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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;

86? (6311411ézan3nd é%%%jglg&ul %I%Fm!til%] %%@g{:gzrg LIH& ?1 o 5‘@1 aﬁﬂ?ﬁltmn'%ﬁ’géﬁ sg:e@th%f)l ca¥‘\oons

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.
The catal yst o(f(S Eﬁ’s%usggltm r?\dimtlﬁe ?Ll@glaggfiﬁi“ée %Pﬁﬁé?$?%11ﬂ&°€’@ﬁﬁ?4 gefalst | east
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 &gpol with
ammoni a. Good selectivity to the primary amine is 2 WO 03/05150

PCT/ US02/ %?&f%ﬁoraﬁéﬁ‘fﬁ‘ﬂo the @a‘%ﬂ&ﬁ‘f@%ﬁnmﬁﬁﬂf)ﬁ%‘é Gy or NGRS 3 AL ERAGL: 1S the

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
2



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 Und%%hl‘lf@élﬁe&éﬁbé%ﬁ@l%?&t%zgia%'éco(ﬁllaéﬁ' Fhrl&ﬁl‘dpfssthe g&?&% gk Eefl ol gﬁ'i‘?lr

| evel s of al cohol conversion. e hydrogenol ysi's y-products are tornmed by

reductive _cl eayv. r.. the formal addition of hydrogen across C-C, CO,

ond o N iR s o o uRi Ren iR oo oW Rdinge SHUST B R i, ¢ ne

primary commerci al |l y-useful products are 2-am noet hoxyet hanol, norpholine
and bi s((z%ﬁﬁl"i‘féfé‘i‘ﬁl}lpls)as &eastant, hayeperowrder the semecopgiian3ndipatalyst sive rigs ite

reactions and rel ated am nated hydrogenol ysis by-products include: mnethane,

car bon di drweeprimatyydngine sgjestivaly, indavrand kignidicaytlahigher, secoretatyeannina pi autect

et hyl enedi am ne, 2-net hoxyet hanol, and 2-net hoxyethyl am ne. Hi gher

nol eculsar andisginiificanyly pighdtigiidessabid " 18 irdeadyyit Mpy-phudlutid Sespecially at higher
N- am noet hyl nor phol i ne, 2-(N - ethyl am noet hoxy)ethanol, 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 ields Aes f t by.- product s

at t endant C?%V? %éé%?g%ofaﬁg@?agﬁﬁ%é? O(fjégcﬁé%éél 0 Sécduﬁeé'(?’sangggmoélé%ous froma
comer ci al per tive. .US Patent 4,152 3 5 3 disclqgses catal ysts

cont ai ni ng Ni ?[ggﬁ%% of %ﬁ %naél-‘}%é’&j}?thyé‘ﬁ@ 3*%0,0(12 gpgmyyoqonzpereqahy-ufgﬁ)é
useful in the conversion of alcohols to primary anmines. 20 US Patent

6, 057, 442 PIadycts Hed-aninagtherysthapek miomhelneiand brs(arampethyNieter. Bu-p(ad@s% as
CuO, and Zr (20-85%as Zr02), with A1203 and/or W02 (0-10%, useful in

t he colfiverfeinedl yf hydregdnolysistreaciinhnasl. rexenphiested hydiopenddesissht-pigiduesr esul t s
in the am nation of diethylene glycol to 2-am noethoxyethanol and

nor phol i nencligs/eye@hane! EbAXHABRIE Sthylenet > didin8 D lethylninOlet®RBRinfiNe t e
selectivities to hydrogenol ysis by-products. However, in 25 our experience

N T e T
In practi %E}"/’-prgcrlll?ctsh é&ﬁ als %M&Hl?ln%crpﬁo}fﬁg,%%}lﬁinoethylmorpholine, 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 secondSugpeaty affthe heveintioant i 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
4



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 ocpssipiated WILOBAOSDFORORCINNSHRE;3D G4 nige thermixture khown 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 aangd desige fichkates trthe heactou mhdsheopsiinize plug fost 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/ hreagtivch doyiditiogewageisosemSAf adwéll kibwin ih/thé art,(ta@biddiad eckhats Oangnd 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 api co SWMm%s

were determ ned. The fol] ow abbr.evi ati ons were us to denote the

fol | owi ng CHERALMF- a0gdR e B ek %ftﬁmeéwém&rl%mfbﬂ%ﬁsle Fnté’c"ﬁg?; EDA
is ethyl enedi am ne; BAEE is bisam noethyl et her; 2-am noethoxyethanol is
AEE, and DieSirgd conyephashiiodne selgetpdiyl andozasaedproductmngigter at i ons 5
Conparative Exanple | Catalyst containing N-Cu-Zr . At roomtenperature
wi th efficient ninxthagxamplesedhithi foflowptiei @tdlysts were2d@thcterzéd bynBET swifackel
(I'l) nitrate *6 H20, 358 g (1.54 nol) copper (11) nitrate *2. 5 H20, and

