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Abstract : Reactivity of Pt catalysts(0.2, 05wt% Pt) supported on solid super acid, ZrO: - SOs*, for low-temperature oxidation was
investigated for complete oxidation of cyclohexane. Catalytic activity measured as reactant conversion in a packed-bed tubular reactor
increased in accordance with the acidity and specific surface area of the catalyst: as the acidity and specific surface area of Pt/ZrOs - SO
catalyst were diminished by adding potassium during catalyst preparation, the catalyst activity decreased in accordance with the amount of
potassium added. In addition, Pt/ZrOz - SO catalyst exhibited an activity greater than that of a Pt/SiO; or Pt/ALO; catalyst possessing
much larger specific surface area: at 250°C for the reactant stream of 15,000 ppm cyclohexane concentration and 18,000 hr’! space velocity,
a cyclohexane conversion as high as 96% was obtained over 0.2 wt% Pt/ZrOs - SO, whereas cyclohexane conversions over 0.2 wt%
Pt/Si0; and 0.2 wt% Pt/Al,Os were 83 and 79%, respectively.
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Fig. 1. Specific surface area of ZrQ,- SO vs. pH of the
solution for Zr(OH); precipitation. (After sulfation
treatment, Zr(OH); was calcined at 600°C for 3 hrs.)
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Fig. 2. FT-IR spectrum of ZrO» + SO5* prepared from various
pHs of the solution for Zr(OH)s precipitation. (After
sulfation treatment, Zr(OH); was calcined at 600C

for 3hrs.)
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Fig. 3. XRD pattern of ZrOs - S04~ prepared from various
pHs of the solution for Zr(OH), precipitation. (After
sulfation treatment, Zr(OH); was calcined at 600C
for 3hrs.)

Table 1. Specific Surface Area and Pt Dispersion of 0.5 wt%
Pt/support Catalyst

support sp. surface area(m?g) Pt dispersion(%)
*7r0; + SO 0.5 11
Zr0s 67.3 8
Si0, 1757 28
AbOy 1159 40
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Fig. 4. FT-IR spectrum of 0.2 wt% Pt/[K-doped ZrO» - SO/
for various amounts of potassium doping.
a‘no K doped, b:02wt% K doped, c:04wt% K
doped, d:08wt% K doped, e:12wt% K doped, f:
50 wt% K doped

4 FT-IR spectrum¥® Z7#/+2] XRD patterng Fig. 4% Fig.
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Table 2. Specific Surface Area of Pt/[K-doped ZrO» + SO,]

Catalyst
K content| surface area(m?/g) of 0.2 wt% | surface area(m7/g) of 0.5 wt%
(wi%) | Pv[K-doped ZrOz - SO."] | PvIK-doped Zr0; - SO’
0 927 905
02 8.3 87.1
04 86 81.4
08 76.3 730
12 720 68.8
50 60.5 3.5

specific surface area of 0.2 wt% Pt/7rO; catalyst = 705 mz/g
specific surface area of 0.5 wt% Pt/ZrO, catalyst = 67.3 mz/g
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Fig. 7. Complete oxidation of cyclohexane(15,000 ppm cyclo-
hexane in 18000 hr air flow) over 0.2 wt% Pt/ZrOs
- 805 prepared from various pHs of the solution
for Zr(OH), precipitation.

100
(=]
c\ 80 -
o
0
w
o
> 60
C
(e}
(8]
[
[ o
© 40
x
(]
s
o
S
0 -
O 2
0 ¢ T T T
150 200 250 300 350

Temperature,°C

‘: [ ] Pt/Zr02'8042' (from calcination at 600°C) 1
| W PYzro, SO (from calcination at 700°C) }
‘ A PYZr0,SO4" (from calcination at 500°C) |
| 7 PVZrO,SO4* (from calcination at 400°C)
. |

P¥ZrO, 'I

Fig. 8. Complete oxidation of cyclohexane(15,000 ppm cyclo-
hexane in 18000 hr™" air flow) over 0.2 wt% PY/ZrOs
-s0& prepared from various temperatures for
calcination of the sulfated Zr(OH)..

388 A 9 A A1 F, 1998

Ba - 254
100
o
O\ 80 —
c
.
7]
o
> 60
foud
Q
(8]
()]
[
© 40
x
)]
<
o
S
A 20
0 ' T
150 200 250 300 350

Temperature, °C

@ PUZr0,S04
m PUSIO,

A PYALO, |
v PYzro,

Fig. 9. Complete oxidation of cyclohexane(15,000 ppm cyclo-
hexane in 18000hr' air flow) over 02wt% Pt
supported on ZrQ; * SOf—, Si0y, AlQs, and ZrOs.

