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OF MALEIC ACI D TO 1, 4- BUTANEDI OL BACKGROUND OF THE | NVENTI e

I nvention This invention relates to an inproved process for t he*166166*

hydrogenati on’ of falefic acid, malefic anhydride or other rogenat abl e

precursor to 1, 4-butanediol and tetrahydrofuran. The |nprov mw ’mﬂmmmmwes

the addition of iron to the malefic acid, malefic anhydride

hydr ogenat abl e precursor feedstock. The- dddition of iron in the *6®eadst ock

i nproves 15 catal yst performance to reaction products w th higher yields of
, 4-but anedi ol and MK@VEb@meEQQF@beMEmmGEngN@Fi on of the

Prior Art It is well known %.Iﬁhﬁgﬁ _B{AANEBIOR- but yrol act one and

1, 4- butanedi ol are 20 obtalne the catal ytic hydrogenation of malefic

anhydride and rel ated conpounds Tetrahydrofuran is a useful solvent for

natural and synthetic resins and is a vaIuabIe internediate in the

manuf acture of a nunber of ﬁﬁﬁnabutyrolactone is an

internediate for the synthesﬂﬁﬂgg uty rlc acid conpounds,

pol yvi nyl pyrrol i done and net hi oni ne. Ganna butyrol actone is a useful

solvent for acrylate 25 and styrene polynmers and al so a useful ingredient

of paint rEBARBEIR RAhtbaXt1 1 e assistants. 1,4-butanediol (a.k.a.

1, 4-butyl ene glycol') 1s useful as a solvent, a hunmectant, an internediate

for pl@sticizers and pharmaceuticals, a cross-1inking agent for

pol yur et hane el astoners, a precursor in the manufacture of tetrahydrofuran,

and is used to Thikiavéionpblatestaheinrasdd mrocess fordhk hipdropgenatiah af yaleic @id)

processes for the hydrogenation of malefic acid, nalefic anhydride or other

hydr ogenatmdiéie aphyelcide o othephydrogenhatabileqirecuasor tgdrbutbuadjol and tdthpdmfidan.

1, 4-but anedi ol have been disclosed. O specific interest in the instant

i nvent i on Ehedmprasemesteeompriseitharadditian of fowtp thy maleic ppid, malgicrohydsideral

catalyst It has been taught in 5 the art that s ch Qatauy s may al so

cont aj n i rasher hydrogenatahle arecyssor fepdsteck: %egeidlte? roRn the et{st%éeerqut t he

catal ytic hydrogenati on of a carboxylic, aci drid he eot to t he
corr esigon cﬁaﬁ’g}' 8@@‘”813“%‘@/ TERCTOR PERLYIEES ‘@ﬂaﬁ'iggefeigtlat oﬁgﬂ taéme@g[

conprisin n|u paté{& um and at | east one other netal capabl e of

al | oyi ng Pﬂé’ QMY all on a carbon support. The preferred to

nmetal capable of alloying with the palladiumis silver but gold, copper,

ni ckel, rhodium tin, cobalt, alumnum manganese, gallium iron, chrom um
and plati r_y%%%ﬂém %tﬁe pg#ﬂ& The preparation of this catalyst is

characteri y neous deposition of palladiumand silver on the
carbon support 1t lyavebviytha: @irfkyd-SIRA! Sérikhe bLBPNadtoRe akd 1 1aRktdRBio0l are
Rheniumis then deposited on the palladlunialloylng net al |npregnated

car borpos upbedied biithd batalyeis iy dropénaciah af maleid ahhydride anddelated. coipduhdonal |y, WO
92/ 02298 di scl oses a hydrogenati on catal yst conprising palladi um and

rheni um ariétmhpdrofurarise usefubsavet feanadaliandsynthetigresinp audissi wiuably of
rhodium cobalt, platinum ruthenium iron, thulium cerium yttrium
neodyni umintermediatein thomaaswtadiure afia nunoberiof eheigala andrplastiosg Aasea- vanadi um
chromum gold, 20 terbium lutetium nickel, scandjum and ni obium on a
support. dutaelastope isan intgemediate Sofcthe synshestsrof butyerciasid-qompouads, ef i ¢ anhydri de
or ot her hydrogenat abl e precursor, the above di scussed c ialystgﬁg% t he

propgn3| ttp;berlﬂtymym%éom@ T@Nﬁﬁﬁ?d?@m&?ﬁh“& cteneis 2 psetyl tolveat
1,4
i e 20 Sty E&fﬁ%ﬁergétﬁﬂa%e'rls gt ot smease tnd i btstame
d T i i
P ocess. 1 ar+-priatedolihid Ao ieAEbu b NG @“%%%%’r%@f%@%%c?m cally
hydr Oge”a%@Hﬁ&hsItﬁﬁgﬁ% &k%lzsﬂrm& ﬁérﬂﬁc&tf&!ﬂ@&%@@ﬁmtﬁ% S%’Q?wrpg%mr&%é ron in

