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The yjelds of desired products using the latter cat al ysts have been poor.
Al kyl pyri di nes have al so been synt hesized, as reported in Advnces in
Catal ysis, 18:344 (1968), by passing gaseous acet al dehyde and ammoni p
over the crystalline alum nosilicates NaX and H nordenite. Wile
initial conversion utilizing these materials as catal ysts was high,
cat al yst deactivation by coking




35 *was-rapid; providing a commercially unattractive system characterized
By poor catalytic stability. Synthetic crystalline zeolites
havi ng an i nt Wo®@i8ek e pore size as neasured by the Copetiugssitrioh ndex
of the zeolite being between 1 and 12, e.g., ZSM 5, have been found to
provi de comercially useful yields and product selectivities. U S

Pat ent No. 4,220,783 was pioneer in
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Reaction of acetaldehyde or certain other low molecular weight aldehydes and ammonia
either in the absence or presence of methano! and/or formaldehyde to yield pyridine and alkyl
derivatives thereof has been carried out in the presence of amorphous silica-alumina composites

30  containing various promoters. See, for example, U.S. Patent Nos. 2,807,618 and 3,946,020.
The yields of desired products using the latter catalysts have been poor. Alkylpyridines have also
been synthesized, as reported in Advances in Catalysis, 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 stablhty

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



conprising pyridine or picoline products and polyal kyl pyridi nes; 30

(b) i sol ating from'the prinmary product stream a product fraction .
conpri sing pWa ai3sens or picoline products, and a pol yakkyisgridrne -
fraction conprising polyal kyl pyridi nes; and (c) contacting

t he pol yal kyl pyridine fraction with a mol ecul ar si eve catal yst to
produce a secondary product stream conprising pyridine or picoline

products. The process of the invention substantially reduces
the net nake of polyal kyl pyridines or 35, higher nolecular weight aromatic
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25 Accordmgly the invention resides in a process for producing pyridine or plco_lme
compounds, comprising: ° : : '

(a) reactinga reactant feedstream comprising ammonia and at least one C,.s carbonyl
reactant in the presence, of a molecular sieve catalyst to produce 2 primary product stream
comprising pyridine or p:colme products and polyalkyipyndmes, . : =

30 (b) isolating from the primary product stream a product fraction compnsmg pyndme
or picoline products, and a polyalkylpyndme fraction comprising polyalkylpyridines; and

(c) contacting the polyalkylpyridine fraction with a molecular sieve catalyst to
produce a secondary product stream comprising pyridine or picoline products.

_ The process of the invention substantially reduces the net make of polyalkylpyridines or
35  higher molecular weight aromatic hydrocarbon species and increases the yield of the desired
pyridine and picoline products. Preferably, the net amount of polyalkylpyridines and higher
molecular weight aromatic species in the product fraction and the secondary product stream
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reaetant is & mxture of formal dehyde and acet al dehyde, the two conponents
are preferablx present in a formal dehyde/ acet al dehyde nol e rati o of
fromO0.2 to 1WO#80% preferably fromO0. 4 to 0.8. Al tePanUsselip7

m xtures of acetal dehyde and acrolein will typically have an

acet al dehyde/ acrolein nole ratio of fromO0.7 to 1.25. Qther m xtures of
carbonyl reactants can be simlarly fornulated to selectively control
t he product of the base synthesis. Preferably the carbonyl reactant
conprises a mxture of formal dehyde and acet al dehyde and the primary
product 30 of the base synthesis reaction is pyridine and [err]-picoline.
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amount relative to the other carbonyl components. For example, when the at least one carbonyl
reactant is a mixture of formaldehyde and acetaldehyde, the two components are preferably

25  present in a formaldehyde/acetaldehyde mole ratio of from 0.2 to 1,0, more preferably from 0.4
to 0.8. Alternatively, mixtures of acetaldehyde and acrolein will typically have an
acetaldehyde/acrolein mole ratio of from 0.7 to 1.25. Other mixtures of carbonyl reactants can be
similarly formulated to selectively control the product of the base synthesis. Preferably the
carbonyl reactant comprises a mixture of formaldehyde and acetaldehyde and the primary product

30  of the base synthesis reaction is pyridine and B-picoline.

The mole ratio of ammonia to carbonyl reactant (NH3/CO) in the reaction mixture
employed will generally be between 0.5 and 30, preferably between 0.5 and 10, and more
preferably between 1 and 5.

Hydrogen gas (H,) may, if desired, be added to the reaction, e.g., at the rate of from 0 (no

35 added hydrogen) to an Hy/carbonyl reactant (H»/CO) mole ratio of 5.0, preferably from 0.1 to
1.0,

The reaction conditions for performing the base synthesis reaction between the ammonia

and the at least one carbonyl compound include:



This is achieved by contacting the polyal kyl pyridine by-products |n a
secondary reaction with a nol ecul ar sieve catal yst. By :
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The secondary reaction converts the polyalkylpyridines or other higher molecular weight
aromatic species in the polyalkylpyridine fraction to secondary product enriched for pyridine or
picoline products. The catalyst and the conversion conditions used for the secondary reaction
may be the same as or different from those used for the primary reaction, although the conversion

30 conditions for the secondary reaction will generally be within the same approximate ranges as
those specified a'bobé for the base synthesis reaction. Preferably, the secondary reaction is
effected in the same reactor, using the same catalyst as, the base synthesis reaction by recychng
part or all of the polyatkylpyridine fraction back to the primary reactor.

