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More advantageously still, the weight concentration of the 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% and 2.5%

Concentration by weight of zinc between 1% and 3%.
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Finally, according to a last embodiment, the precursor compound of the dopant may
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35  the water content of the reaction medium is between 0.1 and 15% by weight with respect to
all the constituents of said medium.

To complement or substitute for the water, it is possible if appropriate to provide at least

one other solvent, of alcohol and/or amide type. Alcohols which are more particularly suitable
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pr epar at i eredyi, fieRmogyt Abassas advpeiegedopie grenkt than erequa tel0.¢ radieg afeatadyst,

descri bed reféaatﬁy s&%eéwt ai ilnop@o Msc%fmy@tsana &b gfe?e?&ﬁm@l Beflbeen % and
Manuf actur I'n a crucibl e, of” al um ni um

i ngots ar é%rf’é‘?%(??ﬁzlml&“t enperature of around 800C. 75 kg of nickel
and 220 kg of Inghe casowhehtientasrivamediymapmpastd edtet and dneloohei antvbeancamdde,

t he terrpeli}%ta%o%n S @Eé’fé%‘?&at&%aﬁ%?g&al Woﬁnﬁgylgk%f g&gmgﬁg}?fgf ﬁﬁ b&%

nolten allqy 2 talned” s cast
crushed afd a@%@ﬁ&l%g@&wﬁpﬁf%@m& SUI}I{W@”%& t| on of the

all oy is the Datd@wkdmgposition of the reaction medium and the chmce of the catalyst have been
decided on, these two components are mixed and this mixture is then heated at a reaction
25  temperature less than or equal to 150°C, preferably less than or equal to 120°C and, more
preferentially still, less than or equal to 100°C.
In concrete terms, this temperature is between room temperature (approximately 20°C)
and 100°C.
Prior to, simultaneously with or subsequent to the heating, the reaction chamber is
30  brought 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.
35 In a continuous operating mode, which it is entirely possible to envisage for the process
according to the invention, the duration is obviously not a parameter which can be set.
It should be noted that a person skilled in the art can adjust the chronology of the stages
of the process according to the invention, depending on the operating conditions. The order



30 - Alkaline attack: Introduced into a reactor equipped with a
stirrer are 0.5 1 of 30 w % aqueous sodi um 35 hydroxi de. The
tenperature of the mediumis brought t® 97C and the top of the
reactor is purged with argon. 50 g of alloy powder are gradually

i ntroduced into the reactor still under an argon purge. Once the
addition of alloy is conplete, the alkaline attack is continued for 3
h. After sadhmbeneamnbotorgipontieloagirefeyet, butt os-lenipieg, Miertarftthd prqedssiadesrding
extract ed.io hé ihRgigAat al yst is washed with water until a pHof 7 is

obt ai ned, thep ,stored in a 0..05 nol/ o] uti on of sodi um hydroxi de, .
The wei ght co#ﬁ%g‘?‘?’i ORAIGPS HC L ERVEf ¢ hisosensiion (jnecoptipmops,er Raign fgedenin
88. 1% Al : aBcodddnée with .thd/on@entioR . iddél vEhthnicl tuoargayiertd &/hivhi ad torvakhtionsl and

Al/N : z9.Q9 J. - %C/N: 2. 7% Exanple 2: In this
exanpl 3, %ﬁ%ﬁﬁi%%n?%%viggn of a Raney NI catal yst doped with iron,

chrom um 15an&YZifike ¢isallydbs adyapeageous arrangements mentioned above, the process of the
invention makes it possible to hydrogenate nitrile substrates to amines in a selective, fast,

convenient and economical way, with a formation of impurities, especially of DCH, which is
much lower than that obtained with a Raney nickel catalyst doped with chromium or with iron
10 and chromium.
This process is perfectly suited for converting adiponitrile to hexamethylenediamine,
which is the monomer used in particular in the synthesis of polyamide PA-6,6.
The invention will be better understood and its advantages and its embodiment variants
will clearly emerge from the following examples which illustrate, in a non-limiting way, the

15  hydrogenation process according to the invention.

Example 1:

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

20
- Manufacture of the alioy:

In a crucible, 75 kg of aluminium ingots are melted at a temperature of around
800°C. 75 kg of nickel and 2.7 kg of an iron/chromium alloy are added to the crucible and
the temperature is brought to 1450°C. The medium is homogenized. The molten alloy

25  obtained is cast in ingot moulds, cooled, demoulded, crushed and ground to obtain a
powder.

The weight composition of the alloy is the following:

Ni: 47.80%

Al 50.15%
30 Fe: 0.85%

Cr: 1.20%

- 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 medium is brought to 97°C 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.



