< -02 23
CuQ/NMD 0.6027 373 150-400 - this work
0.2063 305 125-400 - this work
2.5 385  180-400 - this work
S 258 150-400 - this work
10 22.6 180-400 - this work
AgO/NMD 1 322 200-400 - this work
2 312 150-400 - this work
29.2 150-400 - this work
10 27.0 150-400 - this work

kg e) zhi= o} AL AREa e S Bolgte
FAde B7s A LA H3E o 10% e S5
3 Aol Belvke P ol Fv|28 Heln| Table 4o)|4] & <
o+ ulel 7ho) flg 9] 7}A-& weidkcls EMDS] 7H7o] NMDe)
1608 17fol oL b g Al-sle Zlo] 235]8 AHHLZ §
2|8 £5 g)e Ao}

3-2. ﬂéiﬂ)ﬂl—dxl
upkgA o] et olabsiizte| Tlrhe AbsiRkA A3t o] 9]

2 E}‘ﬂ%}%ﬁt—}. wpebd g AHA Atglede] 4% NMDE
base metal & 3} ﬂ—"ﬁUHE | 28kl dArsleta-o] AbslalAte)
ol odf 7HA] F4-E-S NMDe| dr]sle] ZoiE A zsle] o
oo et °é*l§}51’.1——4 A3l At 2| & &A% 23} Table
59} o} gt B ol AMEE Zof B WA @ Ao oAt
o] ¥ )& ASS ol 52 Al A )] e vislas) e A3
o) atget A Jebiich A steliviAl & Fig 40l Yephd uie} 2
o] %ol ulZ Pur| LxAfeole] AAE SAIRF Arthenius plot
Lo guE] 23 4 qlglen dEHQ 7122 NMD, EMD, 0.4wt%

Ashekg4 697
8
O NMD
a MnO:
& PdO/NMD 0 4wt %
6L
'> & E=19.0
,:‘v) \D\A\A
» 4
X
&
£=42 61
2 -
(e}
! 1 I
0.0016 0.0020 0.0024 0.0028

1T (KY
Fig. 4. The Arrhenius plot of NMD, EMD, 0.4 wt% PdO/NMD cat-
alyst for CO oxidation.
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Fig. 5. The effect of MeO on CO conversion over MeO/NMD. The
space velocity (1.22ES5/hr) and 0.5 wt% MeO/NMD were held
constant.

FollA] AR PANMDS] Zvuje] A $-t o|uct 3] Fe ke
woeh 2E ole FAH =9 Wsvh oo wAd 5 4l
v W42 ki # gloo] wd HehEol Si0 NMDel =]
g o FAkdate} 2707t vhgeex A d4425) =3 AR
F ge 8o 2 & vk 22{vh WstEe] o] gt AAR
A vhebd 3 ol gAstelluix]e] Wistte g Rojdle Uy 2 3
o2& o] wg FkekAlell kg 2’k Feirt 9lEE Wbt
& Zhgelt.

oleld} g E FHd WAl F&AsEe] FAE | A
Absperse] Abshihgo] ot golskA AHE = 9led & 5 UL

ol 59| Al RHEA & chg} 2}

33. SXES0 mE Hey
B ATolla S B Fol FHH LS PR
]

i*i ole| Agte] 7|thx|o] ofell UArsthAaste] AgPHo] 7

SASHES obrlsle] Al ES 3 B Role 5
Absh-Eof| gk A belS sassloh

27kgA 05 wi%eol sigsl e F5AkshEe] BRI E RS o dab

shebicol Abshgel dhshel 23T 43 Fig 59 ek gl B
Qi ups} o] ulepe) FEAIE Rl Ayl Wet MR o2
el ulsiAl dabshebs wheale] 3718 EE 4 dgieh
3 ebe Abshgol BT Aol 220CoA kel mafA A
Fo] 60%2) 2718 wol ATE ¥ 4 o ohe FH4ks
o] "] &} A slkgo] 30-40% A% EA et}

24 Boje) AzA EUEE ISAHLEL A2 b 5A
3 olgste] 4z mHel A, & Abash YarsREEe] BE 2
spelo] ke UL olgsiel uhge) SE ARAL) NWE Hrt
o|stE 2 akel Aolch PAHIEHET T T4 AbSHEe] £
Zojo] Friola] elAbebekae] ABPRE-& 4] (1(7) o] A1
o A4 Zofe] Tl Yarsierae bshge] AW o &
% ARAE 4bae) ALRAR A (Tl

wa e g oL 4>

O, (ads) + 2CO(g) —» 2C0O(ads) or 2COg) 1)
2C0(ads) + 0,(g) — 2CO,(ads) or 2CO,(g) 2)
CO(ads)+MeQ —» Me + CO_(ads) 3)
CO(ads) +2MnO, — Mn,0, + CO,(ads) 4)
CO,(ads) & CO,(g) (5)
Me +2MnQ, —» MeO +Mn,0, 6)

55128 HI34A X6E 19964 128

3% =B

Me+1/20,(g) - MeO )

ok AFE Yuskraste) ARl A Trste] Aarh F
B 4 Qe §492 2 ARz Pasy) WEolehs) 5
8 olelt WL AN £E AHWAZ Hhalel YR
o) uhgAker) &9 3hg Al He F1 el olafd ks
w5l ot B2 A7t = Yct. HEA] Eel 24 PAO/Mn.-
0,[27], Pt/Sn0,[15, 28], Pt/Ce0,/AL,0,[8, 9], AuMnO,[15] & =&
5 % ich old) AHEE FHUSIESS Al WA A o] 4]
it

