WO 03/ 051508 PCT/ US02/ 38649 Advances in Am nation Catal ysis
Cross-References to Related Applications 5 This invention clains priority
to US ProwbaBoseshs Pat ent Application serial nunber 60/ 34@CGa30t/846ed
Decenber 14, 2001 which is currently still pending, and US Pat ent
Application serial nunber 10“154’925! fileg é&iiu 18, 2002, which is
currently still pending. 10 4 DEAAVSIS ention rel ates to
catal ysts useful in the preparation of am nes by reductive amnation. Mre
particularly, it relates to catalysts and pr ocesses for their use in the
production of am nes fromidlos ed o Relatedapppligadions Cat al ysts
according to the 15 invention conprlse nem/conblnatlons of netallic
conponent s, which new conbinations in such catalysts yield inproved
performance in a reductive am nation process that enploys the catalysts

provi ded. BackgThiynghendén SinsCariotit REBK IPRGvisiohi Pdfent Kﬁpl@é@tl@ﬁ%é@eﬂ ufin®bers to
the reaction of an al dehyde or ketone with ammonia (or a primary or

secondary @ybaehseneDAERBE 4, Bod DELRE SERRS: ?fstlll Bex{a%‘ri%'ahh wglgoenat | on

catalyst to give a primary, setondary, or Primary

o not  concUi@USR R Bl MPERLSHR, BREARTGY ARG SRR e, O 00"

catal ysts useful in 25 reductive am nation of al dehydes and ketones are

al so usef ul°®H'& he amination of al cohols, though the reduction of an

al cohol in general requires considerably higher tenperature. 1 WO 03/051508
PCT/ USt¥2/ 38649 Catal ysts useful in reductive ami nation and al cohol

am nation processes have been

Technical Field

This invention relates to catalysts useful in the preparation of amines by reductive
amination. More particularly, it relates to catalysts and processes for their use in the
production of amines from alcohols, ketones, and aldehydes. Catalysts according to the

15 invention comprise new combinations of metallic components, which new combinations
in such catalysts yield improved performance in a reductive amination process that

employs the catalysts provided.

Background
20 Strictly speaking, "reductive amination" refers to the reaction of an aldehyde or
ketone with ammonia (or a primary or secondary amine) and hydrogen in the presence of
a metallic hydrogenation catalyst to give a primary, secondary, or tertiary amine product.
Primary and secondary alcohols also undergo the same reaction, except that hydrogen is
not consumed in the reaction. It has been found in general that catalysts useful in
25  reductive amination of aldehydes and ketones are also useful in the amination of alcohols,

though the reduction of an alcohol in general requires considerably higher temperature.
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the subject of a |arge volunme of work by chemi sts, and the prior art is
replete wiwth patents concerning catalytic materials and/ or processes using
catal yti cwowBesises s as the including the follow ng US Paremtusn2/8861%59, 894,
6, 057, 442; 6,037, 295; 6,046, 359; 5,986, 138; 5 5,958, 825; 5,723, 641;
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ment i oned n ar.e |ncor orated ference hereto in thelr entirety.
Car ol yots BEarviret & Ml ool S Rorkly RePben bERTIR St brPRBENYEBEHS o
netal s such as Ni, Co, and Cu as the active conponent, and are sonetines
referred teI&ening qaalytisqastarials and/oppiegessesgisig Gainlyticanatesials s thedaglading hey
are active in both types of reactions. her elenents fromthe Periodic
Tabl e of tthe f@lcriegUsS Ratents: 6l §,057, 442 ropB7-295d6,046,859;eo%at 38t yst to
optimally tailor the activity or selectivity of the catalyst for the

particul ar5,ps8ER S, 723,64h] §B67,112;9neANI508388. asved asPRIT Id¥eBatichal 53, 581;
4,409, 399; 4,152,353 are descrlptlve of sone of the nore successful types

of reduct i X aaioRl Wenod/d1 Lataal X6 O 4/3489 ¢! m?}teﬂt@anu p%ten?g]gphcgﬁon 4,153, 581,

di scl oses a nethod of preparing am nes usi ng a catal'yst rrprl sing from

about 20 t c coba £ t 8..to about rcent
copper, npgl p ?%?761533& ? 8& dﬁ%tr b&tt™ %rp Br fgl]ebﬁ/tregqenge{}r_ﬁr?ta H&:ﬂWﬁ(?HB sel ect ed
fromthe group gonsisti zing, zirconiym and m xtures thereof.
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about 20 percent 20 cobalt. Since cobalt is a relatively expensive netal,

it is desisugbreNidro, prdEuias the actiue oorspansnt, lany eresbmistimes sefomedaioyst useful i n
t he reductive am nation of alcohols, etc., which has equal or superior
acti viloy thydcugeahtiorbedzhydrggeatiah yaalsstatbealuseﬂmgz atk 2098¢ i10d@h tiges of

cobal t-bearing catalysts. Reductive am nation process conditions are

typi cal |y rdssidng. OOFRK 6leRichi¥@om &2 FRFARSTBY dﬁH@Eleﬁﬁn&far@He ol with
ammoni a. Good selectivity to the primary amne is 2 WO 03/051508
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presence o cess anmon
for the particular process in which it is employed. U.S. Pat. Nos. 4,153,581; 4,409,399;

4,152,353 are descriptive of some of the more successful types of reductive amination
15 catalysts. Habermann, in U.S. Pat. No. 4,153,581, discloses a method of preparing
amines using a catalyst comprising from about 20 to about 90 percent cobalt, from about
8 to about 72 percent copper, and from about 1 to about 16 percent of a third component
selected from the group consisting of iron, zinc, zirconium, and mixtures thereof. The
catalyst of U.S. Pat. No. 4,153,581 is specified to comprise at least about 20 percent
20  cobalt. Since cobalt is a relatively expensive metal, it is desirable for practical reasons to
have at hand a catalyst useful in the reductive amination of alcohols, etc., which has equal
-+ OF superior activity to cobalt-bearing catalysts at a reduced cost over the cobalt-bearing
catalysts.
Reductive amination process conditions are typically used to make primary

25  amines by reaction of an alcohol with ammonia. Good selectivity to the primary amine is
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over a suitable catalyst and under reaction conditions known to those
skilled in the art. Primary al cohols as reactant, however, under the sane
condi t i orwoandsses al yst give rise to |ower prinmary am nePse&lUsSo/sssiudy, in
favor of significantly higher secondary ami ne product 5 and significantly

hi gher un i " 1S = , j.al j I

| evel s of qgsﬁglg}ﬁ%}ﬁ%vgﬁ%gﬁﬁlgﬁg@%g%ﬁf/(%}%lgeano %lﬁs}[h‘%@%gérﬂg SE%(XSC%%Sr%h gfr?l%ed by
reductive _cl eayv. r.. the formal addition of hydrogen across C-C, C O
ond 6 N bonas VR ety dRy pRidEeadibhsindibBrkogharngien AP Bt Sitne
primary commerci al |l y-useful products are 2-am noet hoxyet hanol , norpholine,
and bi s( antTHBEYRyFoholsas &pactan), homeuercrrder thy spepeaditignyandraatabiss Biygitise to
reactions and rel ated am nated hydrogenol ysis by-products include: nethane,
car bon di deweeprimatyydnsine sgjestivaly, indavrand kignidicaytlahigher, seettianodraine psyduct

et hyl enedi am ne, 2-net hoxyethanol, and 2-nethoxyet hyl am ne. Hi gher

nol eculsar andisgnlificanyly pighdticlidesisabld "[B&irdgeablpyik NMBy-pRudhutidCespecially at higher
N- am noet hyl nor phol i ne, 2- (N et hyl am noet hoxy) et hanol, etc., are al so

formed undgyels EPéléélib'Ilc&W%PQiéﬂ.oﬂ%hgg e’é&&ﬁ%&- odtrtsHre F&ﬁfé&bg‘?%oﬁ%{i% s | eads

to lower yields of the desired produc and so conmplicate

purificati . yst i el ds S f t by.- product s

at t endant C?%V? %éé%?g%ofaﬁg@?agﬁﬁ%é? O(fjégcﬁé%éél 0 Sécdl]ﬁeé'(?’sangggmoélé%ous froma
comer ci al per tive. .US Patent 4,152 353 disc|oses catal ysts_containing
N (20-49%, oilﬁ? §259 gbhphe amypgiiop of digth 1%%81}59&2,“3 prmesygonyRereidlyUseithe
conversion of alcohols to primary amnes. 20 US Patent 6,057,442 descri bed
cat al yst s REB#ch #F Agaominogthoxyrtpaels meyrhplingand bisgoningsthyheter. Bpngr@&hucts20- 85%
as Zr02), with A1203 and/or M02 (0-10%, useful in the conversion of

al cohol0s tforraed ebydrégaohisageiaionhasl iphtedntmigited hy dogétadysisbyt-piedasdg nat i on

of diethylene glycol to 2-am noet hoxyet hanol and norpholine. However, the

exanpl es iificludd) @sthR! ebsn @oxiaeletiFNaRl diycd, ehans], @eylahihé &$hdnBlamine,
hydr ogenol ysi s by-products. However, in 25 our experience simlar catalysts

