- 1 - Process for the manufacture of am nes by hydrogenation of
nitrile conmpounds The present invention relates to a process for the
manuf acture of am ne conpounds by hydrogenation of nitrile conpounds
in the presence of a catalyst. It relates nore.particularly to a
process for the manufacture of diam nesilby continuous hydrogenation
of dinitrile conmpounds in the presence of a catal yst based on a Raney
metal . One of Phecesschwsdhe panufiachanefef tapiaesf byrhydregapatier

used industrially is the catal we qiB¥i@uedsidddiasof nitrile
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compounds used industrially is the ® catalytic
hydrogenation of nitrile compounds.

Thus, hexamethylenediamine, which is an important
chemical intermediate in the manufacture of numerous
compounds or polymers, is predominantly produced by
catalytic hydrogenation of adipeonitrile.

Mention may be made, by way of example, of the
processes for the hydrogenation of adiponitrile in the
presence of a metal oxide as catalyst, such as iron
oxide or cobalt oxide. These processes are generally
carried out at high pressures and temperatures and
often in the presence of ammonia.

Other hydrogenation processes widely used consist in
employing, as catalyst, a system based on a Raney
metal, more particularly Raney nickel or cobalt, in the
presence of water and of a basic compound. In these
processes, the reaction is carried out at relatively
low pressures and temperatures and in the absence of
ammonia. The latter hydrogenation processes with a
catalyst based on a Raney metal can be carried out in
certain reactor types. This is because, as the catalyst
is pyrophoric, the reactors used have to make possible
efficient control of the continuous introduction of the



- 2 - catalyst into the reaction nmedium It is also necessary to
control the amount of catalyst suspended in the reaction medi um and
to provide nanaged and controlled circulation of this suspension.
However, the activity of these catalysts can be strongly affected
when they are used under certain condi-ti2onrs in processes for the
hydr ogenati on of nitrile conpounds. A paper published in Chem cal
Engi neeri ng SchéntgstVbhto4The Noea®kibh m2289m041€1992plspndecatesry
that nitrile ¢MONAS, Heqgk VAlALAAl BEY S 3300 ORsFaliYa Nlspketnor

cobalt. In order to avord this deactivation, provision was nmade, 1n
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am ne fOrrmd'nitrile compounds results 1in deactivation of the

catalyst.

All these processes use, as solution for reducing the
decline in the activity of the catalyst, systems which
make it possible to have efficient mixing of the
reaction medium and thus to have an identical
concentration of reactants and an identical
concentration of catalyst at any point in the reactor.

Such a mixing quality is difficult to obtain and
requires complex devices, such as those described in
Patent Application WO 00/37424, which relates to the
use of static mixers for improving the gquality of the
mixing and the homogeneity of the concentrations at any

peint in the reactor.



To this end, the invention provides a continuous process for the
manuf acture of a compound conprising at | east one am ne functional
group by hydrogenation of a conpound conprising at |least one nitrile
functional group, characterized in that it consists in: feeding a
gas conprising hydrogen and a nitrile .cgmpound to a reactor of
plug-flow type in which circulates a reaction medi um conpri sing
suspended par inckke@giofionat ehys¢ dabedicn Raneyptnetabppahednehgantice
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r eact or. to limit the rate of decline in the activity of the
catalyst while avoiding the formation of impurities

difficult to separate from the amine formed.

To this end, the invention provides a continuous
process for the manufacture of a compound comprising at
least one amine functional group by hydrogenation of a
compound comprising at least one nitrile functional
group, characterized in that it consists in:

% feeding a gas comprising hydrogen and a nitrile
compound to a reactor of plug-flow type in
which circulates a reaction medium comprising
suspended particles of catalyst based on Raney
metal, an inorganic base and water,

** withdrawing, at the outlet of the plug-flow
reactor, a portion of the reaction medium
comprising the amine compound after separation
of the catalyst and recycling the other portion
to the plug-flow reactor,

»
»r

recycling the separated catalyst to the plug-

flow reactor,

% feeding a stream of fresh catalyst to the plug-
flow reactor,

and in that the flow rates for feeding nitrile

compounds and/or catalyst to the plug-flow reactor are

controlled in order to maintain a ratio P of the number

of moles of nitrile compounds fed per unit of time to



It can al so be obtained by nmeasuring the concentration of catal yst at
various locations in the plant in which the catalyst circul ates, such
as, for exanple, in the recycling streamof the catalyst to the

pl ug-flow reactor after separation fromthe reaction nedium and

mat hemati cal extrapol ation while taking4 rto account the

hydr odynam cs of the plant used for carrying out this reaction. This
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into the beakgﬁeagguipdg%ﬂy i%ceé&i 100 m of dem neralized and

deaer ated water mediumis stirred in order to suspend
the catal yst to be anal ysed. The water is separated fromthe catal yst

by placing a mageghi a1Bbate abthheecBothomealkuthfgbenaketoncentration
of catalyst at various locations in the plant in which
the catalyst circulates, such as, for example, in the
recycling stream of the catalyst to the plug-flow
reactor after separation from the reaction medium, and
mathematical extrapolation while taking into account
the hydrodynamics of the plant used ifor carrying out
this reaction. This mathematical extrapolation or
correlation between the measurement of the
concentration of catalyst and the flow rate of catalyst
in the plug-flow reactor is established for each plant
by application of the hydrodynamic rules well known in
the state of the art or by systematic measurements in

order to establish a calibration curve or chart.

The activity of the catalyst 1s expressed by the molar
amount of hydrogen consumed during the reduction of the
adiponitrile to give hexamethylenediamine for a defined
amount of Raney nickel catalyst per unit of time under
conditions of temperature and pressure and a KOH/weight
of catalyst ratio which are determined for the
measurement method.

The initial activity of the catalyst is determined by

carrying ocut the procedure described below:



The dem neralized and deaerated water is drained. 150 ml of

dem neralized water are poured into the beaker. The beaker placed on
the magnet: the aqueous washing |iquor is drained and then 50 to 100

m of deaerated water are added. The catal yst is washed with
dem neral i zed and deaerated water. At +he-end of the washing

operations, the pH of the water nust be in the vicinity of 7. A
pycnonet er is X [Mledof gaminerashiFachafatifr |deasited thdhcaaedgist arghe
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The test sample is introduced into the beaker and
approximately 100 ml of demineralized and deaerated
water are added.