5 cont act gen- conta ning gas. DETAILED | PTI OF THE

I NVENTI ON efatduidr& fal pre@fridt iR thedhMRiTached 0P SRRy Bk 88 4§ 8RH té hfike
hydrogenated in the presence of a noble netal catalyst to 1,4-butanediol.
The produq&bpmhaagrygmbys of 1, 4-butanediol are enhanced by the addition of
iron or an iron containing conpound to the feed. Reactants 15 In the
process of the instant invention, at |east one hydrogenatable precursor is
reacted with a hydrogen containing gas in the presence of the catalyst. As
used herein a "hydrogenat abl e precursor” is any carboxylic acid or
anhydride thereof, carboxylic acid ester, |lactone or m xture thereof which
when hydr ogenat ed produces 1, 4- butanedlol 20 Representative hydrogenatabl e
precursors include malefic acid, nalefic anhydride, fumaric acid, succinic
anhydri de, succinic acid, succinate esters such as the Cl to C8 di al kyl
su00|nates (e.q. dlnethyl su00|nate) naleate esters such as the Ci to Cg

o 4 o - oy




al so contain nitrogen (N2), any gaseous hydrocarbon (e.g. nethane), as well
as gaseous oxides of carbon, (e.g. carbon nonoxi de, carbon dioxide). to
Cat al yst The catal yst enployed in the instant invention conprises a noble
metal of Group VIIl of the Periodic Table selected fromthe group
consisting of at |east one of palladium ruthenium rhodium osm um
iridiumand platinum These include (i) T4t al ysts al so containing at |east
one of rheni um Ne@atpas sstalysts and iprepessesfarshelbplrogdnetion of tokleleaickl) naldic

Publ i cati on Nq? 01551741, (ii) catalysts also containing at |east one of
silver anciyyirideqr ofberdydpragnatable)presurson tastetralydoerans gamme- bityrolactont ahg st s

al so contajning at. | east one, netal capabl e of alloying with the noble G oup
VITI net aﬁ’é‘ﬁ&ggFE'PL@Ptbﬁﬁ‘égﬁgg?ﬁeerf?RFC‘ﬁ%WQ@'?%_PPﬁke'mb‘%}@nufm ¢ descri bed
on a5 AR T3 Sl Bl el BP ehSmengi o
Publ i cat q“"gﬂtm'wmg“ééfﬁgPﬁ@?‘sﬁaﬁainﬁm ent 4,659, 686. These catal yst

conposition nmay al so Boq’hrough the incorporation of a

ol oy el FRUERPROUS P GRS sriredchéd Phrovhds bor shR BB ALC"  ©F

catal yst enployed in instant i'nvention Conpri’'s fy silver and

r heni um sup@esdeastic of¢aRekylid Rad aﬁaﬁ)&;}g’dm&t ?é%fitt&tﬁe 'oflre%%b‘ﬁlﬂﬂa‘gh‘g&hgﬁve a

BET 2s surface area of at |éast 200 nR/ g, and preferab e range of

500- 1500 nddbifpr chiborylicsdcid edtertuding o daPyshcOmPRsifg iHeRRini, Baltddivn
S, 149, 680. -5 The preferred catal yst corrgosi ion cé%pri ées aaﬁ%ﬁt%s(s.o?et o]

about 20 wehgtmetplerapable ofalldyim winh therpaflfiad) i @be dirbén bsppaBo ULheSrifeiait
percent palladium about 0.1 to about 20 wei ght percent silver, preferably
about 19 t dnefplnapatde pEalipyingywitic thetpatladiviaris sitveobut gdld, coppeamitikel Ahowiing ik,
percent rhepiu and preferably about 1 to about 10 wei ght percent rhenium
The ratio albgﬂq%mmn@@g@m« gallivmy, isen,\brominm, angd platmuoin also areltduglAs The
suggested earli.er, Bitss cat al yst conposition nmay al so be further nodified

t hr ough tfPéel?aﬁ%t&"rﬁ;Irt icatalyst is gharaetarizeg by the simultaegous deppsitiosmf@atiadiumiaad or

[1A Th f d tal yst in . this i ti b ientl

pr epar eg %@%rer?r&r'tﬁﬁ ﬁ%? P'g ﬁaﬁpﬁt ‘tﬁg‘r’\i’g‘? EY)IH %ﬁ%‘gpér%’gg (qlﬁ)ggc)nﬁ?ﬁéé trggﬁ%%re nemny
I tipl i i W L h t | uti | uti taini t

least " one et theucppBfar ot pahoh frvaficsing, Bftal mescerilay Sihan wpport.

