- 1 Process for the manufacture of am nes by hydrogenation of nitrile
conpounds The present invention relates to a process for the 5 nmanufacture
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 di am nes by continuous hydrogenation of 10 dinitrile conpounds in the
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adiponitrile in the 25 presence of a netal oxide as catalyst, such as iron
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can be enploypd. jn certain types of reactor. This is because, as the

catal yst is pyrophoric, the reactors used have to nake possible

One of the processes for the manufacture of amine
15 compounds used industrially is the catalytic hydrogena-

tion of nitrile compounds.

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

catalytic hydrogenation of adiponitrile.

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

often in the presence of ammonia.

30 Other hydrogenation processes which are widely operated
consist 1in using, as catalyst, a system based on a
Raney metal, more particularly Raney nickel or Raney
cobalt, in the presence of alcohol, or of water and of
a basic compound as cocatalyst. In these processes, the

35 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 employed 1in certain types of

reactor. This is because, as  the catalyst is



efficient control of the continuous introduction of the catalyst into the
reaction nedium It is also necessary to control the anmpbunt of catal yst
suspended in the 5 reaction nmedium and to provi de managed and control | ed
circulation of this suspension. However, the activity of these catalysts can
be greatly affected when they are used“under certain conditions in
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in the paper published in Chem cal En |neer|ng Sci ence, Vol. 35, 135-141
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nitrile compounds results in deactivation of the catalyst. 25 All these

processes u as solution for.reducing the ecline |n the actiyvi of the
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of m xi ng requires conp ces, such as
t hose described in 35 Pat ent Applicatlon WO 00/37424 which relates to the

use of statig fixers hAlniBIOYI ng, tNehabd1Y dladfieer ol ngcangLhe

honpgenei ty of “t ntrations at any  point ih the reactor.
addi tion, tH&sle sﬁ1ut|%@s 2ahlbe 8p55ﬁe84mhéﬁ9@ﬁé indicates that

nitrile compounds deactivate catalysts based on Raney
15 nickel or Raney cobalt. In order to reduce this deacti-
vation, the proposal was made, in the paper published
in Chemical Engineering Science, Vol. 35, 135-141
(1980), to wuse a reactor with a high rate of
circulation of the reaction medium in order to obtain
20 optimum mixing conditions and a turbulent flow in order
to prevent the formation of regions exhibiting a high
concentration of nitrile compounds. This is because a
high concentration of nitrile compounds results in
deactivation of the catalyst.
25
All these processes use, as solution for reducing the
decline in the activity of the catalyst, systems which
make 1t possible to have efficient wmixing of the
reaction medium and thus to have a concentration of
30 reactants and catalysts which are identical at any

point in the reactor.

Such a gquality of mixing is difficult to obtain and
requires complex devices, such as those described in
35 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

point in the reactor.



hydr ogenati on reaction is carried out continuously in a reactor operating
under plug-flow conditions, such as bubble colums operating with
circulation of a bed of 5 catalyst in suspension, reactors conprising a
bubbl e colum and a cycl one head for iepar ating the gases, referred to
herei nafter as reactors of RTC type. not her characteristic of these

processes Id.es,48;1hg,10 @B?ﬂt?gnga%& dSéCta{Efg/;fﬂé’#‘ %eg;hetrgéat al yst by
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alum nate and _to reduce its deposition on the catalyst. However, 1t was
necessary tEAS yCOUETHe PPEFAE 1ERUtWohsChFCrhatpPantof naolgst 2% cl ean
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hexanet hyl enedi am ne (HVD), to forman inpurity, such as the imne of
N-ethyl /HVD, which is difficult to separate formthe di am ne formned.

Hydr ogenat ifowtpreoc essesawhechsalie fafeetlndésal pohalesiats Wiéd vat erthdhave al so

been propo as _descrjbed 30 i.n. ent s 56 4 159 and 4
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significant anount of spent catalyst and to replace this anount of catal yst
with fresh catalyst. The catalyst consunption was thus high and affected
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15 reaction medium 1in order to make it ©possible to
dissolve the aluminate and to reduce its deposition on
the catalyst. However, it was necessary to carry out
periodic shutdowns of the plant in order to clean and
remove the deposits of aluminates on the parts of the

20 equipment due to crystallization of the aluminate.

This process also has the disadvantage of comprising
distillation and alcohol-separation operations. In
addition, the alcohol could react with the amine
25 formed, such as hexamethylenediamine (HMD), to form an
impurity, such as the imine of N-ethyl/HMD, which is
difficult to separate form the diamine formed.
Hydrogenation processes which are free of alcohol but
with water have also been proposed, such as described
30 in Patents US 3 056 837, 4 429 159 and 4 491 673, for

example.

However, in order to maintain a high activity of the
catalyst in the reaction medium, it was necessary to
35 withdraw a significant amount of spent catalyst and to
replace this amount of catalyst with fresh catalyst.
The catalyst consumption was thus high and affected the

economics of the process.
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conpounds to give am ne conpounds in the presence of a catalyst based on
Raney netal in a nmediumconprising 5 water, in the absence of al cohol, which
nmakes it possible to naintain a suitable catalytic activity in the reactor
with a | ow consunption of catalyst per, tonne of am ne conpound produced. 10
To this end, the invention provides a process for the manufacture of
conpounds eS| a ?pg! grQu b qu enati on
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type in a reaction nmediumcirculates reaction mednumcorrpnsmg
suspended paFelyPés DESeA ear RFREY bASES lonl RafeyeRi Wh, COMDTAGHgENi ¢ base
and watder, yz Wit hd&avv' RGe abpkheceut beft afl b1l ugafilew nf-8@Gt orye @ portion
of the reaction nedium con‘grl sing the corrpound corrprl sing at |east one 25
anmi ne funcPPsfaPlgr dup, mate F‘lélep?ar%’ﬂﬁ@ tRe Cakatl é’ltylé% aghyviB¥ydit ng t he
other portige tpeatherplwgehl ow neact eénsumpeeyhl i 6y the sBpay atRrd: cat al yst
to the pl ug- flow_reactor, 30 - feedlogg)ﬁad;tream of fresh catalyst to the
plug- flowtPBAEt BF, SPHACaCOERYSE B portion of the separated

catal yst is subject ed to a regeneration process before being recycl ed to

the r ti n di_u ai d 35 r.e ene atlo rocess conpri.sin stage of
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comprising at least one nitrile functional group which
consists in:

15 - feeding a gas comprising hydrogen and a
component comprising at least one nitrile
functional group to a reactor of plug-flow type
in which a reaction medium circulates, the
reaction medium comprising suspended particles

20 of catalyst based on Raney metal, an inorganic
base and water,

- withdrawing, at the outlet of the plug-flow
reactor, a portion o¢f the reaction medium
comprising the compound comprising at least one

25 amine functional group, after separating the
catalyst, and recycling the other portion to
the plug-flow reactor,

- recycling the separated catalyst to the plug-
flow reactor,

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

characterized in that a portion of the separated
catalyst is subjected to a regeneration process before
being recycled to the reaction medium, the said

35 regeneration process comprising a stage of washing the

catalyst with water in order to remove most of the
organic compounds, the washed catalyst being subjected
to treatment with a base in order to dissolve most of

the aluminates formed, followed by washing with an



5 aqueous al kali metal hydroxide solution and/or water. The term"fresh
catalyst" is understood to nean a catalyst which has not been used in a
hydrogenation 5 reaction. According to one characteristic of the invention,
the flowrate by weight R of recycled_regenerated catalyst and the flow
rate by weight N of fresh catalyst supplied should advantageously satisfy
the foll ovm'a%ée 10 eg aé'{)nmé:ai).go <o§i§e0'g]'.5u£12>n aREEI Ogr %f [ez%bl y, these
flow rates nd N Fhout d ‘advant ayﬂg geous?y Sat| sfy Ifle fOF OW'ng equati on
I[1: 0.70 < < 0.90 (Il') R#N This control of the flowrates, R and N, of
regener at edpy, 20 Akl ¥ And 08sh 6abal Y3t HRKES SkbROSELD! fehg control the
mean activity of a catalyst in the‘reaction nediumand thus to optim ze the
flow rate ofatfalesit odtiglhyshapn mptdebees nitgedi e t Re YASOEPLABROBT

catal yst pefedonng, of am ne produced while maintaining 25 optinum conditions
for operation of the process, for exanple degree of conversion of the
nitrile or AARPRREING| £¢ Ve dFBATAELeThELAEsST | BRer dfwent igit NCage
expressed as) Wei ghteO0by R icatral ysbfpeecyrilbdofrdddraiites neapaf{ow rate by
wei ght of fresh catalyst Nis determ ned by the rgﬁuctlve outgut desired
for the pla dr% nefd5Mr dgerat i'oh protess” dhd ﬂ’gp HRShoreatpayYefcul arly
on the flowumteied nHoul®e eorpetkRdededy 3satasthe phantfoTbeweatal ysts
suitabhg for the invention are Raney - 6 nmetals, such as Raney nickel or
Raney c¢ObalT3"®pt%terably Raney ni ckel .

