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Abstract: The novel technology for synthesis of 1,2-propylene glycol by dehydration-hydrogenation of glycerol at ambient hydrogen pres-
sure was reported. Dehydration of glycerol to acetol was catalyzed by Cu/Al,Os catalyst. A 86% selectivity for acetol was achieved at 220 °C
and ambient hydrogen pressure. The effects of copper loading, reaction temperature, and reaction atmosphere on the catalyst performance
were studied. Raney Ni catalyst showed excellent catalytic performance in the hydrogenation of acetol to 1,2-propylene glycol. The selectiv-
ity for 1,2-propylene glycol was more than 99% at 120 °C and ambient hydrogen pressure, and no appreciable change in the activity was
observed over the Raney Ni catalyst after 5 h of time-on-stream. The influence of reaction conditions on the conversion and selectivity was
also investigated in the hydrogenation of acetol.
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Fig. 1. Effect of Cu loading on catalytic performance of Cu/ALO;
catalyst for dehydration of glycerol to acetol. Reaction conditions:
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30% glycerol aqueous solution, catalyst 5 g, H, flow rate 10 ml/min,
WHSV =1.6h",220°C.
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Table 1  Specific surface area, pore volume, and average pore diame-
ter of different Cu/Al,O5 catalyst samples

Surface area  Pore volume Average pore

Sample

(m?/g) (cm’/g) diameter (nm)
ALO; 250 0.49 3.84
1%Cu/ALO5 239 0.49 3.85
5%Cu/ALO; 235 0.47 3.85
12%Cu/ALO5 218 0.44 3.85
15%Cu/ALO5 216 0.45 3.86
20%Cu/ALO5 212 0.43 3.84
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Fig. 2. Effect of reaction temperature on catalytic performance of
Cu/AL,0; catalyst for dehydration of glycerol to acetol. Reaction con-
ditions: 30% glycerol aqueous solution, catalyst 5 g, H, flow rate 10
ml/min, WHSV = 1.6 h™!, CuO loading 15%.
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Table 2 Catalytic performance of different catalysts for hydrogena-
tion of acetol to 1,2-propylene glycol

Selectivity for

Catalyst Conversion (%)
1,2-propylene glycol (%)

Cu/ALO; 383 222
Fe/AlLO; 35.6 24.1
Co/ALO; 80.3 73.6
Ni/ALO; 72.1 63.0
Ru/ALO; 62.2 84.6
Pd/ALO; 435 242
Raney Ni 84.8 97.0

Reaction conditions: 13% acetol aqueous solution, catalyst 12 ml, H,
flow rate 30 ml/min, LHSV = 0.67 h™', 120 °C.
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Fig. 3. Effect of reaction temperature on catalytic performance of
Raney Ni catalyst for hydrogenation of acetol to 1,2-propylene glycol.
Reaction conditions: 13% acetol aqueous solution, catalyst 12 ml, H,
flow rate 30 ml/min, LHSV = 0.33 h™".
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Fig. 4. Effect of LHSV on catalytic performance of Raney Ni catalyst

for hydrogenation of acetol to 1,2-propylene glycol. Reaction condi-
tions: 13% acetol aqueous solution, catalyst 12 ml, H, flow rate 30
ml/min, 120 °C.
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Fig. 5. Effect of reaction time on catalytic performance of Raney Ni
catalyst for hydrogenation of acetol to 1,2-propylene glycol. Reaction
conditions: 13% acetol aqueous solution, catalyst 12 ml, H, flow rate
30 ml/min, LHSV = 0.33 h™!, 120 °C.
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