I npreggat i ,%ec means to cause the carbon support to be
filled, i njgﬁtargg,ul% r#e?ﬁ%ﬁ}hggﬁggg‘%déd or coated. The inpregnating solution
may optional |y Adi¥icHally ONTOPHE37E cﬁg?dék%ahg?%rpgéxﬁtié%ﬂmykﬂ EnplifaOr more of

t he netal conpounds. e catal yst re er eac npre nat fon step to

renove anyalafiirand ehenitit andbid 61ndra hlAIB SEIBLE BSmAKE sRRILBARsAIOME 80C and
about 150C. In nmaking the preferred catalysts, the solutions o al I adi um
conpound, rhédivmey cabaltpplaticinardthehian, %h,%ﬁhﬁﬂ,%ﬁﬁﬁ:ﬂy@mrﬁpﬁédd?ﬂim t he carbon
by immersing or suspending the support material in the solution or by
sprayi ng tahisun, prassodpmiuon, thobmioay; bafiiuni mangahesé, vanadion] eliroinkign,tdotd,
pal I adi um conpound is typically an aqueous solution containing 20 an anount
of paP? adieThiugs etive, m@ce},issaluﬁ/lan@ad alopitim, pnadwppori t h t he requi site anount
of palladium The l|_o‘_’3l I,ad;gm conpound may be palladiumnitrate or a
pal | adi um corrp&?ﬁ‘i‘ﬂ %dR theshydregenationjef malgiciasidameleiccanhydiidd ertatheracet at e,
acetyl ac%t nat e %{ﬂr am ne. The sol ution containing the silver conmpound is
typi cal | y PEFTORERMARTE PISAUrser theabove gisqussedieatalysts havei the propeasitydampdoduseyi el d a
mount .of _silver. The 25 palladium and

1 Ve comioRt RAtangirbfd o E4ihal By aSeer e 4ok bitipsgiolchacabinc of s ho

metals. T ol i R he rhenium canpound j.s typically an
aqueous oﬁe@g‘#}ﬁiﬁ?ﬂ‘%@gﬁ%ﬁo‘ﬁﬁﬁ% "“fZ‘F]ZP]'i- ?}ﬁ%"teg%} ctign ﬁ(g'ina‘"alzeg@@mast
produgld whhirdll@onEptdugéddn. - 6anount of rhenium The rheni um conpound is
typically pérrhenic aci c} ammoni um perrhenate or an al kali netal

perrhenate. The inpregnating solutions) nay optionally contain netal

conpl exi ng agents to help solubilize one or nore of the netal conpounds.
The addition of acetonitrile to the inpregnating solution allows the Pd,
Ag, and Re conpounds be added in a single step. Nitric acid may al so be
added to the inpregnating solution. After inpregnation with palladi um
silver, and rhenium and drying, the preferred catalyst is activated by
heating the inpregnated carbon support under reducing conditions at a
tenperature of 120-350C, preferably 150-300C. Hydrogen, or a m xture of 1o
hydr ogen and nitrogen, in contact with the catalyst may be conveniently
used for the catal yst reduction. Reduction of the inpregnated carbon
support is only after the carbon support has been inpregnated with
pal |l adium silver, and rhenium In the case of nultiple inpregnation steps
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The Process The nmethod for carrying out the process conprises reacting a
hydr ogenat abl e precursor with a hydrogen-containing gas in the presence of
iron and the hydrogenation catal yst, and recovering and purifying the
reaction products by distillation. 20 In the instant invention, ironis
added to the hydrogenatabl e precursor ei-zher prior to introduction of the
hydrogenat abl e precursor to the hydrogenation reactor or in situ. Typically
the iron is added as an |ronSUM]\4)J{‘-RN1 Fi TR INYEWE3¥ abl y added to the