0.60< R
R+ N

<0.95 ()

Preferably, these flow rates R and N should advanta-
15 geously satisfy the following eguation II:

0.70 < R
R+ N

<0.90 (1)

This control of the flow rates, R and N, of regenerated
20 catalyst and fresh catalyst wmakes it possible to
control the mean activity of a catalyst in the reaction
medium and thus to optimize the flow rate of £fresh
catalyst 1in order to minimize the consumption of
catalyst per tonne of amine produced while maintaining
25 optimum conditions for operation of the process, for
example degree of <conversion of the nitrile or

gelectivity for diamine.

The mass flow rates R and N are expressed as weight of
30 catalyst per unit of time.

The mean flow rate by weight of fresh catalyst N is

determined by the productive output desired for the

plant or the hydrogenation process and depends more

particularly on the flow rate of nitrile compounds fed
35 to the plant.

The catalysts suitable for the invention are Raney



Pronoter el enents can advantageously be used with the 5 Raney netal. These
pronoter elenents are chosen from the el enents belonging to Goups. |IB,
and VB to VIIB of the Period Table of the El enents. Advantageously, the
pronoter elenents are chosen fromthegroup consisting of titanium

chrom um zirconium vanadium 10 nol ybdenum manganese, cobalt, nickel,

zinc, iromn&hgh gt heiggombppat iitey ACGRERENY tort heprRcessophithe

invention, the portion of catal 1)(st separated fromthe reaction nmediumis
15 subj ectREEFIraL Hgemeedt PoRKBt ocess which makes it possible to obtain a
catalytic activity corresponding to 35%to 80% preferably 40%to 70% of

the catalytic acti Vht of the freah cat al yst 1 Zg?Thi ) gcti,vi ty of the
catal yst | Sr¥PressELSHE e Tt aPVAREARECHP Ly i gBRSEoSiUtdt88ri ng t he
reduct son mdné e meadilponTheske grongteer helanehhyl esedi aMarerf oeramdef i ned

anount of ney-ni ckel catalyst per unit of ti under ondi t| of
tenperatur%%n%lspggg rgDGaIno 3 ?Nefn%”ﬁ%lp% fol;g’ca%né{ ygtV%r aqi? o{,méch are
det er m nedcf othehePenbadurterd pét Hdte FEAemenittsi.al AdeenvaggouElyhe cat al yst

is determ b i d ' ; 0 m of
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Appr oxi matedbys Psiyiaes obf tsitamniat.or ghdont unat iystonioum bevanafiysed are

Wt hdragwn 1S AG38n§Rat WadigaHifd eStosaTP! € diddit roduged ity t hggbeaker and
35 approxi nately 100’ ni agfgadem eral i zed and deaer at eﬁ "water are added. The
medi um i s BR¢E¥ e RiBRELPIE0 suspend the catalyst to be anal ysed. The
water is separated fromthe catalyst by placing a 7 magnetic plate at the

bott om of the beaker. The dem nerali z]g:ed and deaerated water is drained.
According to the process of the invention, the portion

of catalyst separated from the reaction medium is

15 subjected to a regeneration process which makes it
possible to obtain a catalytic activity corresponding
to 35% to 80%, preferably 40% to 70%, of the catalytic
activity of the fresh catalyst.

20 This 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

25 of catalyst ratio which are determined for the
measurement method.

The initial activity of the catalyst is determined by

carrying out the procedure described below:

30 50 ml of demineralized water deaerated with argon are
poured into a 250 ml beaker.
Approximately 2 grams of slurry formed of catalyst to
be analysed are withdrawn using a spatula.
The test sample 1is introduced into the beaker and
35 approximately 100 ml of demineralized and deaerated
water are added.
The medium is stirred in order to suspend the catalyst
to be analysed.

The water 1is separated from the catalyst by placing a



150 M of dem neralized and deaerated water are poured into the beaker. 5
The beaker placed on the magnet: the aqueous washing liquor is drained and
then 50 to 100 m of dem neralized and deaerated water are added. The
catal yst is washed with dem neralized.and deaerated water. At the end of

t he washi ng operations, the pHof 10 the water nust be in the vicinity of

7. A pycno ! i d_wi t er.a t liquid of the catalyst. The
pycnoneterﬂgéﬁégkghéggkg gﬁggget%ggggﬁh%%tﬁggzgfgﬂ%gg t he bal ance. 15 The
pycnonet erThe dempnedafisrdt padbdeansatef ymgler dmp@aisfedvater is renoved

fromthe pyepopet ¢ Jdihér P PR eandhaectatalyst oo t hdeawn fitgm t he
beaker with the sane i pette. 20 An anmount of catalyst is introduced into

t he pycnonﬁPEP thRdPen Spycnometer is readjusted with the supernatant

l'i qui d.5 Thenpy grneier piscwai ghedraad ddiedi § f enenceyidowei gakhiq¥ between
t he pycnonﬁter filled wih water plus thg 25 catah%gt and t he pycnoneter
filled witht@BPer i5°redth® wei ofF "€t al Y8t talydt ®s eflhal to 1.15

X W The ateubheoblcatadl yatl deakheatpycnameterres aderd .usted by repeating

t he above i ghi operations.until. the. desired. ampunt .i s obtained: 30 The

arount of Lar aPoSELPRE a1 ¢ Sl ERt SEEbEER, Abg. BeSgeRras

Appr oxi mat eayef. 4800 theprawd sef ythé spenting reggerseriatres, orhér pihofashed

catal¥§§:_£€e3§§96 ﬁu?%a%%lﬁﬁt fe 91%9%9t2)0%57The wei ght wcat al yst of
intro Into the [

cat al yst uce p&cnoneter recorded (accuracy: 0.0001
granm . TheAcpyamomededr yiseddfldedamdi i stkappoperared guitacktdgend tife tare

bal ance. Tgﬁeb@g§Q§§SE§ zer oed.

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

15 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 beaker with the same
pipette.

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

The pycnometer is weighed and the difference in weight
(W) between the pycnometer filled with water plus the

25 catalyst and the pycnometer filled with water is read.
The weight of catalyst Weatalyst 18 equal to 1.15 x W.

The amount of catalyst in the pycnometer 1is readjusted
by repeating the above weighing operations until the
desired amount is obtained:

30 The amount of catalyst to be withdrawn is
advantageously equal to:

Approximately 0.4000 g precisely of spent,
regenerated or fresh washed catalyst:
(0.3960 g < Weatalyst S 0.4040 g)

35 The weight Weataiyse ©f 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



The contents of the pycnoneter are decanted into a 8- clean and dry reactor.
The pycnoneter is rinsed wth the necessary anmount of dem neralized water
to collect all of the catalyst introduced into the pycnoneter. 5 As nuch as
possi bl e of water is renoved using thg _magnetic plate on the bottomof the
reactor. 6.8N potassium hydroxide KOH is added to the catalyst wusing the

suitable ML ASYLhAIEryi r€achdrAl . The solution is made up with
dermineralized water in 10 order to obtain a weight of solution in the

reactor bl PYENEMEESY. 137, B1psef pitd HWER aPECs888dYt AN Y e8Et or. The

reactor isdémsest£Ui 2080 wdeepi |1 - sealleddeviage and BRati sgchsybegun (set
tenperature at 800C). heads ace of the reactor is purged 3 tinmes with

ni trogen. The APErd hn%ﬂpgﬁﬁ P¥°H 13858 at a pressure of 50 bar. The
headspace & trechr east opoksipliegedt witdtdy dricgemrehypveadimusingn ohehydr ogen

and di schar ge, et{\ﬁegfaeggtégnthg %%%Eﬁgegkeghg %eglf%%owhl | e mai ntaining or

reestabl i SHi pressure’i’n ydrogen supply “At the end of the three
pur ges of Gmrgatassim khydvymjc@nKOHhesr eatded s prressaataédgsto 20 bar

of hydro % %ui [N QggygF%§gh%%enpeéatgr7eglf 80C and stirring

rate of 20 pr oxi mat e rans precisely of adiponitrile
are W t hdflzewn s\mlmlaprgl ass ®3de nge® egutppatemingralsze@xwatdad heedl e. 30

The bahance-i&r-zer0edpih i h tahewgfﬂgaee%ygbmg%l%ﬁwﬂ@e%hew bBattscneed e.
The adi ponitrile is introduced in dr oppi ng funnel The enpty syringe

equi pped vEI¥21 15O nketifeJdi s wei ghed. The weight of adiponitrile WADN
introducedsy g OgtH€ 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).