Introduced into a reactor equipped with a stirrer are 415 m of a 20
wt % sol ution of sodium hydroxide and 1.0 g of zinc oxide. The
temperature of the mediumis brought td 90C and the top of the
reactor is purged with argon. 81 g of the alloy obtained according to
Exanple 1 are introduced into the reactor with a flowrate of 0.7
g/mn. Once the 20 addition of alloy is conplete, the alkaline attack
i s conti nddd chielysGis twaghedawitle mater antilr epldfof JCobtainedr theregbred it atl.Gmalf]
the catal %§furiof HEodRehyRs:@ iquid is extracted. The catalyst is
washed with W%Ler until” a pH of 7 is obtained, then stored in a 0.05
mol/ 1 sol uti odoFeEBUTTRORYGR 8kiha satatypiebigincg it the doHHEENE | on of the
cat al yst obtaiNired is the8flshl ow ng: 25 30That is to say the weight
rati osy Al/N »;.9.10% Fe/dNyg, 1.20% G/ N: 2.45% Zn/N: 1.15% 35
Exampl e 3: “In this éxanple, the preparation of a Raney N
catal yst dope8ew th iron-3%hronm umand zinc is described. 8
I ntroduced i nte a react @4gqui pped with a stirrer are 415 m of a 20
wt % sol uti on %atslo%islén}hgwer.%i %S_and 1.67 g of anhydrous zinc
chloride. The'ter erat ure {He%medi um i s brought to 90C and the top
of the react oA/Ng purged.@Fth argon. 80 g of the alloy obtained
accordpng to Exmmple 1 grepintroduced into the reactor wwth a fl ow
rate of 5 0.7 Ef m n. Oanﬁ]jhe addition of alloy is conplete, the
al kal i ne attabfMNs conti’f8d for 3 h at a tenperature of 98C. After
sedi nentation of the catalyst, the supernatant liquid is extracted.
The catal yst g, ngd with water until a pH of 7 is obtained, then
stored in a 10 15 That is to say the weight ratios: 9.40% Fe/ N :1.25%
In this example, the preparation of a Raney Ni catalyst doped with iron, chromium
15  and zinc is described.

Introduced into a reactor equipped with a stirrer are 415 ml of a 20 wt% solution of
sodium hydroxide and 1.0 g of zinc oxide. The temperature of the medium is brought to
90°C 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, the alkaline attack is continued for 3 h at a temperature of
98°C. After sedimentation of the catalyst, the supernatant liquid is extracted. The catalyst
is washed with water until a pH of 7 is obtained, then stored in a 0.05 mol/l solution of
sodium hydroxide.

The weight composition of the catalyst obtained is the following:

25 Ni: 87.80%
Al: 8.00%
Fe: 1.05%
Cr: 2.15%
Zn: 1.00%

30 That is to say the weight ratios:
Al/Ni: 9.10%
Fe/Ni: 1.20%
Cr/Ni: 2.45%
Zn/Ni: 1.15%

35
Example 3:

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



Cr/ N :2.40% 20Zn/ Ni : 1. 20% Exanpl e 4 In this exanple the

catal ytic test of hydrogenation of adiponitrile (AN to

hexamet hyl enedi am ne (HVD) by hydrogen 8in the presence of the Raney
Ni catal yst 25according to Exanple 1 is described. The hydrogenation
reaction is carried out in a 300 mM stainless steel reactor equi pped
with: a tenperature probe; a Rushton self-suction turbine; 30 a
pressure regulmtodncedhat amhasr ¢quipped siithl asstiner keeld Sinflenf pridsetds eolutont ¢fe

reactor c i
5ot M L g e

cont i nuoudt Yrauakt 9tEE ‘t’}ﬁ‘e‘hadﬁléSﬁéhesEﬂaEFPT ShPYHECH SHRSABAM §he pb theriloy
(KOH); andbfimea seqtmptodbxs@plli g ivabdiecdviite hhm&e&;rl\tqtl‘p@Sﬁdvbhaetdi

wi t hdr aw [ ct.or |1 owin

i ntro d%ce?hﬁq/ﬁlﬁﬂ% t? &e%gﬁﬁ?ﬂf %Slﬂc)g 1? c?rﬂﬁ%% tﬁug alfglu% attac 1s ont n%g&‘ gqusshe%}
water; 9a mmpergtuss of M8 € atilicy s¢ @Bmta!ilweaf élt?céfrtéllb’ﬁg theosmaw@me ligwidaisd
0.42 g of ei@tr@téﬂ Tﬁé—éﬂtal@ﬁh@&&bﬂbﬁ‘\bﬁlﬂ@%f ﬁﬁl]%%ﬂ'foquls obtained, Thé& stored in a
terrperatur }elhelé %tt f. Eet &?t 80C. The turbine is started up
at 1300 r g Mo splmtio fl’émfﬂ?’ % %i t h nitrogen before being put
under 25 bar Ghe Wylahng)arpomla@siﬂwcatamt obhametliintbe foldwindhe conti nuous