| i qui d hydrogenat abl e precursor feedstock in concentrations rangi ng between
1 and 10, 000 ppm (wei ght per wei ght basis) Preferably t he concentration of
iron in the feedstock i,s between 2s ahou de range of
iron sal ts nay ﬂ‘?'ﬂ?@?f ‘PYR!’I“GHF%W"F?% o FQf uc{l?fbﬂfob%ar%ﬁ@%wmm&wg

but yr at e, ate and |r Prefer bly.th

ani on-or 1SRy B eenalink = EEpPERamEiine ¢ RlraRlBliue b raddehan o
act as p I catalyst. The liquid phase
hydrogesﬁatégoﬁa%grgtph @gr%gﬁ%@nm i{gbe run using conventional apparatus and
techniques in a stirred-tank reactor or in a fixed-bed reactor. Single or
mul ti pl e-stage reactors may be enpl oyed. The anount of catalyst required
will vary widely and i s dependent upon a nunber of factors such as reactor
si ze and design, contact tine and the |ike. The hydrogen-containing gas is
fed continuously, genePETXIMED DESCRIPTIONIDR THE INVENJEORD! e
stoichionetric excess to the other reactants. Unreacted hydrogen can be to
returned to the reactor as a recycle stream The precursor solution, e.g.,
mal efic acid (or other hydrogenatable precursor) solution, is fed

conti nously at Maleieatid at pthes hydroggnatablerprecudsdr arehylodgenatedsn the presgnce he
ﬁHXIﬁUﬁ]SO|UbI|Ity | evel . The precursor solution may contain about 10 to
about 60 vefiagbl qoteet@beﬂtalmt@flﬂcbla@mm(l ot he praguctigniansgaelds ebl.4-bytasediokae)

wi th the higher conce ations being nore econom cal .and eferred due to

| ess 15 mﬁnganqee% Q@lmofgr%wsa@ Irop, CONEAINIRE GorppRing ﬁ%é‘&ﬁéﬁ‘?- sol uti on
cont ai ns about 20 to about 50 wei ght percent malefic acid (or other

hydr ogenat abl e precursor). Preferably the hydrogenation step is run at a
tenperature of about 50C to 350C, andpa ¥g£ogen pressure of about 20-400
at nospheres with hydrogen to hydrogengfgﬁ precursor ratios (H2/P) of
between 5 to 1 and 1000 to 1 and contact tinmes of 0.1 mnute to 20 20
hours. The reaction products, 1, 4-butanediol, tetrahydrofuran,

gamma- but yr ol act Hﬁﬁe‘ﬁ’iod&é‘&ﬂh@ﬁghﬂ?fn@&iﬂo aﬁﬁeﬁ@? Fr%ﬁﬁgéh%{%lesﬁgﬁfr?érqg by

fractional distillation. By-products which are anounts or

unreact ed reg@ed with @hydfogef lcofsminy 1§ﬂﬁ‘iﬂré§b§ceadmuéiédtﬂ9st0rAsSl§6& hételh ACI d,
are optionally returned to the hydrogenation stage. The 25

gama- but ythedgtmitsblepiecarssr? ibeny eehoxlylicladid ot hshydyidé dgesof dasboxybaadior .

Using the process of this invention, nore specifically using the

hydr ogenatesten, lectbné gsmixtersahérbefivhich when hydxbgeénatedarodides 1 gleutanedind
virtually quantitatively in a sinple reaction. The yields of

1, 4- bud%andREpsesentative bydragsnatableprecursarsinslndd maleic adidumalgio anbyd@dpeﬁlmnp or
greater, typically about 90 mple percent or greater, with a mpjority

porti on ofdcidsSussirii¢ erﬂwénﬁg SYCcinig G@lﬁn%’GP‘BFte eﬂ@awpb As the (brtetﬂs@t'aék)f’fay i ncl ude

- but ane, segwﬁéitﬁ?{f&i Pt AR BBiret SR e 25 i e s BV HBRFEES on of
T ust 1 at dendime iR BRCare), et AdactShe R GrEs ot 10 BREFEN ded 10
Ex le 1 3 f
pafilngd?um e ﬁ 5etglrélol clugsn?s(gggl %&o@/a%)%algﬁ a@dp@e sg?{;/@rc aﬁ%dt % ct%i °g O
Conce r ata%ﬂ &er hﬁn&?‘ﬁ:‘zﬁé id, Zﬁe%;@& afiad g%ﬁﬁﬁﬂﬂt%rroycﬁ)r{e% énu‘l&?{s)th&%{%ﬁ p' aced

in a Occ v m’atrlcf ask m Xt ure was s en to dissolve the silver

ni t rat e, and t he@hélﬁﬁstoﬁreﬂe?‘reﬂ%98#&%&%%@&“&1‘15& i3 mlile RGd Wi i§ Lyprdaly added.

