; rse3elU> THOD FOR PRODUCI NG ALI PHATI C ALPHA-, ~ OVEGA-DI-AM NES
Speci fi Cm“m@mm‘“ﬁ‘m EP 2002 The present invention relates to a proéess. for. °
«preparing al | fic al pha, onmega-di am nes by hydrogenation of aliphatic

al pha, onega-dinitriles in the presence of a catalyst, which conpri 9esSEP 2002
usi ng a hydrogenation catal yst conprisi;ng (a) iron or a conpound based on

iron or mxtures thereof, r (b) fromO0-801 to 0.3% by wei ght based on (a)
of a pronoter, based. 4 5 nents _sel ected fromthe group
Consi ot i g oMETHED ARRRRODLUCING ALIRATIE ALM e OMEGA DM and al so

(c) fromO to 0.3% by weight based on (a) of a conpound based on an al kal i
and/ or al kalgperig€actbiometal . The present invention further relates to the
use of materials conprising said components (a), (b) and (c) as catalyst in
the breparalian bsght PR 18nPRa1a SR 4l pibOess pe:hudLggeng | on of

al i phatic al’pha, or,regaﬁ-. nitrles. . WeJ sse%}rre Arge Itndust%l e (gr.ganl sche
Cheni e, Ver |3gRBREAF 1R PREARTEOHMFEREY PRI TR 181 B oikiphatl

hydr ogenat i riajpdi-pemegatdiaityidpe pp e PEesenenrdhisa cataeyshi ghishessure
condi tions oxempriises using \ssthydrogebitian kexahpsthydampedsanine, an inportant
fiber internediate for the manufacture of nylon-6,6. |Inportant requirenents
for optimal {0 rh akY st Somptilnidd 8aBba oarBchRAaNbeahi $iUIkReréok ONY time on
strum a high space-tinme yield of hexanethyl enedi am ne coupled with

conpl ete adi &(}ni trile and 6-am r;ogapr opitrile conversi on_f and a hi%h
hexaret hyl enddli afife Oy PBE dER Arptse @YWIEHIRE RASRd) BTy 2V AT &t PEARTePased
byproducts. Thes® gnwdnt €dOD\S FleAgeEs 8 leqtednEron nthengFoNg apRtkfting
dependi ng on t hefcallahysun, asilisoa, deifeaniun,t sisepiumtand venadiven desidr ed

di am ne product .aifs@r i nstance, the hydrogenation of adiponitrile to

hexanet hyl enedi am ne by- produces varying quantities of, inter alia,

6- am nocapronj,trj Al t Zeni T ,
1- am no- 2- cch ocﬁlcq?n §e%>ne%'e§ Ig£%g5§?~%gn%e oﬁhg‘?iy%f oapecr?fnf/’f)g%l n%as(eMA) ,
1, 2- di am nocycl d%bf‘g ali g/ amé fééi%@‘artq’gﬁ‘% 48840 . ~ ~ s~P Zoo2 a 2
bi shexanet hyl enetri am ne (BHMIA). US-A 3'696 153 di scl oses that AMCPA and
DCH are ver yrh# foriesaht invesgpanaferthemredrsaet byl theedisanPhonatiatiaBby | ar ge
amount s of AMapAisbRl €4l Hdhpoaertesi (Ht,e (b)gardt (cdeals ehtalydt linathen,
which is refbea8dteion SofMNSipRaE2E! L1001 loakgaldi #MiRledY by Oy drogenation

US- A- 4, 282, &J-’alﬁ.ghﬂgﬁc ﬁ“ﬁ’ml Bmdga di 5113598t hat the hydrogenation of

0 y

adiponitrile t xanet enediamine 1 n the presence of iron catalysts
by-produces inter alia on average from 10 2400 to 400Q m o .

Y P e moSANasRERE [ Ahe r dARRET L6 Bs rgansnrhe ChemielPPeflag cheme,

2- ani nonet hytiird 8pénigt anidfs, PREM 200 dFsgdosppmsitogerartiRdr oazepi ne and
from 2000 t cadsigeippilefie-the poeapromiafd iammonis DEex RigRopr@dudiesc| oses

i n Exanpl e lcdrwEitibhe dwelr dgematbealpdtadiopebtain | edamethel@tiasiandacf ahi ve
times the wejigddrt@htapibuy arlerheain 83 462 WE Lhmk Blctu@BPBE adpich-eNEQ t he
reactor) or at from94 to 104C (outlet tenperature) over an iron catal yst

prepared frof) MRANGL L&Y dr2ALE! EQP Wil ihalY IE89°0 AT AP ELL M n3LHM NUM

mechanical strength, a long time on stream, a high space-time
yield of hexamethylenediamine coupled with complete adiponitrile
and 6-aminocapronitrile conversion, and a high hexamethylene-
diamine yield coupled with a very low level of unwanted by-
products.

