.MPROVED PROCESS FOR THE HYDROGENATI ON OF 5
MALEI C ACI D TO 1, 4- BUTANEDI OL BACKGROUND OF
THE | NVENTI ON Field of the Invention 10 This invention
relates to an inproved process for the hydrogenation of maleic acid,
mal ei ¢ anhydri de or other hydrogenatabl e precursor to 1, 4-butanedi ol and
t et rahydr of br an. The i nprovenent gggprises the addition of iron to
the mal eic acid, naleic anhydride or ot her hydrogenat abl e precursor
feedstock. The addition of iron in the feedstock inproves 15 catalyst
per f or mance to react IMPROVENPROCHSSFOR THE HYDRIOGENATION-OXut anedi ol and
m ni mal 5 formation of WMATRICACIDSTO 1,4-BUTAREDIOt i on of the Prior Art
It is well known that tetrahydrofuran, ganma-butyrol actone and
1, 4-butanediol are 20 obtained by the catal ytic hydrogenation of maleic
anhydride and rel ated conpounds. Tetrahydrofuran is a useful sol vent
for natural and synthetic rggrRGEROUNDORTHE RAERTION internediate in
t he manufacture of a nunber of chemcals and plastics. Ganma-
butyrol actone is an internediate for the synthesis of butyric acid
conpounds, pol yvi nyl pyrrol i done and net hi oni ne. Gamma- but yr ol act one
I s a usef ulFig®bi@Beindeatiomcryl ate 25 and styrene polyners and also a
useful ingredient of paint renovers and textile. assistants.
1, 4- butijgnedi ol (a.k.a. 1,4-butylene glycol) is useful as a solvent, a
hunect ant, an Internmedi ate for plasticizers and pharmaceuticals, a
cross-|inki ng adhistinventiopcdlates totanamproved processiforsthe hydrogenation efsleioacidn t he
manuf acture of tetrahydrofuran, and is used to nake

maleic anhydridé or other hydrogenatable precursor to 1,4-butanediol and tetrahydrofuran.

The improvement comprises the addition of iron to the maleic acid, maleic anhydride or
other hydrogenatable precursor feedstock. The addition of iron in the feedstock improves
15  catalyst performance to reaction products with higher yields of 1,4-butanediol and minimal

formation of by-products.

Description of the Prior Art

It is well known that tetrahydrofuran, gamma-butyrolactone and 1,4-butanediol are
20  obtained by the catalytic hydrogenation of maleic anhydride and related compounds.
Tetrahydrofuran is a useful solvent for natural and synthetic resins and is a valuable
intermediate in the manufacture of a2 number of chemicals and plastics. Gamma-
butyrolactone is an intermediate for the synthesis of butyric acid compounds,
polyvinylpyrrolidone and methionine. Gamma-butyrolactone is a useful solvent for acrylate
25  and styrene polymers and also a useful ingredient of paint removers and textile-assistants.
1,4-butanediol (a.k.a. 1,4-butylene glycol) is useful as a solvent, a humectant, an
intermediate for plasticizers and pharmaceuticals, a cross-linking agent for polyurethane
elastomers, a precursor in the manufacture of tetrahydrofuran, and is used to make

terephthalate plastics.
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terepht hal ate pl astics.

-2- Numer ous catal ysts and processes for the hydrogenati on of
mal ei ¢ acid, naleic anhydri de or other hydrogenatabl e precursor to

t et r ahydr of uran, ganma- butyrol act one and 1, 4- but anedi ol have been

di sclosed. O specific interest in the i_gstant invention are processes
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ni ckel , sr hegd aféd&hcatalystsnfa?%btconﬁin‘ifﬂnnum manganese, gallium iron,
chromium and platinumalso afe taught. The preparation of this

catal yst is chalaebainpls U.5YPdtéie 49851572 dsackess piegeasfor tiwvatiytieal | adi um and
silver on the carbon support followed by a high tenperature (600[err]C
heat treat Mpddogenation oftearbonylic acit loe an aiitiydridé thereoftol the ceradspautiingndledHobyi ng
nmetal inpregnated carbon support. 15 The resulting catalyst is then
reduced.  and/or carboxylic adid dstes wsing d gataliADcORPIRPIBentimcpalisdismant atilcagiemeat i on
catal yst conpri sing pal | adi um and rheni um and one or nore netals

sel ect ed f mothmer nietal gapable af alieying with thefpalladium, alixodi eatporcsupport., The prefamedh
ruthenium iron, thulium_ cerium yttrium_neodyn um .. alum num
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terbium lutetium  nickel, scandjium and ni ohium on a support.
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silver on the carbon support followed by a high temperature (600°C) heat treatment.
Rhenium is then deposited on the palladium/alloying metal impregnated carbon support.
15  The resulting catalyst is then reduced.

