;abe3e}[} X| (V6T<B-1 6 March 2003 A LI QUI D PHASE CATALYTI C HYDROGENATI ON
PROCESS TO CONVERT ALDEHYDES TO THE CORRESPONDI NG ALCOHOLS BACKGROUND OF
THE I NVENTION Field of the Invention This invention relates generally to a
het er ogeneous process for the liquid phase hydrogenati on of al dehydes to

t he correspondi ng al cohol s using reduced form of CuO/Zn0O cat a} msth20d3 t he
presence of alumnium Mre particularly, this invention relates to the
hydr ogenati on of hydroxypi val dehyde to neopentyl glycol. Description of the
Prior Art AiqetBasi A coof d&ﬁ?ﬁﬁ&‘%ﬂz@@@@iﬁcﬁh PR@@%S%G doRverier al

cl asses of organic conmpoun ere are several neth nown in any

t ext book of organi AWEESW@WHE@OBRIE@HONDMWOM t he conversion
of al dehydes to the corresponding primary al cohols, such as chem cal

reducti on nethods using alkali or alkaline earth netal -derived borohydri des
or al um BAWROROUNE OFRITHETSMVENTHINR! Yzed- hydr ogenati on. Chemi cal reduction
processes are seldomcomrercially viable. Useful ness of netal-catalytic
processes is determ ned by conversion of al dehydes especially in presence
of har nf pleid SRME HiveRfiosUCh as ami nes or other bases, selectivity of primary
al cohol products, reaction conditions such as tenperature and pressure, and
even nore inportantly environnental issues caused by the netal catalysts.

Some of the C?ﬁ'l\éelﬁw ?Qf’fllrLIXt[ey %ﬁler&%{]% acl?ege%%e%%caleshélaéequ lf&hthrr%% 41d1£ haseen tyl

specificall rogena dr oxypi
gl ycol, hmtoga:aataquzﬂ dlgehgcﬂésetotthe/ﬁ)rtespdmxddugog@hakelsmgyecmcd@fqrdmeoﬁ@x@/ﬁeo

correspond r al cohol . .Thi s thod is osed in J 0anes Pat ent
Publ |+ ot ORI, e risefeecel tupuuny 1 Sue Pernettarh thisgention ipHians, te <o
hydrogenation of hydroxypivaldehyde to neopentyl glycol.

Description of the Prior Art

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
patent 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 reduction processes are
seldom commercially viable. Usefulness of metal-catalytic processes is determined by
conversion 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
hydrogenation of hydroxypivaldehyde for making neopentyl 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, 17568/1978, U.S. Pat. Nos. 1,048,530,

TR ATAVAATREAE
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6 March 2003 1,219, 162, 3,920,760, 4,021, 496, West German Patent No.
1,014,089, and European Patent Nos. 44,421, 44,444. |In these patents, Raney
nickel, Ni-Cr, Cu-Zn, Cu-Al, Cu-Cr and Cr-Ba catal ysts are disclosed as
catal ysts for use in such hydrogenation reaction. These conventi onal

catal ysts suffer fromproblens in that the catalytic actiVvityeMmsarch2003
insufficient and thus the reaction nusji- be carried out under high pressure
conditions and that catalytic activity can not be maintained at a high

llevel forn ja9liens, mr7'69d4 031 49678y &t Befndnt Pdtéltqkt%prleﬁmég Undturdddgn m&htuences
of small anounts i rities contained in the starting materials, th

al dehydeos. 44,42t 4 Ip thestpatenin Kaned wirkdl, NisEm Cusdn, Cuahly Quéirpamémr&as
arise; f I al yst are not easy,
catal yti ggtg@%&?% td%c}og&?ér%gc% ;},Sglr} %ﬂ[},g %Qﬁhﬁ}ﬁ%@%r%é&e%?‘?%éan not be mai nt ai ned
for a long time, and since the catalyst is used in a slurry forn1 t he

rocess inevitably bec lic The oIIo n are the prior
grts rel at ed gesgﬁﬁ”nv?f&%aﬁl%%@)s ?%&g[r‘?ﬂ me Fmg m o efpe gptalfic acf‘ﬁ“’(ﬁ Pgtent

5, 146, 012 s(ifARfnfARithiOthOkdasli@Lhustibe Rhrridd et Hidschigh gftséuh@cdiﬂﬂloai ardOfer
chromte for hydrogenation of hydroxyplvaldeh de to neopentyl gl ycol .

