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Abstract: The structure and surface acid-base properties of Al,O3-, CaO-, MgO-, and KNO3-modified MgO catalysts were characterized by
X-ray diffraction, thermogravimetry, NHz temperature-programmed desorption, and CO, temperature-programmed desorption. The catalysts
were applied to catalyze the gas-phase transformation of propylene glycol in a fixed-bed reactor. The results indicated that the catalytic per-
formance of these catalysts significantly depended on the surface acid-base properties. Main products detected were propionaldehyde and
acetone on Al,Os, acetol on MgO, and acetone and allyl alcohol on CaO. However, the MgO catalyst modified with KNO; remarkably en-
hanced the selectivity for propylene oxide. A six-pathway reaction mechanism was proposed to describe the catalytic transformation of pro-
pylene glycol based on the acid-base properties and the reaction results of the catalysts.
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Fig. 1 XRD patterns of Al,O3 (1), MgO (2), and CaO (3).
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Fig. 2. XRD patterns of KNO; and KNO3/MgO catalyst samples
with KNOs contents of 0.375, 0.75, and 1.5 mmol/g. (1) KNOs; (2)
K(0.375)MgO, (3) K(0.75)MgO; (4) K(1.5)MgO.
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Fig. 3. TG-DTG curves of K(0.375)MgO (a), K(0.75)MgO (b), and
K(1.5)MgO (c) samples without calcination.
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Fig. 4. NH;-TPD profile of Al,O; (a) and CO,-TPD profiles of dif-
ferent samples (b). (1) Al,O3; (2) MgO; (3) CaO.
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Fig. 5. CO,-TPD profiles of MgO (1), K(0.375)MgO (2),

K(0.75)MgO (3), and K(1.5)MgO (4).
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Table 1 The gas-phase transformation of propylene glycol over different catalyst samples
Sample Propylene glycol Selectivity (%)
conversion (%)  Propylene oxide Propionaldehyde  Acetone  Allyl alcohol ~ Acetol  Dipropylene glycol  Others

Al,O3 97.3 — 57.5 36.4 6.1 — — —
Ca0 80.6 — — 33.2 7.2 14.2 — 455
MgO 24.6 2.3 34 3.8 — 90.6 — —
K(0.375)MgO 13.0 43.9 7.5 125 2.7 30.8 2.6 —
K(0.75)MgO 16.5 44.8 7.3 15.6 33 20.6 8.4 —
K(1.5)MgO 234 44.9 7.5 19.9 5.1 10.9 11.8 —

Reaction conditions: WHSV = 1.7 h™*, N, 18 ml/min, catalyst 1 g, 400 °C, 3 h.
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Scheme 1. The reaction pathways of 1,2-propylene glycol transformation. A: acid sites. B: base sites. w, m, and s denote weak, medium, and strong,

respectively.
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