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Abstract : Pd/SiO--AlyOs catalysts were prepared for the synthesis of pyridine and B-picoline from acrolein
and ammonia. The activity of these catalysts decreased considerably by the formation of deposits on catalyst
surface during the reaction. TPR study showed that the deposits were formed by the condensation polymerization
of acrolein and ammonia. The conversion and production rate of pyridine and B-picoline decreased with the
partial pressure of acrolein. The amount of deposits and the regeneration temperature of spent catalysts increased
with the partial pressure of acrolein but they were independent of the concentration of ammonia.
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Fig. 1. Schematic diagram of experimental apparatus.
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4. gas chromatograph,

1. reactor, 2. electric furnace, 3. thermocouple,

5. temperature controller, 6. temperature indicater, 7. saturator,

8. preheater, 9. metering valve, 10. on-off valve, 11. regulator,
14. hot plate.

/ 12. flow meter, 13. molecular seive/deoxy trap,
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©l22499 i 2329 A8L)X(12ddY 3FET) Table 1. Puysicochemical Properties of Pd/Si0z:-Al:03
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(mol/g-cat hr) Catalyst Pd content|Dispersion| Pd size | Acid sites
W% | %) @) |gmol/g-cat)

3. Zn 9 & Pd-1 0.7 20 58 295

Pd-2 14 18 63 352

Pd-3 5.0 8 142 400
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T2 HAGHe oA G EAEE Table ZHES 5wt % BAAZ Pd-3 9 A-$ Pd(111) W
1o Jepidct, @z Fo] @ Pd-3 £ojo] #$ Pd(200) Ho] #&HAALE. FHF PR A7) e
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Fig. 2. 2 X-ray diffraction patterns of Pd/Si0:-ALO;

catalysts. (a) s Pd-2 catalyst after reaction for
8 hours.
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Fig. 3. Desorption peaks of NH; over Pd-2 catalyst
(Numbers on the figure represent NH; adsor-
ption pulses, 0.36 ¢ per one pulse).
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Fig. 5. Desorption peaks of acrolein over Pd/SiO.-
AlLQO; catalysts.
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Fig. 6. The effect of reaction temperature on the co-
nversion of acrolein.(O : 390 °C, & : 420°C,
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Fig. 7. The effect of reaction temperature on the

yield of pyridine+ B-picoline. (O : 390 °C,
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Fig. 8. A typical TPR diagram of Pd-2 catalyst after

8 hours reaction.
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Table . TG/DTA results at different reaction times

Reaction time(hr) 2 4 6 8
: -
Amount of deposits 104 | 135| 237 403
(wt %)
" .
Regenera; ion 405 | 478 | 495 | 567
temp. ( °C)

* Three regions of regeneration temperature were
observed at 400, 491 and 567 °C.
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Fig. 9. The effect of acrolein partial pressure on the
conversion of acrolein at 480 °C. (Ppro =O :
001latm; 4 :0025atm; @ : 0056 atm 5
A : 0.080 atm)
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Fig. 10. The effect of acrolein pressure on the reac-
tion rate of pyridine at 480 °C. (Pace.=0 :
0.011atm: A :0025atm; @ :0.056atm :
A 0.080 atm)
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Fig. 11. The effect of acrolein partial pressure on
the reaction rate of S-picoline at 480 °C.
(Paco. =0 :0011latm; & :0025atm; @
0.056atm ; A : 0.080 atm)
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Table 3.TG/DTA results at different partial pressu-
res of acrolein.

Picro. (atm) 0.011 0.025 0.056
it
Amount of deposits 96.7 365 527
(wt %)
Regeneration 510 520 541
temp. ( °C)

3. 2. 4. &R0} Bgte| HE
U2 o % 480 °C ol A opL 2 YUY &4 0025
atm &8 §AAA Ryt £4-<2 0.092, 0.186,
0.372, 0.554 atm 2.2 W32 AP AHAE Fig 12—
14 o] JERARIT Fig 12 & olazggle] Asee
yehy 3 gled grryote] E3to] 0372 atm 7HAE
Aghgo] Z7letizt 2 o) E L3818 Hadte
Agke JehiQ. Fig 139 A% dade] 44
&5 omyocle] Egto] 0372atm AAE F7H8
o7} 0554 atm A A4S ¢ £ Ao Fig 14
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AREEI ZATE B3 o
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Fig. 12. The effect of ammonia partial pressure on
the conversion of acrolein at 480 °C.(Pnus
= 0:0092atm; A:0186atm; @:
0.372atm ; 4 : 0.554 atm)
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Fig. 13. The effect of ammonia partial pressure on
the reaction rate of pyridine at 480 °C.(Pnps
=0'.0092atm;: A :0.18atm; @ : 0.372
atm; A :0.554 atm)
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Fig. 14. The effect of ammonia partial pressure on
the reaction rate of B-picoline at 480 °C.

(PNgs = ©:0.002atm: & :0.186 atm ;
®:0372atm; A :0.554atm)

Table 4.TG/DTA Results at Different Partial Pressu-
res of Ammonia.

Pammo. (atm) 0.092] 0.186] 0.372| 0.554
Amount of deposits
39.7 365 | 388 | 386
(wt %)
Regeneration
genera 520 | 520 | 523 | 529
temp. ( °C)
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