Chr oni unBaa¥HC agftvityFap got beymginfrsped| at adtigh leyel 1968 donenperiohat tisensiraedt fsy
unaccept @E’c!rélsecBrdnHéxs the Pﬁatﬂueﬂ%@§ of 1sn9a117 afibntd rlﬁlpimgéj@ céﬁagnedj ‘ﬁ? %é Rewrdidpe

hydr ogenati on roxypi val dehyde to neopentyl glycol in the presence of

copper/c nmmﬁabmheﬂ?éd@'d@at bl the gase PbtheRaney nipked cetalysth yarious p@bbmsglas@ foroor

othr  pr chi, BEBERRNY i MR P (b0 GNP G hep ol SRulE W B

Wer ke Hu hrmuﬂﬂctmtamgleﬁ;ﬂhdmmtm tan e beremaintaigmicfor mlddg tiRwt amt sirke8hocadl Fst is

(assigned ta E da i.um and nma nese- pronot ed copper
Chr ot o UFEIp ALY P Ao ssee AP PEDI SRR B G enat | on catal yor . The
reactions were carried out at 34.24-68.50 bar (500-1000 psig), and at a

tenperature of 170-220C. It is now known that chrom um based catal pose
heal th risks. [RBICHYERE 25 5ORF G teaifios Aut TR tor tir dovetien. yiar Xamplge rrpose

the starighRQ AL ¢F Ul pdidl 48Ry Q&s@i%ﬂéﬂjf% @Héf@dhs@llne\fn)q{afv@ﬁ{sbleﬁbdtth@ ufiiad i ty of
final product and decreasing its Ger man Publ i shed

Appl i cat icenrpeppigongse for ydrogemtiog jof é)"@f@é@l‘tah@hﬁ@etodfeomﬁélgiycahoClilfp@kléll based
cat al yst eopentyl glycol,
at high %y&?gétgﬁ%t? ?{‘g 8%2%%!? g%?é?%% ?{rggﬁég,%fﬁym%r@? pRREPED e Srbta
(assigned to LG Chemi cals, Korea) has described the use of Raney ni ckel in

t he hydrogena hydr ox eh ure t hese
transition ne?@?q% %%1&@8 gggyggﬁ |v§§%§5g@ fﬁﬁ: ?e n@@aBF Lgie gnnunts
of for mhﬂﬁbyﬂﬁvalﬂﬁydesmbi&bydn@il @eleytia, th@ﬁregdnlcabkydppamng@muwhmhb aangyspr ezent
as inpurijies in.the starting materi hydr gx va Besi.des ue
to thei r Hoye¥gh B3 el ayers %@%ﬂ@%&f@?%ﬁ% of BfpRS w‘ g‘@ @éﬁ*? 3, fsmation &4 and
handl ed asmé bpyrddame to be used in the slurry form T. Ninomya et. al.

have described in US Patent 4,933,473 (assigned to Mtsubishi Gas, Japan)
the usage of a trimetallic (Pt/Ru/W catalyst systemfor hydrogenation of

hydr oxypi val alydefsdgriorlrish Q4t@hsan W%t@ﬂm/%(%ﬁn(aﬁhflgﬁa% Chegisghdfavde and

100% sel ectivity of product are achieved at low reaction tenperatures |ike

120C, andluig Aktipnggseldsshaft, iephag) 88d i0US Patontr4,§ 55405 186igped 9)Eastman Kodak,

' t of
Chose. ey Baifi sl e Gpinbh oSy ol Yoipk G 5L efBed ! ©
Cu0/ ZnO hydpgamtorc eatalfstZ The ireactiomcvas eairtbdmuhg&d?memm loar (600-1000 psig),

hydr oxypi val deyhde er of 2S% er ui v Ie t ht) of
the oat AL el RARRRerite o D0A30eClo e nia knohvn At chaiased calalios 88 o i or
art appeaedtht Aiskee Moravedmt Aa, mmmﬁw&&@ahiso&tﬁﬁt Qﬁﬁ?&zorﬁpcsssuﬁme&rﬁﬁg Uni on
Car bi de) wherein CuO/Zn0 cata yst stem has been di scl osed for reducing

al dehyde&a%ial hedrexyppaldshyis ady ersw peing | thearplisy o vEductand degieaiingss s
severel yikijtded only to a vapor-phase process, it did not becone quite
obvious to'themif this catal yst system would have worked equally well in a
i quid phase process, in general, wth all other kinds of al dehyde~ such
aromatic/ or heterocyclic/ or other branched aliphatic al dehydes.