1A e oS RS B AP
practice, btyt}%oc%cqsh sulcg\fig"Eﬁet&%{flrﬁorll[?hso?intg,yﬁ-aminoethylmorpholine, 2-(N-
ethylaminoethoxy)ethanol, etc., are also formed under reaction conditions. The formation
15 of these materials leads to lower yields of the desired products, and also complicates the
purification process. A catalyst that yields less of these by-products attendant to the
production of desired molecules is advantageous from a commercial perspective.
US Patent 4,152,353 discloses catalysts containing Ni (20-49%), Cu (36-79%),
and Fe, Zn, and/or Zr (1-15%) useful in the conversion of alcohols to primary amines.
20 US Patent 6,057,442 described catalysts containing Ni (14-70% as NiO), Cu (1-30% as
CuO0), and Zr (20-85% as Zr0,), with Al;03 and/or MnO, (0-10%), useful in the
conversion of alcohols to amines. Examples in this patent give results in the amination of
diethylene glycol to 2-aminoethoxyethanol and morpholine. However, the examples in

these patents do not specify the selectivities to hydrogenolysis by-products. However, in

25  our experience similar catalysts afford relatively high levels of hydrogenolysis by-
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products present yields inferior products, purification problens, and | ower
overall yields of the desired am ne products. Thus, if catalysts with

i mproved wWoOlodosisvsties to the desired primary am nes ovePCPriSor/3snd
reductive am nation catal ysts were provided, such catalysts 5 would

r epr esent i anific L rt ; A legree of
reduct  on Bpaisi i rheRRaRa BREE L gt D5 1n oFRARERLHBR VS i eY
manufacture the catalyst. Summary of the Invention 10 One aspect .qof the
r esent | IS TRIES! Ho ks iy ar Potuste P fCaBl et GBS e 1 P e A e
conprises the elenments nickel, copper, zirconium tin, and oxygen. Another
aspect ofofttheddsivedamingrprpductsh el hysaf edtalysts with iswrevedseleriivites fodie desited

am nation process. In another aspect of the invention, there is provided a
cat al yst ysahary ammes edercpriorert raduatizt kmmatibn chtalystsprérs psoviided, sichretalysts

ni ckel , copper, chromum tin, and oxygen. 15 Another aspect of the

I nvent ison weuld Rprasesr Piigsifiedht Adeailca ik attNcoinh@sbuedte Wethahd Aetréeddt process.
Det ai | ed Description W have di scovered that the inclusion of tin in

catal ysts ul kR f } i: r i i f the
anount s OHQQ%&E%PEQY?58#%%%%@?@%%@Hk@?%?ggﬁ%§§Qhéé%%ﬂ%%%ﬁﬂﬁé?ﬁgh§eductive
am nati on. e, of the catalysts of the present invention increases the

| evel of <&t é%ivity to the desired am ne product and m nim zes by-product
formation. A catal yst according to one aspect of the invention and to which
the addition of tin has shown a beneficial effect inthis regard is a
catal yst which contains tin, nickel, 25 copper, chrom um and oxygen. A
catal yst according to a secondSagpeaty effthe haventieanti on 4 WO 03/ 051508
PCT/ US02/ 38649 and to which the addition of tin has shown a benefi ci al

ef fectioi n thi s OegRpectios tie pradedt nsentiontis ¢ batelgst wefid it reductivecdnghatiomopper ,

zi rconi um and oxygen. These discoveries have led us to believe that the

presence gfphith Forhfri s R Am¥he BicRAIESpEL zRcRihA! tifldhd @RYSdrY SAndte@Talect N
of the invention is the use of such a catalyst in a reductive amination process.
In another aspect of the invention, there is provided a catalyst useful in reductive
amination which comprises the elements nickel, copper, chromium, tin, and oxygen.
15  Another aspect of the invention is the use of such a catalyst in a reductive amination

process.

Detailed Description

We have discovered that the inclusion of tin in catalysts useful in reductive
20  amination results in reduction of the amounts of unwanted hydrogenolysis by-products
produced during reductive amination. Use of the catalysts of the present invention
increases the level of selectivity to the desired amine product and minimizes by-product
formation. A catalyst according to one aspect of the invention and to which the addition
of tin has shown a beneficial effect in this regard is a catalyst which contains tin, nickel,

25  copper, chromium and oxygen. A catalyst according to a second aspect of the invention
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reductive am nation that al so contains nickel and copper wll show simlar
beneficial 5 effects. Catal ysts according to the invention are preferably
pr epar ed W9 0a/0prsogess conprising the steps of 1) co-preciPpirtisn/sag4d r om an
aqueous solution containing the netal ions desired to be present in the
finished catal yst s.their rbo Lfss . 2)cdlnsi .

CO- pr eci piaflg?%ﬁl?lggli@%?ﬁ%#t ! ?fg%r}éar%\ﬁé‘%{l %g’&@%‘%& ;ﬂre qgé@?é‘?‘%ﬁl nlgsi atci%tealyﬁ% xture
of co 10 precipitated carbpnates to yjeld m xt u of ,.metal oxides; 4)
acti vat i ngVhiFRCORtBHt I GIEL, CORPULETIGHIIT: PPgRWE Eﬁer%ﬁ%%%?la&%@a B
formation of pellets or tablets useful for a fixed-bed process. Catalysts
accor di ng to belidve thatvhaprespncapbtininegankral whemaddedita atbrion at fcatglydl eefl dhge” of
nono-functi onal and pol yfunctional al cohols having a w de range of

mol ecul ar redicgihe aminafidbn Sac hisakomhiak aickelcdnddeppesivtiiahowlsimildrdeneficialet hyl ene
gl ycol, diethylene glycol, triethylene glycol, polyethylene glycols, and
pol ypr gpyl£meisgl ycol s. Suitabl e pol ypropyl ene glycols for reductive

am nation with a catalyst according to the invention include those

desi gnat ed as : r) PPG 2000
which are ava#ﬁgéggég %%Cgprﬁﬁ%ﬁ?@%ﬁé r%%%ﬁ’é%?’%@o@%?ag%@%ffg _}r:?gg§S Austi n,
Texas. 20 The AAmi nation Process An. a[m tion Eroces?sjl[’l.hat ses 31 cat al yst
accor di ng CHPFRESIIR SRS Ynl) O-Prepily %n@omégla LU SUPHUPR L REd Ded
reactor in the presence of excess anmpni a and hydrogen, both under .
pressur e. Mejalapnsdesuedia bamresest m the fipthed erjalisti evihein srrkenate salisy 2k Tnsing
ammoni a may 25 be enpl oyed, such as nethylam ne, ethylam ne, etc. Reductive
ami nat i on the ocessipiated ceibodBLOBUSOSVETTPULERS DR8UMing theenixiurg okewn i n t he
art which enploy a catalyst may be used in conjunction with the catalysts
of t heopr geedipitdtdtv@ibdrates tdyRlds esguRCTenidlalRides; 4)etivatitgthe alixedhhethl uses a
catal yst provided in accordance

oxides by reduction with hydrogen; and 5) formation of pellets or tablets useful for a

fixed-bed process.
Catalysts according to the invention are useful in the amination of a wide range of
mono-functional and polyfunctional alcohols having a wide range of molecular weights.
15 Such alcohols include, without limitation, ethylene glycol, diethylene glycol, triethylene
glycol, polyethylene glycols, and polypropylene glycols. Suitable polypropylene glycols
for reductive amination with a catalyst according to the invention include those
designated as JEFFOL® PPG-230, JEFFOL® PPG-400, and JEFFOL® PPG-2000 Which
are available from Huntsman Petrochemical Corporation of Austin, Texas.
20

The Amination Process

An amination process that uses a catalyst according to the invention is preferably
carried out in a fixed-bed reactor in the presence of excess ammonia and hydrogen, both
under pressure. In an alternative form of the invention, amines other than ammonia may

25  be employed, such as methylamine, ethylamine, etc. Reductive amination processes
5



with the inventionis not limted to a confining set of conditions. The
feed streammy be 5 liquid, supercritical fluid, or gaseous, and the
reacti on Woodostsost ream t aken fromthe reacti on zone nay [PETIUSqUBSH49
supercritical fluid, or gaseous. It is not necessary that the feed stream

and the reactign,product stream be jn th I cal eact or
design is &res MB‘%H%\W& ‘%&IC]% F@g‘qy aﬁ%gal Sge y,?) E)eﬁ?éecf%l cr?abﬂ%@o%%;ﬁ f“é@ﬁ ng or
downf | owi ng, . and gesi gn features in the reactor which optimze plug flow
in the red@dystheftheprefent dispHORd. The reactants nmay be fed as a stream
typically continuously, to the fixed bed of the catalyst. The solid

catal yst i s usuAlpracessaceordifedorihomyertionevhich veslaceatalyseRiqvidedtie sccordagper es,
etc. The active catal yst conponents can either be unsupported or deposited
on a suppeith thedhemtiah is @ linftednowrohfinihg os ©f stadilied. iThetfbe srehm sayche as
alumna, silica, etc. The 15 reaction occurs in the bed and thus the bed

defines t he,fi@aGhdrOiaPNRI, Eh%assa‘ﬁsl, senthe féRdn pRAULSHSN thiRa F@Reld On zone
is also a stream conprising the unreacted conponents of the feed stream

and t he prﬂe%ioﬂ@on@ﬂa}g%e rliﬁﬁlgl? L@r%r&{tﬁgluﬁ&iﬁ; orgaye%ug. ﬂlf@@trne\%ssﬁﬁr?ﬂt {Rm ne

conpounds. e condi ons reaction are SO not narrowy mted. For

exanpl e, the, 20 pressures for carryin ut the process range from about
TG0 Wha (1St LR e HBstie: pue s B et seRG P St CRRHEHH T T om
about 8 MPa to about 14 MPa. In addition, the process may typically be
carried oulesizn is alspaetragiondy el absdeed hercte waybeupilowimger dpvallevwisi y from
about 150C to about 250C. 6 WD 03/051508 PCT/ US02/ 38649 The foll ow ng
exanpl es aand desige fichates trthe heactou mhdsheopsiinizd plug ot inrthe tdactor maydat i on and
shoul d not be construed as being delimtive of the scope of the invention

i n anyiowayemplbyedor der to make direct conparisons of the various catalysts
eval uated, a specific set of reaction conditions was chosen. As is well

known in the ar ] i be
The del@as gﬁy &k £ ﬁé’ﬁ?e%nf?tyg%%y cénﬁr%aguygﬂa tRE LESBedEN

changed by varying suc ngs as the fee e ratio O

the catalyst. The solid catalyst is usually in the form of pellets, tablets, extrudates,
spheres, etc. The active catalyst components can either be unsupported or deposited on a
support material, as is known to those skilled in the art, such as alumina, silica, etc. The
15  reaction occurs in the bed and thus the bed defines the reaction zone. The effluent from
the bed or the reaction zone is also a stream comprising the unreacted components of the
feed stream and the principal amine reaction products, plus a number of other amine
compounds.
The conditions for reaction are also not narrowly limited. For example, the
20  pressures for carrying out the process may range from about 1.90 MPa (300 psig) to about
27.5 MPa (4000 psig), more preferably from about 8 MPa to about 14 MPa. In addition,

the process may typically be carried out at temperatures from about 120°C to about

