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Abstract: The effect of supports (MSU-1, y-Al,O;, AC (activated carbon), and MgO) on the catalytic activity of Cr-based catalysts was in-
vestigated for the dehydrogenation of isobutane with CO,. The catalytic activity was in the order of CrO,/MSU-1 > CrO,/Al,0;> CrO,/AC >
CrO,/MgO. The catalysts were characterized by N, adsorption-desorption, X-ray diffraction (XRD), X-ray photoelectron spectroscopy
(XPS), and temperature-programmed desorption (TPD). The XRD results indicate that the active species of Cr are dispersed well on the
supports. N, adsorption-desorption shows that the support MSU-1 has the largest surface area (804.2 m% g), which results in excellent disper-
sion of Cr and highest activity. The XPS results reveal that Cr®" is one of the active centers. The results of NH5-TPD indicate that catalyst
activity is proportional to the amount of weak acid adsorption sites. As a result, the best support is the MSU-1 zeolite owing to its high spe-
cific area and a large amount of weak acid sites. The 59.2% conversion of isobutane and the 39.5% yield of isobutene are achieved on the
CrO/MSU-1 catalyst.
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Table2 Deactivation rate of various catalysts for oxidative dehydro-
genation of isobutane with CO,

Catalyst Xo(i-CH10)/%  Xs(i-C4H 0)/% Ly/%
CrO,/MSU-1 59.2 20.3 65.6
CrO,/Al,04 39.2 17.6 55.2
CrO,/AC 233 14.8 36.7
CrO,/MgO 21.1 19.4 7.9

*Lg= (Xo—X3)/Xo, where Xj is the initial isobutane conversion (5 min),
and Xj is the isobutane conversion at 8 h.
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Table 1 Catalytic performance of various catalysts for oxidative dehydrogenation of isobutane with CO,

Catalyst Conversion (X/%) Selectivity (5/%) Yield (Y/%)
i-C4Hyo CO, i-C4Hg C;Hs C,H, CH, Total® i-C4Hg Total®
Si0, 12.6 0.6 52.4 30.3 1.6 13.6 85.4 6.6 10.8
CrO/MSU-1 59.2 16.8 66.8 13.1 2.0 13.1 83.5 39.5 494
CrO,/ALO; 39.2 9.6 65.9 16.4 2.1 14.2 84.8 25.8 332
CrO,/AC 233 34 57.3 17.4 1.7 14.5 83.9 133 19.5
CrO0,/MgO 21.1 1.9 35.2 35.5 3.1 25.5 73.8 7.4 15.5

Reaction conditions: 873 K, V(CO,)/V(i-C4H,0) = 3, total flow rate = 12 ml/min, catalyst mass = 0.2 g.

*Total = [—C4H8+C3H6+C2H4.
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Table 3 Structural properties of various supports and catalysts
Cr surface Ager Average pore Pore volume
Catalyst . I ) . 3
density (nm™) (m/g) size (nm) (cm’/g)
MSU-1 — 804.2 2.09 0.42
CrO/MSU-1 0.72 696.4 2.11 0.37 2
ALO; — 241.6 7.79 0.47 =
CrO,/ALO; 2.13 2376 7.40 0.44 £ w @
AC — 287.2 3.45 0.42
CrO,/AC 2.52 200.4 3.42 0.40 \\"\
MgO — 153 25.10 0.10 3)
CrO0,/MgO 11.94 424 48.56 0.51 M s, ™ (2) ]
(n
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Fig. 1. XRD patterns of various catalysts. (1) CrO/MSU-1; (2)
CrO,/AL,0;; (3) CrO,/AC; (4) CrO,/MgO.
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Fig. 2. XPS spectra of various catalysts. (1) CrO/MSU-1; (2)

CrO,/ALO3; (3) CrO,/AC; (4) CrO,/MgO.
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Table 4 The distribution and the content of Cr species on the surface of various catalysts

Binding energy (eV) Area percentage (%)
Catalyst cr? Ccr* cr’ Ccr*
2p3p 2p1p 2p3p 2p1p 2p3p 2p1p 2p3p 2p1n
CrO,/MSU-1 577.2 586.4 579.6 588.8 29.9 14.9 36.9 18.4
CrO,/Al,04 577.0 585.2 579.6 588.1 22.1 11.0 44.6 222
CrO,/AC 577.5 587.1 — — 66.8 333 —
CrO,/MgO 576.5 585.7 579.1 588.3 34.0 17.0 32.7 16.3
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Fig. 3. NH;-TPD profiles of various catalysts. (1) CrO,/MSU-1; (2)
CrO,/AlL,0s; (3) CrO,/AC; (4) CrO,/MgO.
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Fig. 4. CO,-TPD profiles of various catalysts. (1) CrO,/MSU-1; (2)
CrO,/ALL0Os; (3) CrO,/AC; (4) CrO,/MgO.
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