28 February 2005 WO 02/ 18316 PCT/ US01/ 26765 TWO STAGE PROCESS FOR THE
HYDROGENATI ON OF MALEIC ACID TO 1, 4-BUTANEDI OL Back round of the
Invention Field of the Invention 5 This invention rel atesg Fébrasryl@008§€ESS
for the hydrogenation of maleic acid to 1.4- butanediol and optionally
gamma- but ya) @glsgge and/ or tetrahydrofuran. In this procfé[%sou?@Fsr osi on of
process equi pnent (e.g. hydrogenation reactors and their internals) is
mnimzed by the use of two hydrogenation zones and by further controlling

t he tenperature of bl &mgﬁt 9P | uch that the
tenperature of nal e?gﬁ%tjglirég%l)gpgfreac ' zoneﬁé%@NaﬁﬁNﬁot exceed 130C.
Description of the PriorORMALESCACETEOIA-BUTANERIODMEr ci al commmodity
with a plurality of uses. For exanple, _1,4-buytanediol is used in the

production of pol ybutyl ene ter tion-injected nolded (RIM
urethanes. 15 It is well known tfaly otud1hkh@nedi ol may be obtained by the
catal ytic hydrogenation of nmnulerc acrd, mal el c anhydride and simlar

hydr og&nat abl eltt® ipyertisgsrelaren 19 ashpigeese durstbs hydmgeratiors ofrmbaddic aeidid §% f ed

w th hydr r al NN fixed- | yst he reaction
product s g%%%gfogiaﬁ% Oﬁ%git nec??%%m@%t reaﬂlgld‘fg ogﬁ%aﬁ%ana gamn B L BSFS! act one
are thencoracouerl peean dquipmedt (gl Hydrogenatenich@og landre@irdinterndd) is chiflinfdaddt , t he
invention, relates.to.a.tw reaction-zon chene for the production_ of

1, 4- but an%&’(ﬁl“.se of o hydwgonaliqy _Z‘f’ﬁééﬁé@’ g’_“g?rd’eég‘éﬂ“?%ﬂwtt%?‘?’i%ﬁ SG8KdPlon of a
di -al kyl Bgiréendtn réhctionidhanRd iRk (1RIRhRYANRE of WRAR UGS BRALA AN ZRP BSes
operating in sequence, where the tenperature of the second zone is |ess

t han the ngtesqeed y-s 1363k-ent 6, 008, 384 teaches a two- stage hydrogenation
process for the hydrogenation gf. Jipkei ' ich enploys a binetallic 25
(Ru and Re)-on-carbon cat al yst‘“e*tsr‘fumGﬁo(m%cﬁn(3 meffl uent of the first-stage
is cool ed 14-Butanediol is a commercial commodity with a plurality of uses. For example,

1,4-butanediol is used in the production of polybutylene terepthalate and reaction-injected
molded (RIM) wrethanes.

15 It is well known that 1,4-butanediol may be obtained by the catalytic hydrogenation of
maleic acid, maleic anhydride and similar hydrogenatable compounds. In such processes,
aqueous maleic acid is fed with hydrogen to a reactor containing a fixed-bed catalyst. The
reaction products containing 1,4-butanediol, tetrahydrofuran and gamma-butyrolactone are
then recovered and purified by convéntional means.

20 . In part, the invention relates to a two reaction-zone scheme for the production of
1.4-butanediol. U.S. 4,584,419 teaches a process for the hyd;ogenation of a di-alkyl ester to

- L4-butanediol employing two hydrogenation zones operating in sequence, where the
temperature of the second zone is less than the first. U.S. Patent 6,008,384 teaches a two-
stage hydrogenation process for the hydrogenation of maleic acid which employs a bimetallic

25 (Ru and Re)-on-carbon catalyst and wherein the effluent of the first-stage is cooled
considerably prior to introduction into the second stage. U.S. Patent 5,196,602 teaches a

process for the hydrpgenation of a maleic anhydride and/or maleic acid to 1,4-butanediol in a

- two-stage process, operated sequentially, characterized by the use of a different hydrogenation
catalysts in the each hydrogenating stage. 1.8 Patent 5,073,650 teaches a two-step pfocedure

30 for the preparation of 1,4-butanediol by catalytically hydrogenating maleic anhydride in the
presence of an alcohol at elevated temperature and elevated pressure and with the aid of a

" cobali-containing catalyst.



considerably prior to introduction into the second stage. U.S. Patent

- 5,196,602 teaches a process for the hydrogenation of a mal eic anhydride
and/or maleic acid to 1,4-butanediol in a .two-stage progEssruhenesed
sequentially, characterized by the use of a different hydrogenation
catalysts in the each hydrogenating stage. U S Patent 5,073,650 teaches a
two-step procedure 3 for the preparation of 1,4-butanediol by catalytically
hydr ogenating mal ei ¢ anhydride in the presence of an al cohol at el evated
tenperature and el evated pressure and with the aid of a cobalt-containing
catal yst. 28 February 2005 More specifically, the invention relates to the
manner i n whi Muraspeetiedliycthadivdnfi@edites ekthe imandey tir ohieh ahedkid aidfeddstdk anedi ol
and optiqn oth ucts, so as to properly and economcally contain
sai d readt %ﬁég 3 {gd P e{ %gatae%%w awtwpalgf afFe PIBdesY. avdo myepedyengt e 28
February 200miMy, 0akAif 348 ré%@ffédé%ﬁ&fé @736&1‘1’%&515’ \ﬁ@dhg folesd: 4o mﬁr%ﬁg& ol , an
el evated tenperature is required or exanple, "U. S. Patent

teaches that maleic acid is advantageously hydrogenated to 1, 4- butanedlol

at tenperatures between 160C and 250C. However, at these tenperatures.