These unwanted by-products are formed in varying amounts,
depending on the catalyst, and are difficult to separate from the
desired diamine product.

For instance, the hydrogenation of adiponitrile to
hexamethylenediamine by-~produces varying quantities of, inter
alia, 6-aminocapronitrile (ACN), tetrahydroazepine (THA),
l-amino-2-cyanocyclopentene (ICCP), 2-&minomethylcyclopentylamine

e b tanisecyionane (58 s AR
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20 0 5| lico i oxi de, cal ci um oxi de and vanad| um pent oxi de yi el ds

% of h %@nedl ami ne conprising 1900 ppm of
° 1 di am nocycl ohexane, and in Exanple 2 that the hydrogenation of 02 SEP 2002
adi’'ponitrile in the presence of five tinmes the weight of amonia at from 93
to 98C (inlet tenperature into the reacdor) or 25 at from94 to 104C
(outl et tenpasabiangtieneapianiie CHENTRS! PS-@par 696§ 16BN didylades bramtite

ore (Fe203) am¢pheghis tdc@ atet bePyddmel@uaedtdowﬁ kheabdim num oxi de,

silicon diox] I: | e d 0Rhe hexa I di
Sompr i si ng ?&%ﬁmg&‘é’xf%% gL rﬁgc o atde Q“%S‘ftfff e L
present i nvé‘ﬁ‘f"leﬁ ’f%tepraoﬁirﬁéta 1155?' %Fﬂg"sdl’iﬁ‘ﬁ ected in
omega- di ni& onsidexakiiepifapisat R SNErA¥SCPFES - he presence of a catalyst

w thout the disadvantages nentioned and with the capability of enabling the
preparation u_@f-Aahpim 334, oaB80amsli BiTagset 0, bﬁmb@eedtwt tHe h hi gh

sel ectivi tth'y@l 8g é %E' ¥d§ M&lqedtsc e‘%% 1 R4 m il qnat},gng time
on stream of “the- Ve have found that z: éfCt i S _ac |eve£j ny
the process 53???\%% léPnt Ra velt HhitigPan %eﬁe g garthed &CERES

begi nni ngt® PHA0cEP 8% SPMNOE hbr §°6¥C3ccm,§"'|a|’?§enﬂ'6‘ﬁ i tend00sRP®f t he
i nventi on prodf @raminonedhylgyskEdpenhylanénes etras 2000k039¢0 oron 92/ g, a total
por e vol une teftrahpdrdhz@pihe On@ fadom @po0aNntavEXg@pmooe 45 di aneter of from
0.03 to 0.1 g=Am@RccaprdrdirPad, ~m pore volune fraction within the range from

50 to 70%. i 0050/48840 , ' ., 0 2 SEP 2002 3 The wei ght %ges in (b)
b d. th t % h d th

Rl ek MEEAT? (AL 3y afifiodts Y83 f%?ﬁttgaéégé?e” dr22e%8hSEE Fonent

(a). 5 1In praé‘FLBPPé'EF’c‘:% &F“yH‘epPre%-’tﬁ“:‘PﬁrQ AR S&saFReH a0

to 100% by i dhem i dfoeP8iT y(imlem 92mp@nmﬁbynmuw re@sged) oPf (3d) from
i ron oxi des,9di tonler owutbst tHemperaxyhgXraverdes bromoduarlgsttﬂﬂmmfed

Preference ifgofi Mﬁhéat@sbpgréaﬁmﬁ %2 dnh Okydiigenahhd @5;&4& Wik8 AI@Hinum
oxi des, iFPiy p&gfoi%ﬂ%% OibkOde 1LY IK0ELML Cha 946la A | emegi&e

h bed
Using the fdRRD FH90 D GandW bR biind SoRor oSS, AU BoRsE T e

within the rladgeippbiacycighexang g apdpgn E’iamgge eF&BT—th thri’di'fc’f?ﬁéa’f%ﬁibe
from1.3 . bftedipdnitriilepint thelpuasgngeecPeriiyey tinaal the weight off 15
i.e., pure ragneiat®t fifommAgnediq&Ci $islett hegpeeaturd imtopobsi béae:ttcr)sbart
fromvery2gpure spghadd it® 1087 Qlouftied Yéiipedatheel) I ovdd lgn GRBROLAEL yasrd/ Or
iron(l11) comRgHPgs. frtc& WabehabhenLiRRiiRE Sfénﬁ%é? AN, addads 20n skkgequent |y
in the formy fwﬁy&% %ggo‘g -albShakede ede! S é?ﬁrdl%d( &)% cat aI yst