300°C, preferably from about 150°C to about 250°C.



reactants, product recycle, hydrogen concentration, feed space velocity,
time on organics, tenperature, and the like. The selection of these
oper at i ngwoasistshes i s dependent on the desired conversi @a3/USp2/aR3UTt
selectivity, and desired production rate. In the exanples which follow, the

catal ysts were aracterized BET, surf ac 10 area.using a,Mcroneritics
Fhgl & poi nt. 11 5 oSk ERmoR A BrdHed B oo ditnie B ] £ SRR
Quant achrome, nercury. porosi neter instrunment, and by tablet crush strength,
using a Chitdshold 1ok a6 FRAFBHES 29 beiRgaimifive Aethe SeansAf Sieeinyers oI in ARY WAY- on
exanpl es which follow, the 100 cc reactor was fully charged with the test
cat al yst. Inhwdergpanaks dirbegccompsrisansjof teadrivns eatdydts evalBated acpesific sadofwi t h
hydrogen at 250 C. Diethylene glycol and anmonia were both continuously fed

at 100 g/ hreactivch doyiditiogewageisosemSAf adwéll kibwin ih/the art,aat pludatedixireO6F aapd 1
atm. Sanples were taken at several tenperatures after sufficient tine

el apseds T Ofeadiftfh pro&RE LAY bd hahgdteny J/a!?ﬁﬁ{g Qi thides 9 &HeFE& o kARG bi Ons and

product effluent. The "hot spot" ~ reaction tenperature was neasured by

Lher o0 oupl e SO ORANE M SLenShubib %ApLERR ALy, ARRSHALL I vent

sanpl es were anal co SWMm%s
were determ ned. The fol] ow abbr.evi ati ons were us to denote the

fol | owi ng EHBRTAEYE: 0GRS e ﬂ%@&%%%?ﬁ%%%ﬁ%&ﬁﬂﬁﬂ%%m e’étt‘ﬁ‘etg‘? EDA
is ethyl enedi am ne; BAEE is bisam noethyl et her; 2-am noethoxyethanol is
AEE, and DEESI7d yenveBiOs.1508ueeTeasiy) agbdsired prodhetidyiatene gl ycol . Cat al yst
Preparations 5 Conparative Exanple 1 Catalyst containing Ni-Cu-Zr. At room

t enper at ure w t hinethé iegameples mihxihniipllow, theodatdlystnweensiasictenged by B sgfict0
mol) nickel (Il) nitrate *6 H2O, 358 g (1.54 nol) copper (I1) nitrate *2.5

H2O, and 2448 @sinf-a3Viid¥Bbrids sidfe 2ol T MsBERLAL By I6lal bbRvcinde @WWﬂgr s 10
of deionized water, was added over about 2 hours to a solution of 1410 g
(13.3 ol )using a Quantachrome mercury porosimeter instrument, and by tablet crush strength,
using a Chatillon instrument.
In each of the diethylene glycol amination examples which follow, the 100 cc

reactor was fully charged with the test catalyst. The catalyst bed was subjected to a 2 hr

15  reactivation with hydrogen at 250 °C. Diethylene glycol and ammonia were both
continuously fed at 100 g/hr and hydrogen gas was fed at 2.1 I/hr (calibrated at 0°C and 1
atm). Samples were taken at several temperatures after sufficient time elapsed for the
reactor to have lined out to consistent conditions and product effluent. The "hot spot"
reaction temperature was measured by thermocouple reading on the outer skin of the

20  reactor. Reactor effluent samples were analyzed by GC using a capillary column and
components wt%’s were determined. The following abbreviations were used to denote
the following chemical species: EGME is ethylene glycol monomethyl ether; EDA is

ethylenediamine; BAEE is bisaminoethylether; 2-aminoethoxyethanol is AEE, and DEG



sodium carbonate in 5 liters of deionized water. The resulting slurry was
filtered to renove the nother liquor and the solid was reslurried with 6
liters ofwoeBosisaed water and refiltered. The solid car b®@eaAttS0y3d6s9 m xt ur e
was then dried in a vacuum oven at 110-150 C overnight and then cal ci ned
(1d mn raﬁmiétﬁﬂéﬁ@g@oﬂo deconpose the carbonates to 15 the oxides. The
resul ti ng oxi de was urried with 4 liters of deionized water, filtered,
re- slurried with another 4 liters of deionized water, and re-filtered. The
washed oxide mxture was dried in a vacuum oven at 110-150 C overni ght.
The dry powder was then mxed with 3 wt.%graphite and slugged into 1/2

i nch dianeter pellets. The sl ugg%&ﬂ@ﬁﬂﬂ%then charged to a tube
furnace for reduction. The 20 charged reactor was flushed with nitrogen
and heated to 250C. Hydrogen at about 5 nol % was then introduced into the
nitrogen stream The reactor waCompaativeBgamapletlnese conditions until no
wat er was observed condensing in the exiting gas stream The hydrogen rate

was increased aggtalfktt é2G8fing ATECASRT eas edomNtdniffel AR Myith OMBEieAL king, ROUr s
until pure hydrogen was being fed through the catal yst bed. The tenperature

was then %lﬂﬁinqzo‘h%tir% éi%gm Ig‘ettlo Micﬁagﬂ%Li%{ee’%sgg%}%%glﬁéﬂ%gpgghger

overni ght. The heat t eact or’ was n turne or

cool ed. Th r.0g d t d f . 8 WD 03/051508. PCT/, US02/ 38649
ni trogen f@%g%( t\?\%tg 2{3 ﬁzﬁg&nﬁﬁ ggéﬁswﬁ %gsrra(giz}r‘é?ﬂnfrﬁéw?t@@csp l.on,&Pfigr teiSout
an hour of _flushing, air was_introduced at about 5% in the nitrogen stream
and anl%xhEFoHIRs Watsh sers, adfled vigR 8BOUtHE Hoh to Hesadeiptast dbH: spds Bi mpl)
surface oxidation took place. These conditions were nmaintained overnight.
Wth no apiedivemicadbgoatbdn rh liters he deieaizedryatethe The mediltidgoslummswashBteriedaveased
inincrenments and nitrogen decreased until pure air was fed through the

cat al yst hechovdtie mathal litior wad tHehveld ias edirgedwith @it RefidermiH vaie Jhar med
into 1/8 inch diameter by 1/8 inch length tablets using a Stokes 16-stage
machi ne. ThgiteeS Uhb Solef c@bSIHRNEA mBRabWedsSherBile S { @&%Bﬁ{ n N6M’5Y

e 1.

porosimetry, and crush strength testing are given in Ta SO given
are the r e’%’é)&e?ﬂigflt a%ﬁ%eannga?c%édo ('1°é}nlljlg 're?rﬁp to 460 °C) to decompose the carbonates to

15 the oxides. The resulting oxide was slurried with 4 liters of deionized water, filtered, re-
slurried with another 4 liters of deionized water, and re-filtered. The washed oxide
mixture was dried in a vacuum oven at 110-150 °C overnight. The dry powder was then
mixed with 3 wt.% graphite and slugged into ¥ inch diameter pellets.