mal ei ¢ acid has been observed to be extrenely corrosive; Such condi tions
shorten the expected life of process equipnent (e.g. hydrogenation
reactors, internals and their.auxiliary conponents). unless specialized
met al | urgy and/or other costly materials of construction are used. In
either event, how the corrosiveness of the maleic acid is addressed in the
commercial plant's design, procurenent, construction, operation and

mai nt enance has a maj or inpact on process econonmics of a maleic acid to

1, 4- but anedi ol chem cal plant and hence its comercial viability. A goal
~of the instant invention is a reactor system configuration and reaction
tenperature profile which | essens the corrosive effects of the miieic acid
feedst ock. Summ of the Invention The instant invention is a process for the
conversion of maleic acid to at |east one of '

la



| . 4- but anedi ol , tetrahydrofuran and gamma- butyrol actone (w thout specific
.reference to their secondary by-products, e.g. n-butanol), wherein the
process conprises: (.) supplying to , a first hydrogenati ggFa8agy2005

f eedstream conprising maleic acid, reacting in the first hydrogenation
zone, the mmbeb/essaci d feedstock and hydrogen in contact priidnigseat al yst
conprising palladium to produce a reaction product conprising succinic
acid, supplying to a second hydrogenation zone, the reaction product of the
first hydngeRnati®n 429n8edibleas tieRded BnpdRueas Riadirdly dF@aeAaflE NS Z@Ae: t he
reaction product fromthe first hydrogenation zone and hydrogen in contact
wi th a cat@Pifs 384 depshessthalgmplgic apd unpdvantazegrdy dodrogensteddige b +-Sitaradipl at |
conprisin o 5 Y o] - e

tetrahydr g%eﬁb%r%tﬁlggge%gl} gg;on@ta%?éa#a !FEs't Pfa%'n etsré%(;et%ge#?ﬁ?%%‘é%g‘trﬁ%ﬁk fgiﬁgjgs are
connect ed bean seeivedio lardtrtthey tenpdraSuchacoaditionshboftanats txpeaad lifo mppiosdsng

mal ei ¢ acid and the tenperature of the first hydrogepation zone ar

Contr o | e BRER™ {F: PHEEFEHER PPl Brma Ry Rt P oY | REEPREEL e n and
the first dpydilpeemetaliony 26d6r otleessthGhat@ntaTdodsdRtion e by INtitleftvhng t he
corrosive effects of the malefic acid and prolonging the life of the
process edi"pHEMOTPEVERes b hepanpigAcld I ddrepssd in b seramstciabplants design: and
its inter k| (ST 9N RIS) BN o a F=Y =Y o VAR j |1

br ocess. camantia AR Ab, SRR e il RS s SPDBKE Mipkeon PiSELS
process . fespnanties pf admalticoawidoto d4-tutsmediol chemicdl pland-dodt lenexdito lcommercial

t et rahydro‘)‘i r.an and gamma- butyrol actone (w thout specific reference to

t heir ~secondary by-products, e.g. n-butanol) wherein the catalyst in the
first hydrogenal igosl ofz dreimanApinveffonPR| & aehcn SBtedh CouflOMISHRAO kactibh a
further enbodi nent og,f the invention the catalyst in the second

hydr ogenat FBREFEH ErAtmyrich kssepsthe serrose cfisrineluhs malgceridferdsiaek. a

Summary of the Invention

The instant invention is a process for the conversion of maleic acid to at least one of
1.4-butanediol, tetrahydrofuran and gamma-butyrolactone (without specific reference to their

secondary by-products, e.g. n-butanol}), wherein the process comprises:

(a)y -supplyingto.a first hydrogenation zone a feedstream comprising maleic acid,
(B) reacting in the first hydrogenation zone, the maleic acid feedstock and

hydrogen in contact with a catalyst comprising palladium, o produce a reaction

product comprising suceinic acid,

(@) supplying to @ second hydrogenation zone, the reaction product of the first
hydrogenation zone,

(D) reacting in the second hydrogenation zone, the reaction product from the first
hydrogenation zone and hydrogen in contact with a catalyst comprising palladium,

to produce a product stream comprising at lcast one of gamma-butyrolactone,

1,4-butanediol and tctrahjdroﬁlran

and wherein the first and second hydrogenation zones are connected in series, and the temberature of
the feedstream comprising maleic acid and the temperature of the first hydrogenation zonme are
controlled such that the temperature of maleic acid in the feedstream and the first hydrogenation zone
does not éxceed 130°C, thereby minimizing the corrosive effects of the maleic acid and

prolonging the life of the process equipment (e.g.
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carbon support. In another enbodi nent of the process of the invention the
tenperature of the feedstream conprising maleic acid and the tenperature
of the first hydrogenation zone are controlled such that28 febriag2008t ur e
of maleic acid in the feedstreamand the first hydrogenation zone does not
exceed 120C. In yet another enbodiment of the process of the invention the
tenperature of the feedstream conprising nmaleic acid and the tenperature of
the first hydrogenation zone are controlled such that the tenperature of
maleic acid in the feedstreamand the first hydrogenation zone is in the
range 70C to 120C. I n another enbodi nent of the instant invention, heat is
added t o t e hr@raghhn rpicod bgtits ifiertea dndentilidrg torpotenny ehattyompooine Heo rai se
the tenperature. of the reaction product of the -first hydrogenation zone
to a tenpePFHURCEHFSIETEEC prior to supplying the reaction product to the
second hydr ogenathditier ZahRIimdae iha idsk iPamtsn iph ip@esofor the Prddastidn of Aneadihe

instant inventjon is a. process for the hydrogenatjon. of leic acid to at
| east one Onegtf llf‘ﬁltﬁﬁ?'&]nge&?@fi?ﬁ?aé‘ﬂ”ﬁﬁm%Wﬁ? ORI BATEPHTRYFISTERT one.

Typi cal |y, 1ot diiSsetddasy bpProdsts, £9 RAGhAFwhteid tiRicRal® ihMé !ﬁﬁmgie&ﬂoﬁ eactor
system However, since the maleic acid is very caqrrosive at reaction
t enper at ur &% PP naliadim g agep spped I adfihep embpdimenicefdhednyagficr theict ed of

convent i onadtalyst irtthe sERHD BRdrodenitliby 2ot @iipdises .pa¥llivk® rik@tun Ridediidengh 4 0 be
bound by theory it is believed that the reaction of maleic acid . to

.1, 4- but an&8PBIPBceeds through at |east two internediates as fol | ows: -3
28 February 200b ahé&2¢nitdaibentP6ITihe)JFoldeR6 316 the nNiaveptich e i tempaataei ofi the aci d

gamea- but yf‘e%sﬁ%;[n? Qoef\np:l’i’sﬁé %e%na%l ia%!l the temperature of the first hydrogenation zone are
controlled such that the temperature of maleic acid in the feedstream and the first
hydrogenation zone does not exceed 120°C. In yet another embodiment of the process of the
invention the temperature of the feedstream comprising maleic acid and the temperature of
the first hydrogenation zone are controlled such that the temperature of maleic acid in the
feedstream and the first hydrogenation zone is in the range 70°C to 120°C.