Catalyst System

5 The base synthesis reaction and the polyalkylpyndme conversion reactnon are performed
over a molecular sieve catalyst. Preferred molecular sieve catalysts are those having 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
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the*momtnorildl onite and kaolin famlies, which famlies include the
subbent oni tes_and _t he kaol i ns commn.l y. known as Di xi e, MNanee,

Georgi a, and VOIS ¢l ays, or others in which the main PCT/USYS27 807
constituent is halloysite, kaolinite, dickite, nacrite, or anauxite.
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EXAMPLE 1
A base synthesis reaction to produce pyridine and picoline products was performed using
30  asthe catalyst a 40% HZSM-5 zeolite spray-dried in a silica-alumina-clay matrix. In a typical
run, 5-10 mL pf 20/40 mesh catalyst was charged to a quartz reactor and heated to 440 to 454°C
(825 to 850°F) under an N; purge. The feed consisted of acetaldehyde, formaldehyde, ammonia,
and hydrogen in the following molar ratios: acetaldehyde = 1.4; formaldehyde = 1.0; ammonia =
3.6; hydrogen = 1.6. The feed was passed over the catalyst at 580 hr ! GHSV (NH), and the
35  effluent was analyzed by gas chromatography (GC) using quinoline as an internal standard.
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.




5 increase the conversion of polynethylpyridines. The yields of the varlous

‘products follow ng this reaction are given in Table 1.

TABLE 1 WO 99/33808 %ﬁﬁﬁs&nh
Exanple 2 10 ' (No Recycl e)
(Wth Recycle) Tenperature ([err] Q) 440

440 Cat al yst Charge () 5.0

7.0 Run Time (mn) _ 120

120 15 Acet al dehyde Conversion (9 ¢ 85.9

86 For mal dehyde Conversion (% 79.1 - 80
LRGP (0 e
50 ﬁe@ap:}lwnd picoline products in the effluent of the reaction gescribed in Example 1 '
30 were distitiéd,off dnyt collected]iand the aqueous layer was removed. The b&wvikr N-containing
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i ncrease tﬁ@%@@&‘@ﬂyﬂ@bﬂrw ty for ri dine and picolines as conpared to
the prior art single pass 30 process %IMIrpI e 1). Polyal kyl pyridine
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Note that, for conparison purposes, t heExamples) dehyde Exsempleki ons for each
exanpl el%ar e acconpl i'shed by i ncreasi ng(NaRecyele)a| ystﬂh’ﬁhl@e&"‘!&) t he reactor.
Accordi ngl ﬁ' t he process of the invention achieves a substanti al
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Run Time (min) 120 120
15
Acetaldehyde Conversion (%) 859 86
Formaldehyde Conversion (%) 79.1 . _ 80
Yield of N-Products’ (%) 43.1 43
20 ivities (%) . o
Pyridine 38.7 : 50
Picoline 22.1 30
Polyalkylpyridines 18.1 <1
Higher MW Products, tars, etc. 21.1 20
25

P Wt N-containing products/wt acetaldehvdq .fe@d .

Table 1 clearly illustrates that the process _of the_:mventlon (Example 2) can substantlally
. increase the process selectivity for pyridine and pic lme's'as éorhpared to the pnor art smgle pass
30  process (Example 1). Polyalkylpyridine by-produét 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_g:atal_yst 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.
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1. . A process for producing pyridine or picoline conpounds, conprising
t.he steps of: ° (a) reacting a reactant feedstream conpri sing
ammoni a and 2WYOPYREB one CJerr] carbonyl 5 reactant in t hBCHPE88AEE of a
nol ecul ar sieve catal yst to produce a primary product stream

conprising pyridine or picoline products and pol yal kyl pyri di nes;

(b) I solating fromthe primary product stream a product fraction

conpri sing pyridine or picoline products, and a pol yal kyl pyri di ne

fraction conprising polyal kyl pyridi nes; ahd g
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carbonyl reactant in the reactant feedstreamis fromO0.5 to 10.
6. The process, acCrhe@idtesslacrofdimy t61Claim\WRheéin tHeltbnditions 6£s8éps (&) and @) bazhy |

reactant ﬁrgsrqg &?Eﬂﬂ%@%ﬁkqggdf ur?ﬂgssal% ?%‘i’@%é@kpa (89 to 20 atm); and al

The process e r conprising co-feedi ng hydrogen
W th t (S %Q?co qg@dgt'ream 8. The process
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a GHSV of 300 to 5,000 hr*'.

20 4. The process according to Claim 1, wherein the molecular sieve is selected from
" ZSM-5, ZSM-11, ZSM-12, ZSM-22, ZSM-23, ZSM-35, ZSM-48, ZSM-57, ZSM-58, MCM-22,
MCM-36, MCM-49, MCM-56, SAPO-5, SAPO-11, zeolite Beta, zeolite X, and zeolite Y.

5. The process according to Claim 1, wherein the mole ratio of the ammonia to the at
25  least one carbonyl reactant in the reactant feedstream is from 0.5 to 10.

6. The process according to Claim 1, wherein the at least one carbonyl reactant
comprises acetaldehyde and formaldehyde.

30 7. The process according to Claim 1, further comprising co-feeding hydrogen with
the reactant feedstream.
8. The process according to Claim 1, wherein the converting step (c) comprises

recirculating the polyalkylpyridine fraction to the catalyst used for the reacting step (a), and
35  wherein the conversion is accomplished under the synthesis reaction conditions of the reacting

step (a).



