;'e3enmhhi Oj @nBHMIMAA S29 April 2003 WO 00127526 5 10 15 20 25 30 35

PCTI US99/ 25952 TI TLE RANEY COBALT CATALYST AND A PROCESS FCRY HROGENAT
ORGANI C COMPOUNDS USI NG SAI D CATALYST This invention concerns a novel
cobal t catWPyeR752%6ts preparati on and process for its use i "PGHESYE®Rytic
hydr ogenati on of unsaturated organic g¥egng i ncluding those with carbon to
carbon nultiple bonds gen contalnlng and reduci bl e

ni t rogencont ai ni ng gr%ﬁﬂ@ S%?%?Eu?%?ﬁ? ﬁ?t?vseé FRAFES %p%%?flcally, but

not by way of limtation, the PYPROGENATYNGtORBARIOVI des an i nproved
catal yst and process for h L o] (ADN) to
6- am nocapronitrile (ACN) éﬁ@?or %xgﬁ%@é ?g%gd?%%é%%ngND). BACKGROUND
~U.S. Patenst No. 5,011,996 discloses Raney catal ysts containing nickel
and/ or cobal t Usedrhi‘stPﬁv@ﬁ@%&@cgoﬁ!fe%gag'8o§é'i‘;k'£n&f”@6%’é‘£’§ to catalyze
hydr ogenati on of reaction products of 0Xx0 conpoun h am nes or anmoni a
to the respectdveluft nests psepiEadeheonNaNg. pH082§57§9rah@S4u%®51@94 are

“directed to cahal ¥stsiprde ﬁ%d%@@e&@@&npbﬁcﬁﬁéia@@ﬂa@&h|@Eg3@ﬂ:' na mtrix
of pol ymer and plast|C|zer makes a broad djsclosure of. Ra process

al 1 oys consi s¥FAgPBf 1484 7§1ﬂﬂl RS9, Wi EBngaBBOBEER oF ALY MlEht 1 Raney
process net al boﬁdg, , oNygeﬁl coﬁllalﬁtntljegreﬁpm ahﬂrﬁe@ﬁciﬂammlﬂ‘@gﬁners may
al so be present ? 5 & Uy a g % |caIIy at about
2 wei ght % of ¥9 3fnﬁ8?a9r EP% E%F%h? RBE1Y, 3%9 81%° dedi?iDes

hydr ogenat i onspécilfncatlyesbun hbe pyewemcefollmltdta@mlngheapn¢$$ms
prepared by | n f_al i C I queous
al kal i ne squ?ﬁg%h?gOﬁ 8@5&23? eagaggkgégbah?% %%a?ﬁg %ﬁ¥%%§% €

wei ght of coblayﬂr%anggwrlooféoa/slbgomrghileoKAPantOTﬁeamam@cwro-

hydr ogenatg OanErﬁﬂépQﬂCM'Jaﬁd}ﬂéirnEekHin§tﬁ9iéh¥§lax(1@§e (ump) . WO 00/ 27526 29
April 2003 PCT/ US99/ 25952 shown in Exanple 3B, below is nuch too slow to
provi de a viable comercial process. ' U S. Patent No. 5,151,543 reports a
process for selective hydrogenationHKCKGRqﬂnuic dinitriles to 5
amnonitriles unde o] u t i y Ln ney-type

catal yst sel ected ?f%hr?ﬁégégoﬁg 2%h§%2f?g6 d? g%ﬁgesg$% R? Raney cobalt,
and Raney ni ckatapyenst edntiaihingt aficket ﬁedébroxohetts@$%@tem fhom G oup
VIB or p%&ﬁntﬁgeﬁbhﬁef8Er89§aH?Ea&ﬁl@ﬁrG%QHPo$Qd¥|£6 Shcdg Periodic Table.
Thus, in this catalyst, iron, if used present in only | ow
concent r at i onBYdrggBRakken, op, rQaCt¥°nKHr°ﬂH6FFs?énoéﬂdCQWP%Pn@ﬁlystov Zh.

Prikl. Khim Leni agiady, ok6af@onia PP thé5rédpdbt {#883nhin&aney-type
cobalt-iron catal y§tg Were . no s, 4,826,799 and 4,895,994 are
directed to catalysts made by the Raney process and

25 pelletized in a matrix of polymer and plasticizer.
Each makes a broad disclosure of Raney process alloys
consisting of 45-75 weight % Al and 25-55% of a
conventional Raney process metal, e.g., Ni, Co, Cu, or
Fe, or mixture of these. Promoters may also be present
30 such as Cr, Mo, Pt, Rh, Ru, Os, and Pd, typically at
about 2 weight % of total metal.

U.S. Patent No. 2,257,814 describes hydrogenation
of dinitriles in the presence of mild-acting catalysts
prepared by leaching an alloy of aluminum, iron and

35 cobalt with an aqueous alkaline solution to provide the
catalyst which contains 5% to 10% by weight of cobalt
and 95% to 90% by weight of iron. The rate of

hydrogenation of adiponitrile using this catalyst (as
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ptepar ed fromalloys of the follow ng conpositions: 75Al-5Co- 20Fe,

75A1-| CCo- | 5Fe, 75A1-15Co-1 OFe, and 75A1-20Co- SFe. Vari ati 0@99{ JiE 3ohase
L. . . pri

- conposition and properties of these cobalt-iron catalysts wel 959521g ed 20

by Mossha¥@003H@et r oscopy during the hydrogenation of

et hynyl di met hyl carbi nol. This publication did not disclose a conbination of

three netals used with alum numto prepare Raney-type catal ysts.

PCT/ Fr 95/ 0164shaevnai irs ExanpdeedB. f belowe henmudh tperdgendtd arofidgl i phatic

dinitriles usjngdwidl Qe idNdpaoResgy nickel or; Raney cobalt catalyst,
where the Raney nickel cat al yst also _contains a dopant chosen zinc and the

el enents of G oups’ 13, a\?ﬁ“tvpﬁ OTiPh 3td WARYTST @ RFBSHIDEX Tabl e, and
where the Ransyleohatd Arogeahysbnabsoatbphat hs dirsttrorigd nmganl c base

and a dopant ] e.el e VI1b and
VI of t%’e P%Fl tZﬂllrj‘t‘:)’el l&gfjtegl %ggl gggj‘é;g%’g o‘ge Prza(%hv@le\ig%pa 11 S usual | y
represent frmmqwt%%ﬁ&ﬁdmﬁeﬁéia@t?dfEWG%\Q &10®W of the wei ght of .
35 nickel or @&b@iétn@%?f/ R4963 QIléﬁbgseﬁaBepeaoE@t@I Vi Haeyhydr ogenation’
of conpounds c*/%(%lom n Ieasﬁ_‘ one nsaturate Jgg@fn nltro%d; bond. The
catalysts 2 7 eﬁb“’ﬁtﬁ F‘eEB 8 PETTEISH9/ 25 obal t

and/ or iron afitorcabrdoge Wit bregrombhedeviatls Hértyoipsetdls (o )Gridup W and

VI (R @yl f oflodibal WgiBerifrug Tabl 8,88 By k. Q1 M and

Re. The content of on'in the catalyst
range of 50- 9DX@ms, blyf WESght gldf eWaBly BO-DDSFBYL wie? Ftl¥ el ive to the
active conponw;t@e,{@madnsand/or iron + nodi fying agent). An object of the

present invention to OVI Rapey. cat st. havin igh selectivity,
hi gh reaction |0 r%?%ie% ﬁg ger’vﬁl K‘ﬁ‘rvgé?/e%%yap? e%é‘gég- 0@? the snall
quantity of tkelystied (Z’rou;?rv‘kﬂl Kotiml (henbegRatey TRtNd yst, ggnposition

provi des faastef_sat esodf) hy@Legenal) @ncéﬁéi‘tdi’r&ﬁté’étﬁ/ﬁfs&o I3t ing only of
cobalt and iron. The ratl o of ifonto cobalt in these 15 catal ysts assures
| ong react | onPTEPared ffsime adgoyst PE 551%%?%?%%%@%&%3&9% s to provide

a Raney netal 78l aetg@tzcwm chslztaswcbemsFegr geAEntiscostomnd dsd sui table for

use in continyols. ?nf Jagdon 49, qi Lioh gkaphe éﬁ%&é'@&aéééﬂ and amé’d“‘:t 20

selectivity in 1o er tur pr essur e FOogenstionh of I'ponitrile
(ADN) to 6- aan%ﬂpfrtﬁﬁ taf] Iteeeﬂmpbaéhdie@nhe%@bm%m aﬁﬁtrvbleva)

