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EMBEDDED PASS| VATED HYDROGENATI ON CATALYST The i nvention rell8tRRPtembgr 2006
passi vat ed hydrogenation catal yst enbedded in an amne or nitrile. 5

Hydr ogenati on catal ysts and their use to synthesise a wde variety of
product s ar¥00¥9%80%dsi vel y docunented. Active hydrogenati BEVEBIS&RGPEt s are
difficult to handle. Therefore, they are typically. treated before they
are shi pped/ handl ed. For exanple, it is known (see conmercial products of,
e.g. Degussa, Engel hard, and 10 Synetix) to enbed active hydrogenation
catalyst materials in dial kyl amnes, such as Arneen(err) 2HT. These
enbedded catal ysts are generally inexpensive and easy to handle. Also, it

|'s known t qnpaBAMIKEIGR RARIECEMYESRIEPPRASIORTES HADNSEENATIBNIGHYAY YRY Means of

car bon nonoxi de and/ or oxygen, to obtain a product that Is easier to

handl e. 15 Active catal ysts enbedded in dialkyl amne are readily suitable
for use in hydrogenation processes to make am nes and/or derivati sed

am nes. However, for the preparation of primary am nes the use of

catal ysts enbedded in dial kyl amnes inherently neans that the final

primary anyRg ifend8h rddss ‘l’@atdﬁl%éi@étéd hdr6gaHahbh wagat &hbdidel itk BR aftlind kY

am ne being introduced with the catal yst as enbeddi ng agent. Also, it was

observed t gaditd&ch a contamination, particularly when maki ng (unsaturat ed)
primarygani nes, could result in hazy and/or cloudy products. Passivated
catal ysts, on the other hand, also suffer from several drawbacks. First 25
of all, pa$wiiagenation eatelyststang their bse tosypthesise awidal vasiety clquedunty are

Engel har o EXFHGHOY ARNAMER AU Roraléhaias ohpfoRe BRP EAAIS o BARNERY 0 (4
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example, it is known (see commercial products of, e.g. Degussa, Engelhard, and
10 Synetix) to embed active hydrogenation catalyst materials in dialkyl amines, such
as Armeen® 2HT. These embedded catalysts are generally inexpensive and easy
to handle. Also, it is known to passivate active hydrogenation catalysts, suitably by
means of carbon monoxide and/or oxygen, to obtain a product that is easier to
- handle. 7
15
Active catalysts embedded in dialkyl amine are readily suitable for use in
hydrogenation processes to make amines and/or derivatised amines. However, for
the preparation of primary amines the use of catalysts embedded in dialkyl amines
_ inherently means that the final primary amine or derivative thereof is contaminated
20 with the dialkyl amine being introduced with the catalyst as embedding agent. Also,
it was observed that such a contamination, particularly when making {(unsaturated)

primary amines, could result in hazy and/or cloudy products.

Passivated catalysts, on the other hand, also suifer from several drawbacks. First
25 of all, passivation lowers the activity of the catalyst. Secondly, passivated
hydrogenation catalysts, such as the commercially available Engelhard E-480P,
are powdery materials that lead to undesired dusting (a health problem) and




consequently are not easy to handle. Hence, there is a need faor_inproved
hydr ogenation catal ysts that can be handled easily and wt haﬁtserpén&“&?r 2006
ri sks and used in hydrogenation processes to make 5 am nes, particularly
primary am nes; especially unsaturated prinmary am nes, fromthe '
correspondi¥g 93980243t e precursor without the end product PCT/EPO3ORG3Frar Y

am nes or derivatives thereof) being contam nated with undesired materi al .
By the term "corresponding nitrile precursor” is nmeant here that said
nitrile, upon hydrogenation, produces the desired primary am ne by just
the addition of a 10 certain anmount of hydrogen to said nitrile, e.g. R C=N
+ 2H2 results in R CHZ-NH2. Various réutes to overcome the above-nentioned
problens in a cost-effective way have been explored. Thus, nany

experi ment active hydrogenation catalysts in a
i

primary am ne. € has not been 15 successful, since during
t he enbeddi ng process the prinmary am ne enbedding agent is converted into,

of 1 esear ohets abaE AR e AL vaautHEr Sats bt caf bbHanBRRY Yonre
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cost et §1 CREISSRpticd,ArmaN Binkec erRess iRt nlifR: efjirde. rm

enbedded p#rstotrisponding alinyie tprésurddravithbyidthe @adatroduct ffited eimsary aites drhe
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derivati vesgorigep@stfingdr Aitdt prédkdos” by aneantr hens ethat ulssizl usitrile,darponat i on
steps, and ii) are essentially free of any haze (,usin test. 25_as
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i nvention relates to passivated hydrogenation catalysts that are enbedded

in at |east one enbeddi ng agent selected fromthe group consisting of 15

Sept ember ¢008,s MR235 A5 AMeRRd AEER3MAAShEdDroBiemBIih BRdokt-SfediRs way
have been explored. Thus, many experiments were conducted to embed active
hydrogenation catalysts in a primary amine. However, this route has not been

15  successful, since during the embedding process the primary amine embedding
agent is converted into, inter alfa, undesired secondary amine and undesired NH3L
After many years of research, we have now found that a passivated hydrogenation
catalyst can be embedded in a primary amine, a derivative of said primary amine,
or a (corresponding) nitrile. Surprisingly, this can be done in a cost-efficient way,

20 without unacceptable loss of activity of the embedded passivated catalyst in the
hydrogenation process, while the primary amines produced with said
hydrogenation process i) are not contaminated with undesired products and said
primary amines and/or derivatives thereof are obtainable by one or more
subsequent derivation steps, and ii) are essentially free of any haze (using a test

25 as described below). Consequently, distillation can be avoided, resulting in higher

yields and a more cost-effective process.

