2 3 MAR 2005 Regeneration of catalysts The present invention relates to a
"process for the regeneration 5 of a heterogeneous catal yst used for &Eﬁ 2005
preparation of compounds containing NH2 groups by the hydrogenation,2 i R
hydr ogen, of conpounds containing at |east one unsaturated carbon-nitrogen
bond, wherein 10 a) the feed of the conpound to be hydrogenated is stopped
and b) the heterogeneous catalyst is treated wwth a conpound of formula 15
RLR2 N- CO- R3 (1), inwhich 20 R1L is hydrogen or Cl1-C4 al kyl and R2, R3
independeg&&ghégagygi %@ogggéﬁggé% each hydrogen or Cl-C4 al kyl or together
are a C3-C6 al kyl ene group, or m xtures of such conmpounds, at a pressure
ranging fromO0.1 to 30 MPa and a tenperature ranging from 100 to 300C, with
the provFl® RIpRenthdn¥eRpiemdediatiesr tal a gidceiss forl thpitkdenemadisi ng t he
treat mehtof 30 MRreregsasotorcddm yprepaeat f6N e sLEPLHSIC &M BbRbShdY2
groups byortidindl @8SN@tduiy Y the NYFEQLRY £ 9bn CATRIY %§'§5§8§§ %ong ng at

| east one a -ni trogen_bond, in the pres

heteroged%oﬁ C Fa%%gggﬂggg?éghéﬁgggyoﬂﬁmﬁ&ﬁatPGFt%QdﬁﬁHQ9W*P6ﬁF°9%%ben-VEyI,
Vol . 11/ 1°% 'tr‘%’&éﬁ Bonpounds 11, Anines), pp. 35 545-574, 4th edition,
1957. WD 97/ 37963, WD 97/37964, WD 98/ 04515 and DE- A-198 09 688 di scl ose

procest@sa) orthdefdepdp@genat canboaindadbppéi Kdddgefat&d N BRLRY ghgdi ani ne,
or m xtures containing 6-am nocapronitrile 40 and hexanet hyl'enedi am ne, in

t he presance atal ysts based on.iron, cobalt or nickel or
corrpoundgﬂt hegeoggggkﬁggﬂgﬁy%rcc?%gégé 17 YRARTE KAER) 3 Gompeyper fes, such as
activity or HTIA vity, deteriorate with operating tine. 45 Although a
drop in activity can be conpensated by raising the reaction tenperature,
the dibadvantage here is that the selectivity of a catalyst conventionally

decreases with 2 3 MAR 200%!2R? N - CO - R3 (1),
in which
20 R! is hydrogen or C;-C; alkyl and

RZ, R} independently of one another are each hydrogen or C;-C4
alkyl or together are a C3-C; alkylene group,

25 or mixtures of such compounds, at a pressure ranging from 0.1 to
30 MPa and a temperature ranging from 100 to 300°C, with the
proviso that the compound of formula (I) is in liquid form during
the treatment.

30 Processes for the preparation of compounds containing NH; groups
by the hydrogenation, with hydrogen, of compounds containing at
least one unsaturated carbon-nitrogen bond, in the presence of a
heterogeneous catalyst, are generally known, for example from
Houben-Weyl, Vol. 11/1 (Nitrogen Compounds II, Amines), pp.

35 545-574, 4th edition, 1957.

WO 97/37963, WO 97/37964, WO 98/04515 and DE-A-198 09 688
disclose processes for the hydrogenation of adipodinitrile to
hexamethylenediamine, or mixtures containing 6-aminocapronitrile

40 and hexamethylenediamine, in the presence of heterogeneous
catalysts based on iron, cobalt or nickel or compounds thereof.
In such processes, relevant catalyst properties, such as activity
or selectivity, deteriorate with operating time.

