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CATALYTI C HYDROGENATI ON PROCESS Tommm HYDES TO THE CORRESPONDI NG
ALCOHOLS BACKGROUND COF THE | NVENTI he I nvention This invention
relates generally to a heterogeneous prowess for the |iquid phase

hydr ogenatW@p1/289641 dehydes to the correspondi ng al cohol s usiGIfBO¥EIeEd form

of Cu0/Zn0 catalyst in the presence of a netal fromGoup II1A of the
Periodi ¢ Tabl e such as al um ni um l\/bre'b'arti cularly, this invention rel ates
to the hydrogenati on of hydroxypival al dehyde to neopentyl gl ycol. | ~Er~~~r~

Al dehydes and corresponding prinmary al cohols are two general classes of
organi ¢ conpounds. There are several nethods known in any textbook of

fo the. corr s pRHTAERadh EA Al bic Ay BrOGEN A DR RARESS S BbvERE hoae
using al kali or al kakl pDEHREDES TOETHE-CERRESPORDINGY ALCdRsORs al um ni um

hydri des and netal catal yzed-hydrogenation. Chem cal reduction processes
are seldomcomercially viable. Useful ness of nmetal-catal ytic processes is
determ ned by con version of al dehydes especially in presence of harnful
impuriti %&&E@N%gﬁﬁiﬁrwmxlaﬁses, selectivity of primary al cohol
pr oduct s; ; tenperature and pressure, and even
nore inportantly environnental issues caused by the netal catal ysts. Sone
of the conventionally used netal catalysts, although applied specifically

for hy d 09 nat i of _hydroxypi val dehyde for mnaki ng neopentyl glycol, may
be equalE¥U££Egﬁﬁg¥@ﬂ¥5{hydrogenate any al dehyde to the correspondi ng
primary al cohol. This nmethod is disclosed in Japanese Patent Publication
Nos. 3316911974, |17568/1678, U.S. Pat. Nos. 1,048, 530, wo o0~ns96a -2

rcTnaooi oi sos_1, 219, 162, 3,920, 760, 4,021,496, West Gernman Patent No.
1, 014, 089; and@hiEinsptian relates generally. tosdheterogengauspracess forithe hauid phasethydrRaney

Cat alyst Sepn gEHOPRekl o aRiciccha ey RsR Bl B LA R S

cat al yst & thefpr@endd 6N Rictd)| feoil Group MRA JfftRe Pafiadiy tTiableasuith b hluniRivid) More
sufficient and thus the reaction nust be carried out under high pressure

condi t i opartigarly.Hhis inuentioptrelatesdpithe hydregenation o &ydigxypivplaldghyde 1§ neogen-

| evel fo&éﬂ#ogng period of time since it is de creased under the influences
of smal | unts inpurities contained in the starting materials, the

al dehydes. In the case of the Raney nickel catalyst, various problens
arise; for exanple, preparation and handling of t are not easy,
catalytig activity js_insufficient”and further #,\\\‘\\\um\mmwm ot be mai nt ai ned
for a | oRHES M&Mhe catalyst is used I'n g.ghurry

Aldehydes and corresponding primary alcohols are two general classes of organic
compounds. There are several methods known in any textbook of organic chemistry and in
paient literature for the conversion of aldehydes to the corresponding primary alcohols, such
as chemical reduction methods using alkali or alkaline earth metal-derived borohydrides or
aluminium hydrides and metal catalyzed-hydrogenation. Chemical reductio_n processes are
seldom commercially viable. Usefulness of metal-catalytic pfocesses is determined b—y«con-
version of aldehydes especially in presence of harmful impurities such as amines or other
bases, selectivity of primary alcohol products, reaction conditions such as temperature and

pressure, and even more importantly environmental issues caused by the metal catalysts.

Some of the conventionally used metal catalysts, although applied specifically for hy-
drogenation of hydroxypivaldehyde for making neopenty! glycol, may be equally effective to
hydrogenate any aldehyde to the corresponding primary alcohol. This method is disclosed in
Japanese Patent Publication Nos. 33169/1974, 17568/1678, U.S. Pat. Nos. 1,048,530,



form the process inevitably becones conplicated. The foll owi ngs are sone
of the prior arts related to our invention. For exanple, J.S. Salek et.al.,
in US Patent 5,146,012 assigned to Aristech Chen) have disclosed the use of
copper chromte for hydrogenation of hydroxypival al dehyde to

neopent vyl rom unbased catal ysts, in general, are Wals|

envi ronrreg{’éﬁ%/ggﬁ‘ﬁgccept able. British Pat. Nos. 1,017,618 gﬁ#@gﬁg,og%,
descri be the hydrogenati on of hydroxypival al dehyde to neopentyl glycol in_
t he presence of copper/chrom um oxi de catal yst. However, this catalyst
system gave poor selectivity of neopentyl glycol due to formation of sone
byproducts. In other prior arts, such as in US Patent 4,250,337 (assigned
to Cheni sohe 1¥er K266 4631 896 ewebd Gehmint Patdae NERNY0 14089, hidd Berdpeie Phatent
4,85S,51 S ('assigned to Eastrman Kodak, USA} barium and manganese- pr onot ed
copper cNoem4,421;, d4pddt In/these patortsoBaneydiiekel, dSielr, 434y (ﬁlbégrfél!-pé ang Afrdba/ st .
The reactigns wer arrjed oyt 500-.1000 i and at.a tenperature of
170- 2204t} S‘Fé‘%‘ﬁﬁﬁ&%‘?&‘\mc ‘ﬁﬁiﬁtsg‘[m Bifi 13%%5@@%"%3{“5?’5}5?0%8% health risks.
Moreover, at high tenperatures, this catal yst can deconpose the starting
mat eri al hydroxypi val dehyde adversely affecting the quality of final
product and decreasing its yield. WO 011 28964 -3 PCT/1BOJ O 503, Ger man
Publ i shed Applhessiqoprentienaheatalysty sufferfrom; rreblems dn ﬂ%th?s‘@%ﬁlfc ALY 1848