SUMVARY Qo THEy | iNYEST (¥ %‘ée&eoeee@?nautmﬁgnthenhpa V%&%tﬁ:rl?&&ey cobal t
catal yst conprjsin obalt1 n_and a i_‘ in the third
netal is sel eﬁ{: ﬁ%’rﬁ'ettﬁ’é/ &aggadng nsi E f‘ﬁgpﬁg‘fﬁ?@f’(’e?n ‘f’h‘gdﬁﬁn rut heni um
osm um irididbgchdse i angnmbpalatddnumfabbreexnetass oisedest!80 netal s and
wherein the cgp,g,em,gtgtd@rbr%tpatggel&gggl Egbg gggag%@éyst on a dry basis is

greater than 40% but not "nore the concentration of the
iron in the catal yR¢T/OF B /@M 4Basiaims FrBﬁPQ?S?eﬁgt e tR°Mess than 30% by
wei ght; tde chpdesyendt idie otfhlalldpmiet:ab dbntibei Bés ctaéﬁhgsmydM%@erdrlyl basis is

f rom about 1%, n rmretha b i.gh ck he re rred third
netal, and theltlagre?%? e e a yst h?aigwgﬁe %B?P(L)V\A %Egaini? ‘ﬁkp %%/27526

29 Aprl | 2003R@ETTY USQfgieZlS%ZadOWGeﬁtllsat tentaiphea cédrranit r%itci’séml of the
cobalt is abopins03hdy:eidditiverRe cz0RE8OpEATVBN Vb, VL | MK Sarbout  17%
by wei ght; thg, goncentration of the, oickel .is, about, 2% by weight
30 catalyst also contains a strong inorganic base and a
dopant chosen zinc and the elements of Groups IVb, Vb,
VIib, VIIb and VIII of the Periodic Table. It is also
disclosed that the dopants usually represent from 0% to
15% and preferably from 0% to 10% of the weight of
35 nickel or cobalt.
W097/37963 discloses Raney catalysts for
hydrogenation of compounds containing at least one

unsaturated carbon-nitrogen bond. The catalysts



5 The present invention includes a process for the hydrogenation of
unsaturated organi c conpounds _ conprising contacting an u

organi ¢ conmpound or contacting the unsaturated organic co r%i %

presence ofYOP023F26ent with the Raney cobalt catal yst of 10 2

invention in the presence of hydrogen at a reaction pressure of from about
50 to about 2000 psig (0.34 to 13.8 MPa) and a reaction tenperature of from
about 25C to abontails0batii sarpi/aues'srdrs amsiefcah br hpdibgedavitly ) 15

unsat urated orgapj £s COFRAMNIS: GARPI it N0l wf' 08¢ w@&y' ROSSps Kegpnes,
al dehydes, am des, carboxylic aci ds éster's car oxi ic acids, nitro

conpounds, nit#¥teBd. oRfe |‘?ﬁ fe frdesds TPI]?|1§ BFoVEsS 7S BartMeul arly
useful in the bﬁdrmgenam@rtcﬁ{tentt Iafl esabtaQtzarpﬁranr ynasheesat£upaci al |y
for the hydsrogenatllgg £ 1adl 2{trr|alne grggegt Brogess ;E)s useful at
rmder ate condi tToAS oA eyaclt pr &S0 € ronr abodt "0Vt 67 % but 1000 psig
(0.34 to 6.9 I\Pa?fan@bby r&acd S oyt agpiahiat wedalbver ben bheuacsveC t o about

100C. The Presgsdhp PROSES S(IBBAINE drd) RS 13000t hBHPEPin§eRyOR £h or as a
bat ch process. The catal yst of the present invention |S E%epared by

treating an alloy o rFé‘?Jeﬁ%t ik Fhg IP&]elsentthéné’tFPE)irO@Ol%o rPEPFS rfom 20%
to 50% by wei gh&n@pbcaéttal}&hb traa30fp lmgwelsghtectliomtyo ﬁ?/glﬁoré%tb.l}brv\lel ght of
athird r’reltdal }I:\Q@é gln#hl hlé’eq_\;‘i%t alllkrzssel %ﬁ& g % qu:éhgf oup consi sting
of nickel,”rhodf uny Hent m osm u fa rnim ~pa adl um and

m xtures of thewelBsywantilty Wh Wllehéhne“ﬁiaﬁﬂfdep B&L hgmaka bl kalthesol ubl e

met f'i| sel ect edRéxﬁ éé\?a &UFbcﬁrgib%‘ﬁtlbﬂgpQEv%H@ Eé@te%' egteme& um and
silicon. Nlcke€) IS the refer hird referred

concentration %ﬂﬁ%g?rb? q‘an é’é’ Rﬁltialrz[E%ﬁBC?@)gﬁﬁF?’?‘gz%nb@?%S99/ 25952
nickel is the c:alm:glet ferm:tnl&cﬁ%t@hh %t iandfndsbnpref esbebt | tn athese
concentratjon of ﬁ%@“lojné" réagq:e(ggrﬁeg conposi tion of the alloy

i s cobalt about 2 to 34% iron out 5% to 15% and nickel about 0.5%to 5
1% wi th the remai ndzer"‘ck?éﬁ fPeaifdicnghieBR B DESERIPTRERE@F THEE DRAW NGS

Fi gure 1 showspsletbd€edd Ireniedd gt dixaapkbe yatashiicpl Rhs0d 1dwe di sappear ance
of ADN as a fu (o) oftl e f|r orde atellne gi ven
by In (A (AX) ﬂ%&r gulre Q‘tdﬁgggr%g gé‘i’?& s? % |%n Son FHEMht i nuous
run descri bed @meE@a#m? et04 glPietg@r etebéhomaatpmtretetmdo@mpztar ance of

ADN 15 as fuaéié@&mt}rlm 16W reeh@@rbeu%bguuewl rbyfuid |l ustrates an

unst abl e cat al Thi s ure 4 shows a
conpari son theXYé’f%g?ﬁatr’é’ébﬁ or?d(t}‘&%‘dﬁfﬁ%n?g&qg agdgrllﬂ\ﬁf F4PA®I ght %  of
a catal yst 20 nitxtike pfAadBntaridiwentieaamethybenadiimtinef (HM2) prior art (B) .

DETAI LED DESCRI PTON OF THE | NVENTI ON The Raney cobalt catal ysts of this

i nvention are 25 prepared by treatlng a netal al onbgowder with an al kal -i,
t he conposition of the netal W DQE\HTW" HEES 20% to 50% cobalt, 3%
to 30%ir@g 0.5% tTth3%rfsemtt h.lﬂvcdznmibal pubetées ahRsné}hlcrcﬁba’IBi al is

sel ected from q&ﬂ%l iC di ni um
osmum iridi u%%]@p a%%lfm %tngggogfalgd E?é{lugrug(g %;J{Tﬂ[, egni%gaaps of this
group. The rentrerrRin gfhe Wéllaflq getédnpeseelerted HramtEte W e in al kali .

The al kal i - sol ebhei st ©f RaGldkéa  akushAum, ZhOken{BENessmimnd silicon.
Alumnumlsthe eferr§ﬁ35 al kal aluble tal. and lsjel is the

preferred thi r%jr netal’ i tt"r’ilé"m(fapgil)}g : mixturds of

30 metals and wherein the cgncentratlon of the cobalt in

the catalyst on a dry  basis 1is pgreater than 40% but not

more than 70% by weig_ht;  the concentration  of  the

o@

iron in the catalyst on a dry basis is from at least 5
to less than 30% by weight; the content of the third metal in the
35 catalys£ on a dry basis is from about 1% to not more
than 6% by weight.
Nickel is the preferred third metal, and the
preferred catalyst has the following metal



The all oy fromwhich the catal yst of the present invention is nade, is
prepared by the usual 5 WO 001 27526 t ' 29 April 2003 PCT/jgg&g;é %
- metal lurgi cal procedures which produce alloy ingots. To obt

t he desiroMO8BPe¢ form the ingot is crushed and ground. §
powder having a particle size that will pass a 30 nesh screen 5 is
preferably used. The alloy powder is converted to active catal yst by
treat ment w t hcancenueduisons kdihe swingtengratgiosf efalbhy sodalim hydr oxi de.

