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Abstract—Physico-chemical properties and catalytic activity of silver exchanged L-type zeolite were studied
by infrared spectroscopy of adsorbed CO and pyridine, X-ray diffractometry, TPR (temperature programmed
reduction), hydrogen adsorption and acid-catalyzed reactions. Hydrogen was chemisorbed reversibly on the
reduced silver exchanged L-type zeolite, and the active site for the hydrogen adsorption was related to
a silver cluster such as Ag,*. For o-xylene transformation, the catalytic activity of AgL-48 in the presence
of hydrogen was much higher than that of nitrogen alone as a carrier gas. This enhancing effect of hydrogen
was reversible by the presence and the absence of gaseous hydrogen in the reaction system. This enhancing
effect was also observed in the other acid-catalyzed reactions, and the chemisorbed hydrogen on the reduced
AgL-48 zeolite was retained as acidic protons in the zeolite.
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1. lonization gauge 9. Reactor
2. Hydrogen reservoir 10. Furnace
3. Deuterium reservoir 11. Thermocouple
4. Cyclopropane reservoir 12. Trap
5. 1-Butene reservoir 13. Sampling part
6. Cock 14. Ball joint
7. Mercury manometer 15. Sampling bottle
8. Circulating pump 16. Sampling port

Fig. 1. Schematic diagram of a closed-circulating reaction
system.
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Fig. 2. Infrared spectra of adsorbed carbon monoxide on

KL(A, B) and Agl-48(C-E) zeolites.

(A) : Background of KL.

(B) : Exposure to CO after calcination with O, and
evacuation for 0.5 hr at 623 K respectively.

(C): The same as in (B).

(D) : Evacuation of (C) for 1hr at room tempera-
ture.

(E) : Exposure to CO after reduction with H; for
1hr at 623 K.
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Fig. 3. TPR spectra of KL and Agl-48 zeolites.
TPR conditions : Catalyst weight=0.1g, Heating
rate = 13C/min, Gas flow rate =40 cc/min, H»(10%)
+ Ar(90%).
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Fig. 4. X-ray diffraction patterns of Agl-48 zeolite.

ok @9 2175 em !9} 2120 cm™'9] &4 band: A
2o Eu] Agt o]29) EA|ojR o} Azl 2 A}
olell Al A fFABIEE, o] F &5 band:
A Zepelee] FAHH F2A COd 7ja=EE ez
A7rE 4 9ok

3-2. Hole| AUSH

KL=} Agl-48 A g2}ojE 9] 5 a
Fig. 3¢l veh e}, KL A|-g-2o] E 9] %T, @ 2
2ol A= WohE TPR 3|27} #2353 ¢k 573K
oA shukgl TPR 337 F3s=d|, ol
AZetol E FAU Ab4e] ol 93 Aoz Q7w
o} g9 Agl-48 x| gefo]E 8] 9= 450K, 475 K9}
626 Kol 4 =318 3719 TPR =7} fa=v, ol

FARE 9 A9 34 9] FKREA S el &
a ok ol2id A5 Ltype A &ejo|Eo) 24
3= 5709 o] 23t site[4]ol] tHEF Ag® o] 2] site
preferences} £l s WA == Ag F45UAE o)
%4 (migration) x}o]2 Mwsjeid 4= qlr}

3-3. X-d FEHEYN

Zule] AYTRE A7 $ste] Eabfol 9%
X-A AP XRD) & 3 A5 Fig. 40 Yehy)
Aot (A)= Agl-48 Algejo]EE 623KelA 147}
59 50 co/min®] AbAR A A2lgk F2] XRD pattern
ojm, (B)= (A)E 623Koll4 40cc/ming F42 1
Al7b Fob s xeld F9 XRD patternolth. (A)<)
%= A¥AH] Ltype A&efolEL] AATZE &
sk glei(6]. (BYel 79 L-type Al-g2to]e9]
AAF-z 9 v]Ee] 38.1° 44.3° % 64.4°2] 209)=]<ll A
ANE3 3d4le] HFFH o] N2 IAFHEL
ASTM(American Society for Testing and Materials)
Fh=ell 23 zh7k AgaEsdate] (111), (200) % (220)
9] ARl 23 7o 2 ). Ltype A Leto]

h

HWAHAK KONGHAK Vol. 29, No. 4, August, 1991



444 A% - bR AR

Catalyst: AgL-48

1620

1488

(E)