Therefore, one of the objectives of the present invention is to overcone
the difficulties and di sadvantages encountered in the prior arts by

provi ding a |iquid-phase hydrogenation -4 6 March 2003 process utilizing
a novel catalyst system conprising reduced formof CuO/ZnO in the presence
of alum nium a pronoter for superior performance.




Summary of the Invention The present invention provides a |iquid-phase
general catalytic hydrogenation process for al dehydes to the corresponding
primary al cohols. The catal yst system conprises of copper oxide and zinc
oxide with aluminiumas a pronoter. The process of this invention, although
general, is particularly useful for the hydrogenation of hydr exipize dehyde
to neopentyl glycol. This process all ows the hydrogenation to be carried
out at noderate pressures such as 27.39-34.24 bar (400-S00 psig) providing
100% conver si gRrfdn aﬁmﬁeadgf;yuchﬁbnlm%wl £947,551t MiscMsed BR e viflceBhigAfiohol .

Advant ageous Effect of the | nvention The efficiency of the catalyst is

r et ai nedniskelrbased eaiayssy Hs@ﬁcfé/dmgempétoémmmiwddﬁ%ﬂ(r &5 neqpredyt glyeelkgtl ani ne
d t ' i de.: ) Cad.
and qua ﬁ{ggg{eﬁgcfggg@%gmgpﬁ{u%! il !aﬁéthé}aynd?aa\f{eﬁ%n%i%&%gﬁéfoe{o 18

certain c _ ucts during their sy esl s. IsTinvention is
parti cul &hewicalsefKared) ohasndescribedn dlapast ydf Bhneyohickeloin Hiya rhydsogenatiboledfyde i n

100% sel ecti Vit hi | dehyde .does econpose under. h ogenati on
conditi o§§&r8)fyp§%aik§%¥énevea?1tll%gn?e%eéa%rg?t [ (r%%l&’aﬂ"eﬁ? {)‘{g@gﬁ?n n’gﬁ@ f\é%'[ys% are

2, 2- di nedénctivateB bgli thy Presener epane fmeameof fbnrgldéhsac]!e) o@fi?]dﬁn@rad?@ee,Soxof ]Ehe
present inyention is a valuable starting material faqr the manufacture o

| ubri canfréa?{kyﬂ) PR ¥ ‘,°ﬁ§{ﬁ1?r5ﬁ?8t BIFPPRYS ‘gﬂ‘d’ S%‘l‘i&]’é‘f‘tieﬁalr}\éfgﬁoﬁ@“’?l%‘fjelé’ﬁl&rrpI e
cor r espopdidé, AR tv Ui yPophdRE nR(RARSS cﬁﬁlg!%tg' Barl Kb 88 LAY phEdYredAnd h&RIdgl nuous
process or a bat ch process. 0 6 MAR 2003 wo 0ina964" -3$ Detail ed

Descri pt Pbtieyhavierebe psgdin theslumydomm| | owi ng is the basic reaction of the
present invention:

T. Ninomiya et. al. have described in US Patent 4,933,473 (assigned to Mitsubishi
Gas, Japan) the usage of a trimetallic (Pt/Ru/W) catalyst system for hydrogenation of
hydroxypivalaldehyde. Although a 100% conversion of starting aldehyde and 100%
selectivity of product are achieved at low reaction temperatures like 120°C, and at low
pressure of 9.58-10.27 bar (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

equivalent (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
aldehydes 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



R~- R MHO 3 (1) HZ Catalyst (Il1) where, R, R2, and R3 individually could
be straight chain or branched al kyl group containing 1 - 18 carbon atons,
or straight alkyl group containing 1-18 carbon atons intervening with one
or nore hetero atonms such as oxygen, nitrogen, sulfur and phosphorus atons,
or alicyclic rings containing three or nore carbon- atons whepmbhod NYS)
may or may not contain hetero atons, - R, RZ, and R3 together or
alternately may forman alicyclic or aromatic rings, or any one or nore of
the R grguesss rmmzﬁ%né awelo 19 ssmérﬁ d?)‘iﬂ;ﬂ‘ﬁfn)g RbucRECRAAYCRD/Zn®r I BeY

al cohol group(s ) Cat al yst PCT/1B00/ O 503 R2 R

- - CHZOH pregy mlmtsn,amm@ﬂqrmg@evwepeefon@@poup can be a substituted or
unsubstituted and fused or isolated aromatic or heterocyclic rings. For
exanple, it can be a p- hydroxybenzyl group or a pyridinyl or furyl group.

