1 Process for preparing conpounds containing nitrile functions

[ 0001] The present invention relates to the preparation of conpounds

5containing nitrile functions, nore preferably of conpounds

containing two nitrile functions, such as succinonitrile and

adi ponitrile. [0002]1t relates nore particularly to the preparation

of conpounds contalnlng nitrile functlons fron1co_-ounds

cont ai ni ng car bok§ RIGRATIG PR S COINg fy,

in fermentation nedia or fernentatlon | i quors. [0003] Conpounds
containing nitrile functions, and especially dinitrile conpounds

such as adiponitrile and succinonitrile, are products which are 15
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material, 30 hydrocarbon conpounds obtained fromthe refini a?
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presence of ammoni um hydrOX| de. This process is described
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intermediate in the manufacture of hexamethylenediamine, or of epsilon-
caprolactam. These two compounds are monomers which are used in the
20 manufacture of polyamides, especially polyhexamethylenediamine adipamide
(PA 6,6) or polycaproamide (PA 6). Hexamethylenediamine is also used for the
synthesis of diisocyanates, which are important monomers in the manufacture
of polyurethanes.

25 [0005] Adiponitrile and succinonitrile may also be used in processes for
manufacturing polyamides by condensation reaction with diacid monomers.

[0006] Numerous processes have been proposed for synthesis of
adiponitrile. These processes principally use, as their starting material,

30 hydrocarbon compounds obtained from the refining of petroleum. Thus the
main processes for synthesis of adiponitrile are the hydrocyanation of
butadiene, and the ammoxidation of propane or of propene.

[0007] Also exploited has been a process for preparing adiponitrile by

35 converting adipic acid into adiponitrile in the presence of ammonium
hydroxide. This process is described particularly in French patents 2028842,
2132849 and 2144340.



2 [0008]1In this process, the adipic acid used as starting materi al
was obtai ned from a hydrocarbon, such as cycl ohexane, which was
obt ai ned during the refining of petroleum 5[0009]In view of the
exhaustion of petrol eum resources, many research studi es have been
undertaken with the ai mof devel opi ng prdcesses for synthesizing
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conpounds conprising at |least one nitrile function, using as starting
25 material, preferably, an a?ueous solution of a carboxyl conpound
and, even 18] advahisagaits Mateliale isa goayarged obyitprenessast avhiely generally
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organic functions. Hence, by a process of biological fermentation, it is possible
to convert the sugars into compounds containing carboxyl functions. These
20 fermentation processes produce aqueous solutions of organic compounds that
are referred to as fermentation liquors.

[0011] One of the objects of the invention is to provide a process for
preparing compounds comprising at least one nitrile function, using as starting

25 material, preferably, an aqueous solution of a carboxyl compound, and, even
more advantageously, the aqueous solutions referred to as fermentation
liquors that are obtained by fermentation of sugars produced by the
transformation of renewable resources.

30 [0012] For this purpose, the invention provides a process for preparing
compounds of general formula i:

(NC)x-(R1)}-(CN)y
in which
35 Ry represents a saturated or unsaturated, linear or branched hydrocarbon
group containing 1 to 20 carbon atoms and possibly containing heteroatoms,
and
x and y represent 0 or 1, with (x+y) being 1 or 2.



group containing 1 to 20 carbon atonms and possi bly contai ning

het eroatons, and x and y represent 0 or 1, with (x+y) being 1 or 2. 3
[0013] This process involves reacting amonia with a salt of an
organi c diacid of general formula Il 5(HANCOC) x- (R1) - (COONHOy i n
which x, y and Rl have the neaning indicdted above, in the presence
of a catalyst conprising a crystalline silicon orthophosphate. 10

[ 0014] The process is inplenented at a tenperature of between 300C and
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and 450°C, preferably between 350°C and 425°C.

[0015] The aqueous solution of compounds of formula Il is evaporated
before being contacted with the catalyst, either in an evaporation device or by

15 spraying into the stream of superheated ammonia. These two means of
evaporating the aqueous solution are given solely as indicators.

[0016] In another feature of the invention, the catalyst comprises less than
5% by weight of amorphous silicon orthophosphate.
20
[0017] In another feature of the invention, the compound of general formula
I is an aqueous solution. This aqueous solution is obtained more
advantageously in a process of biological transformation of a solution
containing sugars that is itself obtained from a process of transformation or
25 extraction using, as starting materials, essentially plant materials which
constitute a renewable resource.