The slugged pellets were then charged to a tube furnace for reduction. The

20  charged reactor was flushed with nitrogen and heated to 250°C. Hydrogen at about 5
mol% was then introduced into the nitrogen stream. The reactor was maintained at these
conditions until no water was observed condensing in the exiting gas stream. The
hydrogen rate was increased and nitrogen rate decreased in increments over about 6 hours
until pure hydrogen was being fed through the catalyst bed. The temperature was then

25  held for 2 hours at 250°C, then increased to 325°C and held overnight. The heat to the

reactor was then turned off and the reactor cooled. The hydrogen feed was turned off and

8



10 Conparative Examle 1 N -Cu-Zr % % u %r02 %6n0O %r SA (BET) TPV
(cc/g) Ave. Crush Ib 81.6 13.4 5.0 - - 30.0 0.106 15.0 DEG Am nati on,
Conponentwiodwssofkeact or Ef fl uent Hot Spot Reacti on Tenp. PCI/US#D3ghe0 190
200 210 EGWE + EGVE-Anine 0.16 0.26 0.52 0.63 0.82 EDA 0.05 0.14 0.28

V81 1 a3 AR o807 5a ARG B diedndy Aray Bty R e s

11.59 Heay 0. : 9. % DEG conversion, 29.30,52.31 73. 33
83. 64 85, 41 Beari B istedR L RPuE S iy e RPSicHiR S aFiaRaeR e i <
simlar in_fornmylation.to that escribed in Conparative Exanple 1, except
that Sn Wa%bSFngrth’ia%& @60‘%55?( @ett}?g FTRA ARtiah surfase ryidatiop topk piaceadhessr | de
as reagent. A netal salt solution was prepared, consisting of 2908 g (10
mol ) ni ckegonditions miere meiataikg verHRID. ANth3®&pgaredt Sdbtinpin)indbppeectot,| thy air
nitrate *2.5 H20, 301 g (0.40 nmol) zirconium 9 WD 03/051508 PCT/ US02/ 38649
acet at & ( 1o swdsuthemicreakad iy if@ed6ntstinll ditrbgdnetiscaehbd uindle puRngr Svdsi fegr s of
dei oni zed water. This solution and a base solution, consisting of 1415 g

(13. 4 nol )ihfough ke APANRE e BRGaMlyst e iBerCdisdaidni fZ8H N t&ktor W8I Formed

si mul t aneously added with efficient agitation to a reaction vessel at

anbi ent  t 6ARE]AGHdiahBRr 6§ Tl demif CAvRit alifig WaSiofLd f()e—gt%gé migsngd rpdr i ed,
results of elemental analysis, BET surface area, mercury porosimetry, and crush strength

testing are given in Table 1.  Also given are the results of DEG amination studies.

10

Comparative Example 1 Ni-Cu-Zr
%Ni | %Cu | %Zr0O,; | %Sn0 | %Cr | SA (BET) | TPV (cc/g) | Ave. Crush(lb)
81.6 | 134 5.0 - - 30.0 0.106 15.0
DEG Amination, Component W% In Reactor Effluent
Hot Spot Reaction Temp.(C®) 170° 180° 190° 200° 210°
EGME + EGME-Amine 0.16 0.26 0.52 0.63 0.82
EDA 0.05 0.14 0.28 0.29 0.29
Morpholine 3.53 10.81 26.11 36.90 45.60
BAEE 0.34 0.93 1.53 1.81 1.83
AEE 23.07 34.37 34.13 29.94 24.69
DEG 70.70 47.69 26.67 16.36 11.59
Heavies 0.83 2.38 3.75 4.51 3.89
% DEG conversion 29.30 52.31 73.33 83.64 88.41
Example 2

15
Catalyst containing Ni-Cu-Zr-Sn. This catalyst is similar in formulation to that

described in Comparative Example 1, except that Sn was incorporated into the formulation
using tin(I'V) tetrachloride as reagent.
A metal salt solution was prepared, consisting of 2908 g (10 mol) nickel (ID) nitrate

20 *6 Hp0O and 358 g (1.54 mol) copper (IT) nitrate *2.5 H,O, 301 g (0.40 mol) zirconium

9



5 cal cined, reduced and stabilized, and tabletted as described in Exanple
1. Results of elenental analysis, BET surface area, nercury porosinetry,
and crushwetmengbr are given in Table 1. Al so given are trhe/useysticts of DEG
am nation studies. Examle 2 N -Cu-Zr-Sn 9N % Cu %Zr Q2 %6n0O %:r SA ET TPV

cc/ Ave. 2.0 089 1 DE I on
Conponent a\?\?t‘& (h? ée%’ilft@ln}éfzsl%@#té%]? t@&S?acﬁgégjﬁ M%@Fﬁrs 0 elﬁl%e Bt 90
200 210 EGWE + EGVE-Am 0.07 Q.02 0.07 10.0.14 EDA 0.08 0.11 0.24 0.31
0.29 Mor pHus soletion &g &base solitian csm%@g@ﬁ 1485 gihgE I@olwdwwa@%@e andg 2 74
AEE 25.46 36.79 35.61 16.22 2.88 DEG 67.82 50.71 22.03 5.62 0.36 Heavies
0. 72 2. 25 litera ®f 8le®Biz8d svaterVsvOEGimuitaneossly addd. weh 4ffickat 7gitipn 34 a382@VNG64

10 The catal yst of the invention enbodied in Exanple 2 surprisingly gave

si gni fi caniekel at ubierdt efeipsrafiire. t MEhYSSUBIAE NSYLsIBitRe byaspfibéetodt asiElE deed)
EGVE- am ne at equival ent conversions than did the prior art catalyst of
Conpar at i Vc%lcﬁ%&%”Pécﬁc%q afid %f&bﬁﬁécprdn%' BBlHEE ad AeddiBed i 'E)Jahﬁoﬁ:ml' YRBIGDIF

| evel s of the desirabl e BASE co-product . These p05|t|ve fects are

clearly as I res tin in t

Ni - Cu- 7r - § egat%g agglyg%fgﬁgglér?acg gplﬁgrc\l}\g por?Sé%lhtf%u sﬁ sJ[rQ h ?3 1V ven, 136 in
DEG am nat | WO 03/ 051508 P S02/ 38649 npar at | ve Exarrpl e 3

Cat al yst cﬂﬁ{]eall nghagwﬁnwt%rewﬁgé[%%&?gp%twn% £%i ni ng about 35% Zr 02, was

Example 2 Ni-Cu-Zr-Sn

%Ni | %Cu | %ZrOQ; | %Sn0 | %Cr | SA (BET) | TPV (cc/g) | Ave. Crush(lb) |
76.8 12.6 5.1 5.6 - 42.2 0.089 13.6

DEG Amination, Component Wt% in Reactor Effluent
Hot Spot Reaction Temp.(C®) 170° 180° 190° 200° 210°
EGME + EGME-Am 0.07 0.02 0.07 0.10 0.14
EDA 0.08 0.11 0.24 0.31 0.29
Morpholine 3.58 5.57 22.34 50.63 68.15
BAEE 0.84 2.27 5.40 4.96 2.74
AEE 25.46 36.79 35.61 16.22 2.88
DEG 67.82 50.71 22.03 5.62 0.36
Heavies 0.72 2.25 7.26 8.83 8.41
% DEG conversion 32.18 49.29 77.97 9438 99.64

10

The catalyst of the invention embodied in Example 2 surprisingly gave significantly
lower levels of the hydrogenolysis by-products EGME and EGME-amine at equivalent
conversions than did the prior art catalyst of Comparative Example 1. Also surprising was

15  the significantly higher levels of the desirable BAEE co-product . These positive effects are
clearly ascribable to the presence of tin in the formulation. The Ni-Cu-Zr-Sn catalyst of this

example was also found to be quite active in DEG amination.

10



prepared using a simlar procedure as in Conparative Exanple 1. 5 At room
tenperature with efficient mxing, a solution consisting of 4362 g (15 nol)
ni ckel (1Wpopiosrses e *6 H20, 537 g (2.31 nol) copper (I1) mCTrEsvE3SH2 5 H20,
and zirconium acetate, 3386 g (15% solution, 4.5 nol) in 10 liters of

dei oni zed water, was added over g@lﬁﬁgmﬁgegggéile@ a solution of 2805 g
(26.5 nol) sodium carbonate in zed water. The resulting
slurry was filtered and the solid washed by re-slurrying twice with 10
liters of 10 fr§sh]é,dtei oni.zed ter, followed by filtration. Subsequent
catal yst prepar SEFSN SPUHEINGeNECuZie dbhis satalys, (oopiaminge sbpyibddyoi Ariex avas e 1.
The resulting pelleted catal yst was analyzed and the results given in

tabl e 1. APeRrechiiie apiBllahpropesiyrd asdn GpmpEaivnExmiloh st udi es. 15
Conparative Exanple 3 Ni-Cu-Zr % %u %r 02 %6n0O %r SA (BET) TPV cc/ Ave.
Crush I 55.7 A ®oBbiehperatur€@ith effickBi6 mifing, a WAREoATbALtng v 4S6ITR OTRRb])- W %
I n Reactor Effluent Hot Spot Reaction Tenp. (C 170 180 190 200 210 GVE +

EGVE- Am 0. rlidkeD Brafe3* 37 ; i
165 730 1605 2585 20 49 BABL 0. 1h by b Dbl 55150, R ARSRIR, "

34.91 32. 7Q:33 3:6 PS8y 5 . 4 . 25 Heayvi .13 1.00
2.33 3.09 2.08 % é)o%\l}é{r?)s %%ﬁﬁ’ﬁ@é@b&%ﬁp@bﬁ%ﬁ%%@ﬂﬁaﬁ%@ REL &i}?‘g of
DEG ami nat/ Lth the N <{u-7Zr t al.yst .. of arative Exanple 3 were
Found t o Berariid potsEAsE @Rl Frain seipie 1 o Tt o feosacryet
activity alLLd 2 .selectiviH/. 11 ) _ )
¢ resulting slurry was filtered and the solid washed by re-slurrying twice with 10 liters of
10 fresh deionized water, followed by filtration. Subsequent catalyst preparation steps were

identical to those described in Example 1. The resulting pelleted catalyst was analyzed and

the results given in table 1. Also shown are the results of DEG amination studies.