Additionally, WO 92/02298 discloses a hydrogenation catalyst comprising
palladium and rhenium and one or more metals selected from the group consisting of
thodium, cobalt, platinum, ruthenium, iron, thulium, cerium, yttrium, neodymium,
aluminum, praseodymium, holmium, hafnium, manganese, vanadium, chromium, gold,

20 terbium, lutetium, nickel, scandium and niobium, on a support.

Generally, in the hydrogenation of maleic acid, maleic anhydride or other
hydrogenatable precursor, the above discussed catalysts have the propensity to produce
more tetrahydrofuran and gamma-butyrolactone than 1,4-butanediol. An object of this
invention is a process which will maximize 1,4-butanediol production and minimize gamma-

25  butyrolactone production.
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nore tetrahydrofuran and gamra- butyrol actone than 1, 4-butanedi ol. An object

of this I nvention is a process which will maxim ze 1, 4-but anedi ol
production and mnim ze gamma- 25 butyrol actone production.
- 3- SUWVMARY OF THE | NVENTI ON

The instant invention is a process for tRe production of 1,4-butanedi ol

conpri si ng catal ytically _hydrogenating a feedstock conprising a
hydr ogenat abl e precursor and S{MARQQ@ THE NN h a

hydr ogen- cont ai ni ng gas. DETAI LED DESCRI PTI ON
OF THE I NVENTION 10 Mal ei ¢ acid or other hydrogenat abl e

Fo 1. 4-but anect Ghe HAAG! BFGRisDa} &l TnDF peodyptior sy pfachlRbgputial *!
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f eed. _

In the pro i %Pa_%n s i on, at |east one hydrogenatabl e
precursgr %gﬁﬁ tﬁlrgg%%?é W {%ﬁ}g%drogen containing gas in the presence

of the catalyst. As used herein a "hydr ogenat abl e precursor™ is any
carboxylic acid or anhydride thereof, carboxylic acid ester, lactone
or m xture thereof which when hydrogenated produces 1, 4-butanediol. 20
Represent ati ve hydrogenat abl e precursors include maleic acid, maleic
anhydride, fumaric DETAILEDDESCRIPTIONQE THEINVENTION ¢ aci d, succinate

esters such as the G to C8 dial kyl
10 Maleic acid or other hydrogenatable precursor are hydrogenated in the presence
of a noble metal catalyst to 1,4-butanediol. The production and yields of 1,4-butanediol are

enhanced by the addition of iron or an iron containing compound to the feed.

Reactants
15
In the process of the instant invention, at least one hydrogenatable precursor is
reacted with a hydrogen containing gas in the presence of the catalyst. As used herein a
"hydrogenatable precursor" is any carboxylic acid or anhydride thereof, carboxylic acid
ester, lactone or mixture thereof which when hydrogenated produces 1,4-butanediol.

20 Representative hydrogenatable precursors include maleic acid, maleic anhydride, fumaric
acid, succinic anhydride, succinic acid, succinate esters such as the C, to C; dialkyl
succinates (e.g. dimethyl succinate), maleate esters such as the C; to Cs dialkyl maleates
(e.g. dimethyl maleate), gamma-butyrolactone or mixtures thereof. The preferred
hydrogenatable precursors are maleic acid, maleic anhydride, succinic acid, succinic

25  anhydride, fumaric acid, esters of C, acids, gamma butyrolactone or mixtures thereof.