279 g (. 3aredBbihg aOllickoiHeddi¢sCHRIY Poaf Flodt ehsiOmbht B9 taial pbre vdlens (1wl
dei oni zed 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



sodi um carbonate in 5 liters of deionized water. The resulting slurry was
filtered to renove the nother liquor and the solid was reslurried wth 6
liters ofwodeisrspzed water and refiltered. The solid car pomatSe2/3sshy

m xture was then dried in a vacuum oven at 110-150 ' C overnight and then
cal ci ned (k}ﬁ&ﬂ}@ne%. ~to 460 OC ) to deconpose the carbonates to 15 the
oxi des. The resulti g&gxide was slurried with 4 liters of deionized water,
filtered, re- slurried with another 4 liters of deionized wat er, and
re-filtered . The washed oxide mxture was dried in a vacuum oven at
110-150 ' C overnight. The dry powder was then mxed with 3 wt.% graphite
and slugged into 1/2inch dianeteﬁﬁﬁéﬂﬂéﬂ§ﬂaﬂﬁﬁﬂslugged 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 nol % was
then imtroduced into the nitrogdtomparadne EXinapledact or was nai nt ai ned at
these conditions until no water was observed condensing in the exiting gas

stream The hydsegancdmdiinpasi-Codease dodfddiiger AR NWIAL STERES %ﬁ)?ﬁg, Iyn
i ncrenents over about 6 hours wuntil pure hydrogen was being fed through

the cataly, : t 5..hel defQr u ' C,
then incr e%glggﬁ?c cc)) n%%%gtcﬁ{aﬂr?gg %eqilg?%o er ﬁ%ﬁb ﬁﬂ?rﬁ% hég%%(g‘t%%tggl'géf%@@tcc%)gg Yas

t hen turneg.off .and .t re r | e hydr ogen feed turned off
and & vio odpauTufat sciRuese 48k 637 s eplh Pt acewh G wbfon gt Hikss
hydrogen fromthe reactor. After about an hour of flushing, air was

i nt r odtfc e Pla{CiIBES: oS, Way pided; Quep ghortst hawinta rfdselwian of Illg]r(}’rgv(éﬁ-?’ wbBer ved
to pass through the bed as sone partial surface oxidation took place. These
condi t i onssodae catonataiinedlitsve phidglonizedVwatemo Thppesudtintg suotyheasTilteret e
reactor, the air 5 flow was then increased in increnents and nitrogen

decr eased meniove thpunethed liquonand €@ soliivas gdsluried Gatha itsts dFeidioniAe8 viddraini St
was t hen discharged fromthe reactor and forned into 1/8 inch dianeter by

1/8 inch |enBédad! alk sbifd &ebothtdsar Akesre Yonsshane el Mouutl§ven'£54b11S0 Of

el emental anal ysis, BET surface area, nercury porosinetry, and crush

ZH ﬁg?;[ gn Jgteﬁ\léﬁr@ghtae{nﬁ t@e‘rnvc%TcirlleQi (-ll_ae)n%n %amﬁ" toS 26(9!’(\/[)(3’[% d%ggmltocps% tflee gal% ct)nsateosfto DEG

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 9N %Cu%Zr 02 ¥6SnO%r SA ETTPV  (cc/ g) Ave.
Crush I'b 81.613.45.0--30.00.10615.0 DEG Am nation , Conponent W% I n

React or BWVDloaestsodHot Spot Reaction Tenp. C) 1701801902002 1@CEGESR2/386EG

ME- Ami ne0. 160. 260. 520. 630. 82 EDAO. 050. 140. 280. 290. 29

Mor phol i nelﬁtré%épfe%ézv@aslsjea’iﬁedgg)‘lﬁ‘u@p - B4 t%é%r ﬁ B%eﬁgbéb‘d‘:rl':an hour of
23.0734.3734.1329.9424. 69 DEG70. 70 26. 67%6 3(8)5 3273 2383 6488, 41 15 20
reav 50, SRS o Rt ool RSBl RR 395 aqagrsenc?sn SRRbeaR oy

formul ation to that scribed in Co aratlve Exanpl e 1, except that Sn was
i ncor por at THVAE &0 tHass ﬁ’éﬁ’ Ti‘f’ tt?H asu%rapmf’gpﬁmﬁ]( P‘\Vfaoﬁélﬁ%lﬁpdpp]@é’b&g ABesgent .

