- hi e3e;Y:VLbb§1§g§‘3§m77' ~ 0050/50778 Activation of passivated iron
Descri ption * g The present invention relates to a pr mmmmmm\mﬂ“gh
tenperature, high pressure hydrogen activation of passivat e\m\ | as
-~catalytically active conponent after said activation, which conpgises
effecting said activation in the presence of a nitrite. 10 The present
invention further relates to the use of nitrites in such processes, to the
i ron obt aimalibetacsosflipagsioatéd sigyocess, to the use of the '

het er ogeneous catal ysts and to hydrogenati on processes util M“ﬁﬁ\“&“ﬂ“\\m\“
catal ysts.pl, (gt alysts consisting wholly or substantially | ement al
iron arg very | ortant, for exanple for the synthesis of ammoni@*PF om ,

ni trogen and hydrogen, for producing hydrocarbons from synthesis gas

( Fi scher - Th§pBERSeYMtHEEN$onnte kaes e AyRrergasatfioonhdfh 2Emperrites, t 0

anm nes (J.MMghGuoessyysplhyddogan adgtsivat idn, oBlHhssiddBed 1986y JuseBughasgat al yst s
are usual loatpiepas el biachedectditpdiedt axtaessaid RRYFaH8D, wiGchhi s end,
the Iron Qenleikes ekucadnlnsaidvaiagen:sn M IGAMAL0hAD dFIPRILYTES, (he
oxi de gen being convertéd into water and renov I'n at form pat ent
855, 263 descri bes the redugtion of nolten and subsequently comm nuted iron
oxi de at 4O0GCPFRSEhy'dVE6gERCRt Ftliersgelatemitey thecpse of initgilgy {11989),
895 - 898 SuEPoPIRCeIfiesexper thentwin fobtdingblehaccondingnpd athd sr pdoceson of

i ron oxi dé® tbeiuwsn dfn thehydongen hetteeagesesusiay abgses hiryved at

t enper at umgaraberer 0 Grabdssdatuding zi RfUSIdPRaRB19ePed i ron oxi des as used
in 35 aygroni a synthesis can be achi eved only at above 500C. US 3, 758, 584

di scl oses C%ttaggégsrm 1sliisners1 47 t.a 65 reduci ng .i rgn oxides at 300 to 600C in
the presence ol 0, CLYE IO BeViEhY BF FBPU A IR laMmBhi Stensmerd, dFeR s
given to &TPeRPEY at"tHOE taPta5Ert ¢xegriootor thawsvakheaie athammpdiagirpm

cont ai ns @ifgogens gl dwAropyn v olarrprofluaimm tivsirocerboms 2XdamegntResisl8) .
Such iron geat §F ystleraileopsell fyprthexdspl end ForhyaeOFPMEsddHAtadhpeRi trile to

hexanetaty nénediedn i amdbeACEOIWl] REBUEY MHFidABRRalysided edysgtiogzgan al so
be carrieqigogg)jn three stages by reducing the iron oxide w th hydrogen or
m xtures of hydrogen and ammonia in a first step, then treating -

0050/ 5077 the resul ti ng el enental iron with an oxygen-containing gas in

2

a second %Pgﬂ SHP RS 25€tPRYat 13t epePetrdtivngedieingdiran onidemiviitly to
the first hydEpgen. fige thaguerdy ithen izanadxite dist akdededicioordbpdrogen he
pr oces s sreedan oriehiigh pgmpatmnires, | £he hexidedosyyen Wit eohreptdxi de was
carried ouhtdiweedd Wndnréhevey iichenhs f&agt or contenpl ated for the later
reaction, the catal yst can subsequently be used for the contenpl ated
chem cal I r he.reduction. in.the 10 synt hesis reactor has
di sadvant 'g‘?aé%{%l{h dg’%‘é‘ﬁé?r%e ucc;tllt,’g‘rg] '%‘Igee %délrcr%\hof’po%ﬂgo }&h #R§ and cooling
t akes many ﬁf’)ﬁ?‘é‘?rﬂ:{ e CPBERER Y §r8Ha9’g’r‘ileatﬂte4108rc nghdf B¥ELPEER FHE8g™: hi s
peri 0d.3% n addition, the reduction tenperature can be distinctly above the
| at er synfhedatenerfgdralete. &d8)he¢l1p@Art @I5has8sd heparwar engi neer ed
because okxpérimentaddfithddmy tHatCaRet bérigledee rbguathclcr0eeds deidsduce the
| ron oXi deoOtksd dh heyapsdaIatesl XN Be! Eofiideq HRRYRberd{ite
pyr ophori b b vat. b reafment with airr in r&er
that 2Q i%bﬁgé az{)(}eﬁér%ﬁg%hr teghggﬁ? uecat‘zlg/)g't ﬁlés‘itio er‘ia&c?to r OXNEPT At 4FPEdLn
Accor di*Rg2PE°RMG saPThe8sS Tan Pepashivutd SR lNmpt bRPRMS SOOES wi t h
ni trogen-oxygen m xtures at tenperatures from20 to 80C, preferably 25 to
60C. The HE8t3wv&l8,0840fistbdsesaal yslwmn 1 lines 47 to 65 reducing iron

oxides at 300 to 600°C in the presence of 0.01 to 10 percent by

volume of ammonia. Preference is given to a temperature of 350 to

40 420°C, in which case the hydrogen contains 0.25 - 3 percent by

volume of ammonia (column 2 lines 12 - 18). Such iron catalysts

are used for example for hydrogenating adiponitrile to

hexamethylenediamine.

