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am nonitrile using some oRakerKOINW OPT @EESSIAYEREYOROt be as high as
desired, and the anobunt of tThe complete hydro- genati on product (diam ne)
i s al so gener &nipdiiigidrl esharede- cdiased 025 MS3Y8EL2 7hand cAdG0L 64862
ment | oneq. 3hove Aesehipe d Negdise ah serhaid additives,| L ihg,partial
hydr ogenat’i on proc- ess to inprove the §1e| of and/ or "setectivi'ty to the
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Aminonitriles can be produced by catalytic partial hy-

drogenation of dinitriles. See, for example, US2208598,

15 Us2257814, US2762835, US3322815, US3350439, US3591618,
US4389348, US4601859, US5151543, US5296628, US55126%87,
UsS55279246, US55886127, US6080884, DE836938, DE848654, DE-A-
19636768, JP-A-9040630 and W0O00/64862, all of which are in-
corporated by reference herein for all purposes as if fully

20 set forth. However, the yield of and selectivity to a de-
sired aminonitrile using some of the known processes may not
be as high as desired, and the.amount of the complete hydro-
genation product (diamine) is also generally higher than de-
sired.

25 US5986127 and WO00/64862 mentioned above describe the
use of certain additives in the partial hydrogenation proc-
ess to improve the yield of and/or selectivity to the de-
sired aminonitrile product, and/or reduce the amount of
fully hydrogenated product (diamine) produced.

30 We have now found new classes of compounds that also
effectively function as improved yield and/or selectivity

additives in the partial hydrogenation processes such as,

of



- 1 WD 03/029191 PCT/ US02/ 33254 for exanple, those nmentioned in
previously incorporated ref- erences. SUMMARY OF THE | NVENTION I n

accor dancwowsiione aspect of the present invention, 5 tRrerasiy3nsovided a
process for preparing an amnonitrile froma corresponding dinitrile by

cont act i gt N8 AN T it it dhud SNl OGSO ING Ll J LG i esence

of a sol- vent, ydrogenation catal yst "and ‘an additive to | nprove the
yi el d of earellaws selectivity to the desired aminonitrile 10 product,

characterized in that the agdi tive cogﬁri s§§ Qo auas ternary ammoni um
cyanat e conpound. Anot her : k510 —+Hvention relates to a

nmet hod for i mPWHRbARGAE &t o HsPetelacting i-d- AN i AERARYL il e
obtai ned by partially j{kﬁ/drogenatl ng a corre 15 sponding dinitrile with a
hydr oyen-tdwieaiid mydvided isn anase sy doanhdd epfani nsolaye minehis tiylér ogenat i on
cat al yst,c.comrigs...| f rtiall V. nating.the dinitrile in
the further preczoerr#cee%%o an. e?ﬁggﬁr@geaﬁur%no q:lz’it%% dgi elgielncl%r]ﬁllgri sing a

guat er nami tanmo mydnoanaten teonpaound1 udd lim ytefe gieiseiceazfiect sofl -t he
present invention, there. is provided a catalyst conposition conprising a

conbi nat ("6 0t CHILIRFHIGEN ST G YSAt &S BT RIS S 510 HYBE6YEnating a
dinitrilepdes ﬁ%l@fﬂdp@ﬁd’dﬁdrg;sé%t(i@it%n tfddid VR LYTH I3 iMPnid Jyat er nary

anmoni um cyanat e conpoun 5 An advanfage of this invention is that an
am nbhi t micduatan dhegaddudedd rimitdglagr tyiceladiddndier dvanpimiges ki gler se-
lectivity to the amnaonitrile with the a%ditive than with- out. These and

ernarxr amMmorlll cvana ompoun . . .
ot her featur&s Yafd advant ages o tcheppresent 30 invention will be nore

readi | y under sfroathdry ddpese off amd preaentskinverntidrhe«artt s @m a readi ng
of the follow ng de- , _ .
method Tor improving the yield of and/or selectivity to an
aminonitrile obtained by partially hydrogenating a corre-

15 sponding dinitrile with a hydrogen-containing fluid in the
presence of a solvent and a hydrogenation catalyst, compris-
ing the step of partially hydrogenating the dinitrile in the
further presence of an effective amount of an additive com-
prising a quaternary ammonium cyanate compound.

20 In yet another aspect of the present invention, there
is provided a catalyst composition comprising a combination
of (1) a hydrogenation catalyst suitable for hydrogenating a
dinitrile to an aminonitrile; and (2) an additive comprising
a quaternary ammonium cyanate compound.

25 An advantage of this invention is that an aminonitrile
can be produced in higher yield and/or having a higher se-
lectivity to the aminonitrile with the additive than with-
out.

These and other features and advantages of the present

30 invention will be more readily understood by those of ordi-
nary skill in the art from a reading of the following de-
tailed description. It is to be appreciated that certain

features of the invention which are, for clarity, described



tailed description. It is to be appreciated that certain features of the
i nvention which are, for clarity, described - 2 WD 03/029191

PCT/ USO2/w@aB4291bel ow i n t he context of separate enbodi nemCI/uSomy328d so be
provi ded in conbination in a single enbodi nent. Conversely, various

features of the invention which are, for breV|t§€ described in the cont ext

of a si n{ied BhBEdiIthENCONEF talPdo SE83 350 FMRed 18EFAFat BFY 61 SPnP&ny
subcorbi RaldyattedDEFALLRR: PESRLPTLON CrTiE BREBERRER-EVBEOLYENTS Y,
According to this invention, a dinitrile’is contacted wth a
hydrogenV@anpwﬁnﬁﬁgtmr@ﬁdOEntbﬁelpwé@éﬁ@@ whighseire,vénr, bae@atabyst and a
quat er nar nhgn1c a%e OU@d %gns tagg% dlenkrllgs aggou%g herein
have t he gﬁg‘ =S f6r QF%E%E Shh&r ELRORS) §7% ﬁy@rocarg Fefie gr odp
selthedprbwqmbﬁheega@upeQQnsmsnmngngfsabcahbyhenepnarylene al kenyl - ene,

al karyl ene and aralkglene rou initrile or com binations of
di fferent di ni PELREEERRYERRRLE AONDPBfEHEpHREEERBEPnEMBQDﬂMENTSroups

contain from %cfc%raﬁngm%etﬂ ef erallhyiod,tQ 42ni8Rd1008L pLeterally 2 to 10
carbon atons per group. In other words, ‘preferred dinitriles contain from

4 to 27, wirbr @ mydﬁegablyomtaonanguﬁlmid and thesprpseheeablfy a4spd-12,

car bon ato per d|n trile ecul The preferred type of 20

Pyr ocar BT Ene 2 BB FE taf il Ry FURES3PaGY. PERZAHDs CYRREREt SRRt 11 es
inclyde, but argtRdle Wimitedlke raei peai heirkken mMabBykakutanerulrile;

al pha, omega- pentanedinitrile; al pha, onega-heptanedinitrile; alpha, onega-
nonanedi AicErle: deyha,owbaaea@d%caﬁeﬂlhy@¥@¢@rb§1©%9 gHewR. sebected

pent adec ri _
pha,oneggqgﬁigg%b gﬁgpdlﬁggﬁggg ?ﬁy?ﬁkg%%é |n?f }Fge’z?lkenyl

met hyl - 4-emet, hp]l&ra&ydehana@dmatnallk@rleaedgc”onbl nabnensiafittride or nome

ther eof . Br cferabl v, e (GarBon abore 90 Lhe.g! ALt Lagad! MhLLiLe e

15 hydrocarbylene groups contain from 2 to 25, more preferably
2 to 15, and most preferably 2 to 10 carbon atoms per group.
In other words, preferred dinitriles contain from 4 to 27,
more preferably 4 to about 17, and most preferably 4 to 12,
carbon atoms per dinitrile molecule. The preferred type of
20 hydrocarbylene group is an alkylene group.