A nmetal salt solution was prepared, consisting of 2908 g (10 nol) nickel
(11) ni tragoaditiogs HeE mptadBed oye(nighs Wish)nocapppeent Giothermi inrthe eattr,She 20,
301 g (0.40 nol) zirconium9 WO 03/051508 PCT/ US02/ 38649 acetate (15%

sol ut i on) ,fldR6vay (hén tcremkd it iincremenacitionirdgen dadedsed iuhell puRf aifleiRnfeaed
water. This solution and a base solution, consisting of 1415 g (13.4 nol)

sodi um Carthﬁdﬁ?h eh@bflalPst telit M dafalﬁ? ety 'tHé:t“lddM@ltaFgred Y63 GhS FAOE 3RE B3R

added with efricient agitation to a reaction
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
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 | 13.4 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



vessel at anbient tenperature. The resulting precipitate was filtered,
washed, dried, 5 calcined, reduced and stabilized, and tabletted as
descri bedwpr3exsngl e 1. Results of elenmental anal ysis, BECTAl$n1/38549 ar ea,
mer cury porosinetry, and crush strength are given in Table 1. Al so given

are the results udi.es. mJle 2 Ni.-Cu-Zr-.Sn

ons oz Rt R R e s Ehrerririiidg %“%g hi%s e ieoledonas 6
DEG Am nati on, Corrponent W %.in Reactor Effluent ot Reaction Tem.

C) 1701801900 sMulEPIERIE: haseapiRtighsonsTHing 26 16 70 81694 mol) i Carbonate and §
EDAO. 080. 110. 240. 310. 29 Mor phol i ne3. 585. 5722. 3450. 6368. 15

BAEEQ. 842.12d5 of @ldiocated wataERRR. iB8karieoddy 6dded. il eff®ient agitation to a reaction
DEGG7. 8250. 7122. 035. 620. 36 Heavi es0. 722. 257. 268. 838. 41 % DEG

conver si 0n@gsell 84 hndfidhf . RDEraRBO9. Bk 1dulfing mradipiats twaf fikdred,i wadrt, dried,
enbodied in Exanple 2 surprisingly gave significantly |ower |levels of the

hydr oggnol ¥giRdbYsRtQH ded %taﬁ% and MR '&%s&ibe&%'%hﬁo[bt 1. CRBA(RE Jfons
than did the prior art catalyst of Conparative Exanple 1. Al so surprising

?’EZS;éSpZQ:ee%S' ”%Ia'fl%z%% B RSHRRE A SeRul pd mgf%'#ﬁghé?gégﬁ%g fET
t T N - Cu-Z f | | f d
Lo be qui (LIt | 460 Bivee it ﬁ%s.o%ﬁ%ifw%é 9508 Conpar at | ve SE;)angijg 3

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



PCT/ US02/ 38649 Catal yst containing Ni-Cu-Zr. This catal yst, containing
about 35% Zr02, was prepared using a simlar procedure as in Conparative
Exanpl e IwO3ms15000m t enperature with efficient m xing, aPSBIUSNL/BERE49
consisting of 4362 g (15 nol) nickel (I1) nitrate *6 H20, 537 g (2.31 nol)
copper (IlI) nitrate *2.5 H20, a ﬁl; | ﬁgate 3386 g (15% sol ution,
4.5 nol) in 10 liters of deioni r@ drafidt # e ed over about 2 hours to
a solution of 2805 g (26 5 nol) sodium carbonate in 9 liters of de| oni zed
water. The resulti lurry f|| red and the solid washed
re-slurrying t\/\‘ﬂ%tglyaﬁg ERntapE; ﬁaﬁé‘ %6‘ FrtalyH Fenighinge @bowit 1% Z’fﬂzl ovasd by
filtration. Subsequent catal yst prepar ation steps were identical to those
descri bed E’rﬁP%‘h%‘P&a gimikpnprogesiyrd asiimGomphiadvelxangtialyst was anal yzed and
the results given in table 1. Also shown are the results of DEG am nation
studi es’ 15 Conptarcati tespEceampivith 3ffiient Giixidg, DO8IoH ¥BhAR YA P340 BF5 BENPV
cc/ Ave. Crush(lb) 55.79.335.1--66.60.08616.7 DEG Am nation , Conponent -W %

i N React orni&ifd (e Attratdots L5 | i
EGVE- AnD. 1nllO 2&%)3431”08‘ 680372(5) E%i qgggr}%% gﬂ%ﬁ@ﬁaﬁo 99%@2@2%9(1 %%uﬂ’m

XEEEQC’BBSS‘%%%Z %@%“@%% e e,

Heavi esO. 092, |on2 3040. 4459. 5475. 9674. 67
Resul t s of ?m%ho%oé gtD(ﬁg 3 ri\(/:ﬁoc%1 é?P?;tgtm éﬁ“@é delanizefewEiRR Dl e
3 were f be simlar to that of Conparative Exanple 1, both in

cat al yst rgsf tgpga \¢§Ty 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 Ammatlon 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



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

cat al yst wp oGomses at i ve Exanpl e 3, except that about 5% SROTWE82/38649

i ncorporated into the 5 catalyst using small nesh SnO powder. A netal salt

sol ution was prepared, consisting of k4 141 4(5 nol) nickel (Il) nitrate *6
H20 and 179 g (0.77 nol) copper (I1) *2.5 H20O, 1129 g (1.50 nol)
Zi rconi um acet 15% sol uti.o and 5 liter deionjzed water. This

sol uti on was aged?gtalygtv%?maémﬂg 166%'26\75}11 %hgg‘iaf"gi’ dvas|sypilsr iaspppetitionto tes g
(8.8 nol) of sodi carbonate, 29 g (0.21 nol) tin Il 10 oxide, and 3
liters of HABHilBEemparative Expmpleed exeenh dhasabeutsi% SnO wasincopipprtetintovdshed,
dried, calcined, reduced and stabilized, and tabletted as described in