[0018] This aqueous solution obtained from a process of biological
transformation is obtained, for example, by a sugar fermentation process. This
30 medium is referred to generally as "fermentation liquor".

[0019] These fermentation liquors may be used directly or after filtration to
separate the biological material or biomass from the medium. As an example
of a process for preparing fermentation liquors that are suitable as starting

35 material for the process of the invention, mention may be made of the
processes described in the article by Varadarajan et al. that appeared in
Biotechnol. Pro. 1999, 15, 845-854, or the article by Olson et al. that appeared
in Applied Biochemistry and Biotechnology 2003, Vol. 105-108, 843-851.



[ 0018] Thi s aqueous sol ution obtained froma process of biological
transformation is obtained, for exanple, by a sugar. fermentation
process. This 30nmediumis referred to generally as "fernentation
liquor™. [0019] These fernentation liquors nay be used directly or
after flltratlon to separate the biologi4al nmaterial or bionmass from
the nmedium As an exanple of a process for preparing fernmentation
liquors that are suitable as starting 35 material for the process of
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particul ar Frenc nt application 28103
20 advantageously by |mpregnat|ng a silica with phosphoric acid in agueous

solution, then calcining in air, to form silicon orthophosphate. The calcining
temperature is advantageously between 450°C and 800°C, for example
between 450°C and 550°C. A preparation process of this kind is described
more particularly in French patent application 2810317.

25
[0023] It is also possible to use catalysts which are sold by a number of
companies such as the company UOP. However, it may be necessary to treat
these commercial catalysts in order to increase the level of crystalline form, by
a heat treatment, for example.

30
[0024] The catalyst is generally in solid form, for example in the form of
beads, cylindrical extrudates, honeycomb or the like. The catalyst is disposed
in a reactor in the form of a fixed bed through which the fermentation liquor
and the ammonia in vapour form are passed.

35
[0025] The catalyst of the invention may further comprise dopant elements
or cocatalysts.



25 [0023]1t is also possible to use catalysts which are sold by a
nunber of conpani es such as the conpany UOP. However, it may be
necessary to treat these commercial catalysts in order to increase
the level of crystalline form by a heat treatnent, for exanple.
[ 0024] The catalyst is generally in soliddform for exanple in the
form of beads, cylindrical extrudate honeyconb or the |like. The
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[0029] Further details and advantages of the invention will emerge more
20 clearly from a reading of the examples which are given below solely by way of
indication.

[0030] The reaction is implemented in gaseous phase at a temperature in
the region of 400°C and under atmospheric pressure. The catalyst used is

25 composed of silicon orthophosphate of formula Siz(POs)s.

[0031] This catalyst is prepared by impregnating a silica with 85%

phosphoric acid and then calcining in air at 500°C .

30 [0032] Example 1: Preparation of succinonitrile

/\/COONH4 _SBPoa /\/CN
H,NOOC NC

NH3 + 2H,0
420°C
[0033] The starting material is an aqueous solution containing

approximately 10% to 20% by weight of ammonium succinate in solution in



[0031] This catalyst is prepared by inpregnating a silica with 85%

phosphoric acid and then calcining in air at 500C . 30[0032] Exanpl e
1: Preparation of succinonitrile SOON H4Si 3( PO4) 4 HANOOCNH3NC+2H20

420C 6 water. [0034] This aqueous solution contains other acids and
di aci ds containing fewer carbon atons, which are referred to as

"l ower aci ter [ 0035] The conposition of the aqgueous solution used
corresponds 10 'the conposition of a solution or fernentation |iquor

obtained froma process of fernentation of a nedium containing sugars
obtained fromthe tl_r eatment of a _BI ant nmaterjal. i50036 The . sol ubili.t
of the ammi?f3dh sallhis BAUePHES SOWEPRLCANtRINE LT gF §tﬁer fijadfs containin
t enper at ur i y fg@g et solution in
order to p?eév\‘;gﬂgar?regsatttgl i‘é"gtﬁ:Pg‘;r]regrgﬁ em%élg?\g%]g%?igg'l ass reactor
with a @liameter of 22 nmis supplied in succession with 3 m of glass
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composition of a solution or fermentation liquor obtained from a process of
fermentation of a medium containing sugars obtained from the treatment of a
plant material.

10
[0036] The solubility of the ammonium salts of these acids increases
greatly with temperature, and so it may be of advantage to use a hot solution

in order to prevent crystallization problems.

15  [0037] A glass reactor with a diameter of 22 mm is supplied in succession
with
3 ml of glass powder
5 mi (4.0 g) of Sis(PO4)4 catalyst in the form of extrudates

3 ml of glass powder.

