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(54} Title: TWO-STAGE PROCESS FOR THE HYDROGENATION OF MALEIC ACID TO 1,4-BUTANEDIOL

“~. (57) Abstract: In the process for the conversion of maleic acid to gamma-butyrolactone. 1.4-butanediol and/or tetrahydrofuran, a
feedstream comprising maleic acid is hydrogenated in a first hydrogenation zone to produce a reaction product comprising succinic
acid and wnreacted hydrogen which is then supplied to a second hydrogenation zone, where succinic acid is converted to 1,4-ba-
tanediol, the temper atures of the feedstream comprising maleic acid and the first hydrogenation zone are controlied such that the
temperature of maleic acid in the feedstream and the first hydrogenation zone does not exceed about 130 °C, thereby minimizing the
corrosive effects of the maleic acid and prolonging reactor life and improving overall process economics.
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28 February 2005 WO 02/ 18316 PCT/ US01/ 26765 TWO STAGE PROCESS FOR THE
HYDROGENATI ON  OF MALEIC ACID TO 1, 4- BUTANEDI CL Back round of the Invention
Field of the Invention 5 This invention relates to an progesshriigfy 20bs
hydrogenati on of maleic acid to 1.4- butanediol and optionally

gamma- but y i) @glkgge and/ or tetrahydrofuran. In this pr Ocﬁﬁ%sol/%’}ﬁ 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 g i i uch that the
tenperature of nal e?%%#éﬁ%P?pgf%mmmﬁé%(g@ﬁﬁ@ﬁot exceed 130C.
Description of the Pri orORMALESC ACITEOIA-BUSANEDIONEr ci al commodity with
a plurality of uses. For exanple 1, 4-butanediol is used in the production
of pol ybutyl ene terepthal ate kg f ed nolded (RIM urethanes.
15 1t is well known that 1,4-butgprde mRyike obtained by the catalytic
hydr ogenation of naleic acid, malerc anhydride and simlar hydrogenatabl e
conpoudds. | n Buginvpriweeskies o anqpress feratheihydreéndtion of exhisit whidhydrdgen to

a reactor § ni i -hed t, e .| i on pr.oduct s

cont ai ni n‘d&%@ﬁ%@%‘ g%@@?%}lgf % eé r g‘?@%&%&%’?eaﬁndg%dmggh&%%&%ﬁ?yr%l act B> e

t hen r ecoverostnafigroptss equi@dernt Ye.g.dydmgedatomtcactordangd therQnternhR) Ranihimitdae
invention, relates.to.a.two reaction-zon chene for the production_ of

1, 4- but an%&’(ﬁl“.se of o hydwgonaliqy _Z‘f’?é@ﬁégy g’_“g?rd’eég%ﬂ“?%ﬂwtt?fép‘?’i%ﬁ SG8KdPlon of a
di -al kyl pafréendtion réactionidh@nRd ik tRARhRYARE of WeRKEIQS BRALQ5 2P 8Ses
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..ijBL&l Gade ich enploys a binetallic 25
(Ru and Re)-on-carbon cat al yst‘“asr‘fvpuvﬁgle'r‘ern"rﬁ'e—o R meffl uent of the first-stage
is cool ed const-Bereddio) ipa icomntercial Momadhdity ivdth 4 plumlitthef assorkbr ekagse, U. S.
Patent 5, f;g-%uggezgﬁotl §¢ %Qe%sinathe 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.



process for the hydrogenation of a maleic anhydride and/or nmaleic acid to

- 1,4-butanediol in a .two-stage process, operated sequentially, :
characterized by the use of a different hydrogenation cagefFastisyi20os he
each hydrogenating stage. U S Patent 5,073,650 teaches a two-step procedure
3 for the preparation of 1,4-butanediol by catalytically hydrogenating

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 catalyst. 28
February 2005 More specifically, the invention relates to the manner in
which a malefic acid feedstock is hydrogenated to 1, 4-butanedi ol and
optional |y ot ivere gpraticatlysthe soveasor elaps apihe ingnenth which aanildgeddiy feedaicri n sai d
reactions an ield ac rcj.ally viable process. To hydrogenate 28 o
Febr uary 1%%@310 259 14 g TR BReAi WSt ORsPBE e BodistH 29 o1 RRERI G ol , an
el evat ed dGERELAY bfaih Saill €ShelidrRUnd FRIa LOLAIRYGallyWishie HREGS! To Gy B0fnar3S4
teaches that maleic acid is advantageously hydrogenated to 1,4-butanedi ol