45 Although a drop in activity can be compensated by raising the
reaction temperature, the disadvantage here is that the
selectivity of a catalyst conventionally decreases with



I ncreasing reaction tenperature and, in addition, the higher tenperature

accel erates the further drop in activity. Processes are known for H\)?NR 8“@5

regeneration of a catalyst whose 5 relevant properties, such as acti

sel ectivity, have deteriorated with operating tine. Regeneration is

under stood here as neaning a process by which said catalyst properties can

be i nproved again. Thus WO 97/37963, YO 97/37964 agg V\Dt9|8/ 0:1513/hoggscr| be
rocesses j 2ERRN AR het er ggeneous. .10 catal yst.
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' It is an object of the present invention to provide a process for -
the regeneration of a heterogeneous catalyst used for the
preparation of compounds containing NH; groups by the
hydrogenation, with hydrogen, of compounds containing at least

25 one unsaturated carbon-nitrogen bond, said process affording the
regeneration in a technically simple and economic manner while
avoiding said disadvantages.

We have found that this object is achieved by the process defined
30 at the outset.

The heterogeneous catalysts to be regenerated have previously

been used for the preparation of compounds containing NH; groups

by the hydrogenation, with hydrogen, of compounds containing at
35 least one unsaturated carbon-nitrogen bond.

As compounds [lacuna] at least one unsaturated carbon-nitrogen
bond such as a carbon-nitrogen double or triple bond, it is
preferred to use a C4-Cg alkyl nitrile or dinitrile or mixtures of

40 such nitriles or dinitriles, such as butane nitrile, pentane
nitrile, hexane nitrile, heptane nitrile, octane nitrile, butane
dinitrile, pentane dinitrile, hexane dinitrile, heptane dinitrile
and octane dinitrile, particularly preferably terminal C4;-Cg
dinitriles such as 1,4-dicyanobutane (“adipodinitrile~),

45 1,5-dicyanopentane, 1,6-dicyanohexane, 1,7-dicyanocheptane and
1,8-dicyanooctane, Cs-Cg cycloalkyl nitriles or dinitriles such as
cyclopentyl nitrile, cyclohexyl nitrile, cycloheptyl nitrile,



and octane dinitrile, particularly preferably termnal C4-Cg dinitriles

. such as 1, 4-di cyanobutane ("adipodinitrile"), 45 1,5-di cyanopentane,7 3 MAR 7005 |

1, 6-di cyanohexane, 1,7-di cyanoheptane and 1, 8-dicyanooctane, C5-C8
cycloal kyl nitriles or dinitriles such as cyclopentyl nitrile, cyclohexyl
nitrile, cycloheptyl nitrile, 2 3 MAR 2005 5 3 cyclooctyl nitrile,
cyclopentyl dinitrile, cyclohexyl dinBtrile, cycloheptyl dinitrile and
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catalytically acti ve 35 conponent, an elenent selected fromthe group
Consistingnoqnqraﬁwgntageous embodiment, adipodinitrile can be

20 hydrogenated to hexamethylenediamine.

In another advantageous embodiment, adipodinitrile can be
hydrogenated to a mixture containing hexamethylenediamine and
6-aminocapronitrile.

25
On the basis of previous observations in respect of the
catalytically active component, suitable heterogeneous catalysts
to be regenerated are any heterogenecus catalysts known for the
preparation of compounds containing NH; groups by the

30 hydrogenation, with hydrogen, of compounds containing at least
cne unsaturated carbon-nitrogen bond.

In one preferred embodiment, it is possible to use a
heterogeneous catalyst containing, as the catalytically active

35 component, an element selected from the group consisting of iron,
cobalt and nickel or mixtures thereof, particularly preferably
iron or cobalt or mixtures thereof, and very particularly
preferably iron.