Accordingly, this invention relates to passivated hydrogenation catalysts that are
embedded in at least one embedding agent selected from the group consisting of




2) hydrocarbon noiety-substituted derivatives of said prinmary_am nes,
wherein the hydrocarbon noiety nmay be linear or branched, sﬁﬁ.ﬁ%@ﬁ‘hﬁrzooa’
unsaturated, substituted or unsubstituted, which if substituted nmay be
O-containing and may 5 be N-containing, preferably only N-containing, 3)
nitrites, oWO4§08¢43t ures of any of these conmpounds. Furt REFEBA3®263T hi s

I nvention relates to the process to nake said enbedded catalysts and the
use thereof in the hydrogenation process to nake am nes. 10 Preferably,
sai d hydrogenation process is the hydrogenati on process of the
corresponding nitrite precursor. Mire preferably, a primary am ne or
derivative thereof is produced in sai ¢ hydr ogenati on process. The enbedded
passi vated hydrogenation catalysts are pre-eminently suited for use in a

hydr ogenat i1?rbrin95r9%§ﬁﬁee’; n whi ch unsaturated prinmary am nes or derivatives
t hereof are’t'o be produced. The passivated hydrogenation catal yst may be
present on2h hydtdcarbapuppietytsubratiteted slerivatives ofragidtpsimany apyms; adierein the

hydr ogenati o t t ihed. | ' r Lt t ' be
erbedded  cam BB oRIRTEH 1R ool SLbEraReC LU incknia S
Preferred ar esub2@uleddragsnstitided, cettich if stibstifuibd oaydbd Oegontaiming aod pnay
supported or .unsupported caobalt i . pper, chrom um pall adi um

pl ati nu% ruthr?gﬁ'lcg ammgdp&q?g%ﬁly@g@ﬁ-é@{t@pﬁﬁbst preferred are hydrogenation
catal ysts ghafitrileseopre-emnently suited for the hydrogenation of nitrites.
Exampl es o useful for the hydrogenation of

f.catalysts whi.ch are ver
nitriles i AL r%/%OfZﬁqyrﬂfﬁ?%ﬁ%PWgﬁd%I loy, ii) Raney cobalt, iii) 25 Raney
ni ckel , i VFuh&enard! eils Uivettionyrelatgs Zbnthealprovess um miakeysaidi ¢mbedidad |
copper, and/or. chromjum pellets,. d vij) vatious nickel-supported
mat eri al s. C#@B’P@r ?B‘g%ﬁé{% aLhef??? ’U:tgei Wdég%i’%eoﬁ%?E?sSnt%cg\aggy@?'ngétor di ng
t o thigoi NPRsThizBlY, ad=id MyeikRlenatictp prbdess aditro ppérogeddiiotie ptozaberof266 WO
03/ 080243 PCT/ EPO3/ 02637 4. Preferred fotr lé?e as .enbeddi.n agHen.t for the
passi vat edCPRAPSHENG: MBTe PHRGUSAL: Mgr%:pre erably, a primary aming’ or derivative

thereof is produced in said hydrogenation process. The embedded passivated

hydrogenation catalysts are pre-eminently suited for use in a hydrogenation

process in which unsaturated primary amines or derivatives thereof are to be

15  produced. The passivated hydrogenation catalyst may be present on a solid

support material or it may be unsupported.

A hydrogenation catalyst as described in this description that is to be embedded
can be any conventional hydrogenation catalyst known in the art. Preferred are
20 hydrogenation catalysts selected from the group of supported or unsupported
cobalt, nickel, copper, chromium, palladium, pilatinum, ruthenium, and zinc
catalysts. Most preferred are hydrogenation catalysts that are pre-eminently suited
for the hydrogenation of nitriles. Examples of catalysts which are very useful for
the hydrogenation of nittiles include i) aluminium-nickel alloy, i) Raney cobalf, iii)
25 Raney nickel, iv) zinc-chromium alloy, v) zinc-aluminium alloy, vi) cobalt, copper,
and/or chromium pellets, and vii) various nickel-supported materials. Preferred
metals for use in a hydrogenation catalyst according to this invention are nickel,

cobait, and copper.




