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| NVENTI ON 1. Field of the Invention: The present —

i nvention relates to an_ inoprove l.n rogenation
of adiponitrile AMQEWW@WRS%%WW
am nocapronitrile (ACN). Mre spcADIPONITRILE not by way of

limtation, the present invention relates to a process for the continuous
hydrogen&t i on of ADN at |ow tegerature and pressure in the presence of a

sponge cobalt cat alGROSSk CECTO | TIANBy free of 20
caustic. 2. Description of Related Art: _ It is.
generally known in the art that the hydroggenation of njitriles. .. can be
achi eved by cont act i AGPHCRRISE £ ibﬁﬂeé'ag&@%‘ﬂtyvptmo‘gs%ah appliFatign

cont ai ni ng ag@yolpi1nE filed M&aek28, a997.an al kal i or. base. The reaction product
typically contains primary am ne as the desired product and one or nore

secondardP and tertiary am nes as adventitious side products. The secondary
am nes are believed to b&AGI@GRQHND@Fr'HaIEﬂWgE n primary am nes
and imne internedirates, fornmed by the partial hydrogenation of the primary
30 am nes. Tertjary amnpes, .on the other hand, are the products of the
reaction 1. Fb@ﬂ\ﬁ@éﬁgmary am nes and additional imne internediates.

Vari ous al t er nghie\present viationrelatesdomhiiniprovedprocess/firogenat i on have
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bubbl e- f | ow (HMDpand amisocapronitnile (ACN rMerespscifically butgot bywayef
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anhydr ous angponge cobalt catglgstnd ins reactién medhah|sebsthtially free o

20  caustic. '

2. Description of Related Art: .
Tt is generally known in the art that the hydrogenation of nitriles
can be achieved by contacting a hydrogenation catalyst with a solution
25  containing a nitrile, hydrogen, and an alkali or base. The reaction product
typically contains primary amine as the desired product and one or more
secondary and tertiary amines as adventitious side products. The secondary
amines are believed to be formed by the reaction between primary amines
and imine intermediates, formed by the partial hydrogenation of the primary
30 amines. Tertiary amines, on the other hand, are the products of the regction
between secondary amines and additional imine intermediates. Various
alternative methods for accomplishing such hydrogenation have been
proposed including batch-processing in a stirred autoclave reactor, or by
continuous processing, using a fixed-bed or bubble-flow reactor. |
35 For example, in U.S. Pat. Nos. 3,758,584 and 3,773,832 a fixed-
bed reactor has been used for the hydrogenation of ADN. HMD was
prepared by hydrogenating ADN in packed bed reactors in the presence of
excess of hydrogen and anhydrous ammonia, at temperatures of 85 to 185°C



and pressures of 27.6 to 41.4 MPa (4,000 to 6,000 psig). Cobalt or iron
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necessity t caqtivityysalectiity, and thelife of As a resaljc &mm a (used as
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4. 0% by wei enperature o t.0 150[ err] C,
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Wiile it is e@bﬂlﬁgymuhstmperanbeandmetsatemrthermgéloﬂamnlleswzl| behave

appar ent Eﬂiﬁfﬁﬁt%ﬁ%b%?bié@ﬁ&é@s%&% gﬂlée‘é&%? ARSI i g Some

cyclic (zmdenﬂlarenbnecessuyt@rmct, urrfm@mmssi aqcx ammonég (Used| d of the

desired prodggasg reacti on, as wel | as separation. In addition,
there would be a sig flcant . £ % g_ﬁ %éléoreSE_nt hat woul d need
to be continuously pdRfPICRARRONOLIA ®sustain the

?K&/ ivity of téeespondingsdinitrile is descnbedan S. Pat. No. 4,885,391. ‘I'Eiswf O:hTHE
ENTI ON | | je&ct of the
oresent | nvemscg)ﬁesp}?hydrogeﬂaﬁoﬁ og‘ﬂ ﬁemgltu?ﬁ%ﬁr:{eutpezsangx}ﬁgv\fpr assur
process For pertamsthy mm@mwxqgmmpmmdmm catalystae and/ or

ami nocapr oni {Kd prRserfé of 0.5 to 4.0% by weight of water, ata temperature of about 80
to 150°C, and at a pressure of about 400 to 2,500 psig. While it is not
obvious whether a branched aliphatic dinitrile will behave in the same
fashion as a straight chain aliphatic dinitrile, it is apparent that the process

30 makes a number of by-products including some cyclic condensation
products. This would lead to a lower yield of the desired product during
reaction, as well as separation. In addition, there would be a significant
amount of water present that would need to be continuously pumped into
the reaction vessel, to sustain the activity of the catalyst.
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hydrogenating adiponitrile in the presence of a suitable sponge cobalt
catalyst, substantially free of pIHiS S]Qﬂgam.\g BEERY and/or water. It is a
further woos/BBioect to provide ja conyepl gotpWay df regener BCTIGIHUs052
catalyst -in situ, and t herlefe+er—ert-enrd-t-hedef fective |ife of the
catalyst, a feature deerred I al process.

