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Abstract—As an acid-catalyzed reactions, the isomerization of 1-butene, the transformation of o-xylene
and the dehydration of ethanol over the transition metal ion(Cu®*, Ni**) exchanged zeolites were carried
out to compare with Ag* ion exchanged zeolite. Hydrogen enhancing effect and its reversibility, the effect
of reduction and reaction temperature, partial pressure of hydrogen, the type of metal ion, the type of zeolite,
ion exchange ratio were studied to the catalytic activity. The reversible hydrogen enhancing effect on the
catalytic activity was observed over the hydrogen reduced Ag* and Cu®' ion exchanged zeolites by the
presence or absence of hydrogen in the reaction system. This means that hydrogen was reversibly chemisorb-
ed and retained as an acidic protons on those zeolites. But, the selective hydrogenation of 1-butene was
occurred over the hydrogen reduced Ni?* ion exchanged zeolite by the presence of hydrogen. Also, the
shape-selectivity of product in the 1l-butene isomerization was observed with the type of zeolite.
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Fig. 1. TPR spectra of Cul-32 and CuY-47 zeolites.
TPR conditions: Catalyst weight=0.05g, Heating
rate=13C /min, Gas flow rate=60 cc/min, Hy(10
%)+ Ar(90%).
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Fig. 2. Infrared spectra of adsorbed carbon monoxide on

CuY-47 zeolite.

(A) Background of CuY-47.

(B) Exposure to CO after calcination with O for
1 hr and evacuation for 0.25 hr at 623 K, re-
spectively.

(C) Exposure to CO after reduction with H, for
1 hr at 423 K.

(D) Exposure to CO after reduction with H, for
0.5 hr at 623 K.

(E) Exposure to CO after reduction with H» for
0.5 hr at 723 K.
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Fig. 3. X-ray diffraction patterns of CuY-47 zeolite.
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Fig. 5. TPD spectra of NiL-32 zeolite.
TPD conditions: The same as Fig. 4.
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Fig. 6. Enhancing effect of the catalytic activity in 1-bu-
tene isomerization over CuX-54 and CuY-58 zeo-
lites.
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Fig. 7. Effect of hydrogen partial pressure on 1-butene
isomerization over Agl-48 zeolite.
Reaction conditions: Catalyst weight=0.05g, Re-
duction temperature=623 K, Reaction tempera-
ture=393 K, Partial pressure of 1-butene=13.3
kPa.
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Fig. 8. Effect of reduction temperature on I-butene iso-
merization over AgA-95 zeolite.
Reaction conditions: Catalyst weight =0.05 g, Reac-
tion temperature=2323 K.
. At L-butene(13.3 kPa) + H,(26.6 kPa), @: 1-bu-
tene(13.3 kPa).
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Fig. 9. Effect of reduction temperature on 1-butene iso-
merization over CuL-20 zeolite.
Reaction conditions: Catalyst weight =0.05 g, Reac-
tion temperature =393 K, Partial pressure of 1-bu-
tene =13.3 kPa, Partial pressure of Hy=26.6kPa.
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Fig. 10. Effect of reduction temperature on 1-butene iso-
merization over Cul-20 zeolite.
Reaction conditions: Catalyst weight=0.05g, Re-
duction temperature =623 K.
C: 1-butene(13.3 kPa) + Hx(26.6 kPa), @: 1-butene
(13.3 kPa).
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Fig. 11. Enhancing effect and its reversibility on 1-butene
isomerization over Cul.-20 zeolite.
Reaction conditions: Catalyst weight=10.05 g, Re-
duction temperature =623 K, Reaction tempera-
ture=393 K.
O: 1-butene(13.3 kPa) + H,(26.6 kPa),
tene(13.3 kPa).
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Fig. 12. Enhancing effect and its reversibility on o-xylene
transformation over CuY-47 zeolite.
Reaction conditions: Catalyst weight=0.15g, Re-
duction temperature =723 K, Reaction tempera-
ture=573 K, W/F=1.0 gr-hr-mol .
O: o-xylene(10 kPa) + H,(60 kPa) + N,(31 kPa)
@®: o-xylene(10 kPa) +N,(91 kPa).
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Table 2. Catalytic characteristics of 1-butene isomeriza-
tion over transition metal ion exchanged L-type

A4t

Table 3. Effect of zeolite type and silver ion exchange ra-
tio on 1-butene isomerization*

zeolites* Catal Conversion(%) T/C
Catalyst 1-Butene 1-Butene + H; atalyst 1-Butene  1-Butene+H, 1-Butene+H;
Conversion(%) T/C Conversion(%) T/C AgA-95 67.2 80.1 2.70
Agl-32 276 1.00 300 0.86 Agl-24 21.3 23.1 091
Cul-32 26.3 0.92 312 0.94 Agl-48 27.0 309 0.85
NiL-32 313 0.94 100 n-butane AgM-38 68.9 749 1.51
*This data is the value after 1.33 hr from reaction is start- AgM-94 72.0 82.7 2.10
ed. Reaction conditions: Catalyst weight=0.05g, Reduc- AgX-99 280 300 0.79
tion temperature=623 K, Reaction temperature =323 K, AgY-30 53.0 60.0 0.48
Partial pressure of 1-butene=13.3 kPa, Partial pressure AgY-61 63.0 75.0 0.56
of hydrogen=26.6 kPa. AgZSM5-98 44.0 49.0 0.93
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Fig. 13. Product distribution of 1-butene isomerization over
NiY-5 zeolite.
Reaction conditions: Catalyst weight=0.05g, Re-
duction temperature =623 K, Reaction tempera-
ture=323 K, Partial pressure of 1-butene=13.3
kPa, Partial pressure of H,=26.6 kPa.
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*This data is the value after 1.33 hr from reaction is start-
ed. Reaction conditions: The same as Table 2. AgA-95 and
AgX-99 zeolites were reduced with H, at 473K for 1 hr.
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