The cata ed by any of the methods known in the art of
formng a corrp05| te of copper oxi de and ZI nc oxi de. The catal yst may be
prepared by fixing the separate_oxides, co-precipitation of the

oxal ates, car BBhBIEEA! inypntigagreides a hﬂmdmi\w'ogeﬁyrabaﬁ%mawﬂmename process

co- preci mrtaaehg)&bs%ténec&ohéspgﬁaflgrphﬁﬁry GRORIE! |"Df1e Ja g@taﬁ% Iprl fand Zn0
in the presencé of the pronoter netal” i's reduced y rogen o carb

nonoxi deceppenoxidnput zine pxide withtpduminivgeadhe praeaterl meamwe%ﬂﬁhfsonvmvar aI
hours, p tjon can
be-used e Reler, € pahclill uefort @ Hotilactioh RSBl 70, T

It can beeo@ﬁmb/bgbrdoll nThisyproeac tllows gheshyeinngeuativna® be tarkded! obedt mpdeate or a
fluid bed system, Af ati rough h tion accor.dj o the
or di nar yplf?é%(‘ﬁe8cfu°lf H%Egégiﬁéé\{’af é‘%[(}ssté)g Fﬁgtpﬁ%‘yﬁ‘%gggng’n%?’%ﬂo? é’aé qngﬁjt of the
present ivithe@00%QelectiMing offthetddsitedaicobdl) and ZnO 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
agent . ThdvinmdscoueEffectofhheInventiod de, or m xtures thereof, are generally
m xed with an inert gas such as steam nitrogen, or conbustion gas, to

mai nt ai n the catal yst bed tenperature and to carry away the heat of
reduct i on. %“ﬁe‘m’ ehthe ratplyitelsoretaind syt Mhihs ﬁreﬁ‘ﬁ’ée Hfeddsiedoust t he
pronot er 1rHjﬁ1trﬁ1Es 'lﬂie Qﬂmleﬁrﬁmﬁ‘%ﬂ @Qtefﬂa RE alYnREE 'ﬁy&h%x@@'tﬁ‘:ﬂ heARhRIb&s Shown
by analysis of the inlet and outlet hydrogen. Conplete reduction of the

m xture %@Eﬁ%vwﬂﬂﬁémdﬁaﬁehmmuctﬁfdumé?elrps gffed in the reduction is
equal to the stoichionetric value of water that should be produced when a
gi ven amount of copper oxide is reduced to copper. This value is about 36
gram of wat er Tiér 12M5OtiQf ath drrticyledyy ssefilbr for  makingr ercepntddi wiveg! 350mei ght
per cent g;g@i at.al ral ts, or
any ot heir%, sul tavg-ﬁgﬁ}é&agg lg§%o?a%%ﬁg§eﬁp%s\nageWsH?%Sagﬁl‘ee su%@ogéeqjglri%a
convent i bydpgenatidnrdogdigigns 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

polyesters.

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



_'J_ 6. March 2003 The process of the present invention is nns@ c?“éeﬂhgntly
carried out in batch operations although continuous or sem-c ﬁt 0
operations may al so be enployed. Usually, an al coholic medi umsuch as

et hanol or nethanol as a reaction solvent is used in such an anount t hat

t he hydr o¥WQPYEkehyde or any other al dehyde concentration PETABIIANK he
range of 10 to 80% by weight, preferably 15 to 60% by weight. In case of
hydr oxypi val dehyde, if the concentratiagds nore than 80% by wei ght