The most preferred hydrogenatable precursor is maleic acid which is typically

obtained by reacting n-butane or benzene in an oxygen-containing gas in the presence of a



succinates (e.g. dimethyl succinate), naleate esters such as the Clerr] to
derr] dial kyl mal eates (e.g. dinethyl mal eate), gamma-butyrol act one
or m xtures thereof The preferred hydr ogenat abl e precursors are
mal ei ¢ acid, nmaleic anhydride, succinic acid, succinic 25 anhydride,
furmaric acid, esters of C4 acids, gamredbutyrol actone or m xtures thereof
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(50 to 3000 kPa) .Typkeally, the hydrogenTHp) cmitdiying ginds byrdmergially pui2)hydmgemiwithng gas
is comrercially pure hydrogen with no diluent gases. However, the
hydr ogen c aotdiliient ggsega Howeverg thethydrogerocdngalniog gas i ladditiomto hydrogen (Hp)»may
contain nitrogen (N2), an aseous hydrocarbon (e.g. nethane), as well as
gaseous also coptainguitsogen (ﬁag oy gaseeushydeecathon (a8 rosthane), assyal o8 saseens de) .

10 Cat al yst The
cat al yst emyzidey eficdrbor, (eg.i castoamonorideartmn diande)i ses a nobl e netal of G oup
VIIl of the Periodic Table selected fromthe group consisting of at |east
one of palladium rut henium rhodium osmum iridiumand platinum
These include (i) catalysts al so containing at | east one of rhenium
mangand€e or tellurium as described i Catplyssat ent 15 Publication No.

01551741, (ii) catalysts also containing. at | east opne of silve d gold as
described in U. Sihersatalyst employesl @%lﬁﬂﬂ‘%(“i“ﬁ‘?mb%ﬁf%ﬂrﬁﬁst %n%hi%ﬂ‘e@[)ﬂ&gf ng at

least one %ﬂlaf 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
15  Publication No. 01551741, (ii) catalysts also containing at least one of silver and gold as
described in U. S. Patent 4,096,156 and (jii) 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. Examples of other suitable catalyst
include palladium and rhenium on a carbon support as described in UK Patent Publication
20 No. 01543232 and U. S. Patent 4,659,686. These catalyst composition may also be further
modified through the incorporation of a metal or metals selected from Groups IA, ITA or
VIIL
The preferred catalyst employed in the instant invention comprises palladium,
silver and rhenium supported on carbon. The carbons for use in this invention have a BET
25 surfice area of at least 200 m2/g, and preferably be in the range of 500-1500 m2/g.
Catalysts of this type are described in U. S. Patent 5,149,680.



capébl e of alloying with the noble Goup VIIl nmetal and at |east one of
rrheni um tungsten or nol ybdenum as described in U S. Patent

5,149, 680. Exanpl es of other suitable catalyst i ncl ude pal | adi um and
rheni umon a carbon support as described in UK Patent Publication 20 No.
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- 5- ef'erred catal yst” conposition conprises about 0.1 to
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wei ght percent palladium about 0.1 to about 20 wei ght percent
silver, prghgiesfel vardib iis datilpst 2bpbsitforvmaygilio efucthert medifiedethroush dhet

0.1 to about 20 wei ght percent rhenium and preferably about 1 to about 10
wei ght 5 igvotporation dfarretah or hietals sdlécteddfom GrowpsilArortibA.si | ver is between 10
to 1l and | to 10. As suggested earlier, this catal yst conposition may
al so be further rifiiprefeced tatalysihifor se in this inviertiosrmay bet dopvenigntls prepaesd byr
metal s selected from Goups IAor IIA | ... The preferred
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more of the metAlont R didRts td BEp solubilize one or more of the metal compounds. The

catalyst is dried after each impregnation step to remove any carrier solvent. Drying
15  temperatures are between about 80°C and about 150°C.