ni ckel b . i I L

neopent y EAPSAORA S Tt Pedkioh BHEE 8 RaRIe1AM ShacHAHLE BRGNS PO ot
art WO 98dtél?ﬁ&4ct(w&@8é@nﬁiﬂ be endiftaltlednit a high, leved fera) lohg perdabaf tihedinthé isde- of

Raney ni ckel in the hydrogenation_of hydroxypival al dehyde, at | ow .
t enper at ¢feased under theaHuences At spall pmavnts impytities containgddin the, startipg; mategalsy ne

pr esencmgfa%&erhg'ﬁgs. ?H‘ﬁ‘r@“.%a%e%?.tﬁeokaﬁéﬂﬁﬁwéi%at st, VaRBW poBleAB L, foPexdrhprd! KY!
am ne, ch are present as inpurities in thHe starting nmateri al

hydr oxy pprepiratiore hydl Bandbmgi ofelse catalyst ave nheeasy,patabytivoachivity &t inswfficientsand fur-

catal ysts can not be easily prepared, and, handl.ed as, they have tp,.be used in
the s urgTReredt can notrbe RyaSRNGA Ter 2 e g SWce it cAHySILS Used e sturry

4,933, 47 agsi RL é&%gp]-gg_an) the usage of a trinetallic
(Pt/ Ru/ V@"@ﬁ%ﬁ@‘%gi’%{%@?& (ﬁ@dsr og ng:tll%on of hydroxypi val al dehyde.

Al t hough a 100% conversion of starting al dehyde and 100% sel ectivity of

product are achieved at | ow reaction tenperatures |like 120C, and at | ow

pressure of - sig. a co cializati f i I &S
unl i kel y duel?lge ﬁég}ﬁe%g?reospn}eﬂg CRY%A ?‘qategﬁ%%g‘% ﬁltvgﬁeﬂ@r gélteg)?%péllg’gjr'sart ,
EP 484808hlek BEalusii US Pavdt 2NQA6i0120assgdaoAristech Clsens) lsvk aligttbstdthe use of
hydr ogenati on of hydroxypi val deyhde erein the use of 25% percent equiva

| ent ( bycoppeyehrpmife fonbydigenajion ofdwdeoxypivalsidshpdestocnsepertyighyicpl, Chromium-
j , ] i . P
Aol | car 15T pasdlSisr gl e A BebotB Rto ol hORBABITE) 000 1 o v

system has been di scl osed for reducing aide- - -hydes to the corresponding
primary al cohols. However, this process is severely limted only to a

vapor - phase prqcess, it di at _begq ite ohvigqus to themif tlg(s .
catal yst systBRi§bERG Npévé,%\}\g,pig@nad@S%Om&spnpﬁ&gshyp%eaat%%fehy FoRLs, -
in gener ' Aot Torée A MBS A RARNRLABH decdatdst. H :

het erocy%{hlﬂt(#}hlcgllra tgtnhor rzfr]??ﬁggfgﬁgipéﬁslgtl c al g%hydes. Ther ef g}eg’%;s On%w(e)\]gert he
obj ect i vthés cHtalystesysteas gate pooresalectivity of neopsuiyt glycel duectodfofrhatoan of ssnehy-

di sadvant aaes encountered in the prior arts by providing a |iquid-phase .

hydr oger’¥PHBHS- W0 01/ 28964 -4 PCT/ 1 BOO/ 01503

In other prior arts, such as in US Patent 4,250,337 (assigned to Chemische Werke Huls
Aktiengesellschaft, Germany) and in US Patent 4,855,515 (assigned to Eastman Kodak, USA)
barium and manganese-promoted copper chromite respectively have been disclosed as hydro-
genation catalyst. The reactions were carried out at 500-1000 psig, and at a temperature of
170-220°C. It is now known that chromium-based cataiyst pose health risks. Moreover, at
high temperatures, this catalyst can decompose the starting material hydroxypivaldehyde ad-
versely affecting the quality of final product and decreasing its yield.



process utilizing a novel catalyst system conprising reduced form of

Cu0/ Zn0 in the pres ence of alumnium a pronoter for superior performance.
Summary of the Invention The preséent invention provides a |iquid-phase
general catal ytic hydrogenation process for al dehydes to the corresponding

prinmary al Gofkhgess The catal yst system conprises of copper ogifgp@ndsei NC
oxide with alumniumas a pronoter. The process of this invention, although