15

Comparative Example 3 Ni-Cu-Zr
YoNi | %Cu | %ZrO, | %Sn0 | %Cr | SA (BET) | TPV (cc/g) | Ave. Crush(lb)
55.7 9.3 35.1 - - 66.6 0.086 16.7
DEG Amination, Component - Wt% in Reactor Effluent
Hot Spot Reaction Temp.(C®) 170° 180° 190° 200° 210°
EGME + EGME-Am 0.11 0.24 0.43 0.68 0.75
EDA 0.03 0.09 0.20 0.29 0.26
Morpholine 1.99 7.30 16.05 29.92 29.43
BAEE 0.15 0.49 0.99 1.42 1.43
AEE 18.09 29.05 34.91 32.70 33.15
DEG 78.70 59.56 40.46 24.04 25.33
Heavies 0.13 1.00 2.33 3.09 2.08
% DEG conversion 21.30 40.44 59.54 75.96 74.67

Results of DEG amination with the Ni-Cu-Zr catalyst of Comparative Example 3
were found to be similar to that of Comparative Example 1, both in catalyst activity and

20  selectivity.

11



WO 03/ 051508 PCT/ US02/ 38649 Exanple 4 Catal yst containing Ni-Cu-Zr-Sn.
This catalyst was simlar in conposition to the catalyst in Conparative
Exanpl e 3woasoepds t hat about 5% SnO was i ncor porated i nt oPCRAISOB38sa¢ al yst
using small mesh SnO powder. A netal salt solution was prepared, consisting

of 1454 g (5 nol) nickel (I1) nitrat%*’(;_1 e 20 and 179 g (0.77 nol) copper
(I'') nitrate *2.5 H20O, 1129 g (1.50 conium acetate (15% sol ution)

and 3.5 liter dgi.opized water. This_solytion was added over 2 hr. to a well
agitated slurr yeﬁtgféﬁ%%oéﬁm]&lflg 3\35&5&{@98% Jatalyst SpdisirilardpsorRestiontp de( 0. 21
mol) tin || %lg%oxide, and 3 liters of deionized water. The resulting

preci pi t at €130 1 Compagagive Fxample, 3, expend that ahpwi e $nOr wasiinedrparadedsinabibiei zed,
and tabletted as described in Exanple 1. Results of elenental analysis,
BET sur¥ acetaysasingsmelinyesh@nOspavedery, and crush strength are given in
Table 1. Also given are the results of DEG the am nation studies. Examle 4

Ni - Cu-Zr- Sn 90N A%63tal 360t SdutddBrisepat, Eohsibitls 614585 tdlys +§. 8
33.3 5.1 - 67.1 0.080 20.2 DEG{%%nat [ orsll, %onpone\r%i W%‘Ii Ekéll? acr?%?té 8

Ef fl uent Hyjo spPL7 o7 @80 T : s 2 GVE + EGVE- Am
0.00 0.13 0.07 O. E e %D%SBOC.rg@ né&%g %g%@’g.ﬁ’%&%ﬂﬁﬁ "ﬁﬁ’/ﬁrzgﬁ?ﬂl‘i“ﬁg‘\’%?tﬁes
4.13 13.7 : / .01 1.09 2.86 4.93 4.38 E 4.44 30.84 39.45
29.01 12. g(‘}%ﬁéét‘ég). %gj %%g% ‘%ﬁ%& J‘."é’"‘%"én %%@IUtHé‘aWﬁ‘se%d‘Qg Pyeri2 oz walls g2
6.26 % DEG cogvler sion 4. 8d5 f38. 97 64.25 86.96 97.24 15

agitated slurry composed of 935 g (8.8 mol) of sodium carbonate, 29 g (0.21 mol) tin II

10 oxide, and 3 liters of deionized water. The resulting precipitate was filtered, washed, dried,
calcined, reduced and stabilized, and tabletted as described in Example 1. Results of

elemental analysis, BET surface area, mercury porosimetry, and crush strength are given in

Table 1. Also given are the results of DEG the amination studies.

Example 4 Ni-Cu-Zr-Sn
YoNi | %Cu | %Zr0, | %Sn0Q | %Cr | SA (BET) | TPV (cc/g) | Ave. Crush(lb)
52.8 8.8 33.3 5.1 - 67.1 0.080 20.2
DEG Amination, Component Wt% in Reactor Effluent
Hot Spot Reaction Temp.(C®) 170° 180° 190° 200° 210°
EGME + EGME-Am 0.00 0.13 0.07 0.12 0.18
EDA 0.01 0.03 0.22 0.36 0.42
Morpholine 0.06 4.13 13.73 36.77 58.50
BAEE 0.01 1.09 2.86 4.93 4.38
AEE ‘ 4.44 30.84 39.45 29.01 12.77
DEG 95.15 61.03 35.75 13.04 2.76
Heavies 0.14 1.11 3.44 5.82 - 6.26
% DEG conversion 4.85 38.97 64.25 86.96 97.24

15
Again, surprisingly, the selectivity to the hydrogenolysis by-products EGMA and
EGME-Am are low as compared to that obtained with the catalyst of Comparative Example

3. The level of the desirable BAEE co-product is also significantly higher with the Sn-

12



Again, surprisingly, the selectivity to the hydrogenol ysis by-products EGVA
and EGVE-Am are |ow as conpared to that obtained with the catal yst of
Conpar at iweoBesaspd e 3. The | evel of the desirabl e BASE c®cprusdust649 s al so
significantly higher with the Sn 12 WD 03/051508 PCT/ US02/ 38649 cont ai ni ng
catal yst o

presence %)fn %a@&ﬁalg}ﬂcgﬁ%ra a IV lﬁrlg*"%@ ké{%tt#ﬁi%s S raétﬁ kl’l{g{i %3 &Pe(ﬁr e

Ni - Cu- Cr &tﬁ% st has been descrl bed in US Patent 3,037, 025 (Texaco,

Godf rey) ané %51, 115 (Texaco, Moss & Godfrey). The material used in this
experiment was supplied by a comercial vendor using simlar procedures.
The results of DEG am nation studies are given below 10 Exanple 5

Ni -Cu-Cr NIl %Cu %Zr 2 %6nO %r SA ET TPV cc/ Ave. Crush(lb) 72.0 12.0 - -
2.0 25.0 0.090 25.0 DEG Am nat ilGmpaCatipolentpMi% i n React or Ef f | uent Hot
Spot Réaction Tenp. C 180 190 200 210 220 EGVE+EGVE-AmM 0.13 0.21 0.37 0.70

1.08 EDA 0. 01 The3Refrfon®s i13s Ni-zca-Crwa_r?hplhasrbeeﬁldéserﬂ?ed%ﬁ1,95 Ped3.332 033 67
BAEE 0.13 0.38 0.81 1.32 1.50 AEE 14.57 23.26 32.44 33.07 22.43  DEG 83.41

]7_% ‘51; gg gge%o %g %—%eyé%ngzjeg)‘él' 8BS @efitoOMtss & ERdftey)? Phd RratetbIiRaGRME" sion

experiment was supplied by a commercial vendor using similar procedures. The results of

DEG amination studies are given below.

10

Example 5 Ni-Cu-Cr
%Ni | %Cu | %ZrQ, | %Sn0 | %Cr | SA (BET) | TPV (cc/s) | Ave. Crush(lb)
72.0 12.0 - - 2.0 25.0 0.090 25.0
DEG Amination, Component Wt% in Reactor Effluent

Hot Spot Reaction Temp.(C°) 180° 190° 200° 210° 220°
EGME + EGME-Am 0.13 0.21 0.37 0.70 1.08
EDA 0.01 0.20 0.06 0.13 0.19
Morpholine 1.19 3.22 9.51 23.52 42.67
BAEE 0.13 0.38 0.81 1.32 1.50
AEE 14.57 23.26 32.44 33.07 22.43
DEG 83.41 71.47 52.76 31.14 15.15
Heavies 0.04 0.18 1.29 3.72 5.83
% DEG conversion 16.59 28.53 47.24 68.86 84.85

15

The results of the DEG amination study using the Ni-Cu-Cr catalyst of
Comparative Example 5 show the relatively high levels of the undesirable EGME and
EGME-Amine hydrogenolysis by-products.

20

13



15 The results of the DEG am nation study using the N -Cu-Cr catal yst of
Conparative Exanple 5 show the relatively high levels of the undesirable
EGVE and wB@Masan$ ne hydr ogenol ysi s by-products. 20 13 WOPQ3/UGSL/36689

PCT/ US02/ 38649 Conparative Exanple 6 Catalyst containing Ni-Cu-Cr. At room

tenperature with efficient m xi ' nsi sting of 2326 g (8 nol)
nickel (1l1) nitrate *6 H20Q, 462@0 bl leCﬁoer (I'') nitrate 5*2.5
H2O, and 194 ¢ trate*9 |iters of

dei oni zed wat eréa\é}\lg ggtgéléng@\(} g' 0 rognhg:mpgr eé{"l (ﬂ?{‘l‘i‘?%r‘in‘é@g=lai@i‘“§m( 11.0
nmol ) sodi um cat bo n_5.0 |ters of deionized water. The resulting
preci pi t at Cé’n\%éténgf‘?r}a?tzgﬁ&)(g Rl H@Hel @) nisgte “oale.rfiéd, g (1 BawmeB sopped (B) pibiRlei zed,
and tabletted essentially as described in Exanple 1. Results of elenental

anal ysi’s, BETHsOr tnick4es Eud8 mebcibromipor wgateeOrif0 anfl0diters of deiveingt awr,e
given in 10 Table 1. Also given are the results of DEG am nation st udi es.