The medium is stirred in order tec suspend the catalyst
to be analysed.

The water is separated from the catalyst by placing a
magnetic plate at the bottom of the beaker.

The demineralized and deaerated water is drained.

150 ml1 of demineralized water are poured into the
beaker.

The beaker placed on the magnet: the aqueous washing
liquor is drained and then 50 to 100 ml of deaerated:
water are added.

The catalyst is washed with demineralized and deaerated
water. At the end of the washing operations, the pH of
the water must be in the vicinity of 7.

A pycnometer is filled with the supernatant liquid of
the catalyst.

The pycnometer is welghed in order to define the zero
of the balance.

The pycnometer is removed from the balance.

A small amount of water is removed from the pycnometer
with a pipette.

The catalyst is withdrawn from the bezker with the same
pipette.

An amount of catalyst is introduced into the pycnometer
and the pycnometer is readjusted with the supernatant
liguid.

The pycnometer is weighed and the difference in weight
(W) between the pycnometer filled with water plus the
catalyst and the pycnometer filled with water is read.
The weight of catalyst weatalyst is equal to 1.15 x W.

The amount of catalyst in the pycnometer is readjusted
by repeating the above weighing operations until the
desired amount is obtained:



An anount of catalyst is introduced into the pycnoneter and the
pycnoneter is readjusted with the supernatant |iquid. The pycnoneter
I's weighed and the difference in weight (W between the pycnoneter
filled with water plus the catalyst and the pycnoneter filled with
water is read. The wei ght of catal yst ~wmgatal yst is equal to 1.15 x W
The amount of catalyst in the pycnoneter is readjusted by repeating

t he above wei §hieng epevati onsf unt¢dtalwstdesitioed &mountvitbdobvmi neds

- 6 - Theanoughvgfltgg‘ggugﬁt,t &pha Wthdrawn is advantageously equal
to: Approximtely 0.24000 reci sel %QOf spent, regenerated or fresh

washed cat al yst: (613@79‘6’611531’@%& 81§98 <o. 9404Er§5:l%%y\/\e|°§ht spent,
wcat al yst of cat al ysgehatsosdicnd firklsh tvhehpicogr®lwitd s recor ded
(accuracy: 0.0001 gram. (0.3960 g € Weatarysr € 0.4040 g)
The weight Wecata1yst Of catalyst introduced into the
pycnometer is recorded (accuracy: 0.0001 gram).
The clean and dry reactor and its support are placed on
the tare balance. The balance is zeroed.
The contents of the pycnometer are decanted into a
clean and dry reactor.
The pycnometer is rinsed with the necessary amount of
demineralized water to collect all of the catalyst
introduced into the pycnometer.
As much as possible of water 1s removed using the
magnetic plate on the bottom of the reactor.
6.8N potassium hydroxide KOH is added to the catalyst
using the suitable microsyringe, i.e. 47 nul.
The solution is made up with demineralized water in
order to obtain a weight of solution in the reactor
equal to 4.66 g.
37.8 g of pure HMD are added to the reactor.
The reactor is inserted into the pilot~scale device and
heating is begun (set temperature at 80°C).
The headspace of the reactor 1is purged 3 times with
nitrogen.
The hydrogen supply is placed at a pressure of 50 bar.
The headspace of the reactor is purged with hydrogen by
admission of hydrogen and discharge. The operation is
repeated 3 times while maintaining or reestablishing
the pressure in the hydrogen supply.
At the end of the three purges of the reactor with
hydrogen, the reactor is pressurized to 20 bar of
hydrogen.
Stirring is begun (set temperature of 80°C and stirring
rate of 2000 rev/min).
Approximately 6.00 grams precisely of adiponitrile are
withdrawn with a glass syringe equipped with its
extended needle.



The clean and dry reactor and its support are placed on the tare

bal ance. The bal ance is zeroed. The contents of the pycnoneter are
decanted into a clean and dry reactor. The pycnoneter is rinsed with
t he necessary anount of demineralized water to collect all of the
catal yst introduced into the pycnoneter.?7 As much as possi bl e of water
is renoved using the magnetic plate on the bottom of the reactor
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hydregen supply and a pressure of 50 bar is
reestablished in the supply. It is confirmed that the
supply and reactor pressures remain constant.

Once the temperature and the stirring have been
reached, the valve of the dropping funnel is opened,
first slightly and then completely in a single
cperation, in order to introduce the AdN into the
reactor.

The pressure inside the reactor should rise to 25 bar.
The feed of hydrogen to the reactor from the supply is
kept open until the hydrogen pressure curve is stable.
Throughout the duration of the reaction, the hydrogen
pressure in the supply is recorded as a function of the
time.

When the hydrogen pressure in the reactor is stable,
the hydrogen feed to the reactor is closed.

Heating of the reactor is halted and the reaction
medium is cooled to a temperature of 45°C.

The reactor is slowly decompressed and stirring is
halted.

The headspace of the reactor is purged three times with
nitrogen.

The <contents of the reactor are drained into a
container with rinsing with demineralized water.

The activity of the catalyst is determined by the
initial rate of the reaction, given by the following

formula:

4x\”um
x 60 x At

initial
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catalyst



At the end of the three purges of the reactor with hydrogen, the
reactor is pressurized to 20 bar of hydrogen. Stirring is begun (set
tenperature of 80C and stirring rate of 2000 rev/mn). Approxi mately
6. 00 grans precisely of adiponitrile are withdrawn with a gl ass
syringe equi pped with its extended needlge.- - 7 - The bal ance is
zeroed with the charged syringe equipped with its needle. The

adi ponitrile is introduced into a dropping funnel. The enpty syringe
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duration of the reaction, the hydrogen pressure |n the supply is
recorded as afPGﬁE%PBnOBft??mi%W%m

The initial rate of hydrogenation is expressed in moles
of Ha/g of cata/s.

By control of this ratio P for a catalyst exhibiting a
catalytic activity in a specific range, the Applicant
Company noticed, contrary to the teaching of the
knowledge acquired with regard to this reaction, that
the amine recovered comprises a very low proportion of
impurities, in particular of diaminocyclohexane, and
that the rate of decline in the activity of the
catalyst is very low.