Thi's solution hB@&P%oQ% tvhsel 'Dfd'}{ey dgnéebx%x@tli%%@ Phe 01 R is
al kal i -sol ubl e 0 nmet al active Raney net cat al %k%ﬂ- The net al

contents of th® aﬁ’fl Véfcké}f d%/ 1% 'of %éoﬂ%’éﬁlatlﬁ%ﬁ?l bhe oRt y-Sasi s
are by wei ght about abv uby mgm about 70% cobalt, from about 5% to about
40% Ton. {5 om aboup,d% g, RO A lord LD IELL WABLE Pol Nige 15 thi v
metal is selected from roup consistin r odi um rut heni um
osm um iri di uhydppaenaiuign p%ﬁ |\amamram@dnqmmé§ semppendet al s of this

group. The remabrgdelsoh t&&&@é@dﬂ%tmpQim&uﬂa%dd%&ga%coeomp&imr or not
pronoters have been added an the 20 thoroughness of thg | eachi ng

process. Gener 8FI §5°§'6?‘r%t’srf%lti QiR Bt FigRE - SOMEBHB nb‘i}a‘?hee g.

alum num wi || preganteiaf t&]&@h«tezitys»uthﬂtemalmaaﬂeiysabbblle netalystessfdues may
be present; @S eyldefer I GAIAIY A GHMON (dALeECREdL)E- b0 N B esent 25
i nventi on, above, ave een norna Ized to e OXI ree conpositron. The
catal ysts of tKREB2BEESRBTEIRMTR | Oh HHQ FREHL 5O ;’5@0@@9}15929 @ pREEtion of

g%drfgfn Wi th coogaEi eocpjmtgf) Mﬂ@fhiifmifbdllf&d%&%ﬁgatﬁﬂe%gu%d\ nclbudi lng
ol efinic; Etx egl;? car ona/ tones, al dehydes, am des, carboxyllc
P Y

aci ds and este‘f‘1 Tile groups. These catal ysts are |
particul arly useful Thos pwetregenet |L&'reﬁ)fl rurt myldasvgeﬁartihgdr ogenati on of '
nitriles, pyocgss ggﬁ{,g &r % QW pggé;_s Le in the range
of about 50 psig a 5\ ?rﬁgo a(?out "2000_ psig ?18 g Fs used, and the
hydr ogenat i on BF%E@%G%G%\BI]TE‘:&“%%MW& raﬁ\"hd%ouf:aﬁ exybiabout 150C,

However, the catabystesedr® of Z&aﬁwiyll:w&?:l\ﬂa 0Qi2 T2 GoREILLED 9125952 this

|nvent|on al so n | . er re sures. The
preferred rangggg?g%%§55%§% }s &Qﬁb IFﬁgooqﬂH‘ %¥%%% %P?§ to about 1000
psig (6.9 MPa)Pandienbarby m%&e@eﬂf aturehe @wdrmﬁem@mo%osocltmh@@mo 90C.
Hydr ogenat ®ns pe$inBgy Cahahds! Se Sbed €1 IBF Gt HN 1riceendOi B8Rt oF €qUire the
presence of caustic soda or other strong al kali. Hydrogenation according to
t he present |n9§ﬁPP8ﬁ Yh&ySbe run in the presence of a solvent such as
liquid 10 amoni a, 3aheeprssemmoprecesn id iydehilc aal cokdelrahavi ng one to four
carbon atons ofaR;gkLphatd o @:f/ﬁé?&:@r UL haw rkgmfnplybom 56N SaLPGLL: at ons.
The presence of one or nore solvents can I nprove the selectivity to

anm noni triles tROPhBShYdfdgthat? oh- %ﬁMQﬂﬁu%ﬂqlﬁx¥EQQF1?9 FRBPAYAFERNat i on
of adi ponitsil eroADBbous 0 yent Soidbap@urdeeq@r eat er than one nol e per nole
of dinitrile may be Hsed and |tr|s referrgg to use fr nkabout one nole to
about five noles of s%l%%%?e%%rp D m@ﬁ»? T%élprocess A6t U ERES present

i nvention may Bémzbabpbrfare@isb@t}emwlse)rcsz,&ﬁsbatchvvl se or continuously in an

appropriate react or yhEOfa COIPERE Ch Al ¢ AU AT %nvtehﬁl%gnab“HPH Pé&’cess i's
preferred. In %}he hydr pgenati on. of ADN'to pr

oduce A
i nvention cata ysfrﬁﬁgl g|?ﬁv‘?ile]a%¥l%t‘?%?‘]1’%.tv'@'%h(f‘1[%§&\}l’dége a%%%lbl e 25
reacti on rate andpdistngbfitdown2os tpclS(Ictm:ths{ n&e@rt fambadtsusgessf iy

conti nuous co r%@hhgr PLESS. ngotfsé XA{ (i%t al Yt & {9 ‘ggf enti al

use in a contindous rogenat i on e asséssSed fromrate
dat a gener at edwlhﬁral@eﬁhgatbhrﬁe!a%ﬁbms SeleCted from the group

consisting of nickel, rhodium, ruthenium, osmium,

loy in
| oy

iridium, platinum, palladium, and mixtures of these

35 metals with the remainder being an alkali-soluble metal
selected from the group consisting of aluminum, =zinc,
magnesium and silicon. Nickel is the preferred third
metal, and the preferred concentration range for the



30 Thus, in the hydrogenation of adiponitrile, the reaction follows a first
order rate relationship. Negative deviation with tinme fromt 5"@@?3order
~rate pattern indicates deactivation (loss of stability) of t cat al yst
activity. Rpsidsgntally, the first order 35 rate line, whi (pmnsgemgsd to
the natural lTog (In) of the quantity (A (A-X)) where A represents the
initial nole concentration of reactant, A, and (A-X) represents the
concentration t d . WO OOI 2 526 P~~~%~~Z~
concentration Q’Tl grgduct m%%ranﬁ B(r Iotrf EIEDUSI 5"’t hedI &as squar es net hod
based on the fiprrgtferéwddasaapépn@%ntmmlcm eof mla:Mqln@eﬁr apehat Ldnshhp. Wien

t he experi nent @re@é&%eaobaﬁéoslhi@ﬂ%@lﬂhé hel 1Bactd bbadkeaboaryppd fit to
this first ordzr % l.i ne, g cg at’f%/ Js s&ablq{%d dlsplagno
deactivation ad% %% i FFOBt PRPRY 7H ¥ ghie 209 it &R Phe®pPot t3f the
experi nment ab dat%awpohntheshemmdeuegaémga aswigtunon (decr easi ng sl ope),
deactivation of the catal yst has 10 occurred. Catalyst deactivation is
shown in Figure 3. The catal \E/sts of the present invention show outstanding
stability as is shown in BRAEEXRESEREPHEON, PF pLHHE: ORMVINGS y| for perform ng

theI cgntl nuous hlydr egghaki @nsatsﬁgr&i?w %&lﬁ&ﬁ:e{lf ei&ﬁrnxah?\lénbl g8 a 15 f
include, general n ventiona i on reactor es o

such reactors P &¥u8§ )éB éro’gpﬁ%?r?ﬁl# %ﬁw n&fllpgaf? g?m

conti nuous1sti rqog@auradktpeacftbmt aodddn b tee C]OIIIUEITFBWC&JGI‘ InAAéxamnpl e of a
bubbl e col um rgactor, which is not confined to this 20 reaction, has been
described in U S. Patent No. 4,429,159, Descriptions of plug flow and
continuous stirred FAARTEeAcEBPYES heke IPJ"éé?’r“Efelcsj idptiient RE BBBK entitl ed
" Chemi cal Reactdo@m1Enguaeeﬁhngésmtmé&nubya)@ﬁpal\ée d.evenspiel . 25 The

conti nuous hydrogenatign_ o nitr e d ri bed bel ow

carried out in a co%gﬁnﬁgué ggl ‘}r‘?ged r“gztc del(sé@Pﬁ)arS SSdOgnﬁé 300cc
aut ocl ave dési grved dndctabni cht bimey mx)balavfeo Eigurserls. bt was
constructed of ms_ﬂs%&hexs aW ifis Ba3Pe nEad AP Al | oMal] ¢1wer KkngapLgssur e of
about 1500 psi % IVPa) at 300C. Mxing in the reactor was perforned with
a magnetically é‘o@fﬂag‘ﬁ Pmdel I er, nounted on a hol |l ow shaft and driven by an
el ectric notor. TheFigaetor mhswbeatednmiztiscmétﬂ{h \Mittte ext eéaatlbﬁnd 35
heater. Because(g&%%c%éﬂ bendckel Jégtv)’el J‘C&It o‘%e%CEhIégiggé‘