15 Conpar awasvaldexk angl abot Nihetds 1€ sohitioED | ULr §21 DB PEIdinRA clboddty it §b Ave.
Crush(l'b) 81.6 13.4 - - 5.0 10.1 0.106 11.0 DEG Anination, Conponent W%

React f t t 2 2
EGVE: Am 0. 04 0. 05 618 631 b7y LB PE e B o s R G | ne

0.52 1.49 Afgd‘%gd %%d ]sﬁabﬁ%ea,SandBfA‘a%ttgd %;se&iaﬁ?l a BRedved® 1nJExa9npléA\ E[E ﬁgs'u?ts o%l 9

32. 14 38.

clemental analysis, BET surface area, mercury porosimetry, and crush strength are given in

10 Table 1. Also given are the results of DEG amination studies.

15

Comparative Example 6 Ni-Cu-Cr
Z%Ni | %Cu | %ZrQ, | %Sn0 | %Cr | SA (BET) | TPV (cc/o) | Ave. Crush(lb)
81.6 | 13.4 5.0 10.1 0.106 11.0
DEG Am1nat1on Component Wt% in Reactor Effluent
Hot Spot Reaction Temp.(C°) 190° 200° 210° 220° 230°
EGME + EGME-Am 0.04 0.07 0.19 0.31 0.74
EDA 0.00 0.01 0.03 0.07 0.11
Morpholine 0.52 1.49 5.63 14.15 39.75
BAEE 0.17 0.49 1.06 1.70 1.90
AEE 13.61 21.79 32.14 38.48 27.71
DEG 85.36 75.49 59.06 40.36 16.60
Heavies 0.00 0.00 0.18 1.14 3.42
% DEG conversion 14.64 24.51 40.94 59.64 83.40

The results of the DEG amination study using the Ni-Cu-Cr catalyst of
Comparative Example 6 show the relatively high levels of the undesirable EGME and
20 EGME-Amine hydrogenolysis by-products. The activity of this catalyst was also found to

be low.

14



DEG 85.36 75.49 59.06 40.36 16.60 Heavies 0.00 0.00 0.18 1.14 3.42 % DEG
conversion 14.64 24.51 40.94 59.64 83.40 The results of the DEG am nati on
study usiwg oslos15b8 - Cu- Cr cat al yst of Conparative Exanpl e @CThisve/sdee9
relatively high | evels of the undesirable EGVE and 20 EGQGVE- Am ne

hydr ogenol ysi s by-products. The acti gf»this catalyst was also found to
be I ow. 14 WO 03/051508 PCT/ US02/ 386%I e 7 Catal yst containing

Ni - Cu- Cr-Sn. This tal yst fo | at.ed t e simlar to that . in
Conpar ati ve Exa%?@%on@%%'pﬁéér%h%§ C‘i‘tgllé(gr%r St aﬁeaﬁ%g? panilanforthdts ¢
using tin (1Y) 5 chloride reagent. A netal salt solution was prepared,
consi st i ngdroDRHivg Frampln §, exPepk dhat Sp Wes inqorparated gito Hpcatakst ngng gn (V)23
nol) of a comercial 50% copper (Il1) nitrate solution, 206 g (0.52 nol)
chrom um néhleridegeag@nt20, 92 g (0.26 mol) tin (1V) chloride *5 H20 and 5
liters of deionized water. This solution and a base sol ution, consisting

of 1166 g (11. OAnmmdtil ssloﬁtiluuiﬁrﬂxﬂaméﬂm@b@sisﬂrééof2326@(8%0191ﬁicﬁéli(ﬂﬁfﬁtfmt*%r,
were simultaneously added to a well agitate precipitation vessel at room
u

t enper at urg,0 Fhe 4881di 8 NmbHIeS Maliseradl Zxﬁgaéeg @ﬁﬁra&$§olpnﬁnh966 @E@W and

10, the addition taking plaCce over about e resu g s ry was
filtered t . I rechpit at ixtyre. res ri ith
liters of al?“r;lgsc IEJ% e%lélﬁ}rgtgd’@\j\.gﬁfgzg 38? ﬁélhoéf)r ﬁn ﬁ\bt%\l%r&f.e ﬁi}ég@cﬁngﬁ 1\({,¥81fsb nat e
salt m xt u(#e was then dri e(fl in a_ 15 vacuum oven, at 110-150C overni ght and
t hen cal ci éﬂ“@(‘}’ H#Pn Hion 480 @)basesolfionsrassisdng plel 108rsdi & D) seflivRe
oxi des. The resulti ng. oxide was slurried with 4 liters of deionized water,
filter®d, gaehogplgrini Sditeip (of deinaisedr warel, iwese singsltadeduwhi addedwiat @ mwellaagitated
re-filtered. The washed oxide m xture was dried in a vacuum oven at
110- 150C owesipiiajioh veSskkatdoym tpapeteturenaBhe dilition cared wiré hdjBsted tPhgpaphpie and
slugged into 1/2 inch dianeter pellets.
between 7 and 10, the addition taking place over about 2 hours. The resulting shurry was
filtered and the metal carbonate precipitate mixture re-slurried with 6 liters of fresh
deionized water and then re-filtered. The solid carbonate salt mixture was then dried in a
15 vacuum oven at 110-150°C overnight and then calcined (1°C/min ramp to 460°C) to
decompose the carbonates to the oxides. The resulting oxide was slurried with 4 liters of
deionized water, filtered, re-slurried with another 4 liters of deionized water, and re-filiered.
The washed oxide mixture was dried in a vacuum oven at 110-150°C overnight. The dry
powder was then mixed with 3 wt.% graphite and slugged into % inch diameter pellets.
20 The slugged pellets were then charged to a tube furnace for reduction and
stabilization using a similar procedure to that outlined in Comparative Example 1. The
catalyst slugs were then discharged from the reactor, ground to powder, and formed into 1/8
inch diameter by 1/8 inch length tablets using a Stokes 16-stage machine. The results of

elemental analysis, BET surface area, mercury porosimetry, and crush strength are given in

25  Table 1. Also given are the results of the DEG amination studies.

15



20 The slugged pellets were then charged to a tube furnace for reduction

and

reactor,

stabilization using a simlar
Conpar at iwe oBesaspgd e 1. The

ground to powder, and forned i

nto 1/ 8

procedure to that outlined in
catal yst slugs were then di scirargsd2/sseem t he

inch dianmeter by 1/8 inch

| ength tablets using a Stokes 16-stage nmachine. The results of el enental
anal ysi s, -BEFsurfacearea—nercury porosinetry and crush strength are
given in |25 Tabhle 1_ Al so gi veRxapplefhdNir@s@riSa of the DEG ami nation

studi es. %MD 38C051%IT0pCTYATROP /| 3HEA9| S el YPM (cCg) CrAnGn Crkh

%Zr 02 ¥%SnP7%2r | SR.ET TPV ca/ Avie. |Caush| 1 b2837. 2 120630 51 5.05.28.3 (. 130
5.3 DEG Am nation, COR®Aeilhat¥hYCompBeat W, Emédé&ﬂtEfﬂQéntSpot Reactl onEDA
Temp. (C) [ oyE o E 0.703 oUb 0 0.[22,0.31

0.02 0.08 ﬁgtg&QR%%O%}&n%? D’HE’%Z'%%“‘G Lfmjz 45 6@ =7%)2""HLL 0. 62
2.02 4.03 33— AEE 27833 34-00-193-96-6-68-DEG74.142 518

27 42 8. 13 E s 027 1] 0498252 7008 51400-18, pEG &Khvdr si0a 24, 58
48.20 72. Omhohqeqa 65 The cat Iv%Qoof ExXdifpl ¢ 223ds | odhd3tq gpe7

si gni fi canBAEE ower EGVE and EQVE-0.62 An] n&.0/drlogéfdl ysi st.68/- pr odsst s,| and
si gni fi canAEE hi gher of the desjrahl78 BAEF3.80- |pr3aduct | ovepst He aggal yfst of
Conpar at i vBEExanpl es 5 and 6. Agai7n4ai ncr epged [selzept 1 Vi tg31 s | afjtysi but abl e
to the priegefs® of Sn. Exanpl es| 8 @Qﬂng bellé%#”,fﬂ?i@?”i EIQL nn,r_ESlgi4rOs f

pol ypr OPV'%@E@&SE\%@ rfl:l—l—u_(r) 5Gy23 %!EOJE:I—%SI) PE156990 95 65
respecti vety,—ustng LIIC N—Cu="2Zr=5SA—catalyst—of—this

10

The catalyst of Example 7 was found to give significantly lower EGME and EGME-

Amine hydrogenolysis by-products, and significantly higher of the desirable BAEE co-

product over the catalyst of Comparative Examples 5 and 6. Again, increased selectivity is

attributable to the presence of Sn.