This is ©because it is known that, under certain
conditions, adiponitrile <can react to (give, by
hydrogenation, a cyclic diamine, diaminocyclohexane,
which is difficult to separate from hexamethylene-
diamine. Consequently, it 1is important to limit the
formation of this cyclic diamine in order to obtain a
hexamethylenediamine which can be purified with a
minimum capital cost and a minimum energy consumption.
It is known that this formation of impurities of
diaminocyclohexane type can be limited 1if the ratio P
of nitrile compounds to the weight of catalyst is high.

However, under these conditions, it is also known that
the rate of decline in the activity of the catalyst is
high.

The Applicant Company also noticed that the hexa-
methylenediamine obtained by observing the operating

characteristics described above exhibits a low



When the hydrogen pressure in the reactor is stable, the hydrogen
feed to the reactor is closed. Heating of the reactor is halted and
the reaction mediumis cooled to a tenperature of 45C. The reactor is
slow y deconpressed and stirring is halted. The. headspace of the
reactor is purged three times with nitragen. The contents of the
reactor are drained into a container with rinsing wth dem neralized
wat er. The actdovickytebtibe o&t alnairiitd edetw@tiimesrdy deheckadt iat vate

of the reaCt'g\rﬁalg\%XSn bé’ﬂhecﬁeo' | QML DR LRI T s h 0 N G Al L5108 X
wcat al yst x 60 X initia
characteristic generally expressed in the form of a UV
index (Iuv). This index is obtained by measuring the UV
absorbance at a wavelength of 275 nm of a 32.4% by
weight aqueous HMD solution present in a cell with a

length of 5 cm.

The invention provides conditions for carrying out the
reaction which make it possible, on the one hand, to
limit the formation of impurities of the diamino-
cyclohexane (DCH) type and/or impurities which can be
detected by UV analysis. These conditions correspond to
the use of a high ratic P {(molar flow rate of nitrile
compound to flow rate by weight of catalyst in the
plug-flow reactor) in combination with a catalyst
exhibiting a specific catalytic activity. Under these
conditions and although the ratio P is high, the rate
of decline in the activity of the catalyst remains at a
very low level, a result normally obtained for a low

ratio P.

The process of the invention applies in particular and
preferably to the hydrogenation of dinitrile compounds,
such as adiponitrile, to give diamine compounds, such

as hexamethylenediamine.

The process of the invention makes it possible, by the
use of a ratio P, molar flow rate of nitrile compound
to flow rate by weight of catalyst in the plug-flow
reactor, within a given range for a specific field of
activity of the catalyst, to simultaneously obtain very
limited formation of impurities, such as, for example,
cyclic diamines, and a reduced rate of decline in the

activity of the catalyst.

According to one characteristic of the invention, the
hydrogenation reaction is carried out in the presence

of a solvent. Among the solvents which are suitable,



- 8- Atinitial is the tinme in mnutes which the hydrogenati on woul d
take if the catalyst were continually replaced during the reaction.
It is determ ned by the abscissa of the point of intersection between
the sl ope of the curve for recordi'ng the pressure at the start of the
reaction and the slope at the end of thedoreaction, which is generally
zero. This curve represents the variation in the hydrogen pressure in
t he supply asthef emdneorclfaittesd thyehy@imegenatiah rat eehef preferred
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lol;sverI/l ng t he Og%gﬁ' 891%§:h§11{daclt5gr IbStI cs ggscrl bed above exhibits a

In addition to or as substitute for the water, it is
possible to use at least one other solvent of the
alcohol type. Mention may be made, as suitable
alcohols, for example, of methanol, ethanol, propanol,
isopropanol, butanocl, glycols, such as ethylene glycol,
polyols or a mixture of these compounds.

The hydrogenation catalyst comprises a Raney metal,
preferably, Raney nickel or Raney cobalt. Promoter
elements can advantageously be used with the Raney
metal. These promoter elements are chosen from the
elements belonging to Groups IIB and IVB to VIIB of the
Periodic Table of the Elements. Advantageously, the
promoter elements are chosen from the group consisting
of titanium, chromium, zirconium, vanadium, molybdenum,
manganese, cobalt, nickel, zing, iron and their
combinations.

The hydrogenation reaction is carried out in the
presence of a basic compound, preferably an inorganic
base, such as LiOH, NaOH, KOH, RbOH, CsOH and their
mixtures. NaOH and KOH are preferably used.



concentration of inmpurities which are detected by UV analysis of the
hexanet hyl enedi am ne, a purity characteristic generally expressed in
the formof a W index (luv). This index is obtained by neasuring the
WV absorbance at a wavel ength of 275 nm of "a 32. 4% by wei ght aqueous
HVD sol ution present in a cell with a-I®hgth of 5 cm The invention
provi des conditions for carrying out the reaction which make it

possi bl e, on fhe emeuntindf hase¢ iadded He Hetraminadoini ppdeT tieshayfe

the di am nocygiohgxane (DLHdYPSe andle@r ddPUKkiit bgsamhicth sarabpst,
detected by UV anal XS| S. . These conq{tl ons corresggn(d';J to the use offa
high ratio P PRBFEFa®IvwPrRaFEeBr thilt 71 CoMfundtt &2FFoPTat §9by°

wei ght of catahyslyst the pbug- hboantagetuwly istiddmbeatatdeon 0V harad

catal yst exhi bi ti a i fi al yt | ivity. Under these
condi tions ang'gl gﬁ%u%ﬁp?%eg rp%tﬁc%tgpolgés!:%}:%ﬁ?é%/he rate of decline in
the activity of the catalyst remains at a very low level, a result

normal |y obtairped hQurdqkAWtighi OrEactién Proseseaokibde ba¥ention a

applies in particular and preferably to the hydrogepation of
dinitrile conﬁ@ﬁ‘ﬁ%?tgﬁ%hogs]e-%ﬁ pBlﬁg?r?F e®dt g£9e?g$a¢ﬂ nRT e BRI s,

such as hexanethylesedihahner Tegupl otesslf®a hendnweirtel oprafamesbl
possi bl e, by Q%l!ﬂseoﬁf lgséatﬂnht%rlp’ofmlegpail QY r?hsoef r&’h%,r ' i'gacti n
%b reac