Exanpl & 1. caRdydllusiog smallsheshdnOapovateal ysi s, BET surface area, nercury
porosi nmetry, and crush strength are given in Table 1. Also given are the

resul ts of DEG Aestalmhlpsdhiten wisydépRsod, dnssx@rmdf 2154 oNs 1My FbkePP) nitrate *
o8 YCUYZr 02%SnOYCr SA ETTPV cc/ A\L/ig. o, oSO §¥3. o) Atk (D ittt 56

CES e el o IO 8 ESKL P iad B, PRI RESILACIRT
BASED. 011, 097 Ban By oy ALEARRE ol sy s sedad over 2 e to 0 wel
agitated slurry composed of 935 g (8.8 mol) of sodium carbonate, 29 g (0.21 mol) tin IT
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



DE®5. 1561. 0335. 7513. 042. 76 Heavi es0. 141. 113. 445. 826. 26 % DEG

conver si on4. 8538. 9764. 2586. 9697. 24 Again, surprisingly, the selectivity to
t he hydr oyjereloysis by- products EGVA and EGVE-Am are | ow &€TASNP386¢d t 0
that obtained with the catal yst of Conparative Exanple 3. The |evel of the
desirabl e LDz ted I: h he Sn 12 WO
05 bsan0s BB %E%}gg}fg Exg tﬁ’la‘?%}% lg@fof"le‘?@ Jtﬁ&ti% a%%’lb eﬂ%y @r?%? oved
selectivit#ﬁﬁ S attrlbuted by t he presence 5 10 of the Sn. Conparative
Exanpl e 5 % eparatlon of this Ni-Cu-Cr catal yst has been described in
US Patent 3,037,025 (Texaco, CGodfrey) and 3,151,115 (Texaco, Mss &
CGodfrey). The naterial used in this experinment was supplied by a
comerci al vendor using simlar procedures. The results of DEG am nation
studi es are given bel ow. Exanpl é€dmn Mraﬁewm %Zr Q2 ¥%BnO¥Cr SA ETT PV
cc/ Ave.5 Crush(lb) 72.012.0--2.025.00.09025.0 DEG Am nation , Conponent W %

in Reactor Eff |Tl&@eﬂdﬁhoﬁ@@th@ﬂﬂ@hl@ftafﬁ%@phas@%&Qé&@l@%&ﬁ%ﬁatent 3,037,025
EGVE+EGVE- AnD. 130. 210. 370. 701. 08 EDAO. O 200. 060. 130

Mor phol i nq¥eda?3; @8@&@}?&%d5!@1%4;1qg (ﬁ’@ga%g; AR%s §L8@}o§ﬁ'éy)32’f‘hes glatenal used in this

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



AEE14. 5723. 2632. 4433. 0722. 43 DEGB3. 4171. 4752. 7631. 1415. 15

Heavi es0. 040. 181. 293. 725. 83 % DEG conver si onl6. 5928. 5347. 2468. 8684. 85 15
The resulwe oofstshe DEG ami nation study using the N -Cu-Cr Pcatishyssc4of
Conparative Exanple 5 show the relatively high levels of the undesirable

EGVE and EQVE - Am ne hydrogenol @"ﬁ%@é lg ﬁ ; 20 13 WO 03/051508

PCT/ US02/ 38649 Conparati ve Exa g LR les nt ai ni ng N:‘%Zg ,(A'é roF;n
tenperature wt i clent m.Xkn sol ution  consisting of. no
ni ckel (11) ni t¢a§?‘&£t*°§h%grﬁﬁls§u-33f( %.t%’ W;@ng&?t&’(?ﬁ‘gg?mlﬂggea icgutwg 5
H2O, and 194 g.(0.4 ) chromumnitrate *9 H in 5. iters of

dei oni zed %&’Elgtﬂn,(g %%gzgo&édngg/ 8&%&(&@‘[@%’%&%&2@ €lot3umpbreopyer (Hpuitrgte( 11. 0

nmol ) sodium carbonate in 5.0 liters of deionized water. The resulting
preci pi’t at € hisOf a1dt EHeri (0. 4R giobdhramivedyitratel*i Hi€tlin 5.0 dilers of deintized ahiet,i zed,
and tabletted essentially as described in Exanple 1. Results of el enental

anal ysi s, BETaddad bageabanie2 howe e ursplufion f il net %11 1.amblr §ddsibin Shib8AAS bh 80€
given in 10 Table 1. Also given are the results of DEG am nation studies.