In another embodiment of the instant invention, heat is added to the reaction product
from the first hydrogenation zone to raise the temperature of the reaction product of the first
_ hydrogenation zome to a temperature above - .. 130°C prior to supplying the reaction
product to the second hydrogenation zone. _
Detailed Description of the Invention
The instant invention i:;, a process for the hydrogenation of maleic acid to at least one -
of 1,4-butanediol, tetrahydrofuran and gamma-butyrolactone. Typically, this reaction is
conducted in a single hydrogenation reactor system. However, since the maleic acid is very
_ corrosive at reaction temperatures, significant corrosion is visible in reactors constructed of-
conventional (i.e., carbon steel) materials. ‘ '
While not intending to be bound by theory it is believed that fhe reaction of maleic

acid to -1,4-butanediol proceeds through at least two intermediates as follows:

-3-



HO2CCH2CH2CD2H 142 H2 co -2 ft 1] +2 H2 HOCH2CH2CH2CH2CH Q
tetrahydrofuran Wthout further el aboration, ganma-butyrol actone,

1, 4- but anedi ol and tetrahydrofuran are reaction product s2&aRebrbaryt2bes

addi tion/ subtraction of hydrogen and/or water one product is 5 converted to
anot her. Fugbhehssiy adjusting the operating paraneters géwggﬁn§ggond

hydr ogenati on zone, the product slate may be altered to produce varyi ng
ratios of |.4-butanediol, tetrahydrofuran and gamra-butyrol act one.
Typically, 1,4-butanediol is the preferred product of the instant process.
As stated earlier, it has been observed that maleic acid is very corrosive
at E o tenperatures exceeding approximtely 140C. It has al so known (i) '
t hat the hydrogenation of naleichacid o succinic acid proceeds at
acceptabl e rates ahajbiowga tenperat U €/t han required for the hydrogenation
of succinic acid to 1,4-butanetfdF” and®@H ) that succinic acid is much

I ess corrosive than nmalefic acid at MPQ el evated tenperatures. These itens
coupled with the desire to mnimze fthe“corrosive effects of the maleic 15
acid has led to the discovery.that the conversion of maleic acid to

1, 4- but anedi ol i s SHesiHC adidnef | QpHijééﬁhUcted in two, separately distinct
reaction stages or zones, wherein theg first stage is operated at a

t enperature bel ow 130C, preferably bet@kk120C, to convert the maleic acid
to succinic acid and then the tenpergture of the second stage is -4 28
February 2005 WO 02/18316 PCT1US01126765 operated at a tenperature above
130C t 0o conver garih®ebsywobictone aci d t | east one of '

0
2H ” +2H
. -H0O
1,4-butanediol HOCH,CH,CH,CH,CH -

tefrahydrofuran

Without further elaboration, gamma-butyrolactone, 1,4-butanediol and tetrahydrofuran are
reaction products and by the addition/subtraction of hydrogen and/or water one product is
5 converted to another. Further, by adjusting the operating parameters of the second
_ hydrogenation zone, the product slate may be altered to produce varying ratios of
1.4-butanediol, tetrahydrofuran and gamma-butyrolactone. Typically, 1,4-butanediol is the
- preferred product of the instant process.
As stated earlier, it has been observed that maleic acid is very corrosive at
10 temperatures exceeding approximately 140°C. It has also known (i) that the hydrogenation of
maleic acid to succinic acid proceeds at acceptable rates at lower temperatures than required
for the hydrogenation of succinic acid to 1.4-butanediol, and (ii) that succinic acid is much
less corrosive than maleic acid at such elevated temperatures.
These items coupled with the desire to minimize the corrosive effects of the maleic
15 acid has led to the discovery that the conversion of maleic acid to I,4-butanedi61 is more
beneficially conducted in two, separétely distinct reaction stages or zones, wherein the first
stage is operated at a temperature below 130°C, preferably below - 120°C, to

convert the maleic acid to succinic acid and then the temperature of the second stage is
- :



gamma- but yrol act one, 1, 4-butanedi ol and tetrahydrofuran. Mre specifically.
maleic acid is supplied to a first hydrogenation zone at a tenperature of
70C to ' 120C and is then hydrogenated to succini c aciid Fébmgary 2603 i on
tenperature in the first hydrogenation zone 5 is controlled such that the
ef fluent fr@mebigdirst hydrogenati on zone does not excepgrsspeiPperature
of 130C. Preferably, inlet and reactor tenperatures are controlled in the
first hydrogenati on zone such that the naleic acid does not exceed - 120C,
nore pref C he, mal ei.g.aci d X C . 1he
succinic ag|eg#?%d¥a5%wtéﬁgér%es{b°§%ydr o%;feongft P Sﬁnq%gﬁlééﬁ%m?ﬁ aﬁﬁfrjt&jﬁ g‘%ﬁt%}etoﬁe
second hydgogesbityoizcoond abutametiolpel @trattydrofifranl 3PGreldpetifical§Ofbalelcheeslt isi S

added to this stre i f._ necessary) where it is hyd enated in. the second
hydr ogenat ?‘Qﬂll"iﬁotﬂé"afipﬁt }é‘(_fjrqgﬁ‘??f’n&?{é %P_tWBﬁfyr ol 2‘@"%&% 1,_1396'{1{”5‘#édi ol
and tetr aihslhpirbdeasted B M6ANIEALIET Th@FdablionSerStiatide &5 BRirkt fhy@ro%@rﬁﬁ&rpion@t

el evated tenperatures (ideall no nmaleic acid at 100C and above), the

corrosi ¥e ifgopeelipdofch meat g effiperd cram dheefirss hydrpgsnetion Fgnendoss woy expeed her eby
prol ongi ngtefn?gral!u}éc & .Of t1%6°élygfe?eg&ﬁ%tiﬁlgpar{d?@§&09rténgqera%gs %Q%o&t?oll% k11116{1'1e
ving the over proc o]

af fected process equi pnrent and I npr 0oCess economcs
(capital, fispbydbgengticnebngasduph éma e neteidt adid déeaablaatcesed | n  t HEOT. aa&ess of

the instant jinyentiopn, maleic acjd is react {th a hydro cont ai ni ng
gas 1t nesleBbE e By ARG S5 it Rl e At o Bpitine S el B 2l my e
20 combi nekydrdgesiarioh SonEk ek road do H8 S6bEhBYdrognatlbh FHRAR B UARRUBLLLIPEOr " 1S
any carboxylic acid or anhydride_thereof, carboxylic acid ester, |actone

or i xtre® t her $8C.{Aeat s adipdtp thisysiveagel deesasanp et ds hydrogenated in the
-b - Ao i [ '
gamra- but Y§39+1ﬁcﬁﬁi?@gen§tloﬂ Fahk qPE%g?ASFYH %?gi%feéaaﬁﬁx%g{tﬁé%é&?ﬁbﬁalﬁﬁw&e% gl Ve

hydr ogenat abl e precursors inc ri ¢ acrd, succinic
anhydr i de, tegahydiofiiren. a¥inet, maleic edid Htrot pbant B asaadtoras elbvetedGemparatGas dialiky |

succi nates_(e,,g. di,methyl 25 s l.nat.e | eat e .esters ch as the C to
Ca di al kyl "pEideatt® " et ie Fé%’teg?}e ORaECRER oF BF S gneibie
i xt ures tdigifabilyminsedd heebynproloiging itk 186 o8 teaigddpasdton $hlok(sy fliahy tO