Thus the present invention Wéﬁmmﬁ Uess for t he
continuous hydrogenation of adiponitrile to hexamethylene diam ne and

optionally to am ”OCﬁPﬁQW 61{%%%%&;&@%?%&%?&@&%%%& stbbst antially

free of caustic conprisin 5 contacting
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per cent bi sheéﬁbﬁdf?ﬁ’{enet Ible m ne ?gggféars I'n e reactfagnang
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amunt of a i VPR édi\vbﬁeat'l@m hipg ﬁxdﬂi‘@fébm omtnletoV\D 98/ 43940
PCT/ US98/ 060 ED” DESCRI PT] %e THE | NVENTI ON
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Wiile the in %YF@W(EWW%OM tp\AMIRQEapTomy r .the
productizg of any st (#) gohtinbousy addingaidiponitrily eotheseactibromediinmoni trile 5

froma correspondi ngéggaﬁauat g?&s@ fh %13%*&%§{ehéﬁmgﬁmg%um trile in

whi ch a spong1 e inventron wll be
descri bed i noptienally arwmqapmmmleefrqm&w%mp medim; ek such production.
The present inventi ofjy)srekb&ingtte hexabretliyiene dRnndiaé and optiosally the
aminocapronitrile.
25 The above process accordmg to the present invention further
provides for controlling the productmn of side reaction products by the
further steps of:

(i) adding water to the reactlon medium when between 5 and 11
molar percent bishexamethylenetriamine (BHMT) appears in the reaction
30 product, and :
(ii) discontinuing the water addition to the reaction medium
when the level of BHMT in the reaction product drops below 1 molar
percentage.
The process according to the present invention also prov1des for
35 the rejuvenation of the catalyst, in situ, by the step of periodically adding an
effective amount of ammonium hydroxide to the reaction medium.
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convenient, |owtenperature, and | ow pressure process for the continuous |0
production of hexanet hyl ene di ami ne and/ or - am nocapronitrile, by
hydrogenatlng adi ponitrile in the presence. of a suitable sponge

cat alyst . WO984394% such the process may be of great use forP ?ﬂg Wr ci al

producti oh of hexanet hyl ene di am ne and/or ani nocapronitrile.
As will be later 1llppigt efh DESCRIPTIOPOFTHENVERIION | S 15 typi cal l'y
initiated by contacting, preferably in a stirred or otherw se well - -

agitated autocl ave reactor vessel, the desired product and hydrogen under
pressure in the pres}?hﬂeﬂm‘maem:sislfeltsoIbetgeneramgldpphewblbfomatl nuous

addition of th c he desired
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i ncl udes on uct(ﬂn he h {. %Pﬁtlo reaction substantially free of
wat er and/ ocontext ol @ preierded RIRGEST I FUE uction. Preferably the
catalyst is a fi nelyfhﬁpte@&rﬂmﬁmuunumbcfehmbekeﬁasenmm&ﬁed ("chronium

ﬁgg glnCleglt eﬁagg&hg&o%}o@um] ?raﬁﬁ'g aﬂ:{d lcﬁr ?ﬁgﬁ‘lleprgcqss fopﬁﬁaéopn e which

on cture of a

netal , peef qaraqupoa qfdmamﬂmleqeedlgmm or amingcgpegnitrile,ihyh
di ssol ved alﬁgt ﬁlkﬁqnéweﬁeeafa%ﬁitﬂné% onge’O aastag%balt

nodi fied wt one e rormter t ro consi, st
e.woq%nmv Rt RIS fof s e pradsein el e
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ni ckel ,
sponge rret alhexameth;dﬁwdmnﬂmeaidiormnﬁmaprmmrﬂe.ce hydr ous oxi des, adsorbed

hydrogen radi cal s, Aswél\}g.g?%g?'gf“??g%‘wqﬁé E%ﬂlgleﬁqﬁ&%%&?»s lsSuch catal ysts

are commercially . . . and Acti vat ed
Met al s, 15nd typisaly initiatedhry contacting, preferablyin dstisred gretherwisewel-and 0.5 to

