1 Amine manufacturing process The present invention relates to a process for manufacturing
amine compounds, more 5 particularly diamine compounds, by hydrogenation of compounds
comprising nitrile functional groups. It relates more particularly to the manufacture of
hexamethylenediamine by hydrogenation of tetramethylene dicyanide. Hexamethylenediamine is
a compound used in numerous applications, the main ones 10 of which are the manufacture of

polyamides such as polyhexame dﬁj\éﬁiﬁ a‘éit i w %iisocyanates. Several
processes for manufacturing hex}gmm%ne |am|ng aviengggg'p opose%gw ich generally consist of a
hydrogenation of a compound comprising nitrile functional groups such as tetramethylene dicyanide in

the presence of a hydrogenation catalyst. Two 15types of process are utilized industrially that use

different catalystsrﬁmd differ?nt tem&)erat re and pressure conditions..  Thus, a first (%pe of
, glresent inventagn retjages 10 a [Tocess, for furing amine oI nd% more.
hydrogenation procéss that is utilized and described in"the'literature Consists 1h hydrogenating nitrile

compoBndsdartisellprbsctaasiarfRTDARLALE uRe NN} GRESEIRR COfR QUNMSe SRIMPHAEYH BAfHR/st for
example. 2@4nseonadgynepsf process consists in carrying out the hydrogenation of nitrile compounds
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hydrogenat/SffEIgfmd B AbEHREeE MigNfd tiEdSiace in the presence of a catalyst based on
optionally doped IRaxayetickien ddhase matslpstofparmprepedad by ihendpichiransf tlemiaiunorkesm
aluminigm-geh Nich! ahovpemmatinpalrelkplinayaemivs sThpeaiRbeinesierd afcamaesehar
agglomerates of nICkF cglstal ites, havmg a high specific surface area and a variable residual
aluminium f@ﬁt@ﬁf‘“ AN RRHRPEY M SPuctural and electronic factors of Raney nickel, by addition
of metals to the ri€isiralupintiessatiofprazaanéaety e heraveiey eTeit draive N9 the B eatdition
of 6: ?lopa_ntvllmﬁﬂf_ fb%h%liﬁlm’ﬁ@?ﬁg%‘#%‘ﬁ&?i}{@d@@@éﬁé&ﬁ%ﬁb@f@b%ﬂﬂ'%lﬁfﬁwwf@“wgﬁhgi&aI "
metallurgical doping. Thus opin apey.nickel by various metallic promoters (Ee, Co, . Cr, Mn,
Urio, 21, TAORR S e IRE A BRg ek B M P RS Bt e
catalys® aréVpRSs jeRtastessichrscititine hndeeshiail Iahtrifehe Gridistsy arsldshifierant
(Russian CrampeahiResiand yoes3Birdloofditions 1964) relates to the catalytic reduction of dinitriles and

lists a certain numﬁ&g,ogdﬁg%dtg@; Y W&@nﬁﬁﬁ ﬁ%%\égri% giggegﬁéjoaeg&p@ggn@k etngoped

(temperature, hydrogen pressu reaction medium). Catalysts based on Raney ni

with chromilfeT SR CSPEESr WitVREQIERAHURY UBHE ARORBhLE PresQRes MR- A gaamid
relates to Ranagrigiatalgssudapedhnathuthemmicmbazed ndtayiergiogdloute. 5SHowever, the use of a

Raneygickel dopedswilby el rigmiupr degs88% f‘&%h%i@teoﬁ?'i@&M@g%%@%g@iﬁtﬁ%%@tﬁiﬂﬁle
impurities in the nltrl|§ hydrqgenation medium such as, for ex mg% a low concentration of

diaminocycqu{gQgH@ pciif ro@\/é?/eqs,ﬁHé%eqlr%%%rﬁ?eégﬂgﬁ 5 H@r@?} r u%rlr)‘/q oY.%%SBi%Q
since they HanwsiRsmtialeneresene® ofind poincaspelLdeasal yshirrscarendranearsfokevery
difficult to separatgthe latter type of process, the hydrogenationitfle compounds to amines takes

place in the presence of a catalyst based on @ityotioped Raney nickel. These catalysts

25 are prepared by the leaching of aluminium, frommatlium-rich Ni-Al alloys, in a
strongly alkaline medium. The catalysts obtainezl@mposed of agglomerates of nickel
crystallites, having a high specific surface aned @ variable residual aluminium content.

Modification of the structural and electronic fast@f Raney nickel, by addition of

metals to the nickel-aluminium alloy, has alreadyein envisaged. Conventionally, the

30 addition of a dopant is carried out by introducihg dopant into a molten Ni-Al precursor
alloy. This is metallurgical doping. Thus, the dupiof Raney nickel by various metallic
promoters (Fe, Co, Cr, Mn, V, Mo, Zr, Ta, Ti), aado their effects as regards the activity,
the selectivity and the stability of the catalyate the subject of a rich scientific and
technical literature.