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

mal ei ¢ acid has been observed to be extrenely corrosive. Such conditions
shorten the expected life of process equipnent (e.g. hydrogenation
reactors, internals and their auxiliary conponents). unless specialized
metal | 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 nmj or inpact on process economcs 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 |lessens the corrosive effects of the maieic acid
f eedstock. Summ of the Invention The instant invention is a process for the
conversion of maleic acid to at |east one of |.4-butanediol,

t et rahydr of uran and gamma- butyrol actone (w thout specific reference to
their secondary by-products, e.g. n-butanol), wherein the process

conpri ses: :

la



(.) supplying to, a first hydrogenati on zone a feedstream conpri sing
.maleic acid, reacting in the first hydrogenation zone, the naleic acid
feedstock and hydrogen in contact with a catalyst conprigg pgbrRadylZadsum to
produce a reaction product conprising succinic acid, supplying to a second
hydr ogenat iwo oz@3& the reaction product of the first hypgfpgragkt on zone,
reacting in the second hydrogenation zone, the reaction product fromthe
first hydrogenation zone and hydrogen in contact with a catal yst

conpri si Ngmfaik lagid itd! M4-buktPeMBI0 il €8 vAedEQFUHRreSE FeRBiRE OFGHk&hflE 125, PRASt One
of gamma-butyrol actone, 1, 4-butanediol and tetrahydrofuran and wherein the

first and &e¥Bord4 Hspghesgdpalpisis acih és adveatagegniie dydiweenateseioj bé-butaprdiod (e

t enper at ur o i $ ' ' t - rature
of The. 1 SrPraleb Seh R Th-EAMa RN Holh e tEborlts, il SEBLEL 1 S
of mal ei c lmen dbsetved tocbefeatreiatly eartdasiven Quihhwenditioist shtwyalr the) expattediife s6p@cessloes

not exceed 130C, {hereﬁé mnimzing the cor rgs' ve ef.hect s of thg | efic
acid and PFBMSAieG WAPEFAFED Jracior. Prgre2d doUT Ardhey (@mponests S‘H.E—fébruary
2005 the hypeiiggedkialigl @AEEi06theRestlylrBatériilsiTRBhstruatish bl ¥éeld] & MthepHRaNeNt s) .

thereby inproving the overall process econom cs. |n another enbodi nent,
the instanto% B¢enPPdkenes of Prondeis ackols addessssd duibs rommeiciah plapbn desigone of
1, 4- but aneg} t of u a rplagt M t ific
ef ernce TG R CRRKLGL SRTn TRl Reo PG bl . pRERE

cat al yst iatondmdcst pf gt mplyidr asige aat! idehutanzdiole cleorigl ided aod| heach itsncommarcizhr bon
support. IJhgﬁ{further enbodi nent of the invention the catalyst in the
second hydrogéﬁation zone conprises palladium rheniumand silver on a
carbon support A lgoalasbditee inseab adienfont isof rbdteor P&yaRAS SorEputien iAY aRidien t he
tenperature of the eei_j‘% ream conprising maleic acid and the tenperature
of the fi rtgrflpqgwéﬁg@&%w ﬁleﬁ;ﬁ%t crrosive effects of the maleic acid feedstock.

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.

2



controlled such that the tenperature of maleic acid in the feedstreamand
the first hydrogenation zone does not exceed 120C. In yet another

enbodi nent of the process of the invention the tenperat&Fabruarig@005
feedstream conprising maleic acid and the tenperature of the first

hydr ogenati on zone are control |l ed such that the tenperature of maleic acid
in the feedstreamand the first hydrogenation zone is in the range 70C to
120C. In another enbodi ment of the instant invention, heat is added to the
reaction product fromthe first hydrogenation zone to raise the
tenperature. of the reaction product of the -first hydrogenation zone to a
t enper at ur e dbdrugendidDCedotor afd iis (e biddndi angjlidrir eompadis).oheretpriogweing tile t he '
second hydrogenati on zone. Detailed Description of the Invention The

i nstant i nQETR RS Yo P ocess for the hydrogenation. of maleic acid to at

| east one . of I adbtiier trabeKkthet, the iiahidbyeaiad ib b plocanfbr (ha Pradudiioh Wf fllast one.
Typically, this reaction is conducted in, a %'!Fn | e h%dro epati on reactor

system HofRaRfrL4-Rpanediol frirahydiofiran and ieamma-byfolpcdpe,iBayt sReCHiC igEpts on

t enper at ur @Sheisdeinidry Gﬁgiodﬁc%[ ¢ D RiIbRAnAIF whdrsih Rle@athiPst iLBE GRY SydeRpsdiba/ct ed of
conventional (i.e,, carpon steel) materjals. Wile not intending to be
bound by t FRESeOMpriscs raligdinm anaeartoR, sypppth e Inafurther epppodimepipfdhedinventipnghe ¢

. 1, 4- but aneddilgt ipheGeREs hidisRhigbn abnel @asptises WallddRb@ iiRRimAiRISsilRer §oh | ows: -3
28 Febr uarf\’/ l?005 02/ 18316 PCT/ USO1/ 26765 maleic acid succinic acid
gama- but yFOTESEBRE 1, 4- but anedi ol HO2CCH2CH2CD2H 1+2 H2 co -2 ft 1[ +2
H2 In 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 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-