45 According to US 4,480,051, the reduction can also be carried out
in three stages by reducing the iron oxide with hydrogen or
mixtures of hydrogen and ammonia in a first step, then treating



.25 (" reducet%% €¢ ed") is then effected in the synthesis reactor in a
hydr ogen at ﬁ t from 180 to 500C, preferably from 200 to 400C.
Activation for the purposes of the present invention is the 30 conversion
~of reducedly [sic)/passivated iron into a catalytically active form The

di sadvantage is that even the subsequ&nt activation in the reactor

necessit atthe heghltianpelamanesl iirdoheithnge dxyen200ntoidng0Qe. ithas | eads
t o apprecisabbgdextém £@SthefNaNAMAGA s0Ept ApdtGhgasRE LRt Needs

(preheat efg; GYS) By 435 +GRMRE PSS Ureg . caCtor material, etc.). Al so, although
the tine needed for the actlvatlo |s less than with the initial reduction

of the iron oxide, it , is still high. For instance, A V. Slack, G R

Janes: &0 TAfmBRTECePAreD) Fat?x}aY%IObBékR%ﬁi agrording7Ho 4he progessgescri bes
the pr ocedensieped o |P\Yéipphgrlap pdfsithet cedugipruoddthe Troromixddeywadesi s.
The acti vabrohed akes dilracelatid rida 390thes AB8Geaardrt akesengllewedlfohours, to
whi ch has the berefdedidiiensafke dam1eE bLRtdiehient BRUL use® for the

0050/ 50778 Bl b Sheil 0, HRAILIIBH LB, Gk VaheODe sl diaas iyaLgg [Ton i

edoX cdh era € of about

the p r%en g E rq a?iwketon

200c. S PERET Rt §§°ﬁe 28 o 8 hPERS e%f‘éFa?H?er W8 5RBPERIEDbI e
time requiith Fb? heftiagt pOAtFULing Fekes manYoboBES, othe meastosehs

i nvent i onungvpibabh ke farpmanesactigre duriéodntitcia [ppriodpl Bn antlliedonpntieal hi gh
t enper at uredubt fitn preepettaeuhy aager acstimidign aebveaskd Viaited kyathewef ul as

catal yti C%leln)éeﬂ&'lt_l!f'@ @RMRRE et a e halk NEo asd 'o%&bﬁglﬂ\ééfwtbekgﬁséo
di sadvant q ? gg&%ﬂ ed. W have found that this object is achi evedf by the
et ne

process d € outset, the use of nitriles in such a process, iron
obt ai nabl e according to this process, the use of said iron in 15

het er ogenéduSae athgnpfeseahd %ékﬂﬂﬁ&@ﬁaﬁﬁr@Prﬁﬂ9§€§sé§eLﬁﬁ9ﬂ;ﬂxdgesgutside

cat al yst s th@heoptemphadeddsynthesilsi ckacsoxs etbvieretrhetlpe quyasphokithe

i nventi oncasdlyét tas soubef pdssisratatiabyt i € dmendcl/ivie Lonpenepteal Lt t he
20 act i202k0Raf e e-a8bbBEAEH @F eHRILDAALL Y 9easess é&r@gfhsra%hé& Useful

precursors for such an iron accordlng y i nclude iron oxi Iron

hydr oxi de n_ oxyh xtures, thereof (conponent a) npl e

i ncl ude i ?\Sﬁ ‘?Jrrjg YF § %{gﬁ% tFFF)paZ%s’o‘Sﬁtdé’n PAHRY I%ff@rfita@ WH'*bn(l 1)
hydr oxi deanrsﬁ}ftrr1q>3ygﬁyd%&?wSoratu EeRPesdtF@sofree 2Uct? 89°Fe00H.

Synt het i c poefepakikaldSy toceia-i Ahei aonivwatiidasofi surh loadadysties or iron
oxyhydrasxi(desdeeed fpaseiedteduc isashengaetedied Whi €he hamthee ikdeaddwsd

fornul a OEnF839fdr3§re‘hWBtin69§l'§éx@%ft whbs M ds d B@O’dje‘yr'e?@galgi)f Bl 9poFe203

x H20, or he ¢ ironstone (hematite), which has the idealized fornul'a of
Fez03. Such conpounds can be used to produce supported iron catalysts, but
are preferably used forﬂgrodum ng unsupported iron catal ysts. 35 Useful

pr ecur sor 8°FbFaLiRh T8 FRBPYIRISEEeCASTRO MIGTERE RVedEN ysukber - sol ubl e
salts G0 cepversiath odsrafiecedlss [sénl fpasiisatedetinorsintfoommat es or sul f at es,
pr ef er abl ganatytaieed lyoachixé Ufaxm.t her eof , and al so m xtures of such salts
with the aforenentioned iron oxides, iron hydroxides or iron oxyhydroxides.

