s e3el 1 6TKr a | ~~~~~~~~ 1 PROCESS FOR THE SI MULTANEOQUS PRCODUCTI ON OF MALEIC
ANHYDRI DE AND | TS . HYDROGENATED DERI VATI VES This invention relates to a
process for the co production of C4 conpounds, nore sp mumm“mmmml efic
anhydri de, butane-1,4-diol, y-butyrolactone, and 5 tet ﬂm froma
hydr ocar bon feedstock selected from C~ hydrocarbons and benzgpe. Ml efic

anhydride can be produced by vapoui phase oxidation of a hydrocarbon
f eedst ock, such as benzene, mxed C4 olefins, or n-butane, in the presence

?Leisfﬁéﬁﬁbcmmgf%@%@ﬁaggwmtﬁ% Gypically
used, while EQ% DJ) S350C to about

500C and the reaction pressure is fromabout 105 Pa to about 15 3 x 105 Pa.
A substanti al Bxeessvanvion msflabes tmye beoass fiow bhelecro{o stay outside the
expl osi ve . 0 ternatlvely it is
possi bl e, pg%%%%%ioﬁg%?oe %%%Bgu‘g%ﬁmb}?gc% élchalf sml‘agln the pl ant so that
sat i sf act enyyydaifde opetane on scamobe \adfmtwe@lactcte&pl tedt he fact 20 that the

f eed xt ' oca dst ck IS f | ammabl e

li mi t? %@r |C%Ir?fu Qgég%’?o & wgrs%ccer%ﬁglr? St d?\?#%‘ﬁ sidgéEPi“ons
conprlsesCaIDnhubarbwmacmwkbencénmhng vertlcal t ubes surrounded by a jacket
t hrough whi ch .t 5 i rder Lo control t he
reaction terrpebﬁarzﬁ'reggpg@LL g %af R&g&%@%ﬁ%ﬁqnéQ-%ggg r Tan be used

i nst ead, pncd%khanOEleryinntam@actfﬂadstbbhud&un@dabedemﬁﬁnﬂ(mmaxear nmovi ng
bed reactar I ot, v r CLiO e is 30 recovered
fromthe g%(lsdtleéfgag %%g%ﬁggggbrmm%mhgyéﬁnec% bk 3 ael?)% crlanhydrl de vapour,
vat er lvapesidatiamboatekyses, oxygen, nitrogen, and ot her inert gases,

besi des or gani, tpes rylic acid,, and
unconverted |~é%ﬁéﬂ@ggﬁ bgiﬂﬁ %gggg?g%ﬁkpéegg% ﬁé%% g Sgpqﬁﬁﬁf to recover
and puri fprwmerﬂalvemdlarnmwrtloetedermalmss s |utpe crédy tugedef whaeéat stream
inupto ang qpdd ntjonal
processesEggcon ense ghﬁgé%?*ﬂmfg?he a&ﬁngg&ggﬁoggrgg&gﬁ%goo g t he

react or eﬁﬁ@démmdstheamsaqummcar¢§sqnﬁ aboﬁrmmﬁﬁtmuslm Pa 5®eﬂnnpwodUC|ng
heat gxchangefo:agd. t e ¢aekhBthi lexkbL NGk 8POKL GG BY &g@é' g it

agai nst water, in order to con ense part ol the mal ef 1 ¢ anh
typlcalIyOa@@uUIBG%aVOOGmﬁnﬁe the6explofs itviee 1 brad tesf i cTaﬂhgwhuaha pnasent Only
parti al d I S e .qQf gglﬁres f ter which
reacts VVQE e |cqahhy§$ g%%gltﬁgfggéc?oPée uén?g8$?§%ﬁ¥%o form
mal ef i ¢ agpde mwdaﬂm wagctice ,ute Aseimritde pdaftursr tbagci d. Malefic acid has

a melti ”QSQQEQEaéHof939£%e 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 which a molten salt is

25 circulated in order to control the reaction temperature.
However, other designs of reactor can be used instead,
including fixed bed reactors, fluidised bed reactors, or
moving bed reactors.

In each case a hot vaporous reaction wmixture is

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

such as acetic acid, acrylic acid, and unconverted
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15 while fumaric acid has a nelting point of 287C, both of which are nuch
hi gher than that of malefic anhydride (52.B5C). As a result there is a
tendency for deposits of solid malefic acid and fumaric acid to build up on
t he heat exchanger surfaces which require periodic renoval, typically 20 by
use of water and/or sodi um hydroxi de solution which yields an aqueous
solution that contains fumaric acid and malefic acid or their sodiumsalts
and requires effluent treatnent. A second step that is conventionally used
is to absorb essentially all of the remaining mal efic anhydride fromthe 25
ef fl uent stream The remaining gaseous effluent can then be vented to the
at nosphergyaRRashbh Yrfds€bok NCi neration of carbon nonoxi de, unconverted
hydr ocar bon, and ot her organi ¢ conpounds contained therein. In this
absorption stép ah wilgdnite setorent apdnpbd fiysete ol fedcnabhyel yaan aqueous 30
sol ution gam RE;Yseth as Lhe-AhsY. inwhich case the mal efic anhydride
is mainly hydr of_Lysed to f or m rmal ef?lggg%i e Hﬁ)btfpngovm??ﬁrv%‘ieé%s or Wth an
aqueous sbtiftti-omn ot SIRFipYal sstdws cspbedsorfvent exsiplgockBsbli t ed St at es
Patents  JoneReGkf beatd QR Ne. 1% §38481 i,gadvant age of such a procedure,
however, ~i s t hat sorreﬂaof f he mal e?ie(lzga%rf@ i slangeX/icto 199i Ed%reri sed to
fumari c at§aftornef Hlyanddasredrumanipé catly trepbeserts) g uessgof val uable

mal ef i ¢ agdhyQibdgqa@nd,d pfdigul 0 ver fromthe process system since
it tends to fo?mocrystglaﬁlelgne n(iqaislés?tgseg: %%ﬁt%ﬁinvgo?]flé}sg 6 EPBE%%’"S %oul i ng
probl ens. 2 Bta@8eC oty tavied ing ortercigeans prwgireahl em @rdear icet YoRdepidher

anhydr ous, o1 gagi ¢, Ments £-kgen. propgsed_f or ]381 absorption of malefic
anhydr i de from vaporoaus st?@gyns,l értgé%cﬁa%ﬁé/, ARt pAt ﬁg‘P%& e (British
Pat ent0 Sp&ld fafc 4be omslenes antir i8RE prEse; 339 Onanthail a551) , di but yl

pht hal at e. &RRLALREHY UP P L O WG] % phthalic anhydride (United States
Pat ent Sp((:ac,i fication ll\_lo.e 4?11%%,\?5%)%%901%%*)? PFHTIeL8%] Hﬂg%ﬁml ecul ar

car boxyl i ®higdi deaphy driitiesalsigrrhydaide amched cémivorC2l semd kenyl

substi t ut g SWCEhNESARAYLE L dg.;(Uni es Patent Specification No.

3, 818, 680’%, tricresyl phosp‘lﬁat e (’Flr'qé%gkﬁ%lTLS t &Nt E)lélf)rédisl’)ﬁgéf‘?%ntcf\lo.

1, 125, 0145umaditpedfid. t deéphet hedist bagJaperisiegPatat 20 1Pobtj cati on No.

32- 84@B) , i Ruteyl . Pl eatg fJana . Pat ent__Publ | j O . 35-7460), high
mol ecul arTNV\_/ei ght  waxes %Unll(lt e%’ &ggﬁéggﬁaqélﬁt ng%éc:fatf#’cgf’:é%nc’%\b. 3, 040, 059),
di pheny| pertcachFerneh hiaheed!Sratbst Raf entleSpemifdradieon No. 2, 893, 924),

hi gh boi | 41 gaegymat i y olvents, .25 such gs di benzyl| benzene
(French Psatelnt Sggcipf(\si ga?‘ig%%%?‘g’f2{3%,%é&}‘?%‘?ﬁ"ﬁﬁﬁ@ﬂibﬁm%ne (Uni t ed
St at es Pai®ricd Spéeld iasdtli andNuma3i858¢7dbB)o, bpolynet yl heszeehenones, at

| east a POFdH Q80— s WY CRCORNE Al : t_ .3 methyl groups). (United States
Patent Speci fi ggt i on No. 34,%%%{, %f%}}k%%ﬁmgéci %‘Eﬂ I'e %’éﬁ('?Jaer/ ani nes

(Uni t28d Shates PAt enterSpadi ek cadion NpdrekiSEl sd26)iordiwalikyl ypoithal at e
esters hayj GoukO abky total of 10 to 14 carbon atons in
both al kyl g“%&ﬁé (SU%%t eg S%%%%gtagﬁ ﬁ‘mfréﬁe%‘fﬁ A BALRES 3, 891, 680),
and est eracigf ogyEhobt igsarncsaldisdsndf veqexarpkef tidnd Hrehexahydr opht hal at e
(South African Ratg cihficat] 8 47) . third step that is
conventional |y .Ssedll&lgl SS%P% ?Fé%tg\?legr %%ntugrétlr%{sat]}ﬁyi ng® ollsuttiooﬁgf)? Pral efi ¢
anhydri de¢d¥entalét v caldciod themaned nabgondlenitc. aWhedr idie fabBsoekent is an

or ganjsc S@fMent, distLl J r_continu distillation can be used
to recover the ﬁa?g%%gn an?%r%%&él gﬁgt ﬂ%s%%%elg?ﬁg‘h%ﬂt Wiien tRRBR R®sor bent
liquid isvertiast tor the atqeepbsrsolndsisohly 14 tdre i hecovertiost e nmust incl ude a
dehydrat i o183 t - \Y he malefic acid back to malefic
anhydri de. One png)égﬁer'e%fl%g?&?%eﬁgéﬁafgc n%od‘i’stapg THE IRIr8fMECaci d

sol uti on FeMRMvadSr esetrimedf tkyteite. Thi shiwtabeokytieimes the water but

al so resulis,din 1,0p,. O | ef.ic_anhydride. In 15 either event the
el evat ed tegrsrapdér%atsggfégs)ﬁggctéh E%nds rgca)_ i rﬁ‘ég%]én? VY D VIUSWari ¢ acid which
consti% ut eelyifoar therbd ossdoés potentisakbprioduet wAnkefdascarhydri de. Uni t ed
St a~t es~Pa} gt LEicatio 069,687, proposes recovery of malefic
anhydri de f%rﬁ ggggg%ﬁeﬁ i @?%Fr?ley %dﬁﬁlxﬁﬁ gt& I%\%ir‘f‘h“‘%llr‘F16?0§611F3'ent , foll owing
whi ch wat er i Saraivbied Yitbnwaber enr indhadarhsprdaent sbyucio agting it with a

then rocostred fromt R ok Bieeh abboPhums, S8ated baent ANV 00 19

t hen recovere romt enri che (0)



25 A'growi ng use for malefic anhydride is in the production of
butane-1,4-diol, and its co-products, i.e. ybutyrolactone, and
tetrahydrofuran. Direct hydrogenation of rnaleic anhydride or malefic 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, 9, 985, 572, 5,199,680, 5,347,021,
5,473,086, and 5,698, 749, and in European Patent Publication No. 0373947A.
5 Esterification of malefic anhydride with an al kyl alcohol to yield a

di al kyl mal eate foll owed by hydrogenation of the resulting dialkyl naleate
has al so en £ PLEOPASEs No O a0 psoduce butane-1,4-diol, and its
co-producsi%%, Y~butyro?t§ét%hge§§4a8t%d t'{étcgla H?%‘fat?reaﬁ.%,s fogenation in the
| i qui d pPF¥&Eefsrpr dpwerdri niBrihats hoRatenthSpedidiiccation No. 1, 454, 440.
Vapour phase; : I b S 4 t.1n l.nternational Patent Publication
No. WO 82/@%3%3@1%&%{5%%%?* o%r? gkmgr%ﬁaa\ I CRYBTPH G0 st ages can be
carri ed dWagsC gesiet irspdefentd0 aUdbsedSallesb Ratenk i SPaiii-gaki on No.

