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Abstract —In order to investigate the effect of chlorine promoter on the epoxidation of ethylene to ethylene oxide,
a steady state kinetic study was carried out with chlorinated and unchlorinated silver catalysts. Chlorine adsorbed on
supported silver catalysts decreased overall activity and increased selectivity towards ethylene oxide. It was found that
the Langmuir-Hinshelwood rate equation can be also applicable in the presence of chlorine promoter and the ratio of
adsorption equilibrium constant of ethylene to that of oxygen (Kg/K() was increased with the increase of chlorine cov-
erage. The decrease in the reaction rate caused by the adsorption of ethylene oxide was more enhanced with the in-
crease of chlorine coverage and ethylene particle pressure in the reactant stream.
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Table 1. Kinetic data with a chlorinated catalyst

at 160°C
PE Po rnx 103 TaX 103 S
(atm) {atm) (mol/g-h) (mol/g-h) (%)
0.9 0.1 0.574 0.226 71.8
0.7 0.1 0.617 0.278 73.0
0.6 0.1 0.693 0.252 73.4
0.5 0.1 0.772 0.278 73.5
0.4 0.1 0.898 0.317 73.9
0.3 0.1 1.096 0.395 73.5
0.2 0.1 1.382 0.544 71.8
0.1 0.1 1.753 0.788 69.0
0.8 0.2 1.217 0.395 75.5
0.7 0.2 1.300 0.428 75.8
0.6 0.2 1.437 0.458 75.9
0.5 0.2 1.583 0.512 75.6
0.4 0.2 1.778 0.588 75.2
0.3 0.2 2.112 0.726 74.4
0.2 0.2 2.250 0.832 73.0
0.1 0.2 2.439 1.068 69.5
0.7 03 2.041 0.640 76.1
0.6 0.3 2.190 0.693 75.9
0.5 0.3 2.388 0.772 75.6
0.2 0.3 3.139 1.148 73.2
0.1 0.3 3.103 1.275 70.9
0.6 0.4 2.965 0.916 76.4
0.5 0.4 3.135 0.994 75.9
0.4 0.4 3.466 1.141 75.2
0.2 0.4 3.898 1.454 72.8
0.1 0.4 3.602 1.465 71.1
0.5 0.5 3.745 1.162 76.3
0.4 0.5 4.152 1.341 75.6
0.3 0.5 4.334 1.486 74.5
0.2 0.5 4.361 1.620 729
0.1 0.5 4.011 1.622 71.2
0.4 0.6 4.853 1.573 75.5
0.3 0.6 4918 1.668 74.7
0.2 0.6 4.784 1.790 72.8
0.1 0.6 4.388 1.723 71.8
0.3 0.7 5.406 1.851 74.5
0.2 0.7 5.152 1.960 73.0
0.1 0.7 4.681 1.863 71.8
0.2 0.8 5432 2.005 73.0
0.1 0.8 4.849 1.984 71.0
0.1 0.9 4.962 2.143 69.8

W3E vlwEtr) $ste JAaE AsiA ¢ Zu)st
3-149 7rrd d4E oS5 el e (o,
=020)) g3t Z& ubsEANA AP FY3A
c}. Table 20 = Zt7zte] 7 4-of) ofsle] 4] (1) & o] 83
nonlinear regressiong 7 &4 A4R k, Kg, Ko 32
el ook

fcol F7 3ol wel N F A3 ube&E Abpr) 7}

0.2
0.1

P, (atm)
¢ 08
- o 0.7
5+ .
n & 06
o 0.5
A 0.4
[} A (L3
[ ]
o}

r; x 103 (mol/g-h)

0 0.2 0.4 0.6 0.8 1.0
P E (atm)

Fig. 1. Effect of P5 on the rate of epoxidation at

different P, with a chlorinated catalyst at

160°C. The curves represent calculated

values of the reaction rate by nonlinear re-

gression of Eq. (1).
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Fig. 2. Effect of P; on the rate of total combus-
tion at different P, with a chlorinated
catalyst at 160°C.
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Table 2. Constants of Eq. (1) and their standard

‘deviations
8, kx “)3 KI: K()
a (moVg-h) (1/atm) (1/atm)
1] 52.514.5 6.56 + 0.8 2222043
0.11 42.2+1.8 8.93+0.45 1.50+0.12
0.20 27.315.6 7.37+1.17 0.80+0.26

Table 3. Kinetic data with variation of total flow
rate on an unchlorinated catalyst at
160°C

Py P, F
(atm) (atm) (1/h)

rx103  Ppg,yx 103 S
(mol/g-h) (atm) (%)

0.8 0.2 2.5 2.808 0.815 70.0
0.8 0.2 2 2.770 1.004 70.5
0.8 0.2 1.5 2.516 1.217 71.0
0.7 0.3 2.5 4.035 1.117 69.0
0.7 0.3 2 3.936 1.427 68.9
0.7 0.3 1.5 3.690 1.784 69.5
3.5 0.5 4 6.042 1.096 64.1
0.5 0.5 3 5.860 1.417 64.7
0.5 0.5 2 5.411 1.962 53.9
0.3 0.7 4 6.635 1.203 59.1
0.3 0.7 3 6.167 1.491 58.3
0.3 0.7 2 5.901 2.140 58.8
0.2 0.8 3 5.923 1.432 56.0
0.2 0.8 2 5.602 2.032 55.2
0.2 0.8 1.5 5.203 2.516 55.3

Table 4. Calculated values of Kg,/ / kKKK, from
Eq. (3) on an unchlorinated cafalyst at

160°C

Pg P Keof V kKK,
(atm) (atm) (gV/2h2mol-1/2)

0.8 0.2 1086

0.7 0.3 531

0.5 0.5 415

0.3 0.7 321

0.2 0.8 300
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Table 5. Kinetic data with variation of total flow
rate on a chlorinated catalyst at 160°C
Py P, F ryx 13 Prox 103 S
(atm) (atm) (1/h)  (mol/g-h) (atm) (%)
0.8 0.2 2.5 1.193 0.692 81.2
0.8 0.2 2 1.187 0.861 814
0.8 0.2 1.5 1.052 1.017 31.3
0.7 0.3 2.5 2.016 1.170 79.6
0.7 0.3 2 1.980 1.436 79.7
0.7 0.3 1.5 1.813 1.753 80.1
0.6 0.4 3 3.074 1.486 78.3
0.6 0.4 2 2.930 2.125 78.8
0.6 0.4 1.5 2.765 2.674 79.1
0.5 0.5 4 4.401 1.544 775
0.5 0.5 3 4.232 2.046 76.8
0.5 0.5 2 3.093 2.896 76.9
0.4 0.6 4 5.570 2.020 744
0.1 0.6 3 5.358 2.591 74.1
0.4 0.6 2 4.995 3.623 74.9
0.3 0.7 4 5914 2.145 2.7
0.3 0.7 3 5.487 2.653 72.9
0.3 0.7 2 5.366 3.892 72.8
0.2 0.8 3 5.905 2.855 70.1
0.2 0.8 2 5.450 3.953 70.3
0.2 0.8 1.5 5.228 5.056 70.6
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Table 6. Caleulated values-of Kg,/ [ kKK, from
Eq. (3) on a chlorinated catalyst at

160°(C

Py Py, Keof JRKK,,
(atm) (atm) (g!/2h1/2mol-1/2)

(.8 0.2 2259

0.7 0.3 954

0.6 0.4 391

(.5 0.5 256

04 0.6 190

0.3 0.7 138

0.2 0.8 123
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