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range of bgen synth@sized, as reported in Advances in Catalysrs 18:344 (1968), by passing gaseous
acetaldehyde and ammonia over the crystalline aluminosilicates NaX and H-mordenite. While
initial conversion utilizing these materials as catalysts was high, catalyst deactivation by coking
35  was rapid, providing a commercially unattractive system, characterized by poor catalytic stability.
Synthetic crystalline zeolites having an intermediate pore size as measured by the
Constraint Index of the zeolite being between 1 and 12, e.g., ZSM-5, have been found to provide
commercially useful yields and product selectivities. U.S. Patent No. 4,220,783 was pioneer in




Use of a ZSM 5 catal yst conponent in a fluidized or otherw se novabl e bed
reactor is taught in U S Patent No. 4,675,410. U S. Patent No. 4, 82856361\?%02
t eaches synthesis of pyridine by reaction of ammnia and a carbonyl
compound; preferably with added hydrogen, over catalyst 1o conprising a
crystalline alumnosilicate zeolite which has been ion exchanged with a
Goup VIl netal of the Periodic Table. The crystalline alumnosilicate
zeolite has a silica to alumna nole rat?2o of at |least 15, preferably 30 to
200, a Constraint Index of from4 to 12, e.qg. ZSMS and the process
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i n which a tarbon ound Is initially reacted with ammonia in the gas

phase using a ﬁetermbt@mnbfee@meam compyising agmmopia and ah ieagt ong fers carbonyle
base synt&e&mmrtﬁaﬁtebaﬁe lof a ARICLRE eiévé éttta m@ fdddcd & pAfdyoproBi& Btreds
fraction, which ecover d %@d 35{)&1{{«21' %Brldlnefractlon which is
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t d at
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solubility. The carbonyl reactant may conprise a m xture of two or nore
carbonyl conpounds. If a mxture is used, each carbonyl conponent in the
m xture is preferably present in a predeterm ned anount relative to the
ot her carbonyl conponents. For exanple, when the at |east one carbonyl
react ant |s a mxture of formal dehyde and acet aI dehyde the two corrponents '
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The nole ratio of ammonia to carbonyl reactant (NH3/CO in the reaction

m xture enployed will generally be between 0.5 and 30, preferably b@tsngin200]
0.5 and 10, and nore preferably between 1 and 5. Hydrogen gas (H2) may, if
desired, be added to the reaction, e.g., at the rate of fromO (no 35 added
hydrogen) to an H2/carbonyl reactant (H2/CO nole ratio of 5.0, preferably
from0.1 to 1.0. The reaction conditions for performng the base synthesis
reaction between the ammoni a and the at 3 east one carbonyl conpound

i ncl ude: 2 5 JUN 2002 4 (a) a tenperature of 285 to 600C, preferably 340
to 550C togahera:onfpess lesethahn 540.%4, and niddé preRaalilp leds than 20vie%edf thertetabprodbst 80
to 1, 000. 5ga (0.8 to 10 atm; and (c) a gas hourly space velocity (GHSV of
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(U.S. Paggnt No. 4,417, 780). Clher useful catal yst materials include MCM 22

(U.S. Patent No. 4,954, 325),
The reaction conditions for performmg the base synthesis reaction between the ammonia

and the at least one carbonyl compound include:




(U S Patent No. 5,250,277), MCM49 (U. S. Patent No. 5,236,575) and

MCM 56 (U. S. Patent No. 5,362,697). SAPO- 5, SAPO-11, zeolite X, zeqlg yiy 2602
and zeolite Beta are al so exarrpl es of nol ecular sieve materials that can

al so be used according to the invention. Naturally occurring clays that can
be conposited with the nolecul ar sieve include those of the nmontnorillonite
and kaolin famlies, which famlies include the subbentonites and the

kaol ins commonly known as Dixie, MNanee4 CGeorgia, and Florida clays) or
others in which the main nmineral constituent is halloysite, kaolinite,
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subssanti al i The basesynthesiy feactionrany tiepdlyatkyhmsidineaonvdrsioh péattiony are! pérfofmed
pyridine and RhigQlih vl Bdlyst PPl oS bid R flysR arl 825 hiting an

intermediate pore size characterized by a Constraint Index 1 to 12. Constraint Index and the

method by which it is determined are described in U.S. Patent No. 4,016,218. Examples of




