WO 01/ 27058 PCT/ GBOO 03805 PROCESS FOR THE SI MULTANEQUS PRODUCTI ON OF
MALEI C  ApdrdiabdsE AND | TS HYDROGENATED DERI VATI VES Thi s pomasabnsses r el at es
to a process for the co- production of C, conpounds, nore specifically
mal ei ¢ anhydride., butane-1,4-diol, y-butyrolactone, and 5
tetrahydrofuran, froma hydrocarbon feedstock selected from C,

hydr ocar FIRROGCESSEQOR ULTANYEOQUS BRODECTFKONOF MALEIGUr phase -
oxi dati on of ANHYDREDECAND ITS HYDROGENATED DERIVATEVES., ol ef ins,
or n-butane, in the presence of a partial 10 oxidation catal yst. Dependi ng
on the nature ahiknentegdsbChefalbbROs S brdidiiPied LaRadLUM pent oxi de
catalyst is typically used, e he redaction tenperature is usually from
about 3508rbdugbdon o500C compaursis.cavirieospecafiarbly smiteir about 105 Pa to

about 15 Pa. . A stapt | exXGe f air smy be used in _

order. to’ %flg}/’a%gfi&'dguf%gge;p Oé'?i\’/]é' W?ng‘?%ﬁ%gtggln 'a(?%'dt ime - is about. 0.1
- s. Al tSer naetyrehydrbfuranpossohl 2, hpdrocarimon tfredatoecksedentpdatrone, to
desi gn thﬁ H#%@t so_.t hat %ﬁtisfa:tory saf e operation.can be achieved,
despite t e FEAEOCHHPYRE 2HH LIEH i xt ure of air and hydrocarbon feedst ock
s wthin theMaladeabheylridescaftnbe desdduiced byeacipourf phasach parti al
oxi dation _reactions _conpri,ses tubyl ar reactor i.ncluding vertical . tubes
ot T oundoBXBSEPRe RS o BYBRGRaaRPR e Siahr ety ugH S DsadePFe Pited | n
order to endblefinde seagibwarieia! alHy presHneeVeE, a pakeiallesi gns of -

reactQr can,he * used igstead, I ncluding fixed bed reactors, fluidised bed
react'or s, OFrdakdPPnGa584YFEact ors. In each case a hot vaporous reaction

mxture is 30 pepenaied bhoEhkhRagdké €NGKE fdwidRak or supbolreanrises
mal ei ¢ anhydri de vapour, water vagour, car bon oxides, qQxygen, _ nitrogen,

and ot her PFREPEeG ¥anadium; gertexidni catast (ipLypically used, while

the reaction temperature is usually from about 350°C to about

500°C and the reaction pressure is from about 10° Pa to ébout

15 3 x 10° Pa. A substantial excess amount of air may be used in
order to stay outside the explosive limits. The contact time
-is about 0.1 s. 'Altefﬁa;ively it is possible, according to
more modern practice, to design the plant so that
satisfactory safe operation can be achieved, despite the fact.

20 that the feed mixture of air and hydrocarbon feedstock is
within the flammable limits.

One design of reactor for such partial oxidation
reactions comprises a tubular reactor including vertical
tubes surrounded by a jacket through whichag molten salt is

25 circulated in order to control the reaction temperature.

,JHowever,'o;hex.designs-gffréactbrwcénzbe'uséd7inste;dl '

h includiné fiked'Bea.réactors, fluidised bed réaétbrs, or
moving bed reactors.

In each case a hot vaporous reaction mixture is

30 recovered from the exit end of the reactor which comprises
maleic anhydride wvapour, water vapour, carbon oxides, oxygen,
nitrogen, and other inert gases, besides organic impurities

such as acetic acid, acrylic acid, and unconverted



such as acetic acid, acrylic acid, and unconverted WO 01/ 27058

PCT/ G(B00103805 2 hydrocarbon feedstock. It is usual to recover and purify
the mal ei VAAHYHEP de fromthis dilute reactor effluent SRGCHGRIYUASp o
four steps. First, in an optional step, sonme conventional processes 5
condense out part of the maleic anhydride by cooling the reactor effluent
stream typically to about 150C using a 2stean“r produci ng heat exchanger and
then cooling it further to about 60C by “cooling it against water, in order

to condens f t i.¢ anhydride, typically about 30%to about 10
60% of the%%%%ar%r?ﬁyg‘r%ieggkpfgéent. Only partial condensation is effected

because of the pitessnusuafl wet eecomkrchndeputrsfw tine nadbeic aarihpedzide i N t he
reactor eff ngt Str o._far | ei Ld,._which.my inh turn i sonerise
to funari c’% acl d?h%aldg'i%g%tgcfrgg @o@e%'fﬁ{léﬁ{: BEFRE™ ot 1R EC 1P T R mar i ¢

as a mertrng
aci d has a metdt ngrpanniopaficd@ICstlept, hsohe wbheénaienalighrddgdwss t han t hat

of mal eLc anhydri de 52.85C) . a result there.iis a tendency for deposits
of sol #d n%?%cfeélsaeciod’(tal?&r?uﬁgr i%i’eaglflgefﬁ BBFY‘&rh?Fth‘F@ th& changer
surfaces whedctcnWifdyeati ctireaneMayplicalypi €al Ayord 150 UsSeuding\al er
and/ or sodi umqr}%drox' de sol ution an aqueous sol ution that

ich yields
contai ns f uMeEFIE RRAWCARS Mersi §%¢ Ef‘ge\ér af‘ﬁef‘?e’éoﬁ‘? RS herqdia es
el uent {restueron:ciugecand iaceacl kghingtoannen) | oRbidessed] dendanaboor
essentia all o e remgi ning nal.ei c anhydride fromthe ef fl uen
Stream ThePTEfinilg GAIEase 2BRHPGEAe: o BNPLFEAL BoARaRE 60t o € FPOUL
at nospher e, 6Ppssi ihe afatienid aghyarateoprekentar b@ﬂ:(LjﬁU%@i(tP@l unconvert ed
hydr ocar bon, and ot her qrganic compounds contained therein. In this
absor pti on SRUFEAFRLIO S eLLcreRk Pesause aectibe pPFRFRET RF Wakitmqueous
30 sol uti onyiesdh e deted washt RR13BSOLRBHH1HE YA Elge CRSEct e e Rl firft -

anhydride is mainly hydrolysed to form mal ei c acid.
stream to form maleic acid, which may in turn isomerise to

fumaric acid. Maleic acid has a melting point of 130°C,

15 while fumaric acid has a melting point of 287°C, both of
which are much higher than that of maleic anhydride
(52.85°C). As a result there is a tendency for deposits of
solid maleic acid and fumaric acid to build up on the heat
exchanger surfaces which require periodic removal, typically

20 by use of water and/or sodium hydroxide solution which yields
an agueous solution that contains fumaric acid and maleic
acid or their sodium salts and requires effluent treatment.

A second step that is conventionally used is to absorb
essentially all of the remaining maleic anhydride from the

25 effluent stream. The remaining gaseous effluent can then be
vented to the atmosphere, possibly after incineration of
carbon monoxide, unconverted hydrocarbon, and other organic
compounds contained therein. 1In this absorption step an
organic solvent can be used. Alternatively an agqueous

30 solution can be used as the absorbent, in which case the
maleic anhydride is mainly hydrolysed to form maleic acid.

Scrubbing with water or with an aqueous solution or

slurry is described, for example, in United States Patent



Scrubbing with water or with an aqueous solution or slurry is described,
for exanple, in United States Patent WO 01/27058 PCT/ GBOO 03805 3

Speci fic PIOYRTOSH. 2, 638, 481. A di sadvantage of such.a PGR{BANIRBE however,
is that some of the naleic acid is 1inevitably isomerised to fumaric aC|d
The byproduct fumaric acid represents a | oss of valuable mal eic anhydri de
S and is difficult to recover fromthe process systemsince it tends to
formcrystalline nasses which give rise to process fouling problens.

Because O%%ve i datQT RAL 0B3R! 2RLeM R dffédcﬁia)ht%fge Brfhéhcﬁ”der ous organic

sol vent s en proposed for 10 absorption of I'ei ¢ _anhydride from
vapor ous praocegure f fowevesrpl és thatt gomemhdihe @5(1Brllct pShdPasent

Speci fic lﬁgs 3 768, 5‘?%) pht hal at e

cont ai ni %ﬁ% & 10 el éﬁgé@dp%tghgﬁé%r%%% réljde ni ?’g, ag%%t es Pat ent

Speci f i cafumaridp a@m:&mspnnar galogs | of ural uedlienmadedice suhudrideboxyl i ¢

acid nhy a 3 12 u LLuf ed

succi n| C an‘%d%fl ?tg' gtggtgte}gg;?&h % Cif |e?aét<%%>éltﬁ§. Q§L}§§8£g80)

tricresyl tgﬁspﬂmtf@r(m:mmsmméuaat nSpees fwkc:a:th @ivido risg, t25p8bdessdi net hyl

terephthal a Ja gratent 20 Publication No. 32-8408), dibutyl naleate
Qg PR

(Japanese tion No. 35-7460), high nol ecul ar wei ght waxes
(United StatesBdmues dBpehisi cabmenidatidh (pihllen a vadrpeemybfent achi ori de

(United St tegzl \I:}{g_ﬁ’&rou%em fi gt | §Tger'}€’s %@eQSUeQe 4?1_ E’o%gsa?c'y ng aronatic

hydr ocar ) enzyl benzene ent
SpecilOi caibm;hh.on aa&&ma) pnﬁydeidigl e oenmws tweted, SEares Pat ent

P o Y AeRRe! SR T D AT e B eob iR, P "
Speci fi cafio®N N7, 82807 7634839, wahdr 789, 5$ns)o,l Ld]ll:mﬁ}ﬂl’ phahplagenes (United
States Patggkalnlng up to 10 welght % phthalic anhydride (United
States Patent Specification No. 4,118,403) normally liquid
15 intramolecular carboxylic acid anhydrides, such as. a
branched chain C;,.;s-alkenyl substituted succinic anhydride
(United States Patent Specification No. 3,818,680);
tricresyl phosphate (French Patent Specification No.
1,125,014), dimethyl terephthalate (Japanese Patent
20 Publication No. 32-8408), dibutyl maleate (Japanese Patent
Publication No. 35-7460), high molecular weight waxes
(United States Patent Specification No. 3,040,059),
diphenylpentachloride (United States Patent Specification
No. 2,893,924), high boiling aromatic hydrocarbon solvents,
25 such as dibenzylbenzene (French Patent Specification No.
2,285,386), dimethylbenzophenone (United States Patent
Specification No. 3,850,758), polymethylbenzophenones, at
least a portion of which contain at least 3 methyl groups,
(United States Pateﬁt Specification No. 4,071,540), water-
30 insoluble tertiary amines (United States Patent
Specification No. 4,571,426), dialkyl phthalate esters
having C, to C, alkyl groups and a total of 10 to 14 carbon
atoms in both alkyl groups (United States Patent