precursors i

prof erabl y £PORTEN G 63958, el BE kR
wei ght, of a38PoRpR &t Hageﬂléﬂ”?cl@ °2Pe€5Pn% preferably 3, 4 or 5, elenents
sel ected ¥* om t he group consisting of alum num zirconium silicon,

titani um andtvasash whjeespe€i ehe Yprds@neonhveratiicnn tof pﬁbwnmwrprscésscnbzand
titani um 3Q.yRr6EEKANGR Iph] tHRégalidVaNLE 01 A K3bha PrERYES0E i fedthich

conponent (Q)neC BRI RES offr?”bgtégr& %{%Hiut‘!‘ed@“d sQE@%ﬁ{?ﬁﬁbé’ mfeBQE'z};]rQeé)l to

0. 2% by wei rticul ar of a

conpound ba%eg § nthaﬁ aP? Xbir)“%}r KA |eﬁéb BNIF h%?elpﬁﬁpglé?‘élccf%(? Pé}ﬁ%‘?’ne gr oup
consi sti mp GFeFRTAIAMPSSodPURE B¥F HECaSYF utith (it ﬁﬁ}e%‘é’s‘i% ife@nesi um
end cal ci umtegheieally wimplei apd Brpnonigayearingn wihk eatigystimeodnt he
invention catrbemsefpret edtatystsupported cat al ysts. Exanpl es of possible
support/ materials are porous 40 oxides such as al um num oxi de, silicon

di oxi de, al %@Dﬁau%&@ethambﬁ{w ic@eé s L ddpAl gg%%ro@ £SO8L Hilleq

car bon orAtmatt BPEIHIVAE. *B PiieeatPoie a'ffeﬁisa PGt ed by

precipitating precursors of conponent (a) if desired together with
precursors Ghepecahotysitscanpbherpmoqdss afidthd idwentédnwand threecaesof sthef
conponents (i®yention preferably have a BET surface area of from 3 to 20 m2/g,

a total pore volume of from 0.05 to 0.2 mL/g, an average pore
45 diameter of from 0.03 to 0.1 pm and a 0.01-0.1 pm pore volume
fraction within the range from 50 to 70%}
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I 0050/ 4884008%’ §E§> 26002 4 In the presence or absence of support materials
(dependi ng on Ich Catalyst type is desired), if desired processing h;&
«resulting catal yst precursor into extrudates or tablets, drying and 0 P 2001
cal cining. Supported catal ysts are gener al | y al so 5 obtai nabl e by
saturating the support with a solution onents (a), (b) and if
desired (c),The vsdighy Bages bire (b0 aue leFﬁaeq P gﬁeu:eiemmonedtthe weight

si nul t aneoussyges iinn (s8ycersSitieodxides byt sthea\alrgli fl'laxd:(Hma&héSeiﬂﬁh and if
desired (b) AechiL) TRBLEE pdreritlBRE! atd Baded¥aNtoMsHen¥anag. 10 Suitable
precursors for conponents (a) are generally read| Iy water-sol ubI e salts of

I ron such as nitrates, .chlorjdes, acetates, formates and sul

pref er abl yonFP rBfiederTed SRFaLYSte PEPERTERY FOPPRBEDD N S B 1%?% tFomerdl |y
readi |y wat eko sHQn by Sﬁ%g%to@r@éﬁﬁﬁékésfm PRetaf ’brh?nf"ieéﬁ -0 rﬁsélds oand
sem net al s syah, asf dirbnadtesieschlizphdbpdracistest, eSrof coxpydsoandes i at es,
preferably nikixairs tBOr&of i altleFepeRbelr EOIdEviear t6 NG BYRtLE3iPeE or

general |y reagilps et e&céef E:‘.r%ﬁl beidds ! heodl RyEPBNIdaNed alkgl i netals

and al kal ige_ gﬁ,’a‘{&oﬁ?g nd su%i)%(é d%%ma%?’i? &f&t%’% gp i @;E(@-.Sana;

chl ori des;

carbonat es. YL} &di ﬁPFaSﬁ?‘?ﬁ} iS@8§efgP o fe@ﬂré BRdT Y té‘ﬁu 85'%“35%I FgePons,
sel ectively Bye atdinig prete mfi aeyagnr kageiams isbprefrrailygwinbipHhse rgpge
changi ng t hefitemperst ur 2. t30 .A%e :cat apysfeqabdyavithi theusaobéatfrted i s
customarily dried 1artoa1t¢rrpelr Qlpd-e 1 ge1&F B} Ipretbiibly tdifrananege1fspm 89 to

150C, pre grg_abéy TIQIH ge from80 to 120C. Calcining is customarily
ef fected gt a tenggurat u? ]i%]n the 35 range from 150 to 500C, preferably

within the range from 200 to 450C, in a gas streamof air or nitrogen.