conpound to flow rate by weig of "catal’yst in e plu | ow or,
within a givefiempagetive is geasirkildyf betdeent G \andy 180°€he

catal yst, to sinmultaneously obtain very limted formation of
inpurities, such as, for exanple, cyclic diamnes, and. a reduce te
of decline inlPfe WEEOFRPy RIFESSHESc Al VAT . TREEEPHI n§ (T TuiFEn §.1¢
characteri sti endf 10 hePa nvtd:dmatietie. hydr ogenati on reaction is
carried out in the presence of a solvent. Anong the sol vents which
are suitable, - 10 - the am ne obtai ned by hydrogenation is the
preferred sol feaprdimgstoi @ threieggedofened imgatogdnaticoninpfention,

adi poni tril e, thexagaiBykaRets @M act SorR dyANt R eObed it 14t di AScABE Ted
conponent of the sol vent.ugge concentration of amne i.n th@ sol ven

i s advant ageo8Fy BRAVEERUEOY, did F¥oRBY2RRF Rt OTprdfeEhl §° Bt TR
60 and 99% bybekbghwithf relfersoteent. the appended Figures 1 and 2,

which represent block diagrams of an embodiment of an
apparatus suitable for the implementation of the

invention.

The apparatus suitable for the implementation of the
process of the invention makes it possible to produce
excellent gas/liquid contact, rapid and efficient
separation of these two  phases after contact,
continuous separation of the hydrogenate and of the
catalyst and the recycling of the latter, in a time
compatible with the least possible deactivation of the

said catalyst.

The said apparatus comprises three main sections: a
reaction section operating according to the principle
of the bubble column with circulation of a suspended
catalyst bed,

a gas/liquid separation section and a catalyst/liquid
separation section with recycling of the said catalyst
and withdrawing of the liquid (hydrogenate}.



The hydrogenation reaction is advantageously carried out in the
presence of water as other conponent of the solvent. This water is
generally present in an anmount of |ess than or equal to 50%

advant ageously of less than or. equal to 20% by weight, with respect
to the total reaction nedium and nore peeferably still between 0.1%
and 15% by weight. In addition to or as substitute for the water, it
is possible to use at | east one other solvent of the al cohol type.

Mention may b@hga%a@&ow &@@dforal ggmém oeoﬁgs@fpése ofk r&thﬁgpé

et hanol, propanol, isopropanol, butanol such as ethyl ene

gl ycol , pol yoPssBrpgd Pﬁlse ey Wé@@céﬁﬁp&énd@lchhe”rﬁlﬁ%@%ﬁ]r oPF"
ca’;)a: yst corrpvsn_sgstayRaneylﬁea atdutmreéegs@cbd yt%l?ah@yxé@ﬂckﬁ&l LOromianey
cobalt. Prono ts cap advantagequ e uysed wit

metal . These %Egrrgl?rearnce emsﬂ?s A ﬁo?gﬁvflgééﬁgt# el BTENT éRaﬁlbl ng
to Goups || BgasdliyBidésalid mtahesweqllmrtsm@bl@dofthmeoa@mem@
Advant ageous| ye+,RE RIFOMPLET o8l @TBRLES ;ﬁg&l%hq%eraé‘g %@etdhel O 1t

consisting of titanium chrom um_ zirconium vanadi um nolybdenum
nmanganese, coBaFP, CAMBkEFes ziorr it sadd (Wi lba§8rrﬁﬁn§cpﬁoﬁ§cefr%bng

hydr ogegatl On]pﬁf@ﬂ@hlzorthé E@dfdgch gﬂﬁlétﬂ t RReprEsaRee 16f mASI Cthe

conpoun pre era I N gani ase

o g oy EEReh: AR AR PG TR G PRy 1R, S
anount of basehaddedycied&@taﬂlyﬁd imd edgr der to have at |least 0.1 nol

of base per kilogram of catalyst, preferably between 0.1 and 2 nol of
base per kg of catal yst and nore advantageously still between 0.3 and
1.5 mol of badBepefagkfl byttt SEPEratpR MARdGEnalf orFPRASEDNOfs 2
carried out aweattieaper@flimicdl Lessridibmy obnequat tprkbO0€angential

ferably of .l h d f er abl f
Pecs than or SQUREt o ROBCIITErPBacEion RanpBYHRd oot S ginty | jhe”

bet ween 50C am¢atOOC) , Teaehyar agere ptasgenteialn chlelert@cfmwals.‘isbeth\een
0.10 and 10 N@%s@@ﬂﬁ?ﬁ?”ﬁ&*gh&n SECORdi E‘Qaéo?r? ) Pref gL egy e0podi fens , of

the invention rogenaf] on'reaction he inhvention is carried
out continuouSMFlph anfappar Bitis oFeddhide dENetiE8d bEPBAT@Ft h the

(rj_eference ]Eo tlliemaapeaded Fi glepesatiand 2, miy CB mpéesentfobd ockthe
lagrans O an _e aratus suitabl e,

o et ot i o4a57 0L TRPbablq SRaBRPOLE. HERULLAR °1 Lol dsiErep at
i npl erent at i opodhtt helpracsssabbvehahenveainon afakdspatrtpossiod ethe

produce excel 'dégasgaa/ higuig. cAlaart #Bs2Rd-SE140d Gdageparation
of these two phases after contact, continuous separation of the

hydr ogenate and of the catal yst and the recycling of the latter, in a
time conpati bipgew 1hyiihe Jaast passidliendesedtiiat i 08 Q:fombh@e&aid?'f a

catalyst. decanter which makes it possible to separate the
hydrogenate from the catalyst and to recycle the said
catalyst. The hydrogenate is withdrawn continuously,
whereas the catalyst suspension separated in the
decanter is Dbrought back to the reaction section
upstream of the point of introduction of the hydrogen.
A bleed is carried out when it is judged necessary to

replace a portion of the catalyst by fresh catalyst.