Specification No. 4,571, 426), dial kyl' pht hal ate esters having C4 to C

al kyl groups and a total of 10 to 14 carbon atons in bot oups
(United SWRWMZTES: ent' WO 01/ 27058 PCT/ GB0O/ 03805 4 Speci®i %@%?P%%Io

3,891, 680), and esters of cycloaliphatic acids, for exanple dibutyl
hexahydr opht hal at e ( Sout h iAfri can Pat ent Speci f Ftation No. 80/1247). A
third step that is conventionally used ig to recover 5 the resulting
solution of naleic anhydride or maleic acid fromthe absorbent. Wen the

absorbent igpeanratdenbh neQ! Y68V, GG Fh shdtdddatd U nyc.‘l%'&tlh%%‘&%c
distillation can be used to recover the naleic anhydride. On the other

hand, whe®cils . afesr BEARPLEgRLELFEL v%%@hwr%nhm (Somidy dfricant he

recovery st Qeggsgpbggkgggtgogeﬁadrg@y@@4ﬁﬁep so as to re-convert the
mal ei ¢ acid back to maleic anhydride. One procedure that is used is to

distil the nal ePc théird ssPBRt £hAt i ??@N?ﬂ%&ﬁ#ﬁkﬂXﬁu%aﬂ<%§et°TWe§°W@w only
renovess t he at el ﬂ'i?xgaEEQuE%H'BE hi & f oL f;LQ{le S R %'1‘2: aphiydride. In.

15 either event the el evat ed t.enperatures used tend to in uce formati on of
fumari c acifdcomhitble ebsorbentes Whenrtherabgerbent igotamtdrgandgicoduct mal eic

anhydr i de. Jdiiked Sacen Baceal) bech’boaLbotiMeus di08R cRORARS

recovery of malei ¢ anh roma gaseous m xture contact with an
absor bent , deollsed tg wlelcohe\wat-be mele'em&@hMﬂrbdnt héDrertrheclwe:dh%cbskxambent by

contacti ng | t Wltthfé \é@%@;\taﬁgﬁggniso ({]}ggnucg t% %ttl‘l p| ng gas.

Mal ei c anhy de s en recove fro r|e sor 5ént. 25 A
gromﬁny)usehhomeWEWemg atlepdmade Lsclndehe @Ehmﬁmatxnn sﬂbpbutame&lxﬂ di ol ,

and its co rproducte |é:]l"%cmé%ﬁy§§|xég&a858get°§n%lcégétg’t}{‘%qdéran Direct

hydr ogenatlon e or nal éj ese 4 c ounds S
pr oposed Hp:ldﬁ:etdﬁudeSttahes iBatieati Spetofdistibntshe maleic acid solution

in the presence of xylene. This not only removes the water
but also results in re-formation of maleic anhydride. 1In

15 either event the elevated temperatures used tend to induce
formation of fumaric acid which constitutes a further loss
of potential product maleic anhydride.

United States Patent Specification No. 5,069,687
proposes recovery of maleic anhydride from a gaseous mixture

20 by contact with an absorbent, following which water is
removed from the enriched absorbent by contacting it with a
water adsorbent or with a low humidity stripping gas.

Maleic anhydride is then recovered from the dried enriched
absorbent.

25 A growing use for maleic anhydride is in the production
of butane-1,4-diol, and its co-products, i.e. y-
butyrolactone, and tetrahydrofuran. Direct hydrogenation of
maleic anhydride or maleic acid to these C, compounds is
proposed in United States Patent Specifications

30 Nos. 3,948,805, 4,001,282, 4,048,196, 4,083,809, 4,096,156 ,
4,550,185, 4,609,636, 4,659,686, 4,777,303, 4,985,572,
5,149,680, 5,347,021, 5,473,086, and 5,698,749, and in
European Patent Pubiication No. 0373947A.



30 Nos. 3,948,805, 4,001, 282, 4,048, 196, 4, 083, 809, 4 096, 156 4, 550, 185,
4, 609, g%ﬁa ﬁ” 659, 686, 4, 777 303, 4, 985 572, 4%3 , 347,021,
5,473, 0850 BAW® 608,749, and in European Patent PubI ication O, 0373947A
WD 01/ 27058 PCT/ GBOQ 03805 5 Esterification of maleic anhydride with an

al kyl alcohol to yield a dialkyl naleate followed by hydrogenation of the

resulting dialkyl mal eate has al so beer proposed in order to produce
but ane-1,4-diol, and its co-products, y-butyrolactone 5 and

tetrahydrof ur aﬁstéwﬁmam OF malkhe hhﬁyaﬁllcp@asftﬂ an RI1%XYASd doholri ti sh
Pat ent SpeC|f|cat|on : 454, 440. = Va our hase dro enation i s taught
i n I nternkPi ¥hatd P%I%&ﬂlkﬂiJHP#@éFFoﬁ°ﬁ$ %%ﬁﬂno n¥on of a

di al kyl — peLeatend NaidtkAl dA%ataNnhe aagalsélexouﬁr <185 Gl ediein £30 Uni ted
St at es Pat ent Specification No. 4,584,419 and 4, 751 334. United States

Patent SpEEPﬁF@%I?%FPW&)1uﬂ1ﬂ£91458ndpF550§95P¥@ﬂ¥99?ﬂ(%ﬂﬁq£¥9ﬂ14ﬁ£q§ﬁc aci d
with 3 C . he (dPra@bdadilraat. eln@\a&bgenatssﬁum el itﬁ.ﬁmr iy figl | owed by

a 15 tmo stage hydriogenation of 'the resulting dialkyl maleate using a

slurry of PQOE@pﬁérl%kﬁ@rﬁJt@ @d’tb&Wsﬁpsﬁaf%ﬁ%ﬁl?fy N%h sti43%t44%. United
St at es Paxﬁl by PPegadd C@d%é}ﬁtﬁn‘q% 928gh € UHY e the i dBABRAE Bl

cat al yst can be used 1n 20 agueous Solution to hydrogenate, for
exanpl e, Rubdieatiton NoarftP B2/9388dnsi Bydregenation Bl 2fdiald¥dni um and

rheni um 0?&a18§£90{‘n £ 0 BeaBhrkEd! Ot PASUKId b i al kyl

mal eates Trom nmal el ¢ anhydri de are described, for exanple, 25 in United
St at & PaUBmteSp%b$¢¢$xﬁaQﬁnﬂwﬁpe$lf95a82QnaN@ i 4 38f A¥atarshal  Pat ent
Publ i catign 7%@ 3¥¥P 90/08127. This last nentioned docunent describes a

colum reaétor’containing a plurality of esterlflcatlon trays each haV|ng
a United States Patent Specification No. 4,032,458

proposes esterification of maleic acid with a C, to Gy
alkanol at elevated pressure and temperature followed by a
15 two stage hydrogenation of the resulting dialkyl maleate
using a slurry of a copper chromite catalyst and then by
distillation.
United States Patent Specification No. 5,478,952
suggests a hydrogenation catalyst which can be used in
20 aqueous solution to hydrogenate, for example, maleic acid,
and which consists of a mixture of ruthenium and rhenium on
carbon. ,
Processes and plant for the production of dialkyl
maleates from maleic anhydride are described, for example,
25 in United States Patent Specification No. 4,795,824 and in
International Pateﬁt Publication No. WO 90/08127. This last
mentioned document describes a column reactor containing a
plurality of esterification trays each having a
predetermined liquid hold-up and containing a charge of a
30 solid esterification catalyst, such as an ion exchange resin
containing pendant sulphonic acid groups.
The hydrogenation of dialkyl maleates to yield butane-

1,4-diol is discussed further in United States Patent



predeterm ned |iquid hold-up and containing a charge of a 30 solid
esterification catalyst, such as an ion exchange resin containing pendant
sul phoni c WOOH2WSHups. The hydrogenation.of di al kyl mal eaPEHGBW/O3SS| d
butane- 1,4-diol is discussed further in United States Patent WO 01/ 27058
PCT/ GBOO' 03805 6 Specification Nos. 4,584,419, and 4, 751, 334, and

I nternational Patent Publication No. WO 88/ 00937. In International Patent
Publication No. WO 97/43242 :a process isS described in which maleic

anhydride is absorbed 5 _j‘n a high bqiling.solvent_having.a boiling point
that is at 5® 1GAM RS- ﬁ'ﬁ&?’o?gﬁaf*e?élaﬁ?\%dr?‘ at at nospheric

pressure, foicexaPichdl MRidede FridldlcateonThen wbhespebes. anhydride in the
resulting solution is esterified_to formthe corresponding zg%éCH to 4
al kyl) mal eate, ¥hilHFerRrats EFRERE Fublirhean i ¥om ¥Ped 20t 44D using a

hydrogen- Copb@ds Nts GRss SRR D WHiRhI md1¥2R0LANAPI AL UL € YiShhds then
subj ected to vapour phase hydrqgenation. A simlar procedure in which the
est eri f Pcat B Shigh (RO KPLYFRt havingl ai Boahhydr PAENT sthat  bpeart from

the sol utiofiedde tie>cl nilyreh RYan RGasOb¥eRh180d ShiyScigd 40 vapour phase
hydrogenation is described in International Patent ~ Publication No. WO
07/ 43234. FRaFRPRPhemt® REgSSYRR. for sxampleodpmebhylophehalake. t atkgn in

| nternati onghe Aad flic dathldSdd Qs %re@@l@%&iz’g@iuéﬂdn% 9bcabifs o 20 A

further devel opment of such processes is propo3ed in_International Patent
Publ i cat i ontQotoxp Uy srerespandimnsg diddfel epraneliyiécoadentgh wbithng

sol ventjg sugh gébég&%ﬁﬁgly‘gﬁéﬁﬂﬁg&%fﬁiﬁ gﬁgqsgggggégggg?ﬁ%ogf5§g§?é§é?ﬂ an

absorption step in I chH mal er'c anhy eis a ma <cru 5
vapor ous natentaipindirdare shresunmta orhed dmal ¥RporAngdmiyeurg| winichnis first

high boiling,gl g@@ﬁec%%@%ﬂd@ %asepﬂwgbagﬁation. A similar

procedure in which the esterification step is omitted and
the maleic anhydride is stripped from the solution in the

15 high boiling sclvent and subjected to vapour phase
hydrogenation is described in International Patent
Publication No. WO 97/43234. Further materials for use as
absorption solvent are taught in International Patent
Publications Nos. WO 99/25675 and WO 99/25678.