35 The article by Freidliret al. (Russian Chemical Review, vol. 33, No. 6, June 1964)
relates to the catalytic reduction of dinitrilesdalists a certain number of doped Raney
catalysts used under varied hydrogenation conditiiemperature, hydrogen pressure



10 There is therefore an industrial need for optimization of the conditions for the hydrogenation of

nitriles to amines, in particular of dinitriles to amino r}griles and/or diamines, by means of catalysts of
the doped Raney Ni type, especially with respect to the operating conditions and also the activity, the
selectivity and the stability of the final catalyst. 15Such an optimization constitutes one of the essential
subjects of the present invention, which comprises a process for the hydrogenation of nitriles to

amines thal(s, a34 056 BB G SGIBOBISEN S ARSI Hitn A IBMANE AR ©

achieve amine’selectivities of greater tha Yo expressed relative to the initial nitrile substrate and, on

the other h&XPRY RNYHE HEamiUEh a8 SsRg6ieI MERIHAIRF of impurities, 20 especially the formation
of DCH. The fRdijptt 6Rhe D0&3i953srekgiesiaty Rapregdds catalymmedd civitingldiamiom cam@ounds
by hydroge%@m&bmwggﬂs comprising nitrile functional groups, such as dinitrile compounds, by

reactiop with hydrogen or a gas that contains malecylgr hydrogen in the presence of a hydrogenation
Cantalyanbasect o EARS I R AR BTG T EHE] BRPHB A S BRSO BIRAE  RET IR as
metallic doparadisvie msgirgib|errontianis aofdmiputitiesaioctialiley hydsnggnefianea éstitumnesoicth@s,
invention, therweigih SRMPLSTHN ioiicepaialici. VFPIEaRAGY WielsRt oftgnelalizalemefieisthe
following: Concerilltlreatlon Wawwgrleronapt% ean Prg%landso/oe. %%C%nézveentr@aot% rt]Jg %ﬁ;ut%t é)gl me
chromium Bg%ag%ren 6_85'/8 and 5%. oncpent_ra ion l\.gy WGIgﬁ?%ﬂC be¥ween G'59% and 5%.
Concentratie@ils}oRaitast e tardeishafiaes aodlaig tumefenediiciEtoiseuaies nickel.

More advantagequslyestidl, therefeightagonedotaiio meldh efcatafystiaraording tedheifdirvdotiands the
following: i VALY fi en 1% ar o oncentration. ight.o ium
petweon 1 00L T Ber gl LS N Ry A,
weight of alGFfWﬂﬂ]ﬁ?b@%@ﬁ@/@%ﬁﬁt"?‘%t?lﬁﬁ%m RBBewRe nfgracial mathdpenaghR i Ri
catalyst usexparahisgpometit @) enatly aisigitate s dtvitya thedteml - Alnorabersiakbilivy (fi ihentemdlof 28
to 59% by V&ﬁit%Wbt.to which metallic dopant 5 elements are added: iron, chromium and zinc, according

to a dopi K "metallurgical” dopi dure. After. cooling, the doped
oy R Eujecioct i O RN LT Ul SR ok (FEPOOIRER b UEARFoF aser

removal of HIMBTIHRM WhitopoorRiligesfa HRsRss dothihe dpenagiementnililesstartiiyinRsythatdsl are,
advantageasipdy, ehases frgn-psiieiiyviegdasnicofand that makemssible, on the one hand, to

achieve amine selectivities of greater than 90%resged relative to the initial nitrile
substrate and, on the other hand, to reduce as asuphbssible the formation of impurities,
20 especially the formation of DCH.

The subject of the invention is especially a precés manufacturing diamine
compounds by hydrogenation of compounds comprisitrge functional groups, such as
dinitrile compounds, by reaction with hydrogen agas that contains molecular hydrogen
in the presence of a hydrogenation catalyst basdglamey nickel, characterized in that the

25 catalyst comprises Raney nickel and, as metalligadb elements, iron, chromium and
zinc.

According to one preferred feature of the inventithe weight composition of the
catalyst, expressed by weight of the metallic elaims the following:

Concentration by weight of iron between 0.3% and 3%

30 Concentration by weight of chromium between 0.5% %%b.

Concentration by weight of zinc between 0.5% and 5%

Concentration by weight of aluminium between 2% &0%b.

The balance to 100% is nickel.

More advantageously still, the weight concentratbrthe catalyst according to the

35 invention is the following:

Concentration by weight of iron between 1% and 2%.

Concentration by weight of chromium between 1.5% 215%

Concentration by weight of zinc between 1% and 3%.



10 binary nickel/aluminium combinations: NiA13, Ni2A13 and proeutectic AI/NiA13.  The doping of
the Raney Ni catalyst may also be carried out via a ﬁemical route. Thus, at least one of the dopants
may be added to the composition via this doping method. It is also possible to introduce all of the

dopants via this "chemical" doping. According to a first embodiment of chemical doping, the Raney Ni
catalyst is 15 impregnated with a solution containing a precursor of the dopant element. The various