6. 0% by VVe't %iﬁtatﬁd dﬁtﬁdﬂﬁ%l reaceR véssel, thadasired prodﬁﬁﬁax%d’l@di'b 26‘{(2” 056
preparing the are scl ose C , : :
The process RfF &’8%‘?&“?%9@?\??‘&%%“‘6%“%@? ‘?’ﬂ%‘%’ﬁ“ oud fixed bed
.(t ri ckl e- beddddition ofithe reamwstmbwadnmmglla spamtgachingdhe desiredy st .

r%ﬁ.glt m&. fo at al yst the
' cat alyst is I'n © z&#r Erﬁ?nu eseHéf\x/ﬁli%bd%s rtlo?:ﬁﬁlipl ze |yn t he
" range oﬂoabdﬂﬂn@t@Y@etstimgh ec o °'(“€¥t’6)'<§°?‘3“?§1 @&QEW FF’Bn’pI oyi ng
the process theieRamples).uAnYinportaat embodimeritafhé inviehtion dichidest is in

e b A o ety o st il 1, 7

hydr ogenat i oilute gsaustiorsoduttorbe carried out at a relatively | ow
tenperature ranging P&E‘é‘iﬁﬁ@ the chﬁlﬂs'é@s[ Qﬁh]:@-div'i&@élﬁf)ﬁﬁﬁtﬁcﬁnd nickel" ange of
tenmperat l'Jsr © xtx?lgldr}?edS(Qc %n:ai%m ancfj‘ mckel prom ed rsgor?grer Cobalt ar}gﬁspo%lggg
metal” is one which has an extended porous "skeleton" or "sponge-like"
structure of a metal, preferably a base metal (e.g. cobalt ot nickel), with
dissolved aluminum, optionally containing promoter(s). Sponge cobait
modified with at least one metal promoter of the group consisting of nickel,
30 chromium, iron, and molybdenum are particular useful. The sponge metal
catalysts also contain surface hydrous oxides, adsorbed hydrogen radicals,
and hydrogen bubbles in the pores. Such catalysts are commercially
available from W. R. Grace & Co. and Activated Metals, and contains about
0.5 to 6.0% by weight chromium and 0.5 to 6.0% by weight of nickel. Such
35 catalysts, and the process for preparing them, are disclosed in EPO
application No. 0,212,986.
The process of the present invention may be performed in a
fixed bed (trickle-bed), or in a slurry phase using a sponge metal catalyst.




70 to 100C. At | ower tenperatures, the rate of hy_drogenatron react.ion 10
becomes too slow, and the proceg he tenperature of the
iTm% pr

exot her myyo fBABH4ON becones t oo ctical. CPCT/H8IsMEHRr
hand,- hi gher tenper atur es usual lfy indB tron of undesi r ed

condensat i o roduc th end up as_a t ’

sel ectivity ene r%‘%?r%@ bﬁprﬁﬁg@ gﬁnﬁ\g@edr ani ne
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adi poni tri | eatalystasicfinglyrdivided N@E yaless thangbeg‘g H"ﬁﬁ!?% 773, 832,

is carried t prsRireliratigabein umo 0 tenperature, and requi res a hi gh
£d Qést pRefetreliraiig g W

| overs the | nves: ment RO by &igtRalon Pilcton can BeBaiGLaltRGTES, 0 JTH 1
hydr ogenat i aelativehyt lrountempermmgmmqon&smrléﬂ C the preferlregldr oge n
rangi ng froy%eeae seﬁgtsote 123°0, hd HREEER GG f ndd fgebeing

reactants a f 0dUCI'S . hecessa &F m@.rcra
desired pr ocﬁﬂcﬁo(&mpe At @%ﬁ!r‘%@l’ﬁ?ﬂ”é&s hydeo ‘?%Wﬂgr ).
However 1 ot heyebfifes 166 Slowaaid thé peaessbf oentrolling tictentpetatare 6fthe MPa t o