~ the process, fe C rising.maleic. acid, other hydrogenatabl e precursors,
wat eP &y Oqthgraﬁ'gcteg rE:r)ocess ec?mpment and improving the overaﬁ proc?css cconomicsp(capital,

operating and maintenance costs).

Reactants
In the process of the instant invention, maleic acid is reacted with a hydrogen-
containing gas in the presence of the catalyst. Other hydrogenatable precursors may be
20 combined with the maleic acid feedstock. A "hydrogenatable precursér" is any carboxylic
acid or anhydride thereof, carboxylic acid ester, lactone or mixtures thereof which, when
hydrogenated, produces gamma-butyrolactone, 1,4-butanediol and tetrahydrofuran.
Representative hydrogenatable precursors include: maleic anhydride, fumaric acid, succinic

anhydride, succinic acid, succinate esters such as the C, to C, dialkyl succinates (e.g. dimethyl

18
Lh

| succinate), maleate esters such as the C,.to C, dialkyl maleates {e.g. dimethyl maleate),

gamma-butyrolactone or mixtures thereof. As used herein, “maleic acid feedstock™ shall refer

to the process feed comprising maleic acid, other hydrogenatable precursors, water or other
sujtable solvents.

Maleic acid which is typically obtained by reacting n-butane or ben.iene in an

30  oxygen-containing gas in the presence of a catalyst (typically a mixed oxide of vanadium and

phosphorus) to oxidize in the vapor phase the n-butane or benzene to maleic anhydride, and

then collecting the maleic anhydride by a water quench to produce maleic acid in an aqueous
w5



suitabl e solvents. Maleic acid which is typically obtained by reacting

n- but ane or benzene in an 30 oxygen-containing gas in the presence of a
catal yst (typically a m xed oxi de of vanadi um and phosphz8 Bebrudrg 2085di ze
in the vapor phase the n-butane or benzene to naleic anhydride, and then
col | ecting {voazAghei ¢ anhydride by a water quench to progddggesiipbeii ¢ acid

I n an aqueous -5 28 February 2005 WO 02/ 18316 PCT/ USOL/ 26765 sol ution. The
mal efic acid concentrations of such solutions is in the range of 10 to 60
percent by, ¥hURBe mER& 25 [ an.of A I; LS Aty Rhcal |

oper at ed at”a tnerrpggnat ur%ﬁo%ﬁé@%g%%tsg%lggéagﬁo a g‘?ﬁg@gggeeblefo %%g% Sergo

at nospher esy (8l0me.o The ORidktia) of nFypareair|benzehdr iz thyichllygeeratedndt ai tempgatgasofi S
comercially puyre~h pggen.with no,. 5 djLuent gases. weyer, -t he hydrogen
cont ai ni ng gasgqoncé%@otéfﬁﬁd?%reﬁ%ro(ggen é'hﬁ%@oﬁiﬁs E@aﬁ@%"mt rogen
(NZ), any gaseousygiatly ot arged-Corfainii® gha e LommerciBy | u?esnfmg%ﬁtwm%bdes of
car bon (e.g_. car bon nonoxi de and carbon dioxide). Preferably, a

st oi chi onefiyeat gaxese dlovgrer. Higdwdigeen gontagmning gasdn pddifiondte hydioaen (Hag miar elof or

t he conpl ete, . conversi of the leic acid to |,4-butapnediol) is enployed
in the protZuEnph O%Ws(%g)é ap}ég’ﬂ:q%&w W%ﬁ@fgﬁ%é’%eﬁé?ﬂé’éﬁthﬁsgféeo%ﬁ’ﬁ@?sd’tfure
control . Typb&sadeloy card : ' offhj: nsd pyd he maleic acid feedstock
prior to int ridg ugc'f: ?oﬁp%ngxﬁée%gﬁar%aﬁo yﬁ&éangf{}%%%b@’o%ém%oén FELRETD r’??
product anbydoeger fict werdhydraggethan rsjuirdtefor the dompletchensesianer thy sialegasidts on
zone. Altem.%%- V%‘(}i) .Sth p¥d({]§19??n mag be fed directly to the first .

hydr ogenat i’011 2one,” & “FRE7E i ?fﬁé%t?gf‘kfetrﬁacg%ﬁoﬁy’(ﬂeéﬁér?&fli%‘i‘] Bone.
Catal yst  ¢pdia@rech@oly Typic/ITPIbe Yigdtogdh ié Etnbimtatvaibithd YRR AR TRALEIEMbr

catal yst useful for the hydrogenation of malefic acid to 1,4-butanediol.
Typi cal | y, ©tipEedugtion ty dhe fgﬁiﬁﬁpjﬂﬁ@ﬁ@@%ﬂ Frsle) dhe praetion paoducy andpinigagted lyfdrager

Peri odi c Tabls sseberd Lk t0iEdE L&LiNg Qf cat | east )

pal | adi um rut heni um %ﬁloél? un"é}%g%d{%#lg' %ﬁ%}g%tﬁ;ﬁ!yaﬁla%mrgﬁnnmua Sb&ltﬁcggkéecp%cl ude
(i) cat al y#ottke first hydrogenation zone, or fed the simultaneously to each hydrogenation zone.