Examples of suitable dinitriles include, but are not
limited to, adiponitrile; methylglutaronitrile; alpha,omega-
pentanedinitrile; alpha,omega-heptanedinitrile; alpha,omega-
nonanedinitrile; alpha,omega-dodecanedinitrile; alpha,omega-

25 pentadecanedinitrile; alpha,omega-icosanedinitrile; al-
pha,omega-tetracosane-dinitrile; 3-methylhexanedinitrile; 2-
methyl-4-methylene-octanedinitrile; and combinations of two
or more thereof.

Preferably the carbon atoms of the starting dinitrile

30 are arranged in a branched or linear chain. Preferred exam-
ples are adiponitrile (hydrogenated to 6-aminocapronitrile),
methylglutaronitrile (hydrogenated to two isomeric aminoni-

triles: 5-amino-2-methylvaleronitrile and 5-amino-4-methyl-



30 are arranged in a branched or linear chain. Preferred exam ples are
adi ponitrile (hydrogenated to 6-am nocapronitrile), nethylglutaronitrile
(hydr ogeraDed/oea9t wo i soneric aminoni- triles: PCT/US02/33254

S5-ami no-2-nethylval eronitrile and 5-am no-4-nethyl - 3 WO 03/ 029191

PCT/ US02/ 33254 valeranitrjle) and al a- dodecanedi nj hydr ogen-
ated to O COFHIOl <h A ARG A o) SRS STesT dtrad I rir A2

adi poni t ridedy hecayse dc;zsfésqicﬁféllﬁge HRGeNa1 &)i on T@fé)q}if‘etﬁerred
6- am nocapronitrile, is a well-known nmononer 5 for pol'ynerization

appl i cati tmrkﬁ Hyﬁjr%ﬁé?ﬂf@érﬁlél%lwaﬂﬁﬁ d tearrdeaisias |h’}’dtll¢éie|%ren- tion
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hydrogenatea I'tri'le to an amnonitri term
i quid, dax golymidrizEta diy dipgpdearat coent ent |n the fluid can range from1l

to 100% preferabl about 50 tao about__100% and nost preferably 90 to 100%
by vol umb.  TREYIEEERES SRR E Edhy oG 7 B0 Real RSty I G iPyen

subst ant italdry a@l%ﬂ@/@@&%x&aas Big fRliding afidd-dfer MG @IRN i & ke
hydrogen-containing 15 fluid) to dinitrile is not critical as long as

suf fi ci erelagfdrvisgen Hysinaoesate o dgrodudd & e @éslarr@dloamtrmrllet ri [Tae
Hydr ogen g g:frrgeJ}elr 4y Nsed.J R S é&g@ﬁ F!égro eN R §SSULgs, % erally in
eo

t he rang abou 0 to about out- 0.457t0 a out 89 MPa),
wi t h1(f r omcatrauit ZQ0 tithe Z(lxﬁbbtdanl&&@xg@slfgo@rahomo 1104)8; t praffeutably00 MPa)
preferred. Any solvent that conprises eit her ag}ll d armDnl a or an al cohol

can be uS&PY Ih&q ARG g0 Wh@”éoﬁt?éﬁ’[ PHSISF G Y 199k 18P FoRYa in the

sol vent GRN ynRNge queorZBI%bé@Htl 2@ £ eahQit KLU - %fo@{t%alnﬁn@b%hléo to
about 100% and nost pr ef er any about 8 %td about 100% “by wei ght of

total solis samstamtsigddtvampuing Ihydnegen iggsi-d ammonia i s pr eferred.

However, if anf aél (%n%qar rat‘%losoofp %%%tgelnn ¢ he t%m \fle%r’ogene containing

15 fluid) to dinitrile is not critical as long as sufficient
hydrogen is present to produce the desired aminonitrile.
Hydrogan is generally used in excess. Hydrogen pressures
are generally in the range of about 50 to about 2000 psig
(about 0.45 to about 13.89 MPa), with from about 200 to

20 about 1000 psig (about 1.48 to about 7.00 MPa) preferred.

Any solvent that comprises either liquid ammonia or an
alcohol can be used in the invention. The concentration of
liquid ammonia in the solvent can range from about 20 to
about 100%, preferably about 50 to about 100%, and most

25 preferably about 80% to about 100%, by weight of total sol-
vent. A substantially pure liquid ammonia is preferred.
However, if an alcohol is also present in the solvent, the
concentration of ammonia can be adjusted based on the quan-
tity of alcohol used, which is discussed in further detail

30 below. The molar ratio of ammonia to dinitrile is prefera-
bly about 1:1 or greater, and is generally in the range of
from about 1:1 to about 30:1, more preferably from about 2:1

to about 20:1.



concentration of ammoni a can be adjusted based on the quan- tity of al cohol
used, which is discussed in further detail 30 below. The nolar ratio of
anmoni a twodB/a1pi l e is prefera- bly about 1:1 or greater pcan$or/ss2general |y
in the range of fromabout 1:1 to about 30:1, nore preferably from about

2:1 to about 20:1. 4 3/.029191 PCI/.USQ2/ 33254 - An | cohol that can
facilitate théugbﬁégf%ﬁxﬁ§§nggﬁg'#ﬁgglégagedgﬁﬁtFfﬂgc¥§%any M AGATEri | e
can be usddn rff B Sinikvankl e abr ef@hoed talia ealce@hdks usedhih tnis0, nore
pref- erably 1 to 4, carbon atons per nolecul e, Exanples of suit- 5 able
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hept anol , oct anol, nonanol, de- cano and conbi nati ons of two or nore
t her éof . afle misbhopsefiecladeal botiokrewnet ddedteds toet manbknoThe al cohol

can 10 general l.y be present .in the solvent in the concentratio og from
2bout 20 LGt PRGBS O f ECRBFPY DB G 1t 0 PHEGAP - 09FPCHy MePdht based
on the teiddolsolbéartnei, ghexahspi, cakby awben aecahneahohonsnese, gehe sol vent
further conprises a base that is substantially soluble in the sol- 15

vent. Th&em e8dbSCARLPALLPnSy efetyot T ABFe therepti-v TaL" MOPEef erred
bases af%gﬁﬁgﬁgbﬁ’a§%o%%HDQMHEhg§%§F9fiénmekﬁgkgﬁn'CTR%S§1§B§p%gﬁﬁnf°r

exanpl e, met al” oxi des, ine earth netal oxides, nmet al

hydridki deenealakldy benereaenh et ahehgdiloxntdesin paet cahkgnneatdahi 2€d aci ds

in 20 which one or nore pr%tons of .the acids 3re geglaced with am nonium
bilynabo

i on, al kals°® 2ME 6fs EoaPR]MENE 084r t RTREEER F 3QohBi A2PHENs of two

or nore theredf,. wapemil besewapl eseototali kabhenkagesghncl ude, but are not
limted to ammonia, |ithium hydroxide, sodium hydroxide, potassium

hydr oxi de, 25 Typdicamllyi hacborat élcobaglumscasBonate, spdvassi Grrbhear bonat e,

comprises a base that is substantially soluble in the sol-

15 vent. The term “substantially” refers to “more than triv-
ial”. Preferred bases are ammonia, an ammonium base or an
inorganic base such as, for example, alkali metal oxides,
alkaline earth metal oxides, alkali metal hydroxides, alka-
line earth metal hydroxides, partially neutralized acids in