40 In another preferred embodiment, it is possible to use a
heterogeneous catalyst containing, as the catalytically active
component, & compound of an element selected from the group
consisting of iron, cobalt and nickel or mixtures thereof,
particularly preferably iron or cobalt or mixtures thereof, and

45 very particularly preferably iron.



cobalt and nickel or m xtures thereof, particularly preferably iron or
cobalt - or mxtures thereof, and very particularly preferably iron. 4DMARNZ005
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If desired, the catalysts can also be modified with metals of
group VIB (Cr, Mo, W) and group VIII (Ru, Os, Rh, Ir, Pd, Pt) of

25 the Periodic Table of the Elements, and with copper, manganese
and rhenium, the content of the non-modifying part of the active
component generally ranging from 50 to 99.9% by weight,
preferably from 80 to 99% by weight, based on the whole active
component.

30
Furthermore, the catalysts can be modified with a compound based
on an alkali metal or alkaline earth metal such as lithium,
sodium, potassium, rubidium, cesium, magnesium, calcium,
strontium or barium. The chosen weight ratio conventiocnally

35 ranges from 0 to 5% by weight, preferably from 0.1 to 3% by
weight, of alkali metal or alkaline earth metal, based on the
non-modifying part of the active component.

Furthermore, in the case of catalysts whose active component are
40 [sic] based on iron or an iron compound, the catalysts can be

modified with a compound based on 1, 2, 3, 4 or 5 elements

selected from the group consisting of aluminum, silicon,

zirconium, titanium and vanadium. The chosen weight ratio is

conventionally 0 to 3% by weight of modifying agent, based on the
45 iron. :



conmponent. 30 Furthernore, the catalysts can be nodified with a corrpound
based on an alkali metal or alkaline earth netal such as lithium HWDUS
pot assi um rubi dium cesium nagnesium calcium strontium or bari um
chosen wei ght ratio conventionally 35 ranges fromO to 5% by weight,
preferably from0.1 to 3% by weight, of alkali metal or alkaline earth
nmetal, based on the non-nodifying pars of the active conponent.
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If the hydrogenation is carried out in suspension, the chosen
20 temperatures conventionally range from 40 to 150°C, preferably
from 50 to 100°C and particularly preferably from 60 to 90°C; the
chosen pressure generally ranges from 2 to 20 MPa, preferably
from 3 to 10 MPa and particularly preferably from 4 to 9 MPa.
The residence times depend essentially on the desired yield and
25 selectivity and the desired conversion; the residence time is
conventionally chosen so as to achieve the maximum yield, ranging
for example from 50 to 275 min, preferably from 70 to 200 min.

In the suspension method, a liquid diluent can also be added,

30 suitable liquid diluents preferably being ammonia, amines,
diamines and triamines having from 1 to 12 carbon atoms, such as
trimethylamine, triethylamine, tripropylamine or tributylamine,
or alcohols, especially methanol or ethanol; ammonia is
particularly preferred. The chosen concentration of compound to

35 be hydrogenated ranges appropriately from 10 to 90% by weight,
preferably from 30 to 80% by weight and particularly preferably
from 40 to 70% by weight, based on the sum of compound to be
hydrogenated and liquid diluent.

40 The chosen amount of catalyst generally ranges from 1 to 50% by
weight, preferably from 5 to 20% by weight, based on the amount
of compound to be hydrogenated.

The suspension hydrogenation can be carried out batchwise or
45 continuously, preferably continuously, and normally in the liquid
phase.



from3 to 10 MPa and particularly preferably from4 to 9 MPa. The residence
‘tinmes depend essentially on the desired yield and 25 selectivity an@ MR 7005
desired conversion; the residence tine is conventionally chosen so as to
achieve the maximumyield, ranging for exanple from50 to 275 mn,
preferably from70 to 200 min. In the suspension nmethod, a liquid diluent
can al so be added, 30 suitable liquié diluents preferably being ammoni a,
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adjusted by changing the residence time.

The hydrogenation can be carried out in a conventional reactor
suitable for this purpose.