HOCH2CH2CH2CH2CH Q t etrahydrof uran Wt hout further el aboration,
gama- but yr ol actone, 1, 4-butanedi ol and tetrahydrofuran are reaction
products and by the addition/subtraction of hydrogen and/2s Fsmtaty 2008
product is 5 converted to another. Further, by adjusting the operating

par anmet ers ¥h obiugise€cond hydrogenati on zone, the producﬁcﬁﬁgggﬁggy be
altered to produce varying ratios of |[|.4-butanediol, tetrahydrofuran and
gama- but yrol actone. 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 exceedi ng approxi mately 140C.
It has also known (i) that the hydrogenation of maleic acid to succinic
acid proceeds at acceptable rateshat | dder tenperatures than required for
the hydrogenation pficistggi nic acid) 4-but anedi ol , and (ii) that
succinic acid is nuch less corfdeive t mal efic acid at such el evated
tenperatures. These itens coupled W tthghe desire to mnimze the corrosive
effects of the maleic 15 acid has |1¢d To the discovery that the conversion
of maleic acid to 1, 4-butanediiol is Mfore beneficially conducted in two,
separately di sti nétcqiigadid on §%§ Hes, wherein the first stage is
operated at a tenperature bel ow 130C; preferably bel ow 120C, to convert
the maleic acid to succinic acid and t he tenperature of the second
stage is -4 28 February 2005 WO 02/ {8316 PCT/ US01/ 26765 operated at a
tenperature above 130C to convert the succinic acid to at | east one of
ganmma- but yr ol aginonebutizothctoré anedi ol d tetrahydrofuran.  More specifically.
maleic acid is supplied to a first™NgydrQ@genati on zone at a tenperature of
. 70Cto ' 120C and is then hydrogenated to succinic acid. The reaction
tenperature in the first hydrogeg?}% +é e 5is controlled such that the
effluent fromthe first hydrogend z does not exceed a tenperature
of 130C. Preferably, inlet and react tenperagﬂiff are controlled in the

1,4-butanediol HOCHCH,CHCH,OH 2=,

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
- :



first hydrogenati on zone such that the maleic acid does not exceed - 120C,
nore preferably such that the maleic acid does not exceed 100C. The
succinic acid fromthe first hydrogenation zone is then 28fdteohry @00he
second hydrogenation zone at a tenperature of 130C 10 to 180C, (heat is
added to thygoshgsgam 1 f necessary) where it is hydrogenggfgsdiieishe second
hydr ogenation zone to at |east one of gamma-butyrol actone, 1, 4-butanedi ol
and tetrahydrofuran. Since maleic acid is not present in a reactor at

el evated tIELAL U EfplhifAbYe 1O TREEILS A A 20RE ARCAPRYE) oneldpe
corrosive ects of PR el 8 e aci 0 aré signiticantly mnim zed, fhereby
pr ol ongi nggdriea-butfelaotont, Hed-bitatedigb el tepdhyt@acior Koje spacifieally. thalelnt dogl is

af fected process equi nt and inproving the oyeral] Jprocess ononj cs
(capital, m@B% dPﬁrﬁﬂgﬁ'“’ PR, é%aéﬁgW%ﬁmﬁﬁgactah?gtoln tH§86$ dds of
the i nst aniheh BYRGIhRBd 10TALSHE ad8] Thé FealtRAGLBS Mk in fieTFAT9SRBerROST Anki NY
gas in the presence of the catalyst. OQher hydrogenatabl e precursors may be

20 conbf neld spptrelledachrghagithe afdivent iz sheofilst hpdrogapatiargerngt st @opexceett sor ™ i s
any car boxyl.i l«d or de) ' C] r ..l actone
oY 2Ok BENC o AR SEk5 B GRSy P il o B
ganmma- but yfit pdrogesatiob, Zoneumalnaieht ake amtkid etid aloydimof encasi = Repre¥®Rnhati ve

hydr ogenat abl e. precursors include: nal eic ide, fumari.c acig, .succinic
ey e do. DElsLfr ek BEPHS malhic 36 Bu e UL LR wectiR ol 6 e P4
succi nat eshyfdeoggnatidh BBtielly ther Fouted €6 the 8écdhd hyRbRAMBNOEHEH S téikifehut@s of W€, to
Ca di al kyl nmal eates (e. di ret hyl nal eate), gamma-butyrol actone or

m xt ur é& t Rer eof | 882C. (Beag inedded #p thisygirean if Ziegegsanp ovhereot i hydiegenatedinethe t o
t he proces e | Sl =Y ' a CuULSsors,
p Scdifd Q)écﬁw filot! ke B! & st A5k ?ué’ %Wgﬁ&gﬁé} f@.mg fof