Ti schenko reacti on between the hydroxypi val dehydes t hensel ves occurs,
resulting in neopentyl glycol ester of hydroxypivalic acid as by-product,
whi ch is,u ﬁu' bl e ;or e i cal. use. The hydrogenation can be carried out
batchmﬁsgE@lgégﬁﬁﬂ§%6%§3§r£;§¥g&égbeousIy at 100-200 C, preferably from

| 20-180 C, under a noderate pressure of from1.36 bar (20 psig) to 34.24
bar (500 psig) preferably from 27.39-34.24 bar (400-500 psig). In a

bat chwi se hydrogenation process, the catalyst iis usually enployed in an
amount of f r ohfefollowing isdhg basic spastimof the BreserdiRyENtipRm 5- 10 per cent by

wei ght, based 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 20.54-34.24 bar (300-500 psig), preferably 27.39-34.24 bar
(400-500 psig) andiat a tenperature of 100-200 C, prefgrably 120-160C, the
sol vent is alcohol| preferably nethapgl or ethanol, egpecially nethanol and
wat er m Xt ureR, rdi qgyho the_invention st he atpm at i qyyyt he
conponents in the tatalyst is froga@lydt - 1.25 of coppgr and 1.5-2.5 of
zinc, nore preferaﬁly 1.0-1.1 of copper and 1.8-2.0 gﬁ zinc. Simlarly,
according to this Rynvention the atom.c ratios of coppkf to alumniumis
1..01.5 of copper, 0.75-1.20 of alumi nium nore preferably, 1.20-1.40 of
copper and 0.@p-1.10 of alum nium The catal yst conponent used in th@l)
present invention is an environnental friendly, and easy to prepare and
handl e on an industrial scale. Furthernore, the presence of trial kyl am nes,
formal dehyde will not deactivate this catalyst, and the hydrogenation can
be carri . L el | Js and
pur 1 ca e R R B o B 1T B ol
benzyl tt i 8tdaytomnatomisuon $tyadghtalkid group benthipthgolrdBacarbom @ods-int2B@BingGvith
01/ 28964 -g PCT/1B00101503 tion of hydroxypiyal dehyde does not adversely
o fact 1 P TR REIGn Ry gh o vesar Hoga sulBr & Melorgs <. Bf diche
neopent ylingll dondinial thra€ bf Moty catbod Qﬁmfsa'&vﬁéxi’ﬁfe-ﬂn%‘{?%@ 88§ nbf'eéhtain hetero

i nventions, the hydroxypi val dehyde conversion is 100% and the selectivity
of neopeaioms, ¢l Bodls, asd Rzgogabaogr altematelyanajefirmeen glicyglic tor yrashatic ingss oout

o e B P S B SR s i o 5 BB
alcohol group(s).

Also,

H,
G——-CHO > G ——CH,0H
Catalyst

(1I1) v



al dehyde(s) containing the nunber of atonms or groups specified in Fornula
(1Y and (111). These al dehydes i ncl ude saturated al dehydes |i ke
acet al dehyde, propi onal dehyde, i sobutyral dehyde, n-butyral dehyde,

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

crot onal dehyde, 2-ethyl hexal dehyde, nethyl pentyl al dehyde, @mstnhyds

but yr al dehyde, and unsaturated C3_g alglehydes |i ke acrol ein, 2-ethyl

propyl acrol ein, and benzal dehyde, fural dehyde, pyridinylal dehyde and the

li ke. Thengkdg hg&@s;g TRY bB& wbsatu?eab&t @ihbsilidd B %s%a%&qsaate@%m@ ith a
conponents) othér than an al dehyde. Further, a mixture of al dehydes may be
enpl oyedhetgmcyskio rings c Bersexample, dtrasn e al pibydroxyibeesys grauper geyridtyhonfuryle
aldehyde m xture of al dehydes enpl oyed herein. A portion of the totality
of the pg%éﬁct m xture of an oxo process ., may be enpl oyed. Thus, the

al dehyde(s) products or a portion of themmy be separated fromthe product

nvent | on. Folht Rt BEPOOT BRnt R mAKR FARVE GLe 5 YCRTRRE fonal

0Xxo0 pr Odctﬁﬁpo%&é BRLIPRY oRRiceinRl AyEbxidd hernal et ea9rbebrepate® boffixagdaiey des
enpl oyed herein nmay _ al so be obtained by proc esses other than oxo process
such as Pl oridssoRY Fo-RIpGEpitatien of tg‘?at"ﬁ‘l‘lat%or’afﬁf’&?f@baﬁrb%?ﬁ@teér foblowad by dol

condensat ol erif %5 8cpithio hbﬁetﬁd%?@feﬂré&ve?Ede 1%@%&&&@ of@ agli ng a

| i qui d- phase solution o yde(s) For mu and hydr ogen
al one or ana im thei presenee ofjithéprotrieter n@é@éefsre(id@d by- 1@d®gmapc¢ﬂr12®0®om>m®tﬂty1 gases

