HWAHAK KONGHAK Vol. 28, No. 4, August 1990, pp. 463-469
(Journal of the Korean Institute of Chemical Engineers)

Mn/Zr SEHISHE Holije] 7= % CO Fa3MHE &Y
SE - WEA - AP - olAY - "ol - A

Fgadiet 3yt
e R A L S
(19901 249 28 A<, 1990 64 14U A=)

Structure of Mn/Zr Oxide Catalysts and CO Hydrogenation

Dong Jun Koh, Jong Shik Chung, Young Gul Kim, Jae Sung Lee,
In-Sik Nam and Sang Heup Moon*

Dept. of Chem. Eng., Pohang Institute of Science & Technology
*Dept. of Chem. Eng., Seoul National University
(Received 28 February 1990;accepted 14 June 1990)

2 <%

FAY o2 Mn/Zr BAE8HE o) & Axste] Zof 543} CO asubgol diste] 73 Foll<
EA42 A4F%9 XRD, ESCA ojsf =A}shct.

24exe] Zvld me FA3Ye A=2IFANEL monodinicte 2 AAsEY T, IV A
=377 ARk B Aol A2 FASEY 2H}E xFo] Foon, Zuje ¥HAS FIM
Zch =3 Mn/Zr S343E FofolA] B2he it Fe) Ede SAshe Ao depdo W7t
A}EE} N2 FAELS F o £ dY AYEE AT e, Mn/Zr E3bsE E0Y
A Y7o A} 2ok Mn/Zr B§4H3HE 2ol A solid solution?) %"‘*T_— CrCy 8% A
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Abstract —Mn/Zr oxide catalysts having variation in Mn content were prepared by precipitation method, and
their structure and catalyfic properties were studied by means of nitrogen adsorption, XRD, ESCA and the CO hydro-
genation reaction. '

After calcinating the amorphous zirconium oxide, it crystallized into the monoclinic phase, resulting in increases in
the crystallite size and the pore size. Introduction of manganese oxide into zirconium oxide retarded the crystallization
of the amorphous zirconium oxide and increased the specific surface area of the catalyst. The surface of Mn/Zr oxide
catalysts was appreciably enriched in manganese. Manganese oxide and zirconium oxide exhibited high selectivities
toward short chain olefins. Active site of Mn/Zr oxide catalysts was manganese oxide finely dispersed on the surface of
zirconium oxide. However, the formation of solid solution in Mn/Zr oxide catalysts decreased selectivities of C-C4 hy-
drocarbons.

1.4 & o]$o1A stdl, o] WhgNE F2 o8 FFY &
shrdo} §ARA3}3HE-(oxygenated compound) ] AB
Yarsteiae) $ashi-gel dside we @77k A9k Fe Co, Ni Ru $9] F530hs 2 ¥a5

463



464 s

A8 AAEE[1,2), Cu Zn Crze Z454k3E9]
EHEL 47 THAEAN F2 202 A U350
a2y e3beae] YAe 8% Schulz-Flory ##[1,
218 =2y, 43 A U= i o=k
£o] F7} Hlz, 2 Bx7} ohostr] u2ell(6, 7] o™
AAETre] g 88 dedle &A7F ot webA
olzlt RS FH3}r] el w7 Wk A
o] -5k Faljo] o] " o]y o] ot
e A7) el gt

# o Roper 5[8]3% Keim#} Falter[9]+& o] 44
828 Adedo g sl A2 I FASHES 97t
}Ee 7122 e ZoAd didled dFYct o7
oAlA HE <ke] Pde] Hrle olaiwigs] AddxE
oz oz Jelhgoen], 420C, 150-250 baro] A
F2 et 4%71x| 9] o] xferg, aelx Cs o)
Ao 42 Y 5 AUtk £ A2z g4t
£33 G7H4EE, K02 o|FoA &viA= dwt 4
55 2FoiF, G o4 whslpa P F&
d¢ Halche 3% glo10] AE2ZEAEES
A CO FAashibgol A gl 2 Fo] AREs I e,
Cus 93g A4+ dgkd Ao =2 F43 A
dEg zhe Ao Byl ew[1],12], Rh& 3|
g Zvje ovbg Aol AHEr} FL HoE e
U3 ¢Je}13,14]. 1 ol = Pd-Zr Zw[15,16], Ni-
Zr Zv[17,18]0l oHste] Q3= sieh 1y Mo-
Zr ZojAl) dsiAe Eoe BAdRA e} W54
g g4 o S B AT AT FHoloh

E odFE MnZr ZujAe) 7)xdTEM Mn/Zr
BgabstE Zo) g Alzsled P7te g wWE &
213 A7 ubsgA P AAE EX Bl A7