Co ' i - b Ufdad < Vi foclg)Ave.
Crush(1 b) B0 61 o B 00 10 TORTT B EEPRM it Cheegoneid (A Ree

React or Efx%éi&&%ﬁ'tanmrtabﬁ&%, Retbled0 -g?sgﬁiallg) o5 292.102 )ga%)ple 1. Results of

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

ZoNi | %Cu | %ZrQ, | %SnO | %Cr | SA (BET) | TPV (cc/g) | Ave. Crush(lb)
81.6 | 13.4 - - 5.0 10.1 0.106 11.0

DEG Amination, Component W% 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.
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EGVE + EGVE- AnD. 040. 070. 190. 310. 74 EDAO. 000. 010. 030. 070. 11

Mor phol i ne0. 521. 495. 6314. 1539. 75 BASEO. 170. 491. 061. 701. 90

AEE13. 6120009821508138. 4827. 71 DEGB5. 3675. 4959. 0640. 3616. 60 PCT/US02/38649

Heavi es0. 000. 000. 181. 143. 42 % DEG conver si onl4. 6424. 5140. 9459. 6483. 40 The
results of the DEG amination study usgng fhe N -Cu-C catalyst of
Conparative Exanple 6 show the rel ati gh | evel s of the undeS| rabl e

EGVE and 20 E m _ne dro S - pr cts .of t

catal yst was S\E?)}[Alﬁ"&ﬁ?&} %ng %E{%fq‘b%'érﬂmgﬁ%ﬁ gﬂ%ﬁgr EC{J E #gto t at”
Exanpl e 7 Catal yst containing Ni-Cu-Cr-Sn. This catal yst was forrrul ated to
be sinil arthPI{lH’?é%UVelﬁi(a@@?‘?p%reéﬁ‘méhaEﬁah’ﬁ‘IS dnagrpasgted pito theasatadyst waing tin (IV)
incorporated into the catalyst using tin (1V) 5 chloride reagent. A netal
sal t sol ut ¢hderideasagsniepar ed, consisting of 2326 g (8 nol) nickel (I1)
nitrate *6 H20 and 462 ¢ (1 23 nol) of a commercial 50% copper (I1)

nitrate sol uti oAmeflGalgsdl@ticdvaspabparad) taidisting of 1328t Mollidickel 98) Hitrh@-#36
nmol) tin (1V) chloride *5 HO and 5 liters of dei ogﬁ(l zed vvate?ﬁ)Thl S

soluti on_ angh andase oSQ1t AN of GABRIREL0Sh bHAP (&) bt Jrga}lan 206112181550

carbonate in liters of deionized water, t aneou d 0 a
wel | agit p | er tue>I= tion rates
wer e agj ugl%lgg Pl% Hggfélpm{ % @ﬁ{\qsﬁ%ég% W‘?Lgml d %Egﬁhapg% ]ﬁtﬁr pcff;ce
over about ,2 hours. esultin urry was filtered and the net

c\altr bonat g Y |"Ya§‘?r @nlaé‘ggq&?er J08HIoR; ¢qnsigiing elet 064 (1l Oamal) SQ@Wﬁm zed

wat er and then re- flltered The solid carbonate salt m xture was then dried
in a 10 carbonate in 5 liters of deionized water, were simultaneously added to a well agitated

precipitation vessel at room temperature. The addition rates were adjusted to keep the pH
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.
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15 vacuum oven at 110-150C overnight and then calcined (1C/ mn ranp to
460C) to deconpose the carbonates to the oxides. The resulting oxide was
sl urried wotob/ogishg t ers of deionized water, filtered, re-PCEUSIEEBOMS t h
another 4 liters of deionized water, and re-filtered. The washed oxi de
m xture was dried in a vacuum oven at 110- 150C overnight. The dry powder

was then pixedwith 3 w - %graphite and slugged into 1/2 inch dianeter
pel l ets. The sl ugged pellets plet/hH-Gh&Fgad to a tube furnace fdr _
reducti on| &eNi | $66hi || YeZaQdn%fng %Gy | ocEBVr(ec/ep | tAnat Crugl(lned in

Conpar ati v€7Exani@.@ |1. The | céatlal yst5.6l pgs288re t hemish schargeds $rom tjhe
reactor, pground to pO\MAnﬂﬁﬂld‘rpC(’fﬁ@ohéiﬁWt% th RéAeEd? Elilgdmt er by 178 ijnch

Ienlgt h t abhsl Spdi ReBlich TROK&D) 1P S{gaee TEGgHdTe. |£'(ﬁ)?re>w o Of aggg teal
anal ysi1 s, Hvl o] OST i t \

given in ‘EEM%L%IECG@E %.hau gve dgyt he —(Eé-' t° gﬁ.‘ut BDEG am-nati-on

st udi es. %ns/ 051508 PCT/USp2/%8840] 8% mile 918 - 1,42 s o W |owr 02
USNOUCr S oline of Ave. Crush | b 290210 @06 15 GRBZ0] 136833 [DES.57
Ami nat i on, BAEBnponent W % i n React®62 Ef | 20 Hot 48pot | Rebf? i gn  3.33
Tenp. (C) 188E80200210220 EGVE + EG2VERAND. 8880 060.342® 2P01896 6.63
EDAO. 020. 0B8G150. 190. 17 Mor phol | ng4.4908| 06280 324G78363| 5% 31 1.35
BAEEO. 622 [124:§34. 693. 33 _AEE2T. /83373034, (U9, 966568 ~ 53 840