2 5 JUN 2001 7 What is clained-is: 1. A process for shape selective base
synthesis of pyridine or picoline conpounds, conprising: (a) reactlgg ﬁ 0
react ant feedstream conprising ammonia and at | east one C.sub.l-5 ¢ H N;
reactant under suitable synthesis reaction conditions of tenperature,
pressure, and space velocity in the presence of a catalyst conprising a

nol ecul ar sieve to produce a primary product stream conprising pyridine or
pi coline products and pol yal kyl pyri di ness or hi gher nolecul ar wei ght
species; (b) separating fromthe primary product streama product fraction
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Water content in the product was determined by Karl-Fischer titration. The yields of the various

products of this reaction are given in Table 1.
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Table 1 clearly illustrates that the process of the invention (Example 2) can substantially
increase the process selectivity for pyridine and picolines as compared to the prior art single pass
30  process (Example 1). Polyalkylpyridine by-product yield is substantially reduced, from 18.1% to
less than 1%. Note that, for comparison purposes, the acetaldehyde conversions for each
example are accomplished by increasing the catalyst charge to the reactor. Accordingly, the
process of the invention achieves a substantial increase in efficiency on the basis of the total yield
of pyridine and picoline products from a given amount of feed.
35
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(b) separating from the primary product stream a product fraction comprising pyridine or picoline
products, and a polyalkylpyridine fraction comprising polyalkylpyridines or other higher molecular
weight aromatic species; and

(c) recirculating the polyalkylpyridine fraction to the catalyst to convert polyalkylpyridines or other
higher molecular weight aromatic species therein under the reaction conditions to produce a secondary
product comprising pyridine or picoline products and less than about 5 wt % polyalkylpyridines or other
higher molecular weight aromatic species.

2. A process according to claim 1, wherein the synthesis reaction conditions comprise a temperature of
from about 285.degree. C. to about 600.degree. C.; a pressure of from about 0.2 atm to about 20 atm; and
a GHSV of from about 200 hr.sup.1 to about 20,000 hr.sup.1.

3. A process according to claim 1, wherein the synthesis reaction conditions comprise a temperature of
from about 340.degree. C. to about 550.degree. C., a pressure of from about 0.8 atm to about 10 atm; and
a GHSV of from about 300 hr.sup.1 to about 5,000 hr.sup.1.

4. A process according to claim 1, wherein the molecular sieve is selected from the group consisting of
ZSM-5, ZSM-11, ZSM-12, ZSM-21, ZSM-22, ZSM-23, ZSM-35, ZSM-38, ZSM-48, ZSM-57, ZSM-58,
S-115, MCM-22, MCM-36, MCM-49, MCM-56, SAPO-5, SAPO-11, zeolite Beta, zeolite X, and zeolite
Y.

5. A process according to claim 1, wherein the molecular sieve has a Constraint Index of from about 1 to
about 12.

6. A process according to claim 1, wherein the mole ratio of the ammonia to the at least one carbonyl
reactant in the reactant feedstream is from about 0.5 to about 10.

7. A process according to claim 6, wherein the mole ratio of the ammonia to the at least one carbonyl
reactant in the reactant feedstream is from about 1 to about 5.

8. A process according to claim 1, wherein the at least one carbonyl reactant consists essentially of
acetaldehyde and formaldehyde.

9. A process according to claim 8, wherein the formaldehyde/acetaldehyde mole ratio is from about 0.2 to
about 1.0.

10. A process according to claim 9, wherein the formaldehyde/acetaldehyde mole ratio is from about 0.4
to about 0.8.
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14, A process according to claim 1, wherein the secondary product stream comprises less than about 2 wt
% polyalkylpyridines or other higher molecular weight aromatic species.

.

15. A process according to claim 1, wherein the separating step (b) comprises fractional distilling the
primary product stream to permit collection of the product fraction and the polyalkylpyridine fraction.