If the reaction is carried out in the gas phase, the chosen
temperatures conventionally range from 100 to 250°C, preferably
from 160 to 200°C; the chosen pressure generally ranges from 0.01
to 3 MPa, preferably from 0.09 to 0.5 MPa. Also, the amount of
hydrogen used is normally 2 to 300 mol, preferably 10 to 200 mol,
per mol of compound containing at least one unsaturated
carbon-nitrogen bond.

In one preferred embodiment, the hydrogenation of the compound to
be hydrogenated, especially adipodinitrile, is carried out in the
presence of ammonia as the liquid diluent with fixed bed
catalysts.

The catalyst is regenerated by first stopping the feed of
compound to be hydrogenated, especially adipodinitrile, and the
feed of liquid diluent, if used. The catalyst and the reaction
mixture can advantageously be separated.

The hydrogen feed can also be stopped, the catalyst
advantageously being regenerated in the presence of hydrogen.




2.0 kg, preferably from0.3 to 1.0 kg, of conpound to be hydrogenated/| x
h, especially adipodinitrile/l x h. Here again, 20 the conversion and Mg
the selectivity can be specifically adjusted by changing the residence
time. The hydrogenation can be carried out in a conventional reactor
suitable for this purpose. 25 If the reaction is carried out in the gas
phase, the chosen tenperatures conveidtionally range from 100 to 250C,
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i nventi onpréberamtvlnyetrogenber rmaanarated is treated with a conpound of
formula (I): 5 RLRR N- CO- R3 (I'), or mxtures of such conmpounds. In this

f ormul a, i s, hydrogen or. a Cl-C4 al kyl such as nethyl, 10 ethyl,

n- propyl , IB%’- pl%odég?p%l-’%?ﬁ Y 9t BUFyf‘?og‘!e’nﬁJtVP SPC‘B-H%W?H ﬁFe@m%abl y

hydr ogen 8tk¥bt$igh agomeRByl ndrigutideAtPyopylonie-panpyhern-deydach hydrogen or
Cl-C4 15| kybusylkh sxburgihyt, teinyll, prpfepybly ihyAEOgYh o ithyll, &5 i-butyl,
s- but yl Otot_;eflhéry|arephet§l@@|ﬂkgiéﬁégﬁbd¥ oFEthYl eyl - (ERIFINET nAL R 8y C3- C6
al kylene groyp Qkd RevhYRE 6 G12)a0 s bP Wi Gl rerapty 3.

In the case where they are not hydrogen, the groups R!, R? and R3

20 can be substituents such as aryl groups, especially phenyl, Cs5-Cqg
cycloalkyl, aminoalkyl and, if the group R!, R? or R3 in question
is not methyl, C;-C4 alkyl groups.

In the case where they are not hydrogen, the groups R!, R? and R3
25 can carry functional groups such as halogens, for example
fluorine, chlorine or bromine.

The groups R!, R? and R3 preferably carry no functional groups.

30 In one preferred embodiment, R? and R} together are a C3 alkylene
group of the type -(CHiz)3-.

In another preferred embodiment, R2 and R3 together are a C;
alkylene group of the type -(CHz}3- and R! is a methyl group.

35
In another preferred embodiment, R! and R? are each a methyl group
and R3 is hydrogen.

According to the invention, the heterogeneous catalyst is treated
40 with a compound of formula (I) with the proviso that said
compound is in liquid form during the treatment.

Treatment is understood as meaning the batchwise or continuous
contacting of the catalyst with a compound of formula (I).
45



'n can take a value of 3, 4, 5 or 6, preferably 3. In the case where they are
not hydrogen, the groups Rl R2 and R3 20 can be substituents such ??MQWYUBE
groups, especially phenyl, C5-C8 cycloalkyl, amnoalkyl and, if theg