1) primary am nes, represented by the formula R CH2-NH2 (1), wherein Ris
sel ected fromthe group consisting of |inear or branched, sufi8t3antembes 2006
unsubstituted, saturated or unsaturated, optionally O containing and
optionally 5 .N-containing, preferably only N-containing, noieties

cont ai ni ng WOPHE8B3car bon atons, preferably 6 to 30 car b8@1/ERGHB37 nor e
preferably 7 to 30 carbon atons, nost preferably 8 to 30 carbon atons, 2)
derivatives of said primary am nes, represented by the fornula R CH2-NR R
(1), wherein Ris as defined above and R and R' are independently
selected 10 from hydrogen and the group consisting of |inear or branched,
substituted or unsubstituted, saturatedor unsaturated, optionally

O contai ning and optionally N-containing, preferably only N containing,

Tor o pr of efABEy ot tsisR s g B AR R Plbochehn 29hBL A0 O
atons, wtH)t pémpryomhiﬂmsist, [lﬁgréeaeRrj%dEy dhee fm’T;ﬂ?} O%Emgkfi}lzglg,i whéseth ®Rde and

with the further pro . R secondar

A ne. aher ei HOPFIBHC KPR e droi cristta; 8t Padl or soHav, He R AL

%ar bon ag o][ns, ufgubstitutdd, esatuéaite«gro;elmmte?téw dptifenéllgrcn%]l?ﬁtalﬁ_irg:ahd bptionallpher ei n
is as_defined above, a xtures of .any of sai ripary. am nes,

Ger tvar Pes 1 RerRbangRrehray iy Norne; Hoistel ueiica™h i et | on

catal yst to egbgatdprdeBR s to 30 @irsdreatolisy motdpferdblp Y toeiodhkibdiatofds, of sai d

catal yst to 40-90 w%.o/%o eg‘éedg}lpngl a}%:nt, up to a total of 100% based on

the conbi ned WOSHPFETSROHBLP SHEARONSP et al yst and 25 enbeddi ng agent. More

pref erabl y2)t B&ivatile® of 8ai@SpriRargtanimed, repleabitell Hyoth€ Golula W-c¥-pfR'RMeddi ng

agent. Optionglly, the_enbedded passivated hydrogenation catalyst may
conpri se furtﬁ1 rWeergleReip (ﬁ?a‘feﬁﬁﬁg?w‘(?e@?d &@ﬁgﬁq re|ipdspepderdly seieded ati o

by wei gt of %&%ya%agbn(mm?@u@@sﬁéime& Hedr @8 daiched, sidstlurst or tot al
amount of further additives). 15 Septenber 2006 WD 03/080243
PCT/ EP03/ 0263ynsybstituted, saturated or unsaturated, optionally O-containing and optionally
N-containing, preferably only N-containing, moieties containing 3 to 30 carbon
atoms, preferably 4 to 30 carbon atoms, more'preferably 5 to 30 carbon atoms,
most preferably 8 to 30 carbon atoms, with the proviso that at most one of R’
15 and R" is hydrogen and with the further proviso that R-CHz-NR'R” is not a difatty
secondary amine, wherein the term “fatty” refers to a moiety having 10 or moré
carbon atoms,
3) nitriles, represented by the formula R-C=N (lll), wherein R is as defined above,
and ) |
20 4) mixtures of any of said primary amines, derivatives thereof, and nitriles.

The ratio of passivated hydrogenation catalyst to embedding agent is preferably
10-60 % by weight {(wt.%) of said catalyst to 40-90 wit.% of embedding agent, up to
a total of 100%, based on the combined weight of hydrogenation catalyst and
25 embedding agent. More preferably, the ratio is 35-40 wt.% of catalyst fo 60-65
wt.% of embedding agent. Optionally, the embedded passivated hydrogenation
catalyst may comprise further conventional additives, such as filter aids, in a ratio
by weight of 1:10-10:1 (embedded passivated hydrogenation catalyst : total

amount of further additives).



Preferred enbeddi ng agents are selected from al kyl am nes gArneen(r)),
n-butyl amine, n-hexyl anine, n-octyl anine, n-decyl anine, 18-3fpiemjper 2006
am ne, n-butadecyl am ne, n-hexadecyl am ne, n-octadecyl am ne,

n- ei cosanyl am ne, n-docosanyl am ne, and m xtures thereof, such as 5
comrer ci al IWO4Y&04abl e tal |l ow, hydrogenated tallow, pal nPCHEPAHRST nel ,
coco-, oleyl, or erucic amnes, nitriles, such as n-butyronitrile,

n- hexane nitrile, n-octane nitrile, n-decane nitrile, n-dodecane nitrile,
and m xtures thereof, such as commercially available tallow hydrogenated
tall ow, palm palmkernel, coco-, soya, rape, 10 erucic, or ol eyl
nitriles, dialkyl amnes (Arneen(r)) Hhving at nost one fatty al kyl group,
wherein the term"fatty" refers to a noiety having 10 or nore carbon

atons, pr efF%%hJeMenﬁgﬁbiﬁglag%?ﬁﬁ%éﬂr&ﬂpmh al kyl groups have | ess than

10 carbon atons, s am ne, di (n-hexyl) am ne,
di (n- oct yl wam nelkylEnihes @riogben@pindaeyl amind, neheaxy aminet myttylarkine, mdeadés and

t hyl di al kyl | A . ially avail abl
e boot "ot ver AR s TBBRL A A TR B PR ey
g_m' ne, ol ﬁy: di _ammyh-dgicmﬁh anﬁtﬂ,!{rﬁﬂmo?éer’nl?l bmlneaai;}dlfnixtd?edeb@rggmudﬁybs am ne,
i cocongt am ne | rogenated tallo m.n
1 565 ok nopr opeitEmamek SVl CydgstHed Blo pafinain fodwhiconth o
cocopr opyl ene dblep] eresrudibgmiegenat ed) tal | ow propyl ene di am ne, ol eyl