standard impreg%W&mp%ﬂgﬂso%%%%ﬁ&i%miB%Méﬂea%t%%a possible. The impregnation
as e

consists in mixing the catalyst wi )lution of the precursor o opant. Most of the solvent is
evaporated then 1he Q&R)&ei Lot YstBIFKRId optionally washed with water. 20According to a
se_cond embodim‘ﬁm dmbmcﬁammal\lt_ﬂcaha@pmtmmrlhhidqpanésmfgﬁ;nbi@pratépifabm amtbkeRaney
Ni catalyst. i raegdbe SRIPYNY GaiRbR! & 2n6naosh b abuplenio AFRIRPRYEIENR RIgEFCr of
the dopant, is added to the sfijsolc_)ensmn then. reC|p|§tfted onto the Cat Iﬁst. De en%m% n the nature of
the predursGIe TS PreipiaHl s a1 AR el Sacl EBRGRES bADS
adding a 25'watallor¢igdiicieashgonitsesinserafiee edalrgrtidhpecopeecutiae aay varkebfested. 5ito
10 h at a tegpgREHERINABRARBR Tl RAAIHE ARERINAEASE IR A Hea fapibngeRlH @infos Sabrent
used. After sFttIirhq of the dcata{}/st ‘Fe sipern tant Iifq id i xt[acted and the catalyst is washed with
gumirsun and, o nally, or a.fr g&lon.o H}? element. .
water. In these two embodiments or’chemical doping, the solvent used is, preferably, water. 30 The
use of organic soVéngiastinssSitiy 2idisaed g ordMardanemits s Fhipractiediolemwinsufostiss
dopantoAs piiesty sicReifdheniopantihibipasisibis iAISE AIgaitid prieatgamicAmmppunds. As

examples of orgagig %Pﬁ%@%h@ﬁ&@rﬂﬁ‘yc%wggﬁrﬁ AR Lﬁ? e ar éﬂ%ﬂﬁé??@ﬁ?@?es'

As examples of inorganic compoun ntion may deo orides, nitrates, sulphates

hydroxides bRdRididEAS! QBEL! HGIRRAMRIRY S8 SAKABIROBRASIEOMYEUHHS S0PINISBRNIREL or
alkali or alkllisexlsarfiossiide carintroateseaait dfyitie dioleansdtbie fabsmscaliudo piydyoxide or potassium

hydroxide is usedhcco el o26Carding ithBdasAM BPAmaRic HISHISHHS AR SABIP NINE QA dgpant
may be_introduced durin khe1 alka(lgljne attack of the Rane allll_lic%}. The Raneg/ al%‘gx is sufﬁended 4 in an
aque sdmtﬁ’éﬁ%@Sﬂi%m VURRIROR GPILRIRYSh AR PHITRG R ARP 3L RO Rl A6y BF §HSater
than 12. Thet@nreeuestnpoegpetind dnetbasispdtitawadded toatsi®peibpEn@rbcprsaideatlifeis
ad'{uIStetd t?}ﬂ?Wﬁ@gﬁQ&@ﬂf?b‘P@%t@Trﬁ;rﬁﬁf mfeoegrt:al&%%ﬁllithcﬁuﬂ%@@ﬁ'ﬂﬁ@ pﬂ&&%&ﬁ?@ﬁﬂ'@% fgaet.
catalyst, uperpatant liquid.is_extracte e, catalyst is washed. with water. . e
rycrogenat b CLaE S e Bl e e o S A e W Bpvgnellfwesned
compounds"BH¥ovaigla (1): NC-R-CN (1) in which R represents a linear or branched alkylene or
alkenylene groupdaawiatinigotn k) kéedadcaibodiinms, of arsulytisvictidntpnsooetit)tatiargitgysnor

aralkylene I refer n the lventi Jaljig s of
formula (1) %ﬂ%ﬁgqﬁ mﬁé‘ﬁs %H%grglsiﬂsg a mMeeé;r1 (@J bﬁ%ﬁ%ﬁgﬂ' gky erllge]’:_ r%%;i?g? ﬁg\élr!{gﬁ f?%%&ggt{oqg
carbon atori¥SRERALEUhHRAVG LU RMIBRE RSARRYES AR RIalP AgHiRGLIR e SHRRERION
adiponitrile thetetrareeihijdded dioyanite, catlykilufaspatde etiogsbatimenivfilédhengboecumisdle, the

I CLIDMHEATS LAY DR SRR, RTBSTAS R o BRr SUhaneion o) deng s
inof o S35t BB S S T LRSS L SR & T8, T HAIE SR 0.5 00

10 h at a temperature between room temperaturar(dr@0-25°C) and the boiling point of
the solvent used. After settling of the catalybg supernatant liquid is extracted and the
catalyst is washed with water.
In these two embodiments of chemical doping, theesh used is, preferably, water.
30 The use of organic solvents is possible dependimghe solubility of the precursor
compound of the dopant. As precursors of the dopans possible to use organic or
inorganic compounds. As examples of organic com@gsumention may be made of metal
carboxylates or metal alcoholates. As examplesi@fganic compounds, mention may be
made of chlorides, nitrates, sulphates, hydroxatesxides. As a base, it is possible to use
35 various basic compounds such as amines or alkalkatine-earth metal carbonates and
hydroxides. Preferably, sodium hydroxide or potasshydroxide is used.
Finally, according to a last embodiment, the presucompound of the dopant may
be introduced during the alkaline attack of the &aalloy. The Raney alloy is suspended



medium is carried out while observing a concentration between 0.001% and 30% by weight relative to
the total weight (w/w) of the reaction medium and pr%ferably between 0.1% and 20% w/w.