wat er or ot her able solvents. I's’typrcal Ty obtained
by reacti ngtrahybwfiere Sincehpaigie agd ismoaprese@Oincraypaptor-ac elavatddriempergtass (ideallhe

presence of a,catal,yst (typical I xed, axi de of vanadi.ym and .
phosphor us%o %18%‘)??1 %‘{‘;e' in the &é‘%&aﬁﬂgﬁg@'&l?‘ﬁe&ﬁ?mﬁ LS gf H’Eé‘?f’zleéﬁ%p“f el ei c
anhydr i de, sigiificanfly eiinitdel ebéreROprolva g e Kfe B Mediyidetgehtiion riioRE) adangh to

produce mal efic_acid in an aqueous, -5 )
15 other atfected process equipment and improving the overall process economics (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



28 February 2005 WO 02/18316 PCT/ US01/ 26765 sol ution. The nmalefic acid
concentrations of such solutions is in the range of 10 to 60 percent by
vol une. The oxi dation of n-butane or benzene is typical |l y28penradrg@085 a
tenperature of 300C to 600C and a pressure of 0.5 to 20 atnospheres (50 to

2000 kPa). wohashéy. the hydrogen-containing gas i s compefgtdhbispure
hydrogen with no 5 diluent  gases. However, the hydrogen containing gas in

addition to hydrogen (H2) may also contain nitrogen (NZ), any gaseous

hydrocar bo Soutich: The HRiARG (ﬁ)lnge)%ltrgg§r& OEI‘ é:? @élﬁ@c#% i gxi tg% %Pg%‘.c'f l%até 188 gyer(:gn't 9.

car bon nonoxi de and carbon era loretri ¢ excess of
hydr ogen ( by @olumer dhh peidatipenoftihibuiancery thenzede fsoypitdlly apergpddett @ teaperaniodn of

the mal eic acig. .t 4- but anediol ). is |l oyed in the pr to ensure
reaction conpl gqoeﬁéoséooa(ﬁan ?}Efeﬁsﬁref%g t en‘gg?%?%’@"‘??gﬂﬁ @IO.“’ %@ﬁ%&h y, the
hydrogen is conmbTyealiy the HydgoRtbaitiniag ighs i esahachlip puly hyd®seh NipdyCt i on
to the first-hydrogenation zone. The reaction product and unreacted

hydr ogep  Fiduephgasess dépvicyen fie hydroaenicamipiningyeas ar pdsitiongn dydmpeneiaamay elsg, t he
hydr ogen may be ation zone, or fed the

si mul t aneoG&T3P P%%geé[‘g(ﬁﬁ%t@% éﬁg‘gl’%tlﬁty gﬁC%%EF(e'ggéfaggas weil ayRascous afigestad

enpl oyed i 1N ' tion at useful.for.the
hydr ogenat %%ﬁgge'ghg%gﬁ Iélbgéé(? gtmg Cf,?g Afﬁbu a%eg'di%+f¥$§]§;b? gél)lmlhilo,megr KexEar ﬁf yst
conpr.i ses bhydnegsh éi.e. metediyduizerGhan pequirdd foofhe ichmplerdopdirsionl aitthemaleicacidad from

the gro nsi sti ng.of | east, one of al | adi um ruthenium rhaqdium
i ?g’b“%{’%{h‘ﬂp Al S’i“f’t‘?ﬁ?%f s B‘°F?§&|tﬁg°é‘S‘H? )‘é%HF%I°§§‘P£318£é:§F <gd c%‘ill!tlgi ni ng

osmum iri’diu

at | east ormpabhtufdw@AtrelMTyHEAFAME hedBEentiStdnbincd MidshORaRl LR JedattodioRat ent
20 Publicati.on No, 01551741, (ii) catalysts also containing at |east one of

si | ver and®dersugtion toydhedirsthwdrogenation mnepbe reactipn@osingsad unerétyd kyalregey st s
al so cont ajsRng: WY a Loying Wi th t nopl e
G oup VI Smet a?ﬁgrﬁ%ﬁgﬁdgggﬁog%%g&o ?‘hglﬁ%ﬂ%{vepgﬁayeﬁgﬂ oY rmay%l tg%ﬁ‘éeﬁ i as
descri bed forthefirstdydiogenation FngAf f6B0¢ siambangbns)y to @hakl hygitogeriswzament ai ni ng

silver and rhenium and at. | east one e;r“gngt al um num and cobalt as descri bed
~in U S Patent 25 5,969, 164. Exanpl e 25¥ ot her sui tabl e catal yst include

pal | adium and r [Ehei camlyets emgiayddoin 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