S Ry i1
i nvention i shand, hxghentmpmmres)usu%lamdwwmmfonamnn mdastred the yield of
hexaret hyl e ducts that%ﬂd"\gﬁoé%ﬁertésﬁ mttbeehsaeamyposm bl'e

conversion o s _of hexanmethyl ene
di ani ne and m}‘ié@aﬁg'@ﬁ ‘{égif?é e;qq,meﬂtylene)gépgpeﬁb condi ti ons

i ncl udi Rg t e4raRIoeh: proditride)essur e, hydrogen flow rate, “anount and ki nd
of catalyst, nature nd absence
of added i norganic bﬁglﬁﬁﬁbﬁ%ﬁpﬂg% bgél}a nﬁg%cye%géf{:lﬁ&ﬁf\féﬁﬁSnaﬁary bé

pur pose of tperformadeatirelativelynlow prqssurepaa'bewrreaﬂy yraqtreeérepmmak the uni t
wei ght  of a dtéfﬁ B atirgdipéhi frﬁecasvdesaabedmmsmmst vei ght of

t he cat %g :l’g adi on| rile ?11 adde&l to the reactor
such that th¥7 584 32,18 out under ghpress

space velgoci feynpseratace, rmdrreth'es a hlgh mlvestmdne Thegdvaitage &f msmga@owrhen

hexayl ene d'Sf’é}eﬂ%ﬁﬂg erre RrIBWth}{eEin c&?ﬁf&&%&'ﬁ Cts

respectively space velocitles tor ad grt th se which
maxi m ze hexpmSﬁyl WBW&%W@B&B@WQQ"'N‘@ sggeeg dily 5

det ermi ned byyarfye; a@h b Fbrh ?rédaﬁreaédfﬁuﬁnﬂm ﬁxﬁﬁitﬁﬂtdceqﬁhbleeﬂdw bflues. Wen
the rate of adr onrt 95 Il on isbelow or above t stated space
vel oci ti es, MPKR‘E‘& aéygoro t°H8“E%f§’ra¥85° r?gtﬁ%’s) di m ni sh
drastica@gy, desamdpnoﬂgcﬁ(s? lb(pmessucestaﬁly:sstlmntzmmpyl i30S ened life of the
catal yst However, the preferred range of operatmg pressure is from 100 to 1,500 psi
(0.69 MPa to 10.34 MPa), the most preferred range being 250 to 1000 psi
(1.72'to 6.89 MPa).
A critical object of the present invention is to maximize the
30 selectivity, and therefore, the yield of hexamethylene diamine or
aminocapronitrile, at the highest possible conversion of the starting dinitrile.
The yields of hexamethylene diamine and aminocapronitrile depend on
operating conditions including temperature, pressure, hydrogen flow rate,
amount and kind of catalyst, nature and concentration of solvent, presence
35 and absence of added inorganic base, and space velocity, and the like. For
the purpose of this invention, the term "space velocity” is defined as the unit
weight of adiponitrile fed into the reactor per hour, per unit weight of the
catalyst. Typically, adiponitrile should be added to the reactor such that the
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10 The reactors useful for perform ng the continuous operation
according to the instant inventter e-tde—general | y any conventronal
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Aut ocl aves EngeisEmined byqthose mgmrrumg chnventionghtachniques
Hast el | oy-C mdzhtaoﬂadipommlélddmw&d is Béluwion gbbvetetetein stated é;M%\AP) of ca
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driven by andmm y,rremitmgmhwemmst@mlm and ishemeneddife of the noni t or ed

with a strob§§%ggrtc light. The reactor was heated with a 400 Wat t

ext ernal ban ter he reagtor was provided with a
t her nocotl e insert, Theseasters useful fgr p °%’&gttﬁ5‘=@1t§§mé‘ﬁ1°(’§?a@°? dip | egs
fitted with accordiigs jorthe drsstattdnverftion include genemtignanyfconvéntipnall addition in

toth t t |
ydr oSeLei‘,Ssi’*&gr%‘%ﬁa@ésF&% o ExAERUEoe SlelTEAies includt RS pb€oPoCY L IO
hol | ow shaf t listited+e, pipg ‘Hrfeact?lbcﬁglm%@rﬁmmmqmmdbme react or
was met er ed JBHhoiR édctire AP¥xample Oefébﬁbbl]e oORtfin rédRtors WHidH The

pressure in the_.re was narnt back pr re 35
regul at o3 A&PB@H?"??‘?&’?W&E“%M gFVqu@El mg 8h§atr Cf"tﬁz mg an |sco
syringe purrp]}e’sﬁﬂﬁnemrofapl)xgﬂowandcontmuousstlrrEﬂetaﬂlembtmtshmbmnect ed to a