_general, is particularly useful for the hydrogenation of

hydr oxypi val al dehyde to neopentyl gl ycol3.' This process allows the

hydr ogenation to be carried out at noderate pressures such as 400-500 psig
provi di ng 100% conversi on of al dehyde with 100% sel ectivity of the desired
al cohol . Advadengeaw PabiéHed cAppsiicatibre DAS/ dlot il 957,56k didcldses etecyseodf toisalt and
catalyst |s retained even in_the presen f deleterious inmpuritjes |ike
tri al kyl nigkehbasah gatplmstscinhe yymlsﬁrmt@wﬁbﬁrexmﬁeﬁshym neapentbbelceladt | od
over to t al r Is h&ig L, Sc; i

i nventi oﬁ%hsﬂ%@? g%%u%gﬂe&%gégﬁﬁi? $gr%n§lkgﬁghﬁg%%ent ylﬁéﬁp&ggﬁhﬁx%ﬁ B LG
hydr oxy piChamichis) Kibeed)rhad deddribed dmtise iof Raney nibked imthddiyddegetation obbydtexypipose
under hydro eﬁgéi on condi tions of é}hi S in.v.entiori. The art'cul.ar%(i) odgct,
nanel y 2Yalaliie ¢l ]-OI‘; @nmCWHF%@ﬁ’r BRErfEANSIHAR FRqit wata@(%&gaﬁe) GeuYay b?’ dRess
of the PpRSER drhielhiiinsf FortAIADAE of 1sBbM AMINPAE b RialkPrarkifie, which are

manuf act I cants, plastics; surtface”coatlings and synthetic resins,
f or exanptesemtasrimpurities ingthp staytig metedal Hjldeoxypbekddehpde. tBesides,wdnettodheinpy- be

a continuoys .procesg or a batch prqcess Wwo pi ns9sq. -5 taile

Descr i pt TOROBE TRRES Mot ratpigss oMuhd: JEieanlmyereted 1l died s Bkothayk o pe v
present ';,pgﬁ@@;lj,.ﬁnf ma- R --CHO 3 (I) H Catalyst (Il) where, R, R2, and R3
I ndi vidually co Ig be straight chain or branched al kyl group containing | -
18 carbon-~atoms, or straight alkyl group containing 1-18 carbon atons

i ntervening with one or nore hetero atonms such as oxygen, nitrogen, sulfur

and phosphoru ons. aqr .alicyclic nin R4 . -gar-bon
and phosphor by 8 aBys g hiEuis LGS AR FuB B LBEBReF ARSI O
R3 t oget Pgfanpthealshge Bakatihetiflic (FURWW) cathlySyysysietn R hyd@gehation’ ofigRiroypiany
one or nore of the R groups may contain one or more prinmary or secondary or
terti aryvaleldshyde. githopghs3 10Q§6conversion of starting aldehyde and 100% selectivity of prod-

uct are achieved at low reaction temperatures like 120°C, and at low pressure of 140-150 psig.

a commercialization of this catalyst system is unlikely due to high cost of these metals.

In one of the closest prior art, EP 484800, the use of CuO/ZnO in presence of ZrO is
disclosed for hydrogenation of hydroxypivaldeyhde wherein the use of 25% percent equiva-

lent (by weight) of the catalyst makes the process commercially unattractive.

The closest prior art appears to be European Patent Application EP 008767 (assigned
to Union Carbide) wherein CuO/ZnO catalyst system has been disclosed for reducing alde-
hydes to the corresponding primary alcohols. However, this process is severely limited only
to a vapor-phase process, it did not become quite obvious to them if this catalyst system
would have worked equally well in a liquid phase process, in general, with all other kinds of

aldehydes such aromatic/ or heterocyclic/ or other branched aliphatic aldehydes.

Therefore, one of the objectives of the present invention is to overcome the difficulties

and disadvantages encountered in the prior arts by providing a liquid-phase hydrogenation



H2 G---CHO G Catalyst (lI1l) (I~ rcTnsooio~so3 R R, --CH20H 3 CHzOH WO
01/ 28964 -6 PCT/1B00/ 01503 where, G group can be a substituted or '
unsubstituted and fused or isolatéed aromatic or hetero cyclic rings. For
-exanmple, it can be a p-hydroxybenzyl group or a pyridinyl or furyl group.
The cat al yYOWRBe prepared by any of the nethods known in EW%’P’P?

form ng a conposite of copper oxide and zinc oxide. The catal yst may be
prepared by fixing the separate oxides,.fy co-precipitation of the

oxal at es, carbonates, or acetates, followed by calcination. The
co-precipitation nethod is preferred. Generally, the m xture of Cu0 and ZnO

in the presence..npf. the pr t.er tal is reduced by.hydroge f~ Garbon

monoxi do PP BHfHaE Ansel TS IR E R i Tedeedlfodty S GHOLRRO FRInRIsS o
hours, preikeopfluhiBuin®a prbnkiRér for supdfAofpdrdrtahcedf the present invention can
be used in a powder formor a tablet form obtained by conpression nol di ng.