15 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

20 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 1is pressurized to 20 bar of
hydrogen.

25 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 1its
extended needle.

30 The balance is zeroced with the charged syringe equipped
with its needle.
The adiponitrile is introduced into a dropping funnel.
The empty syringe equipped with its needle is weighed.
The weight of adiponitrile wppy introduced into the

35 dropping funnel 1is recorded (it must be between 5.70
and 6.30 grams) .
The reactor is placed under hydrogen pressure from the
hydrogen supply and a pressure of 50 bar is

reestablished in the supply. It is confirmed that the



35 dropping funnel is recorded (it nust be between 5.70 and 6.30 grans).
The reactor is placed under hydrogen pressure fromthe hydrogen supply and
a pressure of 50 bar is reestablished in the supply. It is confirnmed that
the 9 supply and reactor pressures re in constant. Once the tenperature
and the stirring have been reached, the val ve of the droppi ng funnel is
opened, first sI| t hen conn etel |n a S|n e 5 operation, in

order to |ﬁPP8&KC% Ehégﬁﬁﬁ resﬁg PedctBr ™ &S5 pr fsure inside the
react or shouotd Huhet(xémpématuraheahéedtﬁh hyﬂrn@mrngo haeeredeeor fromthe

supply is pe d e e i I 10
Throughoutr %ghagfaﬁion o%lb%e(g%a% ?o%?gﬁﬁzﬁﬁingéé%% pf%ssg%g%ﬁh t he
supply i s fetsrdedlaghaiwunceindn dfharhe compketghen time hydr@g@mlﬁressure in

the reaﬁtoaPé§a§&eﬁle,lntheraggroeen fi?%é&&bé“ﬁj&§agl 11$1¢ 0%

Heating of the reactor is halted and t eaction rumis coo?%d to a
t enper at ur E€8F35C. The reactor is slowy deconpressed and stirring is

hal t ed. Th@heeggéeegeeoﬁnrsheer eaet @k alct RUIRfh I e d idE gdy . 20
ni trogen. € %ontents of the reactor are dralngg into a container with
d

rinsing mn? Reflecfl i DEF 98 Rr COThBCadERAGHAF offhet k%t SPYPBLYi d5det er ni ned
by the inképal opaheuat ilheheeagiregengiprensite htirhel |1C33Msftgab12e5 fornul a:
K PR AU o T S R
conti nual | greeplhiaeedn divei rgiddley rieactearrddd 4s defenatned by the absci ssa
time.
When the hydrogen pressure in the reactor is stable,
the hydrogen feed to the reactor is closed.
15 Heating of the reactor is halted and the reaction
‘medium is cooled to a temperature of 45°C.
The reactor 1is slowly decompressed and stirring is
halted.
The headspace of the reactor is purged three times with
20 nitrogen.
The contents of the reactor are drained into a
container with rinsing with demineralized water.
The activity of the catalyst 1is determined by the
initial rate of the reaction, given by the following

25 formula:

R ~ 4X\N
il T 108 x W x60xAt

catalyst

initial

Atinitiar 18 the time in minutes which the hydrogenation
30 would take if the catalyst were continually replaced
during the reaction. It is determined by the abscissa
of the point of intersection between the slope of the
curve for recording the pressure at the start of the
reaction and the slope at the end of the reaction,
35 which 1is generally =zero. This curve represents the
variation in the hydrogen pressure in the supply as a

function of the time.



of the point of intersection between the slope of the curve for recording
the pressure at the start of the reaction and the slope at the end of the
reaction, 35 which is generally zero. This curve represents the variation
in the hydrogen pressure in the supply as a function of the time. 10 The
initial rate of hydrogenation is expreéssed in noles of H2/9 O catals.

pocording Lol e ddMentian. hensa050enation PLogest s Lo igena first

st age of e cat t to regenerated in order to renove nost of
t he organi ©f &onpoahdsatiadsparticul ar anmine forned, such as hexa-

met hyl enedi am ne, for exanple. This washing is carried out with water,
several 10 successive washi ng operations advantageously being carried out
in order t&CEAINT i ROt eh®i RdIVeIficus tREsHTPEENEHRBEON A RIIRESR r at i on by

wei ght of QeRHiGeLoaPeuRds Qft dRSSot haRsah ngdudle t 821%0 h¥t Weige
Preferably, this concentration of organic conpounds i.s 15 neasured by
det er mi nat FGF AR hmdtint O8feam e~ 45 E8eht MOF Tt hefaquBBuLCw@ M Sig | i quor .

Thi s washi rgmp@uralsso ba qairdiechlut eanhienubsishyd| N suNe gk IMdes -
count ercurrenthf}j&]l’eov%fol ums of in.a coll um conprising the catalyst to be

washed in (& LM i Ked BEE - Advant ageousl y, the washing is
carried ouffhiist h weadleing at 1a t esperiaidur ewf beiwkenwb@€rand &H&rar ef er ably

W th er _at i.ent t cat ur - 2. i event. foul i ng of
the co urrnss’%grcéév\r%s%e%r S%ggﬁ%_ﬁé vvgjé%grgatc%gb% ys?d?éggéggégﬁg%tl?e'slur%?ect ed to
treat- nencawirtieda Stk ong baséet nter dédrtain paiti dilear fisaldispoaes t he

al um nat es . f.Q4 Yse,any pfeterably. e ; lgiadg{) 33 iSHHt a eg%%s%- f al kali
net al hydrof‘l (?re%% sog}’lum' h%rgxﬁgehbei nglot he pr ef elﬁﬂed Eik/dro _ el.é)SO The
base sol ut icoNP@sEdscoRpri $€8sf r SRRI0% 0 289sby to 1% by weight.

Preferably, this concentration of organic compounds is

15 measured by determination of the amount of amine
present in the agueous washing liquor.

This washing can also be carried out continuously in
one or more countercurrent flow columns or in a column
comprising the catalyst to be washed in the form of a

20 fixed bed.

Advantageously, the washing is carried out with water
at a temperature of between 10°C and 50°C, preferably
with water at ambient temperature (20-25°C), in order
to prevent fouling of the columns or washers.

25 The washed catalyst is subsequently subjected to treat-
ment with a strong base in order 1in particular to
dissolve the aluminates formed. Use may preferably be
made, as suitable Dbase, of alkali metal hydroxides,
sodium hydroxide being the preferred hydroxide.

30 The base solution used comprises from 10% to 25% by
weight of sodium hydroxide.

The treatment is preferably carried out at a tempera-
ture of greater than 80°C and advantageously at the
boiling point of the sodium hydroxide solution.