In making the preferred catalysts, the solutions of palladium compound, silver
compound and rhenium compound can be applied to the carbon by immersing or
suspending the support material in the solution or by spraying the solution onto the carbon.
The solution containing the palladium compound is typically an aqueous solution containing

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



cat al yst is dried after each inpregnation step to renove any carrier
solvent. Drying 15 tenperatures are between about 80[err] C and about
150[err] C. In making the preferred catal ysts, the solutions
of pal | adi um conpound, silver conmpound and rheni um conpound can be
applied to the carbon by imersing or _g_ suspending the support nateri al
in the solution or by spraying, the solutjon_ onto tgeiqica[ on. . The '
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cont ai ni ng. an un onpound to yreld a catal yst- product
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met al s. Thqqiﬁg;ldé[d',ggygm@@g@%mggnﬁ@gﬁgpgkgmund is typically an

aqueous one contai ni ng an anoun rheni um conpound to yield a

catal yst product AférfimphegnitRatiti patladium, silver, and rhenium and drying, the preferred
- 6- anount of rhenium The rhenium conmpound is typically perrhenic

aci d, ammmoreatalyst is activapedibytieatiigthe impregmltddadarbomstipporpwndehexdaciag conditions

The inpregnating solution(s) nmay optionally contain netal conplexing agents
to het p tependsittei of d 264360%C, preferably 150436806t Hydrogemp oumthixturtref addi ti on
of acetonitrile to the 5 _inpregnating solution allows the Pd, Ag, and Re
conpouri@s fhedrogerand nitragen, ingrostast with the catalysimay be.converientlyyused &5 the added to

the inpregnating solution. ) After inpregnati ntﬁvith
pal | adi um catalysereduction. Redustiomo the impragagied cartomsuppart iseply 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



catal yst is activated by heating the inpregnated carbon support under

r‘educi ng conditions at a tenperature of 120-350[err]C, preferably
150-300[ err] C. Hydrogen, or a mxture of 10 hydrogen and nitrogen, in
contact with the catal yst may be conveniently used for the cat al yst

reduction. Reduction of the inpregnated-garbon support is only after the
car bon . support. has. been inpre e i th palladiu silver. and
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precursor with a n-co Ing gas 1nh the presence of 1ron and the
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products by distillation. 20 In the instant invention, iron is

added t g t hutiplelsageratR Maybedaplord. Tht afbuRrofestalyst requirddawill varyosidetyi on
of the hydrogenat abl e precursor to the hydrogenation reactor or in situ.
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rangi ng betanédwr likeand 1. 0, 000 ppm (wei ght per wei ght basis).
Preferably the concentration of iron in the feedstock is between 25 about
20 and 160 ppm Ahsihydrogamgentaihingigasisded contimuguslyegenseally ivithi thethydjogandn
acetate, iron, propionate, iron butyrate, iron nmaleate, iron

succi nat e snusiderahie stpichiometric excess te theigther repstants. Unreacted hydrogen can be
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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 (Ha/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



apparatus and techniques in a stirred-tank reactor or in a fixed-bed
reactor. Single or 5 mul tipl e-stage reactors nay be enpl oyed. The anount

of catalyst required will vary w dely and i s dependent upon a nunber
of factors such as reactor size and design, contact tine and the
i ke. The hydrogen- conta%ning gas is fed continuously,

generally with the hy
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precursor) once ons bei ng nore economical an
preferred Qi{ﬁnéeo I-k(?ﬁé/er *ﬁbfoﬂ%‘ﬁrofhgnhﬁ%ie%y%ro&ic‘éﬁg§l?ght Preferably the
precursor so utton contal ns out 20 to about 0 wei ght percent

mal ei ¢ acid (or other hydrogenatabl e precursor). Preferably
t he hydrogenation step is run at a tenperature of about 50[err]Cto 3
50[err] C, and a hydr ogerSRBGIBEKLEMBODEMBNTS20- 400 at nospheres with
hydr ogen to hydrogenat abl e precursor ratios (Herr]/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, tetrahydr of uran, gammra- butyr ol act one

or m xt ur dg ordeste dlustrate thednstant invgndonsthe dl@pfm@pby arerpgeyifeshal
distillation. By-products which are forned in small anmounts or

unr eactl®d feed, such as for exanple, succinic anhydri de or succinic
acid, are otlonall returned Lo the i tage. The 25

gamma- but y EERaERcs o IepATaly el F S8R ¥ ogenat i on reactor.
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virtually ot %raf%h ' 486 Yol “é w?%f%ng 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 ACLA40 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 0.5167,

and each was fitted with a 1/8” axial Hasteloy C276 thermowell.