Catalyst

15 The catalysts employed in the instant invention are any catalyst useful for the

hydrogenation of maleic acid to 1,4-butanediol. Typically, the catalyst comprises a noble
metal of Group VIII of the Periodic Table selected from the group consisting of at least one of

~ palladium, ruthenium, rhodium, osmium, iridium and platinum. These include (i) catalysts
also containing at least one of rhenium, manganese or tellurium as described in UK Patent

20, Publication No. 01551741, (ii) catalysts also containing at least one of silver and gold as
described in U. S. Patent 4,096,156, (iii) catalysts also containing at least one metal capable of
alloying with the noble Group VIII metal and at least one of rhenium, tungsten or
molybdenum as described in U. S. Patent 5,149,680, and (iv) catalysts also containing silver

and rhenium and at least one iron, alﬁminum and cobalt as described in U. S. Patent

| 2% ]
L]

5,969,164. Examples of other suitable catalyst include palladium and rhenium on a carbon
support as described in UK Patent Publication No. 01543232 and U. S. Patent 4,659,686. Such
catalysts may be prepared by the techniques described in the listed patents as well as by the
techniqﬁes described in U. 8. Patents 5,473,086 and 5,698,749. These catalyst compositions
may also be further modified through the incbrporation of a metal or metals selected from

30 Groups IA, IIA or VIIL



- the catal yg

al so containing at |east one of rhenium nanganese or telluriumas
described in UK Patent 20 Publication No. 01551741, (ii) catalysts also
containing at |east one of silver and gold as descri bed dsFdirudsy 2805 ent
4,096, 156, (iii) catalysts also containing at |east one netal capable of
al | oyi ng W i g2hgsipobl e G oup VIII netal and at | east ongeptsdilaersum
tungsten or nol ybdenum as described in U S. Patent 5,149,680, and (ivV)
catal ysts al so containing silver and rheniumand at | east one iron,

2l umi num and cobaly A A8 SEHBEC B S ERRF HeAnTooR0 sHPAvq BiRAR S of

ot her suitable catatyst 1nc um a eni um on upport
as descri bexdnd rorpfisPapaiindiniBubipparaidi an chibon Gad 432 2 emondJhyBogdiati@ntzone

4,659, 686. Such catalysts ma e.prepared by the techni ques described in
the |isted CBQP%%@E%@%WV“%%HB&H&‘E% Spass eRony SGE Pederahiy S5 eomat en s
5,473, 086 aRdroerafish 2048 catd6ts Qortath alidifdnally BPRS: bhdBSiron]Bdbakt! @ abnimith t her
nodi fi ed through the incorporation of a netal or netals selected from 30

G oups I5A, The Aarbons\fbt se in Ghi@ ivErion (haveya BED AN DRk fh&SdrEn HIGE 14480026765 The
preferred catal ysts enployed in the instant invention for the first

hydr ogenat id8# prejesbly eohhd reegepd PGP 0rm Ja pPatplysts obthisdzpelsomndaseribel or Ut Sie
second hydigenafde@ggzone conprise palladium silver and rheni um supported
on carbon. Mre preferably such second hydrogenation zone catal ysts

cont ai n ‘addi t i on&l thy instant msgttion adir hydogmationodoat tndoanskeaddhividruganatibn Ihe

carbons for_use in.this invwention have a BET (define) suyrface areg of at

| east 200 r%ff/c&?nec{éﬂbu %PS%%\“&B‘?L‘&)‘Y@Q%?W%@HF 8??1_(?)‘8“%? caﬁ%ﬁﬁ' E@G%Pfg‘fﬁ%@ﬁ?tal ysts
of thi siot ypealgstemde 8€ tdeb@ledch zbhe. Fhe plRAbBhnt Feabdh B fshyldRBehdtidh 36He
invention a first hydrogenation zone and a second hydrogenation zone are

connect ed (- EBleiceRsidinFugcinn agig)dp sgeniacileoher bn predommanteactionsdn dheystrondThe
eact i on i FREnpionc e ThE MECRe TN BEuRE LabERERA" S s o BERTRC "
aci d) i s nemplofedinleacht dvenmai be prleettdnsonant optirsied ba theitethhidsl peFfordRéce and
hydr ogenat i omrsauczhc()nrr}(?m(nim.nlec.S Suce izrg)ing_ acid through to 1, 4-butanediol). As such,
15 The Process
The method for carrying out the process comprises reacting a maleic acid-containing
feedstock with a hydrogen-containing gas in the presence of a hydrogenation catalyst, and
recovering and purifying the reaction products by distillation. The reaction is conducted in the
liquid phase in two hydrogenation zones operated or connected in series.

20 In the practice of the instant invention, the two hydrogenation zones can be
combined into a single reactor system or each hydrogenation zone can comprise one or more
reactor systems. Typically, each hydrogenation zone comprises a single, fixed-bed reactor.
However, other conventional apparatus and techniques, such as agitated shurry reactors, which
can accommodate the temperature, pressure and contact times required for the instant process

25 for may be employed. Optionally, multiple-stage reactors may be employed in each
hydrogenation zone. The process may be operated in batch or continuous mode. The amount
of catalyst required in each hydrogenation zo;le wilt vary widely and is dependent upon a
number of factors, such as feactor size and design, contact time and the like.

Liquid maleic acid feedstock is fed to the top of the first zone. The maleic acid

30 feedstock is fed continuously at concentrations ranging from dilute solutions to near the

maximum solubility level. The feedstock may contain . 10 to . 60 weight percent
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enpl oyed in each zone may be selected, so as to optim ze both the technical
performance and production econom cs for each zone. 15 The Process The
met hod for carrying out the process conprises reacting a z®tétrGary 2005
acid-containing feedstock with a hydrogen-containing gas in the presence

of a hydroogigahhi®hes catal yst, and recovering and purifyi pgri:88.26R8Ct i on
products by distillation. The reaction is conducted in the |I|iquid phase in

two hydrogenati on zones operated or connected in series. 20 In the practice
of “the instant inyention, the t hydrogenatii on .zgnes can be conbined into
‘a single r@&@?“o?““i@%rt% e d@&%ﬁ?@?&%ﬁ'ﬁ%ﬁt%@h%&é%ﬁ%cﬁ PRETBOSE o e
reactor systd@omicallfopcarameitial Slibatioyeli@geerakddaiie 2O REs WABNH ir&H6le ar Sibge.€, |
fixed-bed reactaor. However, other conventional apparatus and techniques,
such as agiPrAtrakly dherscyrsprsolytiop sontgips ch  204A  ac c SHvSighE Rerqenentleipp@d tarur e

pressure arbq]eppy@}@]@;laﬁgl ch&myi red for the instant process 25 for may be
enpl oyed. Opti onal mul t1 pl €-stage reactors nay be enployed in each

hydr ogeriat i on zombe iiﬁregqmrm@wm iselsgpied aontihuowshhsa te Hist bdregenativas
node. The appunt. .of, catalyst required in. h hydraq {] zane Wl | vary
R Syl A Rtuch S foliied i A 3BT LR 200C el o o

w dely and™T's” de _
desi gn, comtadictioh € tienfdedsioek lintk @he fiisthyddogehatioh oae | Altéramilalyobk hivdodend t o

the top of the first. zope. The leic acid 30 feedstock is fed

cont i nuous MY at® éﬁiégﬁFBaF? o‘H"s EngTdRECRA M PP CE T80 SRTIBREOWY Kestcht he