éo: : tegi egrgggﬁwé%égr nni nE%%eaé'gggmlﬁa &ﬁ%nﬂ%ﬁeeﬁﬁgp%q anrfat '

speci fied tifRctayr bevenspiel.7 and 16 hours tine intervals). The sanpl es

col | ected from the prigsldss othemeisy Speciied, tneh etb genatich ebadipy &ﬁtﬂilte dard 1
anaar (0]

| sopr opan ol.v Qycl,ododecane was er nal
t he prod%@t (s‘g e‘;h’dﬂ’ﬁréh e ?W‘S%&’éﬂ%‘@?'{‘ ‘?’39@ %G AU ?Yeary gas 5
chr omat ogr apfdesxgned and fabncated by Amutediave Bngineersp Fhei 300cmt rehetbrtms fol | owi ng

I
11 ust rat 2r3°°“5‘g§£f§. PlaBpS-CWih ¢ Ml RETRIG WA SRR PR e

e
i nvention an P’e%o%ﬁg ¢ mixipgim the ¥ACYEWAS| ni ti ng and are
meant to il ysiforinedtvwith a nvagneticallypeéupledimpéllerOmoutiedron 4 Roldew shalft| v

limting,kn 3% d#fen by an electric motor. The speed of the stirrer was monifotedP' € 1
with a stroboscopic light. The reactor was heated with a 400 Watt external
band heater. |

The reactor was provided with a thermocouple msert rupture
disc, and two 1/8" dip legs fitted with 5 mm stainless steel frits, meant for
30 liquid addition in to the reactor, and product withdrawal from the reactor
respectively. Hydrogen was continuously fed in to the autoclave reactor via
the hollow shaft of the agitator. The hydrogen flow rate in to the reactor
was metered and monitored by a Brooks® mass flow controller. The
pressure in the reactor was maintained with a Grove back pressure
35 regulator. Adiponitrile was continuously fed to the reactor using an Isco
syringe pump (260D series).
The reactor was connected to a 1 liter product receiver through a
let-down tank. Samples were collected at the beginning of the experimental
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HVD Synthesis in the Absence of Wtery TM%-EE'E*AA% 120
Grans of HVD, 0.6 m caustic solutiol i EEEN hydr 15
grans (7. Q¥ y catalyst in 7.5 ¢ vat eREPICED  pfeact W‘Z@?wé&
Raney[err] cobalt catalyst (WR G ace_Zr24) were toaded in the

P eure { aulgh; s‘g‘ﬂ@‘*m‘*‘%’a’g' "“ﬁ?ﬁé‘#“‘ﬁ?ﬁéﬁwa& VEpe U TS ﬁ&d'
Syt renciver Heraneling fd &ssgw ihed on

| eaks, the rSBHDIEsC
(1200 20 r fsgpropanciqsolvent): Qyctedodeeane was added asapinternal standardaohi eved,

back. S?SESLr%e prodic 3pHpf ifFaifipadia s SO frcl Tibkpry ROUBBIIRS "2, "

sccm ADSl weehrematograph. continuously added to the reactor at the rate of 12

granms per hour. The H%h@uldbea e&hﬂiﬁtﬁﬁtﬁxﬁ%ﬂbﬂﬁi&éﬁa‘iﬂ le§athe reactor was
10 hours. The gﬁgﬁ) ction ct ’czllé&trlbu(% n as a

f r.
function of RIE %{I’P&%ﬁ'}lLYs %N‘ °md%*‘§h%‘g}‘ am of
L0, sttt s et
Coupl ed Pl a\%it ?%&'l%ﬁ&ﬁ%s a%é) %tﬁ%\xstratf tiehfi gtn strgam Al so,
aqueous19mnm¢%nﬁtﬁ>h9rlmd“&ﬁéh§?ém11bﬁn30®@hdded 30 after 816 hours and

stopped at 888 hours and again started after 1035 hours and conti nued
until the end of the experinental £ tlg purpose of the addi ti on of
ammoni um hydr oxi de was to denonstra u rej uvenati on .of t he
catal yst.  HMD Synthesis in the Absence of Water and Caustic: 7 VO
98/ 43940 : ; ") -

PCT/ US98/ 06052 120 Grams of HMD, 0.6 ml caustic solution (50% sodlpxgl o 1

a
Time onl5  liydrexidekeand 15 grams (75 g of dry catalyst in 7.5 pwaeRd ©f Di st ri buti on
Stream (hr) prgaetpfatéd Rahyy® cobﬂt@dt#lﬂ (VOR. G@@ZY%) wWey lb&ﬂed“ﬁ\ihé%

g HIC\)/IT (A4 0.0 ;Oeactog. q}\g abltoclave wgs ge)alid, flushed with 5%@9&711 sever%P Hg%s g.nd 0_ 0
0.0 0.4 pressuretetedat 500 psig.] After ensuring that thére were no leaksy thep 0.0
(2)' g 8 g reactor wa%é%ag:d to7 5°C]%gl %e agitator s é 081 (1200 rpmggAé 8 8
0.0 @9  soon as theslesired reactign femperature was ag&ze@ the reactogpregsure (o g
0.8 0.5 was set to 500 psig by adjusting the back pressure regulator, and the