40 Such cqnpoalfgﬂéd\ﬁa%raaes yéeaqattoe%ﬁda?@ > ity BROKL efkd fv%fllsﬁ Ve, but

are prefer e 4 o Gl nNg. s ron_cata assi vat ed
i ron whi cﬁggéyoy%cf%esg ﬁQ{e th 2‘ t %) %turr??er]ifll e @”é‘?d%ﬁ/ﬂi“cﬁo FUsef ul
as cat éﬁ-'*yf‘PBéi | A8 ?‘%d%(ﬁ?péﬁéﬁ?cﬁbt]@r eXEFRVERTToh MMaFCrRruRE fthet her
conmponent gncgwchgqpp.gm'@rr@eds (preheater, cycle gas compressor,

reactor material, etc.). Also, although the time needed for the

activation is less than with the initial reduction of the iron
oxide, it is still high. For instance, A. V. Slack, G. R. James:

40 Ammonia, Part II, Marcel Dekker Inc., 1977, 113 - 114 describes
the procedure for activating a passivated iron used in ammonia
synthesis. The activation takes place at from 300 to 480°C and
takes about 17 hours, to which has to be added the same time for
heating the reactor.

45



.+ 0050/ 50(7(7?0%5&?’)’ nt ageous pronoters are one or nore of the foll ow ng
el errents or conpounds based on the follow ng el ements or m xtures thereof
(conponent (b)): 5 palladium cobalt, ruthenium rhodium platinum
“iridium osmum copper, silver, gol d chrom um nol ybdenum tungsten,
manganese, rhenium zinc, cadm um Ie%ld al um num tin, phosphorus,

arseni c, @P-ArBny?4 bl¥mdelscanbes arhe eartuhatr:edmldsf psslsmmtned ziijnothﬂIne

. vanadi umprieistase Wl al ReBdyagy agaous gl UBLERE/ OUENRNGNEE {&fyERaRapts(64) are
one or mra%oﬁ@”@@b”&dsl'ﬁésgpsmaw%ﬁggé ROEE lek@hh Rl @'ég?n#)wstggé tdqret al s.
To prepar echtehggﬁgg([sfh%alt eqllnEOPeé'u as cal alcytgl C g active conmponent

after activati e precursor corrponen [ready contain
conmpone (b) or its precursors partl ally or conpl etel y. Simlarly, to
prepare tH& pasanveRiast eénthearigsens daveryiancdid pravidey e eowgenenfonfter
activati orr tkeehpiezliys erimpie camp Ervemoniasl nedghalteapdyatwrd aihighonponent (¢)
or its premsessors RAfirndajehi abtivadidiows! gagéyvad%rdefl%he@sé)ﬁﬂc%sors for
component R 1i Pl Ao, a%%%éycc‘ﬁ@écﬁ{en%ogﬁ?or Ita?ésta%t%ragﬂgfplw&f %%ugf tﬂge

el ement 5, NRALI Vang esuc s nitrates acetates or mat

sul fates, prefrera ‘H/ D5 H tP4a¥%s. Preferred precursors for corrponent (c)

i ncl ude readlly wat er-sol ubl e salts or conpl exes of the el enents nenti oned,
such as hy¥r brveefounshitbenatets alijecst és, achievedlby, the gprdcess 30ffmedmt es,
sul f at es, atr eher abtsethydhexiuse sofnd tealbonii esichCat plysSdsr dehSOr S

i ncl udi ng gpasshyBi@thddoRaiHg et L 1A% %bawél Gald %is8ChE VEa PAROReR, af ter

act'vatimewew Qﬂecyﬂst Q%‘t’_51§${§r) 69)3 ﬁ?ﬁsgﬁro g@%‘ﬂg RQQg,gand (c)

are useful rsors supp 3ried Such
support ed cggaf"ys%)fsy rc%fy' i ncl ude conventi onal carrier materials, preferably
al um num oxi de, silicon oxide, alunosilicates, |anthanum oxi de, titani um
di oxi de, illhﬁcéﬁﬁﬁiﬁat@ddiimnd@biqmg'ﬁeysam xitde prones®xéfidihez dovenesoror
acti vat ed amdr hbiclanids alsedulri x4 Waslyhecadly dotiwegesspoieraiagdesethe f Or

produci 1ty et dh¥Sén RIRCBESOhSai MIEGUESLEENP LS PFBEBEEEs (1EHowAl §e9r ggipitated
if desired toget her 45 with precursors of corrponent (b) and if desired with