i nj ecghon andyp t hdr analgydeyi ces are started up: injection of AdN
into the react r with a %%W rate of 0.45 ml/mn; injection of 400
ppm pot assi urrf" ydr oxi de &% %tion with a flowrate of 0.05 m/min; and
wi t hdrawal of F@.63 nm vilaiovhe sanpling valve every mnute. 10The
hydrogen is cpptinuously fyed into the reactor via the pressure

regul ator. The

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 hydrogenation of adiponitrile (AdN) to
hexamethylenediamine (HMD) by hydrogen in the presence of the Raney Ni catalyst
25  according to Example 1 is described.
The hydrogenation reaction is carried out in a 300 ml stainless steel reactor equipped
with:
e atemperature probe;
¢ a Rushton self-suction turbine;
30 e a pressure regulator that makes it possible to keep the pressure in the reactor
constant;
* apump that makes it possible to continuously introduce AdN;
e 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:
* 1145 gof HMD and 16.5 g of demineralised water;



hydr ogen consunption is followed over tine by nonitoring the pressure
drop in the hydrogen feed reservoir which nmakes it possible to
measure the activity of the catalyst. 9 The reaction nmedi um
withdrawn is collected in a flask under an inert gas thernostated at
60C for the 3 h of the test. 15The sanples w thdrawn periodically
during the test are anal ysed by gas chromat ography (GC) in order to
nmoni t or the for i gohthefcatalyst abtqird acceding o hedn@etjiang t he

hydr ogenat i on. ofg AddNy Pg. hﬂ}@m g@ﬁ&&@ﬁ;@dr&uh@{&mw&he fol'l owing two
impurities: diam nocycl ohexa bi shexanet hyl enet ri am ne

(DCH)
(BHT). 20The & lgmacialure of Shedgaqords st 80S3- e éurPEWI%ftﬁrtqﬂawaﬂ&mem
6890 chr ot egrap s Iﬂmgudprpeﬁuumge}n tafa3Obenh GANuadgriZlsibar of Hdtdgem pfessmrg. J &W

Scientific. The th%xt BEtPE 3%395“} ngF?[ﬂﬁ] A0 %II.IIIHI%VJ&P&(J:V?\QAE g starﬁ? EPD) at

carrief gas; 1n e I oni zation
250C; 80% spt i thpfaton@f AdNelméh%lteaqater wlaagﬂamwtﬁgfoﬂémafnap, 60C/4 mn -

ramp at 4C/ mia Uﬂeétfbnlefl)@fo{) pp@l oddssidfO GHEroRid solitRMP with A0G6W Raté! Pof
to 210C - hold$ Zré%n ngin- ranp at 10C/ mn up to 220C - hold at
220C/ 27 min. 18 WM e i s prepared by mixing: around 2 g,
preci sely wei ghedthdeiwat ec%ﬁ;@-’t whvirdli @mplingivdvneleB0mimyfe. pr eci sel y

vei ghgg, of nmcyh?drb@ {slda,mﬁmhl Sf%@@%ﬁﬁ@ rea@i@g v1aa{h9%&59m5reélﬂat$r ni*he
of net han 35ExarTB hi s exanpl e the cata ytic test

hydr ogenaF’V@fﬁgfﬁ’f oot ‘E‘BH‘P‘t 1 F%l 0@/&8 NVEE dimie A RANHITIRA o BIFFTIES (imrpo')n %
hydrogen hpdibpen foedseeredir whichmeakRaineyssiile wabeabyts theactarydbinbe ¢atalyst.

Exanple 2 is fﬁéqucgﬁﬁj med]iern w1thd1:£t§lﬁ gr le?leé'Ele I‘if ro??eﬁé%[ﬂ%( aﬁl i'n§ré %218

fol |l oned but usi n{g é according to
this exampeEmpriaeE#toff G fordhe 2bof e tef)dr ogenatl on of adi poni tr| l e
(AdN) 150 hexamgt wh@mdwnmmm( v diballyh yidfigg emei st hee pfuﬁﬁy%@@ebﬁ)f gas

(ne. aney on AN GRTAPLALDN, Ko AT " S5 s omen i,
t o Exanpl éhedrydrogenation of AclN to HMD, more particularly the following two 1mpuntles

¢ diaminocyclohexane (DCH); and

¢ bishexamethylenetriamine (BHT).

20 The GC analysis is carried out using a Hewlett Packard HP 6890 chromatograph
equipped with a 30 m CAM capillary column from J&W Scientific. 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 — ramp at 4°C/min up to 100°C -
hold at 100°C/5 min — ramp at 10°C/min up to 210°C — hold 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 nonylamine (internal standard); and

* around 0.5 to 1 mi of methanol.