~ hydrogen flow rate was set to 600 sccm. ADN was then continuously added
to the reactor at the rate of 12 grams per hour. The hold up time of the
product(s) in the reactor was 10 hours. The production of HMD and the
25  product distribution as a function of time on stream as well as the grams
ADN fed per gram of catalyst are presented in Table 1. The presence of
" caustic (sodium associated with the starting NaOH) was not detected by
Inductively Coupled Plasma (ICP) analysis after 48 hours of time on stream.
_ Also, aqueous ammonium hydroxide solution was added after 816 hours
30 and stopped at 888 hours and again started after 1035 hours and continued
until the end of the experimental run. The purpose of the addition of
ammonium hydroxide was to demonstrate in situ rejuvenation of the
catalyst. |

- This Sheet Has Been Rei

" A




10 . 240.0 371. 6 2739. 6 98. 6 0.0 0.0

1.2 288.0  445.9 3292.6 ° 99. 2 0.0

0.0 0. 336. 0 520.2 3843. 8 p@ﬁ/uggsmsosz 0.0
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2.1 arative
run of Exanpl é8410vvas r%éat ed excB9 120 954 gOhs of 29
et hyl pent anetsfyd enedi gggigne ( MPMIps1izglesi r edyzpr oduaiy) was 0.63 523 used

I nstead of HVD_and the_reaction arrie ut at, 130[ery] C instead of
75[err]é5 The #%8ul t s {?Oll cated }t,\%Z%ft he rggg‘?tion 000% met hd)’/(i glutaronitrile

(MAN) satier t hestiove oper@éhg condi7@i ons O i mar ity prasduced
undesirabl e sigg, gotPy oduct s. ¢skpg resuldgigng dgg@ are ggeseyged in Table
A . 8 VWO 98/ 43940
PCT/ US98/ 0605 %$24.0 966.1 7098.6 97.5 0.0 00| 23
Time on gre7dN Fedbsos  HVD 7627.1 93.1 0.0°r oduct.o Di s&.5i buti on
ST Rl T g (b A (1 (4
0.0 780 24180 86687 2 93.1 PG 6%% 5
14- 0 1. 40160 15 92633 91884 936 - 00 00 64
864.0 1337.6 9719.8 9%6.1 - 00 00 39
888.0 1374.8 99882 96.3 0.0 00 37
25 941.0 1456.8 105774 95.3 0.0 00 47
987.0 1528.0 11087.4 94.7 0.0 00 53
1035.0 16023 11615.3 945 = 00 00 55
1083.0 1676.7 12160.2 976 00 00 24
1131.0 1751.0 127032 976 00 00 24
30 1179.0 18253 132425 97.0 00 00 21
'Comparative Example

The experimental run of Example 1 was repeated except 120
grams of methylpentamethylenediamine (MPMD) (desired product) was
35 used instead of HMD and the reaction was carried out at 130°C instead of
75°C. The results indicated that the reaction of methylglutaronitrile (MGN)
under the above operating conditions primarily produced undesirable side
products. The resulting data are presented in Table A.



48. 0 74. 4 20.1 _ 44. 6 12.8 0.4 22.1
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120.0 . 185.8 10.9 60. 8 9.5 0.9 17.9
10 *3- met hyl pi peri done . . ’
Exanple 2 In a. mand@blefal ogous to that of Exanple 1 a

