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The Catalytic Oxidation of Propylene
Part 2 The Modification of Silver Catalyst by the Addition of Sodium Halides

Tetsud Yamamoto, Akimi Ayame and Hisao Kano

Propylene undergoes deep oxidation over metallic silver. When silver was modified by the addition of
sodium halides such as chloride or bromide, it was found that the conversion was lowered and the selectivity for
propylene oxide formation was increased. When sodium carbonate, one of the constituents of these catalysts,
was removed from them, the original activity and selectivity varied in different manner depending upon the
kind of halide contained in the original catalyst. The order of activition energies for both partial and com-
plete oxidation reactions were interpreted in terms of the heat of formation of silver halides, which is
assumed to be a measure of the stability of halide, and consequently of the interaction of that halide ion with
metallic silver.
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Table1 Experimental Results

W/F Reaction ' Ee Eu Er
Catalyst g-catal. h Temperature  Xpo+ 10* Xcop 107 x7-10° S 10° Rpor 10° Rey,-10° Rye10° keal  keal  keal
mol CsHe™! °C mol™ -mol™* mol™!
1184 280 1.86 58.78  60.64 3.07 1.57 49.65 51.22
Ag, O-NaF-a 1184 300 2.03 67.86  69.89 2.90 172 5731 59.03 363 357 513
1184 320 2.40  80.56 82.96 2.89 2.03 68.04 70.06
1089 280 2.23 69. 07 71.30 3.63 2.05 63.43 65. 47
Ag,O-NaF-b 1089 300 2.44 82.29 84.73 2.88 2.24 75.57 77.81 2.98 4.05 4.11
1089 320 2.65 8862 9127 290 243 8138 83.8l
1117 280 599 3044 36.43 16.44 5.36 27.25 32.61
Ag,0-NaCla 1117 300 8.24 42.59  50.83 16.21 7.33 3813 4551 7.05 10.60 10.14
1117 320 9.28 58.04 6732 13.78 831 51.96 60. 27
1041 280 2.48 12.50 14,98 16. 56 2.38 12.01 14.39
Ag,0-NaCl-b 1041 300 4.22 19.24 22.46 17.99 4.05 18.48  21.58 12.60 13.56 13.54
1041 320 5.43 2867 3410 1562 522 27.54 32.76
916 280 0.74 3.56 4.30 17.21 0.81 3.89 4.69
Ag,0-NaBr-a 916 300 1.48 7.27 8.75 16.91 1.62 7.94 9.55 18.68 22.14 21.59
916 320 225 13.84 1609 1398 246 1511 17.57
877 280 0.69 1.05 1.74  39.66 0.79 1.20 1.98
Ag, O-NaBr-b 877 300 0.45 233 278 1619 051 266 317 13.80 25.8 22.03
877 320 1.68 5.09 6.77 24.8 1.92 5.80 7.72
1241 280 0.00 0.55 0.55 0.00 0.00 0.44 0.44
Ag,O-Nal-a 1241 300 0.00 1.42 1.42 0. 00 0.00 1.14 1.14 o 2562 25.62
1241 320 0.00 2.31 2.31 0.00 0.00 1.86 1.86
1158 280 0.00 0.00 0.00 - 0.00 0.00 0.00
Ag,O-Nal-b 1158 300 0.00 0.04 0.04 0.00 0.00 0.04 0.04 © oo oo
1158 320 0.00 0.09 0.09 0.00 0.00 0.08 0.08
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Fig. 1 Log R vs 1/T plots for propylene oxidation Fig. 2 Log Ryvs 1/T plots for propylene oxidation
over Ag,O—NaX —a catalysts over Ag,0—NaX—a catalysts
— PO —+—+—CO,
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Fig. 3 The relation between activation energy of Fig. 4 Log R vs 1/T plots for propylene oxidation
propylene oxidation over Ag,0—NaX-—a over Ag,0—NaX —b catalysts
and heat of formation of AgX
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Fig. 5 Log Rrvs1/T plots for propylene oxidation Fig. 6 The relation between activation energy of

over Ag,O—NaX—b catalysts propylene oxidation over Ag,0—NaX-—b
and heat of formation of AgX
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