20 A further development of such processes is proposed in
International Patent Publication No. WO 99/48852; in this
development a second high boiling solvent, such as dibutyl
phthalate, is used to scrub the off-gas from an absorption
step in which maleic anhydride is absorbed from a crude

25  vaporous maleic anhydride stream from a maleic anhydride
plant in a first high boiling solvent, such as dimethyl
phthalate.

In the prior art processes for production of butane-
1,4-diocl from maleic anhydride it is normal procedure to

30 wutilise a substantially pure maleic anhydride feedstock
which contains at most a trace each of light acids (e.g.
acetic acid and acrylic acid), of fumaric acid and of maleic

acid.



In the prior art processes for production of butane- 1,4-dial fromnmaleic
anhydridgwiggg@?nornal procedure to 30 utilise a substantiall ure maleic
anhydri d ock which contains at nost a trace eachPeFGBp aci ds
(e.g. acetic acid and acrylic acid), of fumaric acid and of maleic acid.
WD 0127058 PCT/ GB00/03805 7 It is an object of the present invention to
provide an inproved process for the cg-production of maleic anhydride and
the C4 conpounds, butane-I,4-diol, y-buUtyrolactone, and tetrahydrofuran.

It is also an pbject, Lpvention to inprove t i eld of

of ,t:he. pres _ he vy
such C. conpounds réhf%BQ%Fvgg ggéngf?ﬁe%ﬁ }ﬂ%ﬁQﬁﬁflj%? f&@ﬁ?ﬁ@b?nand hence
to nmake imesevebimpoweds foretheadblpradact dim eofimthliedic ethgdriBie quantity

of waste cls. pr |ty S0 an..ohject. of the present [nvention
to provi d‘gﬁcgc%?eocscésg&ﬂg§8€%se’ 1}6&%?"2%31&4?2&#0?‘? t' h?uglfr8gﬂﬁ€%ﬁs,a | eic
anhydri detetwdndrdfuwtandi olIt yisbalpoohactiohect aofl that patesdnef uran from a
hydr ogar bon _f eedst ock .which c be.operated i,n lant that_ is nore :
econofi ca%nY%ne?b%%pudfnp§ﬁget gﬁ?uxlFﬁgnO%o ’\}%}ht‘ﬁoﬁgwp°b¥‘§ﬁt§?°‘i5a Accor di ng
to the prgbedi dquataritiyooft hetieocarponvidedstoclpraant Henfcer tohaake- pr oduct i on
of mal ei c_anhydride and at | east.,one C4, ound, sel ected from

but ane- 1. HIEHE| COMPOWNAR, POFS. FERES LENAVS LLFEH St hoart SR ER2 el e ¢
anhydr i deqhsntitd ure dralsyes bepaueespproduged 20 14 )iss HIRoy iahg o@g&eur ce of

gaseous o0x n and a _hydrocarbon feedstock sel ected from C4 hydrocarbons
and beni%%ggh?)afﬁﬁﬁﬁﬁl%PW@nﬁéPPiEP BXPULES oh EXRRESHifOT tBSntains a charge

0; a rznar2 g ﬂaﬁé%@@ id;aib lo@n fc@:azj al, yéimp&&]gzmql tnalle ief Eﬁﬁ?}ﬂigﬂgi% heb@%éﬁ%\ﬁi , ﬁx! dation
of the rocar bon feedstock t orm nal el annydri1 de an Icn 1S
i 1t i 0o Ghich RSERYACCoBar « IS BRFERY P Lusan from a

hydrocarbon feedstock which can be operated in a plant that
is more economical to construct and to run than conventional
plants. _

15 According to the present invention there is provided a
process for the co-production of maleic anhydride and at .
least one C, compound selected from butane-1,4-diol, vy-
butyrolactone, and tetrahydrofuran wherein:

maleic anhydride is produced by steps comprising:

20 (1) supplying a source of gaseous oxygen and a
hydrocarbon feedstock selected from C, hydrocarbons and
benzene to a catalytic partial oxidation zone which
contains a charge of a partial oxidation catalyst
capable of effecting the partial oxidation of the

25 hydrocarbon feedstock to form maleic anhydride and
which is maintained under catalytic partial oxidation
conditions;

(ii) recovering from the partial oxidation zone a
vaporous reaction effluent stream comprising maleic .

30 anhydride, water, unconverted hydrocarbon feedstock,
and carbon oxides;

(iii) condensing a part of the maleic anhydride

present in the vaporous reaction effluent stream in a



conditions; (ii) recovering fromthe partial oxidation zone a

reaction effluent stream conprising nmaleic 30 anhydri de,

resi dual vaporous stream contai ning resi®ual anounts of

anhydride; (v) absaqrbing.further palgic anhydrjdeé framt
histep® o d

h resi dual
aﬁ%@éf on medi um

EPER-LPY) 289 P 6h TS A

vapor ous streant

vapor ous

) wat er, unconverted
hydr ocar b3¥0 9183088t ock, and carbon oxides; (iii) condensiP$J/GBOYEIPS of t he
mal ei ¢ anhydride present in the vaporous reaction effluent streamin a WO
01/ 27058 PCT/ GB00/ 03805 8 condensation zone to forma crude naleic
anhydride stream (iv) recovering fromjhe condensation step (iii) a

5 maleic

sel ected from agteegamni c solvent, water, and an aqueous solution; 10 (vi)
recovering fromthe absorption ste v) a. |oaded |iquid absorptiqn nmedi um
i (vi 1) ccovdiig a cPECaRASHRS EXOP drie FETHRRIATLor G068 AB407 pft on
medi um and whekekidudd apbroius| e6séan NCorith NP Wed iTklaaC bakbuhtemof

but ane-) , 4- diol, yzbut¥LoIac one, and tetrahydrofuran is produced by

steps conprisi nJ2ipdFi B

¥ABIABi ng a C4, hydrogenation feedstock selected

from nmal ei c anhygni de, nMakBs6xrBEhg, £@tehéy | malld JTRILAIARS dedFdol Xher s of
two or nore thereof; %le suppl yi ng said CA4hydrqunat|on f eedst ock and
&t V8 GV ic by

hydrogen to a hy8edgd ROZBHE FRFEA™ cDhtSHSR

hydrogenati on cat aliysl aebb86t-b¥eohOhed fith dde/ld ¥/ GREE A |
hydr ogenati on 25 feedstock to -yield said at | east one C4 product and

solvent, water, and an aqueous solution;

ion in
aQirict he C4,

10 (vi) recovering from the absorption step (v) a

loaded liquid absorption medium; and

(vii) recovering maleic anhydride from the loaded

liquid absorption medium;

and wherein:

15 said at least one C, compound selected from butane-1,4-

diol, y-butyrolactone, and tetrahydrofuran is produced by

steps comprising:

(viii) providing a C,, hydrogenation feedstock

selected from maleic anhydride, maleic acid, dialkyl

20 maleates, and mixtures of two or more thereof;

(ix) supplying said C,., hydrogenation feedstock and

hydrogen to a hydrogenation zone which contains a

charge of a hydrogenation catalyst effective for

catalytic hydrogenation of the C,, hydrogenation

25 feedstock to yieid said at least one C, product and

which is maintained under catalytic hydrogenation

conditions; and

{x) recovering from the hydrogenation zone a

hydrogenation product stream containing said at least

30 one C, product;

characterised in that material of the crude maleic anhydride

stream of step (iii) is used as the C,, hydrogenation

feedstock of step (viii) or is used to prepare the C,,
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whi ch is mai ntained under catal ytic hydrogenation conditions; and (xj
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In a preferred process according to the invention all
of the crude maleic anhydride reaction product of step (iii)
is used as the C,, hydrogenation feedstock of step (viii) or
is used to prepare the C,, hydrogenation feedstock of step
15 (viii).
If necessary, at least some of the maleic anhydride
recovered in step (vii) can be used as or to prepare further
| C,. hydrogenation feedstock for use in step (viii).
‘Alternatively, if the liquid absorption medium used in
20 step (v) is water or an aqueous solution so that the loaded
absorption solution contains maleic acid, at least some of
the maleic acid present in the loaded absorption medium can
be used as or to prepare further C,, hydrogenation feedstock
for use in step (viii). 1In this case at least some of said
25 resulting maleic acid can first be concentrated by removal
of excess water prior to use in step (viii). Moreover
maleic acid present in the loaded absorption medium, whether
excess water is removed for concentration purposes or not,
can be mixed with crude maleic anhydride of step (iii) for
30 use as or to prepare the C,, hydrogenation feedstock of step
(viii) .
In a preferred process according to the invention,

condensation of maleic anhydride is effected in step (iii)



the maleic acid present in the | oaded absorption. nediumcan be used as or
to prepare further Cd..hydrogenation feedstock for use in ste viii). In
this case WOWRHSE sone. of said 25 resulting maleic acid EGHEP be
concentrated by renoval of excess water prior to use in step (viii).
Moreover maleic acid present in the | oaded absorption nedium whether
excess water is renoved for concentrati g purposes or not, can be m xed
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hydr ogenation feedstock of step (viili Such rmpnoesters and diesters can
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hydr ogenat i egnd&esfidiasK reditmdiviliky igBueatieavhbghtbsprepare the C,,
hydrogenation feedstock of step (viii). Such monoesters and
diesters can be derived, for example, from C, to C, alkyl

15 alcohols such as methanol and ethanocl. Moreover the liquid
condensation medium can also contain small amounts, e.g. up
to about 5 molar %, of the corresponding monoalkyl and
dialkyl fumarates.

In one particularly preferred process the C,.

20 hydrogenation feedstock is a dialkyl maleate which is
prepared by reaction of maleic anhydride with an alkyl .
alcohol to form a monoalkyl maleate which is then esterified
with further alkyl alcohol to form a dialkyl maleate. In.
this case the alkyl alcohol can be methanol or ethanol and

25 the dialkyl maleate can be dimethyl maleate or diethyl
maleate. 1In this case the hydrogenation catalyst of step
(ix}) is preferably selected from copper chromite and
promoted copper catalysts, such as manganese promoted copper
catalysts.