conti nuous operati e nost preferred cat al

i nvention 8Pe ®f the RE?ISFHQOGBVWB@PZV@ZGVJF@TIQ@Q/@SQQE PHASE c'Eﬂ?‘iapar ed
from all oys contgi.ni ng, by weight) from about 25%to about 45% cobalt, from
about 4% to about 25%iron, from about 0.5%to about 2%nickel, with t he
remai nder being al um num The Ilmts on the n| ckel 5 content are of
particul ar inportance siPEEAH®A RES E_CNVENHEON at hi gher ni ckel

contents and reacti @Ref ﬁh?xeyscéBQYI@dcéEai}l%ecé"&ﬂ(Eth'ss i¢hledi-Rdhedre The | ong
t erm st abi I ity of the preferred. catal %st conﬁéjltl on made from an all oy

cont ai ni ng22% rﬂr(?lPé‘lrefjsbiotéIéﬁﬁﬁgfﬂr%t X dAtdefod tPuARof Exanpl e 4.
The present inwdikaildn thet bemppsrbr/id:esOﬁ fioossa f el loydbedagabiyon of an
organic nitril rbgkngc t ri{d£ h g0 drogen in
the v pr esence%ofl(é%qua%é nggpt gé%@?t hf%re(; ajrded V%O%rhg lefS Ffétg al | oy
cont ai ni ng by & g’*htthlzé%“?éago%léﬁﬁhmt9h8%121b1130%6tr8dn is0ssdeeBed % of a

third metal \Ahefrz@nn thie grBupdcBBRE 25t i 8g S&F Q@i&@bfrqmddl%ngrour) consi sting
of ni ckel rhodl r.ut heni ur’rlj osmu iri I at i IlLi %al I agl um and
80 adi

m xtures of ‘net'al §’ Gf-Uhi §SFrBTp W Rtume P atimdm, m an

mixtures of the metals of this group. The remainder of

the alloy composition is a metal soluble in alkali.
The alkali-soluble metals include aluminum, zinc,
magnesium and silicon. Aluminum is the preferred
35 alkali-soluble metal, and nickel is the preferred third
metal for the catalyst.
The alloy from which the catalyst of the present

invention is made, is prepared by the usual



20 the remai nder being an al kali-soluble netal sel e(it ed fromthe group
consisting of alumnum zinc, magnesium and silicon.’ A though Apinogazssure
s preferpRfled@ket e process of the present invention, theppiasessssny be

run at 25 hi g(1 pressures. Pressures of nore than 2000 psig (13.8 MPa) can _
be used with the process and catal yst of |, th| s |nvent| on but such high
pressures may ng Qe costlefltct)aé:é V& wle on e} Eﬁg les illustrate the
present 30 i n'e ?F IBET* A not Tt endé tpo i AVERTTon. EXAMPLE
1 PreparationTof Obheln:atlada yatlaf drheher e@@mrerlnpewdeanfonmo eheraphite

cruci bl e was phgeed; 34c20sBe®fatP fAHHNUM, Theveauah bbe %‘@@dé?e!" placed in
a quartz cup which was partiall fllled Wi th popcorn_quartz for insulation.

The quartz cupaWitiPf FtEaEBh‘fJe%t 'wt1|1&n88 Pngi d8 PRENCBFTEY an
i nduction $ur ﬁaC@reQeramQ@éécYSZG 29 Aprll 2003 PCT/ US99I 25952 When t he

al um num was nel tegﬁgtaﬂé§u53w£e Ulﬁ X&r efio %apic&@ 20.9 &?{%’ It chi ps

and 0.90 g nickel care Fer®® humfroma |,
100 m porcel &yntaddrneoh ¢iph alrheacr@sawlﬂ ddfadd| FEAURLRRUre 5 was stirred

vv'thta gr %)hl %eE@gapresé:&'Itﬁ}ﬁlg%/c%’iﬁﬁuQieffe@hléngoﬁ.hﬁltlgﬁ\’\@é%élﬂé@ﬁ&%ﬁn for 2
m._nut es. e furnace opene e nelt was rre e
graphite rod, F‘ﬁemﬁﬁf’ﬁé&% ‘gforské% SRR, OF Pﬁgg oﬁé? %‘\Sﬂ’i%d for

anot her 21iei nmbeap)er;boglle]]'dhetlp@vxmtzt\@ Imntelyeméuamacetm_yst henTheir ned of f)
and the f“r”ag:%t‘éﬁsc88€gﬁ£’s Jp%r%?oéyh ‘d%h%'és‘gﬁfhw& {fé’ééﬁé‘ contents

was lifted fr uartz cu ten” net poured from
the graphite éPNéPBP@noﬁ{loaadﬁYdiﬂﬁltse aé“@oh}'ngeﬂaﬂﬁﬁeflr@@aﬁ @lUT— n%‘i’ﬂe t he

furnace. 15 Akbeapbhe ab%oaokh@c CO&J&G a%dxth@&deaeabmt abpuirb®, m nutes,
it was rem)ve%fro t he ?Qa hi t.e coo aR_.M nd %ogl eg under wat er untll)
it was at roo PBFU &, “FTHP Lol eﬁd Poy BPEad, WBrtShRd ¥ 4° provi de-

20 pi eceslﬁesshnlndnmétarim 1| $¢1ba:¢tdd)rfg@$t t(llnerrsmsupncaneliatihgdoﬂ5| ng one
i nch di amet er n%ﬁ@h b@hbélurn %ﬂk@é}?}myo@%bmm hhdﬂlﬁ il ed,ppwder was

screened using a mesh sieve. The screened oy powdér was stored In a
| abel ed cont aPﬁéllaQHHm\/\é%dr'éh’éﬁlmf‘%ﬁ o5 ther “\?&Pﬂén“B&Eéﬁ BF°tRe netal s
charged the catposelaondet éhetied |@ytadsthyonpbght i60%dapentsush -1 29%

cobal t, 10%|'E”?l%y %Qd 1%0 Ckle T@f%%lalveyb‘ga% ggg\égr %ﬁg éﬁ @ﬁtl ve Raney

metal cat al ys eac |n oS e alummnumTrom ?oy with
dilute aq&@ousfrh@és@pghnﬁyar@fu@@eakeesfogngopg@eesn;he Gesgralhy eamal yst was

separated by dagant ahbant f&omkdesBtkli i@t tnelaaande\/\@shed repeat edly
wi t h dei oni zed  wat er untl the H was l.ess th The l(])vat ed catal yst

was stored un@dHM38URat 8?‘ etk}?a%tﬁ‘gﬁ's\‘khghTﬁ‘?l 2ohtai ned 50. S%

cobal t, 16.S%ﬁpﬂublelméﬁ&hlrkeidm&mimhyﬁh&ﬂpnmsannlabOox1aésAprThe2003 WO

00127526 catalyst compositions according to the present

25 invention, above, have been normalized to the oxide-
free composition.