4, 5845919 an6 44754, . I t ates Patent Specificatiion No. 4,032,458
pr oposes%élgt g?i%%lﬁigﬁ %%Jn}ﬁéaﬁ%g’fe?c?lé%r? &% PROSESE, s¥etey ¢iacranbl at

el evat ed H5RES st ef cnnd crgaperkmer eabotd onedhbyiw 85t W $h@geshydr ogenati on

of the resuhtj hal.kyl maleate using. a slurry of a copper chromte
cat al yst ang t%g%lcubb;le Istillation. United States Patent Specification No.

5, 478, 952 sugBesausen offy thbgermmeohsarial webh Ghvealede jgsed in 20 aqueous
sol ution ottﬂePY%E c acid, and which consists of a
e

e . exanmpl e | ef |
m xture of rut %i um%%nar%%elrﬁ E%Tgﬁn%sa:l%gﬁ.{j?fr‘b@€§8%§e%rfd>rpl ant for the
prodid®t i gPserreied lofl maheEatehyhirode nbicef ivepardusdet deady e rdescri bed, for
exanpl e, 23mhie Ut t Pat e ecification No. 4,795,824 and in
| nt er nat i ona %hﬁalrﬁ%(gﬁ;?bﬁ%zaﬁagtﬁ K%?%%ngﬁ%‘ﬁ'ﬁf’e?ﬁf%cqt&@mnenti oned
docunent NgéscV2'be¥2fa @6BUNIP r eact 068 M) i Aikgya Phglﬁ@lé'ttey of

esterifi I C Vil a predeterm ned [iquid hold-up and
cont ai ni %8’539’2’}'%%93@0 8a{]%3§.esl§%gd°e@ft PR igat AvRideR such as an i on

exchange Skasea Rorangi Abagl ferddant Kol phanscsem) Gho@hQURS .1 iHieghydr ogenati on |

of dial k 0.Y] tanel, 4-di.ol .is discussed further in United
Sater purareren el IR ngians 26 '% %1, 554, and

| nt er nat PFgaRFheRtadainPahl i cetkicopl NoubMR88L009%2inka dnerRaki onal Pat ent
Publ i cat i@n;iNog é@% / rocess .is described in which malefic

“anhydri de ié absor teé ?%@%%h?"é’l%cggﬁ%ﬁé’nsnge:htBlﬁa@P?1)9' a boiling point that
i s at |e&¥tcreryhimdiesphetan(fdeathobatmitebbecanlpeds bden@t at nospheric

pressure; f9& npl I yl te. _Then the mal efic anhydride in the
resul ti n& sol U%ﬂl idgmggﬁfri e’lrggn%%aa#%rem(tyﬁgarbe(ﬁer 8&pddi ng di-(Cl to C,

al kyP§ mimbaiestism do.182+8taubs dentl yastatPpedphhos theesel Uuti on using a
hydr ogenggpt ai i S str to, yield.a vaporoys mxture which is then
subj ected t0 vga]ﬂp% gijq%Hagge ﬁ@s?gdgg}é%?i Giec ?gY MRt p¥&esdure i n which the
esterifi ddpibed sitaeiss Panett eppeanditdteiambef i T, canhydsj de is stripped from

t he sol utg;@Re; i boj . i ol.vent _and subj ected to vapour phase
hydr ogenatllgoﬁ ﬂsﬁ es%?lllgié%n H:ggn%taltéa a}’a'ﬁ%riteﬁ@’e%ﬁ’r‘iact&ﬂnon No. WD

97/ 43234 NoFugt $i%t . 3Pt er hidls Hodid ingeamsnaaisohpdica rbeh Vesiivedlk@  t aught in
| nt eppat igpgl aE%J%‘ﬁz?EQétk&%é qlg‘}grer’}clg)}?'Pa\égnggégécqu?cgggory\%dg.g/ 25678.
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 Patent Specification No. 4,071,540) ., water-
30 insoluble tertiary amines (United States Patent
Specification No. 4,571,426), dialkyl phthalate esters
having C, to ¢ alkyl groups and a total of 10 to 14 carbon
atoms in both alkyl groups (United States Patent



20 A'further devel opment of such processes is proposed in International
Pat ent Publication No. WO 99/4S852; in this devel opnent a second hi gh

boi ling solvent, such as dibutyl phthalate, is used to scrub the off-gas
froman absorption step in which malefic anhydride is absorbed froma crude
25 vaporous mal efic anhydride streamfroma mal efic anhydride plant in a
first high boiling solvent, such as dinethyl phthalate. ' In the prior art
processes for production of butane 1,4-diol fromnalefic anhydride it is
normal procedure to 30 utilise a subgtantially pure malefic anhydride

f eedst ock which contains at nost a trace each of light acids (e. g. acetic
aci d and @icykiieaecddNo . OF , §4TRigios , aghd and.qf Iy%fliogl 1., It is an
object of the present invention to provide an I nprove %cess for the

co- pr oduct361 - of “FreEIPE € afhHYild Be By dupphCha tatrepdgndsh Afirtiarer 1, 4- di ol |
Y- but yr ol mgleaRe spadtk @t 8AWH Ofgliyans7Jt is al so an object of the present
invention to inprove the yield of such C- conpounds froma given quantity
of hydrocar boﬁnEEé’é%tftf@fE’ éﬁ%lt hen €8PV BN ek Ll jeyet dspbandscarae readi |y

avai | gbl ecrandeb) £ BHIGR1LACAURN TG Y5 O s WAL GqRTAAYGE 8 produced. 1t is also
an object_ of the present invention to provide a procéss far the 10

product i ofF 98 thReakPorbsmpourithen miketbeorismedi s doy obghane- 1, 4di ol ,

Y-but yrol aptene, gadd etisabydrafuran £&,0m0 drogcar . f eedst ock whi ch can
be operated in a plant that is nore ecorﬁr?{)grﬁglgg% Jélosctg(%ﬁgp%%%tcaéhd to run than

convent i o¥faltsgPah® steckyeAckrf diadgiroarhed pdesentn itheenthen Harere i s

provi ded hdd @6ESSHEMbehe] CQs Y QAUGLE D | G.a0hydri de and at | east
one C4 conpound sel ect eed fro@nl.but ane-1, 4- |3F(?L%éu%%fr8 %11% onE, ' and
t et r dRydrigfeuraROWREY eitifP RasefincladRydrdelydret ppodieedsbyasteps conpri sing:

20 (i) supplopnREre SUMGEE:0f HASEHSKOXY d, & iwdracar bon feedst ock
sel ected from C~ hydrocar gons and benzengﬁtlgqg %@%J%&??c pgr}l:ti al oxidation

zone whi GAFEERLEPNSHAF difarged ofs &opdiethl Wi dateion acatiabgsiticapabl e of
ef fecti ng 4 heepartidicenizdali o of thhe 25 maggosé{obf%@ fgedsiock to form

mal efi ¢ anhydride and which is maintained undéer catalytic par%nl al oxidation
condi ti ot @ELEP Fetwher FRgréTiomrekéopaef irledsi atvdgndgzonelm vapor ous
reactyson &fdrlewentest NGAMCOMNdSicRAIRL &1L 3Q [ ge ter,
unconverted hydr o?:ar bon feedst ock, 'gnd car bon Sgirkg%‘g;lt ili?‘)){\@%eondensi ng a
part of tHFn#arerief fimpair cish @déab censtduapor dustheactéon ef fl uent

stream i No@ pot@n€oRHeNRRLEOMANG bAn{@F{aa crude nal efic anhydride stream
(iv) recovering fromthe condensation step (iii) a residual vaporous stream

contai ni ng redPdtaf frest 82 vInthmeiPeri &1 axhidy Nee; 5082, &B%or bi ng furt her
mal ef i ¢ apyplisiede & £QANB e £51 didalan aRPL OUSE Sl Qatfgs%fouét f0c{lyd by
abso%ﬁtlogblééntact 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. vy~
butyrolactone, and tetrahydrofuran. Direct hydrogenation of
maleic anhydride or maleic acid to these ¢, 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, 5,347,02;, 5,473,086, and 5,698,749, and in

r

European Patent Publication No. 0373947A.