35 It can be carried out in a batchwise process or in a
continuous process.

The duration of treatment with the sodium hydroxide
must be sufficient to make possible a regeneration in

the catalytic activity corresponding to at least 35% of



wei ght of sodi um hydroxide. The treatnent is preferably carried out at a
tenpera- ture of greater than 80C and advantageously at the boiling point
of the sodi um hydroxi de solution. 35 It can be carried out in a batchw se
process or in a continuous process. The duration of treatment with the

sodi um hydroxi de nust be sufficient %o make possible a regeneration in the

catal ytic iy r.res i,ag.,t (9 5%.af, -,11 alytic
activity o‘?&% f%lra tet}sé}%%?étcgl 5?? ?bggya;ﬁ%- ag:%isjésﬁlg aé')ta%laela/ss'élc ’39%2?9?ﬁ§%1ddi tion,

t he treat r@¥RusHY 2l b@3fFE é8fpound makes 5 it possible to produce hydrogen
by attack on alum nium netal. This hydrogen nmakes it possible to condition
the catalyst. The catalyst thus treated is subjected to a further washing
stage in ofdlefrdtotiehoy&ehd UM 1BERI anitfdtiss . camun@shpkgscan

conpri se sevepakssHLeesd URrdasdd NGy dBPEERt boNS t¥adano®eatamni hedmout
conti nuousl %@ a couFltgrcurrent washi ng colymm, for ex(gngle. The washi ng

i s advant &&%% tyTREFr PEETBEERWIEK SRattdr BRSS1E & tnpePdt bl el ok RBet ween 40C
and 90C i cot#eysto pronote the renoval of the alum nates. It is also

possi ble tgQ use, .a shi i quid n.aqueous al kali,_ netal hydroxide

sol uti on, @?%f gﬁgﬁay\l\sgtn gg‘gsoutgr%%%?%mlshyﬁ}lg%?agegoltu?i &, %Bfggeﬁi ni mum
concent r atwashofig 20 (.32 gfiln sodrdarhydroxi demcadyantageousbyubiebet ween

0. 012%.by i 0. 040% by wei ght. This washing solution can
advant@geo%@]ll@%ae@gﬁ%éd to carry out the final washing stages or throughout
t he washi ¢ oclesiindMashiingedsprase i epvanalunsillccgssdveenveahing by wei ght

(2)5021‘2(ya'bk3év$%e1“§é§$n§y%0?<ic%% (sdi um-hyds oxide) negr 1y than ar equal to
) o by ight 1s obtained in the final aqueous wash liduor. If the
concent r at§@lpggrcurrent washing column, for example.
The washing is advantageocusly carried out with water at
15 a temperature of between 40°C and 90°C in order to
promote the removal of the aluminates. It is also
possible to use, as washing liquid, an aqueous alkali
metal hydroxide solution, preferably an agueous sodium
hydroxide solution, at a minimum concentration of
20 0.012 g/l sodium hydroxide, advantageously of between
0.012% by weight and 0.040% by weight. This washing
solution can advantageously be used to carry out the
final washing stages or throughout the washing process.
Washing is carried out until a concentration by weight
25 of alkali metal hydroxide (sodium hydroxide) of greater
than or equal to 0.012% by weight is obtained in the
final aqueous wash liquor. If the concentration of
alkali metal hydroxide (sodium hydroxide) is less than
this wvalue, a risk exists of precipitation of the
30 aluminates.
After washing, the regenerated catalyst is recycled
directly to the reaction medium or mixed with the fresh
catalyst before feeding to the reaction medium.
The regeneration process 1is advantageously carried out
35 under air.
However, it is also possible to carry it out under an
inert atmosphere or an atmosphere not comprising
oxygen.

It is also advantageous to use, as agqueous washing



al kali metal hydroxide (sodiumhydroxide) is less than this value, a risk
exists of precipitation of the 30 alum nates. After washing, the
regenerated catalyst is recycled directly to the reaction nedium or m xed
with the fresh catalyst before feeding.to the reaction nedium The
regeneration process is advantageously carried out 35 under air. However,

it is also ibl.e caLr\ i tj#ﬂq§g~ ! : th&QBSr

at nosphere ﬁgéﬁggﬁpfﬁg?ngé %?%ﬁéﬁgl} s a sosgggg%?ggeous t Jggfﬂgs
aqueous wasRANGOYS HM@ﬂﬁﬁ%éﬁﬁgdﬁ?&ﬁﬁﬁnﬂﬁQQuﬁQ%HQRQ%%Jution, deoxygenat ed
aqueous liquors and deoxygenated sol utions. The process of the invention
applies to the hydrogena-_5 tion of nitriles or dinitriles to give am nes or

di ami nes. | £REpplERsETHh phr EPBuLAV SRS 1ke FRMUFSRt bR e ThEF HHAIRER chosen
fromt heshglr @d@gpoa&i stniirtgciqfeshplrcﬂpyIdamﬂd;irellrﬂersea_tdj arg'i%bgtaamles or

pent anmet hyl enedi,am ne, - met hyl pent anet enedi am ne, an

hexanet hyi efflé@agmcie. 10 Ppp;bﬁ§iéglnB?EpgﬁP?FEuﬁé?l§h?onﬁﬂﬁﬂﬁVH¥H§%nation
of adi poni tffi | elizmigiere hekasehhylfenedi afiene. gAcaer debgstiettihe | mfenti on

t he hydrogenatiog regpt%pn IS carréeg out in thg %% %fﬁpe of. a .sol vent
advant a- 15P§8BYSFPCamtossd of T RE AR 1Bt REAEE 3 hée Wydrd ' gErat i on
Thus, in the-caséydbertansydrydgeratiicon of aratlitporanatilgl enediamine.
hexamet fiyl epedi feésn%9¥9“$§?8988h¥r1ngQ39%h£ﬁ'ﬂ¥&98§89§QEogf<£??
reacti on nedium e concentration of amne in the reaction nmediumis 20
advant ageougly poativean e50% @rid <0 d%xamatdivglenedigmeifneg abl y bet ween 60 and 99%
by weight, of the liquid phase of the hydrogenation reaction nmedium The
hydrogenation reaction is carried out in the 25 presence of _ water as other
conponent ofcerEdidgctidnthfednyanthes Wt®er hydrgenepaliP} predsdricn n an

amount of {5 carried out in the presence of a solvent advanta-
15 geously composed of the amine obtained by the hydro-
genation. Thus, 1in the case o©of the hydrogenation of
adiponitrile, hexamethylenediamine is advantageously

used as main component of the reaction medium. The
concentration of amine 1in the reaction medium 1is

20 advantageously between 50% and 99% by weight,
preferably between 60 and 99% by weight, of the liquid

phase of the hydrogenation reaction medium.

The hydrogenation reaction 1is carried out in the
25 presence of water as other component of the reaction

medium. This water is generally present in an amount of

less than or equal to 50% by weight, advantageously of

less than or equal to 20% by weight, in the liquid

phase of the total reaction medium and more preferably
30 still between 0.1% and 15% by weight.

The hydrogenation reaction 1s carried out 1in the

presence of a basic compound, preferably an inorganic

base, such as LiOH, NaOH, KOH, RbLOH, CsOH and their
35 mixtures. NaOH and KOH are preferably used.

The amount of base added is determined in order to have

at least 0.1 mol of base per kilogram of catalyst,

preferably between 0.1 and 2 mol of base per kg of

catalyst and more advantageously still between 0.3 and



| ess than or equal to 50% by wei ght, advantageously of |ess than or equal
to 20% by weight, in the liquid phase of the total reaction nmedium and nore
preferably 30 still between 0.1% and 15% by wei ght. The hydrogenati on
reaction is carried out in the prese gﬁrof a basi c conpound, preferably an
i norgani c base, such as Li OH NaOH, , RbOH, CsOH and their 35 m xtures.

NaCH and Kgf%a%g%p%%fg%gg{%eﬁgﬁgbp¥g%a%ggggk of base added is determned in

order to have eas ase p Ki | ogram of catal yst,
preferably between 0.1 and 2 nol of base per kg of catalyst and nore

advant ageogely stidlodbeieen, 0 2eandionld o 1 2,pl gl base per kg of

catal yst. The rogenation reaction is carried out at a tenperature of
| ess than bemegtarure P30Gegw ekler@abPy &Gt |te3s1EhaR, obredeairbdy 120C and

more preef epablyesd i lkh0f bessedb@n @ eqyabct 0ad@0Gorthehazetheny
tenperature i s_generally be%meen,SOC and 100C._ The hydrogen pressure in the
reactor isShetheent 0166 16MaRd 9D M 3ppFexi ht efy. AKcorera§ies a

preferred eahpdiraenteofist Benkruenti eerwekhe shydr egenatdosr reacti on of the
invention is carried out continuously in an apparatus or device described
15 below with reference to the appended Figures 1 and 2, which represent
bl ock di agrhes lfd@yeanbpdesentreofirmnthappssaaitisr stist dbdtevdats theo

i npl e ntatignlngFhe ingentign The apparatus suitable for the

i npl erfént atFOn’ Bt MERe2PBOOFFBEES4Ysf the i nvention makes it possible to
produce excellent gas/liquid contact, rapid and efficient separation of

nese,tn RUASER,AL! GF, CATLAulec, BAN MO SEPLRL) AN, oL IR U 0enat e
conpat i bl ethet hydredegadtiqpossedteleeaeti ot omusintien sai gacatigdyst .
out continuously in an apparatus or device described
15 Dbelow with reference to 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
20 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
25 compatible with the least possible deactivation of the
said catalyst.
The said apparatus comprises three main sections: a
plug-flow reaction section operating according to the
principle c©of the bubble column with circulation cf a
30 suspended catalyst bed, a gas/liquid separation section
and a catalyst/liquid separation section with recycling
of the said catalyst and withdrawing of the 1ligquid
(hydrogenate) .