The catalysts of the present invention are used
for promoting the reaction of hydrogen with organic
compounds which contain unsaturated groups including

30 olefinic; acetylenic; carbonyl in ketones, aldehydes,
amides, carboxylic acids and esters; nitro; imino; and
nitrile groups. These catalysts are particularly
useful for hydrogenation of nitriles. For
hydrogenation of nitriles, process costs are minimized

35 because low pressure in the range of about 50 psig
(0.34 MPa) to about 2000 psig (13.8 MPa) is used, and
the hydrogenation proceeds well at temperatures from

about 25°C to about 150°C. However, the catalysts of



PCT/ US991 25952 EXAMPLE 2 Hydr ogenation of Adiponitrile A 100 m Hastelloy-C
Parr stirred autoclave was used for the hydrogenation. The a4tQf g(g@g

* reactor cup 5 was charged with 1.0 g of wet catalyst (0.5 g on'a

basi s), prawaertsdey the procedure of Exanple 1, and 26.2 g BtTme%rzsqszeous
ammoni um hydr oxi de. The reactor cup was secured to the reactor head, and
the reactor was | eak-tested with 300 psig (2.1 MPa) nitrogen and 10 then

purged with hwdrlng@weﬁfcaeﬁ aheor%%tororpqrg ent s Wﬁf@; heat ed to 75C under

200 psig (1.4 MPa ¥ en ressure, ure of di panitrile, 5.0
g net hanol and SESIE Pr t Ay ‘?r?ﬁr?‘r“éﬁ&? di r%’h?e s T @cf’éd froma 75
m addition cyﬂnam“reundefr&ﬁOamﬂng 21&50 (33751 M:h)z; MEc ogen aoessaoeoc(t he NWP
was added as t%r @appg%a&q Y e ihesMmeLature of 75C
‘ and hydr ogen gﬂ; sure 0 Sig Wer e rmaint ai ned unti | hydr ogen
t akeup wasS51178E O @P8Rt MR as ti‘ler?ﬁ ABOY Rtplyssgertsuppl y 20

reservoir. TheHegildsentt i fReM@Sord 2do Mdttasguil ivHe phe dendogenat i on,
periodic sanpl £s wi t hdr awn fqu m_the reactor and anal yzed by

GCin order td §tcr ﬁ?fi%c%c%ﬁlﬁ‘?’ét?%m}ﬁ GHi%%s of the main reaction
conponents. 25 The HGrapehysisn datecostiowed d hdte ttheeskN dovearsbon was 90%

el cotivi Ly (dEPt eI 2t P (A ot ogfe 5045”’*%513{%4%?5'?‘”?52%%%1988) to

selectivity (defined as in et a
ACN was 72% BYBIGU@ct 20BRLERt FHIPRIA ataly 5oh AN cdrededi 53avdas about 6%

t he byproduct ooy ifses bbﬁbcbrexm@ﬁérydlermr rampmmdlyurxeee&beh
hexanet hyl enei rn| ne and t trah droqige i The,Itr rst_order ﬁacti on rate

constant was T165%hrCPT, ﬁste owWh™ R P FEER S0t §For t he
first 35 orderorADKIE §@|@pearen<c@ncmmeme&j ttl'oe tSrela‘qmsrtltorct@r rate line

i ndi cat ed QOOdanﬁ%Icﬁh)é%léEaPHtﬁé/ h);d-ro &%@7&2@1%%%8&' .2093

PCTI US99125952 E 3A and gCorrpar ed to Exanpl e 2 ‘The fol | owi ng
two conparati \fe"eef’é/ﬁ’ﬁo@?néﬁbﬂ?t‘h% %@Hﬁ?rr’e’r't%l]cﬁ A og&RAtviedt SwhBn usi ng a

catal yst cont aammmgscghrahteandhamoasné)uiolrmtpémendlm fod BRIl rds eSmb$
required by the n nt j. on rogenatd on Q Arponrtr | e Using
R.B%%e % 1s aﬁ)feg’errel_é/dc% Ig“hg 0 ]’jon'b a 85.%

t he procedure oef Consi s arts
al um num 30 rfei?t@%béllveamgqu@ @ér‘&@l\ﬁmfn 005 fm]eﬁpa?rfe@DNThr s all oy was 10

pul veri zed and conwet QQoE@sécéfVﬁhB%h%’séFﬁi al nveaitalfS tmaldy el €at nent with
The sem bat.ch reactor procedure as described in

aqueous sq dro
Exanpl e 2% )étﬁ)afcbwbs%f PRELRA SRS t%ﬂ‘g}:slt““%ii doP30%
aqueous ammnlappﬂqaiu@xedeeaQSOﬁO SFgr abrpeard ¥4l egarifBogude?, tard 5.0 ¢

met hanol . The hygry t 75G, unges o 500
psig (3.4 MPa) unt ?]Igl%% b?Bc%‘%ée%Q%%%mﬁi 12%1 h orl%r Rati8n

measur ed from@f 388 ke ﬁ\’jﬂ%‘é@%np‘%’&p‘b‘lm} crreéﬂr%?fre iR ﬁaﬁ‘éw&’é 330 20
m n. The reacthamn dnlbﬁNUﬁeaMBSvaﬂszyZﬁtd)}arﬁ:pr%@idﬂy"l\aersila(nﬂewas 890 at 208
mn. at izch % % H n7(Vb oducts had for

Sel ect i V:N?y toltéfﬁl 2ok ggl/o ‘i"ﬁ &%s )?bq: der élﬂo corqgncstrsat%éaeggns Sht 2was
0.674 hr-'". Wmséudf CAW%W%me#@mtnmﬂ% for this Exanple

(catal yst B) vs. th@re ek abeact § 09r 0f & Zd LAl A) use ghown in the
plots of Figure 4 Hl;édro enation of Adiponitrile An allo tai ni ng by

wei ght 60 par t%orlfflr%’@ug ¥ARCATRaE PR ek DT £33 P §58Fgcobalt was
prepared and wasont rxmteedamatgenqnaoeﬁ Fodi wednshtot deator iginve t he

acti vat ed gat c Rat 2,257,814. ADN
was hydr oggnaﬁe}ﬁ% n%?hq'%% b gﬁ% Efﬁrﬂ*%%éd?él vatt%c} cat% teyst according to
the reactor preR¥thic® &p Eﬁ‘dﬁpﬁeerSq'rf?%dmdréﬁgferﬁlraéﬁ%S@d@eed ACN and

HVD, but the neagitioR KHakeavasn MMEHh St ONer Fidian K adi reesemaed irFgcExanpl e 2.

The first Oer%agégé% %%ﬁ%%gtes geactlvatlon (loss of stability) of

the catalyst activity. Experimentally, the first order
35 rate line, which is equal to the natural log (1n) of

the quantity (A/(A-X)) where A represents the initial

mole concentration of reactant, A, and (A-X) represents

the concentration of A at time t, and X is the mole



29 April 2003 WD 00127526 PCT/US99125952 was only 0.088 hr-1 while with the

invention catalyst it was 1.16S hr-1. After a reaction tine,gfy.

m nut es, wWwoboespyer sion was only 34% while with the inventl"%&fgyﬁ of
Exanpl e 1, ADN conversion was 95%5 after only 127 m nutes. EXAMPLE 4 This
exanple illustrates the continuous hydrogenation of ADN. 10 A 300 cc

conti nuous Stbbﬁéé’nﬁﬁé‘ﬂﬁér@a&ﬁ d@ﬁx%tlés%rrdefd wasg Bﬁe\itéédu&{%
therm)coupleénsert ture and, two HSlnchgp egs |tted with 5
mi cron stainl §§S§t§‘é’1‘a %5 t“ée‘: hﬁ‘r?&ﬂl P& HeqdrdShdPYi BAR BT reactor

and product wthhtranal 1xf1rmrm:‘tx’r@ﬁ&erleaoiomrshnpespuhbnvehy The reactor was

char ged vith 4200138 of RENRAIn L- Gyfouaitsodbum DUk oxh deyyand 19

grans of the activ nple 1. 20
The react of wasgsedl &t %9 udhied Its’d’— mrtdeégé”ﬁ%e\léﬂalv Fhﬁe@aﬁﬁbwféak t est ed

at 1000 psig (6. 9cAbad . ard t@IsSI Iﬁaggel&%tuwlaeﬁenvvaselao | eaks, wgoo _
reactor contents were heate and the_ agitator on

rpn). As soon iiwf‘ﬁ’éa*a% it% Jr%ﬂ‘;l‘if‘atcio Bhe ¢ ohisEy ggﬁrglﬁ’y 9% g\ﬁ\s was set to
1000 psig (6 pxpesmmentengaiaorponartch siefws @f nebetayet deviatieact or was
metered and aGREEYEds ;b 1AL OTadU ASSHIG ord Y RheDYaRdlYSE! A Lhe back

hydr ogen was fed via rogen flowrate into the nonitored by a
BROOKS mak@ fpsﬁpsne@ont%wewt Iidiedden fifoRhPYReiRaEigeretd 600

standard cubi gheeBLtARYSES @@rtﬁa W&erﬁW@%t@W@h@wMﬁ@stﬂﬁ@u@Ch
continuously a d&/g to the reactor um&q} a%tc’:(ogp)irln €, Bunps. Rat e of

addi tion of A 198 AF HRroHdR Hhd it £Re"53 ‘é’r‘nmnl a was 12 m per
hour. Sinul t aneousRgachatreruswiull ¥or ipei©@GENZ75RE 20nppnipug003 PCT/ U