propyl ene di am ne, C15-C22-al kyl propylene diam ne, alkyl dipropylene
trianmine (Tri anﬁ'@"”ﬁsp )WP“i%c'P'QH FRj“t{"Pv inhHr¥ang mjnley n-ogtane é@"’ec 'ﬂﬁﬁ?'&? ally
avai | abl e cocodiii®PyliaBcand MRS arfdYSIKDRRN SHeP6DY, tsabh Ox¢ odmribiRlapy| ene
triam ne, oleyl dipropylene triamne, tallow dipraopylene triamne, ~ alkyl

tripropyl ene tc@yablpdalovedwdingengtey tallowe Raliy RaFThernala$9cp- SPNR Eafee

cocot rygropyl engytigl sraByhRitriidd)ydr ogenat ed) tallow tripropyl ene tetram ne,
oleyl propylene tetramne, 15 Septenber 2006 WD 03/080243 PCT/ EP03/ 02637
e  dialkkyl amines (Armeen®) having at most one fatty alkyl group, wherein the

term “fatty” refers to a moiety having 10 or more carbon atoms, preferably
dialkyl amines wherein both alkyl groups have less than 10 carbon atoms,
such as di(n-butyl) amine, di{n-hexyl) amine, di(n-octyl)amine,

15 o trialkyl amines, including dimethyl alkyl amines and methyl dialkyl amines
(Armeen®), such as commercially available hexadecyl dimethyl amins,
cocodimethyl amine, hydrogenated fallow dimethyl amine, oleyl dimethyl
amine, tallow dimethyl amine, didecyl methyl amine, dicocomethyl amine,
di(hydrogenated tallow) methyl amine,

20 o 1,3-diaminopropane amines (Duomeen®), such as commercially available
cocopropylene diamine, (hydrogenated) fallow propylene diamine, oleyl
propylene diamine, C45-Coz-alkyl propylene diamine,

o alkyl dipropylene triamine (Triameen®), including (Triameen® Y), such as
commercially available cocodipropylene friamine, (hydrogenated) tallow

25 dipropylene triamine, oleyi dipropylene triamine, tallow dipropylene triamine,
. alkyl tripropylene tetramine (Tetrameen®), such as commercially available

cocotripropylene tetramine, (hydrogenated) tailow tripropylene tetramine, oleyi

propylene tetramine,




6 trimethyl al kyl -1, 3-di am nopropane, ether am nes, ether diam nes, and
m xtures of any of the above compounds. 5 Preferably, a pri ffarSeptember 2006
and/or a corresponding nitrile are/is used as enbedding agent. Also

m xtures of one or nore primary am nes with one or nore of the

cor r espondi Wg 03P40243| es can be used. Preferably, at |east PADERIHP248EI ght
nore preferably at |east 80% by weight, nost preferably at | east 95% by
wei ght of the 10 enbeddi ng agent consists of one or nore products according
to the fornmulae (1), (I1), and (Ill). Amnes, derivatives thereof, or
nitrites according to this description can be based on natural or
synthetic raw material (fats/oils, aIc@hoIs) At room tenperature and

at nospheric pressure, said amne, derivative thereof, or nitrile preferably

has a vapour p lﬂ}PI so that it is not volatile. The
am ne, derlvatlt\rr/@% |%‘? e(r?g’o mHHPo l'llte can be liquid or solid, at room

tenperat ure andethtmaraipbgric pressure, although solid enmbeddi ng agents are
preferred. If an am.ne,is used as the enbedding naterial and the
hydr ogenat Pon c@helididTiNes, 4fed in the process to make amines, then it is

preferred §o uqﬁ,xﬁﬁeggpar@rgpggdéMEMw,ﬁjs the same am ne as the am ne
that is to be produced ddring the hydrogenation process. Simlarly, if a

nitrile®20 is used as the enbedding material, then it is preferably the
nitrilet hPE@?I?\l}:Ig{‘H%IHQﬁ}%ﬁQ fah@ld' Q%oﬁéékﬁfﬂhgtrﬁ"mi@eéf@hstﬁ%d% éifibedayTP! es of

am nes and Ives t'hereof that can be prepared using the enbedded
passi vat edagsitr bdgonatbityes cataney of @%dﬂ"ﬂ'@ﬁ%gﬂfﬂlt}eﬁ méth eRee @ imserei alcthede: 25

al kyl am ngsy, A#Bﬁ@ﬁﬁ(ﬁ&rﬂes .f%ybééoech@#éf%(ﬂ: y, 281 RSt aﬁsmvewaﬁgm)moredl al kyl

am nes (Arneen trial am nes, 1 ncl uding am nes and

met hyl di aptieferablihatdeast $0%epy aveight, mgwremmﬁb@@m%%cm mht obter

10  embedding agent consists of one or more products according to the formulae (1), (1),
and (). Amines, derivatives thereof, or nitriles according to this description can be
based on natural or synthetic raw material (fats/oils, alcohols). At room temperature
and atmospheric pressure, said amine, derivative thereof, or nitrile preferably has a
vapour pressure below 5 mm Hg, so that it is not volatile. The amine, derivative

15  thereof, or n‘itrile can be liquid or solid, at room temperature and atmospheric
pressure, although solid embedding agents are preferred. If an amine is used as the
embedding material and the hydrogenation catalyst is used in the process to make
amines, then it is preferred to use as the embedding material the same amine as the
amine that is to be produced during the hydrogenation process. Similarly, if a nitrile

20 is used as the embedding material, then it is preferably the nitrile that is

hydrogenated in the process to make the amine.