30 In an alternative preferred process according to the
invention the C,, hydrogenation feedstock is maleic
anhydride. 1In this case the catalyst can be any one of

those proposed for the purpose in the prior art, for example



prepalr(;idI by Ireaction of mal eic anhydride with an al kyl alcohol to forma
nonoal kyl mal eate which is then esterified wth further_alk al cohol to
forma CWQI"P@;{%I eate. in this case the al kyl al cohoF€ Eé;ﬁ“%@%t hanol or.
et hanol and 25 the dial kyl. nal eate can be di nethyl nal eate or diethyl

mal eate. In this case the hydrogenation catal yst of step (ix) is
preferably selected from copper chromjje and pronoted copper catalysts,
such as manganese pronoted copper catalysts. 30 In an alternative
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030, 4, 14741 30he 4.5 959, 5822, ada14960pB e 5 5,473,086, 5,478, 952, and

5, 698; 7497' Confveni‘ent’l’'y thé “$ource™ of " gaseous oxygen is air. However,
m xt ures of nlam@exleixtdyamhe souroe esf Jasddusyoxygendisi airmi xt ures of of f
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t he hydr ogsiijadii dd &'&ds:tha:lillqald hbsarptieedsidicln in step (v). The
source of gaseous oxygen may be used in excess so as to
maintain the mixture of hydrocarbon feedstock and source of
15 gaseous oxygen, e.g. air, outside flammable limits.
Alternatively the process may be operated so that the
mixture is within flammable limits.
In one particularly preferred process the hydrocarbon
feedstock is a butane feedstock.
20 In this case the partial oxidation catalyst may
comprise a vanadium-phosphorus-oxide catalyst. Such a
catalyst is sometimes described as vanadyl pyrophosphate.
In order to maintain the activity of the catalyst volatile
organophosphorus compounds can be bled into the feed mixture
25 to the catalytic partial oxidation zone. As some phosphorus
compounds may be present in the vaporous reaction effluent
stream of step (ii) of the process of the invention which
may deactivate the hydrogenation catalyst of step (ix), a
guard bed of a phosphorus-absorbing material, such as
30 vanadium-containing material, conveniently a charge of spent
partial oxidation catalyst, may in this case be placed in
the path of the'vaporous reaction stream of step (ii), after

cooling thereof, in order to remove phosphorus-containing



20 In this case the partial oxidation catalyst may conprise a

vanadi um phosphor us- oxi de catal yst. Such a catalyst is sonetines described
as vanady!l %%ﬁosphate. ~In order to maintain the acti\ﬂqT{F‘f?P’“ﬁ%

catal yst vol atile organophosphorus conpounds cafi be bled into the feed

m xture 25 to the catalytic partial oxidation zone. As sonme phosphorus
conpounds may be present in the vaporou§2reaction effluent stream of step
(ii) of the process of the invention which nay deactivate the

hydr ogenat H&Q g@&igyéﬁegégféﬁp (ix), a guard bed of a phosphorus-absorbing
mat eri al , SGcR*ag 30 -Vanaar um cont ai ni ng material, conveniently a charge of
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The catal yti c pahei ehtakiyytdati parzbakr oeyddricd zone nay bebl€ dasyi gn, for
exanple it ng a.fixed bed reactor, .a tubylar reactor, a fluidised bed
Ceactor, oPtABIERgeRLan « Eat: SRanaLE oHE K P iaest beel restOre
invention pAYubQIRE Fe@acBbBOr B AJuidPSEd Used it ahydr iadéohipp lea
effluent stream in an organic solvent, such as a dial kyl phthalate or a

di al kyl heX&RF#P8pht hal ate, for exanpl e di methyl phthalate, dibutyl,

pht hal gg e, di neggp Rexabgdenphphotess, opreigh Minvantlibohameghydmpaiishal at e.
Water or an_ a ugous solution of_ npleic %&%C n alternatjvely be used to
absorb vap EbiREe VEPOLRKG (FAYRTF r FRRY fFRRhtE ISRt SEFSEH . I n

the processotint Beghflienkbliefio|les@ntd€ ABdHiTkyl phthalate or a
dialkyl hexahydrophthalate, for example dimethyl phthalate,
dibutyl phthalate, dimethyl hexahydrophthalate, or dibutyl

15 hexahydrophthalate. Water or an aqueous solution of maleic
acid can alternatively be used to absorb vaporous maleic
anhydride from the effluent stream in step (v).

In the process of the invention some of the maleic

anhydride recovered in step (vii) may be used as, or may be
20 used to make, additional C,, hydrogenation feedstock of step
(viii) .

It will often be preferred, during shutdown, to use an
alkyl alcohol as wash ligquor to wash condensation surfaces
of the condensation zone to remove deposits of fumaric acid

25 thereon and to combine the resulting solution with the C,,
hydrogenation feedstock. This procedure has the advantage
of avoiding or reducing the use of sodium hydroxide and the
production of aqueous byproduct streams containing maleic
acid or sodium maleate which are a feature of washing

30 procedures using water and/or sodium hydroxide solution to
remove fouling deposits of maleic acid and fumaric acid from
condenser surfaces.

In order that the invention may be clearly understood



anhydride recovered in step (vii) may be used as, or may be 20 used to
make, additional C4+ hydrogenation feedstock of step viii). It will often
be pref eWPIY2M&ri ng shutdown, to use an al kyl al cohoPCX Y i quor to -
wash condensati on surfaces of the condensation zone to renove deposits of
fumaric acid 25 thereon and to conbine the resulting solution with the C4+
hydr ogenati on feedstock. This procedugﬁ has the advantage of avoiding or
reduci ng the use of sodi um hydroxi de d the production of aqueous

byproduct . &4 r aa@il‘%ﬁ%%@:'&%ﬂgi belfredl! L é%rnv%%gi-%‘aﬁahf%ﬁ %gi:céo-@re a
feature ot Swashi ng-30 procedures USIng water an 'or 5ol am hydr oxi de
sol uti on pxoducnmne dfomailedgcdepbydtsdefanthlodi ¢haciCd preddetsmric acid from

condenser, surfaces, J.n,orde | hvent i I ngder st ood
00 01157 RIS e 03808 “Prb VAT Y Hid WLTRAAESFLERD ndl"d
convent i opldntpl fod ther same punodoséilowni bf awdaridingnitpdichdetaadhbhgshe C4
produgts, _buytane-1,

-di ol ..y-butyrol act on ng tetrahydr and a

pl ant °f or°% RS Y t"ﬁ&sgigjﬁi??wa% o‘?%ﬁcffgl eéﬁt %é’ 'édc isgL%{)gg t he

i nventi oromiy,! with hefdesarebed, thy aegyomjarsyiayldrawdniy, wheheirference to
t he acconpanyi dr aw ngs, erei,n:- Figure 1 is a.flow.diagramof a
conventi onal | fn%éﬁegwed%pFa%?°?o?l?ﬂﬁalﬂoq{)r%ocl? e 18]:1ar]].g elggséﬂﬂﬁﬁri de and
of the Chirgsnodsr Thedbtoapeodndtionl of ymdliiy cimsidriee and b8 the C,
tetrahydrofuran; and Figure 2 is.a simlar flom1dia%r%n1of a pl ant

const r uct REPHH Sre s wiTALPhe YEREWTRE U He **Chvent i on and i nt ended
for tipe seserdnydrasTuran; whdl be appreciated by those skilled in the art 15

that, since the acconpanying. draw n are, di agra tiGc,. . .many other itens
of equi pnent vﬂ%ea:yé H%ta gﬁ&}ﬁaanf‘H‘é ‘g’r%ﬁ/ﬁ §@H\ﬁo@iﬁnﬁe required in an
actual pl gsdst deAdd @cedddanten®ith the teachings of the
invention and intended for the same purpose.
It will be appreciated by those skilled in the art
15 that, since the accompanying drawings are diagrammatic, many
other items of equipment which are not shown in the drawings
would be required in an actual plant. Such additional items
of equipment are conventional in nature and include (but are:
not limited to) distillation columns, reactors, condensers,
20 pumps, holding tanks, valves, pressure sensors, temperature
sensors, pressure céntrollers, temperature controllers,
level sensors, heaters, coolers, surge ténks, condensers,
column reboilers, and the like. Any such additional items
of equipment would be installed in accordance with
25 conventional engineering practice and form no part of the
present invention.

Referring to Figure 1 of the drawings, a partial
oxidation unit 1 comprises a partial oxidation reactor
containing a charge'of a partial oxidation catalyst, for

30 example a vanadium-containing catalyst such as vanadium-
phosphorus-oxide (whose catalytically active phase has been
reported to be vanadyl pyrophosphate, (VO),P,0,). Unit 1 can
be of fixed bed or fluidised bed design and is supplied with



of equi pnent are conventional in nature and include (but.are not limted
to) distillation colums, reactors, condensers, 20 punps,_hol din tanks

val ves, pr‘ggglﬁésssensors tenperature sensors, pressure R

tenperature controllers, :il‘evel sensors, heaters,:coolers, surge tanks
condensers, colum r eboi lers, and the like. Any such additional items of
equi prent woul d be installed in accordapce with 25 conventional engineering
practice and formno part of the present invention. Referring to Figure 1
of the drayi i@l ' I i dation
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byt ophosprabEehf ey B RE e RRE SELTALIVERAEh Pube B0} ETTRe |
desi gn andcasatyppl charge tin \wm:/am@ﬁamb@e@mtossoss naintsimedheat ed C4
hydr oc rbon feedstock h S s,.qf n th air by
nmeans T?lres%ﬁfan%fafl‘f%% tjjrlrletb?ia)tolrrﬁig t? ai:bﬂ?l éogrgﬁtg\ﬁabout 20: 1.
The cat aI yst chargertﬂabamxidﬁtmn datiitonl buoitkng is cenméateddbp under a
pressure of from abou 00 kPa ta about .200 .kPa. n pactigl _oxidation unit
1 but ane igaéﬁhe r?éﬁé% 1o ¥R #i (ﬁﬂhxﬂ¥l§8'naFéchgﬁﬂy§YP53d UThE main
bypr oduct sarar eaebshononoxide decartorbaiokiae, dandanrdtaater: 10 0 A C4HL0
+ 3.502clO+ 4H20 0 15 C4H10 + 6.5 0 2 4 C02 + 5H20 CA() + 4.5 0 2 -i
4 CO+ 5H20 Al three reactions are highly exotherrn'c. 20 For further
det ai I1® of suitable designs of partial

C4H1g + 350 2 — ﬁ + 4H20

15 CiHypy + 650, — 4CO, + '5H,0

CHy + 450, 4CO + 5H,0

All three reactions are highly exothermic.

20 For further defails of suitable designs of partial
oxidation unit for production of maleic anhydride reference
may be made to Kirk-Othmer Encyclopedia of Chemical
Technology, Fourth Edition, Volume 15, pages 893 to 928.