Preferably, the strong base used is chosen from the following compounds: LiOH, 25 NaOH, KOH,
RbOH, CsOH and mixtures thereof.  In practice, use is preferably made of NaOH and KOH, for a
good performance/price compromise. The hydrogenation reaction medium is preferably liquid. It

rmanceprice e. The hydre y i It
Socomvorad e oM s S ARG I R A g H7 s

yrding to one
preferred eRliSERiARN: ¥ HEMRIcHR@M I rdiRg BrafiRoERIAPASE 88ndarasitals aﬁ“%@&é’t frthgy
aqueous, selvsmtisten |apidtheatsio p aredinems \Adjtest exigesittdn g ré8enCifoara punadt dé Ls5Hatoor

equal to 509pky WHINLAIMBNRIRRHFIXIESTINT M@l S EMYRIBN hqYIE iEesRpsEIB G ptal

reaction medium. I\/|ore .grefer n}{ij"l\a/ still, 35 the water content of the reaction medium is between 0.1
and 15% b)’ ﬁe?@ttﬁl%?&‘f é@% ¢ ml‘{@%nstituents of said medium.  To complement or substitute
for the water, it isTpessipil dospmatspriacoeesrovificthae |dage oienotheplmprenpatialdenyl Hod/moamide

type. Alcohgininiith asempsechaipeulRdy stitiiel» @e, for example, methanol, ethanol_, propanol, _
isopropanol, butanol, glycols, such as ethylen?\@rﬁi/'%ﬁptégpylen | lycol, polyols and/or mixtures of said
SO '

compounds. In the case where the solvent consis an amide, it can be, for example,
dimethylformamitfe\WwhighR3tispaesesdelimsanen Rrangsed wiltyipaslie ivdesenasat VARANG fidTerably
alcohaliz, represents tarndwodmfas| parts byweigbtger onaipstRvaigbhel wateralkglprefecbly

three parts QEIQ&?XF@’{E%&W@H' According to another preferred feature of the invention, the
amine whose preparation Is targeted by the process is incorporated in the reaction medium. It is, for

example, 10hexdriBiRABREIRAHIRCRIPRSHO T Hiffe 'SYBSHAM: WEIABINRHAdS of HaredndeHi&sn of
the targetedisedine whilch Raepoeserdiantineadoabragebegkatietadien 3G @y dO0L2 by G/emytiomith
respect to thg,jaole of the reaction medium and, more preferentially still, is between 60% and 99% by
Feactt mecium?e SKHEIER. a8H5l FCHR, SOy (ot KBl beea ML i
solvent med@dipoiisliemaint tftRBvetiByeNantairyaumtegreatetyighoitafual eshylsuneinanisrilatalyst,
preferably hagusieshrieand & onaliarné Cainy syinst orradrelaramiialy Stdrebreasspeang e
an amde, O Ctof e g SR, Ry S B BRETS ) Pl Beer
0.1 and 10.8MHdMRgSaMERIPESsiordnefy Bk HistAlcaHeDIHNd 8.0 mol/kg.  Once the composition
of thez2eaction migigduatidrihefctitecaiofideschistiysbhdve keamgddigedivite these te qeaasents
are mixed %Q&N%ﬂ?%ﬁ?ri%&hﬂ]thﬁﬁ%ﬁé’ BbadRAggon %%Fr‘?f@ﬁﬁ_’ﬁ&%é’ﬁx)@ﬁﬁ DI PEEU 18obR0hy
preferably less than or equal to 120C and, more Pr ferentially still, less than or equal to 100C.
weight relative to the total weight (w/w) of theaodion medium and preferably between
0.1% and 20% wi/w.
Preferably, the strong base used is chosen fronfollving compounds: LiOH,
25 NaOH, KOH, RbOH, CsOH and mixtures thereof.
In practice, use is preferably made of NaOH and Ka good performance/price
compromise.
The hydrogenation reaction medium is preferablyitig It may contain a solvent
suitable for dissolving the nitrile substrate to hgdrogenated, knowing that this
30 conversion takes place more readily when said gatless in solution.
According to one preferred embodiment of the pr@@xording to the invention, use
is made of an at least partially aqueous, solwed;fliquid reaction medium. Water is
generally present in an amount less than or equa0% by weight, advantageously less than
or equal to 20% by weight, with respect to thelt@action medium. More preferentially still,
35 the water content of the reaction medium is betwérand 15% by weight with respect to
all the constituents of said medium.
To complement or substitute for the water, it isgdole if appropriate to provide at least
one other solvent, of alcohol and/or amide typeoRAbls which are more particularly suitable



In concrete terms, this temperature is between room temperature (approximately 20C) and 100C.

Prior to, simultaneously with or subsequent to the hegting, the reaction chamber is 30brought to the
appropriate hydrogen pressure, that is to say, in practice, between 0.10 and 10 MPa.  The duration
of the reaction is variable according to the reaction conditions and the catalyst. In a batch operating
mode, it can vary from a few minutes to a number of hours. 35In a continuous operating mode, which it