S99! 25952 addﬂgd%ganseisnoécémﬁhmg&% LY relgl%@ 'iHthg?on the products,
in the reactor " was~ 4.0 hours,. . Product was co Lected in a one liter

product rbeei \}é‘FlﬁHFchgﬁﬁ%r%H%e(ﬁ% MG 1PRRdt SYIERPERBRANS5 | et - down
tank. As the treaetbon pEgaeeDed, oiSéEmHI'ES:ewftibxtsaliﬁﬁlaﬁer eputasrént erval s

and anal yzed by, mg{;_ @ 1O%i—icl\éDfA]g‘)rNIlejé"r\l?% %g%)g] SQYP)_; ;Ihejanal yti cal

results show ngt are ed in Table 1
and are shown tgp&pﬁﬁéatpy- |<’hn¢|1g}mké192 Coﬂolﬂﬁhé?e@@ﬁpifnuo% ﬁgiéfmlg@nfaﬁl on

proceeded in @ shabBhe ABMRRE FOAcEZHD, hawcfh (X0 nday ebnftileaend ehid he
exper i menbal Lun. Both A S0g, RUENS PTAPR] L UBLTREm Vi elds with FvD
4,429,159. Descriptions of plug flow and continuous
stirred tank-reactors have been delineated in the book
entitled "Chemical Reaction Engineering" written by
Octave Levenspiel.
25 The continuous hydrogenation of adiponitrile
described below in Example 4 was carried out in a
continuous stirred tank reactor (CSTR) based on a
300cc autoclave designed and fabricated by Autoclave
Engineers. It was constructed of Hastelloy-C with a
30 maximum allowable working pressure of about 1500 psig
(7.2 MPa) at 300°C. Mixing in the reactor was
performed with a magnetically coupled impeller, mounted
on a hollow shaft and driven by an electric motor. The
reactor was heated with a 400 Watt external band
35 heater.
Because they give long term stability without
deactivation in continuous operation, the most

preferred Raney metal catalysts of this invention are



15 Table 1 Continuous Hydrogenation of ADN TOS (hr)g ADN Catal yst Tenp.

CPressure ( si )HVD (9% ACN (9% ADN (9% Byproducts (% HVD Prod%g?g) §
- )1 00. 07510000. 00. 00. 00. 00. 02046. 475100074. 714. 611. 31. 2260. 3 3 %%100094.

42.62.32.5@@%&g%§%11.575100097.20.00.03.8722.672167.27510002@1@9%ﬁg%94.0112
8.499229. 9 .02.72. 44, 91556. 5120278. 775100083. 45. 34. 26. 51861. 7143332.

175100077. 48. 77. 07. 52171. B167387. 875100085. 03. 93. 98. 22526. 91 92445. 975100084
. 93.22. 5B. 02896. 6216501. 675100084. 23. 81. 68. 43248. 32405S7. 375100QH6. 32. 12. 08
. 73609. 2 Not esthoge TREeRamgdel (oM Strlons Kdorddd e By4veiahs, TEaml yst
Charge = 7.5 gaBbyt RaveycLadwbystads arpgahe alfhoy 60UcAks 28%Ksut 10% Fe)

1% N 25 14 JAPril 2003 00/ 27526 wa~tnnt ~_~ PCT/ US99/ 2595
Hydr ogenat i on %g"ﬁ?ﬁﬁ?yrgﬂ?f{‘\r/‘?\qﬁ%‘l% ‘r% t1fe a%roélcegu"r é’lgé(e aYﬁ)'bee %‘,e an al | oy
consi sting of , repapedghtbe Bz patuwimimum Mg 126igs o Sheobatkel 13 parts

iron and 1 partoffent Ckel YoSoPFEPARE iHNcYcAHQY WagePELVEI{£ed and
converted to active_ Raney netal catalyst by treatnent with aqueous sodi um

hydr oxi de. TheSEaRt bhtEnis ebTBFNe cledtiabieds Nd&&Eli FEAtPAtE 02Kk anpl e 2 was
used with 1.0 geattibe adoweisesl eaddliysStthe2midkeg10fis30%dAgNEOs. anmoni um

hydr oxi de, 10. -pbutyronitrilde, . 0.5 NMVP, .a . hanol . The
hydr ogenat i on gﬁg g%ﬁ%u%/ ed éa‘gag}g}(ft%d)et? tgleppéréers}%rrge%f ggggi\f)%g (3.4 MPa)
until (345 ni ncpmpheigsomymrdgefroptake ey 28 4esingng0187nMedl aiss neasur ed

froma 500,41 B¥AHAGER2SERPLY £8SEEMA fnudahisi HOExLRg1EeACtion m xture
by GC showed a yield of 87%™n-butylam ne along with 5% di n-but#gl m ne as

Yy
byproduct. The firstPRrREFSFRAcIFERYLAE fUH nPLYI98E 8. BEYAHFE 1. The
reaction rate fokl bypdtogdreat iostodbraleroraaira d ime rtillrequgbmpabosii ng 5%

conver si on of 186 0= PubyrOfl Lol Les ADY {rahen aRoued, a1 BBSHL L X e, devi ati on
(indicative of very good catalyst stabilit over the remainder of the
reaction. 25 ERARPEECS® Pfdd OLRPAY | epPaft AftEdyistr ifrepared from a

15 metal alloy containing by weight: 20% to 50% cobalt, 3%
to 30% iron, 0.5% to 2% of a third metal wherein the
third metal is selected from the group consisting of
nickel, rhodium, ruthenium, osmium, iridium, platinum,
palladium, and mixtures of metals of this group with

20 the remainder being an alkali-soluble metal selected
from the group consisting of aluminum, zinc, magnesium
and silicon. -

Although low pressure is preferred for the process
of the present invention, the process may be run at

25 higher pressures. Pressures of more than 2000 psig
(13.8 MPa) can be used with the process and catalyst of
this invention, but such high pressures may not be cost
effective.

The following Examples illustrate the present

30 invention, but are not intended to limit the invention.

EXAMPLE 1

Preparation of the Catalyst of the Present Invention

Into a graphite crucible was placed 54.20 g of
35 aluminum. The crucible was then placed in a quartz cup
which was partially filled with popcorn quartz for
insulation. The quartz cup with its contents was

positioned inside the coil of an induction furnace.



ADN was hydrogenated according to the procedure of Exanple 2 using the
catal yst of Exanple 5. ¥he 30 reaction conditions of 75C an§9m§g| a0 (3.4
MPa) hydr Q@fdeREgssure were nai ntained until hydrogen upt aker 258%2 psi g
(0.87 MPa) as rreasured froma 500 mM hydrogen supply reservoir. The ,
reaction tine was 379 minutes at which tinme ADN conversion was 99% At 72%
35 ADN converﬁ 8% f\grlr\llland “}éLS%H giad forngdral 0999%% 4% br}/products
No cat al yst dea(e,f‘l i BN WAL OhEET VE ‘i Adi"éted %y a stabl® Yeiction rate
fol | owi ng t hechipst éﬁdéﬁ gatebdlthecligs @dindafp@lrancecksl sNgx 027526 29

April 2003 Pczgygegizggégdea EDNnd MG deh SNk wsmsgrmml line plot
of In(A reaction_time. In the expreSS| on @/E?@h‘f“‘;‘%l( where X is

t he wei ght % BPTEBRG LTt B ADAPALCYR me Theak@SK F%n‘ﬁh@o Rfsual Iy 100)..
of the ADNs at whsnEtSrQedThEtlfnaiSc_t;ramkdftre reeact i Ther &ttensoasvant was 0. 613

hr-1. wavnr_-~ Fggrogggag %Sh?fxg#¥ﬁng%h{%ogogom h@g theTQéocedure of

Exanple 1, an® a oy consi s al um num 27
parts of cobalftlrnégepaﬁﬁsol??@ﬁd ariee Sledé}r wasniagRen Wésrpﬁi@p‘a%“'e}(tl thEhis al | oy

was pul verizedrapdieenyeat edhé or@cdd e Jze BBhah, cahal Yaé pywds eat nent
wi th acrueous 15 sodium_hydroxide. Adipanitrile waa hy_g}[logenat ed using the
e

above cat al ys¥2§cBBPUFRY 8t RROHVCLIIFRUGE BRAABFe 2T PShROYSRCT] on
condi ti onsoof theCfandab60wasi ghé:i3. duiviéa) diyfdr agentpeefsunaceewas mai nt ai ned

unt | | hydroge%g%ﬂ%éke %Re"‘@%ﬁﬁli’é' a2 WR2h %a”gﬁ!:'éﬁdeé&%ﬂ@s S00 m

hydrogen Sup reservolr reac | ON was StO E m nut es at
whi ch time ADNagoA&FsHohramstBRoguagt 2 TRPADRNEoDEr BPbREN4MEEACN and 7%