A B4 N

DEG74. 4251y S9RE Saberdat, 55 Heavl 9658711 9492621 5p%5e 0| kS | os.65

Q01 /a¥aYaVe]

conver si on2558482067258916998—65

The cafalyst of Example 7 was found to give significantly lower EGME and EGME-
5  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

10  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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The catal yst of Exanple 7 was found to give significantly | ower

EGVE- 5 Am ne hydrogenol ysis by-products,
desi r abl ewBABBS1508 pr oduct over the catal yst of Conparati v@CERSIpEssd? 5 and

6. Again,

increased selectivity

S

EGVE and

and significantly higher of the

attributable to the presence of Sn.

Exanpl es 8 and 9 bel ow show am nation results of poI ypropyl ene glycols

=Y VSl Vo Val P L N el md s’ AP ¥ [mYmYalilaYaVaYal al 1 At + ha
N - 21 By ot b yet gt o 10 PRV FoR-GUEHES (o Jocor dance i th
Exanpl e Z—ﬁﬁé_a/ég&egsﬁgﬁc?n/ﬂ/f’smr @Q&qu&@h PY (ce/ u ar
reactor, udPigl 1880 g/ hrS54f DEGS.400 gi-hr |of 4Foni a. 0938 nul/hr13ﬁQ and
operated at 2000 psi. Sanpl es MFFOLIGRBG-280t Aminatiodi ti ons stabilized foy 2
hours, theHot $pdtiRRREbNOFe and fgpght s, andgtitrpatedhgphe deter myge the
extent of | vHG amiashien evel. —1H7y0 UB7 U5IpP8 ™ 7 6/68 gdxamle 8
- Cre S I Bon s en ey
React i on M’Q’é@‘tﬂfﬂw@zlo Tobal 0fStyl bt a8 e /8540g 7hg oh#2 g
Total Ani n@ COREEARR 717 008 418 47 "Hr-lmarv AfOrk, np /695707, 808. 4085 42 Do
conver si oAy AIBIEI7. 5 % Pr| mardP.-Ani ne99.999. 990. 8HP.8 Exhm (9.4
Ni - Cu-Zr-Sn 9N YCu%Zr 02%6nO¥Cr SA ETTPV cc/ Ave. Crush I b

76. 812. 65. 15. 6-42. 20. 08913. 6 JEFFOL(r) PPG 2000 Am nation

Example 9 Ni-Cu-Zr-Sn

%Ni | %Cu | %Zr0O;

%SnQ

%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

10

15

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.

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

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,

17



Hot Spot Reaction Tenp. C180190200210 Total acetyl atables, ne

/1.0091. 0151. 0011. 009 Total Am ne, neg/g0.7380.8910.9550.975 Primary Am ne,
meg/ g0. 73%0.0889G09530. 973 % conver si on73. 187. 895. 496. 6 % PCITIEsn3/38649

Am ne99. 599. 799. 899.8 5 The pol yols of Exanples 8 and 9 contain secondary

oL 9 U ST SRR RS Ll LY SLE LTS b L cec

>99% even at the conver’si ons o

am nati on ampl e t hrough 7. which show the high production of
secondary %Szg?f‘?%ﬁ%ﬁnﬁ?ﬂgﬁl?ﬂ}@rﬁ’ﬁ?’%& proxidg sip icaelystsps Rl r esul ts of
Exanples 8 and 9 denonstrate the high activity and primary am ne
selectivity of tWerleys-addphydesnipignesatad glsohals mayiibs vseds ane siertirigrraw material
pol ypropyl ene gl ycol am nations. Al though the catalytic conpositions of
t he presenfor amedurtive amizatien lpzecess deocding e thrsinbaitiog, pothesusppTsheld starting
catal ysts, the present invention also contenplates 15 deposition of the

metal | isc conmedniens selifknoha aahalasés RAIRRS! dnhiRfForO NP {IRUEROTF E¥hSk! HeS
known to those skilled in the art, using techniques which are well-known in

C
the art, el ORASIE0RPCH A2 200 cck BELHIHEOT LR o T P Oy

known forns of alum na, _ car raphi
Var i ous. ol oS ORUonat rerling Srtito) ShelroBeS BB ngs AECFQLERG Fo
material for a reductive am nation process according to the invention, as
the use of[EHER-@DB0 NEFFOLBRRGI4QDs IEFFQEI@D2000n available feorh Bfuntseduct i ve
am nation. In the case of alcohols, the alcohols useful as raw materials in
a process Re@RhehiBg CorgoRgionnye M@ T8¥4s iR well using the catalysts of the

10  invention.