After cal ci nthdreaesitst &f y%\tn‘ﬁ’i’&FéFFﬁr bhtifi REGSIRIg R SIREY E&%?@JYto a
reduci ng at nBepharedalliset {xen isn tyoms vererirs aregy( L £opeshngs jand(ora
t enper at ur e Wrémi IT)heompogels,r am RBHch otHE) @Opipyg ed amepity wrehadddde range

from 250 o 4@P4equientayhysiraaeFoain®spheitable do@psundskt ure conpri sing
hydrogen and an inert gas such as nitrogen for a .period within the range

from2 to 24_hours. The v hou r h LSt referably
45 200 L per “TTi&c P &3tg‘f %Fer gl(’ﬁx E‘Pa"cae‘a\igbgoé’} %sz%° Acl’égor 4 1o DE
24 29 293 (pSYEPOReNY {BY 9° Rflfff frem i Ye 8d9a?f'fa eé‘i?&g a%ﬁ h¥a to
the activat i Agemythddgén. 0 2% byEmeight, especially from 0.01 to 0.1% by

25 weight, of a promoter based on 2, 3, 4 or 5, preferably 3, 4 or

5, elements selected from the group consisting of aluminum,
zirconium, silicon, titanium and vanadium, especially the
combination of aluminum, silicon and titanium.

30 pPreference is further given to catalyst.precursors in which
component (c¢) comprises from 0 to 0.3% by weight, preferably from
0.01 to 0.2% by weight, particularly preéeferably from 0.01 to 0.1%
by weight, of a compound based on an alkali or alkaline earth
metal selected from the group consisting of lithium, sodium,

35 potassium, rubidium, cesium, magnesium and calcium, preferably
calcium and/or magnesium.

The catalysts of the invention can be stipported or unsupported
catalysts. Examples of possible support[materials are porous

40 oxides such as aluminum oxide, silicon dioxide, alumosilicates,
lanthanum oxide, titanium dioxide, zirconium dioxide, magnesium
oxide, zinc oxide, and zeolites and also activated carbon or
mixtures thereof.

45 Preparation is generally effected by precipitating precursors of
component (a) if desired together with precursors of promoter
components (b) and if desired with precursors of components (c)



, |
" Advant ageously, the activation of the catalyst islcarried out 5 directly in
t he synt he9P80/488%8r, since this customarily obviates an otherwi se
necessary internediary step, nanely the passivation of the surface 532 NUE L
of oxygen-nitrogen m xtures such as air at a tenperature which is
customarily within the range from 20 tg 80C, preferably within the range
from 25 t0;40+t30Grebaacachi ValditeObrpagshorat adeeai & ¥ Sidepesdih®bn
pref er ably ,gaph 1 GLAYs| Bybhe SYALNERHS T LAUQL-LE B dudiadens£OMPLi sing
at nosphere_a enm ragu w t hin e {]aneg(gtr rogn I to C, O‘E)r ef erably
wi t hin therFaﬂg’é”f‘-’r SE3005t PEROEST5 e R9588 TartFeCiSe 6 xed
bed cat al y8h8 EReRiFAlGHRoRT t rFHRAKE tAEdE2 BALYAS S BEPPRIVT 13t ALt s. The
starti ng Sneberimdislaeidyd shhutdeing ¢bessupportharipheseselitivanbifon are
aliphatic abppenemi®ga)di pbf randesfoties beegemrgr,atit2be oy Masaibl1&Gd Gdg) n- CN
| where n irfeaMndfitREQN E6RPdAedt? LQmueSRRLRINY 02, id sifbcels96n 8 02Dy

Particul arl d | i t e,
adi poni tri Féfgéi’ﬁif%“% CERIBRUIGS (a)5) a8 EFIARNLER 18 HdTES Sendd ok
adi poni t ri FEPPREF 1Yt @ §PPBFRELP M &2PRHt ven to using al pha,

onega-di¥fl tril es 30 obtained by hydrocyanation in the presence of
phosphor us Sgatabistrreshirgaral fha,coppegants erfe Baei agnexml lyarbadli it ons
fewer, suclvaasrasihpariiet sklles byt aidddint sooh ods midracgani chlaxiidesp but adi ene or