Examples of amines and derivatives thereof that can be prepared using the
embedded passivated hydrogenation catalysts according to the invention include:
25 e alky! amines (Armeen®),
. ethoxylated alkyl amines (Ethomeen®),
. dialkyl amines (Armeen®),
. trialkyl amines, including dimethyl alkyl amines and methyl dialkyl amines




7 (Arnmeen(D), 1, 3-diam nopropane am nes (Duoneen(r)), ethoxyl ated

1, 3- di ami nopr opane anines (Ethoduormeen(r)), alkyl dipropyl ehd Seftembes 2006
(Trianeen(r), including Trianmeen(r) Y), 5 alkyl tripropylene tetram ne
(Tetranmeen(r)), quaternary anmoni um conpounds, including al kyl trinethyl,
di al kyl di ME©@R3/9802433] kyl benzyl di nethyl, dial kyl benzyl PEGREPBI268DNPOUNdsS
(Arquad(r)), trinethylalkyl-1,3-di am nopropane,

pent anet hyl al kyl -1, 3- propane di ammoni um conpounds (sold as Duoquad(r)), 10
et hoxyl ated quaternary ammoni um conpounds, such as al kyl met hyl - bi s(2-

hydr oxyl et hyl ) amoni um conpounds (Ethoquad(r) X/ 12), pol yoxyethyl ene

al kyl methyl ammoni um conpounds, such ds Berol (r) 556, Berol(r) 561, and
Berol (r) 563 and Ethoquad(r), amne salts (Arnmac(r)), 15 diamne salts
(Duomac(r)), amne Oégdes (based on dinethyl al kyl am nes or ethoxyl ated
am nes, Arormxégrr =n nmphot eri cs, such as N al kyl -3-am nobutyric acid
(Arneen(b %), 1etm|naﬁﬁop§ﬁeazaﬁ1eef(meéﬁr®)rj nes reaction products of SMCA
(sodium salt of nonochl oroacetic acid) ﬁ% thyI am nes

( Anphot eener) ), ethexdated . W'@HE@P@PBFGW% ogy ? am nopr opane,
Triameen(r an [@fﬁ ) 0@@9{@01- deh® Y)and 25 mi xtures of
any of the)‘abovgl‘qg g ra-;f}ﬁé %ﬁ@]‘éggﬁﬁé&@m am ne@gg oeguced in the

hydr ogehat mon pafbﬂmomyiemetfmmhéTetéﬂm@d catal yst according to the
:3?:\.'/./62}368?0'223gsqlgateljnaryaarﬁﬁ'lo%ﬁy co%%éﬂﬂd?rm&uoqiﬁ:’g %Ittﬁ%ﬁ{yl %@ﬁl@l diffié / 080243
' alkyl benzyl ditnethyl, dialkyl benzyl methyl compounds (Arquad®),

. trimethylalkyl-1,3-diaminopropane,

. pentamethylalkyl-1,3-propane diammonium compounds (sold as Duoquad®),
10 o ethoxylated quaternary ammonium compounds, such as alkylmethyl-bis(2-
" hydroxylethyl) ammonium compounds (Ethogquad® X/12),
. polyoxyethylene alkyl methyl ammonium compounds, such as Berol® 556,
Berol® 561, and Berol® 563 and Ethoquad®,
. amine salts (Armac®),
15 o diamine salts (Duomac®),
. amine oxides (based on dimethyl alkyl amines or ethoxylated amines,
Aromox®),
. amphoterics, such as N-alkyl-3-aminobutyric acid (Armeen® Z),
. ether amines,
20 o ether diamines,
» reaction products of SMCA (sodium salt of monochloroacetic acid) and alkyl
dimethyl amines (Amphoteen®),
. reaction praducts of SMCA and alkyl diaminopropane, Triameen®, and/or
Tetrameen® (sold as Ampholak®), and '
25 » mixtures of any of the above compounds.

Preferably, the amine produced in the hydrogenation process in which the
embedded catalyst according to the invention is used, is a primary amine or a




8 derivative thereof. Mst preferably, the am ne produced is an
unsaturated primary amne or a derivative thereof, since it 1568eptbsder2806
that the present enbedded catalyst shows good performance, resulting in
hi gher purity of the resulting primary am ne, absence of clarity problens,
and hi gher WP#pgp8243because distillation is no 5 | onger r BGUEPBA263H gh
yi el ds are even obtai ned when distillation of the reaction product is
still applied. Nonetheless, in a preferred hydrogenation process wherein
the enmbedded catal yst according to the invention is used, the resulting
primary amne is not distilled. 10 In _a typical hydrogenation process
wherein a netal -contai ni ng hydrogenat|§n catal yst according to this

i nvention is used, the anobunt of netal in the hydrogenation catalyst
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not been e nt a e e
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MII er tHVamiF@J |a‘b|§éndehef E:Iahtyr p:EBIems and(}ugﬁerw[ddis, Heicaase distiltativg - lbln'mlget han;:l
capsul ate the via er in an o ath a
105 255 Soraayiedi Mbr yERE aE Sen %’“ﬁ%dﬁ%‘ Q'Pﬁ"eﬂY"’%d’frﬁ“ﬁu'ie@S o Al ow
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ernostatic water ec e sammle for earance

b ter 30 niheuPasotdsiCedabib BrcoRis 1O W GRRO U RN B dSTUuRE RS
| ncrease t K98 R8T Bittges. to 210C

10 In a typical hydrogenation process wherein a metal-containing hydrogenation
catalyst according o this invention is used, the amount of metal in the hydrogenation
catalyst preferably is from 0.02 fo 1.0 wt.%, based on the weight of the compound to
be hydrogenated. Mare preferably, the amount of metal is from 0.05 {o 0.25 wt.%.