precursor%seﬁu? npon nent C}%I n t he absence or he, c se of, supported

catal ysts W Presence  dF THY 28 lﬁﬁ?e?“f%ﬂrglnﬂ Y fRgiude dpen

0050/ 50778*49e5¢ aty hypgenidet tires BBY%YWH%%PBCIE’SWQSWBGW‘?? udat es
or tabl et dcoppprentafd -s Biseplemtingludecineri( ITMeopide pintau(Idn LIDM
gener al 25/ oxddepusrau|Iat)i orsdepyideom (31¢f hpdited den aron(WEN: ihgazbxiaangs, for
exanpl e by reddokyiofirdixigeesadh ta ire@oneagpitret iBY of NANGIMA 15N 8Bk PIndY
changi ng tihgnt egp@g@t Urn RYABRALIR set R SR B-ORIRLAId S BLoRsOk! al nabl e
by satur at' g Qs rtr:thgr x?ﬁtq{lhas 3eas.l.0 (i %orlfnh]ea ;?é:g‘ne al rbtmlf

desired cqnpon ent one

conmponent §r8§Fﬁ‘§)“%d e\’dcg‘ Hﬁ?t dﬁ‘?raﬁzla? |#P’§'lh‘&€e§§|%‘??°3o?‘ B3P s 9rafPflg t he
conponetft dreRFEORE desrtéte tonpumdnhagbharidisal igedi fagndemednBaiOy-c) onto
a carrier material in a conventional 15 manner.

Such compounds can be used to produce supported iron catalysts,

but are preferably used for producing unsupported iron catalysts.

35 Useful precursors for such an iron include as component a)
readily water-soluble salts of iron, such as nitrates, chlorides,
acetates, formates or sulfates, preferably nitrates, or mixtures
thereof, and also mixtures of such salts with the aforementioned
iron oxides, iron hydroxides or iron oxyhydroxides.

40

Such compounds can be used to produce unsupported iron catalysts,

but are preferably used for producing supported iron catalysts.

The passivated iron which is used in the process of the invention
45 and which is useful as catalytically active component after
activation may include further components, such as promoters.



- The. catal y od¥ ASH FOr at erial thus obtained may be predried in a
conventional nmanner, generally at from80 to 150C, preferably at from80 to
120C. 20 This is generally followed by a calcination. The calcining is
“customarily effected at from 150 to 500C, preferably at from 200 to 450C,
in a gas stream for exanple an air streamor a nitrogen stream 25 The
cat al yst PO¥EDE3gRQUS RYoNgtays pussiongt ed hexm afsehel fablaoding pilenahts
active componempoaiderbazeti vat tlon iy orlisg dienebicai 6€dniyt utelst kRgreof
i ron- cont gicBimpenéxt d@s).) :hydr oxi des or oxyhydroxi des or m xtures of such
conpounds at above 1500C. These 30 iron-containing starting conpounds may
al ready J ncluyde. conpone (b). .or .conmpopent (c). It is sjmlarly possible if
desi red dt & aggagi%%ocf?g)ﬁgtt( bf’?”b erb‘d’ﬁboﬁgﬂ?l‘(‘é R tE BB o gt Uiy OSRLNS) |
After cal CPRREF onS1}VfEF rc §PAPY sThEamEdily sBP L RAa M| tIBIReaTor AldngaBssexposed
to a redughrgiamnsiitor cadmhus, i lead, efdumbhyn,ddie, bphexposiusg theesid al yst
precursor ametirohy) HismmthasnatraxsplarenhcaatAid)i BG1LABLES U @icoaydnpgen and i f
desired fuyhhheiu@ASES.an@8RecCi ally inert gases, such as nitrogen, at from
200 to SP0C, preferably at from 250 to 450C. The reaction tines are
general ly é(é)’ Wi;thi n e rgnﬁe from2 to 72 hours. The space velocity over
the cat al PSVRPFREIYor U "Chi SOHPDERES o hCPP P (ShI 2T Ae OF aRPES f r om
100 to 506°8Paneds daref 6n eng A% Forpr etkrkbbrork aRbatine rardbametabs ocity
over the ammonia synthesis catal yst precursor is preferably in the range
B (r) g(r)n/ g&%g gb%pigpéfﬁw ﬂ'fea@daéﬂvéiéld Qﬁ:oﬁ5u§féé@l Yot claElefyﬁﬁcan)y Redive .

o CHANShcPI LU0 £hBC ! rally
passi vat eqsgb Arein 20 o-SU0C L ALATAMT vy gt (R AR A Y
advant agegus yay Of dai n 1S 15 Ront He P e -3 &I BB d¥uPEor with an
oxi di zi ng “§4B; € ?Je‘f'ergalmlg? Yh % RESPRERt HhHiRAGS5VABPL AR USRS
especi al | fa%??-]ﬁ Cahlant @cE16e ¢nmpasgen afitenranfaation prlepprecarpas sifvat ed
cat al yst iconpodémy (a)omayselxgadys coatalytdamldngnaci¢yeorr drgsopeatutddey

act i vatacopartheliyvanicompldfepF.ovi des that the catal yst precursor be
activated with hydrogen at el evated tenperature and el evated pressure in