a |iguid absorption nedium sel ected froman organic solvent, water, and an
aqueous solution; 10 (vi) recovering fromthe absorption step (v) a | oaded
| i quid absorption nmedium and (vii) recovering mal efic anhydride fromthe

| oaded. |iquid absorption nedium and wherein: 15 said at | east one C
conpound sel ected from butane-1, 4di ol, y-butyrol actone, and tetrahydrofuran
is produced by steps conprising:. (viii) 'providing a C4~-hydrogenation
feedst ock selected from mal efi ¢ anhydri de, nmalefic acid, dialkyl 20

mal eates, and- m xtures of two or nor e t hereof; (ix) supplying said C,f

hydr ogenati on feedstoock and . hydrogén to a hydrogenati on zone which
contains a chagge, of; AQydr Lon catalyst effective for catalytic

hydr ogenati on of the G Exﬁyééi?grggrﬁg?i%rﬁhyf%l SedstbéR f"t};kﬁﬁ alfodaid at | east
one C, priodwéeldnd dusildlylimsalesitet 4b hbovashder heat@jeyib Cohysl aganat i on

condi tiong;s,aRd, LX) ver i fromthe hydrogenation, zone a hydrogenation
product stream Eén%ﬁal{lﬁ(&%gﬁé%%eaégfe%{; ° %EBngr?ﬁosﬁpoﬂﬁc‘frqe%ﬁﬁr acterised
in that neragiuical befandrd,drdidel ,nahdf its anhpdbidet st veaot pfoist@Rnkiii) is
used 3s the CetrDydiQgenatio k of step (viii) or is used to
prepare the crr % hygrchl)'genq-I tdl(%grg‘g%%%hosri 68k£t6$ BEp9(RP399 1SThe source of
gaseous OERPERernyn dorhiiskePatdnst dpecaficanaunt 8o 0ofl, uBef{4@ases, such as

ni trogen,yddy,adgitl ir.is.a conveni ent source of gaseous
oxygen for p%‘fusg‘ % n&?ﬂlggggﬁ%gs%ho@gtﬁéeuqh%véﬁt ?Y%%e.r“ﬁéh%a{ He 88&for ous

reacti on BifligahionteahPos2 L138Pp4(i i Yydmmpnaonsmidt ai #ropgen and oxygen in
addition f0 the o ents ioned. |t vm'ec%l often be expedient to
cool the valpeorousrtl Pﬁ%c%?gﬁggf%%ug%%ﬁleegm%# R SFEEYePrifor to attenpting
to eflffectUrifedoftiepeatiagant Spstcefication Non a, pgefianr efd process accor di ng
to the inyenti ggyall of the crude nmalefic anhydride reaction product of
step (iii) is used as the- C + hydrogenation feedstock of step (viii) or is
used to prepalPeited TatehyBritaygnapeobf feadonosk. of, ostepsd5 (viii) . If
necessar Y, rlosksasti - SQ. ~9f; ' nhydrjide recovered in step (vii)
can be usperdcﬁl)aé5 or to pr egaéle&?ﬁrfmé? g,aacﬁ;gdgég%naatcr"otno éedstock for use in
step (viiddkanalt e relanasky, pidssulte bnduiahpalibsbupd ifon loeed Wy wsed in 20 step
(v) i1s Wat @ s@hq@dM QUS: S9 Wl S . 1he. |.gaded_absorption sol ution
contains nalefi¢ acl ,%at f%as;&fsgﬁee g‘?st"{%én%ra&e%l%ﬁa@f‘ge%‘}eesent in the

| oaded absamgt Rodl el ofh eagripe ruskdomistorcatol psteparet fier ther C-,
hydrogenafiQnfeedsiock for use in step (viii). In this case at |east
sone. of said 25'resu]ti ng mal efic acid can first be concentrated by renoval
of excess wat 8niped ojtatesuBztdnt Spepifiddtipn Nor eogwds, e efic aci d present
in the | oadedsabsorpdQR.Aed] r e ter _is.renmoved for
concentrati onspurpotg%s %F notwggﬁggg%ﬁh:ig?‘wé%ﬁv%r ﬁlégdn‘hTefi ¢ anhydri de of
st ep i i i 39¥eeus300Lisiel s torhydrogeapaee fde e@amphydmagenat aomd f eedst ock of

step (Viidgg whhB fQrr r a ing . th nventi on,
condensat i odrkljwcr)\f;L %g?ﬁﬁg%gnﬁgdfi g(%iﬁgee?'fg%%qgggll%&se}ngg rkle?lu)lm °Mo
carpon.

Processes and plant for the production 5f dialkyl
maleates from maleic anhydride are descfibed, for example,

25 in United States Patent Specification No. 4,795,824 and in
International Patent 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



by ihdirect cooling against a cooling nmediumselected fromwater and a
process fluid. In an alternative preferred process condensation of nmalefic
anhydride is effected in step (iii) in the presence of a liquid
condensation nmedium5 conprising a liquid selected frommal efic anhydri de,
nmonoesters of malefic acid, diesters of malefic acid, and m xtures of two
or nore thereof, in order to reduce the fouling of the condenser surfaces.
Thus direct cooling may be carried out by spraying the |iquid condensation
medi um 10 into the vaporous reactant effluent streamso as to forma
m xture of crude mal efic anhydride afid sai d | i qui d condensati on nedi um
which is . as epare,t CA~ .hydr ogenati on_feedstock of step
(viii). S%%%gﬁ%ﬁggéfé?%g%h ’3?33?%%%E@anb@aﬁéﬁﬁveﬂ?dfor exanpl e, from CL
to C4 al khtdrnatlionhdl Rasanth Pabl hedthianoko ane etshanes7. Moreover the |iquid
- condensat i on diumcari. al so_contain snall ampunts, e.g. up to about 5
nol ar % of t% JOFr&das Ocﬂaﬁg Pﬁgﬁ%taIWﬁlaﬁﬁl% gpky@f%”n’%ﬁéﬁgs@ I n one
par ti cul apkycerefier dedepiloekbda wheclCmaldlc hwthyagenatiodnpsbegdstock is a
di al kyd | eat.e. which.is prepared by reaction of nmlefic anhydride with an
al kyl al cohot %]%Pﬁ%én%osr?gé?%?h%é“@aﬁebm% POIRtfdhagsiar ati ed with
further alkyst aloCchbigher fudam ahati alfkyhl et eathedride thhi s case the al kyl
al cohol cap be .net.hanol or_ et han mal eat e can be

be \methanal _or ol anq 2§,the di al k%%l
di net hyl fafeate or 8f eThyIS/ maPeat® ™ thPS vadsBhtkelatydr ogBmat i on
cat al yséI ohe st i Hl)lhjlﬁrjpi'eEfiﬁLabé yre?sexlleﬁ:hgotacflﬁ;@libﬁOgsl)%rst‘é%@%& el and
pronot ed copper catalysts, such as, manganese praonoted copper catalysts. 30
In an aI'tg?n‘g 1i’u%/gtz%lf)"r 8%5?%‘3&’“&‘8€e€’s‘n§605‘? (ﬁ*nﬁﬂ’ty&)t Raledifentibdsht he C, +
hydr otfenat s osulfseemienoty ssrimpedl eommnhedeble: idnukhhs £as@rbiencatal yst can
be any ongogéai ithosg PLO osefsé for tcge urpose in the prior art, for
exanpl e “one oFThd*Eat al St $OdY 12D Le J2PF Ve "OK L LR “HiSPehENt i oned
Uni ted St ahes Retjentedpecifdpoati phssNOydrdgddd. 1805, 2,H@:12482, 9, 048, 196,

4,083,609, _4 156, 50,185, . 9,609, 636, 4,659,686, 4,777,303,
" 4,985, 572?%‘?"’?%8’,%&8 Y’é%‘?"‘s,o‘fzf"r’s?B%%‘flﬁg‘,cﬁ‘gé%sszt,epaﬁa gME918%7298 Conveni ently
t he sour cehefmgaseounshpdygian iisSsaripped FoveViede sBi ¥t €S 0krRi trogen and -
m xtures of off gas and oxygen, pure

air, pdxtures ,of,.of f gas_and ai.r
oxyge{r?, a}rj} gek@)x?/oglélﬁpgng?i‘ﬁe &rf Fekrestss be Y?é%?f‘irogﬁiﬁeas the source of 10
oxygen. Thedofdergadonmys chnperribedt hatrnpathaofodadepkesidual vaporous gas
that remains, aft.er ahsorpti urt her mal efic anhydride in the liquid
absor pt i okuﬁjéjaqautrﬁolnn 8t e@é (9%]/.48%@:%‘ sEUFEREBIMELd808 135 #€F ABy be used in
i>5<cess Soahsotyt inmi Bbavent heremcxtgiie 1]91}‘ Ihyé%mal lro!ag_mt iumAl tock ?_nd Fou{ﬁe of
gaseou n,e.g. ai anma imts. ernatively e
process n%?gﬁég%pl&nést 88530“5? ﬁ%?&?hg'frﬁ% HPe9?22%718hi n flammable limts. In

one paiticul ardyfypreker dede omeassof hedhy drocaseen i & k 18 a butane
feedst ock.. 20 1l n thi ase the partial oxidation catalyst may conprise a
vanadi um plﬁggﬁ%%rll? &g x?atée%%{}’éllbgé?ét%ﬁba WAt HAREE5R & Worfétienes descri bed
as vanadyldepylopiasphatecond Mktiebol DidtRisal abk f hcachs Wiitnweofi t he catal yst
vol atil e oglgggi)gposphorus conpoungs 1(I:ag%g%e bled into the feed m xture 25 to
the catal PfTCpart ar 8%F%atd S5 7one™s AfLsgns BRoRRECTRHPBUNDs may be

present i mteheinapordusalesctimydeidé uentabsbeban @bnsheprddd ) of the
process ofvat ng‘ilé]veriti.on V\gi h maﬁ deactj vate the hydrogenation catal yst of
step ?I X), “a-guar d bed of" Y‘%Wgsep Y TR H5EBY Bi PRy St BRPEEISuch as 30
vanadi um @dabai bi ng fintser hagh lednvedi estventa ehed g8 afinspent parti al

oxi dati on %%%ghgét, may.in this case be placed in the path of the~vaporous
reaction Stream ol step (ii), after cooling thereof, in order to renove

phosphor us- contai the@rior art processes for production of butane-
1,4-diol from maleic anhydride it is normal procedure to
30 utilise 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.