‘hydrogenat i on 290E R icag%an%%@g}egg* HROL %%@{bn%anﬂ@ ﬁf&ﬁgﬂqrg%hat}ogg

support as described in UK Patent Publication No. 01543232 and U. S. Patent
4,659, 686. Such catalysts may be prepared by the techni ques described in
the listed patents as well as by the techniques descri bes Febrlhry 300%at ent s
5,473,086 and 5, 698, 749. These catal yst conmpositions may also be further
nodi fi ed t hyeughsshibe | ncorporation of a netal or netal s gehgsdiggsir om 30
Goups IA [1Aor VIII. -6 28 February 2005 WD 02/15316 PCT/ USO1/ 26765 The
preferred catal ysts enployed in the instant invention for the first

second hydrogenati oh zone um “silver and um support ed

on car bon. zbiwr eompprét epailbdiyms siphoredcan darbbry dnd fendliel sxromb hedrogenations tene
contain additional .at lLeast ope.of iron,, cobalt d al ymnum 5 Th
carbons f orco’ﬁ?g’éseimh%/qﬁ‘fjg’ NG W*%@@P&“@&eﬂ ‘(%&’Pi ﬂ@?reé’fg‘l?régé sugheseeqpd o

| east 200 gb@genatdttzank @hRKab byntae aliditiédaBy heREE o oDP8L LSRR A8/ /athimifab al ysSt s
of this type are described in U S. Patent 5.149,680. In the instant

i nventi on &hkicabbnshfgdusege thds inventivoheveamBER (Sefimensirfaytdiregefmtidasi2ante, ar e
connected in_series and each hydrogenatjon zone contains a catal yst. The
sane or di fapdpisfrrablyiey ip sheapyactod 5%35(19911 g cfatplyste atthisAvpeere diseribsd efUn$.nant
reaction i mp.t.hes {dorggh. hydrogenation zone (i.e. maleic acid to succinic
acid) is nore facile then the predoninant reactions in the second

hydr ogenat i on zofeth¢ instant mwentioni dird by diogdneibangiont endls dectmd lvdegdewitipn zAR such,
the catalysts enployed in.ea one may be selected, sq.as to optim ze
both the t ATTAPERIE BLFRe TR ifipReP o e pORFBCHBIEE e Sre e aple. 15
The Prowes satdsts iy BOGsell O edeh 606l Mhe PredohMENtRERESSH: (ROMR! hyARTehRBE bbdRY 2
mal ei ¢ aci d-containing feedstock with a hydrogen-containing gas in the

presence ofl-&Marif AR AB¢HHC aeid)dp rore fagiledher e predemingntapastipnsrin fhe segondhe

phase in tag pEaR At L SEhE o MR AT LB BT U SEE, IS0 e
practi ce ofmplged instdwrone map be bedeteds sveastiovoptinyicds bk tietiedhficaigpEsmea: 4
production economics for each zone. '
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

-7



conbined into a single reactor system or each hydrogenati on zone can
conprise one or nore reactor systens. Typically, each hydrogenation zone
conprises a single, fixed-bed reactor. However, other comvesdrishabos
apparatus and techni ques, such as agitated slurry reactors; whic can

acconmodat ewlghgnégeperature, pressure and contact tinmes pefgkdiBgheior the
i nstant process 25 for may be enployed. Optionally, nultiple-stage reactors
may be enpl oyed in each hydrogenation zone. The process nay be operated in

““bat ch i +Eh t of t ired i h
yar ogenat PO ALt pe P ERele Presniron SHHE b bt Elisben S ERBchos

factors, suedhomscal foachminesial epphtdiodeaiddnefed@niunaed lebd Wierad dedyble of dilggdse.Li qui d
mal ei ¢ acid feedstock is fed to the top of the first zone. The maleic acid
30 feedst odkEfFradly Hhe PEGSHISPTIRGHIOR foing oncetftiPat i 0AQ WEgHIGReERG IS AR a¢ifl (Rre

sol utions ftugeRAogehfabldEXbuRsm. sol ubility level. The feedstock may contain
10 to 60 wei ght %grcent -7 28 'February 2005 WO 02/18316 PCT/ US01126765

mal ei ¢ dci d (or &hhaydmgareogtainiteaisels misecizd sontinugidhh ta the fiisy hedrogenation

concentrati_ons i-n re conom cal. for .co rgi.al_.applicatians_and
et ea 8t dFpld Heny GRRRE SRk § Wi TS BBl ER RPE " e
precur sor smiodidtion of drt fedstock Gntb @hSfrsiBydybtendtioh cond. AhbaiteeBCthél hidrbgenot her
hydr ogenat abl e, precursor). 5 The hydyogen-containing gas is also fed
cont i nuousfP't tfﬁgéfrfs t b g'-ﬁ%né’f‘{'?ﬁ%nat?ﬁn@mfr pi fEhiFulapeslyy Br 688n, i s