(2

we B
>

Wi

2. AEey

2-1. oo M= o SEEH

2 23 FASHE Zv]s ZrO(NOy), 492 80T A
FERA 71 A RS slo]EEAlo| = F Hrlete A
235S ANz Azsiech AAEE oF
A g At 34z 2FFE pHZM 7 AE €
d 717 AHstgony, o 120Ce Azl 16417
AE AxAZ F AHSskoh Mn/Zr B3HiskE &
i ZrO(NOs):9 Mn(NOy.& #3tk= EE§Z9
Fepulol] HPFEE P AAGdo] e uhew
g Rr] & dlol=BAle| =g A3 AHrlstAA F3A]
A Azshsdch A F ospelg FA A3 AP

¢

M

sietEst H287 K4z 19907 8

S
ol
of
42
o)
of
o,

Table 1. Preparation of catalysts

Catalyst Zr(wt%) Mn(wt%)
Zr 100 0
4Mn/Zr 96 4
25Mn/Zr 75 25
50Mn/Zr 50 50
97.8Mn/Zr 2.2 97.8
Mn-N 0 100
4Mn/Zr-IM* 96 4

*prepared by impregnation method
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Fig. 1. Xray diffraction pattern of zirconium ox-
ide catalyst.
M: monoclinic phase, T: tetragonal phase
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Fig. 2. Xray diffraction pattern of manganese
oxide catalyst at different calcination tem-
peratures.

A: calcination at 120°C for 16hr in air
B: calcination at 500°C for 3hr in air
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Fig. 3. X-ray diffraction pattern of Mn/Zr oxide

catalysts alter calcination.

A: 4Mn/Zr calcined at 120°C for 16hr

B: 25Mn/Zr calcined at 120°C for 16hr

C: 50Mn/Zr calcined at 120°C for 16hr

A-1: 4Mn/Zr calcined at 500°C for 3hr

B-1: 25Mn/Zr calcined at 500 °C for 3hr

C-1: 50Mn/Zr calcined at 500°C for 3hr
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Table 2. Surface atomic concentration ratios of
Mn/Zr for Mn/Zr oxide catalysts calcined
at 500°C for 3hr in oxygen

Catalyst Composition (Mn:Zr)
50Mn/Zr 65.7:34.3
25Mn/Zr 36.1:63.9
4Mn/Zr 5.6:94.4
4Mn/Zr-IM 10.2:89.8
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Fig. 4. Effect of Mn content on the BET surface
area of Mn/Zr oxide.
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Fig. 5. Pore size distribution of zirconium oxide
catalyst at various calcination tempera-
tures.
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Table 3. Average pore volumes of Zr and Mn/Zr
oxides after calcination

Catalyst Calcination Pore volume
Y temp. (°C) {cm¥g)
Zr 200 0.175
Zr 400 0.154
Zr 500 0.131
4Mn/Zr 500 0.272
4Mn/Zr-IM 500 0.145
25Mn/Zr 500 0.154
20}

< O 4Mn/Zr-IM
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Fig. 6. Pore size distribution of Mn/Zr oxide cata-
lysts after calcination at 500°C.
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Table 4. Product distribution from the CO hydrogenation®

Selectivity (wt%)c

Rate Ratex 102

Catal. I eorrfp. mmole \ ymmole
O CH,  CH,  GHs  CGHg  CGHg  DME  CHOH  Csr (g cat.hr)(EﬁlT)
Mn-N 350 309  14.8 - 81 415 ~ - — 1346 1748
400 154 100 - 56 47.2 ~ . 219 3.159 " 4103
450 290 250 29 107 252 - - 52 5684 73.82
97.8 300 780 9.0 - 12.2 -~ - - — 0372 .34
Mn/Zr 350 627 230 - 14.2 - ~ - — 0531 366
400 206 181 - 82 413 - - 1.0 3715 23.36
450 342 307 25 129 197 - - — 3450 21.70
50 300 659  17.3 - 16.7 — - - — 0369 025
Mn/Zr 350 534 280 - 18.6 _ - - — 0739 049
400 343 239 18 112 221 - - 67 1398 094
450 431 293 41 13.6 7.0 _ - 28 1685 113
25 300 687 144 - 169  — - - — 0467 024
Mn/Zr 350 619 219 - 16.2 - - -~ — 0668 034
400 376 189 1.1 94 292 - - 38 2436 125
AMn/Zr 300 544 205 - 25.1 - - - — 0852 LI
350 535 243 — 22.2 - - - ~ 0952 124
400 364 152 - 95 339 - - — 2105 274
450 344 198 28 131 240 - - — 4210 548
7P 300 315 2.7 - - - 359 298 — 0692 099
350 314 4.0 - - 150 151 345 — 0982 140
400 335 76 16 46 502 _ - — 1473 210
450 359 112 4.8 92 352 - - — 2835 405
dMn/Ze- 300 896 104 - 3.2 - - - — 0243 035
IM 350 5001 12.8 - 82 290 - - 0498  0.71
400 201 163 24 100 348 - - 165 2182  3.12
450 235 271 86 186 165 - - 57  13.166 1881

OH,/CO=1, P= latm, flow rate = 30cc/min
BH/CO =3, P=1latm, flow rate = 40cc/min

9dProduct distribution is exclusive of water and carbon dioxide.
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