20 which one or more protons of the acids are replaced with am-
monium ion, alkali metal ions, alkaline earth metal ions, or
combinations of two or more thereof. Specific examples of
suitable bases include, but are not limited to ammonia,
lithium hydroxide, sodium hydroxide, potassium hydroxide,

25 sodium bicarbonate, sodium carbonate, potassium bicarbonate,
or combinations of two or more thereof. The most preferred
bases are ammonia, lithium hydroxide and sodium hydroxide
for they are readily available and inexpensive.

A base can be present in the solvent in any quantity so

30 long as the quantity can facilitate the selective hydrogena-
tion of a dinitrile to an aminonitrile. Generally, a base

can be present in the solvent in the range of from about 0.1



or conbi nations of two or nore thereof. The nost preferred bases are
ammoni a, |ithium hydroxi de and sodi um hydroxide for they are readily
avai | abl eweannd/ozniexpensi ve. A base can be present in the s@cCrarsvsnsany
gquantity so 30 long as the quantity can facilitate the selective

hydrogena-_ tjon of, ;a di. fol | am, noni t.r.il eral | e can
be prese%t Fﬁmi ejéblg%2#1 ﬁg%Fg%nEQ%% ?r%ﬁﬁa@gdg%g.f%-tée %ﬁ?g§/029191
PCT/ USO2/i382 @ nitrar idleaut 10 melght@6 based on the total weight of the
start- ing dinitrile. The cataly inthe p rOC%E%FIS a hydro enaﬁlon

cat al yst U|t§ﬁ1EaﬁéﬁyﬁﬁdFSQéﬁﬁtPﬁGcﬁsﬁlﬁﬁtﬁl 89§Ha£ﬁPHo PEAILYEL 5

Pref of e Ale ARl Fors ke dIasRRh0Anf aNeliblieR TRl 8bs afebeghed chiom.the group
consisting of iron, cobalt,” nickel’, rhodium and conbinations thereof. The

cat aldyst Pnr@feadrwl east aaaﬁadry@tSOﬂoa@@rie opr sreneision agtdiptlisosellecthd

transiti s nen- ned,abaove,. f.or exa one f.. Group VIB
and 10 ?gﬁb Ve FECEPs gﬁgﬁsgén hggnlunl nnggﬁgehuﬁfgnglfunggﬁlum The

cat al yst a6 cah®d nhe iohst kdefreom.of Tar ablkayysitneakbydango aosekid sakution
of two or nore netals, or an individual netal. The catalytic netal can

al 50 be SFpPErEe@TONCARTSnAr aP8igdRN: tOUPPEr FTaNER tASNaMBEPAS, MRBgNesi um
oxi de and ;¢oy %%ov%'o%%rt%§% gﬁe TheemBtahoeans ?egngﬁoyE%daﬁﬁ an

i norgani ¢~ support by any nean$ known to one ski e art such as,
f or Exam@ireup Nﬁﬂeg&&@d@nsucmpaecnpmbwuumn modybdrnughangde fuapgdten.

combi nati ons of two or eof re 2Q ferr | hor.ga support is
nagne5|u$ §aﬁgﬁ& Fﬁ@ ﬁ 8rF@dt£ﬁp6§FPe8%c3PaF§gPYv Eﬁéﬁﬁglum

oxi de Surép%ma@ sbilekalon b@n teat aky soreThetaakal ¥et agaAnbeveraasent in any
approprlate phyS|caI shape or form It can be in fluidizable forns,

ext rudat gtal
The catalytic metal can also be supported on an inor-

15 ganic support such as alumina, magnesium oxide and combina-
tions thereof. The metal can be supported on an inorganic
support by any means known to one skilled in the art such
as, for example, impregnation, coprecipitation, ion ex-
change, and combinations of two or more thereof. The pre-

20 ferred inorganic support is magnesium oxide, and the pre-
ferred supported catalyst is a magnesium oxide supported
nickel-iron catalyst.

The catalyst can be present in any appropriate physical
shape or form. It can be in fluidizable forms, extrudates,

25 tablets, spheres or combinations of two or more thereof. The
catalyst may be in sponge metal form, for example, the Ra-
ney® nickels and Raney® cobalts. The molar ratio of cata-
lyst to dinitrile can be any ratio as long as the ratio can
catalyze the selective hydrogenation of a dinitrile. The

30 weight ratio of catalyst to dinitrile is generally in the
range of from about 0.0001:1 to about 1:1, preferably about
0.001:1 to about 0.5:1. If the catalytic metal is supported

on an inorganic support or is a portion of alloy or solid



25 tabl ets, spheres or conbinations of two or nore thereof. The catal yst
may be in sponge netal form for exanple, the Ra- ney(r) nickels and
Raney(r) wolal2®91 The nol ar ratio of cata- |yst to dinitriPCe/usan3ies any
ratio as long as the ratio can catalyze the selective hydrogenation of a

dinitril : | ] f t-al.yst TN | |ly in th
ange of T OR AR5 QO0E Y T BGat £ T Gra Ao st TD oL L to

about 0. xxdingd foft fercpataddoyit © .Mettal abouEUEEQr tpaek £ eaabdly iabaiugani ¢osupport
or is a pqrtion of alloy or solj dﬁ‘?) WO 03/ 029191 PCT/ US02/ 33254 sol uti on,
the cat al%‘?%t r?eq'alariés r{feq’r’felpdflqéfr 29e P £nd° PRRYE 6P Med@t&bdut 0.1 to

about 604y eyrahine akeuts kat@l 2RoWe o .and nost preferably about 2 to
about 50 weight % based on the'total catalyst weight. 5 The preferred

catalyst is a Bpomyeieersd opfalystalipse spPagensedll ¢ ypensatedysits i ron,
cobal t, i U A A @ns of . rci.ahl vai | abl.e catal ysts
of this %k%pgeé%gl%rongﬁ%gntgﬁ%u%gr g%’?lédcﬁg%emﬁr%l%k%r %I]-iar?é)y 7*%Co cat a-
| ysts t hatiqen erehtfai n@brirecomithd yGaaed 16har calt aCystsCofl@hlignbi a,

Maryl and), or alternative sponge netal catalysts  available, for exanple,
F1om Act ISHRS i BHOTOESEn St 6 OTOSES SARENI e NiT&¥in RpngY *heguSesa-