conmbi ned Wi drodeRtidiBReC Bpicdilf, 888 afoslt d?rﬂyﬁlrog%lpist #Aondiddind %fchfagxeﬁ’ifc the
feedstock into the fjrst hydrogenation zoné. ternatively the hydrogen
may be Wed egersde tthe/othes reastantsi tp snsurs shitable hydrogen pagigbpressurefeffdcts farutactomsous| y

to each hy, rg&g@%tdegpedzegﬂ%rof§&gi cally, the anount of hydrogen is in

consi derabl e stoi chionetri excess to the other reactants to ensure
sui tabl e hydr ogeh tharfirstahydpogession ezosd frakicsadidis feaaed neth shydioperp k0 gR6ket O
desired end rodug%s In the fjrst hydr_[ﬁgenati n zone maleic acid is

react ed wi CHARFRSY MO e malsifoaaidy fssupplied to giite hygrogrmatiempeng at gal ei ¢
acid is supmlpeRtlnd of a i ngdc Ry dr ogemat iem isztﬁaghﬁrr%g%nat&?{m&%é}mra‘éideThZOC to
e .

120C and i s then hydrogenated to succinic acid.

' 15 reaction temperature in the first hydrogenation zone is controlled such that the effluent 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.

-8-



15 reaction tenperature in the first hydrogenation zone is controlled such
that the effluent from the first hydrogenati on zone does not exceed a
tenperature of 130C, preferably 120C. Mre preferably, tdserdmuaeradsres of
the feedstream conprising nmaleic acid and the first hydrogenation zone are
controlled t the tenperature of maleic acid in.t eam and
the first H@g?%ggﬂgtlon zone does not exceed 100C. . Evenp d&gﬁgféidstrean1
and 20 reaction tenperatures for the first hydrogenation zone are possible

acid 1S i ntal Bt FRERAPRIS AT AR Gk AR Ot EoreC R obpicty tt s csour e

of . 1000 pgirpehdtioft zbR at Rl telipdrataRr 0%t Hivhe Iawmﬁﬁst&tmm?ﬁ@ﬂlyt erweed 00
at nospheres), preferabl 100 to 270 atnospheres, with drogen to

hydr ogenat B8 ®r ecurl §iC- rEﬁatd%aqqqé/t@}hedﬁa%@m@ﬁcts&q%ﬂf Bigd )@mmnat@nl and
25 cont act ;dnl iR} ralse(ané-reactf&l%wdﬁ& tEQte%QaeﬂtﬂHéﬁf Thg ag‘fé Jouent Ifséﬂ

first hydrogenati on zone, predom natel succl ni c aci unr eact ydr ogen
and wat &r f sunpiyitge ﬂmlreactxoracpr@ﬂubbédm dhfk)ﬁrsts hfdrogenativini moreudd \the cetoné

second hyd nati on zong ei n ﬁe su reacts with h ogen
(passi ng té?%go%gﬁatu oﬁ%neor mtr)ea onntte%'Per e)s“’%"a‘dS‘V%‘a% %{1%"83&‘%08‘1‘331% foduct
conposed psuehl et ﬂﬁnédc;or@ﬂl&nﬂfrmﬁﬂmemat@ﬂeﬂmgmﬁﬁ&a 2k |c@xﬁi§1|1§1 1 8bh@bagel) of ur an
and gamma- butyrol actone. -8 28 February 2005 WO 02/18316 P /'US01/ 26765 The
reaction piOHAtexETedaHempsTate fy dr odé?‘l&t i Gperatingdhg secandyidroggnation gere 8econd
hydr ogenat hgfag08e Hiucdt (tERReHaE Wi Cletd abov cally
between , 130C to 181(1)Ct Heat is gdge ﬂﬁ% t he ?g@?ﬁ%}ﬁ%&ﬁmﬁ@& rg%ﬁ%h
first- AYydrbibaeanddin andoninimige dbef &mpaticni ok tatrligireferan.t | dddiponatiyicthe tsecoad
t enper at ur prior 5 to pply t he reacti r aduct
fromthe flls(flslge%auaer%%g%é ﬁgrgtggnag & The ggcond i@gdﬁ’ oehat i ongg%OEQSIgThe
reaction t(apmanmamlye in. whempl&lﬂd; tyy dr oge0@étmeEpheREE pleferabnt r-ol 1190 osuch

that the react ef f | uent t he second hydrogenation zone conpri sing
1, 4- but anedi 0]2%& phezgs, E{!@Eg ogenda hyrkessngipkle precurspy eatiopdda/B) 9fhgtwepe 5 second

hydr ogenat ,qn, 503010, 0Bk hndD of | UGk SIPEY 21U 5y L.l o35, LaD, 180C

- will preferenti y pro
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 catalysp Agueous 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.