42 TF sulfaiond g Zr(OHLY £A2Z7F 60T
N5 E PYUZIO, - SO Zuj o] 82d0] Egith ol d A4
HAz2ANA AzY Zr0; - SOF B Aol = cyclohexane?)
ol dgte 22 F0g84E FLAYe BAY
AARA, 273 B4 EAdde AL 9vsg
@3, AAzA AZY Zr0, - SOSBA A BAH
Zole 84 o 2 8 FZEEE 7kF gAY S0, AbOsel
Ztzb gxlg WIS EET ¢ Hold AL AsutiAe y

EMRAHFig. 9 &%), & S 15000 ppm cyclohexane &
=9} 18000hr™ FUEEE 717 B$EA 522 250TAA

N

0.2 wt% Pt/ZrOp - SO Evl & A}83lo] A3A 7 23} %%
cyclohexaned 383 ¥.<l vt 7o whg-ZAd A 0.2 wt%
Pt/SiOZ ot 02wt% PYALO:EZTlE 744 83%<F 79%9)
cyclohexane 3¢S Rtk 02wt% PYZrO, - SO Z )9
HEAH S RNTm/gozA 02wt% PYSiZm% 02 wt%
PYALOsZ ) B Al 182 mYgH 1201 mYgRtt ¥4 =
o, Table 19] YeElA 05wt% PtEoje] WZa BAE
2HE nFo] B 9 02wt% PYZO, - SO/ ZvE Si0.%
AbOsol Z2F 2A" 02 wt% PtEERT we e W
2 FATE HE 202 FARA od A ZrOH A9
sulfation A2l2 Ustd Pro] Fasitelrs A sited &
84L& 037 A S UE AL dFd " 2
22 FAQ Zr0; - SOS o BAE WFE o)z} [CoHp + 90, —
6CO, + 6H0] HHgol tlsted 7ixlE #ojd HEEAHE 24
o] 27t EA4(EL HEE) Jdste Aoz AZEH A



Zr0, - SO o &

100

80 —

60

40

20

Cyclohexane conversion, %

150 200 250 300 350

Temperature, °C

P1(0.2)/ZrO, SO+* ‘
PY(0.2)/[K(0.2)-ZrO, SO] | ’
Pt(0.2)/[K(0.4)-Zr0, SO+*] \
Pt(0.2)/[K(0.8)-ZrO, SO+*] |
Pt(0.2)/Zr0, ‘
PH(0.2)/[K(1.2)-ZrO, SO+*] |
PY(0.2)/[K(5.0)-Zr0, SO4*]

ceeéeddmRoO

Fig. 10. Complete oxidation of cyclohexane(la,OOO ppm cyclo-
hexane in 18000hr’ air flow) over 02wt% Pt/
[(K-doped Zr(» - SO] for various amounts of
potassium_ doping. (Numbers in parentheses denote
the content in wt%.)

& "AEWY SO/ FS A2 Pro AAH Ay
(electronic state)ol F#E v]H 0 2M cyclohexane ¢4 43}
HEe 243 Pto) HEBHL @AY sulfation Mol 9
A A FAHAGDL & F Aok AR WFEojAbo A
cyclohexane®] ¢dAbahibg-o] 3130 i o]Fo)z]7] SejA
€ cyclohexane®] C-C Aol Ago] wlZZujo] A A A
olF we $EZ o]FojFo} tn) roz-sof‘ﬂ e &
S AERE o 2F2AL BEAEY & JFe v
F Ao, 9, 12].

ZrOxdl thE sulfation® 27} A WgZujo] HEZ8Ao] )
A B PYZOy - SOS E0)e] A Aguig e potas-
sium F7b i HAH BozH 9 s153F Fig
10904 ebd wlgl 2ol 02 wt% Pt/ZrOs - SO 20 Az
AolM Zr0p - SO ol #7HE potassiumPo] Bold42 w2
] uu:L u}],,] z—]Q_ A};].u}o/do Z-];(}. _/,\.0}010111 potassium
gk 12wit% ¥l ZrOyo) et sulfation A& E A7 A
HEL ¢ F WA F, Zr0r - SOF o 12 W% potassium
2 A7t ¥ 02wt% Pt BAAZ Euj: sulfationd EE
32 &e 7ol BAE 02wt% PrEujs} v]2d 37)9 A
Ashibg S BYY AAZ potassium T 1.2 wt%
EDX2 2449 710, SO/ B™ SO species &3 2
(equivalent) gtollAl ¥X3tdtt. (2, potassium 3 1.2 wt%