Acetonitrile was then added to"the flask to give exactly 250cc “of solutlon.
280. 59 of dbtdingd by Ractifpt LbitahdEEFboeérntGn @A bRpFencoontiklag gasvashé pies@gsar gd



gradually with the above solution. The m xture was allowed to stand for 4
hours, and then dried in an oven at 120-130C for 20.25 hours. 20 For
testing the catal yst extrudate was cut with a razor blade so that the

maxi mum | engt'’h of the extrudate was about 1.5mm Exanple 2: Hydrogenation
of Aqueous Malefic Acid and Catal yst Tesding 25 The catal yst of Exanple 1
was tested in two Hastel oy C276 reactors connected in series using heated
Hast el oy omaigsittaioxisdize imtke yapaE phase thestbulane ot banaene tgimaleic aphydride, apdghen and
each was fitted with g 1/8" axial Hastel oy C276 thermowel.l. . ~g_ The

catal yst fellechisthe maleip aa'mdf;@ehﬁgwaqﬂwaclbwiqsgdl{cs.@gggaaém W APEPUY of
catal yst) hefore_charging to the regctor. .20cc 12. 15 of catal yst, was

pl aced i nS‘lfthéo‘T'iTléeto g"&&’?‘d’rf n-bhtane s “fefﬁ.‘%téylcﬁlﬁy ?ﬂ?éatggéto‘h@mrp&ﬁt}t‘%ﬂf Prior
to testing th I was reduced t ric essure i i ng

hydr ogen %%’(539@%? ?oo%/l&ﬁgaﬁ"ﬁ r?d”?ﬁ’?}e‘rec(’ft%hf’@s@? S‘PQ@ ﬁ{é'ﬂsgﬁet%s éogg (}@0@38\#

approxs mately 13ybially thohydro@ehAH,) Bntaming ghis i einrthéiGially pareylrolen #3HC f or
approximately 5 hours. Extensive testing of the catalyst was carried out
over sevenaldiliidh® gassd However, die lidesien coftaiing’gddGn hddideiOf B&regen HY) frARCt Or' S
were operated with hydrogen recycle. A small portion of the hydrogen was
vent ed t oalso eomtain nitnegendDNyLenyigasaous hydrocarbom (begy sudthane), as galles gasdoes aqueous
mal efic acid feed which was used for the iron addition study contai ned
smal |  anpgxides of catiidig (. @r @einoméduxitle, dgrbonitidRideyed in Table 1. Iron was
added to the nmalefic acid in the formof iron (I1) acetate to yield a 40
ppm (W w) iron containing solution. The iron readily dissolved in the
solution. The effect of the iron addition to the malefic acid feed was

eval ud® ed bet ween 4450 and 4550 hoursCetalystream with the fol |l owi ng process
15 conditions: Pressure: 4000 psig H-/ (MAC+FAC) Feed Ratio: 92 H2 Make-up
to Recycl e Rati ctheGatdst Q@Pﬁ%’ﬂgmt nstapt inventionLempsses amegblemgtalipbGrapoC
Second Reactor: Average Set Tenperature: 162C 25 Table 2 summarizes the

iU R nbniag iyt b S v B
yrel 4 vas her G, g o P A0 e f e PRORE) erlssaglg foed

noi 033, 4pSRPRERRE Rt SRt Rherinchifaetiedy RIEROB RS PP arta0. 0 1o
0BAC Fon Radchlign 5, QTEU7RL IASERAHRARS ohiflning it SHODs MhUE: affegoidbiuoroe O

4.633. 110463ribed HnV@.eS.%'EEn@@S@%, 1564nd g“rii%le_'éikl?!;tﬁﬁo Toht@fniid B a8 SRR =

ganmma- but yrol act onel5 BuCH = but anol ="propanol SAC= succinic acid It is
to be Und@é}fabfé%fallbﬁhgwmtﬁ&bblﬂ@Grbﬁb’VMinwﬂaliaﬁd BPkeast @nb Of Hiefiuhe Gurpstenhe
exanpl es set forth herein. These have been provided nerely to denonstrate
oper abi | i by moBlbdamsn b dessibalinilDrs. Patenf5 449 586, Ermiiples s0othecsuitabiaichalyst
supports, concentrations, contact tines, solids |oadings, feedstocks,