12 materials therefrom In an alternative process the feedstock conprises
benzene. In this case the catalyst can be, for exanple, a supported

vanadi um pent oxi de catal yst which nmay be nodified 5 with nol ybdenum oxi de.
The catalytic partial oxidation zone nmay be of any suitable design, for
exanple it may be a fixed bed reactor, a tubular reactor, a fluidised bed
reactor, or a noving bed reactor. 10 Step (v) of the process of the

i nvention may conprise absorbing vaporous nal efic anhydride fromthe
effluent streamin an organic solvent, such as a dialkyl phthalate or a

di al kyl hexahydropht hal ate, for exanple dinmethyl phthalate, dibutyl,

pht hal at e, di pethyl _hexahydrqphthal ate, or dibutyl 15 hexahydrophthal ate.
Water or an a%elosyus‘.msf%%( ﬁ}ltoﬁ%ogg?raﬁ’léefsieé‘ta&f“de‘btdﬁnaf:?e?’f%‘fli%lay be used to
absorb vaporousd nelcebks Emhytiei de-fraicthenesf lnseet cSifgamiia step (v). In
t he proc f the invention _some Qf the ymalefic anhydride recovered in
step (Vii %n%}e b GRBRPUES GPUTRRP hats l%gEeld’" YEREREACERAG t PRBal OQF

hydr ogenatetoahfdedstrack oft Stsepléwidn objebt 9 ldheObtegedre preferred, during
shut dg)wn,.lntg use an al kl\él aIt ohol f% O&ash i&t;or t o wash condensati.on

surf ates “0f “The”t oirdeRRA o FoKe® ety FBEPRY YT tF@fafi c acid 25

t her eon aicet oqeanrdiitgeot heydresukbbmFex@lstibiRnad thanther S4# ey dr ogenat i on
feedstocﬁ\ Thi s%procgdure has thg advant gLe of ~avoi di_.ng or reducing the use
of sodi um Ry ar SRFEER" e T5PEGTE 7 G 'GP 18RS BEpRetIUdE st reans

cont ai ni nganelef idf aakde ofrandiypredeaice Wit cfk andodah e of washing 30
pr ocedur e% gf}lﬁn@f wat er ,and/ or sodi um hydr oxi de solution to renove fouling
deposits % | G a0V HHd FuhBried&ed 3 PERS S Sndersere surfaces. I n order

t hat 10he drodest i@ ofayhbec,ckeapdonds)danss 00thnnyddiand ieadly garried into
ef f ect adcogventg onal gl ant faor .co r%&ucti %n ofy mal efi ¢ anhydri de and of
the C4 prodict € P HIEEhES19%E diP8F, t& KEGERERD fFOMafd t et r ahydr of uran and
a pl ant frydrbberisaneepdspose wiicht et aor dipagated tiheat Fﬁ@ﬂm ngs 5 of the
invention will now be.described bX way of example only, with reference to
the accorBalyF A SIRIAGs, “MFSPEFRYE qiie 50 PO (FHFPofPHT SRfiaed!

convent i qgriahky. desi gned plant for the.co-production of malefic anhydride

and q t he prgductcﬁ{ij bgt aqg- 1, 4-di ol ’H%/ byt yrol act gne, and_10

t et r ahydr of ur ACCHHIIFFGurE® PLPE%R sTH 9™ oPl b dgr arPeEdes & ant

const r uctradckns afeoranee- pidducthent ehchileags gfhjidie denygation and i nt ended
[t will reciated by those skilled in the art 1~

for the same purpose. e a (

that, si ﬁlceésfhgn’gc oﬁ%‘&‘?ﬂﬂ%Sa&%%‘%gsfrgpebm%{"@r"&mﬁﬁﬂ@)/ ¥eny ot her itens of
equi pnentbuslyire baatt ene)0ans htsrahydi-beuthiawinagsimoul d be required in an
actual plant. S?Ch aorl%i t oigal, iterrg of giqyui pment are conventional in nature
and i ncl ude (BALERT S REEE 1R 18 TPOYCH S ISFEPF oFPBRILGARS: react ors,
condedsers, 2Qipunps, habflyind anksuryéldegaspbes IR e8EASQrS, tenperature
sensors, pressure c%:}}rol I e(gﬂ enggratu e controllers, |level sensors,
heaters, cool 8YS-CRIER £ARRE-CLoRaLnSErS, E08I hmiYFEpeiTRIS 28fAd the | i ke.
Any such addi beapate idcesscafapguicpprpt iabW:ddheibmsicalel @didm accor dance

wi th 25 conventional en%}ineerior}g practice an% formno part of the present

i nvention. Ref8PFFHY t° “RREET 11 PP ht? UrdwiiAgaon £35& ¥Fal oxi dation unit
1 conprises acpapabialofoxifdatt oy teachart LONtoa AhArR ggharge~of a parti al
oxi daf.i on catal yst, for 30 exanple a_vanadium contajning catalyst such as
vana |5unphospﬁ‘3¥58¢%§ﬁ°(§’e ?ﬁfﬁ%%oreg?cchaF%Tcr%ﬁ%e)}caéfﬂilwlﬁﬁaé@dhas been
reported to behvahatlymaiyeaephesphdkee, c4V)WR0phre 1 xdagdioke of fixed
bed or fluidised.bed design and is supplied with

conditions;

(ii) recovering from the partial oxidation zone a

vaporous reaction effluent stream comprising maleic

30 anhydride, water, unconverted hydrocarbon feedstock,
and carbon oxides;
(ii1) condensing a part of the maleic anhydride

present in the vaporous reaction effluent stream in a



14 a"superheated C4 hydrocarbon feedstock, such as butane, by neans of |ine
2 and with air by neans of line 3.. The butane:air volune ratio is
typically fromabout 20:1. The catal yst charge in partial oxidation unit 1
is maintained 5 under a pressure of from about 100 kPa to about 200 kPa. In
partial oxidation unit 1 butane is converted by partial oxidation to

mal efi ¢ anhydri de. The main byproducts are carbon nonoxi de, carbon di oxi de,

and water: 10 15 20 25 O C4H~0 + 3.502 -i- 0 ~+ 4H20 OC4 H~0 + 6. 502
------ ..~ 4 02 + 5 Hz0 CAH0 + 4. 02 -~--~4CO+ 5H z0 All three
reactions are highly exothermc. further details of suitable designs of

partial oxidatjiqn unit faor rod t|on of lefic anhydrlde reference may be
made to Ki rk%ﬁ%l T é’y@PBE 5f“ %:h%‘?ﬁdgawaar%%ﬁﬁllhéf §¥+9%ourth Editi on,

Vol ume 15, pageeadBQB to 928. A hot vaporous partial oxidation reaction

pr oduct strea}m s recqvered fro artial oxidation unit inline 4. This is
at a tenmperatdré of fromoXBbitd 3468 tRe ARBIERaRHE RSB0kt Hi)ng ni t r ogen,

oxygen, unr eaebedui%utwp@xom/at Sire @A EEONInge e s TRIEf bfo@y Y de, nmalefic
aci d,- fumaric gm d, races of acetic acid, and acrylic acid. The

reaction 30 PPGALEt2 ’g?y%a‘t fiffs then cooled before it is fed to a

condensat i on (s? age S5 wiiseltbifg MAIrthat Nedh Al anhPaP@latuLe Hel ow the dew
poi nt of the p é ai oxi dati on lprodu t streamso as to cause from-about 200
5rera

to about 600 ARP*PHBNT E* 938 BhotieU0d vl cPRRSeTBDYER 6 t he mal ef i ¢

anhydri de presentuid ddseeplitn eendanselecbepi eabh Yarc@pdsnsat i on stage 5
i ncl udes two ¢ oI eé Ythe f ﬁ’&l‘gt operating at about 150C and the second at
It c¢o

about 60C. Tﬁé’ V&8 R BEUPSs RYVEL®W 5 in |ine 6. The residual
mal efti ¢ anhydriigle, \Ahllfé’tdvﬁrSigHrdmntM@mj‘gB;}gti@ﬁ rgtegaswﬁsaon inline 7 to

an absorptio U|t fo ampl e a s scrubber unit rough which the
vapour strea g agg%‘ﬂl‘{ﬁﬁé?g&]r?”cﬁl t@icdfdent to a down flowing, 10
stream of an (@ﬁganl C seacesbinguedleas shiprtribepbidalaberosanplied fromline
9. The reS|d S eX|t absor(gltlon unit 8 in line 10 and can be

vent ed, . typi dﬁngv?%s AP GPP P Yici nerator, while the resul ting sol ution
of mal efamd ameyedhde is recovered in line 11 and passed to a sol vent 15
recomvery unit 1

k¢ 2. an% ver n|tm12 th1 zol vent i s separated fromthe
mal efi ¢ anhydfrds, ko ¢/J‘ GRS BR ‘b‘?f{&ﬁa@r WAl 8r reduced
pressur edidlhe Yr—baoyeasﬂbmbvemﬁd itetrany@tetiran Lé nercduwbiil gy t he separat ed
mal efi c g{]hsdrclode LS, passed on by way of line 13 to a 20 purification unit
19 for fUr B‘tﬁﬁlﬂ' tion, for exanple by batch distillation. Some of the
resulting pr o(chitiu mal qf:i'cﬁflaﬁ]hyCHiCdB Hyﬁrb@@@é/tﬁl‘&dfé@déﬂd& 15 while the
remai nder is passed.by mean ne 16 t butane. 1, 4-di 0| plant 17.
elec rom ma ELC anhy ride, ma eic acid, dla
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,, hydfogenation
25 feedstock to yield 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,,



Ref erence nunerals 18 and 19 represent lines for the 25 recovery of |ight
inpurities and heavy inpurities respectively. In the butane-1,4-diol plant
17 mal efic anhydride is reacted with an al kyl al cohol, such as methanol, to
form a nonoal kyl nmal eate, such as nononethyl nmaleate, which is then 30
reacted further in a countercurrent reactor colum of the type described in
Eur opean Patent Publication No. 0454719A for substantially conplete
conversion to dinethyl naleate. The reactions concerned are: 16 OH. OH
05 10 and + CHBOH O HOH HOCH3 OC,H30 H---- OHOHH OCH3 0 0 H OCCH3 +
H20 HOCH3 ' O (1); (2). The nnnoestgrification reaction (1) is

aut ocat al Y Lodust b BRACEL QL 62k 61? sr%re%gg{éapi)y conducted in the presence of

an 15 acidic esterification catalyst fas an ion exchange resin
cont ai ni ng sulPeoreereeciaf greapss dygehunsneronpet ak | suddhanatsiention of the

reader is_gdi : r n ent. Publication ! 0959719A. O her
speci fi ca?r?%lﬁg%ggc??%ﬁ %Egdugﬁhor?sop%%q%l lﬁagg%’tté?na'ﬁ@ Eur opean

Pat ent 200%ysssi f | 8ari bh NosvedR5B389ArandoN2m54014. oxfhenr esyl ting di net hyl

mal eate i ggd d L. the vapour phase using a copper chromte
catal yst or gﬁ-grtlg%ogjg%gé(%)ggrl:}g%tlﬁvfélt%?o%UCﬁ{%ea‘:%n"gﬁ’ﬁ%?ésprormt ed

cat al yst sfacthieon pfélaentiassedniof European) RatyerbnPa igat-bgay, No. 0656336A,

to 25 yie -1, 4-di.ql. an S. cOsz products, Y-butyrolactone and
tetrahydr%) ur an. ﬁnlgdﬂlﬁéﬁﬁt g% %fd%gagﬁa‘f?“lﬁ?“ﬁpf)ﬂdﬁetr}/W?Fﬁre will

normal |y &britidiln ofcporbarppetisent ticheoodr ties pamdicogs dicldkybnsucci nat e,
15 kS B RO PP 8 iz o oot
condensation in step (iii).