The term ™“fresh catalyst” should be understood as
meaning, in the present text, either a “virgin”
catalyst, that is to say having never been used in a
hydrogenation reaction, or a mixture of virgin catalyst
and of regenerated catalyst or also solely regenerated
catalyst. The fresh catalyst can be introduced into the



The sai d apparatus conprises three main sections: a reaction section
operating according to the principle of the bubble colum wth
circulation of a suspended catal yst bed, a gas/liquid separation
section and a catalyst/liquid separation section with recycling of
the said catal yst and wi thdrawi ng of t+he3l+quid (hydrogenate). - 12
- The reaction section generally conprises one or nore U shaped

pi pes, the bramehberof afftesh avixivertitdgl JrirginghtandinEegareratech

respect to theasygi{iealor 0ng ahet heo ik apghes,Of sepshath Prs@vedingg dhe
ascent of thevgas/, i qujd/solid catal ﬁ%i@ﬂéiper sion and the other the
i

return of theVaf9f@a ‘?t%gfstfi a1, 188§ RE/YSH al so conpri ses

four inlets at the base of the ascending branch: the hydrogen inlet,
the dinitril eqinl r t.alyst i i £ ho (o], EVAS O
inlet and theTbgcgéPae%iQ%é%a ys acilﬁn ef%é% :Fﬁl\gl Sgg%lsému?g g%}%argﬁrgén ot
section is composéd ofllnstaatiedaloywandef €sApPLSi By JFiewe rorelt

tangential inkeksr{ses BOvEremihecascemei o yach(of thendead oy .

one or nore tangenti outl ets &t owar ds, t he descend] ng bianch of, the

a
reactor), a g&a% HedaRdPEn Gut I F TRV RIEF m 3t uPReE VR ds
the |iquid/ sokktlgeapbantyotn Theakhlbguidrsépergas/ | (Hui cimpddedt of
cat al yst di spersgj A.S51 r; at..a.. pai nt. Si te e I

of departure %f %te%glgééa;&?g&hﬁgaui &?hT%l erlﬁzdretttLé or#sea%%\éycﬁt%ﬁlepﬁ{e%.
The |i qui d/ sokifdtBepptegi oh section i s conposed of a decanter which
makes it possible to separate the hydrogenate fromthe catal yst and
to recycle the said catal sgﬁ The r}ydrogen&te i

S _W thdr awn
conti nuousl y, TRReFERETEHRT chtlal P ETEFefis &Heséam %?ﬁdgfﬁc??fége of
decanter is bpasghtr batkvhpothe. r Radidrdrcaeali gipepsidleaorbfindieing

point of i””%QHgELE’PaPI%t PS *E)égr%ﬁaraéoi" Sﬁﬁ 3 Caaréél %‘#t&(‘é\ﬁéﬁ”
is judged necessary toT ace a portion of 'the catalyst by fresh
catal yst. Thebeépm theednleht BPYRE "oEhble dobee uhdler 5% ooeneecrthrivimy,

in the presengnt exipowdid hghipa "Viy gikB" £atsakyst, +datid=S tpipay (8)
havi ng never been used jn a hﬁ/dr o}geenati on ﬂfzacti on, or,.a m?gature hof
virgin cat al ySPTERRI o7t gkt int BYE cBEBFydt) orid &8 Sikew, (9). The
regener at ed catabysatidineofr ebh papakygi) candbd 8i) ntamaid udfedthent el hdve

{9) forms a U. The pipe (1) comprises, at its base, a
line (10) for introducing hydrogen and a line (13) for
introducing the dinitrile. The pipes {1) and (8) can
comprise, as represented in Figure 1, a jacket (11) and
(12) allowing the circulation of a cooling or heating
fluid. The elbow (9} comprises an inlet (30) for fresh
catalyst and an inlet (21} for recycled catalyst.

The pipes (1) and (8} can be wvertical or slightly
obligue (in the latter case, preferably so that their

axes converge downwards}.

The radii of curvature of the elbows (2, 7, %) are
calculated according to the usual rules of chemical
engineering so that the pressure drop in the body
circulating throughout the circuit is as low as
possible, Their angle of curvature can vary from 45° to
135° and preferably from 60° to 120°.



- 13 - reactor after mxing the virgin and regenerated catal yst or in
the formof two separate streans of virgin catal yst and regenerated
catal yst. The apparatus suitable for the process of the invention can
be illustrated by way of exanple by Figure 1. It conprises a vertical
cylindrical pipe (1) connected by an el bowed pipe (2) to a horizontal
pi pe (3) energing tangentially in a gas/liquid separator (4) conposed
of a vertical IoylFiglere W,t htheditarbtogrengr eat éntirhdncetatvisf theljnee
(1). The sepaighpr (ﬂ)islcorm%seg 2 'Hé‘?egélﬁé% disahacdg obefaga
of vapours. A horizonta d2}:pe( originati tangentially to the
separ at or and9asParPbihit EVEGEt ellbelfowsimiels nPaPepoft Hishf wikk il
Egg i's connecfgdiyi apcﬁgmtﬁﬂd}@&e diﬁil)p@hé Taxtie i’igﬁeC’@}g@ \p_?_L i cah) pi pes
conmuni catipg, with t ipe, an el bow : e conbi nation
of the ol pes PHFEAREET) ERGE O ihRE (PBodS( SPARBERE: 0. BV BT 1)
conprises, atsbtscbasenda |the (I@drbgeni ntgaoducbag hydrogercednd
line (13) for i é)]un? initrike i and (8) can
conprise, as ?E@%’é en %%%%J%Lgﬂlfpgtxitaltaaj %-gihe% (tllis(saju)rfg'( 12) all ow ng
the circul ati 8heof lan@ooldhg BT hedksHgreui 8L ThBSel Ba%F§ 9)can  be
Corrpr: sgs an Fahﬁécﬁl_eg@)tcﬁoénfﬂ%ﬁbi@gt ﬁdéySth@nﬂr@éméﬂtetoﬁ 2tlﬁe{<§’e§shesi
recycl ed catal yst. i pes a can be vertjc or, slightly
0b1 T que (1 CAEDRERTET E5GE. ChPohERERReAa Y et | AkbE S g
downwar ds). THevieei acobrdimyatarghbéht hiee etyboss (&sultir®) Hraem (5)
cal cul ated ac in t he §IE§4 es;-qf, chem cal .engipeer]
that the presgg%g d?%%gi. th hg ocﬂ/g%l rc(l}%;ti Eg‘ t&?‘%ﬁghot{igt h{ég‘%?]'?lgsuit
is as | ow as pbssabred ThReithearfirargftosuridat @ke caParated rigrmmstie