15 The invention is elucidated by the following examples, which have not been

optimised.

Experimentai
Test procedure for determining haze:

20 e Filter 5 ml of an amine sample using a Millipore 0.45 pm filter unit, type Millex
HV
o Cailect the filtrate in a 10 ml vial
¢ Rinse with Nx-blanket and capsulate the vial using a rubber septum
o Place the vial in an oil bath at 105°C
25 o Remove the vial from the heating source after 30 minutes
¢ Allow the vial to cool in an ice bath for 2 hours
» Place the vial in a thermostatic water bath at 20°C (1=0)

e Check the sample for appearance after 30 minutes




Check the sanple for appearance after 15 m nutes I ncrease the tenperature
to 22C Check for appearance after 15 minutes, and increase 1h&eptempben2006
by 1 C5 Repeat the previous step until the sanple is conpletely clear
(maxi mum tenperature 30C) Register the tenperature at which the sanple is
conpl et el y WO 8HIBOMABt hout any sedinent 10 Material s usedPCEERISORIA

ni ckel - contai ni ng catal yst ex Cal sicat/Mallinckrodt* 62/ 15P A

ni ckel -contai ning catal yst ex Synetix Arneen(r) HT Enbeddi ng agent ex Akzo
Nobel *) Cal sicat/Mallinckrodt now bel ongs to Engel hard 15 Exanple 1
preparation of an enbedded passivated hydrogenati on catal yst Equi pnent:
The enbedded catal yst can be produced @nd shaped in any conventional way.
In this exanple, a thernostatted, glass lined reactor (250 m), equipped
wi th a turbine supply in the headspace, and a bottom

20 m xer, a nitr
val ve was nsmeﬁﬁ?etw@ﬁ%h%(éa”%ﬁ’tgf@t m xture produced herein, see bel ow,

vwas dropped thebk iHEsarffit F@apyehrecotier th miruds pl ate situated on carbon
di oxide ice for cooling, to fporm particulate matter. 25 Procedure: 60 g

Armeen(r) HTingeaserbe tempeetue ia¢dhér at ure of approx. 70C, and the reactor
was flushed wth it iR B @ nchisa! S tenfpetSOR penec added to
t he reactbrwgﬁﬁkﬁqrfggg?%{\g tﬁémrrgelﬁngd‘%b\r'r}egﬁ_(r) HT. Vn\ﬁ?l e rra?ﬁt_ai ning a
nitroges 15 Fepbantes pP&Gdus $RpOANiDSH24sams EPOSNDiEY clear (BTaWREl, and
optionally using nitrogﬁe@ to pressurise the reactor, the m xture was
shaped as del®¥PPH8TapB\e. The Ni content of the enbedded catal yst material

Vas « Register the temperature at which the sample is completely clear without any

sediment

10 Materials used:

E-480P A nickel-containing catalyst ex Calsicat/Mallinckrodt*
62/15P A nickel-containing catalyst ex Synetix
Armeen® HT Embedding agent ex Akzo Nobel

*) Calsicat/Mallinckrodi now belongs to Engethard

15
Example 1, preparation of an embedded passivated hydrogenation catalyst

Equipment:

The embedded catalyst can be produced and shaped in any conventional way. in

this example, a thermostatied, glass fined reactor (250 ml), equipped with a turbine
20 mixer, a nitrogen supply in the headspace, and a bottom valve was used. The

embedded catalyst mixture produced herein, see below, was dropped from the

bottom valve onto a metal plate situated on carbon dioxide ice for cooling, fo form

particulate matter.

25  Procedure:
60 g Armeen® HT were melted at a temperature of approx. 70°C, and the reactor
was flushed with nitrogen. Next, 40 grams of catalyst E-430P were added 1o the
reactor and mixed into the melted Armeen® HT. While maintaining a nitrogen




about 25 wt.% based on the total conbined weight of Arneen(r) HT and
E-480P. 5 Exanples 2-3, hydrogenation experinents The experi & @eptember 2006
carded out using a conventional hydrogenation process as described in the
open literature for the preparation of primary amnes fromnitriles. O eyl
nitrile waswag¥esoad the raw material to be hydrogenat ed. PEREPBIE32 3

Passi vated catal yst E-480P 62/ 15P Enbeddi ng agent Arneen(r) HT Arneen(r)
HT Enb, agent + Passivated cat. | NI w.%* 10.8/0.2 2.4/ 0.2 10 *) Based
on the wei ght of the conpound to be hydrogenated An oleyl amne with the
foll ow ng properties was obtained: Primary Amne w.% ** 97.6 97.1
Secondary Amine w.%** 2.4 2.9 |V 121200 91 86 86 180 160 Tine mn. |
Mnimum C arity tenperature C 21 23 **) Nornalised IV = lodine Value is

t he standa asure for the .degree of unsaturation of the 1 roduct .