reacti on amhdietpabiadiumand rhemookion a cafbonanpporcasddseribibdtie UK Patdntf Publicition t ot al
specification disclosure provided, w thout departing fromthe spirit of the
i nvenid on Nee 0&543232 snd &5 Sd Pateat 41652680 cThese isatalysognmpyisitionandyralssnba further

i ncluding nodi fications and varjiations that fall within the scope of the
attached &wodified threggh thejincarppgagion pha metal ioretalnselacteddrom Sroups IA, JIdeess f or
t he produ%hon of 1, 4-butanedi ol conprising catalytically hydrogenating a
hydr ogenat'abt e precursor in contact with a hydrogen-containing gas and a s
hydr ogenati on cat,al yst ¢ rising.at Jl.east. gne .nobl.e netal. of oup VII1 of
the Periodic Tab @,B/rﬁt/i‘?’érfgg%a‘yfto lgyeéjdaglbe ‘P%a tHavengp S%Waﬁeﬁl?la@dbwgcur sor .
2. The pr I rei e r | cted
fromthe oranand b HeboB®Fcobl” ¥ ShBGR B B £ RIS B aiFEroci o

succi Bk C gipthe a?éﬁcﬁéég irlfcrcragtafﬁbqunljgg&d prefebifBe i 1AL iahlge BHS60-136¢m2/E~ 1o Cs

dial I ryl mal eates,
Catalysts of this type are described in U. S. Patent 5,149,680.




1o butyrol actone and m xtures thereof. 3. The process of claim2 wherein

t he hydrogenatabl e precursor is at |east one of malefic acid, succinic
acid, or gamma-butyrol actone. 4. The process of claim1l, wherein the noble
metal of Goup VIIl is selected fromthe group consisting of palladium
platinum rhodiumand ruthenium 15 5. The process of claim1, wherein the
hydr ogenat i on cat al yst conprises palladium and rhenium 6. The process of
ciaim1, wherei nTheprefareadsgtatyst PW@&MIW%WE@SI tp aboutA0uwgightheni um
and silver on a cEﬂbon su port 7 The process of claim1, wherein the iron

is anir orp%ﬂnt pal ietablnabeiit 219 ot weieht pemerad@tl@dl@n, #hoyh0.1

propi onat e i ron at e, and

P e S o | SRS R TR

he hyd 10, 000

e o SO Pl %‘%i’g‘%f*'“”feg&?*ﬁg%?%t&%@ AP S RS e on
dded

- angi ng. ndbear ichth Dl BARRLAY BB BEMeaRh 108 TR B AL

-1210. Thesug%&?é?ﬁe%rlfbfr this@atBybt coiSSsRion hdlPaléfbe frtbr J%Ql'ﬁ@&’%oﬁ the

hydr ogenat abl'e precursor 1s ‘between about™ 5 to 1 and about to 1. 11.
The procesfcdtporatin 6T 4 mevdh 6F fiefals SRR cled FFrod SRofRTASOITIAY gas pr essure is
bet ween about 20 and 400 atnospheres. 5 12. The process of claim1l, wherein
the contact ti meTheplfirvsdeataliBaifor Oselin thisinventisacin@Pbd\estiveniently prepared by
A%A Af % A@ A y9. A3. . A . AfL. Af L. Af. AAR. A" 02ZvhO
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“(_( () HYspdherein, imppregnation of the/carhonisUPDqrE BEats| to£puse the FaIhpe syrpeTidabea] ca
1151 b el bhed perhSTLE shiherh hic Aliabrighat gcs% koo !
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]ca] ca] ca]%*’f tiscd;rjeggftgo%%gf@%%g]%?%%éﬁ %Bcﬁﬁ ]aﬁgﬁ%i]] ]?'é’h]gglt]cglt]cga]cg
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ﬁ]mi i}_% ﬂ_ﬁ a] c"a] chl maldhg teprabhad sahgsialthasadfiodsNThNRPebRpbatd; kitlel | HIIIKI

MyM xsni d_cBipoahd aldabaiahcahgahaatasbeaipial ealieahtahtslinaleeadeal ca) cal cha c
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20  an amount of palladium compound to yield a catalyst product with the requisite amount of
palladium. The palladium compound may be palladium nitrate or a palladium compound
such as a chloride, carbonate, carboxylate, acetate, acetyl acetonate, or amine. The

— solution containing the silver compound is typically an aqueous one containing.an amount
of silver compound to yield a catalyst product with the requisite amount of silver. The