A hot vaporous partial oxidation reaction product

25 stream is recovered from partial oxidation unit in line 4.
This is at a temperature of from about 390°C to about 430°C
and contains nitrogen, oxygen, unreacted butane, water,
carbon oxides, maleic anhydride, maléic acid, fumaric acid,
and traces of acetic acid, and acrylic acid. The reaction

30 product stream is then cooled before it is fed to a
condensation stage 5 which is maintained at a temperature
below the dew point of the partial oxidation product stream

so as to cause from ‘about 20% to about 60%, preferably from



oxidation unit for production of maleic anhydride reference may be nmade to
Kirk-Qh ggaﬁﬁclopedia of Chem cal Technol ogy, Fourth Ed|t|on Vol une

15, page 928. A hot vaporous partial oxidation PEHER0 5roduct 25.
streamis recovered frompartial oxidation unit inline 4. This is at a
tenperature of from about 390C to about 430C and contains nitrogen,

oxygen, unreacted butane, water, carlhhgn oxides, maleic anhydride, naleic
acid, fumaric acid, and traces of acetic acid,. and acrylic acid. The

reacti on bu obict oS pea 6831 hep €Relmsh ol Q{tﬁzy‘atrl'd% fpe:@sbﬂtam
condensatjon stage 5 which is maintained at a tenperature_below the dew

poi nt of e fartd SongRPESi oRYBiERLEY SndenRatdemstageciusackudesabout
20% to abgwd lbedd,einealtliystr ape Vbt Hld 20516809 @3808he15 about 40%

to about 60% of t he mal ei ¢ anhydri de present in I|ne 4 to condense.
TyplcalIys%ﬁﬂﬂﬁﬂﬁ§aFP8Hts§Qg€ 5 FThel neeslting qslensate Be rpFovespdrating
at abgut 1P0GmNG.the second at about 60C. The resulting condensate is
recovered 5 in line 6. The residual maleic anhydride, which is still in
vaporous for mThsageeddyali malphe snhydeidebstish d @tidlsin for exanple a

gas scrubpgroid ’fotrlﬂ{ OBQQS%' eh iHeli’ﬁ@O'Wto S %Edr%t&@ﬁsﬁqlﬂpwar din

countercurrent to a 'owi ng 10 stream of an organi ¢ sol vent,  such as
dlbutyl Fﬁﬁ#ﬁﬂ&ﬂmﬁle §usaﬁléérﬂbbﬁflﬂhet9 thtrughesihdedl thes verPus absorption

unit 8 ing egssgrf 1Q %@@s%anupaaaé iﬁdcoﬁa@éfﬂudyen 223 Qblin Qilgwm&' nerat or,

whi |l e the r ting solution o mal el c e IS recovere line 11
and plssettrenm Osfolamewgﬁalpeée%«wytummcqzas |dibugydy ehyghaditel? t he

sol vent ig, r‘}ﬁq gt h5 ﬁ@ ghe &'ﬁgek&sf&@/ﬂfdacéeﬁ]ﬁ%@%‘s%@};kéom

dIStI||atI§) under nornmal or reduced pressure recove solvent is
recycl ed umit ihedng lvinel 40t Badseparbecventadi typilvpdidivdeiesapas§€éd on by way

of line légéci&%inerator, while the resulting solution of maleic

anhydride is recovered in line 11 and passed to a solvent

15 recovery unit 12. In recovery unit 12 the solvent is
separated from the maleic anhydride, conveniently by
distillation under normal or reduced pressure. The
recovered solvent is recycled in line 9 while the separated
maleic anhydride is passed on by way of line 13 to a

20 purification unit 14 for further purification, for example
by batch distillation. Some of the resulting product maleic
anhydride is recovered in line 15 while the remainder is
passed by means of line 16 to a butane-1,4-diol plant 17.

Reference numerals 18 and 19 represent lines for the

25 recovery of light impurities and heavy impurities

respectively.
In the butane-1,4-diol plant 17 maleic anhydride is

reacted with an alkyl alcochol, such as methanol, to form a
monoalkyl maleate, such as monomethyl maleate, which is then

30 reacted further in a countercurrent reactor column of the
type described in European Patent Publication No. 0454719A
for substantially complete conversion to dimethyl maleate.

The reactions concerned are:



20 purification unit 14 for further purification, for exanple by batch
distillation. Sonme of the resulting product maleic anhydr] | cover ed
in |ine 13VAHA®8 he renminder is passed by neans of Iiﬁg&@#@as&e

but ane- 1, 4-diol plant 17. Reference nunerals 18 and 19 represent |ines for
the 25 recovery of light iznmpurities and heavy inpurities respectively. In
the butane-1,4-diol plant 17 maleic anhydride is reacted with an al kyl

al cohol, such as nmethanol, to forma nonoal kyl mal eate, such as nononet hyl
mal eate, which is then 30 reacted further in a countgycurrent reactor
colum of the typedescribed in European Patentifubl qﬁgion No. 0454719A
for substantialld | ete conversion to dinethyl eate. The reactions
concerned are: WOJ|01/@7058+ PCTHEAEHQ 0386516 O 0 HOHI O+ (B3oH L
(1); HHOCH3 and OO0 HOHHOCH3 10 { Hy H20 (2). H
OCH3 H OCH3 O 0" Thg nonoesterification reaction (1) #4s autocatal ytic but
reactisn (2) is preterably conducted in the presence of an 15 acidic
esterification catal yst such as an ion exchange resin containing sul phonic
acid groupsndFor further details the attention of the reader is directed
to European Patent Publication No. 0454719A. O her specifications
descri bi ng

o) o)
H OH H OCH,
10 | + CHzOH | +H,0 (2.
H OCH, H OCH;
o

The monoesterification reaction (1) is autocatalytic but
reaction (2) is preferably conducted in the presence of an

15 acidic esterificatién catalyst such as an ion exchange resin
containing sulphonic acid groups. For further details the
attention of the reader is directed to European Patent
Publication No. 0454719A. Other specifications describing
production of dialkyl maleates are European Patent

20 Specifications Nos. 0255399A and 0255401A. The resulting
dimethyl maleate is then hydrogenated in the wvapour phase
using a copper chromite catalyst or a promoted copper
catalyst, such as a manganese promoted catalyst of the type
disclosed in European Patent Publication No. 0656336A, to

25 yield butane-1,4-diol and, as co-products, y-butyrolactone
and tetrahydrofuran.

In addition the hydrogenation product mixture will

normally contain minor amounts of the corresponding dialkyl
succinate, n-butanol, water, and a cyclic acetal, i.e. 2-

30 (4'~hydroxybutoxy) -tetrahydrofuran of the formula:

O_ O-CH 2CH20H20H20H
o)



production of dialkyl mal eates are European Patent 20 Specifications Nos.
0255399% 9%&5401A. The resulting dinethyl mal eate 11('sl.,(r;l;]ﬁ}amm§/drogenat ed
in the vapour Bhase usi ng a copper chromte catalyst or a pronoted copper-
catal yst, such as a manganese pronoted catal yst of the type disclosed in
Eur opean Patent Publication No. 0656336A, to 25 yield butane-1,4-diol and,
as co-products, y-butyrolactone and getrahydrofuran. In addition the

hydr ogenati on product m xture will normally contain m nor anmounts of the

corr espongid Gnebirdinkins $UECiEBahStidn Dot &l thedeehroandtd &xQl bg-acetal,
i.e. 2 30 (4'-hydroxybut ox?-tetrahydrofuran of the formul a;
£

) - O CH2CHPRE=Ohave pptokeerobul g usidaiesos ReyeYRE nEBR&RI sms for

formati orbdpéd@dictnhq%e cBhedyeL it b PYehdrAUGA ndareaBeloResBnbMbL Y
el uci dat ed. However, their production is consistent with the follow ng

reaction schenme: CH2 - CO2R 5 CH- CO2R I Il + H2 ..~ CH - CO2R CH2 - CO2R
+ 2H25 10 - %§O'RCO+RO'” H2 - .do,fo CH2-CH2 - ROH CH2 - CH2COH
c R0 +2H2 +2H| 2 q1% +2H2—RGH CH3 2CHfCHZC]—I CH2 - CH2OH -H20 -2H2
20
CH-CO,R CH; - COR
+ 2H,
10 -ROH

Z° +ROH CH, - CO:R

(‘:Hz— c?
o
CH, - CHy / -ROH CH; - CH,0H
47 +Hz
15
-H,0
-ROH
CH3CH,CH;CH,OH CHj - CH;0H
20
1
y
- CH,0H
CH-CHy T“z 2
o H
CHa-CHy™ 20 CH,- CHLOH st
O(CH,)4OH
+H, o (CH2)4
25 -H,0
CH3CH,CH,CH,0H

wherein R is methyl. The methanol released in the course of
the hydrogenation step is condensed and separated from the
30 other condensable components, including butane-1,4-diol, vy-
butyrolactone, tetrahydrofuran, water and by-products
including p-butanol. For further information regarding
methods of separating the condensable components of the

hydrogenation reactions, reference may be made, for example,



CH2 - CH2 CH2 - CH2OH O -H20CH2 - CHO2H CH2 - CH2 O O(CHZ)4OH +H2 0 25
-H20 CH3CHCH2CH2OH wherein R is nethyl. The net hanol éﬁ@@#"? t he
course of w?ﬂ’énﬂ%rogenatlon step i s condensed and separa‘f he 30
ot her condensabl e conponents, including butane-I,4-diol, y- butyrol actone,
tetrahydrof uran, water and by-products including n-butanol. For further

i nformation regarding nethods of separgging the condensabl e conponents of
the hydrogenation reactions, reference may be made, for exanple, WO

01727058 P%/ %@Qégggg}énaiBPQQeﬁ@tﬁEﬁé%anfd%nt W@@'l'/@%b‘&‘i”ég@o

91/01981 a 97/ 36846. The recovered nethanol can be recycle
product i on 96f/3ﬁ§ﬂ§herTE?n§?99Vem e ehamydicatl behyncogdest ifon condi ti ons

i ncl ude us ShudRiER: gkngﬁpgiaa? g%@a;ﬁ R At q.gy jdaiom about 100:1 to

about 400: or exanple a 1,” a tenperatur rom about 150C to
about 240Chy@maganptegsuﬁenditivnwn;nmiudesuﬁﬂ q an HasdPagthydb about 100

et ¢ ak<d2Ropdh A0 ¥RE0 0P £eh Ay e Lol bl YroRiy ! gogct one

product” ratio erence nunera a supp N6 1 of ©
suppl yi ng meempiel abouthd2felana- tlentpelraﬁu:mm firbm \dhclue; us.oﬁ@ 2b is the

hydrogen SRRl buec) 0bnSURPhYe gutCos LR aBL eIl oy hyduecgnpt | on
of di net hyl el edt e as streamT’s nin I'itne 22 whil e ter
and ot her X® Ia}ooptodﬂﬁt barl mtDUdPag,rdepenamd; apen higeey \ddyipreatiuct s are