's entirely PORSIRIG 195 @%Jﬁ?@%ﬁi Bgr%%fnﬂﬁ%ﬁ%’ qufﬁeréraém'asogrﬂgréﬂx not

a parameter which can e set son's e art can adjustthe

chronology ¥R Q%?B?tﬁlé"ﬁ?b(@!%@&‘yﬂdwm@m@rﬁﬁﬁp%Bgﬁd|ng on the operating
conditions. The driehé giase alvbeecorthecaokamdndsrisistprefersiad aouitiman-libetinfpr foeraoiee

process ac?ﬂﬁﬁ’é’ﬂgﬂfbm%rﬂré?e‘HParmeth Qlt&elrcfé)ndrtrons which govern the hydrogenation On
contrngus or batch mode) in a ance with the nventronﬁ%/%}m%iﬁ rlgeh‘grran ements hrch are
converttional an&/%hﬁ%w |H§ﬁ wegter, the YFé‘BfVé{h Vaa G Y& B@ﬁ%‘é rom
mentioned iove,fas pesiseby weibbtipes aienpakysvitialasiiey @nbyeieigerzicthiatgsuspetesto
amines in apgetegtwgtefast convenient and economical way, with a formation of impurities, especially

of DCH, which is uch Iower tha that ot%tarn%d Wi h a ey |ck cata st d ed wrth chromium or
CCO r% her B erred fe ﬁ q d rﬁ/ ose ara ion’is
with iron 10 and ¢ rom Process Is per ec y Sul or bonver INg a ponr

hexamethyl@haefieehiRy, Wﬂcﬁr@%‘éSM%Mﬁ@m%étﬁﬁw ﬁhrﬁ&@l&ﬂﬁfm@%h@s@offﬁbl}@fﬁm@@A 6,6.
The inv@ntideyeithbehletied idmdieks iobdramhe |mﬂé\@jﬁggmmltﬁlembodlment variants will clearly

emerge from the-fﬂ@%?ﬁ&%‘ﬁéﬂ{}l‘?sgwwehﬂg@@ r’r\é‘(?H lﬂﬂ%’ |%Wdlmﬁ @Mﬁ%@g&%%

process according to the invention IS exam € preparatio

catalyst dofREIVGRA AL AR G HBABSRRL t@ammn%éeegaewe%@reﬂeer@%yst
20 - Manufarefereftthiey aiidlyis beivaam GOBtead® $@Cofgigiminium ingots are melted at a temperature

of around 800C. YRk Riglickiapsse rkarf ABEABICHRTHIUR FhReSraRgdediiR thdtracihieqad the
tempe ture is broug%% 0 1450C. The medium is homogenized. The molten alloy 250btained is cast in

ingot ulo@a& o HBulded, crushed and ground to obtain a powder. The weight composition of
the alloy is the foldw@ngdhe reaction medium contains only water aeddrgeted amine as liquid solvent

medium, the amount of base is advantageously griaie or equal to 0.1 mol/kg of catalyst,
preferably between 0.1 and 2 mol/kg of catalyst rmwade preferentially still between 0.5 and
1.5 mol/kg of catalyst.
20 In the case where the reaction medium comprisesraatl an alcohol and/or an amide,
the amount of base is greater than or equal torAddkg of catalyst, is preferably between
0.1 and 10.0 mol/kg and more preferentially seliviieen 1.0 and 8.0 mol/kg.
Once the composition of the reaction medium andtkiwéce of the catalyst have been
decided on, these two components are mixed andriigire is then heated at a reaction
25 temperature less than or equal to “I50preferably less than or equal to 420and, more
preferentially still, less than or equal to 100
In concrete terms, this temperature is between reonperature (approximately 20)
and 100C.
Prior to, simultaneously with or subsequent to hieating, the reaction chamber is
30 brought to the appropriate hydrogen pressure,ishtd say, in practice, between 0.10 and
10 MPa.
The duration of the reaction is variable accordimghe reaction conditions and the
catalyst.
In a batch operating mode, it can vary from a fewutes to a number of hours.
35 In a continuous operating mode, which it is enfipssible to envisage for the process
according to the invention, the duration is obvipu®t a parameter which can be set.
It should be noted that a person skilled in theant adjust the chronology of the stages
of the process according to the invention, dependm the operating conditions. The order



30 - Alkaline attack: Introduced into a reactor equipped with a stirrer are 0.5 1 of 30 wt% aqueous
sodium 35 hydroxide. The temperature of the mediung Is brought to 97C and the top of the reactor is
purged with argon. 50 g of alloy powder are gradually introduced into the reactor still under an argon
purge. Once the addition of alloy is complete, the alkaline attack is continued for 3 h. After
sedimentation of the catalyst, the supernatant liquid is extracted. 7 The catalyst is washed with water

composiio o el on eSS iEtel e SR RS P e
say the weilfhth@eHiagi: 9.0% Fe/Ni:

The other conditions which govern the hydrogenatiortontinuous or batch mode) in
accordance with the invention involve technicahagements which are conventional and

5 known in themselves.

By virtue of all the advantageous arrangements ioeed above, the process of the
invention makes it possible to hydrogenate nitsildbstrates to amines in a selective, fast,
convenient and economical way, with a formatiomgsurities, especially of DCH, which is
much lower than that obtained with a Raney nické&lygst doped with chromium or with iron

10 and chromium.

This process is perfectly suited for convertingpaditrile to hexamethylenediamine,
which is the monomer used in particular in the Isgsis of polyamide PA-6,6.

The invention will be better understood and itsaad&ges and its embodiment variants
will clearly emerge from the following examples whhiillustrate, in a non-limiting way, the

15 hydrogenation process according to the invention.

Example 1:

In this example, the preparation of a Raney Ni lgatadoped with iron and
chromium is described. This catalyst will be used aeference catalyst.