t he prese | Lrl en may be used as r.e gas or as a gas
cont ai ni nagzgg%ﬁéra? Ilrectlzlt%égflgthﬁoerhnt%gglggﬁ%%t aés/b)i ﬁgg?uégsfeafo ¥exaﬁpl e nitrogen
or argon, "B5BECT AR CnSELETENE CATRISXES ot it1e GLePRRtT Ateltjoredr etifsor nay
be ef fect 88 WMEFetRfrashageifes 1 Reetates orfomnaigsehsehéatem/apysferablred

after 2% adtretgson. To this end, the catalyst precursor may be di sposed as

a fixed bed in the reactor or be suspended in the reactor in a solvent.
Usef ul ni prbkesrddGred@rbBrHridiCidinBoAddt Nid) ithesubddisddugl Iy or 25 nixed,
e organt GaEarDANER ML &hs O Ald18hed S35 leraNg1 RLAL TR MBL S dagn one,
such as two, three or four nitrl e.grou‘%)s i.C ,gre teactive rh TH
process, of ot R RSTS of 2T RN Re BEBRRATTY GREPFiLEes. ja8StiatrRres in whi ch
the ni t39 FerPrtRiy iV 1dpEedt | BrefierabhedhYdr i dgponnd i eardonateBal i phatic, for
exanpl e 30 benzonitrile, o-am nobenzonitrile or phthalonitrile, or
al i phati cCatalystepreicerndts i iresudinghpads ivited iioheugifulpaks directly
attached tataly@dddiNgt a6t SYSt@Mpdheh® dH&AldcRR3bE Lok bR 0 wlbhout
arylall Phebhfoncin 105 BEOVEY L& AonBbhODAL | (b)"bhit! (EP T A88L1 OLE OF more,
her 1dentical, or ferent func

such a%stmg c££¥é¥% %%rfgur fé”& §d catalysts. onal

gr oups,” “sBERTESHM NG gr 0t or° &%t BPS'HES
Such supported catalysts may include conventional carrier
materials, preferably aluminum oxide, silicon oxide,
alumosilicates, lanthanum oxide, titanium dioxide, zirconium
40 dioxide, magnesium oxide, zinc oxide, zeolites or activated
carbon and also mixtures thereof.

In a general embodiment for producing catalyst precursors,
precursors of component (a) are precipitated if desired together.
45 with precursors of component (b) and if desired with precursors
of component (c) in the absence or, in the case of supported
catalysts, in the presence of carrier materials, if desired the



- Usef ul allpggggysai{kgiles are aliphatic nitriles of from1 to 20 40 carbon
at ons, reckone ut the nitrile group or groups and with the aliphatic
system being linear, branched or cyclic, such as linear nitriles having one
‘nitrile group, for exarrple acetonltrlle or propionitrile, cyclic nitriles

having one nitrile group, for exanpl eScyclohexyl nitrile, linear nitriles
havi ng onecat@mlyistr precwyrssup thnd ebfanrdrernsf pnotésyel igrtoupxtifwdat@sappl e
cyanoacet i tatasitel, sddfed-at BABAPGOEMENY @ 1csHEH. as |inear ' . 0050/50778

7 nitriles having two nitrile groups, for exanple 2-nmethylglutaronitrile,

adlponltrI+ reégﬁg££ﬁggélfroﬁ 8éésral%¥j%%¥a preg%g&ggptga%¥ | xtures of a

pluralit Such nitriles

Ltri
is knovvng eé’é'fedV\ﬁEn t%‘%’&?éf’?i{ TPREEEr s 6P | SX RS0 S¥d2831 N sedd bed i n
a 10 reactRﬁeCltPHéa’aéw \ﬂaqai%ﬁtﬁaybbecfcamqmedtbgtpltm byuohshying tihet chwi se
i n downwartkmperapwaed fl ow. The tenperature shoul d advantageously be in the
range from20 to 180C, especially from30 to 150C. The pressure shoul d
advant ageasiglpbrReal Batdisy gta.},ngﬁ f@g%%;%lblgz %stp&dtﬁm%ﬁga%%ysggmt§. 0430

MPa. 15 Jhe activat Bt
nor gantd Satden AekOd L ih p o tol or Cmsingt (adol VE s ieh as an'

ani ne, di aﬁﬁ"}PémSPtt PhAnte 1pr‘%’Fé‘f%4JIC3Pm@PnFPBMq) # Ghs éafboidualons, for
exanpl e t r¢amPOReRsai pring riddelys bmi Henep0siyi on-ipr eugkassien, or by
tri-i-propypraying, the idmtppnantae(apudt desanedl cotpdnento(bpxadmlig net hanol ,

et hanol , rﬁdﬁﬂiﬁan@bmpénd%&pRé?Obmtél5“8&%@9Er haddMi@anoln §- é%ﬁ&gﬂylon
preferap_},xng}{ﬂggma In a preferred enbodinent, from1l to 10 g, pre?erably

from2 to 25 6 g, of solvent, especially amoni a, may be used per g of
nitrile. The space velocity over the catalyst precursor is advantageously
in the rang®® CROMBSYE RIFHIFOK hataiiedi Abry phirinedsmay he presried an
nitrilel/ 1 & denveRthonrdle meangky sgenrraddivset fxomusdd tion160%,f pretefalbly
suspensi oreti Iframs80 vemtl20Pbe activation nmay be carried out batchw se or
preferappy continuously in the quui d phase in particular. The 35

t enper at urgg, ;ghqyl eﬁ@'m Qseyéwéfd FEE& 5. flggg 8%}&0 180G

pr ef er abl Yo frt%rlp %ll #5 Qef lnlné’ssure shoul d
advant ageousﬁ rh The rﬁﬂg% P0t80 & BF% %%Yy#r oFP® 1Y 3