3- pent enenigekih€ed N fdIhaREESERE & Af a6 KehLdPeraBIpOHDESataRd triaryl
phosphites. 35 Such al pha, onega-dinitriles may conprise traces of

phosphor co nds, fromabout 1 to 50 p reckoned as phoshorus and
hased on%%ﬁg?gﬁo’w%f{; SRFEF Fob. CHBRRTTRG, Tie o5 opROLEYL s 2E8MbBnds 1 1
whol e or i fa58FrseH! SPAtRePHHOMRLEEEP oS e 26OpRBYHHAES BBhpLIFRdof

| ess than Feppretpiefsacibhy hismatdasanchlepidesraRestateposoirbpees ;andhi se t he
| ong cat al ystlfaters mreferabam nbttesd in t he process of the invention and
in the use of the invention even further. 45 To reduce the weight fraction

s r e B R D B e T as
sodium | W@ﬁ[ i%g%gleo sfligéPgéoﬁ% 3 fﬁgaxp%rgﬁ%ég?o &%lﬁoln “%rt%g%t %’Zéli um
hydroxi de SOMGLABR, RIToMBERbR DI RSNTESFORI08S, S2FRER2H4Y, BA B tRA/al such
as iron or ,chigrifesi saaderapees efamratesdpsei $4iat6s  cBReL ¢RI Yo bridr epekdasi on.

Parti cul ar gprieterbomesdss al so given to the treatnent of the 5 dinitrile
with metz4 bases of the alkali and al kaline earth netal group, of the
I ant hani fie_&ozaer&qpeiagidm.%qbgh_e?anl}! dtrabded | drdh Qbubbes pfcrllqubﬁs;aegl e,t t
e.g., calci : i - : ousl V. r a
a pressure %@;g%&fgrl?%ﬂ}ﬁt:%@ég {r{r’{a)éadrl%riﬁ%gg g?ﬁ%i {% ?)1? gf r% cllga%tgg%gojbﬁ ar, in
whi ch case Thé¥alrpowttd ite |§m%%{1a£1ul )?'obt ai ned as overhead product, since
t he phosphorus conpounds are essentially less volatile than adiponitrile.
15 The p#dcRhss cotainet resener iay eitisoebtanned disoguaarparhy sizéed-afestri bed
dinitril es Henperatans gfnexadayaviyisiin phef eamde riom BhetpriEdéace of a
sol vent, tporifeRablpMedaridi arenesngd drbe genes aloofermula 11 20
H2N- CHZ- (CHZ) n-CHy-NHz || where n is as defined above. Particularly
pr ef erred dé A0 e R I%s u%tt Ql 2 1%”&’%‘&@9”& Sa 2l:'e %’erg’tu?e Qh;it@l’ine§ﬂ)§m all'y
4, 1.e., 4-di am nobu ane, f, - diam nogen ane, . lén ~I am nohexane,

35 range from 150 to 500°C, preferably within the range from 200 to

450°C, in a gas stream of air or nitrogen.

After calcining, the catalyst material obtained is generally

exposed to a reducing atmosphere (“activa{ion"), for example by
40 exposing it at a temperature within the range from 200 to 500°C,

preferably within the range from 250 to 400°C, to a hydrogen

atmosphere or a gas mixture comprising hydrogen and an inert gas

such as nitrogen for a period within the range from 2 to 24

hours. The volume hourly space velocity for this is preferably
45 200 L per liter of catalyst per hour.



. / :
25 ("hexa I jam ne"), 1,7-di am noheptane and 1, 8-di am nooct ane, nost
pr ef er abl ggégélggggbnohexane. If  the reaction is carried out in a
suspension, the tenperature will be customarily selected fromwthi 02568 2002
range from60 to 30 200C, preferably fromwthin the range from60 to 180C,
particularly preferably fromwi thin the range from 70 to 130C. The pressure
i s gener al Aycahidngntdropin 24 t29% R98hepagenge fiioes 21 tww 3Q)Mpat quretber ably from
Wi thin theadwi3egkban 8o tABAmMBALa PES tdneUbat Lyapief erakbyed s om within the
range from4 to 20 Mpa. 35 The residence tines are essentially dependent on
t he desire ield and.selectivity of conplete conversi.on;, _the residence
time may cg%‘%/% algieﬂ/lsg‘)%’ cﬁ]oesgﬁtéga%lsorf @r%ﬁggi %a%% _|eruﬁ15 F%ﬁfea °85rrp| ete
conver si Ondi¥&st ok dRpFRe 153 NRELRI FeAHEC T afigBCE r Uin SSEUEGOBBOL M n,

pr ef er abl yobyorhas BRi AthesisengecesHmmy Gntgerredian . ste0  Thamelis fdRsi on
process sopassivatsopr ef etlablgnrsebecheddansnoimmygen-rdnrnesy ndixamiraes and
triam nes bawi g faiemd 4 ocdngedalae akoigh SECBu@Sordrin®t RYLRIH Nee