Rl1, R2 or R3 in question is not nethyl, Cl-C4 al kyl groups. In the case
where they are not hydrogen, the groups R, R2 and R3 25 can carry
functional groups such as hal ogens, f8r exanple fluorine, chlorine or

brom ne. Tifethe ocpsalPst B2 andufﬁeriﬁﬁsfrﬁrc&lﬁlﬂ 9@{ rit @@nf H&'@éﬂﬁ?ﬁlouQEQUps- 30
In one prgkessgse fdRPdn BNt omfBu ﬁ&ldoﬁ%gtzﬁ ng arw%lga gligll'ene  oroup of
an

the type I.n «an her ferre together are a
C3 al kyl égﬁg_gg%o%ec’ JFn gh g](e X§p)cen &Hﬂoﬁﬁllf O, PAEERYISEyr 0B 35 I n

anot her pFERRPYRRY %ﬁﬂf@(ﬂ"ﬁéﬂt IRlcaerhd)q?zeaaéamrfr@mnghhwamw and R3 is
hydr ogef. chotorutbusiyt ort hetchwised on, the heterogeneous catal yst is treated
40 with a conpound of formula (1) with the proviso that said corrpound s in

I df t L der st ood th
pat o SSE?F’&%L}‘%‘&P%%?“ e oht onte S LAR D g B PR oot of

fornul a ( Fof M&h%ob% ¥agne %taﬁé"éat aly Qns gdyagagrans on cat aI yst i t
can advantBBedimgnt. phespegerriationr gapohpoefitkarkedf dnnthea Hyldrogehattocan be
i nt r oddOedeantar tWithoatatysdévioontiheueashyyot. bat chwi se. The conpound of
formula (1) can be separ ated fromthe catalyst 5 continuously or batchw se.

I f the catal e renmoved from he react or

X e S I{ can

prior to re éﬁ?é éat%aeiﬁ’s!t %go%epléc(f\a/dta%teﬁ géﬁgiysetw‘o&df:ﬂ’@ﬂ?unq I FeEBRE? ati on can
be ef fect &l |?Fri W@VW&PS‘EJ%‘TH%H irg PGSFSQCFB?C’W*I HSucoREHEUSd Yt RE cat al yst .
| f the cabPargi{ises aThexeemprithd sifafpsmula conpennte ofnfmrduced iftd can
advant a§eths| gatlzd ysassedt i fumidly ior badthwigdisiny ean Batdepairseed Theos onpound
of forrrulahélaam@rslgecbﬂum o Badent g catal yst continuously or
bat chwi se and can be separated from the catalyst continuously or batchw se.

The compound of formula (I) separated from the catalyst can be

discarded or, advantageously, recycled into the catalyst,

20 optionally after purification.

According to the invention, the regeneration is effected at a
pressure ranging from 0.1 to 30 MPa. If this is done in the
presence of hydrogen, the regeneration can advantageously be

25 effected at the pressure previously applied during the
hydrogenation. If the regeneration is continuous, the
appropriate amount of hydrogen advantageously ranges from 1 to
100 g, preferably from 2 to 50 g, of hydrogen/l of reactor volume
X hour.

30
The regeneration can be effected at temperatures of at least
100°C, preferably of at least 120°C, particularly preferably of at
least 140°C and very particularly preferably of at least 160°C.

35 The appropriate upper temperature limit for the regeneration is
the decomposition point of the compound of formula (I), i.e.
generally 300°C, and is preferably at most 200°C and particularly
preferably at most 180°C.

40 The duration of treatment of the catalyst to be regenerated is
generally 1 to 12 hours, preferably 2 to 4 hours.

After the treatment, the regenerated catalyst and the compound of
formula (I) are separated from one another. The regenerated

45 catalyst can then be re-used, like a freshly prepared catalyst,
in a process for the preparation of compounds containing NH,



