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High-silica ZSM-5 zeolites were synthesized by the addition of pentavalent ions, such as phosphorus and

arsenic ions, to the mother gel for the zeolite preparation.

The Beckmann rearrangement of cyclohexanone

oxime in the vapor phase was carried out over the high-silica ZSM-5 zeolites or zeolites modified with noble met-
als to elucidate the effects of the diluent gas and diluent solvent on the &-caprolactam selectivity and catalyst

deactivation.

The catalyst lives of the zeolites modified with noble metals were much longer than that of the

unmodified zeolite during the rearrangement using carbon dioxide and methanol as the diluent gas and diluent
solvent, respectively. Furthermore, the life of the zeolites modified with noble metals was significantly

improved by using a small amount of oxygen as the diluent gas.

diluent solvent for the improvement of catalyst life.
oxime concentration in methanol.
removed by methanol vapor.

In this case, methanol was the most suitable

The catalyst life decreased with increased cyclohexanone
Therefore, the coke or coke precursor on the acid sites was presumably
These results indicate that a prolonged catalyst life in the vapor phase Beckmann

rearrangement can be achieved by the optimum combination of catalyst and reaction atmosphere.
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Table 1 Chemical Composition and Properties of Zeolites
o Si/Al ratio Si/M? ratio Surface area SACY
] ] [m*-g™] [mmol - g™']
As-ZSM-5 3.5 10* 1.3 x 10* 340 1.4x107°
P-ZSM-5 3.2x10* 1.6 x 10* 90 32x107°
ZSM-5 45x%10° — 400 8.2x 107
a)M=AsorP.

b) Strong acid concentration.
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Fig. 1 Relationship between Cyclohexanone Oxime Conver- VT =7 ATBHI L7z ZSM-5 £ ) R 2 512 /R L T
sion, e-Caprolactam Selectivity and Process Time WA, TS OFMIE 10 B O SOpiE R 2 b AT S 7z
Table 2 e-Caprolactam Selectivity, Catalyst Deactivation Factor (b) and Catalyst Life (#1,2) of the Zeolite
Name e-Caprolactam selectivity [%] bx10°[s] tiz [h]
As-ZSM-5 96 041 470
P-ZSM-5 94 0.39 490
ZSM-5" 93 1.6 120
In-ZSM-5" 94 20 9.6
JRC-Z5-1000H” 92 37 5.2
a) Si/Al ratio =4500. b) Si/Al ratio = 500. c¢) Si/Al ratio = 625.
Diluent gas = CO,, Diluent solvent = methanol, W/F = 101 kg* s+mol ™.
J. Jpn. Petrol. Inst., Vol. 47, No. 3, 2004
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Table 3 Effect of Noble Metal Modification on Catalyst Deactivation Factor and Half-life Period (P-ZSM-5)

Noble metal Metal content [mass % ] bx107°[s7"] ti2 [h]
None — 0.39 490
Ru 0.46 0.32 610
Rh 0.47 0.30 650
Pd 0.49 0.25 770
Pt 0.47 0.23 840

Diluent gas = CO,, Diluent solvent = methanol, W/F = 101 kg's-mol’].

Table 4 Effect of Noble Metal Modification on Catalyst Deactivation Factor and Half-life Period (As-ZSM-5)

Noble metal Metal content [mass % ] bx107°[s7"] ti2 [h]
None — 0.41 470
Ru 0.46 0.33 590
Rh 0.49 0.31 630
Pd 0.47 0.22 880
Pt 0.47 0.175 1100

Diluent gas = CO,, Diluent solvent = methanol, W/F = 101 kg'S'mol’l.

Table 5 Effect of Noble Metal Modification on Strong Acid
Concentration on P-ZSM-5

Noble metal Strong acid concentration [mmol-g™']

None 32x107
Ru 22x107
Rh 20x 107
Pd 2.1x107
Pt 1.9x 107
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Table 6 Effect of Diluent Gas on €-Caprolactam Selectivity, Catalyst Deactivation Coefficient and Half-life Period

Diluent gas £-Caprolactam selectivity [%] b x 10°%[s™ tip [h]
CO; 95 0.16 1200
0¥ 94 0.084 2300
NS 93 0.41 470
NO," 93 0.19 990

a) Gas concentration = 1000 ppm (balance: He).

Catalyst = Pt/As-ZSM-5, Diluent solvent = methanol, W/F =111 kg-s* mol ™.

Table 7 Effect of Oxygen Concentration on Initial Reaction
Rate (ko) and Half-life Period (t1/2)

Table 8 Effect of Diluent Solvent on e-Caprolactam
Selectivity and Half-life Period (#1/2) over Pt/P-ZSM-5

O, concentration [ %] ko [m/kg - s] ti2 [h] Solvent e-Caprolactam selectivity [%] tin [h]
0.001 3.9x%107 65 methanol 96 2200
0.01 5.7 %1073 480 1-propanol 94 380
0.1 9.1x1073 2200 1-hexanol 90 37
1.0 1.6 x 107 120 1,4-dioxane 85 12
10.0 3.9x107 62 acetone 84 8.2
21.0 4.1x107? 12 benzene 86 16

Catalyst = PUP-ZSM-5, Diluent solvent = methanol, W/F =111
kg-s-mol™'.

100

- O Cyclohexanone oxime conversion

98 — @ &Caprolactam selectivity
L \
]
96 — O—5 0 o
94 (— ) \g\'\‘\.
Reaction temperature : 623K

Diluent solvent : methanol
92 — Diluent gas : CO,
W/F : 101 kg*s*mol!

Conversion, Selectivity [%]

90 L | | | 1 |
0 50 100 150

Time on steam [h]

Fig. 2 Effect of Process Time on Cyclohexanone Oxime Con-
version and e-Caprolactam Selectivity over As-ZSM-5
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Catalyst = Pt/P-ZSM-5, Diluent gas = O, (1000 ppm), W/F =
111 kg-s-mol™".
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Table 9 Effect of Cyclohexanone Oxime Concentration on e-Caprolactam Selectivity and Half-life Period (¢,2) over Pt/P-ZSM-5

Cyclohexanone oxime concentration [mol %] e-Caprolactam selectivity [%] ti2 [h]
7.0 96 2200

14.0 94 1350

28.0 93 890

50.0 91 770

Catalyst = Pt/P-ZSM-5, Diluent gas = O, (1000 ppm), Diluent solvent = methanol, W/F = 111 kg-s-mol".
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