In a preferred process according to the invention all
of the crude maleic anhydride reaction product of step (1ii)
is used as the C,+ hydrogenation feedstock of step (viii) or
is used to prepare the Ci+ 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
' Cy» hydrogenation feedstock for use in step (viii).
Alternatively, if the liquid absorption medium used in
20 step (v) is water or an agueous 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,, hydrogeﬁation 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 accofding to the invention,

condensation of maleic anhydride is effected in step (iii)



~- 0-CH 2CHzCH2CHZCH 0O 17 The nechani snms for formation of all these
products and byproducts have not been fully elucidated. However, their
production is consistent with the follow ng reaction schenme: 5 CH - COZR .
~H - COZRIl + HZ- CH- C.RCHZ - CO2R 10 15 200" CH2 " CI O CH2 -
CHZ ~ +3Hz - H20 CHgCH2CHyCHyOH + 2H2 -ROH CHz - COzR CHZ - CHzOH +H2 +2Hz
CHz - CHO -ROH CH2 - CHZOH cH2- cHzaH CHz - CH20H --Q(CH2) 40H +H2 O +2H;
-HZC CHZ - CHz ~ O CHZ - CH2~ 25 30 -H20 CH3CHzCH2CH20H wherein R is
methyl . The nethanol released in thgycourse of

by indirect cooling against a cooling medium selected from
water and a process fluid. 1In an altérnative preferred
process condensation of maleic anhydride is effected in step
(iii) in the presence of a liguid condensation medium

5 comprising a liquid selected from maleic anhydride,
monoesters of maleic acid, diesters of maleic acid, and
mixtures of two or more thereof, in order to reduce the
fouling of the condenser surfaces. Thus direct cocling may
be carried out by spraying the liquid condensation medium

10 into the vaporous reactant effluent stream so as to form a
mixture of crude maleic anhydride and said liquid
condensation medium which is used as or to prepare 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 ethanol. 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. In 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. In this case the catalyst can be any one of

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



t he hydrogenation step is condensed and separated fromthe other
condensabl e conponents, including butane-1,4-diol, Y butyrol actone,

t etrahydrof uran, water and by-products including n_-butanol. For further

i nformation regardi ng net hods of separating the condensabl e conponents of
t he hydrogenation reactions, reference may be made, for exanple, + ROH
-ROH is to International Patent Publications Nos. WO 91/01981 and WO
97/ 36846. The recovered nethanol can be recycled for production of further
di met hyl mal eate. Typi cal hydrogenathon condi tions include use of an
H-:dinethyl S naleate nolar ratio of from about 100:1 to about 400:1, for

exanpl e a t w1 er of .froma 150C to about 290C, and a
pressure g?yf%fgéggbga?a% rl}ar d?é%ﬁﬁ%ﬁ%a?“? oot}g%gﬁta TE"6aF1ea8" Pa),

dependi ngUuipat tShetdesPaththgpanetilatidholNO6.bat, yu®) gust,one product rati o.

| 0 Referepceynuper al; g indi cat uppl i for_supplyi ng methanol to
t he butane:1,4-di ol pl a%’tlrb%l?, q\’/\/ﬁ??’gsoi%i’ng’ %A’ilg%fh "(h@drl%aen supply line for
suppl y of 4t He2 1HpEr odehS hedded 4§ 6T 7 D03, ogedet ison, ob, Digyeigby] mal eate. A

pur ge sgasss{y£afel Sst akenndn Lipe ,Le water and other 15 by-products,
i nc7.udi ng a-butanol and’rbhgév'év%h@y%’%’ggg\g,zfl&s' are recovered by way of line 23.

Ref er ence nungicaivendnt Db thendouse iafdbest@ud ionggef ofs the . recovery of

but ane- 1, 4-.¢i 0n and tetrahydrofuran, respectively. Figure
2 illust rg%‘gé's@ef"p?ﬁg%{ﬂ%%n&% g&?ﬁ%gelnn a5§0%+’&aﬁ(8é‘tﬁﬁe%qfh °ffeJt®achi ngs of

the inveneidraid, nmikgures 2fl b€ g&f emdneryduHEHaks @6eeusedngo i ndi cate

i ke part tl sent in the plant of Figure 1. In the plant of
Figure 2 t§>|%}eg°e& g}g%ggg%%rajt%énagr%d%ocrpbleoﬂe%'flcﬁ’eﬁdef‘ﬁct%erﬂﬁ?d‘FFeogs essentially
the sHhe exyadrat Ghe2&ffique eat. cdigpuever thitht=eadoofrislpRkYaRgL

subst anti r n ' hydride in line 16 t he but ane- 1, 4-di ol
plant 17, @%%(lyrsoqfésgf%stélllé%ﬂdcrseﬁl%ﬁ?{lgea Wit ﬁbﬁ?fﬁfemﬁaf’gf %%rté’ﬁﬁyﬂ??ﬂ’ec condensat e

f r om condenkyddicle dni thd loyguidyalbdodptien 2dedium addstdonvit care al so be
suppl i ed, ds Ly, with partially refined or pure malefic
anhydr i deS?%r%]nemggg?%sfn%gﬁfgg%{&%gr?euﬁls?gﬁ? eﬁgﬁ%ﬁ $héT tRe denand for

but ane 1,dagitdin vhbunyxioize bonkydrudacboh efdcatry deRf iR cuire@Sopeyond t he
out puic de i,he he, f| ow.rat e of .maLefic 19, anhydride in |line 27,
some %)Sf t%%ér?a egl}c?;ng}rllhyedé'd\éllhoorhltssolfl\?e%fa‘?"éa@&\?e??m 't 12 can be diverted
to the bubbierrBt4vdipl tid gntockds trmymikeopgrdthal shotkfaldhe | nst ead of using

an organi g; s9lMent, w§{:'§ﬂ1 afslaglinggié/lli%i@ht hal ate, in absorption unit S an
aqueous absorbent, such as wat er or an EQerus solution of malefic acid,

can 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



alternatively be used. In this case the streamin line 11 wll be an
aqueous solution of malefic acid, while recovery unit 12 is a dehydration
unit in which the aqueous solution 10 of malefic acid is subjected to
dehydration either by heating or by distillation in the presence of xylene
to regenerate mal efi c anhydride, the water rel eased by dehydration of

mal efic acid as well~as the water of the absorbent being recovered as an
over head product and recycled back in line 9 15 to absorption unit 8. . It
is alternatively possible to effect ,gondensation of part of the malefic
anhydride present in the hot partial oxidation product streamfrom parti al
oxi dati omauBiiaYs ivhet-REe-pis €sence of a cool ed stream of mal efic anhydride or
other 20 C,, hydrogenatable material, such as a nonoal kyl naleate (e. g.
mononet hyl mafea@repltarattdpe pabeate e fgedsiiomd hyphprndeate), or a mixture
of two omnepBEL:t hereef: e rf..0 i S stream can then be passed
to the butane-1, 4(?Itinolgf1i)lS gﬁgelgigTﬁae@% i %a}épjec’aﬁoﬁeeﬁ%'ﬁﬁ &nd used again
25 for coW@BREEY oRnadlvernrtionétly cdtelynti vielct megnbeamodig ipassed forward
to the bytiapends@dingh g)@i'(fe_l? fox conversion of the mal efic anhydride
present therein to dinmethyl nmaleate, some of which is then recycled for
condensat i on B faatehEE iomaaftiie l ankidhtiide. zdwe adyabkage 0fy such a procedure

is that 30Q;fgqyid ngQf,su Lt ensation stage nay be reduced. It
is further possible tr”&’ffegelg%gco%‘ﬁ‘gﬂ%fhfﬁ“(eé?’gg?u?iago%e%rgﬁaaib%acﬁtﬁﬁon unit 8, by
way of |inéubglap reketput andlbidise@Medi okaptant orAaymbrily ideies present in
the crudegqglgfic acid or mal efic anhydride of the streanms in |ine 27 or
line 29 are separated out in the course of the processing steps used in

but ad- 1, 4- di 8tepl @nt of 7theRaworesedof dlheentivést et napedomgriSel i ne 30 to
line 9. The.epndensed shide ml.ef | de| tre resent in line 27 of
the plant of Fiﬂggﬁre?’zrconﬁgal %caéhf}%%[l}@ét %ggvﬁsﬁecﬁ%gbgewotsqﬁﬁ%l |y present
in the pufi Reergralicf Eelegmiy.disiudb éeedstietkyl rpHthadat6 of 4 he pl ant of
Figure 1.3;10wwHGhdamRHELEE r |jght boiling.i rities. (such as
acetic aci%d aynsg acra;,/ipi c %c%])%ggga%/@leier}éﬁg ??i‘g “}etﬁlg’& grgﬁ’é?]iacteanhydri de

deri vat i VESUFY hahidrAgt eral difieshuéi bexaiy droparhal saei, dpr dentihe crude

mal efisc aRRYAVE IS H S 85t &T 1 fii8d,-PL] ogenat.ion, _the acidic |ight

boi I i ng irrpu?f'tlic%s Wil 15 AT Thet et g‘%qu?g‘g%,sq’gls“%\k@Pl B rral ef i ¢
anhydr i déCdér F¥atdlresnaghee e bel veed td ghsoboitdmgoest esksicsuch as met hyl
acetate Qnhnobhyde acehat g andkn@ERY l; at thyl acrylate, can be
stripped fnrgm t hee resul t? ng di af‘ky%t?n%lrwgéﬁegi% (37.) ‘di met hyl mal eate or

di et hyl mal eat®)théverpeass off 68y 20vedttlent hemeaiferthef mesdéiari fi cati on when

usi ng, fcgnhzagmg &echPE P4 OiQP@%?h@L‘?ﬁC)r i“?_ dpin, By opean Patent Publication