second run Wgge dw @ﬁrﬁ@qﬁg@d at gsenti al identﬂaadtmdiohi ons except ~
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Table 2 20 odinme on 00 gm ADKEed/ oD 0.0 0.0 0.0 Pr oduct
D|str1bu Stre (hr) g f Cat t Pr ced m (9
ACN ( EDN (%o BHMT( 9 3 r§'6°. a&s\’ss ll%” 149 1%“3
100. o 0.0744. 0.0 201 24.@6 B8 o> 04 278.7
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98.0 0.0 ¢n @ manner gnalogous to thagof Example baseeondrunwas 3807. 4
gg é 15 OBQrformed Qto&sentéﬁ ientital corxc111::),13i‘_ié1 eXcept waéer?)ﬁgs &dded 4;1222 19
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9 WO 98/ 43940
PCT/ US98/ 06052 o Table 2 _
20 Timeon gm ADN Fed/ HMD Product Distribution
Stream (hr) - gmof Catalyst  Produced (gm) HMD (%) ACN (%) ADN (%) BHMT(%)
0.0 0.0 0.0 100.0 0.0 00 00
240 372 278.7 ' 100.0 0.0 00 00
| 485 75.1 563.1 100.0 0.0 00 00
25 91.0 140.9 1056.6 100.0 0.0 06 00
120.7 186.8 1401.1 100.0 0.0 00 00
145.0 2245 1683.6 100.0 0.0 00 00
169.0 261.6 19623 - 100.0 00 00 00
190.0 294.2 T 2206.1 ©100.0 0.0 00 00
30 219.0 339.0 2536.8 97.7 0.0 00 23
2587 400.5 2993.0 98.2 0.0 0.0 1.8
284.0 439.7 3280.2 97.2 0.0 00 28
308.0 476.8 35519 98.0 0.0 00 20
3310 5124 3807.4 97.1 0.0 00 29
35 354.0 548.0 4062.9 963 0.0 00 37
3710 583.7 4318.1 96.4 0.0 00 3.6
418.0 647.1 47725 952 0.0 0.0 45
4480 693.6 5104.5 95.5 0.0 00 45



471.0 729. 2 5356. 3
494.0 764. 8 - 5604. 0
517.0 800A 5852. 6
540. 0 WODSH3P0 6098. 6
584. 0 9041  6567.5
607.0 9 6809. 43

. 2 56.3
630.0 9%2‘.% 729 7043.71
653. 0 1018949 7648 7074 %040
680. 0 10537.0 8004  7537.5852.6
éOS 702. Qo0 1086,8 6008.6 ' 143

Addi ti ors of [3840te Ch¥M44ic Sol ut§6hs

anal ogous
essenti al |

to
ntical

y igglg_@t of dgyanple 1 aggphlprd run opa

condi tions_except 1 wt % aqueous

94. 2 0.0 0.0 5.8

©93.7° 0.0 0.0 6.3
93.0 0.0 Q' 7.0
92.1 0.0 Pﬂ"gs.’g""m?. 9 5

91.7 0.0 0.0 8.3-

999-4 o0 0.0po 58.0 9.6
87.3 0.0 0.0 11.5
%8.4 00 g M0 6h o 12.5
986. 2 00 0. 000 70.0 13.4
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VGG perpgr megls at

caustic
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WD 98/ 43940

PCT/ US98/ 06052 ' | Exanple 4 .
Sel ect i vewSyssidssi®i s of Ami nocapronitrile: _ PCTHS™UOR2un was
performed in a manner anal ogous to Exanple . 1, except the reaction was

carried out in a 500 cc autocl ave aﬂ%ﬂg grams 5 of HWD, 0.6 m caustic
sol ution (50 w % sodi um hydr oxi de), an ) grams (5.0 g of dry

cat al yst i n Selective8ynthgsis of AminecapranibtileRaney cobalt (Grace 2724)

were | oaded in the r rud Was peeforhtddn &' maklér Waalogeus i FERSRApRY 18
grans per hour at a ﬁgﬂ%gﬁﬁg tinme O‘fdlltl hgargs. ‘Il: elarvdggmdtidw data are
present ed i nl,GX¥GERE the reagtion was carried out in a 5U) cc autoclave an graMSTapl e 4

Time on g gsf USMED[8.6/ml caustic solution (50 wt% sodium hydroRidediand 19 gtamsout i on

gt (r)eam (hr) (Sgg]ggif @E@{a}’y}‘i in 5.0 g water) @%ﬁ&@%ﬁ@%ﬁ@%a&wgy% 15

2.3 2724) were loaded in the reactor. The/fgedgate of ADY was maingaiped at (_o
%833 - %%%56 per hour at a hold up time oggl.g hours. 'ghtgresulting %atgare g é

26. 3 prssented in Table 4. 58. 9 16.2  23.6 0,020
42.3 19 175.0 " 49.5 - 26.9 21.3 - 0.0
50. 0 1742 1 24,2 19. 0 0.0

66. 8 232.5 Tabjg, 24.5 28.5 0.0

74.3 258.6 29.6 25. 8 42.0 0.0

90. 8 ' . DN Fed/ © 35.0 . 25.RogctDickfubn 0.0 25
95. 3 g‘%‘?"% gm ADNFe 26. 3

253 . 46. 1 0.0
Havi ng.t hus SeseitrhegmahealBenpl ified t hdMIACENt AGH GF t4PMC4) BEMTEA ¢ i
degree qfg partggcul arity,oet shoul d be appr esioat ed vbat theofol | @ ng
clains are not_.to be so Hem'ted but are to &eo affoBged a &&op'e &Em"rensur'ate