Maxi num s ohyibddnktion! £l -TyPﬂﬁli} aR&l et d}‘%g%ga{ & clagsi&é?atﬁ% seéﬁhig kui2er cent
ot her

-7 28 February 2005 WO 02/ 8316 PCT/ USO1 mal eic acid (or

hydr ogelfat §ce tptlecethey gpgctanisith ensyee ditable hydresen eartiehpressues dffeéts fpr reaceions
economi cal f Bcegﬁ)%gigdagpd%p@]h&g_ations and preferred due to |l ess water to
referably

recycl e or dispose. the precursor solution contains 20 to 50
wei ght percent nhl tedirsichydirdgenationtzons naleilr sk inicaditd with as/dfoged Jo plodidae

hydr ogen- Cgl?c%%}cnaiw?cg %%e L;;Seci%l:aslgr, ];n%jjeiccaocri] lsnsldglgixselci%o taoﬁréthh?(dzoiggnsa%iog >z/c(xjnreoa 2nat 'on
temperature of 70°C to - 120°C and is then hydrogenated to succinic acid. The
15  reaction temperature in the first hydrogenation zone is controlled such that the efﬂuént from
the first hydrogenation zone does not exceed a temperature of 130°C, preferably 120°C.
More preferably, the temperatures of the feedstream comprising maleic acid and the first
hydrogenation zone are controlled such that the temperature of maleic acid in the feedstream
and the first hydrogenation zone ﬁoes not exceed - 100°C. Even lower feedstream and
20 reaction temperatures for the first hydrogenation zone are possible and preferred as long as
sufficient conversion of maleic acid to succinic acid is maintained. The first hydrogenation
zone is operated at a pressure of . 1000 psig to - 4,500 psig (approximately -
65 atmospheres to - 300 atmospheres), preferably 100 to 270 atmospheres, with
hydrogen to hydrogenatable precursor ratios (Ho/P) of between 5 to 1 and 1000 to 1 and
25 contact times of - 0.1 minutesto . .20 hours.

The effluent from the first hydrogenation zone, predominately succinic acid,
unreacted hydrogen and water (from -the maleic acid feedstock) is fed continuously to the
second hydrogenation zone, wherein the succinic acid reacts with hydrogen (passing through
one or more intermediates) to produce & reaction product composed predominantly of 1,4-

30  butanediol and optionally tetrahydrofuran and gamma-butyrolactone.
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zone. Typically, the hydrogen, is conbined with the maleic acid feedstock
prior to the introduction of the feedstock into the first hydrogenation
zone. Alternatively the hydrogen nmay be fed directly to Zgmedridrg2005

hydr ogenati on zone, or fed sinultaneously to each hydrogenation zone.

Typi cal |y, ﬂh%yﬁﬁﬂynt of hydrogen is in considerable stopefi;@BEiic 10
excess to the other reactants to ensure suitable hydrogen partial pressure
effects for reactions to proceed to desired end products. In the first

hydr ogenati on zope maleic acid s, reacted with hydrogen to produce
Stcei o o d. - MR PPl of tnd BRE S ragto Yo B omb Doty speepe
hydr ogenat hyaifogéaein abneat o Oip@ataiet or Sovd Qbort 23020 MoR WpicAly heeen -
hydr ogenated to succinic acid. The 15 reaction tenperature in the first

hydr ogenat FC2ne i $3%¢nt eatiizadded dp thervarction erodnet) fram ther firshpydpagenation st
hydr ogenat jpp .7 gﬁ@%}ﬁmaa%??&qc@o%geéﬂ};@gysﬁ of 136QG, P eh8habhoy 120C.

More preferably, the tenperatures o stream conprising maleic acid
and t hes5f i fossupphielr deremeaction mredvet drom dhntfirsl hpdtogemationt kate thahd enpadat ur e

of mal eic i in the f stream and the first .hydrogenati on. zone es not
oy coad 1ooadkebdlich Dnd AR ARG 1S tld & g UL ERRAS Aebl iSORRRO T o
first hydrogesat enezaneffaest o6 telecond beldppiats e 26mb as-bukddidici ent
conversion_ of maleig acid to succinic acid I's maintained. e first

hydr ogenat $957 RS diadepparee at 4 5fesQprraingrthe sepensionydeqegnation 2000 pri g
(appr oXi Meh&hikind 2n UFRRSPIGHRSak® o RAOuRkMOSPheERe) wﬂpﬁﬁéfg{eﬁtgahsw (ég%%oofzm

atnospheres, with hydrogen to hydrogenatabl e precursor r
bet weer0 5 1-&butapadipl 1pd Oninignize aed for@atianonf tetrehitdrofen.of AddiGordlly, the sedoms to 20

hours. Th f t rst dr ogenati on ne r edom el y.
succinic ghcylg &gb%ﬁﬁé ezf'gé?ggd °ﬂ§‘8‘:“’%gﬁ§nﬁ gﬁeaﬂ“v\%togr (f rb@ﬁtw«ﬁﬁ ﬁ%l eic 'ngéod p¥1g

f eedst ock) (apmofimdtelyont i né6ushosplicgest ve s egoMsimbdyheRge PRy ZONe,jowher ei n

t he succinic af]bd reacts w g ydr ogen_ ( passi ng throug{_h one or nore

i nt er medi at es) 8“%958]6‘?5‘&% pasndn hysireasniable Breprsscs grtiep ddnRi 9fdatwegn &f 1, 4-

30 but anediuql, Ao h AR chaadk Gle8 ¥ " OF Y134 BRE IR PHENE OhACLANS; 8 28
- February 2 :
15 from the second hydrogenation zone, predominately 1,4-butanediol, unreacted hydrogen and

water with minor quantities of tetrahydrofuran, gamma-butyrolactone and other by-products.
Unreacted hydrogen is separated and recycled to the first hydrogenation zone or
combined with the maleic acid feedstock. The 1,4-butanediol is recovered and purified by
fractional distillation. By-products which are formed in small amounts or unreacted feed, such
20 as succinic acid, are optionally returned to the hydrogenation stage, preferably the second
hydrogenation zone. Gamma-butyrolactone may also be recycled to the first and/or second
hydrogenation zones, preferably to the second hydrogenation zone. |
Using the process of this invention, more specifically using the hydrogenation

catalyst and operating parameters described hercin , maleic acid is converted virtually

18}
(%]

quantitatively in a simple reaction. The yields of 1,4-butanediol achieved are . 80 mole

percent or greater, typically 90 mole percent or greater. Significantly, the formation of

non-utilizable by-products is slight.
Examples
Severa) tests were conducted in a 200cc reactor containing 4%Pd/4%Ag/4%Re on
30  carbon catalyst. Aqueous maleic acid solutions (22 and 44 w/v%) and vaporous hydrogen

were fed to the reactors. Corrosion test rods of various metal compositions were placed inside

0.