= o)
i 1447
g 1595
w
£
<
1488
©)
Catalyst: KL
1439
1588
]
1602
1488 L
B)

1
1300

1

L
1500
Wave number/cm™
Fig. 5. Infrared spectra of adsorbed pyridine on KL(A, B)
and AglL-48(C-E) zeolites.
(A) : Background of KL.
(B) : Exposure to pyridine after calcination with
0, and evacuation for 0.5 hr at 623 K respec-
tively.
(C) : The same as in (B).
(D) : Reduction with Hy for 1 hr at 623 K after the
adsorption of pyridine.
(E) : Re-exposure of (D) to pyridine for 0.5 hr at
room temperature.
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Table 1. Assignments of adsorbed pyridine bands
1

v/em™ Assignments
1439 : Pyridine molecules coordinatively bound to potas-

sium cations

1447 : Presumably due to pyridine molecules bound to
silver cations

1483 : Presumably due to pyridine molecules bound both
to potassium cations and to pyridinium ions

1542 : Pyridinium ions (pyridine molecules adsorbed on
Bronsted acid sites)

1583 : Pyridine molecules coordinatively bound to potas-
sium cations

1595 : Presumably due to pyridine molecules bound to
silver cations
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Fig. 6. Amount of hydrogen adsorbed reversibly at diffe-
rent temperatures.
Conditions : Catalyst weight=0.2g, Evacuation and
reduction with H, for 1 hr at 623 K respectively,
Introduced hydrogen pressure =54 kPa.
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Fig. 7. Enhancing effect and reversibility of the catalytic
activity in o-xylene transformation over Agl-48
zeolite.
Reaction conditions : Reaction temperature=>523
K, W/F=1.0g -hr-mol™ %
O :H, (60kPa)+ N, (31 kPa)+ o-Xylene (10 kPa),
® : N (91 kPa)+o0-Xylene (10 kPa)
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Catalyst: Agl-48
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Fig. 8. Enhancing effect of the catalytic activity in cyclo-
propane isomerization over Agl-48 zeolite.
Reaction conditions : Catalyst weight=0.02g, Reac-
tion temperature =453 K.
O : Hy (27 kPa)+ Cyclopropane (CP, 12kPa), @ :
Cyclopropane (CP, 12 kPa)

)
100

Table 2. The catalytic activity in 1-butene isomerization
over Agl. zeolites

Conversion* (%) T/C**

Catalyst 1-Butene 1-Butene+H, 1-Butene 1-Butene+H,
Agl-24 21.3 23.1 1.01 0.91
Agl-32 276 30.0 1.00 0.86
Agl-48 270 30.9 0.99 0.85
Agl-59 273 314 0.94 0.81

*This conversion is the value after 1.33 hr from reaction
is started. Reaction conditions: Catalyst weight=0.05 g,
Reaction temperature=323 K, Partial pressure of 1-
butene =13.3 kPa, Partial pressure of hydrogen=26.6
kPa.

**T/C=Trans-2-butene/Cis-2-butene.
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Table 3. Enhancing effect of hydrogen on the catalytic activites of hydrogen-reduced Agl-48 zeolite

Reaction Temperature W/F Hydrogen Conversion
) (K) (g-hr-mol™Y) pressure(kPa) (%)
o-Xylene transformation 523 1.0 60 3.1¢
0 0.2¢
Toluene alkylation 553 1.0 7 1.8
0 0.1
1-Butene isomerization 323 - 26.6 12.1°
0 11.2
Cyclopropane isomerization 453 - 27 37.1
0 212

“This conversion is the value after 2 hr from reaction is started.

bInitial rate (X10*mol-g~

3128 H292 H4S 19914 88

L.min™!). This reaction was performed in a closed-circulation reaction system.
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