30 with the 2\7"_7ordi ng of “each el enment of tllle cl ai mand equl val ents thereof.
CLAI M5 W83 aim 322 1. A proc¥ss for 00he co®fi nuothd '
hydrogenati on \gh adi pongigile to hexanggdyl enggodi am gg andggptional |y
to am nocapronitrile in_a reaction 5 medi ym whi ch i s s%étanthgl ly free
of caustic com¥sising tREsteps of: 583 162 - '
20 423 175.0 - 49.5 26.9 213 0.0

50.0 174.2 o 53.1 242 19.0 - 0.0

66.8 2325 : 43.7 24.5 . 28.5 0.0

743 258.6 29.6 25.8 42,0 0.0

90.8 316.1 350 25.2 369 0.0

25 95.3 3318 ‘ 26.3 253 _46.1 0.0

Having thus described and exemplified the invention with a
certain degree of particularity, it should be appreciated that the following
" claims are not to be so limited but are to be afforded a scope commensurate
30 with the wording of each element of the claim and equivalents thereof.
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(i) contacting adiponitrile and hydrogen in the presence of a sponge
cobalt catalyst at a spac vulUblL ladi ponitrile and catal yst of
LT RS BERN

between 0.5 h[err] and 5.0 &;]‘ rieacti on nedi um
subst ant | Q9843940 ¢ oo of| causBREPLAGED wat er] at a tem%a%&he—@s—di@q—o—

150[err]C and at a pressuré€ I0 Tess than 13.79 MPa (2,0
sufficient to convert at |east a CLAIMS on of said adﬂi‘lm ﬂ"“ﬂ“ﬂ““'
hexanet hyl en@ d¢ m ne and optionally to am nocapr on

(ii) continu Pt udi ng adi ponltrlle to said reaction nedium

(iii) continlously rArprocesgf reentintouschyidrogenationof agiponitile tonal | y

am nocapr oni (V)
recovering sgl’%hﬁet%net g ﬁﬁgﬂ?g}]%g%ﬂmmﬁ;mamamm
‘ani nocapisoni e djum which is’spl stannal £8 OIRPTiS eistens of: o

gorprl si gg 3011 (i) contactingiafliponitrile drogen fifn the preséricervfuedi ;Jm when
etween 5 an appear s
in the react RAPE® comlb%%&ﬁ Q&gﬁﬁg}eg&hgﬁ%&[{%@hﬁﬂq l} 'SCO t| nui nglo!tO he

wat er addi t i oficaustic aba texaperatme o£2 5mn150°Canﬂ@hapmsmmt00?,0 psig
bi shexamet hyf&%hhb%meﬂtwmvérﬂaéiasstraeﬁsmbarbf%ﬁxda Sistudle tgr ops bel ow 1

nol ar per cenf age. rocess O 1 wherein the anount

of adi pdf t rhwaamethylengémenfi&mﬁgﬂf!éé&wqaemﬂm $s from0.5 to 5.0
grams/ hour per gram (if) continuouslysdddiig adiponitrile toéhaldreacuoﬁ hediumgess of

of “at Teast one of. ¢ A0 gobbiEe FapBiine ffpilchlytene dianiingpd 0. | 7 3T

and ol ybdenomlomﬁly amocaprommlnﬁommdas@acaﬂn@qimman@rt her conpri sing

. the step of vy HebcVerin myleﬂwmtﬂmem%;mnﬁnyemaeact i on
medi um t o reJ uven te said catal yst.
12 15 aminocapronitrile.
2. The process of Claim 1 further comprising:

(i) adding water to the reaction medium when between 5 and 11
molar percent BHMT appears in the reaction product, and
20 (i) discontinuing the water addition to the reaction medium
when the level of BHMT in the reac’uon product drops below 1 molar
percentage. :

3. The process of Claim 1 wherein the amount of adiponitrile
25 - supplied to the reaction medium is from 0.5 to 5.0 grams/hour per gram of
catalyst. :

5. The process of claim 3 where the sponge cobalt is modified with
0.5 to 6.0 weight % of at least one of the group consisting of nickel,
30 chromium, iron, and molybdenum.

6. The process of Claim 1 further comprising the step of
periodically adding an effective amount of ammonium hydroxide to said
reaction medium to rejuvenate said catalyst.

nlii|i|‘||“iiﬂ’|i|°|“|||’i
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