HVD had forneqlabwgaw Ebu?a&/@by%r@m %}ra‘fﬁﬁ\h%ley{%&'udﬁBEéi ¥atboxn was 25
i ndicated startin react.ion ti Thi s deacti vati on

120, mi nutes o .
5 shown by ¢ AE°HULFBaEPRY BF oBb (F KU =9 “BFLPRe BFot CEPATR( A A %) Ve,
reacti on 15 tAfteastbenpaleyd hadtdwoled sindotdedenedefoFhabbuir stoorder rate

constant was Qui&% Qf-lc %QSE%@ %Mrc%e@%bﬂf}tef ;8@&99% pidde Using

the procedure of anpl e an alloy . caonsisting , 60 parts
al um num 25 FEf §°Séeéold§fiﬁr 1oC PRk dif, Wéﬁ‘daS 58PPs ni ckel was
prepared. . Thiempakbhevrwas pul veri zed and converted to active Raney netal

catal yst by treal e WLEDBAUPOLS SO0 DM ILRLEn 16 prg9:dRri] 2003 VO

20 pieces less than 5 mm in their longest dimension and
milled using one inch diameter steel balls in a
planetary ball mill. The milled powder was screened
using a 30 mesh sieve. The screened alloy powder was
stored in a labeled container and was ready for

25 activation. Based on the metals charged the
composition of the alloy was by weight 60% aluminum,
29% cobalt, 10% iron, and 1% nickel.

The alloy was converted to active Raney metal
catalyst by leaching most of the aluminum from the

30 alloy with dilute agueous sodium hydroxide at 80°C to
90°C. The resulting catalyst was separated by
decantation from the alkline solution and washed
repeatedly with deionized water until the pH was less
than 7.5. The activated catalyst was stored under

35 water at pH 9.

The catalyst when dried contained 50.5% cobalt,
16.5% iron, 1.9% nickel and 2.4% aluminum.

10



ADN was hydrogenated using the above catal yst according to the procedure of
Exanpl e 2. The reaction conditions of 75C and 500 psig (3. 4 %3 gksﬁé)ogen
pressure were nmai ntained until hydrogen uptake was 84 5 psid ( g a) as
measured froma 500 mM hydrogen supply reservoir. The reacti Jopped
after 174 WMHWHE6at which tinme ADN conversion was 71% At %&lﬁ%@g
conversion, 51% ACN and 12% HVD had fornmed al ong with 4% byproducts.
Cat al yst deactivation was noted 10 starting at about 100 m nutes of
reaction time. EXAMBLHedct i vation is shown by the decreasing slope of the
plot of | n(A A X)gyarobeastion é,f ngdgéorpp(_rgolalr@d to the first order rate
line. The first order_rate.cons aﬁ 489 hr-1. 15 17 29 %rll 2003
WD 001 27526 PCT/ US98/ 288581 dHaF ! ?ch %rﬁéﬁé;}rcrﬁﬁlalatltea’f%ws‘t’a onpri si ng
~cobalt, iron anded fbhrrtdheehpdrodpenat ot he THe radhtretlabvel seseteﬁt@mb fromthe
group consigti I odi e aI ad p um
osm um II’I%I u%ggnéhgkéggr‘)ééagfgaﬁ;a C?f %Js]eégn%[ﬂ sg ahd gal?%l ‘Lﬁacﬁlhg
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third 15 ngpal thénb Ksled @ltﬂ-hﬁ% St z@f‘tecx! ac'h@ :}:e B3E! Bohfiént s

concentration of th out % : e concentratl on of
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nore than aboupr2¥stiyeyehghixtdre foproeessy faligdig thydepgsnatgyon of

unsat urated orgapic_c ounds_conpr.i Si cont acti.n the un rated 25
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wherein the rea tion.pressure is fromapout 5 %000 gsig (0.345 to
13°78 MPa) and Bt GHAEPEELT eGP 1PERT B 2RPHSS dodt ™

withdrawn from the reactor and analyzed by GC in order

to construct concentration profiles of the main
reaction components.

25 The GC analysis data showed that the ADN
conversion was 90% at 127 minutes. At 75% ADN
conversion, 54% ACN and 14% HMD had formed; selectivity
(defined as in Mares, et al, J. Catal., 112, 145-156,
1988) to ACN was 72%. Byproduct concentration at 75%

30 ADN conversion was about 6%; the byproducts comprised
bis-hexamethylenetriamine and traces of
hexamethyleneimine and tetrahydroazepine. The first
order reaction rate constant was 1.165 hr'' . As shown
in Figure 1, the data points for the first

35 order ADN disappearance compared to the first order
rate line indicated good catalyst stability.

11



10 8. The process of claim4 wherein the process is continuous. 9. The
process of claim4 whefein the solvent is 15 selected from EB%
consisting of |iquid amoni a, aqueous amoni a, an al i phati rcf alj('i)%ggiﬁravi ng
one to folYOPRYIEHn at oms and an al i phatic hydrocarbon havi d§ 52t en
carbon atons. 20 10. The process of claim4 wherein the process is batch or
sem -batch. 11. The process of claim6 wherein the nitrite is adiponitrile.
25 12. A RanefXa§ 3at apds? , reb A9 (Brampls Poy of netals with
al kali, the alloy Q?x@ppfb§ﬂag;ﬁ%0m80cérﬁba51%“ti% WBIGH1 &ORAbY, tBet 0 30% by
wei ght iron, 0.5 to 3s bﬁ Yj\elg t of a third netal V\hEI’EIﬁ this 30 third
metal ~s sel eGlEY FA5M CheNYPHUPRANSPR (YIHG SIS % eICA A um r ut heni um
pal | adi um pl atnmainiagncobal traokd ubramdut xtar esheofthdny okbthheas netal s

and whereinp t I I r..of e i e 1 . gl kali sol ubl e net al
sel ect ed frgomqt%her% c}%%%cg sfétgi%gé%%%fgfeur_?nﬂn%{m zi nc, magnesi um and
silicon. 19  293Apri Hyfgogepy SeREI

IS HEANOG/95952 13. The catal yst of
cl ai m 12 wherein t g iy &de”ﬁ%@&e&ér@!&k@ixanﬂiﬂe The satahygt of claim 12
wherein the 5 concentratiaqn gf t he 1 hi r%i rretal:lrﬁlslfr.om 0.? to 1.5% 15. The
catal yst of clOARE> WRRePLi nPY hEStIRtent t 30 FYHEYH r§ REEAF is about
i % 10 16. Thedwmtlal wsid af phatm 1fPomiezzipregrraesbncditisatildpny are cobal t

5 2 18, RN o0 L A ol et

: Q&A,[A\L(HAA ABGYASY cAPTERE . WERZpaaeous PR A A eidicca] ca] ca] ca] ca] ca] ca]
ca] ca] oca] ca] ra] ca] amlec a\maBbt 6BUr6ad €6a] Sdcadunnd Gl erisealigalicahcal] caj cal g
|20 ey saleleal calealeg) sul gl sglale gl salarloel oaloalcalcal o
catalyst, 26.2 g of 30% agueous ammonium hydroxide, '
15 10.8 g adiponitrile, 0.5 g NMP, and 5.0 g methanol.
The hydrogenation was conducted at 75°C under a
pressure of 500 psig (3.4 MPa) until the hydrogen
uptake was 139 psig (0.96 MPa) as measured from a 500
ml hydrogen supply reservoir. Reaction time was 330
20 min. The reaction mixture was analyzed by GC. ADN
conversion was 89% at 208 min. at which time 45% ACN,
29% HMD and 7% byproducts had formed. Selectivity to
ACN was 56%. The first order reaction rate constant
was 0.674 hr-!. The rate of ACN and of HMD formation
25 for this Example (catalyst B) vs. that of reaction of
Example 2 (catalyst A) is shown in the plots of Figure
4.