Gardner[15] 5] A A3}l gJsld AuMnO, Zoj2] d4tsi=t
& ASHEAe) W3 35 o2 wusdth 2ot @ A7l
2473} 0|3 £ paladm te} ok 425 ekl 012
@ QUeEE 2 ATAN AT B Pl SJste] 25
deme fel S} T4 Bgo2A BIH WIS Bud
o}, w3k ghzke] EAAF FHelE 7FRF 999 AbE A (synergistic

effect)7l— FEHE= BA S 9% 23l Yl =3 a5 gl
€ Zleg wosch Wge oA oo} ‘34_’ ‘Jr°l| +AHE
—‘?--r gebg Bl 59 A 22]8 vele %} cerium>} £

2 o) 3 AR S ol el ot £ "’W““’H AHEEL B
734 wte] HolE Avbs B 4 glsdch kAR A 4l
slebaw o) Abele) AlstEo] 94§t o R PR IR G4
Z5Fol BAIge] A4 FAFHE e x Bsta dAAal
weEr Zybrl Ak Po g B af 4] (6) & (7)9] Ade]| PO/
NMD Zvj v} Bo]3}2] £3-& Holx AL shdsle}.

olzigt ZFE B o) w7ksiae] 331 ety B8 FAlel o]
23 P QI EF Yo 4RSS AR R FRE o
2}-51}2] Ah4 A I (synergistic effect)7} 7]-74 S3He- o 5 qioh

4.8 E

A= urer|ol|4] WMo 2<AESHE(P, Pd, Ru, Au, Ag,
Cu, Zn, CuCry& 247 @AIste] Aarsheize] 4¥sh Aol dhstod
Aegt Az ohey e H2e 98 F gk

otshazbuct e g nsich

) WA el FEAbsEo] Aol webd UarsRae] Akt
FASAZL FAS Fasl o Aa%e A FAYe
xe| gaysholi 2| we} w9 e g wdch

() B BEA TS BABA L A5 AarsRA 4
Hgdo] ZriEg o REH 34 FolA Bebge] 7MY $43

#5hE ek

>
2

# Al

2 o= Ar|dgsta (95 s st ) 2| Y ofs =
slglon oo ZHAl=3 Y}

#DES

1. Crucq, A. and Frennet, A.: “Catalysis and Automotive Pollution
Control”, Elsevier, Amsterdam, 30, 395(1987).

2. Anderson, J.R. and Boudart, M. Eds.: “Catalysis Science and
Technology”, Springer Verlag, New York, §, 124(1983).



MeO /NMD Zvljo] ol4tsiet

. Leach, B.E.: “Applied Industrial Catalysis”, Academic Press, New

York, 1, 20(1983).

4. Yao, Y.F.Y.: J. of Catal, 87, 152(1984).

. Yao, Y.F.Y.: Ind. Eng. Chem. Prod. Res. Dev., 19, 293(1980).

6. Imamura, S., Sawada, A.., Uemura, K. and Ishida, S.: J. of Catal,

10.

11.

12,

13.

14.

15.

16.

109, 198(1988).

. Haruta, M., Yamada, N., Kobayashi, T. and lijima, S.: J. of Ca-

tal, 115, 301(1989).

. Serre, C., Garin, F., Belot, G. and Maire, G.: J. of Catal., 141,

1(1993).

. Serre, C., Garin, F., Belot, G. and Maire, G.: J. of Catal, 141,

9(1993).

Brittan, M. 1., Bliss, H. and Walker, C. H.: AICKhE J., 16(2), 305
(1970).

Severino, F. and Laine, J.: Ind. Eng. Chem. Prod. Res. Dev., 22,
396(1983).

Masayoshi, K., Hiroaki, M. and Harvo, K.: J. of Catal, 21,
48(1971).

Masayoshi, K. and Haruo, K.: J. of Catal, 27, 100(1972).
Masayoshi, K. and Haruo, K.: J. of Catal, 27, 108(1972).
Gardner, A.D., Hoflund, B. G., Upchurch, B.T., Schryer, D.R.,
Kielin, E.F. and Schryer, J.: J. of Catal, 129, 114(1991).

Kunii, D. and Levenspiel, O.: “Fluidization Engineering”, 2nd ed.,

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

2 Absh-gA

699

Butterworth-Heinemann, Boston, 15(1991).

. Books, C.S.: J. of Caral, 8, 272(1967)
i8.

Crucq, A. and Frennet, A.: “Catalysis and Automotive Pollution
Control”, Elsevier, Amsterdam, 30, 155(1987).

Park, J.S., Oh, K.J, Park, Y. U. and Doh, D.S.: J. of KSEE,
17(5), 451(1995).

Anderson, J.R. and Boudart, M., Eds.: “Catalysis Science and
Technology”, Springer-Verlag, Berlin, 3, 108(1982).

Berlowit, P.J., Peden, C.H.F. and Goodman, D. W.: J. of Phys.
Chem., 92, 5213(1988).

Cant, N. W. and Donaldson, R. A.: J. of Catal., 70, 320(1981).
Cant, N. W, Hicks, P.C. and Lennon, B.S.: J. of Catal, 54, 372
(1978).

Levenspiel, O.: “Chemical Reaction Engineering”, 2nd ed., John
Wiley & Sons, Inc., New York, 32(1972).

Zafiris, G.S. and Gorte, R.J.: J. of Catal.,, 140, 418(1993).
Kiselev, V.F. and Krylov, O.V.: “Adsorption and Catalysis on
Transition Metals and Their Oxides”, Springer Verlag. New
York, 181(1989).

Imamura, S., Tsuji, Y., Miyake, Y. and Ito, T.: J. of Catal, 151,
279(1995).

Boulahouache, A., Kons, G., Lintz, H. G. and Schulz, P.: Appl.
Catal, 91, 115(1992).

HWAHAK KONGHAK Vol. 34, No.6, December, 1996