35 Thus, the apparatus which makes it possible to imple-
ment the process comprises, at the plug-flow reactor
outlet, a region for decantation of the catalyst parti-
cles (the catalyst/liquid separation section), the

supernatant phase being recycled to the plug-flow



The sai d apparatus conprises three main sections: a plug-flow reaction
section operating according to the principle of the bubble colum wth
circulation of a 30 suspended catal yst bed, a gas/liquid separation section
and a catal yst/liquid separation sect ggn_wi th recycling of the said

catal yst and wi thdrawi ng of the |iqui (hydrogenate). 35 Thus, the

appar atus yhiebopakes;dt ROSHiblg to.kip ﬁalmﬂbope,gérgg§§§-ﬁgmgi ses, at
the plug-flow reactor outlet, a region for decantation of the-catal yst
parti- cle¥ithAsavatal 95t/ Fhquitedbyar LT STEd orbhe t Reingupeithat ant phase

bei ng recygkedntedt aRldidd] @y reddc1E8aciorend apdubl Esbwextahal- | oop
conprising a wthdrawal of the nmedium conprising the amne, the decanted
phase bei n§lfetyBFPeantlo SFhETHRg 8w reactor via a second external |oop, 5

The react i DReSatdd @il @enekaltliybne oOgPhe 8831 Pnediipriides  Unshaped nidees, the
branches o%_wﬁi ch.are verti cgl %r shightl chI'hned W th resggct to the
vertical, gnggPe% KeBsiinches OF 8% U#OW dFflg Afe USEERAE2Of Athe

gas/ | i qui désoghtlgatialosinedi sperlsi oaspadtt he atteervétiei dH) y ebdenodf the at
| east partipall e d 1d qui I I .onprises inlets at_the base of
t he ascendzzﬁa y%g%%@ﬁsgt ﬁ)ef h%&?é}ge‘?\ ip%oéftol,dcjtﬁ g?%l t?ls?%nlénl%];, t?’ﬁ:e

cocat al yst gpal étiguiAéscadtidl ysitalntsst dhegpeheicecpolbed headhhyst tihel et; the

cat al i a o] i a i -f%,f i ducj ng. t he -m xt ure of
fresh»ﬁf:at g%ggtrﬁanrbdfo. rée;%nerlétggg E{%Ht%lyst orat{e%%g%%ga?%%gl@éel rstl“qfor fresh
cat al yst afdsSPorcomgehesat ednkeial wét . thehebgas/ 9uitdiesepacenidéndsection is

conposed OfrgncMer tidl nouliRder £OPEi Sichy ORenQE rTREe {aNngentigl 20 inlets
(coming fromthe ascending branch of the reactor) , one or nbre tangenti al

outlets (tBREaPE3IYAE IdblRendFhy KPdRdYs imbeteaddorjheargaycded et and an
outlet forchhgiysactigned; Xt uhe tewBkd§stheinlet can comprise a

15 single feed for introducing the mixture of fresh
catalyst and of regenerated catalyst or two separate
feeds for fresh catalyst and for regenerated catalyst.
The gas/ligquid separation section is composed of a
vertical cylinder comprising one or more tangential

20 inlets (coming from the ascending branch of the
reactor), one or more tangential outlets (towards the
descending branch of the reactor), a gas outlet and an
outlet for the reaction mixture towards the
liquid/solid separation. The inlet for the

25 gas/liquid/solid catalyst dispersion is inserted at a
point situated above the point of departure of the
degassed ligquid. This part forms a cyclone head.

The liquid/solid separation section is composed of a
decanter which makes it possible to separate the

30 hydrogenate from the catalyst and to recycle the said
catalyst. The hydrogenate 1is withdrawn continuously,
whereas the catalyst suspension separated in the
decanter 1is brought back to the reaction section
upstream of the point of introduction of the hydrogen.

35 A portion of this catalyst suspension is withdrawn in
order to be subjected to a regeneration treatment, in

accordance with the invention.

The apparatus suitable for the process of the invention



liquid/solid separation. The inlet for the 25 gas/liquid/solid catalyst
dispersion is inserted at a point situated above the point of departure of
the degassed liquid. This part fornms a cyclone head. The liquid/solid
separation section is conposed of a _ q‘gca_nt er which makes it possible to
separate the 30 hydrogenate fromthe ‘catal yst and to recycle the said

cat al yst. r nate._i.s .t hd contin sl 1ereas.the catal yst
suspensi onggglpg%/%t gg%iu%’ttf:ﬁé:%dde%gng‘%y]i%Pb%}éaéﬁ#ebébéf( %@gflﬁg rléaatl on
section upstpeamest a heepoiaalotyilitkdodeetli aimsd (he kpdnegerd 3% A portion
of this catal yst,suspepgsHan it hdr il rdeg . suhj ed to a
regenerati tSln te'rslebatlmenti,3 F% (az(?c\(l)\&r da%cgl\e{/}\,ilt ntt%él ?é#(%én)t ?g% egrcg}alp ar at us

sui t abl e f 6engkatEeddessinf at Bas/AvantiidorPerarmtean (b compssest exf by way of

exanpl e by JFi i€ dal | by1608RE SR YertihgRl &Y dAdii €8l tRLRe dHdr connect ed
by an el bowed pipe (2) to a horizontal pipe (3) enmerging tangentially in a
gas/ | i qui d°Sep&fatdPs 4 )conposed of 5 a vertical cylinder with a diameter
greater than that of the pipe (1). The separator (4) conprises a line (5)

o S sehange S Bal BovaBR Shed BOrLROniE] b Lol originaling 10
of the pipegaE3)orsofonnestedsvi a haorekbovetd pige (%)t @mwigecaichyertical
pioe, (B, SOULCahng b LN BLRe L) L3 30 D0t (9)oifinc o) et on
conpri ses, baflomt sHeasenlat pomnet( 2f) ther gige otRci ng kydnegerdandia |ine
(1) of o ot rRUER (Degdh P e IO, (POt (O)cap porprs s, o
a cool i ng ermheaticed 12@ fvitk. thhe rdldsow( {0) véenpri sekbawm i(Alet TBD) for
cat al yst a%@m@ﬁﬂd@fﬁn(gﬁ)tﬁgrpﬁiﬁ¥p|@9 QQE&'%%B'and of the elbow
15 (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
20 fluid. The elbow (9) comprises an 1inlet (30) for

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

25 axes converge downwards) .

The radii of curvature of the elbows (2, 7, 9) are
calculated according to the usual rules of chemical
engineering so that the pressure drop in the body
30 circulating throughout the circuit 1is as low as
possible. Their angle of curvature can vary from 45° to

135° and preferably from 60° to 120°.