Fio
mrmr

Y BIEol9) HLABEEA U 7 147

T KiSOs A3 sulfate ion®) G2 s dct) 9
2& AYE K-doped Zr0,- SO o 2AE wWgo) gado]
05wt%d A$oz FUsA FRHJEd, 224 2AQ
ZrQy - SOs~ ol W3t potassium Z7FE Fig. 4, Fig, 5, Table 2
of Uebd uhel Zo] Zujo 3N EA #A ZARAY
active phase®d] ¥%, 0] HERAZHY Z4AE 2oz H
ZHH o7 PYIrO:- SO E0l9) A2 A5 AE 7H4A)7
7] W&o}

4.2 &

oldel ATARZRE b 2 A8 U 5 A
D) Zr0, - SOF Ax#4 9] qﬂi}e ]W 55% ARE |

c} .
70“1 Xl] ZrO) SO4 °|] ‘:‘ZIQ ““%%UHT‘E cyclo-
i3]

ZrOv SOSHA 9] A4
A gdx 7—3@’5‘0!]/\1 tetragonal phase’} }A 8}
= v Eelh

3) Zr0y - SOS EA7 SR Y WFZ oo AL Ashure Ao
B X E G 710, - SO o potassium H7RAZ o EM 8
d& & Ak Potassium@Fo| Z7ksled 274A g zw
of EA8hE SO species®) Fako] 252 PylK- doped
Zr0; - SO/ 1E 0] AL Ashukso] tid 2L
ZojEFoz FIHon o AL 57“ %‘iﬂfﬂ *VJE

BIEAA actived 2R X 3]
7.}*5]2171 wjF-o] .,

4) AR zANN Az 0y - SOSBAo) gAF W)
A o £ ugaEE 7HA SOy, ALOsE A ZHzh wx)
AEZHERT o 58 AL Aguksd e Jehygo
PUZr0: - SOS 0] Aujdon wo wIz 2Avs 7t
QFabE Z27FA %‘XITOI] gAg HFEu)o AL *FE}%_%—OH
g ot HE: AL FAY =L AR s)odse
2 FZ2dqg

8 I‘(f

1. M. Hino, S. Kobayashi, and K. Arata, J. Am Chem
Soc, 101, 6439(1979).

2. M. Hino and K. Arata, /. C S. Chem Commun, 851
(1980).

3. M. Hino and K. Arata, Hyomen(Surface), 19, 75(1981).

K. Arata and M. Hino, Shokubai( Catalyst), 24, 241(1982).

A. Kayo, T. Yamaguchi, and K. Tanabe, J Catal., 83,

99(1983).

oo

J. of Korean Ind. & Eng. Chemistry, Vol.9. No.1, 1998



148

=~ D

10.

11.

12.

13.
14.

. K. Arata, Advances in Catalysis, 37, 165(1990).

. R. Srinivasan, R. A. Keogh, D. R. Milburn, and B. H.
Davis, J. Catal, 153, 123(1995).

. G. A. Olah, G. K. S. Prakash, and J. Sommer, Science,
206, 13(1979).

. J. E. Tabora and R. J. Davis, J. Catal, 162, 125(19%).

A. Ishikawa, S. Komai, A. Satsuma, T. Hattori and Y.

Murakami, Appl Catal, 110, 61(1994).

R. A. Keogh, R. Srinivasan, and B. H. Davis, Appl

Catal. A, 140, 47(19%6).

K. Tanabe, “Solid Acids and Bases”, Academic Press,

New York (1970).

ol th A, ot Aarete] A gt (1996).

A. Corma, V. Fomes, M. I Juan-Rajadell, and J. M.

Lopez Nieto, Appl Catal. A, 116, 151(1994).

. R. A. Comelli, C. R. Vera, and J. M. Parera, /. Catal,

A=)
=,

F48e A 9P AL E 198

151, 96(1995).

16. F. R. Chen, G. Coudurier, J. F. Joly, and J. C. Vedrine,
J. Catal, 143, 616(1993).

17. C. Morterra, G. Cerrato, S. Di Ciero, M. Signoretto, F.
Pinna, and G. Strukul, J. Catal., 165, 172(1997).

18. K. Kunimori, Y. Ikeda, M. Soma, and T. Uchijima, J.
Catal., 79, 185(1973).

19. C. Morterra, G. Cerrato, and V. Bolis, Catal. Today, 17,
505(1993).

20. D. E Sparks, R. A. Keogh, and B. H. Davis, Appl
Catal. A, 144, 205(1996).

21. G. Yaluris, R. B. Larson, J. M Kobe, M. R. Gonzalez, K.

B. Fogash, and J. A. Dumesic, J. Catal,, 158, 336(1996).

T. Lopez, J. Navarrete, R. Gomez, O. Novaro, F.

Figueras, and H. Armendariz, Appl Catal. A, 125, 217

(19%).

22.