(Ri dgefi elykRardhatNchn) bel BHha neasereh the eheler tedauRporked é@ioeke' /iron

catal yst, 'the rate of adiponitrile conversion increases wth 15 the amount
of NO depositied darHensiipport alTkeenpréfver spdngencettlacieoalystd s

bet ween ahout and about 50 - wei ght % nd eci al | et ween about 25 and
Sbout 35 A e b ST Rs EEPH st iat Rl Metenk SORRERSARD | The
pr ef err ed seaonrqeritinat,i aenef. )Fer dchelswaenralbiowf 1013 aadkabauty.2Q 20

wei ght % and especially between about 0.5 and about. 10 wei ght% based on
the catal yst W&l e GReears Fheupgsterredrgiprertge: ailckedd 1ERE above

conponent g GAR e i@ date of adiponitrile conversion increases with
15 the amount of Ni deposited on the support. The preferred
concentration of Ni is between about 5 and about 50 weight¥,
and especially between about 25 and about 35 weight%, based
on the catalyst weight (metals + support). The preferred
concentration of Fe is between about 0.2 and about 20 ‘
20 welight%, and especially between about 0.5 and about 10
weight%, based on the catalyst weight (metals + support).
Further details on the above components can be found
from various of the previously incorporated references.
Specific reference may be had, for example, to US2208598,
25 US2257814, US2762835, US3322815, US5151543, US5296628,
US5512697, USH5527946, US5986127, US6080884 and WO00/64862.
A wide variety of gquaternary ammonium cyanate compounds
have been found that can effect the selectivity/yield im-
provement in the invention.
30 The term “improvement” is referred to as enhanced se-
lectivity to aminonitrile product at conversions greater
than about 70%, preferably conversions greater than about

80%, and especially conversions greater than about 90%, as



fromvarious of the previously incorporated references. Specific reference
may be had, for exanple, to US2208598, 25 US2257814, US2762835, US3322815,
US5151543woush246628, US5512697, US5527946, US5986127, US®Q3088Z33ad

W00/ 64862. A wi de vari ety of quaternary ammni um cyanate conpounds have

been foun n, effect th selectlwt [yi me |nthe
i nvent i onCd “g%aélenéatt er nqe' ST STenentr WiEhs tertr ed Uts ég% rﬁ?léjd

| ectivityf aclain nianidrt e pr @ductemedum\eerasndwﬁ:"groefattefe aidaﬁrtla/léouts 70%
pref erably conversions dgr eat er than about. 80% and especially conversions

greater t HhARIGIRD 4L achiqNs G0 2 PFEMSEELISEY $IBwcedo®Sared to
the sel ectd it ey thtiort e, s v & vaddintl Y8 e1Qf dliahildiygrtiiqr. An

"effective anount” of the additive is anmount ‘required to ac ieve the
af or ehenta o rrantsresh ded widhdudcttihg taseand/ @rhealaddrmmmeed overall yield of

amnonitrile, 139 t hout_ the use of t.he additive. Exanples of
sui t abl e quat eElS(a%rspy asg%%lr’]?sglmtc? b\gnatqglaggr)ﬁnar Oé’rlém{ SPERYSy CRMroni um

cyanat e qmmmm@&eaméﬂﬁam&yltaahfoaﬁ]dﬁyldyahwtémﬂmpﬂﬂr@éa%ﬁerrﬁ@déﬁounds In
preferred tetraal k?,? ammnl um cyanat e enbodi ments, 10 the al kyl groups of
the tetrdf947 laFaeaaT: SHFE@Es COSROMIIARdI vi dual |y contain from 1

to 8 car bon athn%the x@arecetera%f&ryq@n%okmmces}a%%t%t UBodimelnt SPT ef erred

that all four al kyl groups nol ecul’'e are the sanme, but m xtures
havi Hy ditffeeradidty 1t etmca@sk pif wiasttlettuelaﬂkyaramnwmmblo@afrmtel&ou@euhaeel n.

Exanpl es of swt bl raal ni um cyanat e npounds include, but are
not |im t&fh dﬁé’ﬁ%éﬂ?@ﬁﬁmc lr]nl GAC Y&t ED e BPMSmBRCuRCEFanat e,

tetrapr O@Heewmrblry Um4c yandion arénset r autiyl %&'@I@r{i@dﬂt@q@@ &11A%ohRrdi cat ed
above, conbi nations _of two or nore tetraal kyl anmoni um cy 20 anate conpounds

are aIsoQﬁﬂqhﬁﬂaékﬂlngﬁp%@@ tigt pgdlelecule are the same, but mixtures

having different tetraalkyl substituents are suitable for

15 use herein. Examples of suitable tetraalkylammonium cyanate
compounds include, but are not limited to, tetramethylammo-
nium cyanate, tetraethylammonium cyanate, tetrapropylammo-
nium cyanate and tetrabutylammonium cyanate. As indicated
above, combinations of two or more tetraalkylammonium cy-

20 anate compounds are also suitable. In mixed tetraal-
kyl/arylammonium cyanate compounds, the alkyl groups are as
described above; the aryl groups may be phenyl, naphthyl or
alkyl-substituted phenyl or naphthyl, with alkyl described
as above.

25 The additive is present during the contacting in any
quantity that can improve the selective hydrogenation of a
dinitrile to its corresponding aminonitrile (e.g., an effec-
tive amount). Generally, the weight ratio of the additive
to the catalyst is in the range of from about 0.01:1 to

30 about 5:1, preferably about 0.05:1 to about 3:1, more pref-
erably about 0.1:1 to 2:1, and especially about 0.1:1 to
about 1:1.



kyl / aryl ammoni um cyanat e conpounds, the al kyl groups are as descri bed
above; the aryl groups may be phenyl, naphthyl or al kyl-substituted phenyl
or napht hwio,03m41b1 al kyl descri bed as above. 25 The addit ipca/ise2/peesent
during the contacting in any quantity t hat can inprove t he sel ective

hydr ogenati on a_dinitril s correspondin on|tr|Ie e. g , an
effec- tive a t9 taéé’r%rz?lnl%\/ %t |%§t i°G 2 attﬁ Yad@ T t he

cat al yst iirgd ftdrft%dtamgﬁzl'pfa fdrl@mt&b.qlét (Dloaﬂavlert 0 130 iabeue forkedpiefzer abl y
about 0.05:1 to about 3;1, nore pref- erably about 0.1:1 to 2: 1, and
especi al I5easGa st 1Wﬂ§th§6ouﬁ is1in igs Woted/ 62FTo PrPETY BY02A39Y54 The

catal yst gnd,add tJoi&qah Re %%p%tlatﬁ% e IOU g%ftntq sC oRReh, W th a

dinitrile; however, it is preferred t the ¢ her isin
its rfet altafcmerd ori tim tée aldday iver. sdthu@ stalyuﬂqeonlome am ansuodo'legxanl c

support, recon. 5 tacte mnth t |t| This may be done in a

sol vent éﬁ %FGt &XERpFe, %An @ IE%H@ §r e§§F§y aHrEriea Or

conbi nat |d2iﬂ831@fatt1\&?180|bf”'@ﬁv% thereet theridesr, preferabl ;sﬁeff%ram%c%bactl ng
is also carried out in a hydrogen-containing fluid such as described

above. CHRTESHILAGLENTt he earal Yerrigdandtaddi & Wdgprasicesndapningeat ed
o) >t Tt ek 8 Gsciabal Bhot@h MRMRARRdLN L R0 ugan, diec! osed

above, pref- era un anaerobic condition to oduce "an a i've-
treatled catdalagkltititiee p&ﬁ:ﬂli.la:efsl ag pak tidea tedt @lay:attyamd adthiet 'p\t@tﬁraatbet car -