In Figure 1, the hydrogen is introduced wvia a line
35 (10) . This 1line can be equipped with any standard
dispersing device but a simple pipe £flush with the
wall, positioned in the axis of the pipe (1), 1is
sufficient. This line (10) is connected to a hydrogen

source and the hydrogen «can Dbe introduced at



The pipes (1) and (8) can be vertical or slightly oblique (in the latter
case, preferably so that their 25 axes converge downwards). The radii of
curvature of the elbows (2, 7, 9) are calculated according to the usual
rules of chem cal engineering so that the pressure drop in the body 30
circulating throughout the circuit is % Tow as possible. Their angle of
curvature can vary from45 to 135 and preferablg from60 to 120. In Figure

1, the hydrdg®itRRET I rRRRSYSi @ &2 i 11 BB 1BYSSS¥hPs |ine can be

eﬂui ppeﬁlI WiTHe anyisé gndardhfdkspe&sgngﬁg@vi o€ buthea Sf_siafm%cf [0UF fllzél?]h vv:th
the wall, position in_the axi.s of_the pipe (1) is,_ s i.cient. This |ine
(10) is concf?égfeecot‘? tétoh%‘?’oé)iagﬁ’lCsemfrocre Qﬁ% Fﬁéa}]S‘[t‘ﬁPBg@% ddiF R r oduced
at - 16 atomsplered presstihe drydatogendigherFipgessune.ilThesddated 53 for

di scharge of_.t.he g b ct t n i for the treatnment of
t he gasgs Jseé{olrakree at%§8$¥§?nﬂ?hgoh%qo%§en§?%.giig%%rg%%uiﬁl%llﬁlgt réar[%r% é\g devi ce
accordi ng trasshi cintthe gasesndesakri ndlfid omifs) wipads ithe avapmdenser (14)

N Whi ch thaapae AN NEdodPaLhe S8RATAIOTSLd) At easananAt el T om the
hydr ogen. e condensate obtained i1s recycled to the apparatus via a |line
(31). The éwhxdiydr dgen dondemsagtetibpipessessi merye bohpitessore (16) via

a_ pipelineg, & Ngyagbl eed systemGlY) anghd hep,itdss ﬂf&y&{;%ﬁ in (10)

after introduction, in (17), of an anount of hydrogen I ntended

conpensft e FHSQIEN M dBRPSINsUREE dar i FTPHESHPET ogeifat | oiland®t hat 15
whi ch has Qheeieibied @hpritihg BECASSA Yo it M t Pds pwathe chydy ogenat e for med
degassed and freed fr,om%he catalyst. In order to be able to withdraw a
clear hydr dGEnatied ¢ A3 %O}oas%gr cORPFPEHAG 1P t ubRl y N0 cafdl y_R, a
decanter (Ehours 2bHl asetrstigrectintamitel tthe sepasatosté4) fodhethe

hydrogen consumed during the hydrogenation and that
15 which has been bled off.
It 1is necessary to withdraw the hydrogenate formed
degassed and freed from the catalyst. In order to be
able to withdraw a c¢lear hydrogenate, that is to say
comprising virtually no catalyst, a decanter (18) is
20 placed directly under the separator (4) . The
liquid/catalyst suspension, the gas phase of which has
been separated in the separator (4), enters the
decanter (18).
The decanter (18) 1is composed of a cylinder (19)
25 terminated by a cone (20).
A pipeline (21) serves to continuously zreturn 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
30 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,
solvent and catalyst mixture. The catalyst decanted in
35 the cone (20) is recycled to the pipe (9) via the line
(21) .
Figure 2 illustrates in more detail a specific form of
decantation coming within the scope of the invention.

To prevent, on the one hand, the excessively rapid
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| i qui d/ cat al yst suspension, the gas phase of which has been separated in
the separator (4), enters the decanter (18). The decanter (18) is conposed
of a cylinder (19) 25 term nated by a cone (20). A pipeline (21) serves to
continuously return the concentrated catalyst slurry to the elbow (9) . The
hydrogenate, freed fromthe catal yst, ¥kits via a pipeline (22) connected

to a trap (23) equi pped wi.th an 30 overflow (24) which makes it possible to
cont i nuousl Je\ﬁﬁ%aﬁgt H&'%| Barshyrfr ogahat€stt ifd e€l h¥ficrendete of the

appar at us lfeiong deeprig conspagatby tihe ttentdéwuser i N1 s pdugki obOft1gn

equi val ent | ume . of dini rilﬁ . solven% and cat al yst niﬁture. The cat al yst
decanted i ¥ 35 h8%8SHe [26) M¥IFRETRI b P8 tFREDF DRI (DS adHeETine  (21).
Figure 2 i |degstraaties i n aomeeadet aithea sped i adgranof  deasftiaguiod com ng
wi thin the f _the invention.,.To.Rrevent,, on_the .one hand, the
excessi%elﬁgiggﬁﬁgfﬁ é%%&ﬁ%%t%ggfl%ﬁglnégg?ég ggpgﬁ?%ﬁ%ﬁu??é£%ﬁﬂﬁogenate
from bei ng isr opegasearyn Howedegantir (08r amel, oOn they wahebeharitk the
hydr ogen fraom.enteri n : er S Lon b en_t regi ons
(gas/liquiéggsggpgfatgghggé%?%bn g%d ??gé?%%géli%ﬁggpa?apﬁ%%yg%cf%%n) is
necessary. dRdwaved By mastugotof nthay insyaldatien cafise afameposini on of
catal yst. Sugh adesadt ks |nad,by (yhrt hgel | ation of a
partition 3 22) betmeen,thg ggﬁgiatoﬁp(£§5aﬁﬁﬁ%ﬁgﬁ%eggﬁggﬁg 18§FQID t he

ci rcul b i ot 5et GRERUL RE 1§Hs/ PEEUERN s &ptr aPB8p/ dnguithesderetater brithg

provided byna pidedhter (BéinW tdrcvidlicaneyen Galgl ated bf) ordern t
significant]y reduce he_velaqcity of the liquid (for exanple to a val ue of

| ess than @F@“ﬁﬁfﬁé/§@é8H&?Fe§5 i ST5iel FRe FYTPLELCRRE LHdSFIHE de t he
decanter byha pdsciyhod dinnelsfuid eater khamplle egwah e ltdkatoof

less than 0.5 metre/second).
15 This pipeline (27) is extended inside the decanter by a
pipe with a diameter greater than or equal to that of

the pipeline (27).

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

30 regenerated.

According to the invention, a portion of the catalyst
slurry recycled via the line (21) is withdrawn via a
valve (32).

35 The stream of catalyst slurry thus separated is fed to
an installation for washing with water (33),
represented diagrammatically. This washing installation
can comprise stirred washers or one or more washing

columns, 1in particular, for continuous operaticn, a
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the pipeline (27). The use of the device or installation described above 20
for carrying out the process for the hydrogenation of adiponitrile to give
hexanet hyl enedi am ne nmakes it possible to obtain good dispersion of the
hydrogen in the liquid reaction m xture. This dispersion is stable and
honobgeneous t hroughout the U shaped pib% or pipes. 25 This apparatus nakes
it possible, as_was sai continuously separate, wthout

s dtabo e, to
si gni fi cant “ARALEFGRAFFORT GP'PMB-catal yst, the hydrogenate to be withdrawn
from the said catalyst to be recycled, nmaking it possible to easily

w thdraw a porti f catalyst intended to bhe .30.regenerated, According to
the tnventi She S2BaRYPEn O ke Hevadt e < MTIRY e At bFatPnErR ne (21)
i's wthdrawcrndat aongabieect3Red 3boTiee Stsr daad dfo catbhyst skertyenhus

Separated i : instal | agi gn f i ' (33)
represe%tedfﬁ%gg%%%%§?ﬁ0a¢§VI Tﬁ%%gmégﬁ%ﬁgﬁ%ﬂggg?rg%ﬁogﬁ&ﬁgﬁuggngpﬁse
stirred washer sn@ie oaéloregorecarishrpg Wl utmsatimgngar of cd astrbog

cont i nuous L OMy oAz n et GO - al yst, after
havi ng beeﬁgﬂiéﬁ%%ﬁa%%ogﬁrﬁgegoggﬁebgggﬁgﬁggoﬁg ggggﬁitgﬁsg§%ve, is fed to a

basic treatnment 5 installation (34) . This installation can conprise one or

nore stirredri€acChaksc Wadumaitentnhof rageheesdedbass £arde; gakkized out
bat chwi_ se or contjnuqusly. ﬁtter,ba5|c treatment, the regenerated catal yst

is fedP0 t%°adf FriHISTa¥RPRAENSERYELEH B5) 381 mitiaH 156 the the
install ati otné33)1atdhenr egenerated and washed catal yst is, in the exanple
. fed to the reactor

part (9) vi B hESHPHEX CAGF 41 | FRHROR henCaRBat, ent 1 heh? oGEREFSEed
catal yst isiikdstdatedf| ynixed heitkactlos ERream of fresh catalyst
fed to the reactor part (9) via the pipe (30).
15 In another embodiment, the regenerated catalyst is fed
directly to the reactor (9).
Details and advantages of the invention will be
illustrated in the examples given below purely by way
of indication.
20
Example 1:

Adiponitrile is continuously hydrogenated to give hexa-
methylenediamine at a temperature of 82°C and a
pressure of 23 bar in an installation represented in

25 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. A portion of spent
catalyst corresponding to the amount of fresh catalyst

30 fed is removed.