135 and pref englk¥qés oM@ teorlddhsate ldbtaiedt g8ir @edyclBe Rydregen
is introduced via a line (10). This I|nF c‘)an bﬁéqu%\%)‘?ed W th an&/
standard di sp@PBRREEYRVI E&2buf a Sitpl el Yilpe fiftfsh %% he¥dFpden
posi ti oned i nstheeauéestfy tpesgepe b, ias sofbressot. Thés |vie (d0)
is connected r e.a e g C [ g ced
at at nospheri E’Qg%gﬁgrgﬁg@&g%%&h? gﬁiei?_é%rsei%%ng. Flﬁgeaa[]}oggtﬂ(z% J?écj)lrjl§
di scharge of tREY§AS@s i®an{b@) cadfest ediredasyigavi dé f 67t heof an

treatment of bheufifsest sepRiifa f ierehled hyeh oM@ saleJuEsrl the
illustrates a device accordin tg whi ch the 8a§es resul ti n% Erogplég)
pass into a cBXAERIER (T%SW“}?%\m Bh P e WEpolY ST RFTFHTIEY ARG h
separator (4)waiehsepari¢ed fyeaindfife hydrogen. The condensate
e L ooy eled A ddae, gPpapalusndad Lhae diiegeli ceXeeated

hydr ogen subsequently passes-into a conpressor via a pipelitne .
conprising a Hegedssyseah (IBedantrahebhet crEak¥tycl &8 oxdero)taafher
i ntroduction, able( 6) ,witfhdnwamn@upl egt Rydregenaté) evded 4@ to say
conpensate for the.hﬁlﬂro en cogiumed duril_-ari%the hydrog%@gg:l OH.BE}ndiS

that whi ch ha§°BBERSHi®d Voffually no catalyst, a”dec
placed directly under the separator (4). The

liquid/catalyst suspension, the gas phase of which had
been separated 1in the separator (4, enters the
decanter (18).

The decanter (18) is composed of a cylinder (19)
terminated by a cone (20).

A pipeline (21) serves to continuously return the
concentrated catalyst slurry to the elbow (9). The
hydrogenate, freed from the <catalyst, exits via a
pipeline (22) connected to a trap (23) equipped with an
overflow (24) which makes it possible to continuously
withdraw the clear hydrogenate, the level in the whole
of the apparatus being kept constant by the continuous
introduction of an equivalent volume of dinitrile,



It is necessary to wi thdraw the hydrogenate forned degassed and freed
fromthe catalyst. In order to be able to wthdraw a cl ear

hydr ogenate, that is to say conprising virtually no catalyst, a
decanter (18) is placed directly under the separator (4). The

| i qui d/ cat al yst suspension, the gas pha3eé of which had been separated
in the separator (4), enters the decanter (18). The decanter (18) is
conposed of aseyvendeand] Fptedyat natatuby. aTkoneat2byst Adetprtedhein
(21) serves t@reoRLhRUQUSLY iketdEnclBg EQ“@E@t%ﬁééd(gﬁt@ia\/SEhé!yi’.ﬁé’_
to the el bow (9). Thgl hédrogegﬁe, freed fromthe &Eéal gst, §X| S Vvia
a pipeline (22FLdonfB&t ddPFo (410 r SAPEETSR oM ppRE WPEh AT oBLPEAHIY
(24) which nmakeEs i ttheospeing t @atafystpoushychi t bah anopheocd Bay be
hydr ogenat e, trléeelnﬁvglce' n the whol e of the apparatus being kept

const ant by t Re9CORt T ntous i ntroduction of an equi val ent vol une of
dinitrile, - Figuresg| dausindteatanysorei fewadl Fhepeatfdgsiorm of
decanted in thecaaR8tldR) comin§CYkBEnt @nkhadiipke dP)tivd ajhhentide.
(21). The line (21) conprises l'i ne (f}gré{or | eedi ng aof f _t he spent
catal yst, whi ¢k cBFEEMR on&M yEie PEGe ed SR RIFESSIVEYst FaPEL
in nore detai mozespacsfiof fidran nédssleodntcaitiadyseoramy of t hydrbhenscope
of the inventi .pr.e he_o h essivel y_ rapid
novenent s of tf%g)mnégéplgf ié%g?gi;%?& aﬁ gt?e h@%?%%%érgt gﬁpr oarsrﬂ{%ei(ynng Ehe
propagat ed i notherdetamder thes) hgduogem tfhremot fekehinml, thige hyEEeyen
fromenteringdeharhatber, SORASL | ORKREt Weph thedi\Wasr €0i§hS/1iquid
(gas/liquid separation section and |} uLd//soI i.d seEar ation sectjon

i s necessary. SBBREFELON| PEHELR™ ndd i q%'hl;?i Ry ife SERBTALERR BFction

deposi ti on of icatradgestsarSucHowervesy| tit snusit aigtediby adiyr ag de t tiee
installation qf parkitj (s be epa r (4 th

decanter (18) %atu%éa c#cuqe%?_}iséﬁqﬁgt mé%\ﬁ%;aﬁgngl é‘%&@ saepgreg gF air?sd
t he decanter Iobitagnpeovwyded hypea qfi petd nengEAlafiion pidianpeskition

cal cul ated in (@pgendt@eshgmitel patbeduas they velochéyaeiet hels),
liquid (for exanple to a val uekaé) | ess %han 0.5.nmetre/ second). Thlg
pi pel i ne (27) W€ eSdEtetioRsi R RN dERanES /Iy 410 RERATE o an
di anet er greattée tdemmanaeredpedngt prokatledf bvhe pipellime (27)). Wi use
of the devi Ced%ﬁbgéka'c!aaitdu%t@?“fd{ bedaapove T of o fAF MG PULhiiEe
process for the hydrogenation of adiponitrile to %I ve

hexanet hyl enedhg&mvisd ogdk#s offt thesdillsuddt d femst H3agded t@ hefaiwmh of
t he hydrogen ieRskhenbhhqoi s meadd iRrofaxture. This dispersion is
stabl e and hopgpgeneous.t hroughout the U shaped.pipe or .pipes. This
appar at us rrakgg&ist pbggé?ﬁ?e?%)s VA Qfaﬁncfl%gb(}\r/‘&lg?o%%n?gﬁg%ﬁﬁ Yoy @
separat e, andpipehoutthsiagrdfamearetr dezetievatthen ofr tdwmadattal yiStat t g
hydrogenate tqphe wLhdrawp,fyomthe said catalyst to be recycled.