WO 02/ 18316 PCTI USO01/ 26765 The reaction product of the first hydrogenation
zone is supplied to the second hydrogenation zone at a tenperature at or
above about 130C, nore typically between , 130C to 180C.28Hesdkuarg 26@led to
the reaction product fromthe first hydrogenation zone to safely raise
this reactigpopigeuct to a tenperature of .. 130C to 180fcPhtdferest O
supplying the reaction product fromthe first hydrogenation zone to the
second hydrogenation zone. The reaction tenperature in the second

hydr ogenat S; 0, n r t he
second hydlthg %gﬁggle%ér? %n %ﬁ@h{ Jebe?igslilarsls%ﬁfy %‘H@} t{l an 0? ke dz §;cr?15%eijcote)e g]

t enper at ur 8160f stAiflle¢s. steeh eTht deagork heres@emwd d yationg engyickadies r@n Vet thmeat ain
an effluent te | ess than_180C wi Ll preferentially produce 10

erature at
1, 4- but aneH’?EPgigﬁa HiTFACHP PIRYE! FOPRRERE, SuCSIIG é‘flfialg%%'fbﬂwgﬂgﬁ%ﬁd?ltdf%nal ly,
the second; hyeliAGBNAtH0R n%féﬁ%dt B RS finGidrafthe Ank) reeeéwe%feén&m%xgeh n
to. 4,500 psig (approximately . at rospheres to 300 at nospheres)
pr ef er abl ythegest go 70Aataﬁ®‘§§;hefe}§ teghi nofls hl}chdatgéimnt mel"ﬁymrdg@na(hbleeanml%cur sor
ratios (H2 nd contact ti 0.1
m nut es toé%aﬁﬁ%ﬁ@tr &lé uenfﬁ’?g’e?t ?Sggﬁﬂ%%edlsec%sho tt@ ‘SSg‘é%d;F’FTS%S‘%%ne
pr edom nat sinywith fie bmtcamghmil for thﬂteaaumsesdxﬂhgtdn"oﬁgﬁan ﬂjadest mﬂk esmpsirip ifidri) r
quantities_of tetrahydrofuran anma- bu cton nd, ot by- products.
Unr eact ed FoAPoGEReT s‘g?)tﬁfrlef’t ?B‘% Cuitomdd E’i:)%‘iq gﬁg L tot ?"Fﬁtfoéltor}ﬁg}‘di‘%ﬁ’éﬁ&topon
zone or cofipigeebdwy deteatcdahiiRbRésidh AFine tdsLRMS bQGHed WREN AndAwhiid ARG Rlds|
recovered and purified by fractional distillation. By-products whi ﬁ are
f or med 19 n WHAEKPOSPFOG MakeibAcid pirterapsravres ahoye such 20 148°Gs Ut wanfuetheroiotdd ar e
opt i onal | yhebHEN86kib e econ
hydr ogenat i on zong & Bpﬂbﬁ%ﬁ}%fygﬁyﬁg& aI so ifcrb{ecgcpc\yt'at(rj"nst lthsenchi rst
and/ or seceoxeekdingydr ogenat| h?O“lZdiIaesqrrqsibafoeM&hd:syrddemh&samenmdldwﬁté@genati on.
zone. Using the roc ss of this i ven noy € .Speci |caIJy usi_ng the
hydr ogenat i on oy unietrion ) dhal e, ?H’r’f@?’@?és aesterbepimitidebi the *Xaftal ei ¢
acid is converted VI rtually 25 quant| tatively in a sinplé€reaction.” The
~yields of 1,4-butanediol achieved are. 80 nole percent or greater,
typically 90 nole percent or greater. Significantly, the formation of




non-utilizable by-products is slight. Exanples Several tests were
conducted in a 200cc reactor containing 4%d/ 4%\g/ 4%e on 30 carbon

catal yst. Aqueous naleic acid solutions (22 and 44 w v% 2%Hebapgr2005
hydrogen were fed to the reactors. Corrosion test rods of various netal
conpositions were placed inside 28 February 2005 WO 02/ 18316 PCT/ US01/ 26765
the catal yst bed, including several Hastelloy alloys, titaniumgrade 7,
Zirconium 7202 and 316L stainless steel. The reactors were operated at

~various tenperatures to convert the feed nmaterials to a reaction product

conpri sing succinic acid, gamrma-butyrol actone and/or | ,4-butanediol. It
was noted that at higher tenperature runs, evidence of corrosion existed on
5 the testChd4S: an anal ysis of the test rods and data fromthe several
runs (for exanple, conpari ng the reaction tenperatures for the test runs
Wi th corrosion,on the_test v s test, runs with no corrosion, and
for the test rdnroges for s Ff?ﬁ"gr?‘ cpih opeaf SHIRRDUEERIAPE n &b Nt er nal

react or tejiipﬁécﬁdsllaﬂdate@mmmanc&npﬁs&gperature vs. bed height, to the location
of the corrosi I eveal ef% t hat corr.osi or]? on the test

rods occurred suP Wagv&lesm P)ﬁ'g OEPRANON $905 & 199N SORRUIRIBAGE 1pl ei ¢ aci d

at tenperatures a&mi/e 140C. It was further noted that when portions of
the catalyst b C . es,not exceedi ng
130C t hat COI‘I‘@%I I\g%lhg ﬁfﬁgﬁfg hﬁ&o%%é%\l}\%g&éEhgeﬁ]fléﬁgg?&a%#%ﬁh%t ed. It is to
be under st ood t hatydrogen M}ﬂe@t\ﬂﬂlm/@tﬁﬁﬁbwmpgsm@mﬂaéiumetdprodubead by the exact
28 February 2005 ﬂcﬁbﬁvﬁod&tcoﬁpﬁ %?ém % the production of at |east one of
gama- but yrol act one. 1, 4- butane and tetrahydrofuran conprising: (A)
suppl ying to a(®i SUBRLYIRg toraserendbydmeenagiomezone fheaerstionaspRusion e fisst ng naleic
acid. (B)' reactipgrogthatidiohd,r st hydrogenati on zone, the naleic acid

f eedst ock and ‘
(D) reacting in the second hydrogenation zone, the reaction product from the

first hydrogenation zone and hydrogen in contact with a catalyst
comprising palladium, to produce a product stream comprising at least
one of galmna-butyrolac;‘.one, 1,4-butanediol and tetrahydrofuran,
wherein the first and second hydrogenation zones are connected in series, and the
temperature of the feedstream comprising maleic acid and the temperature of the first
hydrogenation zone are controlled such that the temperature of maleic acid in the

feedstream and the first hydrogenatioﬁ zone does not exceed 130°C.