10 1, 4-butanediol and mnimze the formation of tetrahydrofuran.

Addi tionally, the second hydrogenation zone is operated at a pressure of
1000 psig to.4,500 psig (approximately . . 65 at nospher e28Rebd@y 2005

at nospheres) preferablyl00 to 270 atnospheres, with hydrogen to

hydr ogenat agl@pdsgcur sor ratios (H2/P) of between 5 to dc-ppeh1ABR9 to | and
contact tinmes of. 0.1 mnutes to 20 hours. The effluent 15 fromthe second
hydr ogenati on zone, predom nately 1, 4-butanedi ol, unreacted hydrogen and
wat er wi't hgmi ntjti I r . - : c e _gnd

ot her by- p?l? l%@ [yggb@uﬁcyg@esg&?%@?%%%? iafs?éyg’epar gg‘ :%g%n?l%ﬁécég%ﬁle%@om? he
first hydragdnadinless steheTh reaaerd westopatatdd dt Rariom tafipeeanaed © doredsthodded The

|, 4-but anediol. is recovered a(rd purified by, _fra.gti onal distillation.

By- pr oduct BeRHME HO a7 daCBPhEUOqURt SARIPTSIENSHAGIN a7y spmebaTalarieone Wl 20
as succi ni ¢4a6taHedid! 9 WRoRAMA: Yt Hilled iAfRrahRe LS LMESRIE BRI 3IsREBn
preferably the second hydrogenati on zone. Ganma-butyrol actone nay al so be
recycl edl t&ettpsd rpdsy sin gmelyss of heolsel rofly dnd dwsm diomo the zasvessl, rups éfoe exdsiple.t o t he
second hyd 2950 i Usj Of this |nvention, nore
speci fical Fy us?%gig?ﬁé{?%?g?%%éetﬁ%f %gh&%sgﬁ%?%tﬁc%no logﬁ’ggkéiﬁeéﬁéo%gfrﬁﬁsetfsér S
descri bed fves with np coredsivincanddodhe &storamveitli @arosion b ehleliast rodb carhigifing irdrhatel y i n
a sinple reaction. The yields, of 1,4-butapedi ol achjeved are. 80 nole
percent or™ &%"atF ?fa‘ilgfpﬁf%‘éﬂ lretheWB’Feevi)éF‘ggﬁghto‘P ’é? k’&‘?‘@n. O%iﬂ‘eg?ﬁqqs’@&ﬁ?l Y,

t he for mat heRespfodsyv@ealéldi thdt 28RbFonbofr ME RLUFIIS obctirrsd WHEY andENRAP R Sest REAET A
tests were conducted in _a 200cc reactor containing 4%°d/ 4%A\g/ 4%=e on 30

car bon & at ¥ §XPOsgtigEmlpic ad &itempesateresdiione | ons (22 dARFCA4t was/Bithermdted

vapor ous e r i ON.: ads of various
rotal compag frar potiBCor S il fed 365, Blabcd W BAS ORI, B oAyl not® O
PCT/ US01/ 2&&6Ringhe cat al ysi300€dhat cormisiodion thetesy midaivat-asdraibllostingibhey s,
titaniumgrade 7, .Zjrconium 720 nd ,316L stainless steel, The reactors
were operated at''Va |l?)eu§“dt?§'[?ﬁért§ﬁt3¥’ee§“hieét ESFRAP S PRfctorReclimitsdnbie fheapiactt o a
reaction product conprising succinic acid, ganma-butyrol actone and/ or™ |

_ ,4-butanediol. It was noted that at higher tenperature runs, evidence of
corrosion existed on '




5 the test rods. An analysis of the test rods and data fromthe several
runs (for exanple, conparing the reaction tenperatures for the test runs
with corrosion on the test rods versus test runs w th no2&Bebraaty@epsand
for the test runs with corrosion on the test rods conparing internal

reactor tenperature plots, i.e. tenperature vs. bed height, to the |ocation
of the corrosion on the test rods) revealed that corrosion on the test
rods occurred when and where the test rods 10 were exposed to naleic acid

~at tenperatures above, 140C. It was further noted that when portions of

the catal yst bed were exposed to maleic acid at tenperatures not exceeding
130C that corrosion on the test rods was essentially, elimnated. It is to
be under stPod™M¥at t he subj ect invention is not to be limted by the exact
28 February 2005 CLAIMS: 1. A process for the production of at |east one of

gamma- but yyr ol act one. 1, 4- butanedi ol and tefrahydrofuyran conprising: (A
suppl yi ng to a“fFPEes ﬁ’f/g}f"d’é‘é‘{‘fg{"ﬂd’ﬁaﬂ?f‘ﬁé oge p roubmelacer itdi ng mal ei ¢