The flow rates of adiponitrile and of fresh catalyst
are determined in order to have production of hexa-
methylenediamine with a selectivity of greater than or
equal to 98.5%.

35 According to the invention, a portion of the catalyst
slurry recycled via the pipeline (21) is separated via
the valve (32) and fed to a regeneration process. The
flow rate by weight of catalyst thus separated is

represented by the value R.



Details and advantages of the invention will be illustrated in the exanples
gi ven below purely by way of indication. 20 Exanple 1: Adiponitrile is

continuously hydrogenated to gi ve hexa- nethyl enediam ne at a tenperature of
82C and a pressure of 23 bar in an installation represented in 25 Figure 1.
The reaction nmedi um conprises adiponitrile fed via the pipe (13), hydrogen

fed via theTﬁ’ﬂepeca{é:@rys%ggﬁﬁz?%%”T%",ydgﬁxgd%ixl?see‘@@égg | e(}z%%%@ 'Lf‘itﬂ"ater and
a catalyst conprising ney nr ckel’. portion of spent “catalys

correspondi Wgtes t he appuhembéTriresh cafal4BiC. 3Gderdl rampatsivRie f1ow
rates of adwg%&'i&lg lﬁ%@:flgtf’(f)né_r%sr!% caiplysl ffie deher udied i prder to have
production of hexa- thél enediamne wth a selectivity of greater than or
equal to 989%9 hexameEbydrAgdicmine i ndeRErBANed pBYt i S of TR al yst

slurry recyghaghiica 4deapingling (e Eingﬁpaé%}@&hs/i fashhegval dgud32) and
fed to a regeneration process. The flow rate by weight of Catalyst thus
separated i 25 P&HPe$&Mt-ed by the value R 19 The catalyst slurry is, in a

first stagerheashashadtbatwaier ats ajheprpanatdre iof £#06ecSaversdagdiccessive
washi ng oper,ations are carried out. The concentratjon of: ,

hexanet hyl ed&&Panf neé b et &t miréd iRf g‘é(%tglhr%n&to/ 50 ARt Es SBAR in the
final aqueohydwastideg sbQuUOLoni s BOOOmppAUTrEhei sasaddteatradd/shti Sche

i ntrod d, .in.a_secaond,kst into a stirred reactor with a 20% by wei ght
sod um Ly PSR aE e S o e Ml T I ed at’ the. 10 borl ! ng
poi nt of th&heediremtfest Gtwlyst Tdestbeatedntayal yat al Sindisegd |y, in a

first stage,, yaghed vt hpater,at ;806 SeMaral) sUGEEsaLY S il g
operations are carried out. The final agqueous washing
liguor comprises 0.03% by weight of sodium hydroxide.

15 The ~catalyst thus obtained exhibits a catalytic
activity equal to 60% of the catalytic activity of the
fresh catalyst.

The regenerated catalyst, with a flow rate by weight R,
is mixed with the fresh catalyst, exhibiting a flow

20 rate by weight N, so as to maintain a regenerated
catalyst ratio R/ (R+N) equal to 0.8.

Under these conditions, for optimum functioning of the
reactor, the consumption of fresh catalyst per tonne of
HMD produced is 0.50 kg.

25
Comparative Example:
Example 1 is repeated, except that all the separated
catalyst 1is recycled to the reactor wvia the pipeline
(21) .

30

As in Example 1, the flow rates of adiponitrile and of
fresh catalyst are determined in order to have produc-
tion of hexamethylenediamine with a selectivity of
greater than or equal to 98.5%.

35 Under these conditions, for optimal functioning of the
reactor, the consumption of fresh catalyst per tonne of
HMD produced is 1.35 kg.



operations are carried out. The final aqueous washing |iquor conprises

0. 03% by wei ght of sodi um hydroxi de. 15 The catal yst thus obtai ned exhibits-
a catalytic activity equal to 60%of the catalytic activity of the fresh
catal yst. The regenerated catalyst, with,a flowrate by weight R is m xed
with the fresh catalyst, exhibiting a fTow 20 rate by weight N, so as to
mai ntain a regenerated catal yst rat|§§l\ﬁ§+l\l) equal to O B. Under these
conditions, for optimm functioning reactor, the consunption of
fresh catal yst per tonne of HWVD produced is 0.50 kg. 25 Conparative

Exanpl e:  Exanpl e doidsSi feheat ethroxeept that aléhéhe ﬁ@ﬁ@fé&@grecatékyst i s
recycled to the reactor via the pipeline (21) O As in Exanple 1, the flow

rates of adi poni t3ATROURE oFOMPF eSHNGaPhl YEFSar @rt?et@fﬂrﬁ%eﬁuﬁlﬁtb@ﬁél to have

produc- tion of hexapetbyl @Qb@@hﬁ@l&ﬁht Bfaas@cﬂ@ddﬁdyc&ﬁprgéﬁ@éeatthan or
equal to 98.5% 35 Under these ndI£I ons, i fgpt| mal funct| oni ng gf t he
reactor, the con § oRNGF ¥y ‘élll‘f/téfoi’)% SR of SRERBr bPBUAREd i s
1.35 kg. 20 - CLAIVEhd: Lontomsdstss piwecess for the manufacture of conpounds
conprising at | east one am ne _functi onal dro natl n of a

compound conpri sing at- A3st qoned# tr P pFu%&Fﬁonaly€¥%%% act%rl zed
in that it consists dgampouri@edicogrer igasiconpti silrgpdtydr ogen a:mﬂtmleorrpound

conprisipg at |east ﬂﬂrﬁ ﬂér’iéi ngCE' Qaal. g1 oug t@h\ggfff‘g&%y&
plug-flow type in which a react n?relummrculate
in which a reaction medium c1rculates, the
reaction medium comprising suspended particles
of catalyst based on Raney metal, an inorganic
base and water,

15 ~ withdrawing, at the outlet of the plug-flow
reactor, a portion of the reaction medium
comprising the compound comprising at least one
amine functional group, after separating the
catalyst, and recycling the other portion to

20 the plug-flow reactor,

- recycling the separated catalyst to the plug-
flow reactor,

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

25 characterized in that a portion of the separated
catalyst is subjected to a regeneration process
comprising a first stage of washing with water in
order to remove the organic compounds, a second
stage of treatment with a strong base and a third

30 stage of washing with an agueous alkali metal

hydroxide solution and/or water.

2. Process according to Claim 1, characterized in
that the flow rate Dby weight R o0f recycled

35 regenerated catalyst and the flow rate by weight N
for feeding with fresh catalyst should satisfy the

following equation I:



reacti on nmedi um conprising suspended particles of catalyst based on Raney
nmetal, an inorganic base and water, 15 - withdrawing, at the outlet of the
plug-flow reactor, a portion of the reaction medium conprising the
conpound conprising at | east one amne_functional group, after separating
the catalyst, and recycling the other %5rfion to 20 the plug-flow reactor,
- recycling the separated catalyst to ghe plug- flow reactor, - feeding a
stream of fresh catalyst to theoﬁﬁG§§~fE0&@ﬁ@adﬂbr, 25 characterized in that
a portion of the separated catalyst i's subj ected to a regeneration process
conprising a first stage of washing with water in order to renove the
organi ¢ conpounds, a second stage of treatnment with a strong base and a
third 30 staje of PFRSAFRg AFEATSANEquEBUSCARKEI 2+ nefRRT2RiAFA%Pde 48l ution
and/or water. 2. £hecesshaccandinng bl aym e idfiad act erbzedribyctBat the

flowrate by weight R of recycled. 35 regenerated catalyst and.the flow rate
by &;ighg hyforl?E%%?ﬂ%rﬁf?ﬁyF?Egﬁyégtﬁ F%§hgaqysﬁﬁ§%fgytﬂﬁlg BINomx%g

equation |: - 21 fOr60sedRng @i8h (ElleshiRtNtadySr agesslaceat dspng theC aim 2
characterized in #hfio&fe fl H%E?Eﬁ 9§.meight R of recycled 5 regenerated
catal yst and the Tow fate %§ weight "N° for feeding with fresh catal yst
shoul d satisfy the following equation Il: 0.70< --s <0.90 (Il1) R+N 10

0.70< R <0.90 ()
R+ N

10
4. Process according to Claim 1, characterized in
that the first stage of washing with water is
carried out with water at a temperature of between
10°C and 50°C.
15
5. Process according to either of Claims 1 and 4,
characterized in that the washing with water of
the first stage is carried out in order to obtain,
in the final agueous washing ligquor, a concen-
20 tration of organic compounds of less than or equal

to 1% by weight.

