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Study on catalyst for pyridine synthesis
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Abstract: The synthesis of pyridine from aldehydes and ammonia was performed over ZSM-5 catalyst. The
catalytic activity in reaction was correlated with the acidity of the zeolite catalysts. In this study a few of
ZSM-5 (- m( SiO,)/m(Al,O5) =120) were prepared and modified with Co®*, Fe** . The surface acidity was
determined by Py-IR technique. It was found that CoZSM-5 and FeZSM-5 have fewer Lewis acid sites than
HZSM-5. The decrease of Lewis acid sites leads to decreasing the ability of NH; adsorption, this phenomenon
insures that there are adequate acid sites discovering and reacting with aldehydes. It is advantageous to the
reaction. By using a CoZSM-5 catalyst, the yields of pyridine base can reach 78% . The study provides a
theoretical base for preparing high activity and high selective catalyst for pyridine synthesis.
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Pyridine is an important chemical intermediate in
the manufacture of agricultural chemicals and various
pharmaceuticals. It is also useful as a solvent in the
polymer and textile industries. Pyridine is obtained
either as a by-product of the coal tar industry or by
chemical synthesis through a catalytic reaction
between ammonia and a carbonyl compound. The
synthesis of pyridine from aldehydes and ammonia
was performed over an amorphous aluminosilicate
catalyst. This catalyst provides a reasonable yield of
pyridine at the beginning of the reaction. However,
after repeated operation cycles some drawbacks
appeared which made these catalysts unacceptable
from a commercial point of view. Specifically, @D
Large amounts of carbonaceous deposition reduced
the catalytic activity; (2 The selectivity of the reaction
for pyridine and alkylpyridine became very poor; 3
The catalysts showed poor thermal stability; 4 The
activity of the used catalyst was difficult to regenerate
completely. Recently, crystalline aluminosilicate
(‘especially ZSM-5) catalyst began to replace
amorphous aluminosilicates. ZSM-5 is an important
industrial solid acid catalyst, playing a key role in the
fields of fuel processing and synthesis of fine
chemicals owing to its shape-selective properties.
ZSM-5 also exhibits good properties in condensation
reaction from aldehydes and ammonia. The yields of
pyridine and 3-methlypyridine can increase 30% over
modified ZSM-5 catalysts“_”. In this study a few
zeolites (m( SiO,)/m(Al,O,) =120) were prepared and
modified with Co’*, Fe’*. The surface acidity was
determined by Py-IR technique. Their catalytic
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activities in condensation reaction of aldehydes and
ammonia were correlated to provide a theoretical base
for preparing high activity and high selective catalyst.

1 Experiment

Water glass, distilled water, Al, (SO, ),, NH,CH,

(CH,), CH,NH,, NaOH at desired procedures, the
NaZSM-5 zeolite was prepared through hydrothermal
synthesis by mixing. After washing and filtration until
pH of the filtrate was 8 to 9, it was then dried at 110
°C for 12 h and finally calcined in air at 540 °C for
4 h, the ZSM-5 framefork was confirmed by XRD
measurement. The NaZSM-5 was further ion
exchanged with 0.5 mol/L NH,NO, at 90 °C, followed
by washing and filtration until the concentration of
Cl ion in the filtrate became 10 ~° or blow. NH,ZSM-
5 was dried, calcined and HZSM-5 was obtained.
HZSM-5 zeolite was modified with various cations like
Co’*, Fe'" by the impregnation with 0.1 mol/L Co
(NO,), or FeCl, at 100 °C during 24 h. After repetition
of washing and filtration until the concentration of
NO; ' or Cl  ion in the filtrate became 10 ° or blow,
MeZSM-5 were dried at 110 °C for 12 h, calcined at
540 °C for 4 h.

The condensation reactions were carried out
using a glass tube reactor with 12. 6 mm internal
diameter. The reaction was carried out at 450 °C with
1000 h~' weight hourly space velocity. The reaction
products were analyzed by gas chromatography.

X-ray powder diffraction spectra were recorded
with Cu Ka radiation using a model D/max-RB
powder diffractometer.

Py-IR spectra were recorded using a model
Bruker FT-IR. Temperature of adsorption is 200 °C
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and pressure of equation is 0.01 Pa.
2 Results and Discussions

The reaction of formaldehyde, aldehyde with
ammonia was carried out over various ZSM-5
catalysts. The results are summarized in Tab.1.It can
be seen that CoZSM-5 exhibited the highest activity
and selectivity.