aci d. ( B) 'butaatidtiandteirshylidofarahicoipristigdr ogenati on zone, the naleic acid
f eedst ock and dr n.in.contact wth a catalyst conprising palladium to
produce a rea ‘{;Y%l qgi?’%&ou%{img%?%e%a:{}n%mélﬁég?eﬁ?% &gre m@ﬂgpl ying to a

second hydrogenatacsh zone, the reaction product of the first hydrogenation

zone, (D) reacly LN, t at.i A eaction product
fromthe firafrouilBe 358 icattalen9EhEeIAP R etk SBF, 1 °0 BLral vt
conpri si ng pal | adivdregen in qontad (vdd acapalystespiprising pallmigonterpredupga at | east  one

of gamma- but yr ol agi88eproductolphidflidlidlic @Rd tetrahydrof Iran, wherein the
first and second hydrogenation zones are c¢onnected in series, and the

t enper at ur e of (@HwPRlEEY orasessnd bysmeenatphepneriliearactionoirefiugtad theifiest t enper at ure of
the first hydro bfiforZene are controlled such that the tenperature of

mal eic acid in_the feedstreamand the first hydrogenati on zone does not
exceed 130C (D) reacting in the second hydrogenation zone, the réaction 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.

11



2. The process of claim1, wherein the catalyst in the first hydrogenation
zone conprises palladiumon a carbon support. 3. The process of claiml or
claim 2, wherein the catalyst in the second hydrogenati 028 Eebreary@9pbi ses
pal | adi um rhenium and silver on a carbon support. 4. The process of any
preceding claim wherein the tenperature of the feedstreamconprising
mal eic acid and. the tenperature of the first hydrogenation zone are
controlled such that the tenperature of nmaleic acid in the feedstream and
the first hydrogenation zone does not exceed 120C. 11 28 February 2005 5.
The process of any of clains | to 3, wherein the tenperature of the
feedstream conprising naleic acid and the tenperature of the first

hydr ogenatd-on Zbgwowsseot amorficlamisl ldd 3swherein thetempésetune efibe fedstreas of nal ei ¢ aci d

in the feedshhgimand Ach}ﬁartd ﬁl?ttemﬂé}ﬁqﬁQQF'ﬂi%tﬁr&nhmgnah& Lihetdhe range 70C to

120C. 6. The process of clains wherein t he terrper ature of
t he feedstqoe%ﬁﬂedé@fﬁﬁhqtéhmmnw@r%@fa@letf Q&H’d“t%"@@ﬁ’ﬁ?é’r M thefist the first

hydr ogenat fyamgaiish Bhdis ilRvangel7bedo $20c0. that the tenperature of maleic acid
in the feedstreamand the first hydrogenation zone does not exceed |00C.

7. The process of any preceding claim wherein heat is added to the
reaction (pl’Odﬂ'ﬁéprf)tt’eﬁbr'ﬁfTaﬁ}eoffciaﬁﬁstltthﬂMieﬂﬂeritﬁfé&flh@fd’edﬂr&mthe reaction

product to a at ur ve 130C priqr to | yi the reaction

pr oduct frcc?Fﬂpf'Wég “[ekct ac“ﬁ?%f § SRR ?t?\*@ %‘-’8‘ Eﬁ‘%g'}é/“ yili¥ ogenat i on
zone. 8. Tdmatrq:lled)sﬁ&sthanfthemmpﬂimreIoamlclacicbinﬁhe ﬂdaﬁtrednnmhletat firss added to the
reaction h%%%%ﬁ% onl Oepl%t% c%[%dgg;%edrogenati on zone to raise the reaction

product to~a era ure o 0 180C prior to supplying the reaction
product fromthe f| rst hydrogenation zone to the second hydrogenati on

zone. 9. The p&ﬂ&&%ées%f ﬁg'yere@ﬁi%m wileRinRea N‘ﬁ%gﬁéd”tottﬁkere%c%‘é‘ﬁ“ ream
COI’TpI’I ses maleic "acid st one Ot rogenat abl e precursor.
product from the first hydrogenation zone to raise the reactlon 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.

12



10. The process of claim9, wherein the hydrogenatabl e precursor is at

| east one of malefic anhydride, succinic acid, succinic anhydride,
succinate esters, maleate esters, or ganmma-butyrol act one28 Hehrudi@09% ocess
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 at nbspheres. 12 28 February 2005

13. The process of any of clainms | to 11, wherein the operating pressure in -

each hydrogenation zone is independently between 100 and 270 atnpspheres.

14. The process of any preceding clalg% wherein the contact tinme in each
hydr ogenat i3en Femprosess ofraepleiiint fo/1 1y @ngieia thepparatipg MRsEEe W20 hours. . 13

hydrogenation zone is independently between 100 and 270 atmospheres.

14. The process of any preceding claim, wherein the contact time in each

hydrogenation zone is independently between 0.1 minutes and 20 hours. .
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