3B. Hydrogenation of Adiponitrile

An alloy containing by weight 60 parts of
30 aluminum, 38 parts of iron, and 2 parts of cobalt was
prepared and was treated with aqueous sodium hydroxide
to give the activated catalyst as described in Example
1 of U.S. Patent 2,257,814.
ADN was hydrogenated in the presence of this
35 activated catalyst according to the reactor procedure
of Example 2. This hydrogenation produced ACN and HMD,
but the reaction rate was much slower than that

observed in Example 2. The first order rate constant

12
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| ° 0 ! - 13l 0 ! - 13l oL’ - 13l ! 0 ! - 0 ! -
%g. aAOz&lo /%g&régctsdr'\{[ 281000h& () 3! az&l0% ()-3!Y" 1094 T& () - 10%& ()- 10T
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20 The reactor was sealed, flushed with nitrogen

several times and leak-tested at 1000 psig (6.9 MPa).

After ensuring that there were no leaks, the reactor

contents were heated to 75°C and the agitator switched

on (1200 rpm). As soon as the desired reaction

25 temperature of 75°C was achieved, the reactor pressure

N

was set to 1000 psig (6.9 MPa) by adjusting the back
pressure regulator, and hydrogen was fed via the hollow
shaft of the agitator. Hydrogen flow rate into the
reactor was metered and monitored by a BROOKS mass flow
30 controller. The hydrogen flow rate was set to 600
standard cubic centimeters per minute.
ADN and ammonia were then each continuously added
to the reactor using ISCO syringe pumps. Rate of
addition of ADN was 18 ml per hour and that of the

35 ammonia was 12 ml per hour. Simultaneously, water was

13
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experimental run. Both ACN and HMD were produced in

uniform yields with HMD being the major product. )

15 Table 1

Continuous Hydrogenation of ADN

TOS g ADN/ Temp. | Pressure | HMD ACN ADN | Byproducts HMD
(hr) Catalyst | (°C) (psig) (%) (%) (%) (%) Produced (g) |
10 0.0 75 1000 0.0 0.0 0.0 0.0 0.0
20 46.4 75 1000 74.7 14.6 11.3 1.2 260.3
44 102.2 75 1000 94 .4 2.6 2.3 2.5 654.9
48 111.5 75 1000 97.2 0.0 0.0 3.8 722.6
72 167.2 75 1000 97.1 0.0 0.0 4.0 1128.4
99 229.9 75 1000 91.0 2.7 2.4 4.9 1556.5
120 278.7 75 1600 83.4 5.3 4.2 6.5 1861.7
143 332.1 75 1000 77.4 8.7 7.0 7.5 2171.8
167 387.8 75 1000 85.0 3.9 3.9 8.2 2526.9
192 445.9 75 1000 84.9 3.2 2.5 8.0 2896.6
216 501.6 75 1000 84.2 3.8 1.6 B.4 3248.3
240 557.3 75 1000 86.3 2.1 2.0 8.7 3609.2
Notes:
20 TOS = Time on Stream

Holdup Time = 4.0 hrs.
Catalyst Charge = 7.5 g dry
Raney Catalyst from the alloy:
60% Al, 29% Co, 10% Fe, 1% Ni

25
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Example 2 was used with 1.0 g of the above wet

catalyst, 26.2 g of 30% aqueous ammonium hydroxide,
10.8 g n-butyronitrile, 0.5 g NMP, and 5.0 g methanol.
The hydrogenation was conducted at 75°C under a
pressure of 500 psig (3.4 MPa) until (345 min.) the

15 hydrogen uptake was 126 psig (0.87 MPa) as measured
from a 500 ml hydrogen supply reservoir. Analysis of
the reaction mixture by GC showed a yield of 87%
n-butylamine along with 5% di(n-butyl)imine as
byproduct. The first order reaction rate constant was

20 0.394 hr-'. The reaction rate followed the first order
rate line through about 75% conversion of the n-butyro-
nitrile and then showed a positive deviation
(indicative of very good catalyst stability) over the
remainder of the reaction.

25
EXAMPLE 6

Hydrogenation of Adiponitrile

ADN was hydrogenated according to the procedure of

Example 2 using the catalyst of Example 5. The

30 reaction conditions of 75°C and 500 psig (3.4 MPa)
hydrogen pressure were maintained until hydrogen uptake
was 126 psig (0.87 MPa) as measured from a 500 ml
hydrogen supply reservoir. The reaction time was 379
minutes at which time ADN conversion was 99%. At 72%

35 ADN conversion, 48% ACN and 11% HMD had formed along
with 4% byproducts. No catalyst deactivation was
observed as indicted by a stable reaction rate

following the first order rate line for disappearance

15
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Hydrogenation of Adiponitrile

10 Using the procedure of Example 1, an alloy
consisting of, by weight, 60 parts of aluminum, 27
parts of cobalt, 10 parts iron, and 3 parts nickel was
prepared. This alloy was pulverized and converted to
active Raney metal catalyst by treatment with agqueous J
15 sodium hydroxide.

Adiponitrile was hydrogenated using the above
catalyst according to the procedure of Example 2. The
reaction conditions of 75°C and 500 psig (3.4 MPa)
hydrogen pressure were maintained until hydrogen uptake

20 was 86 psig (0.59 MPa) as measured from a 500 ml
hydrogen supply reservoir. The reaction was stopped
after 275 minutes at which time ADN conversion was 82%.
At 62% ADN conversion, 44% ACN and 7% HMD had formed
along with 3% byproducts. Catalyst deactivation was

25 indicated starting at about 120 minutes of reaction
time. This deactivation is shown by the decreasing
slope (Figure 3) of the plot of ln(A/A-X) vs. reaction
time as compared to the first order line. The first
order rate constant was 0.513 hr-1.

30
EXAMPLE 8

Hydrogenation of Adiponitrile

Using the procedure of Example 1 an alloy
consisting of, by weight, 60 parts aluminum, 25 parts
35 cobalt, 10 parts iron, and 5 parts nickel was prepared.
This alloy was pulverized and converted to active Raney
metal catalyst by treatment with aqueous sodium
hydroxide.
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10 on a dry basis is from at least 5% to less than 30% by weight; the
content of the third metal in the catalyst on a dry

basis is from about 1 to not more than 6% by weight.

2. The catalyst of claim 1 wherein the third

15 metal is nickel.

3. The catalyst of claim 1 wherein the
concentration of the cobalt is about 50% by weight; the
concentration of the iron about 17% by weight; the

20 concentration of the nickel is not more than about 2%

by weight.

4. A process for the hydrogenation of unsaturated

organic compounds comprising contacting the unsaturated

25 organic compound or contacting the unsaturated organic
compound in the presence of a solvent with a Raney

cobalt catalyst according to claim 1 in the presence of
hydrogen at a reaction pressure of from about 50 to

about 2000 psig (0.345 to 13.78 MPa) and a reaction

30 temperature of from about 25 to 150°C.

5. The process of claim 4 wherein the
unsaturated organic compound is selected from the group
consisting of olefins, acetylenes, ketones, aldehydes,

35 amides, carboxylic acids, esters of carboxylic acids,

nitro compounds, nitriles, and imino compounds.
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13.78 MPa) and a temperature of from about 60 to about

90°C.

10
8. The process of claim 4 wherein the process is

continuous.

9. The process of claim 4 wherein the solvent is

15 selected from the group consisting of liquid ammonia,
agqueous ammonia, an aliphatic alcohol having one to

four carbon atoms and an aliphatic hydrocarbon having

four to ten carbon atoms.

20 10. The process of claim 4 wherein the process is

batch or semi-batch.

11. The process of claim 6 wherein the nitrile is
adiponitrile.
25
12. A Raney metal catalyst prepared by treating
an alloy of metals with alkali, the alloy comprising
from 20 to 50% by weight cobalt, 3 to 30% by weight
iron, 0.5 to 3% by weight of a third metal wherein this
30 third metal i1s selected from the group consisting of
nickel, rhodium, ruthenium, palladium, platinum,
osmium, iridium and mixtures of any of these metals and
wherein the remainder of the mixture is an alkali
soluble metal selected from the group consisting of

35 aluminum, zinc, magnesium and silicon.
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concentrations are cobalt about 24 to 34%, iron about 5§

to 15% and nickel about 0.5 to 1%.

20