Various amines, including ammonia itself, 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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primary, secondary, or tertiary alcohol. The al cohols known as
JEFFOL(r) PPG 230, JEFFOL(r)D -230, JEFFOL(r)PPG 400, JEFFOL(r)D- 2000

avai | abl ewbroanstiosit sman Pet rochem cal Corporation of AusPCR/USIE3S$9 ani nat e
wel | using the catalysts of the 10 invention. Various anmnes, including
ammoni a i t§alaf is IBYePE: Used as a starting raw material for a reductive

am nation process according to the invention, as the use of such starting
materials is wel l-known to those skilled in the art of reductive anination.
Particularly useful are the organic am nes, which termincludes all primry
and secondary 15 am nes knomn to be useful in reductive am nation processes
by those s ﬁn|ae<a%t41}‘§ttlff‘éﬁ dp @ redughiye prEatign pigcessdar produsingamétes fegnky| ani nes,
aryl am nes, al kyl ar am nes, and pol yal kyl enepol yam nes. Consi deration
must be gi aleohals atdﬁéydeamr kettales,adzhdneiugtidtchﬁasfsi contaihs ninkdipsoppereand descri bed
and disclosed in relation to certain preferred embodi nents, obvious

equi valsent chréfiumdhé Ingabianent @Btpakihg tad fuftBsr ihe18660 bf h id sa@@@&ﬁ'@stﬁp par ent
to one of ordlnary skill in this art upon readi ng and understanding this

specification and the clains appended hereto. Accordingly, the presently
di scl osed invention is intended to cover all such nDdifications and

alteratio Y, scoeof whi ch foll ow.
T o 05y 02 B sl Hin) korbiing FRBGu P ihds 3%51 b Baty, yst
useful in ar ctive natl ess.for produci am nes from
al cohol s, adﬁlﬂ’éﬁy?af&een k/étaBﬁiigg 08\/%@)’ eight Qi‘S&dé‘BE’%F}VgPt%B’ﬁtgﬁF plksai ckel |
copper and 5 chromium the inprovenent conprising the further inclusion of
tin in sai@tanglyding zyeny huadredihspereantage dhanepetweazl ai m 1 wherei n the amount
of tinin said catalyst is any anmount between 0.20 % and 20.00 % by wei ght
based Wpon the total weight of said catalyst, including every hundredth
percent age therebetween. 10

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



3) A catalyst according to claim1l wherein the amunt of tin in said
catalyst is any anount between 1.00 % and 7.00 % by wei ght based upon the
total weiwbtosofisssmi d catal yst, including every hundredt hPpeErusenssage
t her ebetween. 15 4) A catal yst useful in reductive am nation conprising: a)

ni ckel , pr %R%tailﬁtﬁé&ul%@%ﬁ\t@éﬂﬂﬁ%rﬂ&n@pr&ﬂ%z 90.0 % by wei ght based upon

the total catal yst weight; copper, present in any anount between 4.0 and

' any. amount ool ack 5e9BP ) 3al B by Eh T SR il B 7o

catal yst weight; d) chromum present in any anmount between 1.0 to 30.0% by
wei ght based upBpen thadotelsatalyst Weghfist wei ght; and e) oxygen, present in any
anount between 3.0 and 25.0 % by weight 25 based upon the total catalyst
wei ght. 19 WD 0B) 0%DpE0@repat/iusmiBeey detvien & andald/s Vo hysweight based educt i ve
am nation conprising: a) nickel, present in any amount between 60.0 and
80. 0 %Py wei ghtipdrahe totaluptatyst heighot al cat al yst wei ght; b) copper, present
in any anmount between 6.0 and 14.0 % by wei ght based 5 upon the total

catal yst wei ght &) 0 phdsBat iRERP ERbunt/beBRenATDMRE 7 D&l BeGRicht BaRBUpdn the?0 DY
wei ght based upon the total catalyst weight; d) chromum pregent in any

anount between 06 by wei ght based upon the total catalyst
wei ght; and 10 éostﬁg%% gﬁwglg?lgsent in any anmount between 5.0 and 10.0 % by

i ght wherein a|l n re based upon the |. wei ght, of the
}Nle:,]? SL ed g ate Ial yS} ghrgr%{u(%ne, pg”easggtsm%ny amountdbetxgeen 1.6] ancf 96% by we& t based upon
the total 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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6) In a catalyst useful in a reductive am nation process for producing

am nes from al cohols, al dehydes, or ketones, wherein said catalyst

cont ai ns wWpaek®bs1s0g£opper and 15 zirconium the inprovenent PConsn/sdeny t he
further inclusion of tin in said catalyst. 7) A catalyst according to claim