15 ried out uynder any._ condi ns .effective to prodyce an di - tive-treated
catalystCﬁﬁﬁﬁy@énqaﬁpp8v¥a§bﬁ San ﬁy&Pﬁ&@H& %ﬁ Eoﬁﬁda Werr PEELor the

sel ecti VidpaH19 aRGRF RAREOLI@ coaneriahl ¥o bhedert he RueGeselor
produci ng the additive- treated catal yst can be carried out by contacting a
cat al yst treated catalyst.
The contacting of the catalyst and additive can be car-
15 ried out under any conditions effective to produce an addi-
tive-treated catalyst that can improve selective hydrogena-
tion of a dinitrile or the selectivity to an aminonitrile.
Generally, the entire process for producing the additive-
treated catalyst can be carried out by contacting a catalyst
20 with an additive disclosed above at a temperature in the
range of from about 20°C to about 150°C, preferably about .
30°C to about 100°C, under the same general pressures as de-
scribed above, for about 5 seconds to about 25 hours.
The partial hydrogenation process of the present inven-
25 tion can be carried out at a temperature in the range of
from about 25 to about 150°C, preferably about 40 to about
100°C, most preferably about 60 to about 80°C, at a total
pressure generally in the range of about 50 to about 2000
psig (about 0.45 to about 13.89 MPa), with from about 200 to
30 about 1000 psig (about 1.48 to about 7.00 MPa) preferred,
for a time period generally in the range of from about 15
minutes to about 25 hours, preferably about 1 hour to about

10 hours.



20 with an additive disclosed above at a tenperature in the range of from
about 20C to about 150C, preferably about. 30C to about 100C, under the
sanme genewalo3peEssures as de- scribed above, for about 5 ®exarsd¥332e4 about
25 hours. The partial hydrogenation process of the present inven- 25 tion

can be carrie u t t iLn.the ran f _fr ut 25 to about
150C, preferagﬁ% §6§§F%Eo%gg%§%oﬁb%engég ﬁggt%%r§P§F§6%§?§%oﬁ§ 80°Co about
80C, at art ebaltinpoesiyr ¢ ngenebaplrypird atke reacgeraf ahaut-ing be abaut 2000
psi g (about,0.45ftohabout 13. 89 NPa%, wi th from abou ,ZS%EtQ 30 about 1000
psi g (abdGt1P™48%t §P80EGECTI08 MPAS YFef8Fr 8§, 3°FOrPa 16 pér Pod3general | y
in the range,obsf LaPsaRadvnl?o FhBEEESKEQ18BOUL 2hehauks, RBhef %[a%bl y about
1 hour to about 10 hours. - 9 WD 03/029191 PCT/ US02/ 33254 The process of

t he idnventiednhydwosensparat ed baechtarsaner dépatiradeusby iits gearappropri ate
reactor. Lrsi.ng o I+ tation of t [ Lon.m xture.can be
acconpliEﬁégdﬁhaaa&épggﬁgg§%%f%a5§3h§§§wﬁgﬁggkgg§5yéﬁiIﬁég%iﬁgpﬁsrart. The
par 5 ti aliochgdodgehnat daniet-ilkemakast thsdbhbtekke ef@iici en€oaha- uspondi ng
amnonitrile with high selectivity at high conver- sions of the dinitrile
makes thﬁglprocess efficient and use- ful. Further general and specific

process det ai ks ¢8BPgentQaflOURM gbggaxéeiggéceéstggtﬁgggigaﬁlﬁe

i ncorporated refer- ences. SpecifiC reference nmay or exanple, to
US2208598 ou82 25281 4ari)SR2E62835heUBB822615 1 yUSEEE1H4BatedS52E6628,
US551269£hcg5552§9é6ifUS5%§?12£ Use6080884 agd Vw00/64822. 15 The
fol | owi n§ Sx&npl 8°Fufthef SFPFTEEFalaYt RE BrocelsT 5F2FR&ESinY8ntion and are

not to besconstbgeduta2snduky Uknhs2stbe seape2efist heskngesuion.
US5296628, US5512697, US5527946, US5986127, US6080884 and
WO00/64862.

15 The following examples further illustrate the process
of the invention and are not to be construed to unduly limit
the scope of the invention.

The meaning of terms used in the Examples is defined as
follows:

20 Yield of aminonitrile is the measured concentration of
aminonitrile divided by the starting concentration of dini-
trile.

Conversion of the dinitrile is the difference between
the starting and the instant concentration of dinitrile, di-
25 vided by the starting concentration of dinitrile.
Selectivity to aminonitrile is the measured yield of
aminonitrile divided by conversion of the dinitrile at that
instance.

COMPARATIVE EXAMPLE 1

30 A sponge Ni catalyst (1.2 g) promoted with Fe and Cr
(Activated Metals, A4000, without any further additives) was
added to a 50 cc autoclave together with 3.2 g adiponitrile

(ADN) and 35cc of liquid ammonia to form a mixture. Hydro-

- 10 -



The neaning of ternms used in the Exanples is defined as follows: 20 Yield
of amnonitrile is the neasured concentration of. amnonitrile divided by
t he startwog3smengentration of dini- trile. Conversion of tpla/whonsisile is
the difference between the starti ng and the instant concentration of
dinitril i e Siar C TS i
Sel ectivi eyrgt oaga%n\r?on?#ml%éett% e a&rjetrngg:ul%gge edr}l#% r}’mg\fm“?ii’losnnl rCHOe di vi ded
by convergaarmrtegﬂ atﬁweswcnuhdelretaé tbatal prstanee. oEOVBARADEYE EXABMPLE 1 30
A sponge N catalyst (1.2 promoted with Fe and Activated Metal s,
A4000, V\nw{%ut ﬁ{? d‘r(ﬁtof?err%)eﬁﬂdl t| ) SR SR OtfoAg’N(SO"a(?c reds&hve
toget her WHy 3.3 GigdidRenidy 'ét@reaﬁrADN)ﬂfH‘%zéé%nP ild1quigk amRyca-to form
a mxture. Hydro- - 10 WO 03/029191 PCT/ US02/ 33253’ gen was | ntroduced to
t he aut odrpre tarid & hasABN was IAPd @Dl\bmvairsatom(f@rur@d@reltdwlmttary
pressure cg 6:I:,‘Q,45 psig (7.31 MPa) at ca. 1500 rpm Total conversion of ADN
was reached “W'thin 30 minutes on stream The maximum yield of am noca 5
pronitri |ICOMIBKRATTHERAEXMOHIADNE conversion for a selectivitiy of 63%
COMPARATI VE EXAMPLE 2 To a 300 cc aut ocl ave, was char ed 7.7 Raney(r) Co
(ob- tained fromAWR0 E&addteslaveat sy ShamsE f?fﬁ) 33 ter,
26 g ADN.tAanddl39dh b aui &, 200riA. The AUy eineas 2*‘/32(1809%%9 -700,
under the total pressure of 1000 psig (7.00 MPa) at 1000 rpm Tota
convkl si drexf 28DY e, r eachdd? @i tHiquid0 amimemties oifhst cearpernTtherasaxi num
vield O AINQRI LA B, VESaBE AL 201 APNER0NRLSLEN 0 Baig

(7.00 MPa) at 1000 rpm. Total conversion of ADN was reached

within 40 minutes on stream. The maximum yield of aminoca-

pronitrile was 58% at 90% ADN conversion for a selectivity
15 of 64%.