20
- Manufacture of the alloy:

In a crucible, 75 kg of aluminium ingots are meli@da temperature of around
800°C. 75 kg of nickel and 2.7 kg of an iron/chramialloy are added to the crucible and
the temperature is brought to 1450°C. The mediurhoimogenized. The molten alloy

25 obtained is cast in ingot moulds, cooled, demouldgdshed and ground to obtain a

powder.
The weight composition of the alloy is the follogin
Ni: 47.80%
Al: 50.15%
30 Fe: 0.85%
Cr: 1.20%

- Alkaline attack:
Introduced into a reactor equipped with a stirmer @5 | of 30 wt% aqueous sodium
35 hydroxide. The temperature of the medium is brougl&7°C and the top of the reactor is
purged with argon. 50 g of alloy powder are graguaitroduced into the reactor still
under an argon purge. Once the addition of alloyamplete, the alkaline attack is
continued for 3 h. After sedimentation of the cgglthe supernatant liquid is extracted.



1.7% Cr/Ni: 2.7% Example 2: In this example, the preparation of a Raney Ni catalyst doped with
iron, chromium 15and zinc is described. Introducgﬂd into a reactor equipped with a stirrer are 415 ml
f

of a 20 wt% solution of sodium hydroxide and 1.0 g

zinc oxide. The temperature of the medium is

brought to 90C and the top of the reactor is purged with argon. 81 g of the alloy obtained according to
Example 1 are introduced into the reactor with a flow rate of 0.7 g/min. Once the 20 addition of alloy is

complete, t%é'ﬁﬁ?&?&ﬁ%&(}‘t?é’&“\iﬂiﬂ’?%(%{% O %]tﬁﬁ‘.%%f%tﬂgg

catalyst, the supernatant liqui

LIRS e e

|
IS extracte e catalyst Is washe with water u

obtained, tRHEIBRAS i B P Rution of sodium hydroxide. The weight composition of the
catalyst obtainedTibehediglla\eomnpdSiBonm lodt e toataly shebtaigbthatiokowirgi: 9.10% Fe/Ni: 1.20%
Cr/Ni: 2.45% Zn/Nj: 1.15% 35 iaqaple 3:  In this example, the preparation of a Raney Ni catalyst
doped %vith iron, %\_romium andéigg/ois described.
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Fe: 1.5%

Cr: 2.4%

That is to say the weight ratios:
Al/Ni: 9.0%

Fe/Ni: 1.7%

Cr/Ni: 2.7%

Example 2:

In this example, the preparation of a Raney Nilgatadoped with iron, chromium
and zinc is described.

Introduced into a reactor equipped with a stirmer 415 ml of a 20 wt% solution of
sodium hydroxide and 1.0 g of zinc oxide. The terapee of the medium is brought to
90°C and the top of the reactor is purged with ar@d g of the alloy obtained according
to Example 1 are introduced into the reactor witflosv rate of 0.7 g/min. Once the
addition of alloy is complete, the alkaline attaskcontinued for 3 h at a temperature of
98°C. After sedimentation of the catalyst, the snptant liquid is extracted. The catalyst
is washed with water until a pH of 7 is obtaindtgrt stored in a 0.05 mol/l solution of
sodium hydroxide.

The weight composition of the catalyst obtainethesfollowing:

Ni: 87.80%
Al: 8.00%
Fe: 1.05%
Cr: 2.15%
Zn: 1.00%
That is to say the weight ratios:
Al/Ni: 9.10%
Fe/Ni: 1.20%
Cr/Ni: 2.45%
Zn/Ni: 1.15%
Example 3:

In this example, the preparation of a Raney Nilgatadoped with iron, chromium
and zinc is described.



8 Introduced into a reactor equipped with a stirrer are 415 ml of a 20 wt% solution of sodium
hydroxide and 1.67 g of anhydrous zinc chloride. The temperature of the medium is brought to 90C
and the top of the reactor is purged with argon. 80 g of the alloy obtained according to Example 1 are
introduced into the reactor with a flow rate of 5 0.7 g/min. Once the addition of alloy is complete, the
alkaline attack is continued for 3 h at a temperature of 98C. After sedimentation of the catalyst, the

supernatant liquig i T St Y il a,pH of 74 tai
stored ina 10 15 %‘?tjxll}sé%(? ggtyotr{i:r é:v%:’;g% éﬁo@?%?/w!%ﬁo%ﬁt%/ﬁgl@Sa %g&?@%gga@r?mﬁlzo%
Example 4 Sodiufp fydrexidRethd-B4ta i Y GON IrH = ARENH RE SefpeRiaiiy ¢iNgomedium
hexamethyl@enbrﬁang‘riluetcél—mm bgnkiydmegmpirmﬂt@@rm'tog Copet _Wétheargkbnal&@gt @balceoatlimg to
cauippe v e e
ui with; u ;. -SU ; ressu
koo PR e e AR P A GP EUIER e KaIme attack 1 contincedfor 3 h a
a temperature of 98°C. After sedimentation of tlaalyst, the supernatant liquid is
extracted. The catalyst is washed with water unfH of 7 is obtained, then stored in a
0.05 mol/l solution of sodium hydroxide.
The weight composition of the catalyst obtainethesfollowing:

10 Ni: 87.95%
Al: 8.30%
Fe: 1.10%
Cr: 2.10%
Zn: 1.05%

15 Cl: <10 ppm
That is to say the weight ratios:
Al/Ni: 9.40%
Fe/Ni: 1.25%
Cr/Ni: 2.40%

20 Zn/Ni: 1.20%
Example 4

In this example the catalytic test of hydrogenatioh adiponitrile (AdN) to
hexamethylenediamine (HMD) by hydrogen in the pmeseof the Raney Ni catalyst
25 according to Example 1 is described.
The hydrogenation reaction is carried out in a 80@tainless steel reactor equipped

with:
* atemperature probe;
* a Rushton self-suction turbine;
30 * a pressure regulator that makes it possible to kkeppressure in the reactor
constant;
e apump that makes it possible to continuously thice AdN;
e a syringe driver that makes it possible to contusly introduce the aqueous
solution of potassium hydroxide (KOH); and
35 * a sequential sampling valve which makes it posdiblevithdraw the reaction

medium.
In this reactor, the following are introduced a #iart:
e 114.5 g of HMD and 16.5 g of demineralised water;



a pump that makes it possible to continuously introduce AdN; a syringe driver that makes it possible
to continuously introduce the aqueous solution of potassium hydroxide (KOH); and 35 a sequential
sampling valve which makes it possible to withdraw the reaction medium. In this reactor, the following
are introduced at the start: 114.5 g of HMD and 16.5 g of demineralised water; 9 3.5 g of the catalyst
obtained according to Example 1; and 0.42 g of a 6.8 mol/l potassium hydroxide solution. The

temperature of the r%agi?roifstﬁgt%ttgg% J&glﬁgﬁgdgﬁﬂgﬁ ﬁ@ﬁ% rpm. The reactor is purged

with nitrogen before beirrg put under 25 bar o ogen p e time t=0, the continuous

injection and witttdrdWA Ge9@ 86 &8 RUARS UM EMEBRBHASRINWNR the reactor with a flow rate of
0.45 ml/min; injethernterhpéfanme pbthesiaactyrdsEtcat@0tiCntHtitina fowteatedtip.@b bIA0Dirprand

withdrawal %Q-%‘&b\‘i%I}B‘@rééﬂ‘wmgﬁf%@eﬁvﬁ&dm%ﬁ??l%@? 5y YPRO06HF HogUHGel¥ frd into the
reactor via the pressure. regulator, The hydrogen consumplign is followed oveér time b%/ onitoring the
pressuRe drop in AR RS Tkt LN o iRie ke BRI EES A1 SRRy of the
catalyst. The readtigchoedifirAdditinicathe isaolkycrgthia ddlaskaditiédb anlimant gas thermostated at

60C for the 3 h of thpyj@siohS bie s00pira VinaNPeRpstisRIBed WHNGHOIRARR afR@nakteeddpy gas
chromatography (G )dg or&%%oemgmtor the formation of the impurities formed during the

hydrogenation of AdNt0 , Imoré particularly the following two impurities: diaminocyclohexane

(DCH); and bisHexaMiEgHAuiat o MBHa theosieritoaiuss RVETKRH®d out using a Hewlett

Packard HP 6890 tehrayeiaéegnandb continuously fed into the reactiar the pressure regulator. The
hydrogen consumption is followed over time by monitg the pressure drop in the
hydrogen feed reservoir which makes it possibleéasure the activity of the catalyst.

The reaction medium withdrawn is collected in asKlaunder an inert gas

thermostated at 60°C for the 3 h of the test.

15 The samples withdrawn periodically during the temte analysed by gas
chromatography (GC) in order to monitor the formatof the impurities formed during
the hydrogenation of AN to HMD, more particulatiye following two impurities:

» diaminocyclohexane (DCH); and

» bishexamethylenetriamine (BHT).

20 The GC analysis is carried out using a Hewlett BatkHP 6890 chromatograph
equipped with a 30 m CAM capillary column from J&®Bkientific. The experimental
conditions are the following:

* H, carrier gas;

* injector at 250°C,;

25 » flame ionization detector (FID) at 250°C,;

* 80% split ratio;

» temperature programming: hold at 60°C/4 min — rang°C/min up to 100°C —
hold at 100°C/5 min — ramp at 10°C/min up to 216°@old at 210°C/2 min —
ramp at 10°C/min up to 220°C — hold at 220°C/27.min

30 The GC sample is prepared by mixing:

» around 2 g, precisely weighed, of reaction medium;

» around 30 mg, precisely weighed, of nonylamines(imal standard); and

» around 0.5 to 1 ml of methanol.