MPa, part iz cf/ p‘r"eﬁefgéﬁlﬁ/tqqa&n §°Foe’3@“5f\?lﬁa aneé‘béc?"a‘fﬁ%"‘ o ﬂlt@@qua
The resi dest&@ami-ne 40 shoul d advant ageously be in the range from50 to 275
mn, pr28erably from70 to 200 mn. The activation nay preferably be

carried outhd RathBy$t QHeRUEsOEs Ahd INMAIAGNHEs SDI MR 4 rSHCHsSG 1280NI @, or of
an or gani G&@hyental Ap a%"ll_(ibeaéo rﬁe‘ﬂtn%zftgfa# %a.%&omnéfﬂ%q Reef erably of
[ (? y

from1lto qit%qugn ftmun Oh?am ne H: gﬁ e es’ngydg am ne,

tri-n- prop m.ne r-1-
0050/5077é&g'ydrox1 es or 1x res of 'such compounds at above 1500°C These

30 iron-containing starting compounds may already include component
(b) or component (c). It is similarly possible if desired to add
component (b) or component (c¢) or components (b) and (c).

After calcination, the catalyst precursor material is generally

35 exposed to a reducing atmosphere. This is preferably done by
exposing the catalyst precursor material to a gas atmosphere
containing molecular hydrogen and if desired further gases,
especially inert gases, such as nitrogen, at from 200 to 500°C,
preferably at from 250 to 450°C. The reaction times are generally

40 within the range from 2 to 72 hours. The space velocity over the
catalyst precursor in this operation is preferably in the range
from 100 to 500 standard 1/1 of catalyst precursor x hour, the
space velocity over the ammonia synthesis catalyst precursor is
preferably in the range from 2000 to 10,000 standard 1/1 of

45 catalyst precursor x hour.
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i - but anol ,quﬁjt anof? preferably ammonia. In a preferred enbodi nent, the
nitrile concentration is in the 5 range from10 to 90~ by wei ght,
“preferably from30 to 80~ by weight, especially from40 to 70~ by wei ght,
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(Fi schers H.QRAEP SHEtNR3kAEs O sddh %]é by fﬁwt 'f%gsexgrﬁgﬂ-:i %%.t%QSen or
hydrogenatalrggnofe%; t L Il S nEepsCl al Ty al pha, orfega-drnitriles to
al pha, omega-anmf nomi t r red or a??ﬂ‘?d, onega-di am nes, as catalytically active
conponent in heterogeneous catal ysts. 40 The heterogeneous catal ysts are
pr ef er abl yhgseativrtlee R¥dEbgetatalostobprediyseor mey| beteffected with
hexamet hyladmedtage i &hd trhactpar tinaWwhhydlrtgerathopsof isdiseaniateete to
]gs- ani Rdmi[arcﬁgilii_iidrﬂf emdthega@i]?dmtlh@rledicamghapr%ukéoi hﬁaf@ie?hﬁioééd used
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t he het er 0geneous 0050/ 50778 9 catal yst may, after activation, be
advant ageousl y washed with sol vents, such as al cohols, hydrocarbons,
ani nes, aMiBhith witrddgsr inghids fingppiopipka @ldr nétrites findiwidaablywr i s
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30 benzonitrile, o-aminobenzonitrile or phthalonitrile, or aliphatic
nitriles, ie nitriles in which the nitrile group is directly
attached to an aliphatic system or to the aliphatic moiety of an

arylaliphatic.

35 The aromatic or aliphatic nitriles may bear one or more, such as
two, three or four, further identical or different functional
groups, such as amino groups or ester groups.

Useful aliphatic nitriles are aliphatic nitriles of from 1 to 20
40 carbon atoms, reckoned without the nitrile group or groups and
with the aliphatic system being linear, branched or cyclic, such
as linear nitriles having one nitrile group, for example
acetonitrile or propionitrile, cyclic nitriles having one nitrile
group, for example cyclohexyl nitrile, linear nitriles having one
45 nitrile group and a further functional group, for example
cyanoacetic esters or 6-aminocapronitrile, such as linear