Tab.1 Effect of modification on the catalytic activity

Catalyst Yield of pyridine w/%  Yield of pyridine base w/%
HZSM-5 42 60
CoZSM-5 55.6 78
FeZSM-5 50 68

Fig. 1 shows the XRD spectra of HZSM-5,
CoZSM-5 and FeZSM-5 samples. It can be concluded
that the structure of MZSM-5 was not destroyed by
impregnation and calcination.
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Fig.1 XRD spectra of HZSM-5, CoZSM-5, and
FeZSM-5 samples
Fig.2 shows the Py-IR spectra of HZSM-5,Co-
ZSM-5 and FeZSM-5 samples. We can find that there

1) Formation of imines '’

are strong peaks (1450 cm ™', 1 540 cm ™) responding
to Bronsted acid and Lewis acid on HZSM-5 sample. It
further indicates that there is much Bronsted acid and
Lewis acid on surface of HZSM-5. When modified
with Co’* and Fe’", CoZSM-5 and FeZSM-5 have
fewer Lewis acid sites than that of HZSM-5, while the
Bronsted acid changes a little.
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Fig.2 Py-IR spectra of HZSM-5, CoZSM-5, and
FeZSM-5 samples
The yield of pyridine is 60% with HZSM-5 as

catalysts. While the yield of pyridine increases rapidly
CoZSM-5 and FeZSM-5 are employed. The
relationship between the surface acidity of ZSM-5
zeolite and the catalytic activity in condensation
reaction will be discussed below.
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The reactants are adsorbed near or at acidic sites,
forming adsorbed ammonia and carbonium ions.
Nucleophilic addition occurs at the surface of the
catalyst followed by the loss of water to form imines.
The adsorbed imines further react to generate pyridine.

Aluminosilicates can readily adsorb ammonia and
are known to promote the formation of stable surface
carbocations. Bronsted acid of HZSM-5 can react with
adsorbed aldehyde to form carbocations and Lewis
acid can receive solo electric of ammonia. Therefore
the catalyst activity is closely related to the surface
acidity of the catalyst. When HZSM-5 is modified with
Co’", Fe’*, fewer Lewis acid sites than that of HZSM-
5 are presented. There are more Lewis acid sites on
the HZSM-5 surface and thus a high temperature is
required to promote ammonia disorption and to
expose the acid sites for forming carbonium ions. The
decrease of Lewis acid reduced the ability of
adsorption for ammonia, which favored the
condensation reaction

3 Conclusion

HZSM-5 zeolite was modified with Co’", Fe’*
cations by the impregnation method. CoZSM-5 and
FeZSM-5 had fewer Lewis acid sites than that of

HZSM-5, which decreased the ability of NH;
adsorption; this effect gave rise to adequate exposed
acid sites to interact with aldehydes, improving the
formation of desired products. Using a CoZSM-5
catalyst, the yields of pyridine base can reach 78%.

References

[1] Antero L, Marko M. Separation of pyridine or pyridine
derivatives from aqueous solution [ P]. US 6087507.
2000-07-01.

[2] McAteer C H, Brown D C, Davis R, et al. Gas-phase
preparation of pyridine and alkylpyridines [ P]. US
5780635. 1998-07-14.

[3] Chitnis G K, Kowalski J A, Williams M, et al. Process and
zeolite-phosphorus catalysts for the manufacture of
pyridines and picolines from the cyclocondensation of
ammonia and Cl-5 carbonyl compounds [ P]. US
5994550. 1999-11-30.

[4] Morihito S, Yasutaka T. Preparation of pyridine bases
[P].JP 11209346. 1999-08-03.

[5] Angevine P J, Cynthia T W, Potter T C. Synthesis of
pyridine and 3-alkylpyridine via zeolite-catalyzed [ P].
US 5395940. 1995-05-07.

[6] Golunski S E, Jackson D. Heterogeneous conversion of
acyclic compounds to pyridine bases [ J]. Appl Cata,
1986, 23(3): 1 - 14.

& A AL e 18 1L 57 B BT 32

Koot

H E &

R34

(R XFHFLIZ, &F 210096)

T BE(BR)E RS R T A ZSM-5 VR4 F), KA UAFR T ZSM-5 1AL ) o & Btk 55 110 &
PROLTE EPEZ A 6 K R AR T B4R R E A 120 #9 ZSM-S, FF R 4k gkt AT RO, R ke 4 gt
HAEHARM T T ZSM-5 ¢ R @it B AR Co® ' Fe'* & -F %t HZSM-5 #4147 5Ut%, Lewis B2 W &
IR, STREBR WAL S T, EAIFRIET BB S a9 P o RERBR, A A T # 69
T R, PR AR E BT IR T8% I B R A ) &2 M | B B 0 B TR AR AL A AR AL T B IR 3B

KEEA: wbr; MEAL A ZSM-S5
FE4SES: TQ253.2