Fr om t heseiagkeh 290 qp Bl Sig MiPEaR do PR UHEE HIS T U B, Fos,

cat al yst caRapdibasabasifed apevd. bk NI chiteit ofitas enibedded cAalysenbte)liaHigs Al so

good yields and _desirable p Irnggg\%tlge}kggg [ neg@ﬁ?%@%%@?{ i30n "
. : v~' ulkc

EOstlét )
process i nafplitads Whiosbasedniae totg gomn
Fes' 08. 100 CLAIMs 59
5 Examples 2-3. hydrogenation experiments
The experiments were carried out using a conventional hydrogenation process as

described in the open literature for the preparation of primary amines from nitriles.
Oley! nitrile was used as the raw material to be hydrogenated.

Example 2 3

Passivaied catalyst E-480P 82/15P

Embedding agent Armeen® HT | Armeen® HT

(Emb. agent + Passivated cat) / Ni  [wt.%]" 0.8/02 24702
10 *) Based on the weight of the compound to be hydrogenated

An oleyl amine with the following properties was obtained:

Primary Amine fwt. %1 97.6 97.1

Secondary Amine fwt. %] 2.4 2.9

vV [gi/100¢g] | 86 86

Time [min.] 180 160

Minimum Clarity temperature [°C} 21 23

*} Normalised
IV = lodine Value is the standard measure for the degree of unsaturation of the

15 product.

From these results it can be concluded that passivated hydrogenation catalyst can
be embedded perfactly in primary amine (Armeen® HT). Also good yields and
desirable produéts are obtained in the hydrogenation process in which this catalyst

20 is used.




1. A passivated hydrogenation catalyst that is enbedded in at | east one

enbeddi ng agent sel ected fromthe group consisting of. 1) pril&septambes2006-
I BREL c%a;ggd by the formula R-CH2-NH2 (I), wherein Ris selecteg %omq; he .
getizelidi sting of |inear or branched, substituted or unsubstléD Gthioha
saturat ed or unsaturated, optionally contai ning and optiona IyM )
N-containing, preferably optionally y N-containing, noieties c@nt‘@gm ng

7 to 30 car gg @Eoms, 2) derivatives of said primary am nes, represented by
the formul a -NR R" (Il), wherein Ris as defined above andéand R

are mdependently sel ected from hydrogen and the group consisting of
| i near tfr ched tuted or substituted, saturated or

unsat ur at ed H%tPHy ‘GJ WHP'FN‘%%QWCWBHS §ﬁ'@leﬂ98¢\|-ll@cﬂ’it laasti owg
preferably Optenﬁﬁmlding ag@m ¥elbtieq on mb@eumrﬁéiét”g g dgrontaining 3 to 30

carbon atons, refera bly to 30 carbon atons preferably 5 to 30
car bon at ons, ima%a@?"é@%ﬁﬂfe@rﬂ@ Qbﬂ'@afﬂmﬂa&%GHs-N!-lM(t)hwhérelrﬂRm/l so that

at nost one Of I%tselecﬁfédjfiﬁn thé d&ﬂljﬁ chfs'%hn of qhn%ér dr%ﬁ’ﬁg&h%? %J @ﬁ%q 8¥ | the

formula RRC=N (I11), wherein I's selec ng of
linear or brancHéWubsiiiusd; saluetedror umwstadt Lapednallyaocnscthn@rand

referably opt| Pl VAN FoRQRE PidichBhontBRa A Nt ipostith, 20
carbon atons, pr@m@mm?tcsat@ga@onamnmn atoms, more preferably 7 to 30

car bon tors. 2ROk Coliad 08T BBy by SRR S5 s

t her egf nitri : é%-Cl'lathé’R" (kb)mwl‘@se!n eﬁhds @hmfnddﬂabonﬁgangéw afid Rt gﬂeysft g
according to ¢ | e enbeddi.ng agents is soli
at room terrperafh:lf?E &%t rer"oiégp %B?@g%a, l}e ggﬁpﬁﬁ?‘gg’gﬁﬁf’%@ﬁ)er 2006-

or branched, substltuted or unsubstttuted saturated or unsaturated,

. 2
AR S e T

optionally O-containing and optionally N-containing, preferably optionally
only N-containing, moieties containing 3 to 30-carbon atoms, preferably 4
to 30 carbon atoms, more preferably 5 to 30 carbon aioms, most
preferably 6 to 30 carbon atoms, with the proviso that at most one of R’
and R" is hydrogen,

3) nitriles, represented by the formula R-C=N (lil), wherein R is selected
from the group consisting of linear or branched, substituted or
unsubstituted, saturated or unsaturated, optionally O-containing and
optionally N-containing, preferably optionally only N-containing, moieties
containing 5 to 30 carbon atoms, preferably 6 to 30 carbon atoms, more
preferably 7 to 30 carbon atoms, most preferably 8 to 30 carbon atoms,

4) ether amines,

5) etherdiamines, and

6) mixtures of any of said primary amines, derivatives thereof, nitriles, ether
amines, and ether diamines.

2. A catalyst according to claim 1 wherein at least one of the embedding agents
is solid at room temperature and atmospheric pressure.