-20 72~ of Fgﬁféyggﬁpg Al, 0.03% of Ca, 0.05 of My, 0.12 of Si, 0.01 of Ti,
0.17 of WMh, bal ance oxygen. The cooled nelt block was commnuted in a jaw
crusher. A sieve fraction of particle size 1.5 - 3 mmwas separated out by
‘sieving 25 and reduced in a hydrogen/nitrogen streamat 450C in the course
of 72 hours. After cooling down to ro?)mterrperature under nitrogen, the
cat al yst Wa$TpassiRaitie@ ®ivehnitmide greups, 1fomfexamplei th nitrogen in the
cour se of 22tehbyiglutzaoaibeibe, takigontior £hs we sleatinbhettErer at ure of the
bed hot spot did not exceed 30 45C. In a.2.70 ml autoclave, 80 g of
reducedl y {fSi,gh1 s t I NSt ' ] ge and
t he aut %&%\{(g;\i\?%@gee p%?g%g@%aég&arﬁggli]geﬁ 54%%%52%3}0&{1 \?EAF%(E%%%n

3 e au

i nt roduced, ocl'ave was heated to 110C and hydrogen was pressed in
via a 2000 rpmsparging stirrer to a total pressure of 250*105 Pa. After
about an Fd8r preparafignogénsuph akdrdilgst bel, kndwn paresef uptake rising
alnost linearly with tine until the nitriles had been conpletely converted.
Sanpl es V\/inlhi@nt aK@fbéEng@_ﬂ _@P@cﬂ%dreagtA HQé‘pos_'fll_éw aisa aVesxéletignined that ACN
IS co ny . M . =
6- am gg!cﬁtéééétgffé‘g.{etHéDtE:LO%g%arretaﬁ;%ggge %g%ﬁ%u%%?&é}%\&:oué}gmoﬁocapr oam de
ADN = adi poirtrite 17 CoyBBRY S 74Pt W TG taBPesarershreld shows
that the REVEPLREFRSYr BEciR tha KameR 501 AMntRCEA0 RegePrEhatlveE ol n) ACN
(area ~) HVO tar &20°C) ATUSA pressure should advantageously be in the range
(area7096.f22h. 2080 MV ¥P6]. O3 i2IA Y2160 23 FBB.0888a802550. 5489. 368. 763600. 1
789. 738573 b) Hydrogenation of adiponitrile to hexanethyl enedi am ne

The activation may preferably be carried out in the presence of

an inorganic solvent, such as ammonia, or of an organic solvent,

such as an amine, diamine or triamine, preferably of from 1 to 6

carbon atoms, for example trimethylamine, triethylamine,

20 tri-n-propylamine, tri-i-propylamine, tributylamine, such as an
alcohol, for example methanol, ethanol, n-propanol, i-propanol,
n-butanol, i-butanol, s-butanol, preferably ammonia.

In a preferred embodiment, from 1 to 10 g, preferably from 2 to
25 6 g, of solvent, especially ammonia, may be used per g of
nitrile.

The space velocity over the catalyst precursor is advantageously
in the range from 0.1 to 2.0 kg, especially from 0.3 to 1.0 kg,
30 of nitrile/l x h.

When the catalyst precursor is used in the form of a suspension
in a solvent, the activation may be carried out batchwise or
preferably continuously in the liquid phase in particular. The

35 temperature should advantageously be in the range from 20 to
180°C, preferably from 40 to 150°C, especially from 50 to 100°C.
The pressure should advantageously be in the range from 2 to
40 MPa, preferably from 2 to 30 MPa, particularly preferably from
3 to 30 MPa, especially from 4 to 9 MPa. The residence time

40 should advantageously be in the range from 50 to 275 min,
preferably from 70 to 200 min.

The activation may preferably be carried out in the presence of
an inorganic solvent, such as ammonia, or of an organic solvent,
45 such as an amine, diamine or triamine, preferably of from 1 to 6
carbon atoms, for example trimethylamine, triethylamine,
tri-n-propylamine, tri-i-propylamine, tributylamine, such as an



- 15 The cat @Iog%t slg6ar ed according to 1 a) by activation of

r educed- passi vat eg Iron catal yst was used in the sanme reactor for

hydr ogenati ng adi ponitrile to hexanet hyl enedi ami ne. Unlike |a), the reactor
-was operated continuously. The hydrogenati on was carried out at 135C,
250*105 Pa and a catal yst space velodty of 20 10 kg of ADN/1 of cat. x h.
A m xt ur eadtohmirodicr ahemMADN niethanedi gétharatli, 0 neprépandl wes-pregahot o t he
react or cofAputrrals! j-bDuanel, &-patandl pfp AR dabaysSamaspiLes were taken and
anal yzed by gas chromat ography, revealing a hexanet hyl enedi am ne yield of

9%coupl 8 i commhely, %\L&C&”V%Eé'ﬁ’{‘u e Eoncentratidlad vhT{ge 11 Ve

claim I(_l)$)l’0 ess ure ure ro e

nt
activati oﬁa P §f"ﬁ asprc e&?")?tlgcgf?? %ﬂ:t‘ic\/éo oRBonent
after sai Ueh%‘it‘r'v&tsppﬁﬁlaw chr Fortfr 8e30 ek ctaints abasedtan hiroaumnn t he
presence bébtal mif mitteile apd madyess.as clainmed in claiml, wherein said
activation is 10 effected at from20 to 180C. 3. A process as clained in

claim1 ofn2s M&Efre%&'@dséihgo@:ﬁﬂén\éat 'tﬁ@ éﬁolﬁ']ctf ot @Q\Nﬁiygg %Pe%u&'goflo MPa. 15
4. A PR GCS% c?‘sondt%' [TFHOUIEF ac%y nQLtrg gl Ps CJ]n c1):he ﬂg%nyro&\} gl o %,éé llbexf gsid

s an al cnitr r OCES
:/\/nerel n !tﬁ%l?#tt'r |e:58eﬁ§8911¥sf:%? 5’n’§8u§91 = ébetl@& f‘rom the group consisting