25  palladium and silver compounds should be thermally decomposable and reducible to the
metals. The solution containing the rhenium compound is typically an aqueous one

containing an amount of rhenium compound to yield a catalyst product with the requisite
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perrhenate or an alkali metal perrhenate.
The impregnating solution(s) may optionally contain metal complexing agents to
help solubilize one or more of the metal compounds. The addition of acetonitrile to the
5  impregnating solution allows the Pd, Ag, and Re compounds be added in a single step.
Nitric acid may also be added to the impregnating solution.
After impregnation with palladium, silver, and rhenium and drying, the preferred
catalyst is activated by heating the impregnated carbon support under reducing conditions
at a temperature of 120-350°C, preferably 150-300°C. Hydrogen, or a mixture of
10 hydrogen and nitrogen, in contact with the catalyst may be conveniently used for the
catalyst reduction. Reduction of the impregnated carbon support is only after the carbon

support has been impregnated with palladium, silver, and rhenium. In the case of multiple

impregnation steps and multiple dryings, the reduction of the catalyst is done after the final

drying,
15
The Process
The method for carrying out the process comprises reacting a hydrogenatable
precursor with a hydrogen-containing gas in the presence of iron and the hydrogenation
catalyst, and recovering and purifying the reaction products by distillation.
20 In the instant invention, iron is added to the hydrogenatable precursor either prior

to introduction of the hydrogenatable precursor to the hydrogenation reactor or in situ.
Typically the iron is added as an iron salt. The iron is preferably added to the liquid
hydrogenatable precursor feedstock in concentrations ranging between 1 and 10,000 ppm
(weight per weight basis). Preferably the concentration of iron in the feedstock is between
25 about 20 and 160 ppm. A wide range of iron salts may be used including iron acetate, iron

propionate, iron butyrate, iron maleate, iron succinate and iron fumarate. Preferably the
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the hydrogenation catalyst.

The liquid phase hydrogenation of this invention can be run using conventional
apparatus and techniques in a stirred-tank reactor or in a fixed-bed reactor. Single or

5  multiple-stage reactors may be employed. The amount of catalyst required will vary widely
and is dependent upon a number of factors such as reactor size and design, contact time
and the like.

The hydrogen-containing gas is fed continuously, generally with the hydrogen in
considerable stoichiometric excess to the other reactants. Unreacted hydrogen can be

10  returned to the reactor as a recycle stream. The precursor solution, e.g., maleic acid (or
other hydrogenatable precursor) solution, is fed continuously at concentrations ranging
from dilute solutions to near the maximum solubility level. The precursor solution may
contain about 10 to about 60 weight percent maleic acid (or other hydrogenatable
precursor) with the higher concentrations being more economical and preferred due to less

15  water to recycle or dispose. Preferably the precursor solution contains about 20 to about
50 weight percent maleic acid (or other hydrogenatable precursor).

Preferably the hydrogenation step is run at a temperature of about 50°C to 350°C,
and a hydrogen pressure of about 20-400 atmospheres with hydrogen to hydrogenatable
precursor ratios (Ho/P) of between 5 to 1 and 1000 to 1 and contact times of 0.1 minute to

20 20 hours.

The reaction products, 1,4-butanediol, tetrahydrofuran, gamma-butyrolactone or

mixtures thereof, are advantageously separated by fractional distillation. By-products
—which are formed in small amounts or unreacted feed, such as for example, succinic
anhydride or succinic acid, are optionally returned to the hydrogenation stage. The

25  gamma-butyrolactone may also be recycled to the hydrogenation reactor.

Using the process of this invention, more specifically using the hydrogenation

catalyst described herein, maleic acid is converted virtually quantitatively in a simple
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SPECIFIC EMBODIMENTS
In order to illustrate the instant invention the following examples are provided.

10

Example 1: Preparation of a Pd + Ag + Re on Carbon Catalyst

132.4g of palladium nitrate solution (8.5 wt% 1?d), 17.3g of silver nitrate, 28g
concentrated nitric acid (70 wt%), and acetonitrile (ca. 40cc) were placed in a 250cc
volumetric flask. The mixture was shaken to dissolve the silver nitrate, and then 45g of
15  perrhenic acid (53.3 wt% Re) was slowly added. Acetonitrile was then added to the flask
to give exactly 250cc of solution.
280.5g of 1.5 mm (diameter) CECA ACLAO carbon extrudate was impregnated
gradually with the above solution. The mixture was allowed to stand for 4 hours, and then
dried in an oven at 120-130°C for 20.25 hours.
20 For testing the catalyst extrudate was cut with a razor blade so that the maximum

length of the extrudate was about 1.5mm.