No. 0454719A. Esterification of the mal effc anhyaride derfd¥atiSves wil |

proddle &S68rEesHdedi AddheEinElofal hudpegrnasfiot hbe abrtcegponditgy di al Kyl

mal eate. {jgayy boiling 2S inpurities wll pass through the esterification
reactor along with the dial kyl nmal-eate and wll be fed to the hydrogenation
vapori ser, whéh WedoQEftphake MrpdrogenhatduonngssusethwinTheo hyslr egenat i on

vapori seraigg HecARAr akeda s Beube VaRY LS oﬁ@gnscgﬂloiﬁylsu mpleate only
partially and to recycle 30 the unvaporised nateria back 10 t he vapori ser,

t her eby Yn&8Rt Ferdangathen Ry tPnperets deppaithe furfuapoitc sediamat eri al and

enablsng dHeeebgaMMK itBPUERLISS tHR REs!, do} ' ream 21 In the
case when the C " hydrogenation fee?jgtoc\éei gh'?ﬁ]gorg%ggl ?7%1 effc anhydri de

stream tHERoERRAtIThEcRAPLPTh i eThap eprdassiulipdnageriat edvantdde
hydr ogenas aRosi &Ry 3 k88 dg ithe 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



i ght hydrogenation products including ethanol and propanol, which can be
renmoved fromthe hydrogenati on product as an over head product by
distillation. Heavy inpurities and heavy inpurity hydrogenation products
can be separated by conventional distillation techniques as a bottom
product fromthe crude hydrogenation product. Ml efic anhydride 10
derivatives, such as malefic acid and fumaric acid, are hydrogenated to
forma correspondi ng addi ti onal anmount of butane-1,4-diol, y-butyrol actone,
and tetrahydrofuran. The novel process of the invention has the inportant
benefit that the capital cost of thB plant can be 15 significantly reduced
because it is necessar . to recover only about a half (typically about 40%
to about *BBOYCEF WhE2hEH St Tt et RGtda” Fenvantdonal Hekrod £he subsequent

sol vent . pecQuesipnuBitt mdPe andnhher v bhiicat iR seclign 44 can be
correspo di%gl y reduced in size and can be operat eo? W th 20 reduced
operat i nguE §3 4TALObr 0EERS YEPLaGR@ el nyRshttedrahydec Fusenl erdian a hi gher

ef fici enpyamf moal ehbCsamhysbirbdee usade becauss %5Stﬁ@'t%faicﬁiﬁrg§1ydf ideis
| ost as fg ric acid, Instead such fumaric aci'd is |argely contained in the
e

crude’ cofl @ VRNR1PR i 147 oy b dlejssr rrisereday cobexaneld, 4- di al |

y- but yr obagy ong tandbesréeld aby drOfNARLER, 1Y ARy Inds digl Rl ant 17
Vanadi um phosphor us- oxi de based cat al ygtrgylgt&e ungt%%sf'e w?‘%rgjhrgt they tend to
| ose phosphoriugisgel t§ e Bovr dbre%a9n of eapranatent égnatly slebbdgsedf phosphor us

having aplendency the 30-pcslerat &d f.aholc SRRLS $houl Mk ggv‘é‘zké? in a fixed

bed reactor. Accordingly it may often be expedient to a a vol‘atile

or ganoph85PHYT P CHAPBEMY 4t‘(9“f’¥e PRy aPLlasGadeti eRdcatal yst with a view to
providi ngecodtalsiruach} Vady 22 stabilisation. In the course of tine

vol ati |l e phosphorus _conpounds escape fromthe catal yst and appear in the
vapor ous reacti®feeff FaehtS EA8Ant ¥IoRt RBEADH ATt PaPLaXt dation unit. Since

phosphor usnésriateat ent ia@éomﬁxabyﬁitrp(&ihéoﬂeé)éhﬁgisnBEb{t{eor for the
hydr ogenati on cat al %St use irg the butane 1,4-diol unit 17 of the plant of
Fi gure 2285 pA8Pet BbTE S PRI S 8BSt B TRASeude a guard bad of a

phosphor usabspy biing bat &ip@iciabed ine thob® ABSAELE 2RY:Ad aces of
phOSE)Dhor "éﬁét(::,ons:[iaﬁlcgl Q eng'ctc?orrr{paalnygrt]ga'tdr%lillrxgs Oatrheerdv';tnaggartlln?‘avt%ca,‘ many
other items of équipment 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 controllers, temperéture controllers,
level sensors, heaters, coolers, surge tanks, 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, (V0O),P,0,). Unit 1 can
be of fixed bed or fluidised bed design and is supplied with



10 del eterious effect upon the hydrogenation catal yst of butane-1, 4-di ol
unit 17. Conveniently such a guard bed can be a bed of spent

vanadi um cont ai ni ng partial oxidation catalyst. The tenperature in such a
guard bed should be as | ow as possible in order to maxi m se phosphorus
absorption 15 but above the condensation point for malefic anhydride in the
streamof line 4. The condensation surfaces of condensation unit 5 may
beconme fouled with deposits of nalefic acid and fumaric acid. It is
preferred to wash these with net han%. The resulting 20 nethanolic solution
containing fumaric acid, malefic aci and mal efi c anhydri de, besides
nonomet hyl n qgg eate faorned by esterification, can be
suppl i ed)éaggggqufetagfeat ﬁé ég%{ib%‘atfgﬁesﬁo 2‘ dFBED LA PUEPReTHRS has t he
advant agé\ea&?)%rledewthnd hetpoaentbgaknbynhadﬁrld@us3.25 manventional water
washi ng tar, @nd/ o um hydr oxi de sol uti on that

product i %‘r{%@%ﬁgﬁﬁagéggﬁg\/\%o TGt ?oné)éﬁlcﬁggﬁfg%:or%&bﬂuénﬁoT]umarTihé acid or

sodi um mekéat ¥starmtaggdi umpfamaaat@ulcﬁataumtd&i 1l Asafa fddLmRat i ve form of

t he ptoc fq n 0 e droogenation feedstock is nmalefic
anhyd5r| dgﬁg?P '-J}%sgﬂgglé |ns ea% %@%Pi F 57 2RRPEat 0 Bgeh as di net hyl
mal eate. | n tHi Pacddel bort atee-idpdumitoll phazmie 1% conpeisas 1y hydrogenation
unit con g enation. cat al ?3 exanpl e one of the

cat al ystfspgckiEli Sgeggg%&?hgo 'in“(ig%c rf}‘yé??%pré@énf“ééln hGrrskafpl e, by the
af or ementir&neakrgmi tnedostcaa,es:aEabemloSpes;farCcatMaQai Nos) 3,948, 805,

4,001, 282 , 4,048,196, 4,083,809, 4,096,156, 4,550,185, 4,609, 636, 5
4,659, 686, 4,777,303, 4,985,572, 5,149,680, 5,473,086, 5,478,952, and
5,6980 749. Such catal ysts are preferably usg@d under the appropriate
reaction conditions as disclosed in those ior art specifications. The

di scl osures of @} spem §|5Q,at| ons_nenti onged bove ar erein incorporated
by (0 reference@ o Al VB Zﬁ";b

O
15
CiHig + 650, —— 4C0O, + 5H,0
C4H10 + 450 2 e 4 CO + 5H 20
All three reactions are highly exothermic.
20 For further details 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, maleic 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



1. A'process for the co-production of malefic anhydride and at | east one C4
conpound sel ected from butane-1,4-diol, 5 y-butyrol actone, and

t etrahydrof uran wherein: mal efic anhydride is produced by steps conprising:
(i) supplying a source of gaseous oxygen and a C4 hydrocarbon feedstock to
a catalytic partial oxidation zone which contains a charge of a 10
phosphorus-contai ning partial oxidation catalyst capable of effecting the
partial oxidation of the C4 hydrocarbon feedstock to form mal efi ¢ anhydri de
and which is maintained under catal ytic partial oxidation conditions; 15

(i1) recovering fromthe parti al oxidation zone a vapor ous reaction

ef fl uent amyeonpri.sing .pal efi ¢, anhydri de ter, unconverted
hydr ocar b%?lg% eggétg%kﬁb%grgd(sggf b%fncc(t)]fi %isjeflc( iapp\é\gﬁb‘i{}%@ﬁ?ﬁ@t a'part of the
mal ef i ¢ ahinadri de @hdemesent Typiddie yvapodaisatieaciiaye ef fhepmesstreamin a

condensat | o to forma crude.mal efi ¢ anhydri de stream (iv)
recoveri ng‘gé rcgr%%tggg’ ctglﬁedgﬁgzsi i%‘?\ers%éﬁg(?tf ia)%ogtr }é/gé a(gaﬂ“dvéﬁ%r ous stream
cont ai ni ngec®esi duatb@nD WIS . 25T mmhet g anhydniges i(sv)yeabsordi ng furt her
mal ef i5c agrpyldlrniedg fromthe residual vaporous streamof step (iv) by
absorption ina Ifquid absorption nedium sel ected froman organi c sol vent,
wat er, and an Tagueesisiwsdl nbiienc &hhydeide s eaaver ingsfiiamikhe absorption.step

(v) a loaded liquid absorption nediu nd (vil) recoverin lefic

anhydr i deV?E?Oorn%u?hgof%’ac’f’eaﬁSlelsqﬁ?d“bb]'s“gl?p i%%(ar‘?ea%ﬁ?rfpt“’%“agﬁ erein: said
at | east o6ne Gmnpdapowst selrebbed Jfniam butarelwiidh odhe Yabotyr ol act one, and
t et rahydr oweraan iiss Sr’sodéj%egqabg steps %orr%)ri Si ng; 5 (%/i i) rlrEr oviding a C4+
hydr ogenaf ron F é8d8tock sEect et f7°OM-ThT &FiC FanRydr¢de Thaie?d.c aci d,
nonoalkyl stedamtodsan dbajdilc saleattes suahdagridtures fcHasacer nore thereof;

i X) supplyi sai.d CA+ hydrogenation feedstock, 10 and hydrogen to a
gydz ogeggtslx n’}_%Ze ngr%ilclﬁl%gnt g' he FXAREF G eélﬁ%%bsgoe‘ﬁ%tl%g cat al yst

ef fecti veufibt &cdhalyhé clthyaiogenaté ornebd} he/pié+1hydéngenabion f eedst ock to
yi el d sai daat. Ieagt one C,%.Rr og ct an(rjL whi ch i ,mai#ai ed under catalytic
hydr ogenaff o5 "E6RdT 1 ons: °a Ee(& =4 éé%%efrW}PPo e ydr ogenat i on zone
a hydr ogenabydmider dducdcstareamicohtrad nilngnéaiadsatl teastscareneQ product ;
char a?i erised in thalt__ %fe vapor ous 'reactj:o etffl uept stream 20 is cool ed

t hat a

prior'to sEep i I+ a"ghara’ bed "6t ROEpRBH t& abSor bi ng material is
pl acec(zl_ | nsbhﬁrmtdhfoémtthae cmaonleﬁd azrﬁp@irrmus, r &attein@Bnel § Iuyanlt st Leamf prior tg
step (iii),.thereby to renove sphaor us- cont ai ni n erials therefrom an
that nat e)r('jl‘“féffl o]Tal%%{Lﬁg e Ude nr%gﬁ‘%?i g aﬁﬁ%‘l‘ﬁ?ﬁo%r%%grgmeof step (iii) is
used as t hrec&herchly dnbgematiisometgetsd dek 1ofie ST ehiQei the Mparatsged to
prepare the hydr.ogenati on _feedst oqck of step (viii). 2. A process

accor di ngmﬁéggﬁ%nyffggﬁalrsa@tagﬁfge? i%rY twﬁétoégléx%llléf%? He crude nal efic
anhydi@ de pstitaratonstept (14 ifori Sunsed asrihecdEibnhydoogenaiilen feedst ock

of step (vi,j rJ. 1Q prepare CA+ drogenati on feedstock of
step (Vii :6)7 !.)gt&zglg,tygf%trloo%éssggg?:o?%iqﬁﬁ tr%s@/ténr% il o) e ’ig\aﬁ]ei?
char act er iagbgdridd hat ratoveast isorén®fld waibhal efd ceanhydet des recovered in