reaction. The yields of 1, 4-butanediol and tetrahydrofuran achieved are
about 80 nol e percent or greater, typically about 90 nol e percent or
greater, with a mgjority portion of the yield being 1, 4-butanediol.
Reaction by-products may include n-butanol, n-butyric acid,

n-propanol, propionic acid, nethane, progane, n-butane, carbon nonoxide,

and carbon 5 di oxi de. Howevyer, .the formati f, tilizabl
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sol ution. approximately 5 hours. 280. 59 of 1.5 nmm (di aneter) CECA ACL4O carbon
extrudate was inpregnated gradual ly with the above solution. The

m xture was al | ovigdedsivestaing of tie chtali@twas canricll dub @Rer several tHousend hourgiat oven
at 120-130[err]C for 20.25 hours. 20 For testing the catalyst
extrudat e vpmessards ofi2300 ta 4060 psigbThelreastors waere opéretedamithrhydrogen recycleedgt h of

t he extrudate was about 1.5nm Exampl e 2: Hydrogenation of

Aqueous Nalseiall pactioa ofithe IGairegen sras Vented toppregeit the accumulatimeofngnspydansabie

Exanple 1 was tested in tw Hastel oy C276 reactors connected in .
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 (I) 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/(MACHFAC) 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 C, basis. The BDO yield was

significantly higher for iron added to the maleic acid feed.



seri'es using heated Hastel oy C276 tubing. The reactors had an internal

di aneter of 0.516", and each was fitted with a 1/8" axial Hastel oy
C276 thernowel | .

-9- The catal yst was m xed with 50/ 70 nesh quartz chips
(0.625¢g quartz per g of catal yst) _hgtore charging to the reactor.

20cc (12.15g) of catal yst | aced . h { £STE reactor, and 40cc '
(24.3g) in the second react\t%—mmgsgélng—t‘?re—w? ogjbogifion gF elcAcid Fee al yst was reduced at
at nospheric pressure in rovvi@(gm rg{ltog_en (400sccm),by heating the catalyst

gradually to 5 230[err]Co ximately 13 t 8 hours and then
mai nt ai ni ng the catal yst at .C for a %]gxi mately 5 hours.
Ext ensive testing of the cat E}“y CAHE carried out ‘over several thousand

hours af pressures of 250dict4fid000 psig. Théd-4kactors were operated
wi th hydrogen recycle. A Acegiogicid portion of tHe?hydrogen was vented to
prevent the accunul ati on of nMalicdoidensable 10 dh4kes. The aqueous nml eic
acid feed which was used for the iron addition study contained snmal |
anounts of other organic acids as sunmarized in Table 1. Iron was added to
t he maleic acid in the formof iron (11) acetate to yield a 40 ppm
(ww) iron containing solution. The iron readily dissolved in the
solution. The effect of the iron a ion to ei_ c acid feed was
eval uatled bet ween 4450 aAabla@soCaalystPerfqormancg Logiec %2 fol | owi ng process
15 conditions: Pressure: 4000 psig

H err]/ (MAC+FAC) Feed Ratio: 92 Herr]
Make-up to Recycle Ratio: §. 2 o o 9 kh

React of ABDO “WIHE  %GBL,, ABYOHS, MBOH, . JESAE:

130[err]C ond ctor:
Aver age Set Té?%‘e‘?gﬂe&r e: 165?%r r] Cl 9.75 58% B'%@ 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



25 ° Table 2 summari zes the testing with and without iron
added to the nal eic aci ﬂi‘!Ml J‘Wﬂm’r oduct selectivity's were cal cul ated
on a nolar C4 basis. significantly higher for iron
added to the maleic aC|d f eed.

-Céo- Table 1_q1Conposition of Maleic Acid Feed
nponent wt % Mal eic Acid
3.4 FufAESAci o 0.41 5

crylic Ac . . o 0.21 Acetic
Aci d Jl‘ge claimed invention,is: Malic Acid

0. 40 10 abdhi
(Sel ectivity) Déft A process for the pré@RtiSn of 1 4%&%& ot cdﬂ%rfsﬁﬁlz / Ggall_lly% BUOH

%r OH  %SA . 86
0. 63 ffydrogenatmg a h&&@ébn?%ﬁﬁ%é%cgrsor in &%&a@% with i@xg&r‘égen corﬁ.aur;iliﬂeg5 g,as al-lanB. 6