inert t 0y ?raﬁlrg S{M%ﬁa&%@ g %rbf:ﬁ%t’ glll(y §§0)’C féﬁd erd) hoﬁl’shgreﬁa?a ?0 2 Ch ;e ' sing a

reduced ure o I'n"preésence S ter unlnlun1or
any other metal of Goup Il of the Periodic Table The gaseous m xt ur es

cont ai ni ng hydro in Iude inert gases such as nitr or carbon

G ox o, e 1B TR B scietethrp iR Gan b Soelh et RE Rilin O a R Bt
subst ant pgthinyd wé(ﬁnﬂwﬁroag@dldlggsn@sll B@élhplaﬁedgﬁ%ﬁjahh&ctﬁﬂr?@ybtélﬂ&umt:ﬁﬁﬁdn9
hydrogen, The nol e ratio of contained hydrqgen q}s to al dehyde(s) may be

gener al | bedk $Ysteme 3 Buidped fstipe tdteapptyation &w% ygrogenatipp @cenrdipg de Hist i on

process gfidaREmBhES SR catdyee Musdinl the Ky %’gléﬁ!itﬁﬁl r8ctiBn bEMP preddnt i eMiond €t VEEN
110 and 180C preferably between 130 and 17/0C and at a pressure of between

1.36 and 34.24 bar (20 and 500 psig), preferably between 27.39 and 34. 24
par (400 20 $00:Rahlor LB AAE M BE Bl LIS RORRAL LaLeact T on

in the batch process IS 1so rom the reac ure usin
convent i onthé alaiemyaledasdro'ghmtlomp_aicysst Hysirdgeh becaﬂommbn@mtb oemsadref drerdolﬂe next

bat ch. The so vep1 on1the fl#ﬁrﬁﬂﬁ is reppved by . a rotarﬁ= eya Bﬁrator. The
r ecover eff® S5V BN r§ YHBAERY {1 IF PYEOSTEK FATR BRNO% OF SUKYLES e PUUpr oduct
i's nearl geﬂawllcy miked witiin hertfgds §uehas predn friieebehyorfdoablitdAghs, db Sainkdi@tieon or

fractional %séalllzatlon dependi ng.on the nature of the al cohol product.
ca alyst temperature and to carry away the heat of reduction.

Reduction of the mixture of CuO and ZnO in the presence of the promoter metal is
complete 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 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.



The follow ng exanples are nerely illustrative and are not presented as a
definition of the limts of the invention. EXAMPLE-1 HYDROGENATI ON OF
HYDROXYPI VALDEHYDE: -1 ~ 6 March 2003 A 1.0 g quantity of the catalyst
(CQud zn0/ Al umi um oxide) in 50 m nethanol was placed in a 300 m capacity
Parr reactor. The contents were treated with hydrogen at 170C;mMua064;
pressure of 27.39-34.24 bar (400-500 pgig) for 2-3 hrs. Cooled to room
tenperature, depressurized, followed by the addition of 10.0 g of

hydr oxypi val d?ﬂé/ﬁ!)?oceisnoﬁﬁle”i%reéﬁi hanBtien kY HROEHRhRAIYRErd dHedn Pdlchat
| 70C, under a pressure of 27.39-34.24 bar (400-500 psi %ZV for 2-3 hrs. The

conver si eperafonp glroygrly penjianelstoy semigontingusoperatidng intiy also deenployed.i vity of
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EXAMPLE- NATI ON OF 4- HYDROXYBENZAL DEHYDE: A 1.0 g quantity of the

cat al yst%@@ﬁ’?’ﬁg%ﬁ‘ﬁ%ﬂﬁﬁ%ﬁ‘ﬁ@)’ ISnsHtaie IRRTACHSRY UShas pl aced in a 300 ni

capacity Parr reactor. The contents were treated with hydrogen at 170C,
under pressurg, 0 7.39-34. 24 bar. (,400-50 sig) for 2-3 hrs. Cooled to
room t enper at ﬁ?"e?‘y‘%%er‘%%%‘fain B I(?“g\}?étﬁg‘ﬁ(}e Pﬂéolg’(ﬁ‘ﬂf"fsilyoﬁg@magewsb ¥
of 4- hydr pooybena@)| sefopen, from 120-180 °0f uidd hanederattlypebsage sakbaN 3adaca@or i ed
out at 170C, under a Bres,sure of 27.39-34.24 bhar iq), for 2-3