2 The process of claim 1, wherein the catalyst in the first hydrogenation zone

comprises palladium on a carbon support.

3. The process of claim 1 or claim 2, wherein the catalyst in the second

hydrogenation zone comprises patladium, thenium and silver on a carbon support,

4. The process of any preceding claim, wherein the temperature of the
feedstream comprising maleic acid and .the temperature of the first hydrogenation
zone are controlled such that the temperature of maleic acid in the feedstream and the

first hydrogenation zone does not exceed 120°C.
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hydrogen in contact with a catalyst conprising palladium to produce a
reacti on product conprising succinic acid, (C supplying to a second
hydrogenati on zone, the reaction product of the first hy28 befnatyiZ®d5zone,
(D) reacting in the second hydrogenation zone, the reaction product from
the first hydrogenation zone and hydrogen in contact with a catal yst
conprising palladium to produce a product stream conprising at |east one
of gammm- butyrol actone, 1, 4-butanedi-ol and tetrahydrof Iran, wherein the
first and second hydrogenati on zones are connected in series, and the
tenperature of the feedstream conprising naleic acid and the tenperature of
the first hydrogenation zone are controlled such that the tenperature of
mal ei ¢ acid i nThéwrocessad dmt of slaimsdriol 3¢ wherdfi thetempgrains gbtha fepdsiseaone does not

exceed 130GuyRuncl BRIR! Q5L RR B Ehftllihd of WaokS! Ayciditnafidl BhikShe [0 the fir st

hydr ogenat i oh zone n&nl ses pal ladium on a carbon support. 3. The process
of cl ai m |cogolied ail%ﬂzat 'éPB?rﬁ“fP 96 malgicaicipsin theyfepdsireagpndribe filfy dr ogenat i on

zone conpriyaRgerdfidd Ak i A thd AGRI7oM M el | ver on a carbon support. 4. The
process of ‘any preceding claim wherein the tenperature of the feedstream

conprising maleic acid and. the tenperature of the first hydrogenation
zone are c@ntr ahd ﬁdcessucfian)tdsratauﬁshaouamearxawfeﬁapaﬁm&m&fce@;&baﬁ]i n the

f eedst d.th doe d 120C. 11 28
oLy ™ Bateh S 5 B G S e RSt R e

t enper at ur@nidlied Ism:hfmdm femﬂmmremmﬂ‘l’aleﬁﬂ #iy inahefeedserednd amintle filse t enper at ure
of the fi rh§f£iroh¥1q{;(¥'?z§getioe§ %x%‘e%l%% control |l ed such that the tenperature

of maleic reamand the first hydrogenation zone is in
the range 70C to 120C. 6. The process of any of clains 1 to 3, wherein the

tenperaturg of 'I'I)@Ero{:e‘:s‘@gis Ll{yeﬁ'@edmg claim, wherein heat is added to the reaction

product from the first hydrogenation zone to raise the reaction product to a
temperature above 130°C prior to supplying the reaction product from the first

hydrogenation zone to the second hydrogenation zone.

8 The process of any of claims 1 to 7, wherein heat is added to the reaction
product from the first hydrogenation zone to raise the reaction product to a
temperature of 130°C to 180°C prior to supplying the reaction product from the first

hydrogenati_on zone to the second hydrogenation zone.

9. The process of any preceding claim, wherein the feedstream comprises maleic

acid and at least one other hydrogenatable precursor.
10.  The process of claim 9, wherein the hydrogenatable precursor is at least one of
maleic anhydride, succinic acid, succinic anhydride, succinate esters, maleate esters,

or gamma-butyrolactone.

I1.  The process of any preceding claim, wherein the ratio of hydrogen to maleic
acid supplied to the process is between 5 to 1 and 1000 to 1.

12.  The process of any preceding claim, wherein the operating pressure in each

hydrogenation Zone is independently between 65 and 300 atmospheres.
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conprising maleic acid and the tenperature of the first hydrogenation zone
are controlled such that the tenperature of maleic acid in the feedstream
and the first hydrogenati on zone does not exceed |00C 728 Hd¢iwugy@0ess of
any. preceding claim wherein heat is added to the reaction product from
the first hydrogenation zone to raise the reaction product to a
tenperature above 130C prior to supplying the reaction product fromthe
first hydrogenation zone to the second hydrogenation zone. 8. The process
of any of claims 1 to 7, wherein heat is added to the reaction product
fromthe first hydrogenation zone to raise the reaction product to a
tenperature of 130C to 180C prior to supplying the reaction product from
the first BhydFeypagss oy offdipo! {he, sbeendePerByorestron 9%he. 9. The
process Of hyaRyenREQCARM 8 thiskiieNy DeRREE100 b0 heRdsitleeam conpri ses nal ei ¢
acid and at | east one ot her hygrogenatable precursor. 10. The process of
claim9, wherein the hydrogenatable precursor is at |east one of malefic
anhydr i de, 143 uUC Thdipfocér€ | of, an$ pEeebdieC ciait) yslickeile theSeonbindine ivSdhelr S, nul eat e

esters, r .gamma- but yrol.actone.. 11. e.proc of any preceding claim
m;ere?n t d&ﬁ??@”ﬁ%“%@H@%ﬁ%ﬁmﬁﬁmﬁﬁﬁyggnmﬁgf3%§§B%F%edytg t he Lrgcesslis

between 5 to 1 and 1000 to 1. 12. The process of any preceding claim
wherein the operating pressure in each hydrogenation zone is independently
bet ween 65 and 300 atnospheres. 12 28 February 2005 13. The process of any
of claims | to 11, wherein the operating pressure in each hydrogenation
zone i s independently between 100 and 270 .at nospheres. 14. The process of
any preceding claim wherein the contact tinme in each hydrogenation zone

i s independently between 0.1 mnutes and 20 hours. . 13
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