The -conpound of fornula (1) separated fromthe catal yst can be discarded ‘
or, advantageously, recycled into the catalyst, 20 optionally afterZ%fMR?%ﬁ |
purification. According to the invention, the regeneration is effected at a
pressure ranging from0.1 to 30 MPa. If this is done in the presence of
hydrogen, the regeneration can advantageously be 25 effected at the

pressure previously applied during th® hydrogenation. If the regeneration is

tcont ilggous;rddpf% bgp}an@]piﬁdztcﬁjea@ﬂeﬁ,Qﬁii{w(ﬂlg,agsgeﬁt?v&@;&g@%?hg ralnges from1
o] g, el Y% . of reactor volunme x
hour. 30 ﬁfg{t%égéﬁ r%%i%%gér?%%ég??%%%ég%a? 5?%%‘3@‘#% s g’fmgt | east 100C,
preferably of at |east 120C, particularly preferably of at |[|east 140C and
very part B ey preferably of at |east 160C. 35 The appropriate upper
tenperatfure limt for the regeneration is the deconposition point of the
compound qixam@iguha (1), i.e. generally 300C, and is preferably at nost
200C and particularly preferably at nost 180C. 40 The duration of treatnent

of the catalryst to be regenerated is generally 1 to 12 hours, preferably 2

to 4 hour SERTREr ERPRIRF (FeGtREft CORMRE e dReFRE ERP cliotiasdength thet -Gompound
of fornulda  b) ma) ewerspdfridtled Wit bie mdn¢2herg) Thie anedenerbasst 45 cat al yst

can thero katadyssegprepdredl actbeahhy (¥ eRample CB4 A&y Ye-a-19g30Preesy kor the
preparati qn, af nrogRowds SeRkal, § Nhdi Zedude i %O%r%am%fl&ggqxbov AN

hydr ogenatl%@, 12%“ m%lec{_ro en ﬁ c%;?oun S containing at Ieast one
unsat ur at &¢ ‘Carboh-Hi 1o feAB8 ot PEEe s B3R HMPeT 2¥HF LI ar
reactors doHieEt 8oM K& tes3¢8 @t Averepdtbpursq andnfhen ket ) 3M6re for | ed

with 142 2 hga@sg) of an iron-based 10 catal yst prepared according to
Exanpl eeg a of DE-A-198 09 688 (1.5 to 3 mmchips), which was then reduced

n a streaBal BHOraaRkra08 Hhdalguiey amfm%i &£PHCEE Uhdn /it UG
Lemper at ur g, bhi0g; o A dek! AT OS¢ | Imda0s SNE'1.45 Hot/R aFthidizgakept at
was introduced into the reactor. The reactor temperature was
adjusted so that the total selectivity in respect of
20 6-aminocapronitrile and hexamethylenediamine was constant at a
pressure of 25 MPa. This was done by setting the temperature at

94°C initially and raising it to 107°C over 9000 hours.

The feeds were then stopped and the catalyst was flushed for four
25 hours at 160°C with 100 ml/h of N-methyl-alpha-pyrrolidone.

It was then flushed for four hours at 107°C with 365 ml/h of

ammonia, after which the original feeds were restarted. The

reactor temperature could be lowered to 94°C in order to achieve
30 the total selectivity obtained prior to regeneration.

Example 2

In a continuously operated tubular reactor, adipodinitrile was

35 hydrogenated to a mixture of 6-aminocapronitrile and
hexamethylenediamine at 70 bar and at a loading of 0.22 kg/l x h
of Cr-doped Raney Co chips having a size of 1-3 mm, in the
presence of ammonia as solvent.

was 92.8% at a mean temperature of 37.0°C over the length of the
reactor.

After an operating time of 2004 h, the catalyst had continuously
45 lost activity to give an adipodinitrile conversion of only 59.9%

40 After an operating time of 80 h, the adipodinitrile conversion _
|
I
|
|
at a mean temperature of 48.5°C over the length of the reactor. :