?L?puggi:#aé %% %gﬂgﬁygrOE%;Bﬁﬁﬁ%r%of¥ﬁﬁﬂﬁke§1gﬁiuﬂxdﬁ9%%?%Hion feedstock
~ 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 alcohol, 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:



4. A'process according to any one of clains 1 to 3, characterised in that
the liquid absorption mediumused in step (v) is selected fromwater and an
aqueous solution so 10 that the | oaded absorption solution contains malefic
acid and that at |east sone of the malefic acid present in the | oaded
absorption nmediumis used as or to prepare further C4+ hydrogenation
feedstock for use in step (viii). 15 5. A process according to claim4,
characterised in that at |east sonme of said resulting malefic acid is first
concentrated by renoval of excess wal er prior to use in step (viii) . 20 6.
A process according to claim4 or clfaim5, characterised in that malefic
acid present in the | oaded absorption nediumis 81 xed wth crude malefic
anhydride of stepQ(iii) for use as or to preparejthe C4+ hydrogenation

f eedst ock of Htepl(viii) . 25 7. A process atcgordir®y to any one of clains 1
to 3, characterijsed i n thatHgbtiep (w-—eenprises |j[absorbing vaperous nal efic
anhydride fro effluent streamin an orgam cgnt) 30 8. A process
according to Claif 7, characterised in that the ¢grganic solvent is a

di al kyl phthal ate”or a dial kyl hexahydropht hal at 27 9.. A process
according to claim?7, characterised in that the solvent is dinethyl

pht hal at @nddi butyl pht hal ate, dinmethyl hexahydrophthal ate, or dibutyl
hexahydr opht hal ate. 5 10. A process according to any one of clains 1 to 9,
characterised in that in step (iii) condensation of malefic anhydride is
effected by indir@ct cooling against a coolimg nedium sel ected from water
and a processyflu O,_ﬁo 11. A process acqgrdi (#@ any one of clains 1 to
6, characteriseg’in that in step (iii) condehsattoh of malefic anhydride is
effet@ ed in thellpresence*of ClE:QH quis=etndenat i on medi thDsel d8ted from

mal efi ¢ anhydHi deT—T&Hypnoest ers of nal effy€ FdcHand diesters of malefic
acid, said |iquidocondensati on nedi um bei ng rayed into the vaporous
reactant effluent streamso as to forma mxture of crude mal efic anhydri de
and sai dqh Lol i0 j ich,is used _as or to prepare the C4+
hydr ogenglt}‘l:egﬁ&goo&?&%ggg?g% l_cg]f rlFEtg!(:agf%r}\,/\,in(ilﬁ).ls ﬁ&oﬁaﬁf‘g%téjs% BX¢cording to any
one of clraraBian t(@)1is erefeaebéyi setiuatethat thee pCR¥efylrafg@nat i on

f eedss ock i s; ial Kyl ' ' I Syprepared by reaction of malefic 25
anhyg%i dléc\%\n'éjfﬁ é;ént%arll&%fgg%cggtﬁgltﬁ?%%]oslrur%nhaggmannoé{‘lol?y XERF 5 E°RATch is then
esterifi edntimifusthphonl kydcidl gohuds.t oFborfnmhdicalikydimlteate. 13. A
process i i , ¢characterised. in that 30 the al kyl al cohol
is net ha%g{eggﬁi tﬁtefoéﬁéf%ﬁd]%all%a SRR ?r%?%'iﬁc’pﬁﬁpeg?re?“t 28 14. A process
accor di ngubbicdtdion ¥2.004%] Hi%. 130tichasaeteficadong tbsedériheghydr ogenati on
cat al yst (1¢) | I d.fraomc er chromte and pronoted copper
cat al stg%%@%g&%o)ér S%%égﬁa%‘%grgafﬁsg 5 gﬁ*g"%%aé‘ §Ft&Fhims 1 to 10,

char 8¢t eSipsedf i epttitpars Nhe. ORESHYER cgehARE6M0fRdTheckessl talgef i ¢ anhydri de.
10 16 Adihecess AaCakdi 10 4Ry Pkl eh! Al ol L8 12 ooharacteri sed i n

t hat the source of gaseous oxygen Is alr or-a mxture of 1})xygen and recycle
of f gas. UFTNY A2 pFARRESs Chtediid wgtebysthyronepodmatiedi mepfet 0 16, 15

charact erdssgdyif, that, the, Wﬂg‘&%@é?%%%%@ﬁt Qgé(aliysstao?uh?‘enetjpeé\eds'[ ock.

disclosed in European Patent Publication No. 0656336A, to

€23

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-CHZCHZCHZCHZOH

o]



18. A process according to claim 16, characterised in that the partial

oxi dati on catal yst conprises vanadi un20 phosphorus oxide. 19. A process
according to any one of clainms 1 to 18, characterised in that the

phosphor us-absorbi ng materi al conprises a charge of spent

vanadi um contai ning partial 25 oxidation catalyst. 20. A process according
to any one of clains 1 to 19, characterised in that the catalytic partial
oxi dation zone conprises a fixed bed reactor, a tubular reactor, a 30
fluidised bed reactor, or a noving hed reactor. 21. A process according to
any one of clains 1 to 20, characterised in that an al kyl al cohol is used
as wash TH29mktwprdrsmsofvastomandenseat ian sHeéagasdatethg,gqndensation zone
to renov r%%rgggé ts Qf rrgl efic au\%;&d a]Pd fumaric acid thereon and that the
resul ti ng3 SOMGET O Vs "Rbnbt fed Uity he t 1 9eER hy dic§ERat | Beifreedst ock. . A

R AYh. AF.pxoAYcALbrAR sSACoAhL #erAUwiA8. fhe following reaction scheme:

. AaE. A2. Aa. A3@ Ay. AYS. A3A. Al . Ay. A). A@ A, . A@o A Tr. A@ . AF4dg: S3V345 V3C

(#. #. <<| ?7>| 88x>| ?<| ~| >8x<px>| <BX><X| >>X>| >?>| ~X><| >| >~~<?~><?X~>>| >| Xx>~p~87?
82<>" p| 2><Bx>pR8eEsR-?>| ~~87< | >| p?>p~WUtz=ebFe~| 2| ?| 7~| ?>| <| >~xX<| >| >~| x<<?>~
p88<<<8>8~<xx ||x><x24hxp??>~<f§f>|>>q|<|~|>>|<?<|>|>~|<~|<>|<>|<|<<<<?<<><
<~<~" 8<>x| |8g < Oi{<<|><<<<|||?|~~|8aﬁt?t5;5<x~~?~>>>~>||>x<x?>|<xp~|<?~~>
| >>| 2~>| x>| <| [>] XX&<x?>~| <| >~nC ! 8

pS} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca C?L}ga] ca] ca] ca]ca]ca]caJca]c

a] cTa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cTa] ¢al = 2

L' ey #>8x$1 UR& s**~,, , - Y. . </ 00l 23&3X3B4D4x44f 5} xsni d_Z] ca] ca] ca] ca] ca] ca]
ca] cal ca]ca]ca] cal]ca]ca]ca]ca]ca]ca]calca]c réa] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca! f 56h68099: : ; 0

==>@agA\Ce DDTE" G—ﬂ-lICHKtyLG_’fMVD\ICI?@}ixsni L27£8e} ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca]lca] caJ ca] ca ca ca%cz&_ga] ca] ca]'ca] ca] ca] ca! Fq OPPPQQ
ETUUU] | M 2/AAAAAANTE) aeipbd i1 i$$*§isni -z EHij®A] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢

a] ca] ca] ca] cq]a'_c‘a] a] ca] c&] ca] ca] ca] ca] ca] calcgl,cal ca]ca]cajcalcaliiiiiiijj}
j i kKl mnnnnnnnnd oooo{ vql gb] X] a]a}:\a){E] ca] cal] ca] ca] ca] ca] ca] ca] ca
] ca] éé] ca)] c("agf¢,e] ca] ca] ca calca] ca] ca] ¢ca] ca] c@] ca] ca] ca] c*a] ca] ca! oooppwg
xqyqqaar Zt u{ u’ vi vwixkxx Gy z} ; \ 22 +2H, _ CHp-CHO |
G2zupkf a\ W.ca] ca] ca] cabiea] cal ca] ca] ca] cppga] da] ca] ca] ca] ca] ca] ca] ca] calc
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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, y-
butyrolactone, tetrahydrofuran, water and by-products
including n-butanol. For further information regarding
methods of separating the condensable components of the

hydrogenation reactions, reference may be made, for example,
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to International Patent Publications Nos. WO 91/01981 and WO
97/36846. The recovered methanol can be recycled for
production of further dimethyl maleate. Typical
hydrogenation conditions include use of an Hy:dimethyl

5 maleate molar ratio of from about 100:1 to about 400:1, for
example about 320:1, a temperature of from about 150°C to
about 240°C, and a pressure of from about 5 bar (5 x 105 Pa)
to about 100 bar (10" Pa), depending upon the desired
butane-1,4-diol:y-butyrolactone product ratio.

10 Reference numeral 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, y-
butyrolactone, and tetrahydrofuran, respectively.