20 of adiponitrile and 6-am nocapronitrile. 6. The nethod of using nitriles
in a procghe mistrdllesneded nimryheoprotasssofl the Snvabtion Gatealgghegailpn

obt ai nabl ebesDMdipagtl9 &s MNKGRSS 288 FAA PGS BadBYxhiddAiafRed tHe 5 8.
The meBogdc-pfvdtsignd iron as clained in claim6 [sic] as catal ytically

active conponent in a heterogeneous catalyst. 30 9. A process for
hydr ogenatabon i n thefpr esence, of .a heter ogeneous catal yst includi i ron as

cat al yti cal'f yCUEER 8L cERD VA tiRncReE dfpricddsvad Hy & r‘iﬂ’i“’GBFaP
accor di ngmﬁﬁ)n%rrprf@é”e%alml%llm 98¢ Fhrematasraphicnendlysiss of35hd0 45
LAY, AU, . AtedctioN BLAYhedt Al .tAleF cABBe@DRDEbAEShuous process or gas

20 chromatographic analysis of samples of the reaction mixture in
the case of a batchwise process.

Particularly advantageous catalytically active iron obtainable by
the process according to the invention includes from 0 to 25% by

25 weight of component (b), based on component (a), and from 0 to
10% by weight of component (c), based on component (a).

Optimum parameters for obtaining the desired composition are
simple to determine in a few preliminary experiments.
30
The iron obtainable by the process according to the invention is
useful in numerous chemical processes, for example the synthesis
of ammonia from nitrogen and hydrogen, the production of
hydrocarbons from synthesis gas (Fischer-Tropsch synthesis) or in
35 hydrogenations, such as the hydrogenation of nitriles, especially
alpha,omega-dinitriles to alpha,omega-aminonitriles or:
alpha,omega-diamines, as catalytically active component in
heterogeneous catalysts.

40 The heterogeneous catalysts are preferably used in the
hydrogenation of adiponitrile to hexamethylenediamine and the
partial hydrogenation of adiponitrile to 6-aminocapronitrile and
hexamethylenediamine.

45 If the catalyst is used for the synthesis of ammonia from
nitrogen and hydrogen or for the production of hydrocarbons from
synthesis gas (Fischer-Tropsch synthesis), the heterogeneous
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) 10%g &5 )angL@;dlm:eq in a hydrogen/nitrogen stream at 450°C in the course

of 72 hours. After cooling down to room temperature under

nitrogen, the catalyst was passivated with a mixture of 1% of air

with nitrogen in the course of 24 hours, care being taken to

ensure that the temperature of the bed hot spot did not exceed

30 45°C.

In a 270 ml autoclave, 80 g of reducedly [sic]/passivated
catalyst spall was installed in a wire cage and the autoclave was
sealed. 69 g of ammonia and 34.5 g of ACN were then introduced,

35 the autoclave was heated to 110°C and hydrogen was pressed in via
a 2000 rpm sparging stirrer to a total pressure of 250*105 Pa.
After about an hour, the hydrogen uptake started, the rate of:
uptake rising almost linearly with time until the nitriles had
been completely converted. Samples were taken during the

40 reaction, and it was determined that ACN is completely converted
into HMD and ACSA (Tab. 1).

ACN 6-aminocapronitrile
HMD hexamethylenediamine

45 ACSA = 6-aminocaproamide
ADN = adiponitrile
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ML! ! { Of %r#ggq@dgg_m,ﬂv(a)te@! al@%&:a(t)alyst was used in the same reactor for
hydrogenating adiponitrile to hexamethylenediamine. Unlike 1la),

the reactor was operated continuously. The hydrogenation was
carried out at 135°C, 250*105 Pa and a catalyst space velocity of

20 1.0 kg of ADN/1 of cat. x h. A mixture of ammonia and ADN in a
weight ratio of 2 : 1 was fed into the reactor continuously.
During a period of 100 hours samples were taken and analyzed by
gas chromatography, revealing a hexamethylenediamine yield of 99%
coupled with complete ADN conversion.
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6. The method of using nitriles in a process as claimed in any

of claims 1 to 5.

25 7. Catalytic iron obtainable according to a process as claimed
in any of claims 1 to 5.

8. The method of using iron as claimed in claim 6 [sic] as
catalytically active component in a heterogeneous catalyst.
30
9. A process for hydrogenation in the presence of a
heterogeneous catalyst including iron as catalytically active
component, which comprises using iron obtained according to a
process as claimed in any of claims 1 to 5.
35
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