It can be enployed in any reaction systemsuch as a f xed bed systemor a
fluid bed system After activation through hydrogenati on according to the

ordinary ¢wmh &E ﬂg st is used in the hydrogenation reaction of the
present i fid 0? I0btok re of Cu0 and Zn0O and the pronoter is reduced

prior to its use as catalyst in the al dehyde hydrogenati on process.
Hydrogen or carbon nonoxi de, or mxtures thereof, are used as the reducing

e T e ot 5 TS 2L B LB P 00Tl
mei nt ai N bhgdeRidel ¥sthe BESesHBRRRE Blithafy ABShAIS 'Iglérzchtél)_%‘t"@%térﬁ Qoﬂ@ﬁ%eﬁéfhcgpper

reduction. Reduction of the mxture of CuO and ZnO 'in presence of
pr onot er axideadnd; zing oxidp vathealwhinium as maopremiofads Blyge processoefi this mereriand akiboughown

b lysi the i nl| et t.et, hyd . | et e. ti f th
ko dEBeras i REReRRDY, BEoN S BB SRR of PRt ARRINHLS? dadeopaivt <
equal to dIi®]SHfé prce¥BlIbS thedhydRognatiGl & bd Sidfied bRt ndtRrAE PssREs Whdasa

gi ven anount of copper oxide is reduced to copper. This value is about 36
gram of E000msig pvidingd0Ph coaversipotoffaldehydenwith, 1 @0%f selestivity of the gssired
wei ght p%k%%nt of CuO The catalyst is generally formed into pellets,

tabl ets, ora y other suitable shape prior to use providing suitable
surface area, by conventional techniques. WO 011 28964

Advantageous Effect of the Invention

The efficiency of the catalyst is retained even in the presence of deleterious impurities
like trialkyl amine and quaternary ammonium hydroxide that may have been carried over to

ce_rtain crude aldehyde products during their synthesis.

This invention is particularly useful for making neopentyl glycol from hydroxypival-
dehyde in 100% selectivity as this aldehyde does not decompose under hydrogenation condi-

tions of this invention.

The particular product, namely 2,2-dimethyl-1,3-dihydroxypropane (neopentyl glycol)
of the process of the present invention is a valuable starting material for the manufacture of
lubricants, plastics, surface coatings and synthetic resins, for example corresponding polyes-

ters.

The process of the invention may be a continuous process or a batch process.



_7_ PCT/1B00/ 01503 The process of the present invention is nost
conveniently carried out in batch opera tions although continuous or

sem -conti nuous operations may al so be enpl oyed. Usually, an al coholic
medi um such as ethanol or nethanol as a reaction solvent is used in such an
anount t hawotomesdsydr oxypi val dehyde or any ot her al dehyde corraviBo&0oison i s
within the range of 10 to 80% by wei ght, preferably 15 to 60% by weight. In
case of hydroxypival dehyde, if the conqgggration is nore than 80% by

wei ght, Ti schenko reaction between the hydroxypi val dehydes t hensel ves
occurs, resulting in neopentyl glycol ester of hydroxypivalic acid as
by-product, which is unsuitable for practical use. The hydrogenation can be
carried ¢ gt g 3 f £lanlnvie 8| y, advant ageously at 100-200 C,
preferably from 120-180 C, under a noderate pressure of from 20 psig to 500
psig, preferably from 400-500 psig. In a batchw se hydrogenati on process,
the catalyst is usually enployed in an anmount of from 2-12 percent by

wei ght, pref eThbFfolldwingrissthd Bagieraaction bfthepreshnt inbasod: on al dehyde, with a
reaction time 1-4 hours, preferably 2-3 hours. According to the invention
the catalyst is reduced with hydrogen at pressure of 300-500 psig,
preferably 400-500 psig and at a tenperature of 100-200 C, preferably

120- 160C, the solvemt is al cohol, preferably nethanoITmr et hanol ,

especi al |y nmet hanoll and wat er rrixturﬁ_éZ According to the invention the
atom c ratiospof t cgﬁﬁ nents in t catal yst s fr 0.8 -k 25 of
copper and 1.512.5 of zinc, nore Eg&ﬁ abl'y 1.0-1'1 off coppef and 1.8-2.0
of zinc. --- Simlarly, according PO'ﬁ%iS invention the atomc ratios of
copper to alumniugis 1.0-1.5 of copper, 0.75-1.20 ok,al um nium nore
preferably, 1.20-1.240 of copper and 0.90-1.10 of alu mnium The catal yst
conponent‘useﬁ in the present invention is an environnental friendlyalﬁnd
easy to prepa % and handl e on an industrial scale. Furthernore, the

presence of trial kylam nes, fornal dehyde will not deactivate this catalyst,
and the hydrogenation can be carried out on crude hydroxypi val dehyde, thus

even t haWBPEs Rt rd Ba vy el beraiafliion B Ganere At vl detieng
WO 011 28964 ¢ chrbsnl MoRRI 68} stedght ARyIOiroly doRMithgy l18ehykth SRas iﬁ@t-veamgewﬁﬁl y

affect the conversion of hydroxypival dehyde, selectivity of the product
neopent ybneyrypole hetedo atomissuch asfoxygen, om@epssu.lquch)pbnswéow atams; or alicyclic

i nventions, the.hydroxypival dehyde conver si i s 1009 dt ectivity
of  moopetiign Salfahe Y B bbrd SHOR AREE FhEb AR aitecs Hrd of By FOErabE Helerh
to be quadins! &t RY,R2RAHd R;a8géthemdrdlierhidig thd foripa hlidycliEhs AporRaRsEngd, orhe
present invention is suitabFe for hydrogenating straight or branched .