20
[0038] The catalyst bed is activated first by treatment at 500°C in a stream
of air of 31/h for approximately 15 hours, followed, after lowering of the
temperature to 420°C, by replacement of the air by a stream of NH3 at a rate of
1.5 Ifh.

25
[0039] Using a syringe driver, an agueous solution of ammonium succinate

at a concentration of 15% by weight is injected at a rate of 6 mi/h.

Under these conditions, the molar NHs/ammonium succinate ratio is 10.

30 [0040] The condensates are recovered and analysed by gas
chromatography (GC).

[0041] After injection of aqueous solution for 4 hours, the vield of



[ 0038] The catal yst bed is activated first by treatnment at 500C in a
streamof air of 3 1/h for approximately 15 hours, followed, after

| onering of the tenperature to 420C, by replacenent of the air by a
streamof NH3 at a rate of 1.5 I/h. [0039] Using a syringe driver, an
aqueous sol ution of anmoni um succinate af a concentration of 15% by

wei ght i's idiGEeteth 8 sBcéift @tr‘ﬂé rglaqﬂls QE éHQ%ﬁT)égﬁ.g‘ffﬁ@Eﬂb{é MRdUCBE is

nol ar NH3/ ammoni um succl na ratro | condensat es
are recovermgsdsoand anal ysed by gas chromatography (GC). 7 conversion
to succinonitrile relative to the ammni um succi nate introduced is
65% Exanple 2: Preparation of succinonitrile fromsuccinic acid 5

[0042] Exansl ndolk ; A8S&EREN oPlicdibtIe rBRTSaidRRYIdY by vel ght

aqueous solution of succinic acid. The catalyst bed 1s identical to
that of5Sthe preceding test. Followi ng activation, a stream of ammonia

he- aqueoudd @B ut 1 EraiPIe deFapentad; pEind Aaorh frapai e/ ajteous

m / h. Undergol hpofcoedinid 861§, the nolar NH3/succinic acid ratio is
10. The condensates are recovered and anal ysed by GC. After 5 hours

of injectidme eatalyst bed infdestical ieothiat of the Peecrdig test.Jtuipnanametivatan, a
Preparati O%tr%far'r?gi“ %?ﬁ]‘h%iial & 2Wnhis passed over the catalyst bed, and, at the same
10 time, the aqueous solution of succinic acid is injected at a rate of 4 ml/h.

Under these conditions, the molar NHs/succinic acid ratio is 10. The condensates
are recovered and analysed by GC.

After 5 hours of injection, the yield of succinonitrile is 70%.

15 [0043] Example 3: Preparation of adiponitrile

/\/\/COONH4 -———-———-)-Si3(PO4)4 /\/\/CN
H,NOOC NC

NH3- 420°C

[0044) Example 1 is repeated, replacing the ammonium succinate solution
20  with a 15% strength by weight ammonium adipate solution. A stream of NH; at
1.5/h is injected into the catalyst bed, and the hot agueous ammonium

adipate solution is injected at a rate of 4 ml/h.

[0045] After 4 hours of injection, the yield of conversion of ammonium

25 adipate to adiponitrile is 72%.

Example 4: Preparation of succinonitrile with regenerated catalyst

[0046] When the performance of the catalyst bed falls below the economic
30 optimum, the bed can be regenerated in accordance with the following

procedure, which is described solely by way of example.

[0047] The feed to the catalyst bed of ammonia and aqueous ammonium



COONH4 Si 3(PO4) 4 HANOCOC NH3- 420C [0044] Exanple 1 is repeated,
replacing the amoni um succinate solution 20 with a 15% strength by
wei ght ammoni um adi pate solution. A streamof NH3 at 1.5 |/h is
injected into the catalyst bed, and the hot aqueous anmoni um adi pate
solution is injected at a rate of 4 m/h8 [0045]After 4 hours of
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I/h of air, he cat al d.i.s heat dually to 500C.
Tr eat nent il‘lﬁﬁggpt?é? ng %sﬂt%&ﬁgén% \"%P '%p@‘?\%w mately 15 hours.
The 5presence of CO2 in the exiting air is detected, and the
treatment is continued until CO2 is no Ionger detected in the
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anmoni 40 Thragraisy@ipldcedt Gredubig eyeirairehia. sk satiiestiinenert Fedeherated,
producti on test was carrjied out in accordance with the procedure
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9 procedure described in Example 1. The conversion yield obtained is identical.