Figure 2 illustrates a plant constructed in accordance

20 with the teachings of the invention. 1In Figure 2 like
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 suppl&ing substantidlly 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. In
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



10KKI'YY s! 109&K& ()-MD! YY s! 109%$& () - MD!IYY s!109& ()-M ' "c""#{Y: oP1
1YY109%&' ()-!aYY10% /& ()- yl 10% |

& ()- @10%& ()-!110% ()- @' 10% ()- @ ##>$x$$i % Y70P1 11y, & 10%

& ()-S'f, & 10965& ()-S 0) 1098(8& ()-S!' pl# 109%& ()-!kul # 10%@E& ()-

109 () - - i 99FER88&E }OP1 1 10%m&! ()-S 10%m8! ()- 10%* 10%*

10%*1~2: 1 109% *& ()-,1t2: 1 109%& ()-, 1\ 2: 1 10%& ()-," ()s**+~, zX60P1 1!&

109%00& ()- @y& 10%& ()- @10%m& ()-@a ' 10%& ()-!X !109%& ()-'1

1 1098 ()-~,,,----Y..uSLl 1! YI0%& ()-fjos &10%& ()- 10 10

10!\ 59! 10%&’ () - TF410%r& () - 210%m&’ () -. </ / 00x11} [ 9uS1 | 0
1VVF 109680 Ao @ Xirl 1IHAYE) ( ) s daiel Q¥ hg -rhd1fedic! 1094 i)re! [P ?‘g«' 10%e& ()-s-10%
& ()-f1l 223&3x332L9u81 101 K4 10%4H& () - 2109%& () - SYif 109&: | Y+-

109& () - SFYVENT1 BBRRETY) Lol E 14 09 Py- draEessBaDhes batonel | 43 y

10%b& ()dLa1@akt ()7 volO3RE D -dnel Q¥B&: £9)- .10 10 10! K4

109%& () - 4f 556h6u662Y7uV4 111! XM 10% br b& () -

SM 10%ri € () - TNEGSHE: 75 @94 0YbISFIENL Sl 9008sHE (Fudt (& dibutyl
phthalate, in absorption unit 8 an aqueous absorbent, such
as water or an agueous solution of maleic acid, can
"alternatively be used. 1In this case the stream in line 11
will be an aqueous solution of maleic acid, while recovery
unit 12 is a dehydration unit in which the agueous solution

10 of maleic acid is subjected to dehydration either by heating
or by distillation in the presence of xylene to regenerate
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 therein 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-
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butane-1,4-diol plant 17. Recovered solvent is returned in

w

line 30 to line 9.

The condensed crude maleic anhydride stream present in
line 27 of the plant of Figure 2 contains as impurities
which are not normally present in the purified maleic
anhydride feedstock in line 16 of the plant of Figure 1.

10 Such impurities comprise light boiling impurities (such as
acetic acid and acrylic acid), heavy impurities, and maleic
anhydride derivatives (including maleic acid and fumaric
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.
0454715A. Esterification of the maleic anhydride
derivatives will produce a corresponding additional amount
of the corresponding dialkyl maleate. Heavy boiling

25  dimpurities 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,
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In the case when the C,, hydrogenation feedstock is the
crude maleic anhydride stream, then the light impurities are
also hydrogenated in the hydrogenation step and result in

light hydrogenation products including ethanol and propanol,

w

which can be removed from the hydrogenation product as an
overhead product by distillation. Heavy impurities and
heavy impurity hydrogenation products can be separated by
conventional distillation techniques as a bottom product
from the crude hydrogengtion product. Maleic anhydride
10 derivatives, such as maleic acid and fumaric acid, are
hydrogenated to form a correéponding additional amount of
butane-1,4-diol, v-butyrolactone, 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
CLemperatures, -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
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compounds escape from the catalyst and appear in the
vaporous reaction effluent stream from the partial oxidation
unit. Since phosphorus is a potential catalyst poison or

5 inhibitor for the hydrogenation catalyst used in the butane-
1,4-diol unit 17 of the plant of Figure 2, it is preferable
in this case to include a guard bed of a phosphorus-
absorbing material in line 4 to absorb any traces of
phosphorus-containing material that would otherwise have a

10 deleterious effect upon the hydrogenation catalyst of
butane-1,4-diol unit 17. Conveniently such a guard bed can
be a bed‘of spent vanadium-containing partial oxidation
catalyst. The temperature 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 aqueous
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



Y Y10% & () - S#F10%<& () -" N .

10%<&' ()-!Q' 1098 ()-1""10%<<& ()-!" 10%& ()-}jikkl mmaU6rP1 3, 10%& ()-!3,
10% <| <& ()-'k3, 10%& ()-! Y% 109%\ W & ()-!'t Y% . . .
10‘?&1h|&' ()9 kF! 10% < <& ()-fmn nnnnnnuVv4 | 10%e& ()-9 10% ()-9° 3
10%&' ()-s@O0%& ()- 10<< 10<< 10<<! N " 810%<& ()-nnnnoo! o"<uV4

I'10&10%&" () - 3! #&10%&' () - 3F %409 () -,F109& () - 3F109%& ().'! 0 o

10% " & ()-9! o&o50@[ ooo{o0}[9uVv4 ! &109%P&! ()- '"IS109%& ()- S109%& ()-

|y SLO%FF&xbhp1 & 1004 ) by BIAUETEE () 4 34 A298900 T4 L ior art as

represented, for example, by the aforementioned United

States Patent Specifications Nos. 3,948,805, 4,001,282 ,
4,048,196, 4,083,809, 4,096,15%6, 4,550,185, 4,609,636,

5 4,659,686, 4,777,303, 4,985,572, 5,149,680, 5,473,086,
5,478,952, and 5,698,749. Such catalysts are preferably used
under the appropriate reaction conditions as disclosed in
those prior art specifications. The disclosures of all
specifications mentioned above are herein incorporated by

10 reference.
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&'()-!XYFHéMHW&&QIéaéﬂ’éﬁ@ﬁﬁﬁ)ddgﬁéaﬁg\éélected from butane-1,4-diol,

5 y-butyrolactone, and tetrahydrofuran wherein:
maleic anhydride is produced by steps comprising:

(1) supplying a source of gaseous oxygen and a
Cs hydrocarbon feedstock to a catalytic partial
oxidation zone which contains a charge of 2

10 phosphorus-containing partial oxidation catalyst
capable of effecting the partial oxidation of the Cy
hydrocarbon feedstock to form maleic anhydfide and
which is maintained under catalytic partial oxidation
conditions;

15 (idi) recovering from the partial oxidation zone a
vaporous reaction effluent stream comprising maleic
anhydride, water, unconverted hydrocarbon feedstock,
and carbon oxides;

(1id) condensing a part of the maleic anhydride

20 present in the vaporous reaction effluent stream in a
condensation zone to form a crude maleic anhydride
stream;

(iv) recovering from the condensation step (iii)
a residual vaporous stream containing residual amounts

25 of maleic anhydride;

(v) absorbing further maleic anhydride from the
regidual vaporous stream of step (iv) by absorption in
a liquid absorption medium selected from an organic
golvent, water, and an aqueous solution;

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

liquid absorption medium;
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and wherein:
said at least one Cs compound selected from butane-
1,4-diol, ¥y -butyrolactone, and tetrahydrofuran is produced
by steps comprising:
(viii) providing a ¢,, hydrogenation feedstock
selected from maleic anhydride, maleic acid, monoalkyl
maleates, dialkyl 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 Cs+ hydrogenation
feedstock to yield said at least one C4 product and
which is maintained under catalytic hydrogenation
conditionsg; and
(x) recovering from the hydrogenation zone a
hydrogenation product stream containing said at least
one C; product;
characterised in that the vaporous reaction effluent stream
is cooled prior to step (iii), that a guard bed of a
phosphorus-absorbing material isg placed in the path of the
cooled vaporous reaction effluent stream prior to step
(iii) thereby to remove phosphorus—containing materials
therefrom, and 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 Cas

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) 1is
used as the C,, hydrogenation feedstock of step (viii) or
is used to prepare the C,, hydrogenation feedstock of step

(viii).

& ()-;
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10%& ()'6%9%§g549efksed iri that at least some of the maleic anhydride
recovered in step (vii) is used as or to prepare further

5 C44 hydrogenation feedstock for use in step (viii).

4, A process according to any one of claims 1 to 3,
characterised in that the liquid absorption medium used in
step (v) is selected from water and an aqueous solution so
10 that the loaded absorption solution contains maleic acid
and that at least some of the maleic acid present in the
loaded absorption medium is used as or to prepare further

Cs+ hydrogenation feedstock for use in step (viii).

1s 5. A process according to claim 4, characterised in that
at least some of gaid resulting maleic acid is first
concentrated by removal of excess water prior to use in

step (viii).

20 6. A  process according to claim 4 or claim 5,
characterised in that maleic acid present in the 1loaded
absorption medium is mixed with crude maleic anhydride of
step (iii) for use as or to prepare the C4+ hydrogenation

feedstock of step (viii).

25
7. A process according to any one of claims 1 to 3,
characterised in that step (v) comprises absorbing vaporous
maleic anhydride from the effluent stream in an organic
solvent.

30
8. A process according to claim 7, characterised in that

the organic solvent is a dialkyl phthalate or a dialkyl
hexahydrophthalate.
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9. A process according to claim 7, characterised in that
the solvent is dimethyl phthalate, dibutyl phthalate,
dimethyl hexahydrophthalate, or dibutyl hexahydrophthalate.

10. A process according to any one of claims 1 to 9,
characterised in that in step (iii) condensation of maleic
anhydride is effected by indirect cooling against a cooling

medium selected from water and a process fluid.

11. A process according to any one of claims 1 to &,
characterised in that in step (iii) condensation of maleic
anhydride is effected in the presence of a liquid
condensation medium selected from maleic anhydride,
monoesters of maleic acid, and diesters of maleic acid,
said liquid condensation medium being sprayed into the
vaporous reactant effluent stream so as to form a mixture
of crude maleic anhydride and said liguid condensation
medium which is used as or to prepare the C,, hydrogenation

feedstock of step (viii).

12. A process according to any one of claims 1 to 11,
characterised in that the Qg hydrogenation feedstock is a
dialkyl maleate which 1is 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.

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

15. A process according to any one of claims 1 to 10,
characterised in that the ¢,, hydrogenation feedstock is

maleic anhydride.

10 16. A process according to any one of claimg 1 to 15,
characterised in that the source of gaseous oxygen is air

or a mixture of oxygen and recycle off gas.

17. A process according to any one of claims 1 to 16,
15 characterised in that the hydrocarbon feedstock is a butane

feedstock.

18. A process according to claim 16, characterised in that
the partial oxidation catalyst comprises vanadium-

20 phosphorus oxide.

19. A process according to any one of claims 1 to 18,
characterised in that the phosphorus-absorbing material
comprises a charge of spent vanadium-containing partial

25 oxidation catalyst.

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

30 fluidised bed reactor, or a moving bed reactor.

21. A process according to any one of claims 1 to 20,

characterised in that an alkyl alcohol is used as wash
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zone to remove deposits of maleic acid and fumaric acid
thereon and that the resulting solution is combined with
the C4, hydrogenation feedstock.