al dehydefry) oneopnt mpre efgthe i granps snayofoniin raNe AT MPISUPIENAY QF | eFAEarhoItsriaTy a
(1) and ﬂkg&ﬁ'u)§s§e al dehydes include saturated al dehydes Like

acet al dehy e,gpr Elbnaldehyde, i sobut yral dehyde, n-butyral dehyde,

i sopentyl al dehyde, n-pentyl al dehyde, 2-nethyl pentyl al dehyde,

cr ot onal dehyde, 2-ethyl hexal dehyde, nethyl pentyl al dehyde, 2-ethyl
butyraldgg%de, and unsaturated C3_g al dehydes |i ke acrol ein, 2-ethyl

propyl ac ein, and benzal dehyde, fural dehyde, pyridinyl al dehyde and the

i ke. The al dehyde may be in a substantially pure state or adm xed with a
conponents) other than an al dehyde. Further, a m xture of al dehydes may be
enpl oyed. An oxo process or a cross-aldol condensation may obtain the

al dehyde or nixture of al dehydes Bnpl oyed herein. A portion of the totality
of the producG-m->€HOe of an—exe—preeess—may be @rpreydthOHhus, the

al dehyde(s) products or a portCaalysf them may be separated from the product
stream of an oxo process for hydrogenation by the process of this

t nvention. For the purpose of providing an al dehyde feed, a conventi onal
oxo product saiﬁan1nay be enpl oyed. av)




The al dehyde or m xture of al dehydes enpl oyed herein may al so be obtai ned
by proc esses other than oxo process, such as by oxidation of olefins or
saturated hydrocarbons or by an aldol condensation. The process of the
present invention conprises contacting a |iquid-phase solution of

al dehyde( swadi/2Bgganul a (1) and (111) and hydrogen al one or ipcTAB00/KS50E €

w th ot her gases {de WO 01 /28964 -9 PCT/1B00101503 sirably gases inert to
the al dehyde and the catalyst), with a _solid catalyst conprising a reduced
m xture of Cu0 and ZnO in presence of a pronoter |ike Al um niumor any
other netal of Goup IIl of the Periodic Table. The gaseous m xtures
contai ni ng hydrogen include inert gases such as nitrogen, or carbon

di oxi de. WhsEs, Gegronp gniboa vbstbiedorinsubsiiaated ard fiised onisplated arponiieiesheieron

nyar ogen reegi) EortkBnBRER ATRs BB NAky Bin T REgN D AL SR o R AR BB

generally from 15 to 40 and preferably, from 20 to 30. The hydrogenati on

process of the present invention is conducted at a terrperature of between |
10 and 180C prefer abI bet ween 13 and 170C a t pressure of_ pbetween 20
and 500 psig, SF@F@F WYB@tRKEI&Ee baﬁﬁd’f\“}b@“ﬁgﬁg E’“dfldgﬁ@ﬁ BEE 21 om

the hydr t

Feact ] on e e copAgidl %@néﬁﬁgﬁgﬁ-ﬁ‘ﬁa?ﬂiﬁéﬂﬁhtﬁ% ) Ak i sepa.
of f and raesedes,diy ¢daprecipitatidmanfcthe oXhlatesptarbaortatdsy orradeltrged, ifblﬂm(bby salcmapved
by a rot apor at.or . The over vent ecycl e

bat oh, THEN, G dRBIeCiBHafinD w%a@wrﬁ@ ﬁ§a¢F@Fri}Méhe Kikeot CHD BS ZPr e
purified R-)éerfc@%‘fttl'l h]o@ér% thl 1§Tréd?l@ed)f> a&gweﬁkarssﬁmb%ddé%& hq ng&afa?@h ng
on the nature of coh o product . | owm ng exanpl es are

i || ust r airn the rangd oﬁlbetwwn 160°%me 2568C fisx ﬁvciel“ haovirs,ippefeablyt o 24 howrs of the

I nvention® EXAVPLE-1 HYDROGENATI ON OF HYDROXYPI VALDEHYDE: WD 011 28964 -10
PCT/ 1B00/ 01503

The catalyst of the présent invention can be used in a powder form or a tablet form
obtained by compression molding. It can be employed in any reaction system such as a fixed
bed system or a fluid bed system. After activation through hydrogenation according to the

ordinary method, the catalyst is used in the hydrogenation reaction of the present invention.

The mixture of CuO and ZnO and the promoter is reduced prior to its use as catalyst in
the aldehyde hydrogenation process. Hydrogen or carbon monoxide, or mixtures thereof, are
used as the reducing agent. The hydrogen, carbon monoxide, or mixtures thereof, are gener-
all—y mixed with an inert gas such as steam, nitrogen, or combustion gas, to maintain the cata-

lyst bed temperature and to carry away the heat of reduction.

Reduction of the mixture of CuO and ZnO in presence of the promoter metal is com-
plete when no more hydrogen is being reacted as shown by analysis of the inlet and outlet
hydrogen. Complete reduction of the mixture occurs when the total amount of water produced
in the reduction is equal to the stoichiometric value of water that should be produced when a
given amount of copper oxide is reduced to copper. This value is about 36 gram of water per

450 gram of catalyst for a mixture of containing 35 weight percent of CuO.

The catalyst is generally formed into pellets, tablets, or any other suitable shape prior

to use providing suitable surface area, by conventional techniques.