0.63 5 ilchrGgenatlon caﬁl?s't%bﬁlpnsmg at 18{3C0re doble tetalatdirolip VIII of thieHFeriodic
t et rahydr of uran GBL gama- but yrol actone 15 BuOH = but anol

PrOH = pr orable) wherein iron §¥¥dded soithe hpdrogemtable precursor. It is to be
under st ood that the subj ect invention is not to be limted by the
exanpl es set foeth h&heprocessiosininh & wehetrirethe hydrogetatablespreuysards slaetedst r at e
operability, 20 and the selection of catalysts, netal sources, carbon
supports, Groncihagroupiconsistingofmaleic acid, maleic anhydride, fumaric acid, succinic acid,
succinic anhydride, C, to Cs 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 Group VIIL 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 concentrations 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).



times, solids | oadi ngs, feedstocks, reaction conditions, and E roducts,

any, can be det e1rn‘i ned fromihe t ot al pﬂﬂ“‘ﬂlﬂm B"I?H\lﬂ | osure
provi ded, wi thout departing fromthe spi

tion herein
di scl osed and descri bed, the scope of the i nvent i on |nclud|ng
nodi fications and variations that fall wythin the scope of the attached
claims. 25 11- -
The cl ai med i nvdft i ofhegrocess of claim 1, wherein the ratip of hysiregen tP@Vdfl"B@‘aﬁb@fductl on
of 1, 4-butanedi ol conpri si ng catal ytical] hydr ogenati ng a

hydr ogenat PFTser isheiwesn abentcier land W‘Ethwéoﬁ‘llélf ogen- cont ai ni ng gas and a 5
hydr ogenat i on cat al y conpris east. o nobl e of Goup VIIN of
the Peri odic L. Qroqgﬁequ,gra%n r BReIEY tgﬁﬁ“@ﬁ"&"ﬂ'ﬁ"ﬂge%aég §‘frﬁgﬁ e

precursor. rocess of claiml wherein the

hydr ogenat gﬁvéee&ag@ﬁrzg&pd%g()ggqoggfeé fromthe group consisting of
| ei d,
Thydri de. C[er £ £ o TR Bt oI, wher@fl e odHiRE il Btheen abgut 0.1 B! 11 ©
3.

mal eat es, dé@h Byt yrol act one and m xtures thereof.

The pr ocess 0 Pal m% wherein the hydrogenatable precursor is at |east one
of mal eic acid, succinic acid, or gamra-butyrol actone. 4,

The process of claiml, wherein the noble metal of Goup VIII is selected
fromthe group consisting of palladium platinum rhodium and rutheni um

15 5. The process of claim1l, wherein the hydrogenation

catal yst conpri ses pal | adi um and rheni um 6. The
process of claim1, wherein the hydrogenation catal yst conprises



paIIadlun1 rheni um and silver on a carbon support. 7 The
pfocess of claim1l, wherein the iron is an iron salt selected fromthe 20
group of iron acetate, iron propionate, iron butyrate, iron maleate, iron
succinate, iron fumarate, and m xtures thereof. 8.

The process of claim1, wherein the iron is added to the hydrogenatable
precursor in concentrations ranging between 1 and 10, 000 ppm (wei ght per

wei ght basi s). 9. The process of claiml, wherein the
iron is added to the liquid 25 hydrogeh#tabl e precursor in
concentrations rangi ng between about 20 and about 160 ppm (wei ght
per .wei ght )

s IPRBUER PROGRSS FOR T PRI MIELE PSP, o

hydr ogen to hydrogenat abl e % e IH%Fﬁeen about 5 to 1 and about
1000 to 1. 11. The process of claim1, wherein the

hydr ogen- cont ai ni ng gas pressure is bet ween about 20 and 400

at nospheres. 5 12. The pr d8SERALT cl ai m 1, wherein the contact
time is between about 0.1 m nute and 20 hours.

Maleic acid and/or other hydrogenatable precursors are hydrogenated in the
presence of a noble metal catalyst to 1,4-butanediol. The production and yields of

1,4-butanediol are enhanced by the addition of iron to the hydrogenatable precursor feed.