35 Example 5
In this example the catalytic test of hydrogenatioh adiponitrile (AdN) to
hexamethylenediamine (HMD) by hydrogen in the pmeseof the Raney Ni catalyst
according to Example 2 is described.



equipped with a 30 m CAM capillary column from J&W Scientific. The experimental conditions are the
following: H2 carrier gas; injector at 250C; 25 flame jonization detector (ND) at 250C; 80% split ratio;
temperature programming: hold at 60C/4 min - ramp at 4C/min up to 100C - hold at 200C/5 min - ramp
at 10C/min up to 210C - hold at 210C/2 min - ramp at 10C/min up to 220C - hold at 220C/27 min.
30The GC sample is prepared by mixing: around 2 g, precisely weighed, of reaction medium; around
30 mg, preciselyyeig n | ajs n O l.
35Example 5 ﬁfﬁ ? E@%érrglp e8 tkﬁgﬂqa alytic te é't J(gffﬁSl rﬁg\j(le)/relgtlcf);rllJ %ﬁ Eg‘. omtﬁ%%i%@égﬂ?w&%
hexamethylEx@BI1BIgiAe (HMD) by hydrogen in the presence of the Raney Ni catalyst according to
Example 2 is described. 10  The procedure from Example 4 is followed but using the catalyst
according to Exag;po{ &gample 6 5In this example the catalytic test of hydrogenation of adiponitrile
(AdN) hexamethyl nedlamlne (H D)o%/{% drogen in tfh resence of the Rane talyst
accordmng to Exalrﬂp 'S |'§>8%'§E)rkﬁe¥ j}&dészaﬁﬂﬂa%@“r’b%wg& gtfﬁe
catalyst acdmrdapathFAgaehrn3ne0(HMDakky 1hyér0@mllatébehmmnfs tbietaasey uNng:&h@Iyst

hydrogenatmgﬁgtﬁérmﬁgﬁm@qgig,(fégaqb@d_Example 4 Example 5
The procedure from Example 4 is followed but usthg catalyst according to
Example 3.
10
Table 1 below collates the results obtained duthng hydrogenation tests from
Examples 4, 5 and 6.

Example 4| Example 5 | Example €
Catalyst Example 1| Example 2 | Example 3
Initial activity of the catalyst (I®mol H,/g/s) | 110 125 120
DCH concentration (ppm) 1700 1250 -
BHT concentration (ppm) 800 475 -

15 These tests clearly demonstrate that the catatgstrding to the invention has a catalytic
activity that is equivalent to or greater than thiathe known catalyst and makes it possible
to obtain a more selective reaction by substagtrakiucing the formation of impurities.



Example 6 Catalyst Example 1 Example 2 Example 3 Initial activity of the catalyst (10 5 mol H2/g/s)
110 125 120 DCH concentration (ppm) 1700 1250 T concentration (ppm) 800 475 15These tests
clearly demonstrate that the catalyst according to the’invention has a catalytic activity that is equivalent
to or greater than that of the known catalyst and makes it possible to obtain a more selective reaction
by substantially reducing the formation of impurities. 11 Claims 1. Process for manufacturing diamine
compounds by hydrogenation of compounds cor@rgi?ﬁgitrile functional groups by reaction with
hydrogen or a gas that contains

1. Process for manufacturing diamine compounds by dgehation of compounds

comprising nitrile functional groups by reactiontivhydrogen or a gas that contains

5 hydrogen in the presence of a hydrogenation catadhgsed on Raney nickel,

characterized in that the hydrogenation catalystnpresses Raney nickel, iron,
chromium and zinc as dopant elements.

2. Process according to Claim 1, characterized intth@tveight composition, expressed
10 by weight of metallic element, of the hydrogenatoamalyst is:
- Al: from 2% to 10%;
- Fe: from 0.3% to 3%;
- Cr: from 0.5% to 5%;
- Zn: from 0.5% to 5%; and
15 - Ni: balance to 100%.

3. Process according to Claim 2, characterized in thatweight composition of the
hydrogenation catalyst is:
- Al from 5% to 7%;
20 - Fe: from 1% to 2%;
- Cr: from 1.5% to 2.5%;
- Zn: from 1% to 3%; and
- Ni: balance to 100%.

25 4. Process according to one of the preceding claitmacterized in that the compound
comprising nitrile functional groups is tetrame#ryé dicyanide.

5. Process according to one of the preceding claitnaracterized in that the diamine
compound is hexramethylenediamine.

30
6. Process according to one of the preceding claintgracterized in that the
hydrogenation is carried out in the presence aisadocompound.
7. Process according to one of the preceding claintgracterized in that the
35 hydrogenation reaction is carried out under a piressetween 0.1 and 10 MPa.

8. Process according to one of the preceding claintgracterized in that the



5 hydrogen in the presence of a hydrogenation catalyst based on Raney nickel, characterized in that
the hydrogenation catalyst comprises Raney nickel,iré)n, chromium and zinc as dopant elements.

2. Process according to Claim 1, characterized in thaf'the weight composition, expressed 10by weight
of metallic element, of the hydrogenation catalyst is: Al: from 2% to 10%; Fe: from 0.3% to 3%; Cr:
from 0.5% to 5%; Zn. from 0.5% to 5%; and 15- Ni: balance to 100%. 3. Process according to

s9010 796; 20- L B EUR T o CR T e B G ot ana

Ni: balance to 100%. 25 4. Process according to one of the preceding claims, characterized in that the
compound comprising nitrile functional groups is tetramethylene dicyanide. 5. Process according to
one of the preceding claims, characterized in that the diamine compound is hexramethylenediamine.
30 6. Process according to one of the preceding claims, characterized in that the hydrogenation is
carried out in the presence of a basic compound. 7. Process according to one of the preceding
claims, characterized in that the 35hydrogenation reaction is carried out under a pressure between 0.1
and 10 MPa. 12 hydrogenation reaction is carried out at a temperature between 20 and 100C.