A 1.0 g quantity of the catal yst (Cu0O/ZnO/ A um nium oxide) in 50 m

iret hanol was placed in a 300 mM capacity Parr reactor. The contents were
treated with hydrogen at 170C, under presswe of 400-500 psig for 2-3 hrs.
Cool ed to roomtenperatwe, depressw zed, followed by the addition of 10.0 g
of hydroxygRigiahdsayde, in 50 nl nethanol. Hydrogenation waspgqidois@dut at
170C, under a pressure of 400-500 psig, for 2-3 hrs. The conversion-of

hydr oxypi val dehyde was | 00% provi di ng 100% sel ectivity of neopentyl*glycol,
t he desired al cohol product. EXAMPLE- 2 -HYDROGENATI ON OF BENZALDEHYDE: A |
.0 g quantity of the catal yst (CuO/ZnQ Al um nium oxide) in 50 m nethanol
was placed in a 300 m capacity Parr reactor. The contents were treated

Wi t h hydr ogen The ptodass ofithe eespitcinssmionfis 4ii3t bélvepehtly tarried-odit v batckopbd t 0
room tenperature, depressurized, followed by the addifion of 10.0 g of
benzal deﬁgva%'flﬁhwgh@omnuafls PleteRUTFONtNYqya PpEFatiensi By Heebeamploavedout at 170C,
under a presswe of 400-500 psig, for 2-3 hrs. The conversion of

benzal dehyde was 100% provi di ng 100% sel ectivity of benzyl al cohol, the
desired al cohol product. EXAMPLE-3 HYDROGENATI ON OF 4- HYDROXYBENZALDEHYDE:
A 1.0 g quant iUsyalty, ah akobalicahgditm(sgad aAZetbanal onimethanolmsi acrepction sdivent is used
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out at 17elpde,ifabe congrntratior ivmaid thasRP% diygweight; Tischemlras reattien betwieen sheon

of benza WO .011.28964 .- 11 PCT| | BOO/ 01503 .dehyde 00% pr-ovidi ng. 100%
el ect | vIvgroByPIYRHERIARE piskolyi bgett arutingdf SRR pAl i R R PR
EXAMPLE- 4citi (B, P €HRs B SRHADII0E PRl used . 1.0 g quantity of the

catal yst tCu0/ Zn0/ Al um niumoxide) in SO mM of nethanol was placed in a 300

m capacity Parr reactor. The contents were treated with hydrogen at 170C,
under pressure of 400-500 psig for 2-3 hrs. Cooled to roomtenperature,

depressuri zed; 1 di: 1§ i t in
50 m of net hglﬁ%?l& h'&%&égén‘%‘p ﬁ’gﬁ&\?h\aésd g‘gtr Qalft%hgjﬁ(s)%? g §§’§‘Yl}‘§8990§%‘§!#‘&§9%‘%2’é S{ur e
of 400- 5000-R60 9C, preferably frons 120180 CAnusdes iaanoddrate poéssingrafl fiksth 20epsigary 3000 %

rovi di ng [100% sel ectivity of isqbutyl alcohol, the desired_ al cohol.
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description or in the clains may, both separately and in any conbi nation

t her eof | be material for realising the invention in diverse fornms thereof.
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According to the invention the atomic ratios of the components in the catalyst is from
0.8 - 1.25 of copper and 1.5-2.5 of zinc, more preferably 1.0-1.1 of copper and 1.8-2.0 of zinc.
Similarly, according to this invention the atomic ratios of copper to aluminium is 1.0-1.5 of
copper, 0.75-1.20 of aluminium, more preferably, 1.20-1.40 of copper and 0.90-1.10 of alu-

minium.

The catalyst component used in the present invention is an environmental friendly, and
easy to prepare and handle on an industrial scale. Furthermore, the presence of trialkylamines,
formaldehyde will not deactivate this catalyst, and the hydrogenation can be carried out on
crude hydroxypivaldehyde, thus avoiding the isolation and purification steps. According to

this invention, even the presence of benzyl trimethylammonium hydroxide in the hydrogena-



-12 A LI QUI D PHASE CATALYTI C HYDROGENATI ON PROCESS TO CONVERT ALDEHYDES TO
THE CORRESPONDI NG ALCOHOLS CLAIMS 1.' A heterogeneous |iquid-phase process
for the catal ytic hydrogenation of al dehydes to the correspondi ng al cohol s
wherein the process conprises reacting an al dehyde in al coholic or
aqueous- al WOB28%4s0l ution with hydrogen gas in the presence®©OFIBRRLO3| yst
conprising a re duced m xture of solid CuO/ZnO pronoted by a netal of group
II1Ain the Periodic Table. 2. A processgccording to claim1 wherein the
metal of group Il1TAis alumnium 3. A process according to claim1l or
claim 2, wherein the hydrogenation is carried out at a tenperature of

rocess SRRAPAETE AR BpE R Gvelsaly SE e ondon e abGisdpeldehyae,
r epr esentseléchiyity Of thid lpgodulc) névpehA Fl—}‘c@l 4id Ackivity oRthe-catafyld) G- --CHO (111) K3
wherein R1, R2 and I ndependently are straight chains or branched al kyl

groups containing 1 - 18 carbon atons, or straight al kyl groups containing
1 - 18 carbon atons with one or nore hetero atons, such as oxygen,

ni trogen, sul fyl., 6{ ? h@%ﬁQQEU&tﬁﬁ@,ﬁﬁm %%ﬁ?%’éﬁ%ﬁl 888 frsion ‘f@é@d)%,s 98& the! 3

PCT/ 1 BOOI 0150 r cyclic rings cont or nore carbon atons,
wher e t heselecimgty) ofragopmentyieglycudtis atsot HIOY hibuethe désoed pratuctvipieldetumnRput 8Zbeand
R3 together or.alte at{sl forman al.icyclic or aromatic ring (rings), or
wher ei n SIHARVGANAHFS r%% Wé‘“ﬁ’aﬁf""g‘d Bt ain one or nore prinary or
secondary or ter tiary alcohol group(s); and wherein Gis a substituted or
unsubstituted and fused or isolated aromatic or heterocyclic ri~jg (rings).