39 400- 500 psi
hrs. TheP¥®H0er<tbar GPO pegyRieferably for 2&@?@?‘}-226’68(4%@@9@51%51" behWissvi di ng
100% sel pgdrddtnhiy o [ h duct .
EXANPLE R e o IR Vualy Red e BRI B SORERRS pokcb
cat al yst by @ahiz poyfembisiiienuml8pewent bynwephtnbased omeldahydsl withe rpdctioetimen a 300

m capaci tyy Iy co . ] : i y.dr .. 170C,
nder pr SRR ghAGGHG 23 oGy  DRLERlR, YERE hIGRHA b0y IS Lol By

r oom t enjgiregenrag presmpy @290 e, bak (300508 siyy, préferably 7304, 2 bat (100-§O0of

i sobutyral.dehyde, in 50 m qf | . ogenatiqn . was. carried .,out at

| 70C, unﬁség dp?teaséﬂ?peer%‘frez‘g. @%Ea% P[S%{!F_%‘g@ogﬁ)s% gsf"@)’%O‘VFB’r 15253"}1‘? ’s. The
conver si prefepdbly methuiiol loa bt edvy,bpesadly hidiiinpr MdivehitdranitQR0 sel ectivity of
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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

aluminium.

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-



HYDROGENATI ON OF n- BUTYRALDEHYDE: A 1.0 g quantity of the catal yst

(Cu0/ Zn0/ Al um nium oxide) in 50 m of nethanol was pl aced g z,mg)g 030
capacity Parr reactor. The contents were treated with hydr 3’ p C’
under pressure of 27.39-34.24 bar (400-500 psig) for 2-3 hrs. Cooled to
room t eRpgopigeks,, depressurized, followed by the additionpefradbydise of

n- but yr al dehyde, in 50 m of nmethanol. Hydrogenation was carried -out at
170C, under a pressure of 27.39-34.24 har (400-500 psig), for 2-3 hrs. The
conversion of n-butyral dehyde was | 00%pr ovi di ng 100% sel ectivity of nbutyl
al cohol, the desired al cohol product. The features disclosed in the
foregoing description or in the clainms my, both separately and in any
conbi néionh of hytrexgpiivaldekydesdoes inat adwarsaly affedti theg comersion ehbydvoxypivaldehyde,e
forms thereof. -12 .CLAI N5 et ero eneous | i quid-phase
pr oces§g?‘3}""ﬁ'ﬁ’g tl&%\P’é’Ithi'FOHVH?’%%&%“%r?CBY“ya‘i?%‘Sﬁflﬁé]é’ o the correspondi ng
al cohol s wherein the process conprises reacting an al dehyde in al coholic or
aqueous-al coholic solution with hydrogen gas in the presence of a catalyst
conprising a reduced mixture of solid Cu0/Zn0 1r'frormt ed by al um ni um
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the at qmitmmelanddfeedﬁnﬁehynﬁwaﬂ:tamlmpumy s 1.0-1.5:0.75-1.2. 2. A process
according to claim1l1, wherein the hydrogenation is carried out at a
tenperature of between 110C and 180C and a pressure of between 1.36 and
34.24 bars (20 and 500 psig). 3. A process according to any of claims 1 or
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i nt er spekysedn-butyrhRiehyde, isopentylaldehyde, n-pentyl aldehyde, 2-methyl pentyl aldehyde,
crotonaldehyde, 2-ethyl hexaldehyde, methyl pentyl aldehyde, 2-ethyl butyraldehyde, and
unsaturated C;.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.

(3 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 (ITI) and hydrogen alone or in admixture with other gases (de-