triethyl an ng,e t4igpr 9pyLam e, aBPeféxia@i}r%é‘@ﬂﬂ? tHe 2h6000Sm SSPEGI al Iy
met hanol, japd =T hanol. and 43 e parddadlarLy. praler bl vy ammnia. [
dinitritfe 2oricentration s advant ageous y c%osyen f oM Wit N the r%mge
from 10 t oC¥Vr% Wi GRt ThHrerePEBEY ¥R £Ri A ?W%&ﬁg‘éowﬁrﬁ@@ to 800
by 0050/ a882tpiere Straptoulrafgrghvitisar theuranrdsy fmoer éfAbLTY 50406fn wi t hin
t he range preferEbliyowiORibytheeirghte bhased0dntbhas@dm total of dinitrile and

sol vent. The anount of catalyst is generally chosen so that the catalyst 5

quantitysi gn dN Ve FRRGS TUsRM dst P R0RY WetS1YstPLaf gpARNY o W thin

t he range t&%ﬁlﬁe %dgog%bgsvg%r%giggsggca (r%stcgg anount of dinitrile used.
y

The suspensi on rogenation can be carried out batchw se or, 10
preferably, continuously, generally in the |iquid phase. The hydrogenation
can al so b&hgafriredrguiabar tand s6elr ivorha ®mEeEsFy ¢h thef PxeseMed reactor in
trickle or iopéhoiemede wailiphatist rdpfht quege-dingfrhlesr oduthe reaneslailng, in
whi ch ca®e fbtmdba izs customary to select a tenperature fromw thin the range
from70 to 200C, preferably fromwithin the range from80 to 150C, and a
pressure generally fromwthin_th nge,from2 to 40 a, preferably from
within the range from3 to 30 ﬁ%a?cﬁ'ﬂé’ Elfldrogenati on i%/ppreferabl y carried
out in the presence of a 20 sol vent ref erably annoni a, _am nes, di am nes
and triani h’g§§fe Havish@of FBREISE FT6Mcdr BON &t GFBECLREl 25 Bri fret hyATafi-ne,

tri et hyl2iniPastitvigpriopprafeneedmpmppiinds Vi @rieneucoinciidalide, preferably

nmet hanol amduethamnidrilpar &8 Cpdraitriy e pr efmerladyliy raeoand. suberan pteifler, r ed
enbodi nent mokheppdramniraycaai goidrs1wi.thin the 25 range from1 to 10 g,
preferably within the range from2 to 6 g, per gramof adiponitrile.

Preference ] ' i n, I h. ' t t _sbhace. velocity
whi ch i 8 Wit r%ﬁ%ﬂ; %?%EPE%%%% Bifef sé‘?fé%a'l;ﬁ BRER T8 o ange
from 0. 39 GoEe8n89 bl PVRIPEERIA T Tl 0% PHSFECE 6 PHIRE PELP dence t | e
can 30 be Fatpéystd AUdjafiselPhe HRErIieRe iNfVANgpaEeR fA-APRNARPMS Teaer,
hydr ogenat issghcas ddicaitiréde owt dddigiecuseHriwdyonydrbgervdd on restiene 35
The hydr ogerati-penténalipta)le ot giredipfebéhceoff @itReN @ Pompoan@gaardi an nes
i's known ta hyrpioghiesrakpla, omega-aminonitriles. The process of the
present fgvention nekes it possible to keep the levels of such

amnonitriles. at.less than 2000 p. referabl.y | ess than 1000
especi al | y °88s 2Ry %gﬁ'ﬁfnhvp@?&ga%ncmpfrﬁ%ﬁe.%rﬁ%s Rrde Séﬁgﬁ%n of
adi poni t ri I"REVREHhETFmeFa B hitS PPePEPf FeFECReRi 3% PROSAREER, 238 wel | as
t he sol ventbasgdr gn pr ety eaaghyd Toiydils e sRerodanst hipeeaatiasphasus whi ch nmay
i ncl ude 45 m=gpeahds | n Gharenoc ajar qrarter kb eobtrixametibit efisianines of
40 phosphorus compound of less than 5 ppm, preferably less than

1 ppm, makes it possible to raise the long catalyst times on

stream obtained in the process of the invention and in the use of

the invention even further.

45 To reduce the weight fraction of phosphorus compound in the
mixture various conventional processes, such as precipitation,
preferably extraction, treatment with a base such as sodium
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cat al yst waslpasls takhedatipdniaxilgLlair stream (24 hours with 1% of air in
nitrogen), care being taken to ensure that the tenperature in the catal yst

bed di d j30bnL156,RRQVEr4ofe grsenfOPNARSAHN BaR) nidpaeRattpn of ADN to
VD 0 2 SER3DLIN B ok Al eannegt e Lubybar Ladalers (Lol hgnath
4.5 m d:_g e & BacKE WitR o1 e(aill'fo ggo e “cat &t GrapLy
(particle $PzE"T RIGEPFENPE. B S9FVERHm) *Pridpife dPBRIBTIHAMG ED Exdlifi e 1 a)
and then regoeest ifprau280IL/ h stream of hydrogen at atnospheric pressure.
To this end, the tenperature was raised from 70C to 340C over 24 hours and