COMPARATIVE EXAMPLE 3

To a 50 cc autoclave, was charged 1.2g of a 5% rhodium
on alumina catalyst (obtained from Engelhard), 3.2 g ADN,
and 35 ml liquid ammonia. The content was hydrogenated at

20 80°C, under the total pressure of 1060 psig (7.41 MPa), at
1500 rpm. Total conversion of AND was reached within 30
minutes on stream. The maximum yield of aminocapronitrile
was 41% at 96% ADN conversion, with the major product being
hexamethylene diamine.

25 EXAMPLE 1

1.2 g of sponge Ni catalyst (Degussa BLM 112W) was
charged into a 50cc autoclave, together with 0.25 g of tet-
raethylammonium cyanate, 1.2 g of and 35 ml of liquid amho-
nia was added. The mixture was heated to 70°C, and reacted

30 with hydrogen at a total pressure of 1052 psig (7.00 MPa).
After 25 minutes, the yield of 6-aminocapronitrile reached

ca. 78% at 88% AND conversion for a selectivity of 89%.



COVPARATI VE EXAMPLE 3 To a 50 cc autoclave, was charged 1.2g of a 5%
rhodium on alum na catal yst (obtained from Engel hard), 3.2 g ADN, and 35
m |iqui owarmpediar The content was hydrogenated at 20 80CpcCuruser/32he t ot al
pressure of 1060 prig (7.41 MPa), at 1500 rpm Total conversion of AND was
reached wWtAugr 30 mnutes on stream The maxi mumyield of

am nocapronrtrtte was 41% at 96% ADN conversion, with the major product
bei ng hexanetlhyd eneofdispringe N5 EXANPISE 1(Dequigp0fBIdpangd)Niwacat al yst

Degussa BLM 112W was arged into a 50cc autocl.ave, together with 0.25 g
E)f tg et - rcg’eaﬁ%ﬁé\g%rﬁ l?m‘r’gogcé:n%%,o Av A gfogaeﬁgl% "‘fﬁt\{'bfz 19 %Jiog &2 ni a was
added. Tha HyDenic MRS dleatfd t 0 Sieeqrethtigacted rd0 o tih Juwdr egpp-at a

total pressure of 1052 psi 7.00 MPa). After 25 minutes, the yield of
6- ani-hocdproiias iakie%ka they Mizgokrst “BEvaND abrmper’$ Bnwibh gtir-

sel ecti vi.tyy, of % 0 P 02/ F)iA)I\/PE .2 g of
sponge Nirtl%:hagtqal slglté) gsus\sﬁ?zie %ll_a%z%@wt\%ayslé%cﬁg%g%%l 0 a'og)og%a ut ocl ave,

t oget her wiitthh iy droageof, taetd a-heetawtloarham wasc jaapat emdSubmtq:thenblnyi,iHSS m of
liquid aqgmo 5 ni a add and the m xtyre . was .heated to 70C with stir-
ri ﬂg. Th%@s%‘e%adj %d 611652 5<% l(lﬂ“ﬁgl Igltbé)se \)ﬁth%Prﬁndr ogen, and
the aut odleae® WS kaRla wWiRELt Hl Pt @Rbited ic@% 1t L d¥iqeAlireheool ing, the
i quid phase was fil- tered off, |leaving the préetreated catal yst inside of
the Hb awwdecdwee 1. 1.¢ & ADRDNaaisnjiadesd sontigtichd heusotloatevendnd3s n

o o SO 055 B e LR S BP0, 45 g pact
m nut es ttee Wiel, danf Geaamedoeaphonifirbgenr aachedocal pAdeatrd26F ADN
ConverSI%%EBO%sig (7.00 MPa). After 60 minutes the yield of 6-
aminocapronitrile reached ca. 74% at 92% ADN conversion for
15 a selectivity of 80%.
EXAMPLE 3
1.2 g of sponge Ni catalyst (Degussa BLM 112W) was
charged into a 50cc autoclave, together with 0.5 g of tetra-
ethylammonium cyanate, 1.2 g of and 35 ml of liquid ammonia
20 was added. The mixture was heated to 70°C, and reacted with
hydrogen at a total pressure of 1052 psig (7.41 MPa). After
37 minutes, the yield of 6-aminocapronitrile reached ca. 76%
at 93% ADN conversion for a selectivity of 82%.
EXAMPLE 4
25 1.2 g of sponge Ni catalyst (Degussa BLM 112W) was
charged into a 50cc autoclave, together with 0.25 g of tet-
raethylammonium cyanate. Subsequently, 35 ml of liquid am-
monia was added, and the mixture was heated to 80°C with
stirring. The pressure was adjusted to 1052 psig (7.00 MPa)
30 with hydrogen, and the autoclave was kept under such condi-
tions for 1 hr. After cooling, the liquid phase was fil-

tered off, leaving the pretreated catalyst inside of the

autoclave. 1.2 g of ADN was injected into the autoclave and

- 12 -



15 a selectivity of 80% EXAWMPLE 3 1.2 g of sponge N catal yst (Degussa BLM
112W was charged into a 50cc autoclave, together with 0.5 g of tetra-

et hyl ammowpwaiezyianate, 1.2 g of and 35 m of |iquid amonipaTABomeRs5added.
The m xture was heated to 70C, and reacted with hydrogen at a total

pressure 05 Si 41 MRa). Aft 1 nut €S the i &
6-am noca{g d“]]1 O% qelq?‘é‘gcﬁérdloélaa) 'V %degg% BAVEYFSi & %‘F g
sel ecti videy 8D‘°c$2%(dei(éh/BtEd4w25h1h§%dgoQén5@on@etbltan:apaéysbré Dsgussa BLM