I



72 hours. 15 After the tenperature had dropped, a mxture of 0. 66 rml/h of
adi podinitrile, 365 m/h of ammonia and 1.05 nol/h of hydrogen

introduced into the reactor. The reactor tenperature was adj usted 3(5 MAR005
the total selectivity in respect of 20 6-am nocapronitrile and

hexanet hyl enedi am ne was constant at a pressure of 25 MPa. This was done by
setting the tenperature at 94C initil®ly and raising it to 107C over 9000
hours. Thehé eestsa werte wialbe fe §é etk da bg %hepifggaltyﬁt £888s fdgished for four 25

hours at 389fodMditLGQ Hhéhaﬂﬁor“‘d‘r%tnlaylfla R’ QL{:QPyzit otr Wa %n
t he
ori gi nal ?eeg WeT € % ‘iﬁ‘l & BeaP‘ESV\%? ed to

flushed f S 07C W

%’-me@&rl s? éh? lélréorngaé ot
94C in or&ef %o té’@hl"‘éf@@%%)“t%dt @P&Pgs@ﬁb@%qm&ﬁyabbﬁ% Ad Ipi brand the
r egener at Po@ssubengliag2mhbnta et iatudasbyr operfateed thelbtd genaraadbay , the

adi podi ni teadtomams oolydr ogenAledeloup Madnig Qfltﬁ é‘”@x‘&@xa%egﬁéé l'e and
hexanmet hyl enedi am ne at 70 bar and at a | oadi ng of 22 kg/l x

Cr - doped i.ps_having a .size_o n the  presence of anmoni a
as sol ven‘g{?gﬁ% %CQ:\Q:[O%P afPBhb %‘F‘a’?‘i rdrei AL g“%d"%?héd’a?ﬁ%ﬁltﬁ“tlﬁ l e

conver si oFPRYRES 97 ¥osaP1 a49m3%mi tthgpénatink toftal7seBxovarityhénl eespertof t he
react ol0 &f t&ramimocppranitgild mndoheRBNdt iy ldneaianine M&ts &%ﬂx@@é&lwqﬁ' y

45 | ost agédridempe@alibye & ﬁﬂls@@dwé{rr&ﬂee 1ABYAT 9% at a
mean tenper aturepr((;ﬁ;Q 48. 5C over the length of taﬁg ?feg{(}ltegr egglté f\/AR 2005 10

The catal yst was regenerated by stopping the feeds of adipodinitrile and
ammoni a and flushing the catalyst for 4 hours wth

N- net hyl - al pha-pyrroli done at a loading of 2 kg/l x h and at 150C, the
hydrogé® feed being nmaintained at 500 NN/I x h and the 5 pressure being
mai ntai ned at 70 bar. After the regeneration, the reactor was cool ed and
started up again as with a fresh catalyst. After a total operating tine of
2112 h, the adipodinitrile conversion was 91.4% and the initial total
selectivity in respect 10 of 6-am nocapronitrile and hexanet hyl enedi am ne

was achi eved at a
20
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mean tenperature of 37.3C over the length of the reactor. 15 20 25 30 35 40

45 2 3 MAR 2005 11 W claim 1. A process for the regeneration of a7 3 MAR 2005

het er ogeneous catalyst 5 used for the preparation of compounds contwal ning

NH2 groups by the hydrogenation, wth hydrogen, of conpounds containing at

. | east one unsaturated carbon-nitrogen bond, wherein a) the feed of the

conpound to be hydrogenated is stoppelt 10 and b) the heterogeneous catal yst

is treated with a conpound of forrmula (I): 15 RLRR N- CO- R3 (I) , in

whi ch 20 R& t3abwerogen or Cl-C4 al kyl and R2, R3 independently of one

anot her are each hydrogen or Cl-C4 alkyl or together are a C3-C6 al kyl ene
group, 25.or g\'xtures offé) su&h con¥>ounds_, at a pressure ranging fromO0.1 to |
30 MPa and-a feRPBFEILIAET &AGi FO9TTUATEER PE 30MRECHAICRSONACHFDISSO t hat |
t he comPound 8Feflofi e Preparanion fi domponndslrdntginkiegt Néatgrenps 30 2. A
process as cl dynebeihyddcgenatishereith Hy@rbger| o RRMPdUNESt @ddtStinin
regenerated has begsk usRd uhQhehPLedy WH98R2hE Lodiin b%gll'l?ogﬂ%@féfd le. 3. A
process as clainmed in claim1 wherein the heterogeneous 35 catalyst