[ ines Tor OHETEsqyars o o iRut tRe iy Biooder s ane, and |
t et r ahyalr of ur anReffespacei xemgral 20 indicates a supply line for
supplying methanol to the butane-1,4-diol plant 17, while
line 21 is the hydrogen supply line for supply of the
hydrogen needed for hydrogenation of dimethyl maleate. A
purge gas stream is taken in line 22 while water and other
15 by-products, including n-butanol and heavy byproducts are
recovered by way of line 23. Reference numerals 24, 25, and
26 indicate lines for the recovery of butane-1,4-diol, vy-
butyrolactone, and tetrahydrofuran, respectively.
Figure 2 illustrates a plant constructed in accordance
20 with the teachings of the invention. 1In Figure 2 1like
reference numerals are used to indicate like parts to those
present in the plant of Figure 1.
In the plant of Figure 2 the process for the production
of maleic anhydride is essentially the same as that of
25 Figure 1. However, instead of supplying substantially pure
maleic anhydride in line 16 to the butane-1,4-diol plant 17,
this is instead supplied with crude maleic anhydride
condensate from condensation unit 5 by way of line 27. 1In
addition it can also be supplied, as and when necessary,
30 with partially refined or pure maleic anhydride in line 28
from absorption unit 12. Hence when the demand for butane-
1,4-diol, y-butyrolactone and/or tetrahydrofuran rises

beyond the output determined by the flow rate of maleic
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Figure 2 illustrates a plant constructed in accordance 20 with the
teachin I nvention. In Figure 2 like referenc are used
to indic Pé"?Hgg parts to those present in the plant %ﬁﬁ%&@iﬁi In the .
pl ant of Figure 2 the process for the production of maleic anhydride is
essentially the sane as that of 25 Figure 1. However, instead of supplying
substantially pure nmaleic anhydride i |ine 16 to the butane-1, 4-di ol

plant 17, this is instead supplied with crude maleic anhydride condensate

from congensairide Whi Liheby7ayomd o I’tﬂ1e2ﬁ1.al|elilc afdydtrddle i fremn al so be
uppl i ed, as and when necessar 30 with part| lﬁ refined or ﬁure mal ei c
c

anhydrldéQ¥Ythnée§§V9FYoH?th Fﬁ??npquﬁﬁyefﬁe ERGHRRE IR Hetand for

but ane- Hi4idigdlanty ibutyrekrét epecndmyrtifatnahydrofuran rises beyond the
out put determ ned by the flow rate of nmaleic This Sheet F@l Been Repl aced
1111111111111 EpeEeaf pE1using s 9EIRME PCEVERS0 53EHE2S 1 baEHr i de i n

line 27, sivHaiekel henmabsbepeiby dinle d rpMaguebusnabseebesty sakh 12 can be
diverted'to the butane-1,4- diol plant 17 to nake uEgthe shortfall. Instead

of usi ng 3n “Gt§EnPE 88| EHEOUS uision K walescpRERSt af2™ in absorption

unit 8 arhlﬁ:@i‘%&‘é%v@@?obéeﬂgedsucfh 95 \dldle @hedBrR2E8Q0US BOA&tipn oOf
mal ei ¢ acid, can ernativel be used. In this case the streamin line 11

will be atildqireods §§PBPP§nS%¥u%%9%HQ;zﬂﬁ%flcwﬁFPéfr@éb%%r§e°%“$¥Y12 is a

dehydrat i,gny tURigt iish aWRkRPaLBEiSAUSRHUS SPIWHicANthE 85uEBLEI SoBtt foh S
subj ected to dehydration either by heating or by distillation in the

pr esthce aff maliedge acddy égeﬁ\éba?%tecﬂmﬁ%|‘¥?W@&F~P§eell:hﬁrvxh¥ efeaein@ised by

dehydratign \0f 3:%l1818c86hdi ASt¥L! proseddte d&as?neaé tberahspepgpt being
recovered as "an over head product and recycled back in line 9
maleic anhydride, the water released by dehydration of

maleic acid as well ‘as the water of the absorbent being
recovered as an overhead product and recycled back in line 9
15 to absorption unit 8.

It is alternatively possible to effect condensation of
part of the maleic anhydride present in the hot partial
oxidation product stream from partial oxidation unit 4 in
the presence of a cooled stream of maleic anhydride or other

20 ' C,, hydrogenatable material, such as a monoalkyl maleate
(e.g. monomethyl maleate), dialkyl maleate (e.g. dimethyl
maleate), or a mixture of two or more thereof. At least a
part of this stream can then be passed to the butane-1,4-
diol plant 17. The remainder can be cooled and used again

25 for condensation. Alternatively the entire stream can be
passed forward to the butane-1,4-diol unit 17 for conversion
of the maleic anhydride present therxein to dimethyl maleate,
some of which is then recycled for condensation of further
maleic anhydride. An advantage of such a procedure is that

30 fouling of surfaces in the condensation stage may be
reduced.

It is further possible to feed some of the solution

from absorption unit 8, by way of line 29 to the butane-1,4-



15 to absorption unit 8. It is alternatively possible to effect
condensation of part of the maleic anhydride present in the hot partial.
oxi dat i on WO®HRWs8 stream from partial oxidation unit 4 inPCT/GB0gM38Sence of
a cool ed stream of nal ei c anhydride. or other 20 C4+ hydrogenat abl e
material, such as a nonoal kyl maleate (e.g. nononethyl naleate), dialkyl
mal eat e (e g. dinethyl nmleate), or a nixture of two or nore thereof. At
| east a part of this stream can then bhé0 passed to the butane-1,4- diol
plant 17. The_reguai nder can,be copol ed and used again 25 for condensation.

Al ter nat i v&iPLt RE3BRri r B0¥; FEBHF L1 B PY R e ¢ Fuds fMRdeic acid

but ane- 1, 4o Q\b.lléﬂlct ahhy8ehideony ethé Ot rédims Nith Bl @72y drinde 2pr ggant
therein to dinmethyl naleate sonme of which is then recycled for

condensat i o"’r?PGFaFGFlt REE 1%#8?&9%%&%@%?%«&% stePs di$ed procedur e

i's that 30 Hi@ubend,at agenf g@sﬁtl 071 hepgQbransatd O ettaqe Mt sed gduced.
It is further p055|ble to Teed sone of the solution fromabsorption unit

8, by why dfine 38 89 &dnen8-putane-1, 4 WD 0127058 PCT/ GB0O/ 03805 20 di ol
plant. Any i npurl esnaLBaes! cwd&hﬁaféi@eam}ﬂfd@%&eam pFalsehe gghydride

of the streans in line 2 l'tne 29 are separated out In"the course of
t he procesdiifg 27eps Gb@dpiﬁntbgiaﬁegmra.%lqnnqﬂknﬁ 3571MR§§y¢eﬁ§d sol vent

t [ 3 I |c anhydri de
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whi ch are rahydsidel Epedstockt mnlme baref matde rellagitc ofafiguirieda .f eedst ock
in i 16 Of 4t af 1 lLi_ght
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acid). When the crude maleic anhydride is esterified prior
to hydrogenation, the acidic liéht boiling impurities will
15 also be esterified, as well as the maleic anhydride
derivatives. The resulting light boiling esters, such as
methyl acetate or ethyl acetate and methyl acrylate or ethyl
acrylate, can be stripped from the resulting dialkyl maleate
(e.g. dimethyl maleate or diethyl maleate) overhead, along
20 with the water of esterification when using, for example,
the procedure described in European Patent Publication No.
0454719A. Esterification of the maleic anhydride
derivatives will produce a corresponding additional amount
of the corresponding dialkyl maleate. Heavy boiling
25 impurities will pass through the esterification reactor
along with the dialkyl maleate and will be fed to the
hydrogenation vaporiser, when vapour phase hydrogenation is
used. The hydrogenation vaporiser can be operated so as to
vaporise the dialkyl maleate only partially and to recycle
30 the unvaporised material back to the vaporiser, thereby
concentrating the héavy impurities in the-unvaporised
material and enabling the heavy impurities to be removed in

a purge stream.



to hydrogenation, the acidic light boiling inpurities will 15 also be
esterified, as well as the mal eic anhydride derivatives. The resulting

| i ght bowbiomy708&t er s, such as nethyl acetate or ethyl PETGBR0/0388Hd net hyl
acrylate or ethyl acrylate, can be stripped fromthe resulting dial kyl

mal eate (e.g. dinmethyl naleate or diethyl naleate) overhead, along 20 with
the water of esterification when using for exanple, the procedure
described in European Pat ent Publicat bn No 0454719A Esterification of

t he mal ei ¢ anhydride deri atlves roduc ng additional
anmount  of thékh e§B§ﬁdY’ G° ot g k%l\'nl* %%ﬁeé’a &reﬁgs% Eg Fgrﬁurities
wi paSScxthé)ug\llehI&eaﬁayaﬁae CStf 1e¥im ,f eafetrorthealmggtmmbufheldé ahiy|
mal eate and will_  be fed % dr ogenati,on vaporis ry n yapour phase
nycrogendt i Hydrogenat e ih e BRI EBR 2B, FRB P erar od b as
vaporu}qmt hrddioglekit 68! padduats Vidunididld eraadoloah@cyebparndl | he
unvaporl sed material back t§ %he \e/%PO” S r, t her,eby Bncent rati ng the
heavy i r’rﬁ’l}?lr"ch &8 e FEMGRGIpbF PR Ianati®e REBALRG #RcPeavy

i puri ti esydshe@ lip%a‘ded. b9 d8s LI T 561 eaHea Qhpba798ePCIASB00103805 21
In the case when the C4 ¥_dro enation feedstock s the cruge mal ei ¢

anhydr | deheadPedMPUTHEY PHETPERREION FIQIURES, &R Res§°ReUREG2NEYed in the

hydr ogenaéérﬁfén%tl%&aanalsewhatwn td EHirti el egerabictRoRr pdeatéri ncl udi ng
et hanol and propanol, 5 which can be renpved fromthe h dro gnation product

as an ov%l’r%aifd‘ept‘-‘&él@@t hydragenation iRrpdudtayy Maksdri erB¥dshde heavy

| Mpuipty JWtRESRAL, 0BuBHOHECHS1EH0 @i s el qtmzmc aeeayeat_»eonal
di stl I ation techniques as a bottom product from.the_crude hydrogenation

product . hedxsage tPdECYD BePPrERTRAMing it ipRAd| @MaERE 9Rd funmaric
acid, ar %uéc}mg-q%ﬂ@%q t Q- bREPEE1 £OF SRSPUMH e addiyhirefakaanount of

but ane- 1, 2 butyrol actone, and tetrahydrofuran.