112W was charged into a 50cc autocl ave, %et her with Q.25 g of tet-
r aet hyl arﬁ?osrﬁ ARGy drfattd. MEERseqddian ,123§‘lﬁ‘l 661 itGG ¥1&+ RSnfa was added,

and the My eies 6a1ed Lo BRE Walh 7531 LT BBG ADRE BEREIUIBNIGD A ust ed
to 1052 psig (/.00 MPa) 30 w th hydrogen, and the autoclave was kept under

such Xondi setliegtsi viitnyy ©thB5%After cooling, the liquid phase was fil- tered

of f, Iea&%@&_&i&pretreat ed catalyst inside of the autoclave. 1.2 g of ADN
was inje the autoclave and - 12 WO 03/029191 PCT/ US02/ 33254 35

m of liquid anmmuyy @ﬂ\/@?oa@@edl Bag alllystur(@ey@as sheat od 110m) 8QGs and react ed
wi th hydrogen at a total pressure of - 1052 psig (7.41 MPa). After 12

m nut es, aPEgAdeliqter a6 5 Oézm RYERSHENIEL r itrger8g&hed t&a 0 - ?é%aapfsg%tADN
conver si tq{a/sggrr%fﬁﬂ%% Sf\%a\tfa % of B9% MPLE §gcm% @ £0h § g\&}%@l

cat al yst charged I nto“a c autocl toget her
wi t h1(D. 251og11@f waest addaet, hpindmibiel mixtyaeatves Bebseduent l6p’c3bivh of |iquid

am 10 noni a was add and the m xtur s heat ed 60C W St r i ng.
The pressird a9 - ad &t BF 565 Y35 P §3P’f’t6g )10%% Pﬁlﬁyd&oﬂg MPQ d '?he

aUtOC'aVQuWﬁﬁkﬁﬁﬂbg%&gebn@U%%eC@ﬁthlave was kept under such condi-

tions for 1 hr. After cooling, the liquid phase -was fil-
tered off, leaving the pretreated catalyst inside of the

15 autoclave. 1.2 g of ADN was injected into the autoclave and
35 ml of liquid ammonia was added. The mixture was heated
to 60°C, and reacted with hydrogen at a total pressure of
1052 psig (7.41 MPa). After 70 minutes, the yield of 6-
aminocapronitrile reached ca. 77% at 93% ADN conversion for

20 a selectivity of 83%.
EXAMPLE 6
1.2 g of sponge Ni catalyst (Degussa BLM 112W) was charged
into a 50cc autoclave, together with 0.25 g of tetraethylam-
monium cyanate. Subsequently, 35 ml of liquid ammonia was

25 added, and the mixture was heated to 80°C with stirring. The
pressure was adjusted to 1054 psig (7.00 MPa) with hydrogen,
and the autoclave was kept under such conditions for 1 hr.
After cooling, the liquid phase was filtered off, leaving
the pretreated catalyst inside of the autoclave. 1.2 g of

30 ADN was injected into the autoclave and 35 ml of liquid am-
monia was added. The mixture was heated to 70°C, and reacted

with hydrogen at a total pressure of 1054 psig (7.41 MPa).

- 13 -



tions for 1 hr. After cooling, the liquid phase was fil- tered off, |eaving
the pretreated catal yst inside of the 15 autoclave. 1.2 g of ADN was

i nj ect ed wotoa/oediel aut ocl ave and 35 ml of |iquid amoni a wa3/sddsits4 The

m xture was heated to 60C, and reacted with hydrogen at a total pressure

of 1052 i .41 a) . ter .70 .mputes, .the_ vield of.6-

i nocapPORF: PPt BHERBa £2°°H6Rdr PB3bs ABPEEAYEPRT A 18, Toaphgs

sel ectivichy 0f7383% 9BEXANBNEc6n¥eZs@off fopoageeNeceat-atysbf(Degussa BLM
112W was charged into a 50cc autoclave, together with 0.25 g of
tetraethﬁﬁéﬂﬁ_gnﬂiun1cyanate. Subsequently, 35 m of liquid amonia was 25

L
added, and tthEiétB%e?§g%8ge§gega£g%§%g Wbt ugggrg'ggﬁljhg wRLessure was

adjusted to 1 sig MPa) wt ydrogén, an e autoclave was kept
unders suchaegerdi tinbnsaf 60cd Antochaver togethgr whehl Dgbéi d phasetwas

filtered off Ieavi.n@t t he Fretrgaéed catsi;st 'nsidefo;.the autocl ave. 1.2
g of 30 ADRYWATTPH{HE: E¥*PALS -t heURECEEFAVEY and® 38! nPTof 1F i ™SR+ noni a
was addediaThesThybivee wag bBRAt @dxtarédObasandateacted7owt twidlydsigen at a
total pressure of 1054 psig (7.41 MPa). - 13 WD 03/029191 PCT/ US02/ 33254

After 65YANAut eShet REC§PEKE UﬁsaaéavﬁgéﬁpF@nipﬁ?|ES¢@aéHe90 MB2) 77% at 95%
ADN conversi.o se t Lyt 9 1 e N
catalyst%EEggﬁgéggggﬁf1%§§vE&%sgge%ﬁg%g%dwgﬁfgggESBEéeguggg aégga?ogether

w t H00. 5tgoak fetkr a- het hyh&tmpncooil tygnatke bibhaedquphtby, wds fiilef |iquid
amo- nia was added, and the m xture was heategyto 70C. with ring. The

. stir-
pressuretﬁé§daﬁféstéﬁaYéniogﬁepBFGF(??B@dNEQYa Fh hparEGeRt Ehﬁ t he
aut ocl aveuwae1kent undergsdehasangdhs 1856£088 fAfolthE. abtb61a6E0hHAY, the
i quid phase was fil- tered off, |leaving the pretreated catal yst inside of
t he 35 ml of liquid ammonia was added. The mixture was heated

to 70°C, and reacted with hydrogen at a total pressure of
15 1054 psig (7.41 MPa). After 42 minutes, the yield of 6-
aminocapronitrile reaéhed ca. 77% at 92% ADN conversion for

a selectivity of 84%.
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autoclave. 1.2 g of ADN was injected into the autoclave and 35 m of

|l i quid ammoni a was added. The m xture was heated to 70C, and reacted with
hydr ogen WD oa/oeaprnl pressure of 15 1054 psig (7.41 MPa). ACTdArsod23284 nut es,
the yield of 6- am nocapronitrile reached ca. 77% at 92% ADN conversion for
a sel ectivity,of 84% - 14 WD 03/029191 PCT/US02/33254 CLAIMS | claim 1.
A proceséﬁﬁ%f—preparing an amnonitrile froma cor- 5 responding dinitrile
by contacting the dinitrile with a hy- drogen-containing fluid in the
presence _of _a solvent, a hy- drogenation catalyst and an additive to

i nprove th&Ad8d of and/ or selectivity to the desired amnonitrile
product, charact @ripzeeelss EG@I%&@%a%Q%gtb%ﬁa%ﬁﬁ%hﬁ%%%l% geateanaby- 10
anmoni um cyanat e conpound. 2. The process of claim1l, characterized in that
the Xininespcadiag dhaigendeabyr comipgtROIGNFhe @Whadsira 1R Wgthnaabhy-kyl ene
group containing fr 0 .car.bo t . 3. <The pr s of ,.claiml
charactegvgégxﬁ%Opﬁgghﬁﬁé fé?ﬁl ﬁglgh%sgggﬁgé?gdo r§n5§%§%§§0u% g nsi sti ng
of adi porirodanalte onmetlinlgistit ahdniatr bdeiandeakphamprege- tthedgcanadodi tril e.
20 4. The process_of claim1l, characterized in that the hydrogenation

cat al yst 2065 SELe§LEVARYI Pk RS 188 e AMdAON L F 5 eNBTGAYEE  consi st i ng

of iron, gohaldeeiclelin thad M. aRd;¢aTRI %@Fnb%&%e%h%r %@,fdte%ﬁaé The

process of claim4, characterized in that the rogendti on catglyst isin
sponide nmetmaiorfiemmcyanate compound.