6A ,~1, 2b0 ~C 1 QO02wit"4 12 3. A catalyst according to claim 2 wherein

t he combi ned amount of enbeddi ng agent ig solid at rgomtenﬂﬁrsﬁm?@%ﬁﬁam

%Jﬁ pressure. 4. A hydrogenation process wherein an am ne.&jmgw_w
ideedisisi ng a catalyst in accor danﬁe w th any one of clains E’@@Q@f

process according to claim4 wherein the anine produced is a pri My

am ne. 6. A process according to claim5 wherein the primary amne is an

unsat ur at ed [ ) . L rocess accordjng to any one of clains 4-6
wherein t hes'e%e%%%aﬁg%gﬁpmguéﬁag?@ tgr’gieW = hi:4 %et FRMBINEH | AmouRtitofi s

hydr ogenat ed. anbdﬁdﬁrg)awﬁimﬁaaﬂfmbmp@?étu%dcﬁtnﬁéﬂi‘éﬁégf'ééu}é@erEi n the
enbeddi ng agent used is the sane as the ami ne produced, or a dérivative
thereof. 9. A process to nmake a catal yst according to any one of clains 1-3

wherein a  $agshydrbgshdifl pRsRBL Whersis ahaHnYiRb id EroEUBé‘odﬁé% E%é%é%s!r@?“ one

enbeddi ng agent selected fromthe group consisting o pri am nes,
represent ed byCEPEancs with anvengefclims (+3., wherein Ris selected fromthe
group consisting of linear or branched, substituted or unsubstituted,
saturated or unsaturated, optionally O0-containing and optionally

N- cont ai ni iy, ApPEFEsRBFSPIéRg itoslaim v wheseinthepaininenproducatises ipeifiang ont ai ni ng
7 to 30 carbognptons, 2) derivatives of said primary am nes, represented by
the formula RCH2- NR R" (Il1), wherein Ris as defined above and R and R’
are independently selected from hydrogen and the group consisting of

linear or @rangheds It r tuted saturated or
unsat ur at ed, ggt i onaﬁ@a&gggtﬁ@ g'ﬂ i%’ﬁé}éﬁgﬁ%B{'?’aﬁ’aﬁWe@ b Hbsatwratag
pref erabl y opPil§AM amineonl y N-contai ni ng, noieties containing 3 to 30
carbon atons, preferably 4 to 30 carbon atonms, nore preferably 5 to 30
carbon atons, nost _ _

7. A process according to any one of claims 4-6 wherein the embedding agent

used is the same as the nitrile that is hydrogenated.

8. A process according to any one of claims 4-8 wherein the embedding agent
used is the same as the amine produced, or a derivative theredf.

9. A process to make a catalyst according to any one of claims 1-3 Wherein a
passivated hydrogenation catalyst is embedded in at least one embedding
agent selected from the group consisting of
1) primary amines, represented by the formula R-CHz-NH, (1), wherein R is

selected from the group consisting of linear or branched, substituted or
unsubstifuted, saturated or unsaturated, optionally O-containing and
optionally N-containing, preferably optionally only N-containing, moisties
confaining 7 to 30 carbon atoms,

2) derivatives of said primary amines, represented by the formula R-CHa-
NR'R" (i), wherein R is as defined above and R’ and R’ are
independently selected from hydrogen and the group consisting of linear
or branched, substituted or unsubstituted, saturated or unsaturated,
optionally O-containing and optionally N-containing, preferably optionally
only N-containing, moleties containing 3 to 30 carbon atoms, preferably 4
to 30 carbon atoms, more preferably 5 to 30 carbon atoms, most




ti I 15 Septenber 2006- u as<. 13 Ef ?E2(k63 preferably 6 to 30 carbon

at o, with the proviso that at most one of R and R' is hydb&gptember 2006-
ffietsear.  epresented by the formula R-C=N (111), wherein Ris sel ect ed
B _iﬂ.roup consisting of linear ofyqbranched, substituted or ERY ‘W’%

unsubst Ituted, saturated or unsaturat e%l opti onal |y O contai ni ng"‘%

optionally N-containing, preferably optionall y only N-containing, noieties

containing 5 to prefera to 30 carbon atonms, nore
preferably 7 to %gfegé‘?hégﬂogib&%@ Wemsp\”g’? pyisg tha abooshenonf Bt ons,  4)
ether anines, 5)aretRies hgdragémes, and 6) mixtures of any of said primry

ani nes, deri V%ill \(E, thereo nitriles, ether am nes, and et her di am nes.
10. ‘A process b FRPTESETHRR) by rtke SprmuiiaiRaG=Ni (i) ibereimRt ik esefamtddo of

G5 of SQ.ygrfffg‘f QF‘%' Fofe BnSing ", BT RO RSt (0" o1l ot
100% based on ungbsd neuraadyior wisahyatedgeptidriatin @abaia}fﬁrﬁg ad enbeddi ng
agent, whi | e t heRbaideoRany HeAdtatly AT AN SBHEIARL MTBec oY | 5¢

further conventi
containing 5 fo 30 carbon atoms, preferably 6 to 30 carbon atoms, more

preferably 7 to 30 carbon atoms, most preferably 8 to 30 carbon atoms,
4) ether amines,

5) ether diamines, and

6) mixtures of any of said primary amines, derivatives thereaf, hitriles, ether
amines, and ether diamines.

10. A process according to any one of claims 4-9 wherein the ratio of passivated
hydrogenation catalyst and embedding agent is 10-60 % by weight (wt. %)
of said catalyst to 40-90 wt.% of embedding agent, up to a total of 100%,
based on the combined weight of hydrogenation catalyst and embedding
-agent, while the embedded passivated hydrogenation catalyst may
comprise further conventional additives.