6. Process according to one of the preceding claims,
characterized in that the Dbasic treatment is
25 carried out with an aqueous solution comprising an

alkali metal hydroxide.

7. Process according to Claim 6, characterized 1in
that the alkali metal hydroxide is sodium
30 hydroxide.

8. Process according to Claim 6 or 7, characterized
in that the concentration of alkali metal
hydroxide in the abovementioned solution is

35 between 10% and 25% by weight.

9. Process according to one of Claims 6 to 8, charac-



4. Process according to Claim1l, characterized in that the first stage of
washing with water is carried out wwth water at a tenperature of between
10C and 50C. 15 5. Process according to either of Clains 1 and 4,
characterized in that the washing with ter of the first stage is carried
out in order to obtain, in the final a%e—ous washi ng Iiquor, a concen 20

tration of organig ICPEED&’“{}?S ﬁét' FRa %Q%Ecoﬁ:r%%%%!entoisw Dy, yeh ot 6.
Process accordi ng?o one o % € preceding claimns, characterized in that the
basic treatnent iat R «eperaduovaitohi gheabhenquieans88dCuti on conprising an

al kali metal hydroxide. 7. Process according to Claim6, characterized in
that the alkali nmetal hydroxide is sodium 30 hédroxi de. 8. Process

accordi ng tdd aiBRB oIS 7aceprfaBPetiozétne i af t Kae e asshdht ¢hai®a, of

al kali nmetal hydingxigde-driide abovenent it@féedw§9h9§é%30ﬂﬂit§h 2 chet ween 10%
and 25% by weight. 9. Process according to one of Clains 6 to 8, charac - 22

terized in that tH paEiLE FEaGfentSi SACELFFePBut V1kE ¥at&HerBE(PE of

greater than 80C.arlOagReO6esS1a6Qar didithl OhpaeoRidéhecpieces ngith ahms, 5
characterized in that the washi ng W th w?te the third stage is_carried

of |
out with water af¥/ o™ En°3ytedus2btREl P nﬁ‘ﬁglaflﬁy&l'e&)aldeh%%?%} f Mth a
m ni mum concent r aticre ®f bal kaighfretzal dydeapédetote 0£012%vemeight at a
terrpera%J1 re of bet e&}oﬂf((goc 10 and 90C. 11. Process according to one of the
pr ecedi g clai ns,®"*Ctharacterized in that the washing of the third stage is
carried out in order to obtain, in the

11. Process according to one of the preceding claims,
characterized in that the washing of the third
stage 1is carried out in order to obtain, in the

15 final aqueous washing liquor, a concentration of
alkali metal hydroxide of greater than or equal to
0.012% by weight.

12. Process according to either of Claims 10 and 11,
20 characterized in that the alkali metal hydroxide

is sodium hydroxide.

13. Process according to one of the preceding claims,
characterized in that the regeneration process 1s

25 carried out under air.

14. Process according to one of the preceding claims,
characterized 1in that the process for the
regeneration of the catalyst is carried out under

30 an atmosphere not comprising oxygen or under an

inert atmosphere.

15. Process according to Claim 14, characterized in

that the aqueous liquors wused for the washing

35 stages and the alkali metal hydroxide solution are
deoxygenated.
16. Process according to one of the preceding claims,

characterized in that the regenerated catalyst has



15 final aqueous washing |liquor, a concentration of alkali netal hydroxide
of greater than or equal to 0.012% by weight. 12. Process according to
either of Clainms 10 and 11, 20 characterized in that the alkali metal
hydroxi de is sodium hydroxide. 13. Pr gess according to one of the
preceding clains, characterized in that the regeneration process is 25
carried out under, aj . Pr .accaor dj 0 of t recedj cl ai s,
characterized int ﬁéa%t?%thgogggg%ﬁgﬁ t‘#e&]&?s %I%lgé{r}g ifgr? gfg%hggcgid;ﬁgyst is
carried out undepif3@hen cattrdsphier eatotvicomwi diby fogglencaralyeier an i nert
at nosphere. 15. Process according to Caim 14, characterized in that the
aqueous liquors used for the washing 35 stages and the al kali netal

hydr oxi de sél’uti Grogees deegpgeiaedtol6ClFmckss advoralitrriecdneof the
precedi ng cl ai ms cpa¢haraet erdezed driadidat ctafﬁ%léfé&en?fa%t ed catalysfeihas - 23
a catalytic activity corresponding to 35%to 80% of the catalytic activity
of the fresh cat @3V ity17 COGE R nEHRDr ditg 495 BPm 767 ciedradth&d i zed in
5 that the regenesatedtrGat alotstvitas o catalntddh @ptd Mpdty. corresponding to
40% to 70% of the <catalytic activity of the fresh catalyst. 18. Process
according to one of the preceding clains, 10 characterized in that the

nit Li : e cgrrmeundpir@ce@@i porddrdieg and the a:fcrji n@héypkbﬁéﬁmg icS_Laﬁgd@i,-

met hyl enedi am ne. . 19. Process, according t aiml1, characterized .in 15
That Mt eact | oRREACURECaRY | 85 X780 VERE  COMadE SR d8 pr oquced
by the hydrogen- adtiponiteddtd oand20chd’r aoese asgotHendgzed ohe diexhe
precedi ng cl ai ns

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

composed of the amine produced by the hydrogen-

ation reaction.

20. Process according to one of the preceding claims,

20 characterized in that it comprises, at the plug-
flow reactor outlet, a region for decantation of

the catalyst particles, the supernatant phase

being zrecycled to the plug-flow reactor via a

first external loop comprising a withdrawal of the

25 medium comprising the amine, the decanted phase
being recycled to the plug-flow reactor wvia a

second external loop.

21. Procesgs according to one of the preceding claims,
30 characterized in that the catalyst 1is based on

Raney nickel or Raney cobalt.

22. Process according to Claim 21, characterized in
that the catalyst comprises a promoter chosen from

35 the elements belonging to Groups IIB and IVB to
VIIB of the Periodic Table of the Elements and

their combinations.

23. Process according to one of the preceding claims,



20 characterized in that it conprises, at the plug- flow reactor outlet, a
region for decantation of +the catalyst particles, the supernatant phase
being recycled to the plug-flow reactor via a first external |oop
conprising a withdrawal of the 25 mec_iiNE conprising the am ne, the decanted
phase being recycled to the plug flo eactor via a second external |oop.
21. Process accorgdi of. & ed| ar ized in
that the catal ys{:giwg ggggggd * %zlfgm %1( {}9019 n{e?/ k():%% IECLQ f%%ts%ﬁlocess
according to C afnpRl, thargcoepi zceqhslstlrltmt the lg&tal y$eQtonpKoses a
pronot er chosen h I S isng to Goups |IB and IVB to
VIIB of the Pen%%l@iéP ngog %net Eg@%&er#g%itg'%%nd their conbi nations. 23.
Process according to one of the preceding clains, 24 characterized in that
the inorsganpg basesbesehoselord A the @rQUR CoNSi Shing Rfediifdd NaOH KOH,
RbOH, CsOH and their mxtures. 5 24. Process according to G ai m 23,
characteri zed i nEhehatthenel RPBFHART c PBSSe 1% ERBSER o t Hae gPa@yD
consi sting of KGbagdshagy amrdxbiebhdmwsbur 8sd 29eilr @Gegsaceording to
Claim 23 or 24, characterized 10 in that the anmpbunt of base in the reaction
medium is between 0.1 nol of base per kg of catalyst and 2 nol of base per
kﬁ of catal yit. Qﬁcﬁcé’ééﬁe&&o&ddm’gditﬁg almma:{)fofhezéprehe@‘iaage%aigms, 15 .
characterized in.t reaction te ratur.e | et ween 50C and 150C an
t he hydT%ogen pr eérs‘ugéatci gtkbeet%%ﬁp% ¢ I\/ggsﬁn&nldﬁ@ redction medlum

is between 0.1 mol of base per kg of catalyst and

2 mol of base per kg of catalyst.

26. Process according to one of the preceding claims,
15 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.