The use c¢f the device or installation described above
for carrying out the process for the hydrogenation of
adiponitrile to give hexamethylenediamine makes it
possible toc obtain good dispersion of the hydrogen in
the liquid reaction mixture. This dispersion is stable
and homogeneous throughout the U-shaped pipe or pipes.
This apparatus makes it possible, as was said above, to
continuously separate, and without significant
deactivation of the catalyst, the hydrogenate to be
withdrawn from the said catalyst to be recycled.

In such an apparatus, the abovementioned ratic P of the
molar f£low rate of nitrile compound to the flow rate by



- 16 - weight of catalyst is that existing in the reaction region or
pl ug-fl ow reactor correspondi ng to the pipe (1). However, in order to
determ ne the flow rate by weight of catalyst, the exi sting
concentration of recycled catalyst in the pipe (21) for recycling the
catal yst or the concentration of catalyst +n the pipe (8) for
returning the reaction nediumw || advantageously be determ ned.

Ot her det ai | swerightlvarft agababystt hesi niett | exisking béoonﬂiamreactiaaml y

apparent in tQ@ hbaht 9f Eﬁ%ge¥§89|e§e9b¥89 b@bf%%é@%ﬁgl y Y8y of

illustration. onitrile 1's continuou %% genated to
hexanet hyl eneBilHﬁ1 rﬁ%) at Haw?‘é er 4% uPEIBF E‘?Cd%%ir%”tﬁ fr&lef 23tpar
in an instal |l Byi areigpr esenicedallpst] gwhe lexiHw@ ngeacdn@ntERMibN of

di t I f d t.ne pi 13 d f ed t
i po. (17, porasyrurinyaroaas, Moxaror RoPendaim e Terer di are
cat al yst corrpcaSEhQSRane'y tihiec kasincefieacabal pét astlaillyistts ian ot | pipy
of 26 x 10-5 Mgh Of e/ 0 glertahdhySt/ eREONd ciRAPs od ACGARA NGyl 1

the test described above. conCentration o e catalyst and t
feed flow rat édﬁﬁnFﬂge‘a‘d$bbrﬁ€t rjqteraiaeddj usted in order to obtain a
factor P in the hydr ogenatl on reactor (1) of between 0.041 and 0.054

nmol of AdN kg cat t¥ Ther hex | enedj a ne rec%v red in, { 4)
xhi bi t ot he PEPFEni RELRUH ) e erErTSE] & (Meour £y SHELaPai iy To
t he met hods déscombedmab@veﬂcﬁanﬂmv@ppﬁmat t:erchmtcﬁjes't)lght of the
g?”ce”t rationgQbngdham gocysl ARGy 4890 PPM 1] athion. Exanpl e
Example 1:
Adiponitrile is continuously hydrogenated to hexa-
methylenediamine at a temperature of 82°C and a
pressure of 23 bar in an installation represented in
Figure 1. The reaction medium comprises adiponitrile
fed via the pipe (13), hydrogen fed via the pipe (17},
potassium hydroxide, hexamethylenediamine, water and a
catalyst comprising Raney nickel.
The catalyst exhibits an activity of 26 x 10™° mol of
H,/g of catalyst/second, measured according to the test
described above. The concentration of the catalyst and
the feed flow rate of the adiponitrile are adjusted in
order to obtaln a facter P in the hydrogenation reactor
(1) of Dbetween 0.041 and 0.054 mol of AdN/kg of
catalyst.

The hexamethylenediamine recovered in (24} exhibits the
following purity characteristics (measured according to
the methods described above or conventional
techniques):

- concentration of diaminocyclohexane (DCH): 1900 ppm

- Tuv: 1.5

Example 2:
Example 1 was repeated with a catalyst exhibiting an
activity of 42 x 10° mol of H./g of catalyst/second,



Exanple 1 was repeated with a catal yst exhibiting an activity of 42 x.
10-5 nmol of H2/g of catalyst/second, - 17 - the concentration of the
catalyst and the AN flowrate in the reactor (1) being fixed in
order to obtain a factor P in the reactor of between 0.042 and 0. 055
nol of AdN kg of catal yst. The hexanethyT enedi am ne recovered in (24)
exhibits the followng purity characteristics: concentration of

di am nocycl ohtkaneopeepyratzzgmo ofprkhel gatadyFheandt ele SRV ebkaw mA{Gw
the influenceinf thie agddeddt y(pf bhengatrakeat iforopddmacter Brwihhiad a
certain range.on. shepayal LY oL, Lhs, NEFABtiN e A i oy st
of AdN/kg of catalyst.
The hexamethylenediamine recovered in (24) exhibits the
following purity characteristics:
- concentration of diaminocyclohexane (DCH): 3500 ppm

- Tuv: 5

These tests clearly show the influence of the activity
of the catalyst for a factor P within a certain range
on the quality of the hexamethylenediamine produced at

the reactor outlet.