Examples 8 and 9 below show amination results of polypropylene glycols JEFFOL®

PPG-230 and JEFFOL® PPG-2000 respectively, using the Ni-Cu-Zr-Sn catalyst of this

invention prepared in accordance with Example 2. The reactor employed for Examples 8

and 9 is a 100 cc tubular reactor, using 100 g/hr of DEG, 100 g/hr of ammonia, 0.5 mol/hr

H; and operated at 2000 psi. Samples were taken after conditions stabilized for 2 hours, then

stripped of water and lights, and titrated to determine the extent of the amination achieved.
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10 invention prepared in accordance with Exanple 2. The reactor enployed

for

100 g/ hr wOoawssng a, 0.5 nol / hr

taken after conditions stabilized for

Exanples 8 and 9 is a 100 cc tubular

2 h

reactor,

ours,

t hen

using 100 g/ hr of DEG
H2 and operated at 2000 psT/USBasgoles were
stripped of water and

i ghts, and t|trated to determ ne the extent of the ami nat| on ach| eved. 16
WD 03/ 051p0¢€ N Cr
SA (BET) 65— S
JEFFOL(r) D > A0 ITH)
Total acebyPstahlZe& | nedSd 8 703560 71 8-8018. 882 Tot aP.0RRi ne. nedBd 6. 71
7.90 8.41/8.47 Pri mary Anm ne, JHREOL® PPG-ZB080mbatibn 8. 42 % conversion 7[7. 1
90. 7 95. 7| Hét Spot RcReticiET atnpfine| 99.13099. 9| 99. 1@@«99 4 BEopgrl e P Npggu- Zrt Sn
N YCu WrEd) T JiHEs, fhegfe! TPV CCg 7¢VeE. | Trushy TD 776 ‘P8 2. 0 &0 -
42.2 0. 08+13% o3 ) PPGRO00 n Ild. IUI Spot ctipn |:W. € 180
190 200 205 A5 at-abl-es—np AL PP R i A o
Ami ne, meg a > wgg Q55 7@70 Drl Y r\f&%n ne, r‘ms:#d; 734 qa:hRQ
0.953 0. 97% CORyeser sion 73 1 Bz 8705 4 06 0., pr mar3p-Ami ne” 9P 99, 7
09. 8 99. 8| YosPrimary Amine 99.9 99.9 99.8 99.4
Example 9 Ni-Cu-Zr-Sn
%Ni | %Cu | %Zr0; | %Sn0 | %Cr | SA (BET) | TPV (cc/g) | Ave. Crush(lb)
76.8 | 12.6 5.1 5.6 42.2 0.089 13.6
JEFFOL® PPG-2000 Amination

Hot Spot Reaction Temp.(C°) 180° 190° 200° 210°

Total acetylatables, meq/g 1.009 1.015 1.001 1.009

Total Amine, meqg/g 0.738 0.891 0.955 0.975

Primary Amine, meq/g 0.734 0.889 0.953 0.973

% conversion 73.1 87.8 95.4 96.6

% Primary Amine 99.5 99.7 99.8 99.8

5
The polyols of Examples 8 and 9 contain secondary alcohol groups. In these

examples, the primary amine selectivities were >99%, even at the high conversions of

> 95%. This is in contrast to the DEG amination Examples 1 through 7, which show the

high production of secondary amines, which include morpholine and heavies.

10 The results of Examples 8 and 9 demonstrate the high activity and primary
amine selectivity of the Sn-containing catalyst of this invention in polypropylene glycol
aminations.

Although the catalytic compositions of the present invention have been
described as being non-supported catalysts, the present invention also contemplates

15  deposition of the metallic components of the catalyst compositions onto support materials

known to those skilled in the art, using techniques which are well-known in the art,
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The polyols of Exanples 8 and 9 contain secondary al cohol groups. In these
exanples, the primary am ne selectivities were >99% even at the high
conver si owWe 00f05t5085% This is in contrast to the DEG am n&CirarsoEZsssnpl es 1
t hrough 7, which show the high production of secondary am nes, which

i ncl ude nogpPHAlHNE; { 4 es r | t.s_of.. Exapples 8 and 9 ..
denonstr at (Ial {ﬁﬁé{ gwlé aé@? f\:/h?,’l%) g’ Iz{inr? p@ﬁ%r"g%éﬁmﬁ%em%cear 8@?%31 Vr%fn’ tgﬁaé)hlte’
Sn-contai ni;ng catalyst of this.invention in polyprapyl ene glycol

ani nat i ons@ ma%ﬁest, #Rd pigleeplar is@v%ﬁ%ﬁ@yﬁé\%@}%ﬁeﬁﬁﬁ@%ﬁﬁﬁéﬁ‘éﬁi nvention
have been descrjbed as being non-supported catalysts, the present

i nvention al so cHYmii@ldahedes, kefodespard elcoknlpmay e used ad & siertngmponmetesalof
the catal yst conpositions onto support materials known to those skilled in
the art, udrrgedwtiveagimsiontyretesaneondihg ik thevinvémionhes efetuse of GuMDs@3ing@51508
PCT/ US02/ 38649 including w thout [imtation, known forms of alum na,
silica,s chaswesialis RIL@BWNINARE iakEof re@h@He anfRAEIRNT e the cRBSrIRIGBEN! Bl
sieves, to provide supported catalysts as well. Various al dehydes, ket ones,
and al coho]ig&HIBRY uRgu1Use vﬁﬁla@erﬁﬁﬁfﬁ b oée%gvag@(;rgiﬁlgatlﬁ th]:eqhveahgiroﬁdx%% Ib%ea .

am nation process according to the 1nvention, as“the use of Sucl’ s arti ng
5 materials.is well-known in.the art of reductive amnation. |In the case of
al cohol s, RHHE¥ 8%998(:%5"11Q'éﬁ‘fﬂlaré(salf:%?lna?é‘? iagf’iwl?ﬁ“%&’“ﬁ]r 8t dEEFQLEIEG-7300t o
the invention may be any primary, secondary, or tertiary al cohol. The

al cohol s KH&WR PBAFAERFOPRPRGE00, JEFFOLED20260 avalRblOlffan PPGnk6an
JEFFQOL(r) D- 2000 avail able from Huntsnman Petrochem cal Corporation of
Austin, TeDet®chdhioglt CombdtionssNAubiie Talad! dsihsieOfvell NRingl thel BUEREL AT the
Various amnes, including ammonia itself, may be used as a stafting raw
mat erigl figheriopeductive am nation process according to the invention, as
the use of such starting naterials is well-known to those skilled in the
art of reductiv ination. . Particularly useful are the organic.am nes,
whi ch termincl ﬁvd%{sgugl %mlﬁﬁﬁ’ﬂél?@‘dgﬂgdaglgygx?dé?é’ may be used as’a starting raw

material for a reductive amination process according to the invention, as the use of such

starting materials is well-known to those skilled in the art of reductive amination.

Particularly useful are the organic amines, which term includes all primary and secondary

15  amines known to be useful in reductive amination processes by those skilled in the art,

and include without limitation, alkylamines, arylamines, alkylaryl amines, and
polyalkylenepolyafnines.

~ Consideration must be given to the fact that although this invention has been

described and disclosed in relation to certain preferred embodiments, obvious equivalent

20  modifications and alterations thereof will become apparent to one of ordinary skill in this

art upon reading and understanding this specification and the claims appended hereto.

Accordingly, the presently disclosed invention is intended to cover all such modifications

and alterations, and is limited only by the scope of the claims which follow.
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15 am nes known to be useful in reductive am nation processes by those
skilled in the art, and include without |limtation, alkylam nes,

aryl am newQ oalokysbsar yl am nes, and pol yal kyl enepol yam nes PCCarss¥/shsnat i on
must be given to the fact that although this invention has been described
and disclogggihqﬂgﬁ%ghion to certain preferred enbodi ments, obvious

equi val ent 20 nnél Ications and alterations thereof wll becone apparent
to one of ordinary skill in this art upon reading and understanding this
specification and the clains appended hereto. Accordingly, the presently
di scl osed | venti?n is intended to cover all such nodifications and

al t er at i on®), ngnatalyst psefaliia g reducyive gmingéion pegsessdor predueingaminestican f ol | ow.
18 WO 03/051508 PCT/ US02/ 38649 What is clained- is: 1) In a catalyst
usef ul in acelwisetdebpleanimimtines wireneie saidfcatalyst cohtainswjclelj copper araim

al cohol s, al dehydes, or ketones, wherein said catal yst contains nickel,

copper andctbomiimtheprblienéiRbAYARNBE theCrREN i5¢1080h BEtA W §di@Eathlys! usi on of
tinin said catalyst. 2) A catalyst according to claim1l wherein the
anount of tin in said catalyst is any anount between 0.20 % and 20.00 % by
wei ght based upon the total weight of said catalyst, including every

hundr edt h . 10. A l.y:St. di_ng. laim1
nerein (g Acaane o B it Athe b AR n SRR b80aRn 1 00 06

wher ei n t he "anou n said cara
and 7.00 % Db i ght ed upon the total i ght of said catalyst,
i ncl udi ng \A%ﬁtg‘f‘?ﬂ? ﬁ@rﬁﬁ%&ggﬁpa@éym%gew apn thedote) waighhokdaidkt usef ul
in reductive am nation conprising: a) nickel, present in any anount between
40.0 and 9‘@?@@3’&%1§¢Umggﬁ@fymgé@d‘3mﬁmﬁntm thesetwtwesat al yst wei ght; b) copper,
present in any anount between 4.0 and 40.0 % by wei ght based . upon the
total ®Watal yst weight;

3) A catalyst according to claim 1 wherein the amount of tin in said catalyst is any ,

amount between 1.00 % and 7.00 % by weight based upon the total weight of said

catalyst, including every hundredth percentage therebetween.