Example 2: Hydrogenation of Aqueous Maleic Acid and Catalyst Testing

25 The catalyst of Example 1 was tested in two Hasteloy C276 reactors connected in
series using heated Hasteloy C276 tubing. The reactors had an internal diameter of 0.516”,

and each was fitted with a 1/8” axial Hasteloy C276 thermowell.
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atmospheric pressure in flowing hydrogen (400sccm) by heating the catalyst gradually to
5 230°C over approximately 13 to 18 hours and then maintaining the catalyst at 230°C for
approximately 5 hours.
Extensive testing of the catalyst was carried out over several thousand hours at
pressures of 2500 to 4000 psig. The reactors were operated with hydrogen recycle. A
small portion of the hydrogen was vented to prevent the accumulation of non-condensable
10  gases. The aqueous maleic acid feed which was used for the iron addition study contained
small amounts of other organic acids as summarized in Table 1. Iron was added to the
maleic acid in the form of iron (II) acetate to yield a 40 ppm (w/w) iron containing solution.
The iron readily dissolved in the solution. The effect of the iron addition to the maleic acid
feed was evaluated between 4450 and 4550 hours on stream, with the following process

15 conditions:

Pressure: 4000 psig
Hy/(MAC+FAC) Feed Ratio: 92
H; Make-up to Recycle Ratio: 0.083
20 First Reactor:
Average Set Temperature: 130°C
Second Reactor:
Average Set Temperature: 162°C

25  Table 2 summarizes the results of the testing with and without iron added to the maleic acid
feed—Product selectivity’s were calculated on a molar C4 basis. The BDO yield was

significantly higher for iron added to the maleic acid feed.
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| 98" $199%9& () - EaEUuEEEEE| \ 8 Mzrylic Acid 0.21
Acetic Acid 0.72
Malic Acid 0.40

10 Table 2 - Catalyst Performance (Selectivity) Data

%BDO %THF %GBL %BuOH %PrOH %SAC

Iron Added 69.2 19.75 5.38 2.86 0.63 2.04
No Iron Added 61.7 28.02 4.63 3.11 0.63 1.74
wherein:
BDO = 1,4-butandiol THF = tetrahydrofuran GBL = gamma-butyrolactone
15 BuOH = butanol PrOH = propanol SAC = succinic acid

It is to be understood that the subject invention is not to be limited by the
examples set forth herein. These have been provided merely to demonstrate operability,
20 and the selection of catalysts, metal sources, carbon supports, concentrations, contact
times, solids loadings, feedstocks, reaction conditions, and products, if any, can be
determined from the total specification disclosure provided, without departing from the
spirit of the invention herein disclosed and described, the scope of the invention including

modifications and variations that fall within the scope of the attached claims.

25
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1. A process for the production of 1,4-butanediol comprising catalytically

hydrogenating a hydrogenatable precursor in contact with a hydrogen-containing gas and a
5  hydrogenation catalyst comprising at least one noble metal of Group VIII of the Periodic
Table, wherein iron is added to the hydrogenatable precursor.

2. The process of claim 1 wherein the hydrogenatable precursor is selected
from the group consisting of maleic acid, maleic anhydride, fumaric acid, succinic acid,
succinic anhydride, C, to C; dialkyl succinates, C, to Cs dialkyl maleates, gamma-

10  butyrolactone and mixtures thereof.

3. The process of claim 2 wherein the hydrogenatable precursor is at least one
of maleic acid, succinic acid, or gamma-butyrolactone.

4. The process of claim 1, wherein the noble metal of Grc;up VIII is selected
from the group consisting of palladium, platinum, rhodium and ruthenium.

15 5. The process of claim 1, wherein the hydrogenation catalyst comprises
palladium and rhenium.

6. The process of claim 1, wherein the hydrogenation catalyst comprises
palladium, rhenium and silver on a carbon support.

7 The process of claim 1, wherein the iron is an iron salt selected from the

20  group of iron acetate, iron propionate, iron butyrate, iron maleate, iron succinate, iron
fumarate, and mixtures thereof.

8. The process of claim 1, wherein the iron is added to the hydrogenatable
precursor in corcentrations ranging between 1 and 10,000 ppm (weight per weight basis).

9. The process of claim 1, wherein the iron is added to the liquid

25  hydrogenatable precursor in concentrations ranging between about 20 and about 160 ppm

(weight per weight basis).
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5 12.  The process of claim 1, wherein the contact time is between about 0.1

minute and 20 hours.