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



10 Table 1 below collates the results obtained during the

hydr ogenation tests from Exanples 4, 5 and 6.
Exanpl e 6 Catal yst Exanple 1 Exanple 21&xanple 3 120 Initi al
H2/ g/ s) 110 125 DCH concentration (ppnm) 1700
15These tests clearly

of the catalyst (10 nol
1250 - BHT concentration (ppm) 800 475

Exanpl e 4 Exanple 5

activity

denonstrate that the catal yst according to the invention has a
cat al yti c act iThe tpyodeHae from edpampdd énis foowed hneating thehanalyftaiccalinghe
known cat %xﬁﬁﬁhle@”‘d makes it possible to obtain a nore selective

bst

reaction by s antially reducing the formation of inpurities.
Example 6
5 In this example the catalytic test of hydrogenation of adiponitrile (AdN) to

hexamethylenediamine (HMD) by hydrogen in the presence of the Raney Ni catalyst

according to Example 3 is described.

The procedure from Example 4 is followed but using the catalyst according to

Example 3.
10

Table 1 below collates the results obtained during the hydrogenation tests from

Examples 4, 5 and 6.

Example 4 | Example 5 | Example 6
Catalyst Example 1 | Example 2 | Example 3
Tnitial activity of the catalyst (10" mol Hao/g/s) | 110 125 120
DCH concentration (ppm) 1700 1250 -
BHT concentration (ppm) 800 475 -

15  These 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 d ains 1. A process for manufacturing di am ne conmpounds, the
process conprising hydrogenating a conpound conprising nitrile
finctional groups by reaction with hydrogen or a gas conprising
hydrogen in the presence of a hydrogenation catal yst, wherein the
hydr ogenati on catal yst conprises Raney nickel, iron, chrom um and
zinc as dopant el enents. 2. The process according to claim1,
wherei n the wei ght conposition, expressed by weight of netallic

el enent, of the hydrogenation catalyst is: Al: from2tY to 10% Fe:
fromO0.3%to 3% C: fromO0.5%to %ﬁ Zn.. from0.5%to 5% and N :
bal ance to 100% 3. The process a %Faﬁng to claim2, wherein the
wei ght conposition of the hydrogenation catalyst is: Al: from5%to

7% Fe: from1%to 2YA f¥ccebd 0P fhahlidcourtngd Warkthe 4 ﬁl%stﬁ%}ﬁ% and
N : bal ance to 109%cess%om-g}ﬁs'ﬂ5 ?ig'aﬁf-le‘fﬁ%ﬁﬂ[rq, B8mbBufil ﬁp{h% ereln
t he compound conp bsyng nitr ie” nctd ona Fgr ng ISt & ?%yl ene
di cyanide. 5. THén;B‘? %ﬁ’é@?g 55"?.1'818?@' {GCBPR %A hydraes o 2885 di ani ne
conpound i s hexr af@ERyiSEaEHRERR N thegrespree pf o bpdwegaateuralg-t o
claim 1, wherein iy, Whereigethathydrogenation icethlysitcampiises Raasgnce of
a basi ¢ conpound. nickel, ifdrg chrowées @kickndiapdopantcdlam@nds. wherein the
hydr ogenat i on react 4ot} i . p 0.1
VPa and 10 MPa. ?c?' ?H%é?%%%s%mé%% 3?5%%;@ 1&%}%%%@%&%%@?1 Lhe
hydr ogenati on realftFen | &l SFRIE %f%gt@t wistt of sadallicelpmegbafidhe 20 c
and 100 C. tydrogenation catalyst 1s:
Al: from 2'Y° 10 10%;
Fe: from 0.3% to 3%:
Cr: from 0.5% to 5%:
Zn: from 0.5% to 5%; and
Ni: balance to 100%.
3. The process according to claim 2, wherein the weight
composition of the hydrogenation catalyst 1s:
Al: from 5% to 7%;
Fe: from 1% to 2%;
Cr: from 1.5% to 2.5%;
Zn: from 1% to 3%; and
Ni: balance to 100%.
4. Theprocess according to claim 1, wherein the compound
comprising nitrile functional groups is tetramethylene dicya-
nide.
3. The process according to claim 1, wherein the diamine
compound is hexramethylenediamine.
6. The process according to claim 1, wherein the hydroge-
nation is carried out in the presence of a basic compound.
7. The process according to claim 1, wherein the hydroge-

nation reaction is carried out under a pressure between 0.1
MPa and 10 MPa.

8. The process according to claim 1, wherein the hydroge-
nation reaction is carried out at a temperature between 20° C.
and 100° C.



