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Investigation of Deactivation Factor of Catalyst for Ethylene-Oxychlorination and
Application to Catalyst Life Prediction

Tomokazu OHASHI
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Tetsuo ASAKAWA
Motohiro OGURI

0 Ethylene oxychlorination over a CuCl,-KCI/Al,O; catalyst in a commercial scale plant was examined for two

consecutive years, during which the performance of the catalyst gradually deteriorated. The spent catalyst exhibited

signs of deterioration such as a K/Cu ratio increase induced by CuCl sublimation. In order to clarify how such

changes in catalyst component affect deactivation, kinetic study and XANES analysis were carried out. It was found

that an increased oxidation number of Cu elevated the activation energy of the oxychlorination catalyst. This change

in activation energy would be one of the factors in the deactivation of the CuCl,-KCI/Al,O; catalyst at the scale of

commercial plant. Such changes in the activation energy could help predict the catalyst life in the plant.
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Table[ O Activity of oxychlorination catalysts

ethylene conversion® Activity
[ based on
Catalyst O O AVE  Fresh cat.0]
O00ccODccdDecc OO0
Fresh 3.1 29 3.0 100
1% 2.2 2.4 2.3 76
one 2™ 25 2.2 2.3 78
year gd 35 26 31 103
4th 2.9 2.8 2.9 95
1t 1.7 16. 17 56
2nd 2.1 1.9 2.0 66
two —_
years 3¢ 30 2.4 2.7 89
4th 2.9 2.8 2.8 95
5ih 2.6 2.6 2.6 88

all ethylene conversion/volume of catalyst

0 ; 493K at-2cm from inlet of catalyst layer

0 ; peak temparature of catalyst layer was 543K
AVE ; average of 0 and O .
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Tabled O Physical properties of oxychlorination catalysts

Catalyst BET sugface area Pore volume
0 mC g O ccl gol

Fresh 112 0.30
- 80 0.30
one 2nd 68 0.25
year s 78 0.27
4 83 0.29
= 85 0.31
2" ! 0.27

two
years _ 3" 73 0.27
4 76 0.29
5" 76 0.28
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Fig.O O Oxychlorination performance of the used catalysts after (a) one year, and (b) two years
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Table O Chemical composition of catalysts

Amount
Catalyst Cu K others K1 Cu
OwtOD O OwtD O OwtD O O moll molO

Fresh 6.2 2.6 91.3 0.68
1t 5.0 25 92.5 0.81

one 2™ 5.0 25 92.5 0.81
year g g9 25 915 0.68
4 5.7 25 91.8 0.71

1% 4.6 2.4 93.0 0.85

2nd 48 2.4 92.8 0.81

two

years 3¢ 61 2.4 915 0.64
4th 6.2 24 91.4 0.63

5" 58 25 91.7 0.70
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Fig.O0 0 Cu K-edge XANES spectra
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00  (a) High activity group (1Y-3"0 2Y-4"0 2Y-5") ,
(b) Low activity group (1Y-15'0 1Y-2"[J 2Y-1%, 2Y-2"). Reference samples
were CuClz, KCuCls, CuCl, and CuAlzOa.
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Table[ O Results of XANES spectra analysis

Edge position®™ XANES linear-combination fittingd O [

Sample
Oevd CuClz CuCl KCuCls CuAl204

Fresh 8983.3 12 13 66 9

1t 8984.2 7 10 68 14
one 2" 8984.0 12 13 72 3
year g 8983.3 16 14 68

4t | 0 O O |

1t 8984.2 13 74 14

2nd 8984.0 12 75 4
two 3rd O 0 0 0 O
years

4t 8983.6 18 16 66 0

5th 8983.6 13 16 68 2

al] CuCl(8980.6ke V), CuCl»(8984.2KeV).

toooooobooooooobbooooooao
O bulk CuCL,O00OO0OO0OO0OO0DOOOODOKCUCLO
00000028031 5BCIF 00000 XANES
O0o0o0ooooo0oooooooo0go Cucl,d
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oooooooboooooboooobooobooon
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