The novel process of the invention has the important .

benefit that the capital cost of the plant can be

15 significantly reduced because it is necessary to recover
only about a half (typically about 40% to about 60%) of the
‘maleic anhydride in line 4. Hence the subsequent solvent
recovery unit 12 and the purification section 14 can be
correspondingly reduced in size and can be operated with

20 reduced operating costs.

The process of .the invention also results in a higher
efficiency of maleic anhydride usage because less maleic
anhydride is lost as fumaric acid. Instead such fumaric
acid is largely contained in the crude condensate in line 27

25 and is converted to butane-1,4-diol, y-butyrolactone and/or
tetrahydrofuran in butane-1,4-diol plant 17.

Vanadium-phosphorus-oxide based catalysts are unstable
in that they tend to lose phosphorus over time at reaction
temperatures, this loss of phosphorus having a tendency to

30 accelerate if hot spots should develop in a fixed bed
reactor. Accordingly it may often be expedient to add a
volatile organophosphorus compound to the partial oxidation

catalyst with a view to providing catalyst activity



The novel process of the invention has the inportant.. benefit that the
capital cost of the plant can be 15 significantly reduced because it is
necessar y WQWHSver onl y about a half (typically about PAAGROYOIIY, ¢ 60%
of the maleic anhydride in |ine 4. Hence the subsequent solvent recovery
unit 12 and the purificatiion: section 14 can be correspondingly reduced in
size and can be operated with 20 reduc;@ operating costs. The process

of -the invention also results in a hig ef ficiency of nal eic anhydride
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tetrahydrofuran | | 7 phos us- oxi de

based cat a‘@% 5> aé;exbeuan “ﬂ‘ﬁeﬁ‘gt f‘/“%t Eﬁa“‘t p’hagi fﬁ’% CXRer tine

at reacti omnit engiared u;mssphdmﬁa li@sa pbtphosahocansalm neobsdenstency to 30
bed.reactor. Accordingly

| t f..hot t h
s ot LR e D Y s ta B FREC LY S AT TR TR RbRAmd Lo
the partia, Mﬁﬁl |mt Qe @fy dthenipllant vEeRigarer Dy i nys opt@f esdbBet i Vi ty

WO 01/ 27058 P GBOO’ 03805 tabili s t course of tine
vol atile phds ddﬁ%%“%% h?ahgkcitgy?ﬁ? horiE appear in the

vapor ous rm&rm@:ﬁdu&ﬁalswream}feramtbhabaafblahyoa(rakaésqsif unit. Since
phosphorus js gggotentlal catal yst pqison or 5 |£€|b|tor or the
hydr ogenat PRPPRIEHS GORRUTINE MR SFdednEhat, Youid| OtheTwise Jta¥he pl ant of

Fi gureo2, daélésepidierefiieart iupditheC dgdrbgehatiofecacgiped bed of a
phosphorus- absor bi ng terial inline 4 to agsorb aQ% traces of
phosphor usP®oR i hi it J:%t A Yhat CBYERLERRLY WPLER A VEUaTrd 0PRR| 4% i ous

effect upope t@eoewctsp%éﬁﬂ A ritintTonehinbHbaperdidt dbgiaawidn 17.
Cbnvenlentégtgiggkéig%ﬁg({éﬁglégﬂlre in such a guard bed should be as
low as possible in order to maximise phosphorus absorption
15 but above the condensation point for maleic anhydride in the
stream of line 4.
The condensation surfaces of condensation unit 5 may
become fouled with deposits of maleic acid and fumaric acid.
It is preferred to wash these with methanol. The resulting
20 methanolic solution containing fumaric acid, maleic acid,
and maleic anhydride, besides monomethyl maleate and
dimethyl maleate formed by esterification, can be supplied
as part of the feed to butane-1,4-diol unit 17. This has
the advantage, compared with the potentially hazardous
25 conventional water washing procedure using water and/or
sodium hydroxide solution that production of an agqueous
solution of maleic acid and fumaric acid or sodium maleate
and sodium fumarate is avoided.
In an alternative form of the process of the invention
30 the C,, hydrogenation feedstock is maleic anhydride or maleic
acid instead of a dialkyl maleate, such as dimethyl maleate.
In this case butane-1,4-diol plant 17 comprises a

hydrogenation unit containing a hydrogenation catalyst, for



be a bed of spent vanadi um containing partial oxidation catalyst. The
tenperature in such a guard bed should be as |ow as possible in order to
maxi M sewpv@ams®r us absorpti on 15 but above the condensaivGBeopasost f or

mal ei ¢ anhydride in the streamof |ine 4. The condensation surfaces of
condensation unit 5 may beconme fouled with deposits of nmaleic acid and
fumaric acid. It is preferred to wash these with nethanol. The resulting -
20 met hanolic solution containing fum@ic acid, malefic acid, and maleic
anhydri de, besides nononethyl naleate _and dinethyl naleate fornmed by
esterifi cexample ne v Shspicasalygsspdischeseddn dde ®Fiom ams- Bs4- di ol
unit 17. ;Qb§e%@r§ceé,haf&ld‘é§d&tm§g.@, B9ERE edr i ddedd iRt enfiikalyl v hazardous
25 conventional water washing procedure using water and/or sodium

hydr oxi deStates i RararatSpacddicatdanss Naa . adjudbhisB0%0/44t903n 282 mal ei ¢ aci d

and fumarjc i r i | ga S04 f durary J voi ded. In an
al ternati %éo?é(:)'r%eg'f f’?(?%?gggss 'g?ef %ggf nl\i/)géﬁ%t?non '304a';6%e§'%/§?'hydr ogenati on
f eedstbock4i 6590688 c WWBI03e 4 28Rl BVE, 31 4Pialledd 4013.886i.al kyl nual eat e,
such as dj Y, I n is e -, .4 di l.aRnt npri ses
a hydr oge!‘?lg%'l9 %héifn?ta%ﬁst'asiglr?i'%gé ﬁ%?’oggﬁ%ﬁt oné c%‘ﬁéglp?setﬂ,%l%%rl ylvésé% 27058
PCT/ GBOO/ 088€5 ti2S apruqyxd agee rehcthencacndifsionsliat|dsedosedt A prior art

as repre f . ] for i i at es Pat ent
Speci fi ca?iﬁ%%%d‘?\ﬁls&r f%i?%%&,ﬂ%?gg??%z or%gél%%“q%%%% §1§3 4,096, 156,
4, 550, 185gpdc bHbc@3ikns mMemd59nedc abgye 7dr8 e reli 9 §nEporatedo bgso,
5,473‘,0086r ESégg%952, and 5,698, 749. Such catalysts are preferably used
under "t he 35%$opr|ate reaction conditions as disclosed in those prior art

specifications. The disclosures of all specifications nmentioned above are
herein incorporated by 10 reference. :



WO 01/ 27058 PCT/ GB00/ 03805 24 CLAIMS: 1. A process for the co-production
of mal ei c_anhydride and at |east one C4 conpound sel ected from
butane-l,ﬂwﬂ?%#ﬂsﬁb- butyrol act one, and tetrahydrof uran wWiEGTEHPO03805,) oj ¢
anhydride is produced by steps conprising: (i) supplying a source of
gaseous oxygen and a hydrocarbon feedstock selected from C4 hydrocarbons
and benzene to a catalytic parti al oxiggtion zone which contains a charge
of a partial oxidation catalyst 10 capable of effecting the partial

oxi dati on i@ . hydrocarbon feedstock to form maleic anhydride and which
i s mai ntained under catalytic partial oxidation conditions; (ii)

recoveri ng i.r om®t pyogessi brokheatdoprodust ton ¥ weledicusnhydertiden aatlf | uent
stream conppi §i i %ng | [3 0 d, hyd rbgn
feedstockmtangg%é:?%%% g?(i e ;Q{rﬁji el\g%t&% er?sglgﬁggégééfgtlb%/ ‘?ﬁ%fha}’ei C
anhydri de bwtysedactoneheandpbtebtushydrcfnram efidnedmt: streamin a 20
condensati on zo f d | ri,de stream_.(iv) recovering
from tf]sg condeng%lll%gﬁ gg‘g}{sﬁgﬁg) §3n8ir'§§‘|g%eﬁglty aspt(;de 6us “SPre: r#‘gdnt ai ni ng
resi dual anmount didf nal esuppbiydgi sesobcd WOf afesEdisn pxfygenhandal ei ¢

anhydride from restdua [ QUS re of st i b bsorpti,on in
aliquid absorp?&?ﬁoﬁggkgﬁl§8¥§§€8§Hf?§$ﬁ%§g§wéﬁi gﬁ §g¥%8ﬁ¥Fgﬁﬁ§e$?dand an
aqueous sol uti oibenkzenk tecaveatadytionpiahiei=sbsatidstdons tzeme( whizh 30 | oaded
i quid absorptign_nediu and_(vii) recovering nmalei.c anhydride fromthe
| oaded |iquid gﬁ@&ﬁﬁpﬁgh ﬁgaréﬁ]o% a partla{]oigﬂéilon cé%alyst
10 capable of effecting the partial oxidation of the
hydrocarbon feedstock to form maleic anhydride and

which is maintained under catalytic partial oxidation

conditions;
(ii) recovering from the partial oxidation zone a
15 vaporous reaction effluent stream comprising maleic

anhydride, water, unconverted hydrocarbon feedstock,
and carbon oxides;
(iii) ‘condensing a part of the maleic anhydride

present in the vaporous reaction effluent stream in a

20 condensation zone to form a crude maleic anhydride
stream;
(iv) recovering from the condensation step (iii) a

residual vaporous stream containing residual amounts of
maleic anhydride;

25 (v) absorbing further maleic anhydride from the
residual vaporous stream of step (iv) by absorption in
a liquid absorption medium selected from an organic

solvent, water, and an aqueous solution;