ELN



6 March 2003 or alicyclic rings containing three or nore carbon atons,
where the rings) may or may not contain hetero atonms, or wherein R, RZ and
R3 together or alternately forman alicyclic or aromatic ring (rings), or
wherein any one or nore of the R groups contain one or nore primary or
secondary or tertiary al cohol group(s); and wherein Gis a supgtiiaéed or
unsubstituted and fused or isolated at@mmatic or heterocyclic ring (rings).
4. A process according to claim3 wherein Gis a p-hydroxybenzyl group or a

pyri di “yglé?{éy §F§§§ o W the aﬁ?el@?ﬁ%ﬂ??ﬁéc@cﬁl@% di 19 ats%h@raétaﬁst cbApfBing &= 4
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a base or base/ phase transfer catalyst (PTC) catalyst in making said

al dehyde. 7. A process according to any of clains 1 - 4, wherein said

sobut yral dens et kT BRarancy AR RET RO i o S TRLRRTERR 0
hydr oxy phydibgtalpasies wal as’gapeome esstus cartaining hydrogety of t he precedl ng cl ai s,
wherein the atomc ratio of copper to zinc in the catalyst used is 0.8-1.2S

1.5-2.5. -14 6 March 2003 9. A process according to any of the

preceding cl alrﬁsmoM@ﬁ@bfboﬁ&hrf&d&bd@@Md@slt@aldelg@eds)/ﬁady b géhefullly iR 15 to
conpri si 2& net hanol qr ethanol or preferably a mxture of any one of these
#
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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
1.36 and 34.24 bar (20 and 500 psig), preferably between 27.39 and 34.24 bar (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
reused 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 can be further purified by fractional distillation or fractional crystallization

depending on the nature 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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HYDROGENATION OF BENZALDEHYDE:

A 1.0 g quantity of the catalyst (CuO/ZnQO/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 27.39-34.24 bar (400-500 psig) for 2-3 hrs. Cooled 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 27.39-34.24 bar (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 27.39-34.24 bar (400-500 psig) for 2-3 hrs. Cooled to room temperature,
depressurized, followed by the addition of 10.0 g of4-hydroxybenzaldehyde, in 50 ml of
methanol. Hydrogenation was carried out at 170°C, under a pressure of 27.39-34.24 bar
(400-500 psig), for 2-3 hrs. The conversion of benzal-
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EXAMPLE-4

HYDROGENATION OF ISOBUTYRALDEHYDE:

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 27.39-34.24 bar (400-500 psig) for 2-3 hrs. Cooled to room temperature,
depressurized, followed 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 27.39-34.24 bar (400-500 psig),
for 2-3 hrs. The conversion of isobutyraldehyde was 100% providing 100% selectivity of
isobutyl alcohol, the desired alcohol 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 27.39-34.24 bar (400-500 psig) for 2-3 hrs. Cooled to room temperature,
depressurized, followed 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 27.39-34.24 bar (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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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
reduced mixture of solid CuO/ZnO promoted by aluminium, characterized in that the
concentration of the aldehyde in the alcoholic or aqueous-alcoholic solution is within the
range of 10 to 80% by weight when starting the process to prevent the formation of by-

products, and wherein the atomic ratio of copper to aluminium is 1.0-1.5:0.75-1.2.

2. A process according to claim 1, wherein the hydrogenation is carried out at a
temperature of between 110°C and 180°C and a pressure of between 1.36 and 34.24 bars (20
and 500 psig).

3. A process according to any of claims 1 or 2, wherein said aldehyde is represented by

formula () or formula (IIT):

’ G —— CHO
R, C CHO (I1)

wherein Ry, 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

tertiary alcohol group(s);

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

heterocyclic ring (rings).

4, A process according to claim 3 wherein G is a p-hydroxybenzyl group or a
pyridinyl or furyl group.
5. A process according to any of claims 1 — 4, wherein said aldehyde is selected

from the group comprising hydroxypivaldehyde, isobutyraldehyde, n-butyraldehyde,
benzaldehyde and p-hydroxybenzaldehyde.

6. A process according to any of claims 1 - 4, wherein said aldehyde is
hydroxypivaldehyde contaminated with either triethylamine or benzyltrimethyl/ethyl
ammonium hydroxide which are used as a base or base/phase transfer catalyst (PTC)

catalyst in making said aldehyde.

7. A process according to any of claims 1 - 4, wherein said aldehyde is
hydroxypivaldehyde contaminated with either formaldehyde and/or isobutyraldehyde
which remain(s) partially unreacted during the making of hydroxypivaldehyde.

8. A process according to any of the preceding claims, wherein the atomic ratio of

copper to zinc in the catalyst used is 0.8-1.25 : 1.5-2.5.
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THSOR (9 + - Al DS SRESRing < AP BB bt IRRRSTRAAMK Yekd hftehyde is
dissolved in a solvent comprising methanol or ethanol or preferably a mixture of any one of

these two solvents and water.