6 wherei n bha ALl if tubivSahidagat & - any anount between 0.20 %
and 20.00 0Zby {\%e?%égh% béseduupl)on the tof ﬁﬁ\ﬁlxsg}g;ht of said catalyst,

i ncl udi ng every e rcent age, £ hereb e Ac | yst
according to ci %\f %Qgélvﬁ%grégﬁ atnﬁgngg%the[twgqn ﬁ_%‘%ﬁ(ﬂg (ggio/g%’%gfeéﬁ%g?% s any
amount between 1.00 % and 7.00 % wei ght based upon the total weight of
said catal yst, "PHtitg iR Fatalest yellhdr edt h percent age t her ebet ween. 25 20 WO
03/ 051508 PCT/ US02/ 38649 9) A catalyst useful in reductive am nation
conprising: a) Bl edppkr, ppsetémany ameuny batwagn ¢ (oandwdeh %oy, Geightb88d 0 % by

wei ght based wupon the total catal yst weight; b) copper, present in any
amount bet ween dpdéh thatbtdlGataly¥i tgighei ght based 5 upon the total catal yst
weight; c) tin, present in any anmount between 0.20 and 20.0 % by wei ght

based upon the o} pbese@tidbyPim¥eit Botweet)o. 20 DD M byPKERRMasbd pgmount
between 1.0 and )tSO% % by we%sght bas%e(gl3 upon the tot glpwcgt alagstu’\?\dg?/tgﬁt; and

10 e) oxygen, pjf i ny.. anount between 3.0 and 25.0 % by wei ght based
upon the total (?ae?g%ls}}tspvgggﬁﬁt. 10) A catalyst useful in reductive

am nation conprisSi.ng;.. a) nickel, present in a anpun et ween 60.0 and
80. 0 9% by wei gh) 5Bl :f?sﬁﬂgd‘ﬁ a?ﬁ@“%?“iﬂet“éeé?gr%%d ke 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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b) copper, present in any anount between 6.0 and 14.0 % by wei ght based
upon the total catalyst weight; c) tin, present in any anount between 1.0
and 7.0 %by3meisght based upon the total catalyst wei ght PC20Sd)/38ity coni um
present in any anount between 3.0 and 25.0 % by wei ght based upon the
total cata | ’ - P j appunt . hetween 5.0 and
10: 0. 9 by vl mA SRR, aseRlth FeddH AR yoB SR o Qo R TR i GBR e gt "o
the finis talyst, 21 03/051508 .PCT/ US02/ 38649 1).ln a catal yst
Lt ul i o SRR, Ak hoes o e TIRERR Sl S i e b Eomate R

al cohol s, .al dehydes, or ketones, wherein said catalyst contains nickel and
copper, t HEPIPYRFIG EQRRPHSIREoS didies gnalysiorn e timarsaidrretaligton of tin in said
catalyst. 5 12) A catalyst according to claim 11l wherein the anmount of tin
present in said catalyst is any anount between 0.20 % and 20.00 % by

wei ght based upon the total weight of said catalyst. 13) A process for
producisng 1) Aagatalgsthycading Gl clhiny € 1 el tHRMNMVUAE S8 @@5@1& B4 cdth§st 140
steps of: a) providing a raw material selected fromthe group conSisting of
al dehydes ank ah@naph alicxP, 50904 2000 6O RGN ERL ST MNIBNGEL R0l an
am no conpound sel ected fromthe group” cofisistin of “AnTont a>or organic
am nes unqﬁﬂﬁﬁﬂpressure that is greater than 15 atnobspheric pressure to
forma pressurized am nation mxture; c) contacting said am nation m xture
with a catal yst according to claiml. 14) A process according to claim 13
wherein said am nation m xture further conprises hydrogen

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.

22



22 WO 03/051508 PCT/ US02/ 38649 15) A process for producing an am ne by a
reductive am nation process conprising the steps of a) providing a raw

mat eri al woloaossos f rom t he group consi sting of al dehydes, PKEUSNE 38647

al cohols; 5 b) contacting said raw material with an am no conpound sel ect ed

from the 9r9OUR prRESoR hiddbcifE o FRRER @fed&étg%r}%l‘gnaqmn%%?%egggcsrfq%rzsﬁ  Rsur e

that is greater than atnospheric pressure rma nation
m Xt ure; c%el%%}{ acting said amnation mxture with a catal yst according to
claim6. 1 " A process according to claim15 wherein said am nation

m xture further, conprises ,gydr ogen. 17) A process for produci ng an am ne
by a reductiRrevidmedrrdnateiial selected Siopt ihs isrepn deasistingeefs algehyiss Retqnesoi di ng a
raw nmateri al selected fromthe group consisting of al dehydes, ketones or

al cohol s; #Johedft acting said raw material with an am no conpound sel ect ed
fromthe group consisting of amonia or organi c am nes under a pressure
that i$ gridabetactimsnid stvmaiehiel wih pi @851 @nifduh@ Bt RePHBESUE F?&\? am nation
m xture; 20 c) contacting said am nation mxture with a catalyst accordi ng

to clai m ldnsidBlg 6F PRAERAESorazEAid i rel iid,am nation
m xture furgl?ller gcorrpri ses hy%rég%tﬂ.glegzgm%% ﬂ?‘ésﬂre"éﬁﬁ lseérréat%ﬂhqn

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.
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