2. The process of claim 1, characterized in that the
dinitrile has the general formula R(CN),, wherein R is an al-

kylene group containing from 2 to 25 carbon atoms.

15
3. The process of claim 1, characterized in that the
dinitrile is selected from the group consisting of adiponi-
trile, methylglutaronitrile and alpha, omega-
dodecanedinitrile.
20
4. The process of claim 1, characterized in that the
hydrogenation catalyst comprises a transition metal selected
from the group consisting of iron, cobalt, nickel, rhodium
and combinations thereof.
25

5. The process of claim 4, characterized in that the

hydrogenation catalyst is in sponge metal form.

6. The process of claim 4, characterized in that the

30 catalytic metal is supported on an inorganic support.

- 15 -



6. The process of claim4, characterized in that the 30 catalytic netal is
supported on an inorganic support. - 15 WD 03/029191 PCT/ US02/ 33254 7.
The procewe oof2abri m 1, characterized in that the wei ght rafriusops32additive
to hydrogenation catalyst is in the range of fromabout 0.01:1 to about

5:1. 5 8. The ;bragess, of a0y (ne af; Cha'%%a%a%te%ﬁ%%%@E%T%%%@ ch that the

quat er nary ammoni'um Cyanate conpound i's a ftetraalkyl ammoni um cyanate
conpoundw@n@hmheaahkybfgaddpslab tbh@yﬁebg&abkybannamaﬂys&yamaha ¢corpound
each individuall contg;ns frg i %o 8 carb atons. 10 9. The process of
any one §fUES Cﬁéffoﬁ fPtFalt &t Zed® aFOPﬁa ﬁhe t et raal kyl ammoni um
cyanate conpound is selected fromthe group consisting of

t et ramet hyl anmoni um cyanate, tetraethyl anmoni um cyanate,

t et r &pr opyl amfoniTlii® OFacese @ﬁdanY50P€tPéb@ﬂ?ﬂaﬁnénﬂunﬂ@?&ﬁ&ﬁ@rlzed A

met hod fQ%ycparo%gﬁgﬁh%% h%&% ka%HQQ%r Shege Lk 8dn|%” pamnoni trile

obt ai ned rti rogenat- 1ng a & rrespon trile with a
hydrogenteamhaﬂkyﬂgnﬁﬂnthIdyanathecpmgsendeanﬂ ah&obﬂk@ﬂ gmdu@s of

hydrogenati on cat a- , |S|n t he ste partially enating
the' COr nibie e trnonie L inoRar Mo FueBAce GPTRvett S6eryd MEHVEALa0RT an
addltlvecggggﬁhglqgo% quakegnabyphaimaRibHE cyanate com pound. 25 11 The
nmet hod of claim 10, characterized in that the quaternary anmoni um cyanate

conpldund is a tetraal kyl ammoni um cyanat e conpound and the al kyl groups of
t he tetraalkylanq?f nk%nlg anate co oun% cgman|g|d gl%é onL%E s froml
to 8 30 carbdn atenBrCTESSTRE RBYh6H 0P c a|n1f0 ¢haldeCteri-z&d“Fh t hat
t he in that the tetraalkylammonium cyanate compound is selected
from the group consisting of tetramethylammonium-cyanate,
tetraethylammonium cyanate, tetrapropylammonium cyanate and

15 tetrabutylammonium cyanate.

10. A method for improving the yield of and/or selec-
tivity to an aminonitrile obtained by partially hydrogenat-
ing a corresponding dinitrile with a hydrogen-containing

20 fluid in the presence of a solvent and a hydrogenation cata-
lyst, comprising the step of partially hydrogenating the
dinitrile in the further presence of an effective amount of
an additive comprising a quaternary ammonium cyanate com-
pound.

25

11. The method of c¢laim 10, characterized in that the
quaternary ammonium cyanate compound is a tetraalkylammonium
cyanate compound and the alkyl groups of the tetraalkylammo-
nium cyanate compound each individually contains from 1 to 8

30 carbon atoms.

12. The method of claim 10, characterized in that the

tetraalkylammonium cyanate compound is selected from the

- 16 -



t etraal kyl ammoni um cyanate conpound is selected fromthe - 16 WD 03/029191
PCT/ US02/ 33254 group consisting of tetranmethyl anmoni um cyanate,

t et r aet hyWo caopani um cyanat e, tetrapropyl ammoni um cyanat e PRRAISOBBI28HU-

tyl ammoni um cyanate. 5 13. A catal yst conposition conprising a conbination

of (1) z{Br(lﬂ{ g:g)q'{a%ﬁ?t?%gc@faltﬁtrﬁﬁgtt la‘?nn{o(?{ilﬁryq{a%%%i Q%tqrae%klg)r#-ruu eto

an am no an addi'tive conprising quatérnary a

cyanat e compEounoh ciGnbte,The tosiredorst] acorpasint icyaneft ec laaidntER rabu -
characterized in that the hydrogenation catal yst conprises a transition
metal  sel®@CEEFFYOH (WETG™6up consisting of iron, cobalt, nickel, rhodium
and conbi nati ons thereof; and the weight ra- tio of additive to
hydrqgenation catalyst is in the range of 15 from about 0.01:1 to about
5:1. 5. The dat-alPy$ELEdnsdsiaonpesit ienicanpy iginmg a aembdaation 2dd in

t hat the atenrnay i.um i traal kyl amoni um
cyanate c@ﬁpghﬁl éhg%gggq§#k§%%%@§&§3%%QR%%ﬂghgﬁFé??ggfﬁéﬁgﬁégﬁi3n1cyanate
conpound ddaciit il ticdaal laynineeritaiiie ;f mowd 1 2t)o a3 ecaidied vat edtpriinghe
catal yst conposition of claim13 or 14, charac- terized in that the

t et r aal ky SOFERTYyY FTHCE 1Fh 5y GRG tes CO8®°¥Eect ed from the group

consi sting of tetramethyl anmoni um cyanate, tetraethyl ammoni um cyanat e,

t et rapr opyl ammoni um cy- anate and tetrabutyl anmoni um cyanate. 30 17
10 14. The catalyst composition of claim 13, characterized

in that the hydrogenation catalyst comprises a transition
metal selected from the group consisting of iron, cobalt,
nickel, rhodium and combinations thereof; and the weight ra-
tio of additive to hydrogenation catalyst is in the range of

15 from about 0.01:1 to about 5:1.

15. The catalyst composition of claim 13 or 14, charac-
terized in that the quaternary ammonium cyanate compound is
a tetraalkylammonium cyanate compound and the alkyl groups
20 of the tetraalkylammonium cyanate compound each individually

contains from 1 to 8 carbon atoms.

16. The catalyst composition of claim 13 or 14, charac-

terized in that the tetraalkylammonium cyanate compound is

25 selected from the group consisting of tetramethylammonium
cyanate, tetraethylammonium cyanate, tetrapropylammonium cy-

anate and tetrabutylammonium cyanate.

30