15 4) A catalyst useful in reductive amination comprising:

a) nickel, present in any amount between 40.0 and 90.0 % by weight based
upon the total catalyst weight;
b) copper, present in any amount between 4.0 and 40.0 % by weight based
upon the total catalyst weight;

20 ¢) tin, present in any amount between 0.20 and 20.0 % by weight based upon the
total catalyst weight;
d) chromium, present in any amount between 1.0 to 30.0% by weight based upon
the total catalyst weight; and
e) oxygen, present in any amount between 3.0 and 25.0 % by weight

25 based upon the total catalyst weight.
19



20 c) tin, present in any anmobunt between 0.20 and 20.0 % by wei ght based
upon the total catalyst weight; d) chromium present in any anount between
1.0 to 30wOMBbyiseei ght based upon the total catal yst wei @oT/UuSanaBed
oxygen, present in any anmount between 3.0 and 25.0 % by wei ght 25 based

upon the t 6y &lcat@falidall iNRid@Bfive %%n}(%rpé’dn%%?s?%?npdl US02/ 38649 5) A

catal yst useful 1'n reductive amnation co g: a) nickel, present in

any anount bet n 60.0 and. 80.0 % by, wei gh as upon th otal catal yst
vl ght s by copper nob efRein iy mhtvatFedlen CRRED 0 YBRG el by Vel gt
based 5 upon the total catalyst weight; c) tin, present in any anount
between 1.0 andul?‘?rbt?‘@/ot%?c\%%@%f’ve%ed upon the total catal yst weight; d)
chrom um present in any amunt between 1.0 and 5.0% by wei ght based upon
the total cat al §heoppei, giasentamanyl ameynt bripgeen 6.andslénd %4 by weightbasedit bet ween
5.0 and 10.0 % by wei ght wherein all percentages are based upon the total
wei ght ©f the fiuporsthebtalasasllyssiveigh) | n a catal yst useful in a reductive
am nation process for producing amnes from alcohols, aldehydes, or
ket ones, wherei g t%ﬁ}'p?e_s@lﬁtiﬁhﬂ;ﬁ&m@ﬁﬂtb%‘w%enrl'.031&1%1! 7.0 99 BP fleighi Haska upbh GRNI UM
t he i nprovenment conprising the further inclusion of"tin in said catal yst.
7) A catal yst r.di .aim6 wherein the amount of tin in said
catalyst is ans&q%ﬁo&%t%glg\%éen 0.20 % and 20.00 % by wei ght based upon the
total weight of .said .catal yst., includi every hupdredt h percent age
t her ebet ween Zodb‘?}“%n%’é’lr‘iﬁ Rt IB@BQSPH‘PH’&EBW%qnaJi'%"i‘Pgﬂé&@! Wg‘tghkbaéﬁ@ﬂﬁ’ﬁn of
tinin said catalyst is any |

thetotal catalyst weight; and

10 e) oxygen, present in any amount between 5.0 and 10.0 % by weight

wherein all percentages are based upon the total weight of the finished catalyst.

6) In a catalyst useful in a reductive amination process for producing amines from
alcohols, aldehydes, or ketones, wherein said catalyst contains nickel, copper and

15 zirconium, the improvement comprising the further inclusion of tin in said catalyst.

7) A catalyst according to claim 6 wherein the amount of tin in said catalyst is any
amount between 0.20 % and 20.00 % by weight based upon the total weight of said

catalyst, including every hundredth percentage therebetween

20
8) A catalyst according to claim 7 wherein the amount of tin in said catalyst is any
amount between 1.00 % and 7.00 % by weight based upon the total weight of said
catalyst, including every hundredth percentage therebetween.

25
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amount between 1.00 % and 7.00 % by wei ght based upon the total weight of
said catalyst, including every hundredth percentage therebetween. 25 20 WO
03/ 051508wWB@3hEISeR/ 38649 9) A catal yst useful in reducti PETASII3E6IHDN
conprising: a) nickel, present in any anmount between 40.0 and 90.0 % by

wei ght bas?ﬂAddzé%th&%ultiQ}%lhc' ﬁh%%%ﬁt,ﬁbrg@esgjgb) copper, present in any

anount between 4.0 and 40.0 % by wel g '5 upon the total catalyst

based upon t ho' “THERE sl B AERURL oGS5 R M dnf Vbt bkany mount

between 1.0 and 50.0 % by i ght, based upon the total catalyst weight; and
10 e) oxygen, pFeYE fbtqtﬁlcg},\@ysgwﬁ[ghf; between 3.0 and 25.0 % by wei ght based
upon the total catalyst weight. 10) A catalyst useful in reductive

am nati on conpr bk¢anger, ayesentak ety ampows datwden 4dhandaitoliti bybetigkebaséd. 0 and
80.0 % by wei ght based 15 upon the total catalyst weight; b) copper,
presentsin any apmutht tdisltoadyst elghgnd 14. 0 % by wei ght based upon the
total catalyst weight; c) tin, present in any anmount between 1.0 and 7.0 %

by wei ght basedcyup0Rprdsbft in b} how@balweesh oW Glatro 29, )wéi'gﬁpfaﬁéé&l%xﬂqssem

in any anmount between 3.0 and 25.0 % by wei ght based up
catal yst weight;. ; n, present in any anmount between 5.0 and 10.0
% by wei ght V\heroeélﬂrr%gtgﬁ’l)st‘gé%gtgnt ages are based upon the total weight of the

finished catal y&)t Zirconium, present in any amount between 1.0 and 50.0 % by weight

based upon the total catalyst weight; and
10 e) oxygen, present in any amount between 3.0 and 25.0 % by weight

based upon the total catalyst weight.

10) A catalyst useful in reductive amination comprising:

a) nickel, present in any amount between 60.0 and 80.0 % by weight based

15 upon the total catalyst weight;
b) copper, present in any amount between 6.0 and 14.0 % by weight based
upon the total catalyst weight;
¢) tin, present in any amount between 1.0 and 7.0 % by weight based upon the
total catalyst weight;

20 d) zirconium, present in any amount between 3.0 and 25.0 % by weight
based upon the total catalyst weight; and
e) oxygen, present in any amount between 5.0 and 10.0 % by weight

wherein all percentages are based upon the total weight of the finished catalyst.
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21 WO 03/051508 PCT/ US02/ 38649 11) In a catal yst useful in a reductive

am nation process for producing am nes from al cohols, aldehydes, or

ket ones, wbaesefosai d cat al yst contains ni ckel and copper PCThEs02/388p ovenent
conprising the further inclusion of tin in said catalyst. 5 12) A catal yst

accordi ng 19 15kal kL] . J nt in said catalyst is
any anount @eg\%gg@yéﬁgégh&ug%ge d%g&%%ﬂ&ﬂg@orp I‘ioé%]%g f@ﬁé@‘lcﬁ%%n%nﬁ%gf’glt al wei ght
of said ¢ | yst 3). A process .for. pr.oducjng an.am.ne by a reductive

ani nati on %%%%Ssgldg%ﬁ’i o ?‘ﬁg’nf%é"heiedn gatlgﬁ%‘al%.Coé‘fa“bgr%&'reél?%%c%i’ﬂeé\}ih?mt eri al
selected fromt heeéla/r:oup_consi sting. of al dehydes, ketones or alcohols; b)
cont act i nd™PRP e CombrE i ihe (irtheT inrlegame thoimpeidratalystect ed from the group
consi sting of ammonia or organic am nes under a pressure that is greater

than 15 atnospheric pressure to forma pressurized am nation m xture; c)
contacting said amnation mxture with a catalyst according to claim1l. 14)

A process B)cocalilng abeordingitorcatn M eteidin Sidi shonii SRt prasdht i s @ cthlyiher
conprises hydrogen. 22 WO 03/051508 PCT/ US02/ 38649 ~ 15) A process for

produci ng a8 aBuRELEWeéh §.89 %%ﬂd’ﬁ).@d%"@i \.]Evgglr%pt%a%g@g(?onctﬂg%t&ls\i/&g]in;%%%ifjst eps

of a) providing a raw material selecte oup const s

al dehydes,ca{%ﬁ; pnes or alcohols; 5 b) contacting said raw material with an
am no conpou 4" sel ected from the group consisting of amonia or organic
am nes under a pressure that is greater than atnospheric pressure to form
a pressurized am nation m xture;

13) A process for producing an amine by a reductive amination process comprising the
10  steps of:
a) providing a raw material selected from the group consisting of: aldehydes, ketones or
alcohols;
b) contacting said raw material with an amino compound selected from the group
consisting of. ammonia or organic amines under a pressure that is greater than
15 atmospheric pressure to form a pressurized amination mixture;

¢) contacting said amination mixture with a catalyst according to claim 1.

14) A process according to claim 13 wherein said amination mixture further comprises

hydrogen.
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c) contacting said amnation mxture with a catalyst according to claimb6.
10 16) A process according to claim15 wherein said am nation mxture
further cwopsiosesss hydrogen. 17) A process for produci ng R0TAISONES6Y a
reductive am nation process conprising the steps of 15 a) providing a raw

materi al sgd r : I st lihg. af Y, ket ones Qr
al cohol s; b))‘%ﬁgﬁggistii@ﬂgfogg?gé Fglg\?vmﬁn%{%l r%{fpgc%v%ﬁﬁgﬁﬂg%pgggeé%ﬁ%glffﬁsdn%ﬁfect ed
fromthe ghoup.~ consisting of ammonia or organic am nes under a pressure

that is gre er  than at nospheric pressure to forma pressurized am nation

mxture; 2Q c) .contacting said am nation mxture with a catalyst according
to claim 1§.Pf§‘§§mﬂ afpyceaeriy seleptad Hgm He eraipmonyistigeofe Ridekydes, ketaneadi on
m xture further conprises hydrogen. 25 23
alcohols;
5  b) contacting said raw material with an amino compound selected from the group
consisting of: ammonia or organic amines under a pressure that is greater than

atmospheric pressure to form a pressurized amination mixture;

¢) contacting said amination mixture with a catalyst according to claim 6.

10 16) A process according to claim 15 wherein said amination mixture further comprises

hydrogen.

17) A process for producing an amine by a reductive amination process comprising the
steps of:

is a) providing a raw material selected from the group consisting of: aldehydes, ketones or
alcohols;
b) contacting said raw material with an amino compound selected from the group
consisting of: ammonia or organic amines under a pressure that is greater than
atmospheric pressure to form a pressurized amination mixture;

20  ¢) contacting said amination mixture with a catalyst according to claim 12.

18) A prdcess according to claim 17 wherein said amination mixture further comprises

hydrogen.

25
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