regenerated has been used for the hydrogenation of adipodinitrile to

hexanet hyl ene@) anithe. £9ed R theeSemaury fionbs hrdeeegnatedyAsr 8toPREtk

het er od®neous caedflyst regenerated has been used for the hydrogenation of

40 adipodinitrile to a m xture contai ni ng hexanet hyl enedi am ne

b) the heterogeneous catalyst is treated with a compound of
formula (I):

15
R! RZ N - CO - R? (I),
in which
20 Rl is hydrogen or C;-C4 alkyl and
RZ2, R3 independently of one another are each hydrogen or
C1-C3 alkyl or together are a C3-C¢ alkylene group,
25 or mixtures of such compounds, at a pressure ranging from 0.1

to 30 MPa and a temperature ranging from 100 to 300°C, with
the proviso that the compound of formula (I} is in liquid
form during the treatment.

30 2. A process as claimed in claim 1 wherein the heterogeneous
catalyst regenerated has been used for the hydrogenation of
adipodinitrile.

3. A process as claimed in claim 1 wherein the heterogeneous
35 catalyst regenerated has been used for the hydrogenation of
adipodinitrile to hexamethylenediamine.

4. A process as claimed in claim 1 wherein the heterogeneous
catalyst regenerated has been used for the hydrogenation of
40 adipodinitrile to a mixture containing hexamethylenediamine
and 6-aminocapronitrile.

5. A process as claimed in any of claims 1 to 4 wherein, in
formula (I), R2 and R} together form a C; alkylene group.
45



and-6-am nocapronitrile. 5. A process as clained in any of clains 1 to 4
“wherein, in formula (1), R2 and R3 together forma C3 al kyl ene gr oups MAIP 2085
3 MAR 2005 12 6. A process as clainmed in any of clains 1 to 4 wherein, In
formula (1), R2 and R3 together are a C3 al kylene group and RL is a nethyl
group. 5 7. A process as clainmed in any of clains 1 to 6 wherein, in
formula (1), RL and R2 are each a netd®l group and R3 is hydrogen. 8. A
process a$.cl & pedcess any adfaickdi s dny @f7 Alaensi D thear WBebeig) ogeneous

catal yst cont gotulas(tne rrahaliyki GRldexnast 1¥€ 2 QQMRERENEne oﬁheﬂ?&‘t 1
el rm fo ur es

sel ected from;thg QEOMPL GAR ILsting off iron, cobalt and nic
t hereof. 9. Alprocess as clzl:pr'red in any of clains 1 to 7 wherein the 15

het er ogeneous catal yst contains, as the catalytically active conponent, a
compound@ df af BFeaess aelcdedimddfimmnhefgcdapms cbnsi $t whgrein, rin, cobal t
and ni ckel or fokmtlaeglyhaleahd H0.ard pPaORES Smethydl gtoms ddu aayiof clains 1
to 9 wherein hharogdnregeneration is effected in the presence of hydrogen.
11. A process as claimed in any of clains 1 to 9 wherein the hydrogen feed

I's stopped in steg a). 25 30.35 40 45 ,
8. A process as claimed in any of claims 1 to 7 wherein the

10 heterogeneous catalyst contains, as the catalytically active
component, an element selected from the group consisting of
iron, cobalt and nickel or mixtures thereof.

9. A process as claimed in any of claims 1 to 7 wherein the
15 heterogeneous catalyst contains, as the catalytically active
component, a compound of an element selected from the group

consisting of iron, cobalt and nickel or mixtures thereof.

10. A process as claimed in any of claims 1 to 9 wherein the
.20 regeneration is effected in the presence of hydrogen.

11. A process as claimed in any of claims 1 to 9 wherein the
hydrogen feed is stopped in step a).
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