5, A process according to claim4 wherein Gis a p-hydroxybenzyl group or a
pyridinyl or fleyroeassapthe present invention is suitable for hydrogenating straight or branched

aldehyde(s) containing the number of atoms or groups specified in Formula (I) and (III).
These aldehydes include saturated aldehydes like acetaldehyde, propionaldehyde, isobutyral-
dehyde, n-butyraldehyde, isopentylaldehyde, n-pentyl aldehyde, 2-methyl pentyl aldehyde,
crotonaldehyde, 2-ethyl hexaldehyde, methyl pentyl aldehyde, 2-ethyl butyraldehyde, and
unsaturated Cs.g aldehydes like acrolein, 2-ethyl propylacrolein, and benzaldehyde, furalde-
hyde, pyridinylaldehyde and the like. The aldehyde may be in a substantially pure state or
admixed with a component(s) other than an aldehyde. Further, a mixture of aldehydes may be

employed.

An oxo process or a cross-aldol condensation may obtain the aldehyde or mixture of
al;dehydes employed herein. A portion of the totality of the product mixture of an oxo process
may be employed. Thus, the aldehyde(s) products or a portion of them may be separated from
the product stream of an oxo process for hydrogenation by the process of this invention. For
the purpose of providing an aldehyde feed, a conventional oxo product stream may be em-

ployed.

The aldehyde or mixture of aldehydes employed herein may also be obtained by proc-
esses other than oxo process, such as by oxidation of olefins or saturated hydrocarbons or by

an aldol condensation.

The process of the present invention comprises contacting a liquid-phase solution of

aldehyde(s) of Formula (I) and (III) and hydrogen alone or in admixture with other gases (de-



6. A process according to any of clainms 1 - 5, wherein said al dehyde is
Sel ected fromthe group conprising hydroxypival dehyded i sobutyral dehyde,
n- but yr al dehyde, benzal dehyde and p- hydroxybenzal dehyde. 7. A process
according to any of clains 1 - 5 wherein said aldehyde is

hydr oxypiwglgesyge contam nated with either triethylam ne erapoenise3
benzyl trinmethyl/ethyl anmoni um hydroxide which ' are used as a base or

base/ PTC catal yst in making said al dehyde. - 8. A process according to any
of claimse 1 - 5, wherein said al dehydeS?s hydr oxypi val dehyde cont anm nat ed
wi th either formal dehyde and/ or isobutyral dehyde which remairi(s) partially
unreacted during the maki ng of hydroxypival dehyde. 9. A process according

to any sifablyhgastoinegao nige @lﬂeﬂym anvlhleer aitﬂyithmmtﬂmlnd catalysocomfprisifpaeredubedzi nc
in the catal yst used is 0.8 -1,25 2.5. 10. A process accordi ng to
any of PHEUIEH feguPrndclai i, prma%pﬁatm@natﬁbm(%Aﬂwma%Pr @py other ppetal o

alum N 881t of the PRriod Table.lThe gpsebl %k&ﬁ%nhﬁngfﬁgég@gﬁ'd@é@é irett A

process ac ord| ng to any o al ns ereln sai

di ssol vgmdes such asaitrogen; orceanton diorglenet hanol or ethanol or preferably a
m xture of any one of these two solvents and water. .ALy.A9H. Ay.As. A'!
.A9[ e. AHS. ALy. Afy. A, . Al. A& Ay. An' )c0:?KYfO [k

The term "hydrogen-containing gas" as used herein includes both substantially pure

hydrogen gas as well as gaseous mixtures containing hydrogen.

* The mole ratio of contained hydrogen gas to aldehyde(s) may be generally from 15 to
40 and preferably, from 20 to 30.

The hydrogenation process of the present invention is conducted at a temperature of
between 110° and 180°C preferably between 130° and 170°C and at a pressure of between 20
and 500 psig, preferably between 400 and 500 psig.

The alcohol product from the hydrogenation reaction in the batch process is isolated
from the reaction mixture using the conventional methods. The catalyst is filtered off and re-
usg_d for the next batch. The solvent from the filtrate is removed by a rotary evaporator. The
recovered solvent is recycled in the next batch. The residual crude product is nearly pure, but
is can be further purified by fractional distillation or fractional crystallization depending on

the nattire of the alcohol product.

The following examples are merely illustrative and are not presented as a definition of

the limits of the invention.
EXAMPLE-1

HYDROGENATION OF HYDROXYPIVALDEHYDE:
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A 1.0 g quantity of the catalyst (CuO/ZnO/Aluminium oxide) in 50 ml methanol was placed
in a 300 ml capacity Parr reactor. The contents were treated with hydrogen at 170°C, under
pressure of 400-500 psig for 2-3 hrs. (fooled to room temperature, depressurized, followed by
the addition of 10.0 g of benzaldehyde, in 50 ml of methanol. Hydrogenation was carried out
at 170°C, under a pressure of 400-500 psig, for 2-3 hrs. The conversion of benzaldehyde was
100% providing 100% selectivity of benzyl alcohol, the desired alcohol product.