Claims 5 1. Process for preparing conpounds of general formula I
10(NO) x-Ri (CN)y in which: Rl represents a saturated or unsaturated,

| i near or branched hydrocarbon group containing 1 to 20 carbon atons
and possi bly containing heteroatons, 15x and y are 0 or 1, with (x+y)
being 1 or 2, which conprises reacting a#moniac with a conpound of
general formula Il (HANOOC) x-(Ri )-(COONNy in vapour phase in the
presence of a catalyst conprising a silicon ortho-

phosphate of fornula Si3(PO4)4, at a tenperature of between 300C and
20450C. 2. Process according to aim1l, characterized in that the
conmpound of general fornula Ills in ueous solution. 25 3. Process
according to daim2, characterized alA3® the concentration of the
conmpoung of general fornula Il in the aqueous solution is greater
than 1% by weight. 4. Process according to Claim3, characterized in
that the concentration of the 30conmpound of general formula Il in the
aqueous solution is between 1% and 30% by wei ght, preferably between
1% and 25% by wei ght. 5. Process according to any of Clains 2 to 4,
characteri ded Pogafstfor ReepgfingciMrIngs @roasreralfernsdidgdound of general

formula Il is a medium 35resulting fromthe biological transformation
of compgunds bel onging to the cl ass(m)xg;@&@my
in which:

R4 represents a saturated or unsaturated, linear or branched hydrocarbon
group containing 1 to 20 carbon atoms and possibly containing hetero-
atoms,
15 x and y are 0 or 1, with (x+y) being 1 or 2,
which comprises reacting ammoniac with a compound of general formula Il
(HsNOOC)-(R1)-(COONH4)y
in vapour phase in the presence of a catalyst comprising a silicon ortho-
phosphate of formula Siz(PQ,)4, at a temperature of between 300°C and
20 450°C.

2. Process according to Claim 1, characterized in that the compound of
general formula Il is in aqueous solution.

25 3. Process according to Claim 2, characterized in that the concentration of the
compound of general formula Il in the aqueous solution is greater than 1%
by weight.

4. Process according to Claim 3, characterized in that the concentration of the
30 compound of general formula Il in the aqueous solution is between 1% and
30% by weight, preferably between 1% and 25% by weight.

5. Process according to any of Claims 2 to 4, characterized in that the

aqueous solution of the compound of general formula Il is a medium

35 resulting from the biclogical fransformation of compounds belonging to the
class of sugars.



10 6. Process according to daimb5, characterized in that the nedium
obtained fromthe biological transformation that is used is obtained
after separation fromthe biomass. 5 7. Process according to any of
Claims 1 to 6, characterized in that the conpound of general fornula
Il is selected fromthe group consistindgOof anmoni um succi nat e,
ammoni um adi pat e, ammoni um gl ut amat e, amoni um gl utarate, amoni um
salts of fatty diacids, ammoni um 10hexadecanedi oate or the |ike. 8.

Process ac@or dlmgcéss aeuorafngqoaommlst @hzzr,acfém@achethaz% Inﬁbdlbmt o&tbmed

reaction is petforned areactqr c i,n i.xe

150 Process acdert ialedrs GinaputaBh 18 Bers HhedRed alftr sepaiaton
the catal yst i $roobtre biethasg. i npregnating a silica with phosphoric

acid ang calcining in air. 10. Process according to Caim?9,
characterized in that the calcining is 20perfornmed at a tenperature

of between 7400Eregrpss@oCPrding teranesy alaimsdilntp tto eharaeerigg@ in that the

preceding cl ai Eﬁmﬁbhuﬁﬂa&ft geh&@f fbimdlaal id R8|<cesP aiond 1RE &Sﬂﬁrvfiﬁns:stigg of

formula | is selected fromthe roulﬁ).I consi sting of adl onitrile an

succi noni tri| e@Mygonium  succinate, monium  adipate, monium  glutamate,
ammonium glutarate, ammonium salts of fatty diacids, ammonium

10 hexadecanedioate or the like.

8. Process according to any of Claims 1 to 7, characterized in that the reaction
is performed in a reactor comprising a fixed catalyst bed.

15 9. Process according to any of Claims 1 to 8, characterized in that the catalyst
is obtained by impregnating a silica with phosphoric acid and calcining in
air.

10. Process according to Claim 9, characierized in that the calcining is
20 performed at a temperature of between 400°C and 800°C.

11. Process according to any of the preceding claims, characterized in that the
compound of general formula | is selected from the group consisting of
adiponitrile and succinonitrile.

25