subsequet |y held at 340C f oR,N-ZH3OUCHS, ) ,ACHSINHhe tenper at ure had been
| owered, the reactor 10 was fed with a m xture of 74 nL/h of ADN (catal yst

space vel oghly Oﬁsggsgésé@a%ﬁ ovE2l pae Ibu1a3%9 Hlefl.AedNiPa LS

standard L/ S VIty was

gcrlgasse InC %/ £ .act | Vi :
observed aff&r *25Urnt ot 860" HSurs. Untier® tHe Coﬁﬁ? ‘,f’(f“rgyr dcitdftrin Table
1, the fol FofiARLIENHANE  whr T IR ABEN F M| & + §ydiaminohexane,

25 (“hexamethylenediamine”), 1,7-diaminoheptane and
1,8-diaminooctane, most preferably 1,6-diaminohexane.

If the reaction is carried out in a suspension, the temperature
will be customarily selected from within the range from 60 to

30 200°C, preferably from within the range from 60 to 180°C,
particularly preferably from within the range from 70 to 130°C.
The pressure 1s generally chosen from within the range from 2 to
30 Mpa, preferably from within the range from 3 to 30 Mpa,
particularly preferably from within the range from 4 to 20 Mpa.

35 The residence times are essentially dependent on the desired
yield and selectivity of complete conversion; the residence time
may customarily be chosen so as to obtain maximum yield at
complete conversion, for example from witbin the range from 50 to
300 min, preferably from within the range from 70 to 200 min.

40
The suspension process solvent is preferably selected from
ammonia, amines, diamines and triamines having from 1 to 6 carbon
atoms such as trimethylamine, triethylamine, tripropylamine and
tributylamine or alcohols, especially methanol and ethanol, and

45 is particularly preferably ammonia. The dinitrile concentration
is advantageously chosen from within the range from 10 to 90% by
weight, preferably from within the range from 30 to 80% by
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2002 mWe claim 1. A process for preparing aliphatic al pha, omega-di am nes
by hydrogemaaitgm oéralepleatliyc pakpesablonggandvitiiin [tée rangdefymmedence of a

catal yst, y¢d Oy ¢eipht S&sadédl by Shdyslmdgemnali n dimiatralysin€ wylvestng (a)
iron or a conpound based on iron or mxtures thereof, (b) fromO0.001 to

0. 3% by & tﬁﬁ$%§%dog 4€Q%¥%& Qspééggg%i @§8££§) Zthgt éhé"cé%éﬁl gents

selected _fro con nu con, zirconiu
titani un?a?l‘ba%’fé(dgﬁn‘[’ HH dP€oT ?gﬁefﬁm 9 FBW%)O%S%Yb eﬁépbhtprtfzﬁégl%ﬁ (a)
of a conpowthirasda sangm fowalbi tamlobYaPRaphhe h@eﬁetdh‘-"ﬁetﬂa? .ampetapf phati c
al pha, onegmmidiramenesednpri sing | ess than 2000 ppm of al pha,
onega-am nonitrile based on di am ne.
The suspension hydrogenation can be carried out batchwise or,
10 preferably, continuously, generally in the ligquid phase.

The hydrogenation can also be carried out batchwise or
continuously in a fixed bed reactor in trickle or upflow mode
with a straight pass or with product recycling, in which case it

15 is customary to select a temperature from within the range from
70 to 200°C, preferably from within the ramge from 80 to 150°C,
and a pressure generally from within the range from 2 to 40 Mpa,
preferably from within the range from 3 to 30 Mpa. The
hydrogenation is preferably carried out in the presence of a

20 solvent, preferably ammonia, amines, diamines and triamines,
having from 1 to 6 carbon atoms, such as trimethylamine,
triethylamine, tripropylamine and tributylamine, or alcohol,
preferably methanol and ethanol, particularly preferably ammonia.
In a preferred embodiment, the ammonia content is within the

25 range from 1 to 10 g, preferably within the range from 2 to 6 g,
per gram of adiponitrile. Preference is given to using in this
embodiment a catalyst space velocity which is within the range
from 0.1 to 2.0 kg, preferably within the range from 0.3 to
1.5 kg, of adiponitrile/L x h. Here, too, the residence time can

30 be varied to adjust the conversion in a specific manner.

The hydrogenation can be carried out in a customary hydrogenation
reactor.

35 The hydrogenation of alpha, omega-dinitriles to form alpha,
omega-diamines is known to by-produce alpha, omega-aminonitriles.
The process of the present invention makes it possible to keep
the levels of such aminonitriles at less than 2000 ppm,

preferably less than 1000 ppm, especially less than 500 ppm,
40 based on diamine.