EXAMPLE-3
HYDROGENATION OF 4-HYDROXYBENZALDEHYDE:

A 1.0 g quantity of the catalyst (CuO/ZnO/Aluminium oxide) in 50 ml methanol was placed
in a 300 ml capacity Parr reactor. The contents were treated with hydrogen at 170°C, under
pressure of 400-500 psig for 2-3 hrs. Cooled to room temperature, depressurized, followed by
the addition of 10.0 g of 4-hydroxybenzaldehyde, in 50 ml of methanol. Hydrogenation was

carried out at 170°C, under a pressure of 400-500 psig, for 2-3 hrs. The conversion of benzal-
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product.

EXAMPLE-4

HYDROGENATION OF ISOBUTYRALDEHYDE:

A 1.0 g quantity of the catalyst (CuO/ZnO/Aluminium oxide) in 50 ml of methanol was
plzlced in a 300 ml capacity Parr reactor. The contents were treated with hydrogen at 170°C,
under pressure of 400-500 psig for 2-3 hrs. Cooled to room temperature, depressurized, fol-
lowed by the addition of 10.0 g of isobutyraldehyde, in 50 ml of methanol. Hydrogenation
was carried out at 170°C, under a pressure of 400-500 psig, for 2-3 hrs. The conversion of
isobutyraldehyde was 100% providing 100% selectivity of isobutyl alcohol, the desired alco-
hol product.

EXAMPLE-5
HYDROGENATION OF n-BUTYRALDEHYDE:

A 1.0 g quantity of the catalyst (CuO/ZnO/Aluminium oxide) in 50 ml of methanol was
“placed in a 300 ml capacity Parr reactor. The contents were treated with hydrogen at 170°C,
under pressure of 400-500 psig for 2-3 hrs. Cooled to room temperature, depressurized, fol-
lowed by the addition of 10.0 g of n-butyraldehyde, in 50 ml of methanol. Hydrogenation was
carried out at 170°C, under a pressure of 400-500 psig, for 2-3 hrs. The conversion of n-
butyraldehyde was 100% providing 100% selectivity of n-butyl alcohol, the desired alcohol

product.

The features disclosed in the foregoing description or in the claims may, both separately and

in any combination thereof, be material for realising the invention in diverse forms thereof.
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A LIQUID PHASE CATALYTIC HYDROGENATION PROCESS TO CONVERT
ALDEHYDES TO THE CORRESPONDING ALCOHOLS
CLAIMS
1. A heterogeneous liquid-i)hase process for the catalytic hydrogenation of aldehydes to the
corresponding alcohols wherein the process comprises reacting an aldehyde in alcoholic or
aqueous-alcoholic solution with hydrogen gas in the presence of a catalyst comprising a re-
duced mixture of solid CuO/ZnO promoted by a metal of group IIIA in the Periodic Table.

2. A process according to claim 1 wherein the metal of group IIIA is aluminium.

3. A process according to claim 1 or claim 2, wherein the hydrogenation is carried out at a

temperature of between 110°C and 180°C and a pressure of between 20 and 500 psig.

4."A process according to any of claims 1 - 3, wherein said aldehyde is represented by for-

mula (I) or formula (III):
L 2
R,—I—cno. G—CHO
((18Y)
3
@)

wherein R;, R, and R; independently are straight chains or branched alkyl groups containing
1 — 18 carbon atoms, or straight alkyl groups containing 1 — 18 carbon atoms with one or

more hetero atoms, such as oxygen, nitrogen, sulfur or phosphorus atoms, being interspersed,
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or wherein Ry, R, and R; together or alternately form an alicyclic or aromatic ring (rings),

or wherein any one or more of the R groups contain one or more primary or secondary or ter-

tiary alcohol group(s);

and wherein G is a substituted or unsubstituted and fused or isolated aromatic or heterocyclic

ring (rings).

5. A process according to claim 4 wherein G is a p-hydroxybenzyl group or a pyridinyl or

furyl group.

6. A process according to any of claims 1 - 5, wherein said aldehyde is selected from the
group comprising hydroxyplvaldehyde isobutyraldehyde, n-butyraldehyde, benzaldehyde and
p-hydroxybenzaldehyde. )

7. A process according to any of claims 1 - 5, wherein said aldehyde is hydroxypivaldehyde
contaminated with either triethylamine or benzyltrimethyl/ethyl ammonium hydroxide which

are used as a base or base/PTC catalyst in making said aldehyde.

8. A process according to any of claims 1 - 5, wherein said aldehyde is hydroxypivaldehyde
contaminated with either formaldehyde and/or isobutyraldehyde which remain(s) partially
unreacted during the making of hydroxypivaldehyde.

9. A process according to any of the foregoing claims, wherein the atomic ratio of copper to

zinc in the catalyst used is 0.8 — 1,25 : 1.5 - 2.5.

10. A process according to any of the foregoing claims, wherein the atomic ratio of copper to

aluminiumis 1.0~1.5:0.75-1.2.
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