(vi) recovering from the absorption step (v) a
30 loaded liquid absorption medium; and
(vii) recovering maleic anhydride from the loaded

liquid absorption medium;
_—___'_____—/r“

AT

and wherein:



and wherein: ~~ [!lI11i 1111111 WO 01/ 27058 PCT/ GB00/ 03805 25 said at

| east one C4 conpound sel ected from butane-1,4- diol, y-butyrol actone, and
t et rahydV@PU278%8 i s produced by steps conprising: (vii %FT’ 385ng a C4+
hydr ogenati on feedstock 5 selected from mal eic anhydride, maleic acid,

di al kyl mal eates, and m xtures of two or nore thereof; (ix) supplying said
C4+ hydrogenation feedstock and hydrggen to a hydrogenati on zone which
contains a charge of a hydrogenationcatal yst effective for 10 catal ytic

hydr ogenati on of . hgah%e#yd&peq@a%ﬂé%u%ge teQek %r)éime%?}&gggqlahz_l east

one C4 product °&h TCh 1s naifdtarn nder catal ytic rogenation
condi t i oddplang-putyrelavesnag fnd metrahyddobgeant 1 o rovedeced Ly

hydr ogenati on product.stream containing said at |east one C4 product;
char act eF*§Bf Eﬂ“‘?ﬁé?“ﬁ%t erial of the crude naleic anhydride stream of

step *(iii) igvused as phevidindedgdnairiogenatéedsteellsvbcktep (viii) or

Is used to prepare _the C . 20 hydrogenat.i.on st ock. of st viii). 2. A
proc£s accorﬁgiﬁc‘f'% c?ﬁ?%‘i‘%‘% ar e%;.ilggd {"gfgﬁétg&éﬁ %f%l crude

mal ei ¢ anhydr pdeesteepnamd wixpurds iof itwo bgetoms ther&ds: hydr ogenation
feedstock of step (viii

feedst ock of &) (vi |%?S£%‘Lflﬁ2?ﬁ%§i%§t g@’%&?’ f%%ét%ggc%g%g gc(r:)]?gagn%t Imog,
charact eri sedniyrbeh b 4 cgdreysmmtdion zensabichacbydaine a 30 recover ed
0 ostep (vil) bo sedcas orsLo RLRALY dACSE Chzebul@opagt i on feedstock
10 catalytic hydrogenation of the C,. hydrogenation
feedstock to yield said at least one C, product and
which is maintained under catalytic hydrogenation
conditions; and
{x) recoﬁering from the hydrogenation zone a
15 _ hydrogenation product stream containing said at least

one C, product;

characterised in that material of the crude maleic anhydride

stream of step (iii) is used as the C,, hydrogenation
feedstock of step (viii) or is used to prepare the C,.

20 hydrogenation feedstock of step (viii}.

2. A process according to claim 1, characterised in that

all of the crude maleic anhydride stream of step (iii) is

used as the C,, hydrogenation feedstock of step (viii) or is
25 used to prepare the C,, hydrogenation feedstock of step

(viii).

3. A process according to claim 1 or claim 2,

characterised in that at least some of the maleic anhydride

30 recovered in step (vii) is used as or to prepare further C,

hydrogenation feedstock for use in step (viii).

4. A process according to any one of claims 1 to 3,

—_—
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4. A process according to any one of clainms 1 to 3, Thiiiiikivairnuiiiiiir
% WO 01/ 27058 PCT/ GBOOF(B805 26 characterised in that the |ligquid

absor pti oNVORBRTB® used in step (v) is seleéected from wat FCTERPOAEO3 queous
solution so that the | oaded absorption solution contains naleic acid and
that at |east sonme of the maleic acid present in the | oaded 5 absorption
mediumis used as or to prepare furtheryfA, hydrogenation feedstock for
use in step (vii i). 5. A process according to claim4, characterised in
that at | e &S ulitd q&q’ﬁae'a%s%%@ 6% hkithnl@sganesnt rat ed
by renoval EXCEeSS water prror to use in step 8V||| A process
accordi ng sbepl &vn #s opelected 5Erom nates @anids @ |a|qu1enats mallgl:coacsd present
in the | oa a [ d [ i de of
Step (111) Far e RoRA0A SOIBRH SIS Yot BaTB g SePATHRd: “Ciep
(viii). 7.ctBapratelsastcoome r@f tt:i'I%ml}alcaie: @fcnci Fpresentt @nSFhQOloaded

char acteri ' t (v r S Y mal ei c
anhydrlsge %ﬁgﬁ*ﬁ;‘%&gﬁé ﬁﬂ? %rlg%ng)ldnssgbﬁ: gc%ggl rg(‘}seoI%\E;&rli;'?g)s'éc“A process
accordi ng hgdebgenafjionhfeedsoclsetbr nugehdin sXept Heriddgani ¢ solvent is a

di al kyl phthalate or a dialkyl hexahydrophthalate. 9. A process according
to any one of clains 1 to 8, characterised in that in step (iil)

condensati 6n ofAnptecessiS@cam'gmgdm | sl aeifrf ectmmmmmm )
agai nst a %goé rred i um sel ect ed frl(r)ﬁrsp_ wat er. and _a.process f}:w d. 10. A

process ac L1 3Ry ond* b nft"balbelcl@ff LIFPE o o cL
S V[)OHY27&5&c9€fi€B@ﬂ/B@Sﬂémoval of excess water prior to use in step

{viii).

6. A process according to claim 4 or claim S5,

characterised in that maleic acid present in the loaded

15 absorption medium is mixed with crude maleic anhydride of
step (iii) for use as or to prepare the C,, hydrogenation

feedstock of step (viii).

7. A process according to any one of claims 1 to 3,

20 characterised in that step (v) comprises absorbing vaporous

maleic anhydride from the effluent stream in an organic

solvent.

8. A process according to claim 7, characterised in that
25 the organic solvent is a dialkyl phthalate or a dialkyl

hexahydrophthalate.

9. A process according to any one of claims 1 to 8,

gﬂg;gg;g;lggﬂ_ig_;hi; in step (iii) condensation of maleic
30 anhydride is effected by indirect cooling against a cooling

medium selected from water and a process fluid.

10. A process according to any one of claims 1 to 6,

I
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27 characterised-in that in step (iii) condensation of maleic anhydride is
effected in the presence of a liquid condensation nedi ) ed from

mal ei ¢ JWAVYPOR. nonoesters of naleic acid, and diesgg?gnﬁpgﬁ@felc acid, .
said 5 liquid condensati on nedi um bei ng sprayed into the vaporous reactant
effluent streamso as to forma m xture of crude nmaleic anhydride and said
| i qui d condensation nmediumwhich 1is ed as or to prepare the C4.

hydr ogenati on feedstock of step (Viil? 10 11. A process according to any

one of Ckﬁ#gﬁﬁﬁg%ﬂgég;ﬁn_ﬂgéicEﬁm% lﬁh h%%nh@&sgéioﬂygfoﬂsﬂé Lon

f eedst oc | yI mal eat e I's prepared by reaction of nmaleic
anhydr i denkiydr iste abkyﬁf&bceﬁolntthécnrﬁsﬁnnﬁumﬂ ylLiguiidate 15 which is

t hen esteH1Hé%%§@£%ﬁ R%&}Gﬁr %5¥£ @JEQQQHMQ.dkp%ghﬁérghélkyl mel eate. 12.

A process according to Rlaracteri se the al kyl al cohol
is net hamdncmutetx‘rse ofi slaltplicratedi eand Restienst lofl madkéat acid3. sAigrocess

. i t t
cat ol ot it FoRaehs 3k abnthlitan pelR ABA TR, LHE ThBE NG O0000 per
25 cat aI ywssctaht of fluenes staesnr o ngs t o aﬁqrmraemﬁctuhfal pf ¢rude9, -

h t d i hat .th k
anhydr | aaiaiae, Bnnydridet afd, gl PAGRRY ChdSRATIBA kB oHTLALLG

char act erisatkdd dshair tlepsepace the gaschydraggrgdridars faiedsgockaodi xt ure of
oxygen and recycle of f gas. 1111112121121 110 © i e 11l wWo1/ 27058
PCT/ GBOO/F£R

10

11. A process according to any one of claims 1 to 10,

characterised in that the C,, hydrogenation feedstock is a

dialkyl maleate which is prepared by reaction of maleic
anhydride with an alkyl alcohol to form a monoalkyl maleate

15 which is then esterified with further alkyl alcohol to form
a dialkyl maleate.

12. A process according to claim 11, characterised in that
the alkyl alcohol is methanol and the dialkyl maleate is

- 20 dimethyl maleate.

13. A process according to claim 11 or claim 12,

characterised in that the hydrogenation catalyst of step

(ix) is selected from copper chromite and promoted copper

25 catalysts.

14. A process according to any one of claims 1 to 9,
characterised in that the C,. hydrogenation feedstock is
maleic anhydride.

30

15. A process according to any one of claims 1 to 14,

characterised in that the source of gaseous oxygen is air or

a mixture of oxygen and recycle off gas.
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16. A process according to any one of clains 1 to 15, <characterised in
that the hydrocarbon feedstock is a butane feedstock. 5 _17. A process
accor di ng Y488 16, characterised in that the parti ap’Q}‘{{i@gﬁ#&ﬁ

catal yst conprises vanadi um phosphorus oxide. 18. A process according to
claim17, characterised in that 10 the vaporous reaction effluent stream
Is cooled prior to step (iii) and thatgg guard bed of a
phosphorus-absorbing mnmaterial is placed in the path of the cool ed vaporous

reaction efgl uept N i erély to e

phosphor usgééntgi %?é\%ggn%{%#%%iﬁiogﬁré}md%k?gﬁ%xg%o%eégng%tordi ng to
claim 18, characterised im thatt thehdiysdmessirbons fekdestbckgianacbunine
conpri ses g ggggggkgf spent vanadi um contai ning partial oxidation

catal yst. 5 ) process according to any one of clains 1 to 19,

characterised in that the catalytic partial oxidation zone -conprises a

fixed Rked act gr u fluidis eacLot. Orf _a noving
bed re?ct 0?3'252231%‘8%\&%$0%€é%{.§%§%%ﬁ ncglatlg{ gr??i ﬁ%‘%&%%iﬁ@&ﬁr#%
characteri shd parthal axiddhtkidn atadintst carmped ses washdihimgphosphonash
condensati gn.gurfaces of the condensation zone to renove deposits of

mal ei c aciaxéaﬁ'funaric acid thereon and that the resulting solution is

conbined with the 30 CA+ hydrogenation feedstock. C III~II "111 11"1" 11
I M's 18. A process according to claim'17, chaxacterised in that
10 the vaporous reaction effluent stream is cooled prior to
step (iii) and fhat a guard bed of a phosphorus-absorbing
material is placed in the path of the cooled vaporous
reaction effluent stream prior to step (iii) thereby to
remove phosphorus-containing matefials therefrom.
15
19. A process according to claim 18, characterised in that
the phosphorus-absorbing material comprises a charge of

spent vanadium-containing partial oxidation catalyst.

20 20. A process according to any one of claims 1 to 19,
characterised in that the catalytic partial oxidation zone
comprises a fixed bed reactor, a tubular reactor, a

fluidised bed reactor, or a moving bed reactor.

25 21. A process according to any one of claims 1 to 20,
characterised in that an alkyl alcohol is used as wash
liquor to wash condensation surfaces of the condensation
zone to remove deposits of maleic acid and fumaric acid
thereon and that the resulting solution is combined with the

30 C,. hydrogenation feedstock.
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