The hydrogenation of adiponitrile as alpha, omega-dinitrile

affords a mixture which, as well as the solvent, very

predominantly comprises hexamethylenediamine, which may include
45 especially 6-aminocapronitrile, hexamethyleneimine,
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-process as déf Hﬂeﬂ:llc’ﬁ -any of claim1l , wherein the -,dinitrile used |s
adiponitrile to obtain hexanet hyl enedi am ne. , - . . 0~2ySEP~2002
12 . _9. Aapphepssncya-Obanimes idreClimpsydant \M%aﬁ:emgtchenp@haha for

onega- di ni bebhgc Hsedyas_ebg ai ned by hydrocyanation in the presence of
phosphor cat al ysts of an’ al pha, omega-di ene havi ng two carbon atons
fewner. ocess as clainmed in claim9 , wherein the weight fraction of
phosphorus 80% P P®8he al pha, omega-dinitrile is reduced. 11. A process
as clainmed in claim 10, wherein the weight fraction of a phosphorus
conpound, m@¥koned as pHosphirmise is | ess than 5 ppm based on al pha,
onega- di ni tacnl e, aft er 6redisddapronatihee | evel of phosphorus conpounds. 12.

A process aspcl ai ned=i ﬁeggﬁé-{my]l%nedm@ﬁ{ﬁ n the weight fraction of a
phosphor us pegnpound, _ cgoglggm Iggggggggﬁg is less than 1 ppm based on

ggﬁggunggegﬁcgknltrll— 2- amiggmet cyc?opeﬂ% Eg%lLEVE| of phosphorus

ALY, A{. Al BEMTRAl A K Rishewarsrhylgnarsiamingr<yx 7' a?2@)| w nhc”Y] ca] ca] caj ca]
ca] ca] ca] cdfF€4a] ca] caFcalen}ee}cajyeapesf tegardleas] cal ca) ca] ca] caU] ca] ca] ca] ca

] cTa] ca]zmjregg®a! no{| =! tptrahydroazepine
HMI = hexamethyleneimine.

The analytical values in the table were obtained by quantitative
gas chromatography.

Example 1
a) Catalyst preparation

30 The catalyst was prepared by heating a magnetite ore under
nitrogen at 1500°C for six hours. The magnetite ore used had the
following composition: 72% by weight of Fe, 0.07% by weight of
Al, 0.03% by weight of Ca, 0.04% by weight of Mg, 0.11% by weight
of Ssi, 0.01% by weight of Ti, remainder oxygen.

35
The cooled melt block was comminuted in a jaw crusher, and a
sieve fraction of particle size 1.5 - 3 mm was separated out by
sieving. The oxidic catalyst was reduced in an H,/N, stream at
450°C for 72 hours. After cooling down to room temperature under

40 nitrogen, the Fe catalyst was passivated with an N,/air stream (24
hours with 1% of air in nitrogen), care being taken to ensure
that the temperature in the catalyst bed did not rise above 45°C.

45
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obtainable by reduction with or without subsequent
passivation of a magnetite.

4. A process as claimed in claim 1 , wherein a
promoter based on aluminum, silicon and titanium is used.

5. A process as claimed in claim 1 , wherein a
promoter (c) based on magnesium and/or calcium is used.

6. A process as claimed in claim 1 , wherein the
catalyst is an unsupported catalyst.

7. A process as claimed in claim 1 ., wherein the
hydrogenation is carried out in a fixed bed reactor.

8. A process as claimed in any of claim 1 , Wherein the
PR
dinitrile used is adiponitrile to obtain
hexamethylenediamine.
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IUHSYUER () *+, 9./ ALPZEbEI8%S claimed in claim 1 , wherein the

<= >°@%BCDEFGH'J%h%NQPCEﬁg&éﬂﬁﬁﬁékkkie.@Q&ﬂ%&ghbbkéfﬁsaﬂ$y hydrocyanation in

the presence of phosphorus catalysts of an alpha, omega-diene
having two carbon atoms fewer.

10. A process as claimed in claim 9 , wherein the weight fraction
of phosphorus compound in the alpha, omega-dinitrile is
reduced.

11. A process as claimed in claim 10, wherein the weight fraction
of a phosphorus compound, reckoned as phosphorus, is less
than 5 ppm, based on alpha, omega-dinitrile, after reduction
in the level of phosphorus compounds.

12. A process as claimed in claim 11 , wherein the weight
fraction of a phosphorus compound, reckoned as phosphorus, is
less than 1 ppm, based on alpha, omega-dinitrile, after
reduction in the level of phosphorus compounds.