Clainms , 1. Continuous process for the synthesis of conpounds
conprising at |east one am ne functional group by hydrogenation of a
conpound conprising at |east one nitrile functional group,
characterized in that it consists i'n: feeding a gas conpri sing
hydrogen and a nitrile conmpound to a redBtor of plug-flow type in

whi ch circul ates a reaction nedi um conprising suspended particles of
catal yst based on Raney netal, an inofy8%*& base and water,

wi t hdrawi ng, at the outlet of the plug-flow reactor, a portion of the
reacti on nmedi ym cogprjisin h m ne econmpound_affer separation of .the
Catalyst and Pecycl PG PRE b REFCHOr (Ton Lhot RETPITELY | obv FERETBPS®
recycling thecempaiaird catt allsststt ochke phige f | Dwatdaetadr , gkeedi ngy a
streamof fre o] e, pl g F &35 d,in t

flow rates forﬁ??ggélé}%éjé%?%rjoltfg %or%%gfr?ggwand/ orlqcs'é.ftngjlﬂI %{tz tltggt%tﬁe &_?e

pl ug-fl ow reaBibFihfe EOREF M 9FCHPder Cher#BiTHtiad a tPat £BapP oit

t he nunber of cepkestefinttril e conpounds fed per unit of tine to the
flow rate by wei ghi, o% c&talyst in the plu -f%og'reactor of beémeEn
0.02 and 0.15 mol of APEPTR Topolrd® e Wy "oHredrdl gaf foPihiile
cat al yst exhi biting anompotndl tact avitgaaforbetfieepldd 51 d0- Syard 85 X
10-5 mol of t2/g of cahpbySthiteulBrell ACOGACLH dhil® EbRbMding

;
characterized in that the reaction medi um conprises sol ven
Process according to T¥aP#Rded chaFiakdlas R0 Fatahist tprsad| eenRapey

the amine produced bym&bgl hysh ogefanal beaet &efA. water,
% withdrawing, at the outlet of the plug-flow

reactor, a portion of the reaction medium
comprising the amine compound after separation
of the catalyst and recycling the other portion
to the plug-flow reactor,

*
%

recycling the separated catalyst to the plug-
flow reactor,

N
o

feeding a stream of fresh catalyst to the plug-
flow reactor,

and 1in that the flow rates for feeding nitrile
compounds and/or catalyst to the plug-flow reactor are
controlled in order to maintain a ratio P of the number
of moles of nitrile compounds fed per unit of time to
the flow rate by weight of catalyst in the plug-flow
reactor of Dbetween 0.02 and 0.15 mol of nitrile
compounds per kg of catalyst for a catalyst exhibiting
an initial activity of between 15 x 10~ and 35 x 107
mol of Hp/g of catalyst/s.

2. Process according to Claim 1, characterized in
that the reaction medium comprises a solvent.

3. Process according to Claim 2, characterized in
that the solvent is the amine produced by the

hydrogenation reaction.



- 19 - 4. Process according to one of Clains 1 to 3, characterized
in that the nitrile conmpound is adiponitrile, the am ne synthesized
bei ng hexamet hyl enedi ami ne. 5. Process according to one of the
precedi ng clains, characterized in that it conprises, at the outlet
of the plug-flow reactor, a region for d&cantation of the cat al yst

particles, the supernat ant hase being recycled to fI ow
reactor via a%irstT8LEEF nafCroP rr%‘jl Oﬁ‘& a%i t ?é I f tRe 3
medi um conpri ﬁh@gat:lneramaﬂe irhe deegant athephaattbeiag rcemgdlmdi t oishe

pl ug-fl ow reactQr OV| @r@l r}[qhextg%lggé | QOB+ nefs E’r oce][%sl copding

to Caim5, char eri ze conprrses Wt raW| ng pen

cat al yst fromntertélyéecgdaa@xm@r nal | oop and feeding fresh catal yst at
the inlet of the plug-flow reactor or to the second external |oop.
7. Process according to Claim®6, characteri zgd in that the fr

sh
catalyst is cOmpos@dO6ESTi AGFATLLRGAI §3t OPF e§EnEPSt é’éfeEﬁfiéP?sF? gL
m xture of the$@racB8erbPrededn aﬂm:rdimgcbmpﬁn@e@,f Etaite Sodilék, of

characteri zed '% %ntgiE %ogg §8§ a dg%gi?%“%& Ee8£n£Q€10n of  the

concentration 0 Re“secdn rna rn order
cal cul ate the qa@ﬁéhfsﬁel gmri'dfcwal yskein smerplaugntl owlrasect obelng.

Process aCCOfQ‘e’%?cf_L@dOQ% @het @ﬁu@"—%%ﬂ' BQa&@t n§3_a CQa'ﬁQE@r 'e?;%@rhﬂl
that the catal i s based on Raney ni ckel Raney

Process accor Oﬁ’é’ t‘i?“tﬁrélsﬁrpg ach‘éﬁ‘%ﬁ@rwa%edﬁ nt]?*ha{“egﬁ’émc&PQP%Flng
conprises a prorot&tigdhosenef rdmaahlnedelpemmt Shéeh@ngergcl edGupshel B

and IVB to VI LG gf b PeLLogdh Gl Qufboe.FLERENt R, qnd their

.conbi nati ons.

6. Process according to Claim 5, characterized in
that it comprises withdrawing spent catalyst from the
second external loop and feeding fresh catalyst at the
inlet of the plug-flow reactor or to the second
external loop.

7. Process according to Claim 6, characterized in
that the fresh catalyst is composed of virgin catalyst,
regenerated catalyst or a mixture of these.

8. Process according to one of Claims 5 to 7,
characterized in that it comprises a determination of
the concentration of catalyst in the second external
loop in order to calculate the total weight of catalyst
in the plug-flow reactor.

9. Process according to one of the preceding claims,
characterized in that the catalyst is based on Raney
nickel or Raney cobalt.

10. Process according to Claim 9, characterized in
that the catalyst comprises a promoter chosen from the
elements belonging to Groups IIB and IVB to VIIB of the
Periodic Tabkle of the Elements and their combinations.



11. Process according to one of the preceding clainms, characterized
in that the inorganic base is chosen fromthe group consisting of

Li OH, NaCOH, KOH, RbOH, CsOH and their m xtures. 12. Process
according to Claim1ll, characterized in that the inorganic base is
chosen fromthe group consisting of KOZ@lnd NaOH and their m xtures.
13. Process according to one of the preceding clainms, characterjzed
in that the rkactiBPaesPpaARddnds e tamse P tha it a8 Ngh ¢k avigns »

hydrogen pressid e dishetowean @nhtMeacandot§aMPa. base is chosen from
the group consisting of LiOH, NaOH, KOH, RbOH, CsOH and

their mixtures.

12. Process according to Claim 11, characterized in
that the inorganic base 1is chosen from the group
consisting of KOH and NaOH and their mixtures.

13. Process according to one of the preceding claims,
characterized in that the reaction temperature is
between 50°C and 150°C and the hydrogen pressure is
between 0.1 MPa and 10 MPa.



