* PROCESS FOR THE SI MULTANEQUS PRCODUCTI ON OF MALEI C ANHYDRIDE AND I TS

o ouCt i on of G compounds.  or 6 Speci 11 cal 1y mal oi ¢ S TGOVINON ' ©°

- “butane-1,4-diol, 7-butyrolactone, and tetrahydrofuran, fromgdydrocarbon
feedstock selected from C4 hydrocagbons. Ml eic anhydride can be produced
by vapour phase oxidation of a hydrocarbon feedstock, such as benzene, \

m xed 1frGAESS PORNHE SIVIOLRPUNRORIS 'ﬂﬁb%b%ﬁb@@@ﬂ%ﬁm@mwm oxi dat i on
catal yst. Depending on_the nature of the feedstock a, supported pronoted

vanadi um pent oxi de "cA"H 5t HYDRQGENATED REREVARRYER  the reaction

tenperature istusuahtynd rem-abouts 350¢ Hooabout £db HROG-and the reaction
pressure is from abggt 105 Pa to. about 3 x 105 Pa. A_substantial excess.

amount of PAPPUREY 8T usedOPROUUeMOFD SR Dii%ide ™ #ha*expl osive Iimts.
The cont acinnibfede, i suadosrl Q-ki61, ALbetfabiyetond t dndl possi bl e, according
to nore no ec[ig g{o%%Egge,;to c_Iegi gn th% gl?ntﬁ so that 20 satisfactory safe
oper at i on ‘Can 2 BE achi eved:* Hesplt & THE “Pact =*PRAT T & P66 v ure of air
and hydr ocar bpirdceedstsock is wthin the flammable linmts. One design of

reactor for su artial oxjdation reactions conprises_a_tubular reactor
i ncl udi ng: vert?jgléﬁpl Zéh&%rce)lsdesﬁlapoahdberﬁ uf/:eg j%’éc 8 o“tuhspgﬁah whi ch a nolten
salt is oiricakaeedii a bydacarbosofeadsitoche Feabt korParasper atived. However,

ot her, designg, Of; fceagt ol ang.be; hised Lpstead. o4 ncluding, fixed bed
reactors, fluidised bed reactors, or noving bed reactors. In each case a
hot vapor o®sigeEaet i(Grah¥Xture is recovered fromthe exit end of the

reactor which eep®di®gSon the nature of the feedstock a supported
7 promoted vanadium pentoxide catalyst is typically used, while
the reaction tempe;:aturé is usually £rom about 350°C to about
15 500°C aﬁdfthe reaction préssuré is from about 10° Pa to. about
3 x lOs.Pa. A substantial excess. amount of air may be used in
order to sﬁay outside the explosive limits. The'contact time
is about 0.1 s. Alternatively it is possible, aééording-to
more modern practice,vto design,the plant so that
20 satisfactory safé operatibn can be achievad, despite the fact
that the feed mixture of air and hydrocarbon Ifsedstock is
‘within the flammable limits. |

One design of reactor for such'parﬁial oxidation

reactions comprises a tubular reactor including vertical

25 tubes surroundsd by a jacket through which a molten salt 1is
- circulated inlorder fo control the reaction temperature.
However, other designs of rsactor can be used instead,
including fixed'bed reaétors, fluidised bed rsactors, or
moving bed resactors. , »

In each case a hot vaporous rsaction mixture is
recovered from the exit end of the resactor which comprises
maleic.anhydride'ﬁapour, water vaﬁour, carbon‘okides, orxygen,
nitrogen, and’othei inert gases, besides organic impurities

such as acetic acid, acrylic acid, and unconvertad
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-mal ei ¢ anhydri de vapour, water vapour, carbon oxides, oxygen, nitrogen,
and .other inert cases, besides organic inpurities such as acetic acid,
acryli-c acid, and unconverted 2 hydrocarbon feedstock. It is usual to

“recover and purify the maleic anhydride fromthis dilute reactor effluent
streamin up to 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 steam producing
heat exchanger and then cooling it further to about 60C by cooling it
agai nst water, in order to condense part of the maleic anhydride,
typi cal | yhphout  80Y0 £ qabgui 10 60% of the mal ei ¢ anhydride present. Only
partial condensation is effected because of the presence of water which
reacts with nafetd wHidditPdee¢ovathendenetofy ehkl mehdic siheam e form nal eic
aci d, . whi ghormay.; kng i I u ic acid. Male.ic acid has a
nel ti ng point of 13%%?Q1§§§g?§%sgﬁﬁgspg g§$ﬁ&hég & el °H§ poERT- of 287C,
both of Whitth aRe2nfftiRnghettarthasonhatomfentabeit mnivedside (52.85C). As
a resylt ghefeRskSo@t epey r Si f. . solid leic acid and fumaric
acid to build up o%:fﬁgqhggttﬁiigﬂ%gge%5§6%'§€e§YWﬁF% "Fe§lifre periodic
removal , ¥SA5i'CAl FHE DBy stiseani wwmticrlandiorabsodi Lk Ty disaxiydg sol ution
whi ch yi el€sin-a8Rg | L d at _contains-fumaric acid and maleic
acid or theirAggaﬁﬁﬁ§§gﬁféedﬁghggﬁﬁgr%ggégFﬁhgﬁ If?%dﬁn@HFFh%Fs%bond st ep

“that is c¥RENEPORAY yFoedéngi Bt tayadbsbrbatessent badidy tal koaliehhie remai ni ng

g?:‘ ?Lgn?nﬁﬁr ![oﬁgﬁifx%gﬁﬁltetl% agk‘i_’yc?zfnf e‘{e%p?éa(ﬁ%mabm? g(f-%rr%ongggugaseous

10 60% of the maleic anhydride present. Only partial
condensation is effected because of .the presence of water
‘which reacts with maleic anhydride in the reactor effluent
stfeam 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 péint 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 sodidm hydroxide solution which yields

.an aqueous solution that contains fumaric acid and maleic

acid or their sodium salts and requires effluent treatment.
A second step that is conventionally used 1s 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, pessibly after incineration of
carbon monoxide, unconverted hydrocarbon, and other organic
compounds contained therein. In this absorption step an
organic solvent can be used. Alternatively an aqueous

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



“vented to the atnosphere, possibly after incineration of carbon nonoxide,
unconverted hydrocarbon, and other organic conpounds contained therein. In
thi 5. ‘absorption step an organic solvent can be used. Alternatively an
aqueous 30 solution can be used as the absorbent, in which case the naleic
anhydride is mainly hydrolysed to formmaleic acid. Scrubbing wth water
or with an aqueous solution or slurry is described, for exanple, in United
States Patent 3 Specification No. 2,638,481. A disadvantage of such a
procedure, however, is that sone of §he naleic acid is inevitably
isonerised to fumaric acid. The byproduct fumaric acid represents a | oss
of val valspectal eacianydr bdesd, @nd 8 @idddvaltigd Q¢ Sﬁg?{ea[ fromthe process
systemsince it tends to formcrystalline nasses which give rise to-
process FOGFPRES prisBicdRs: HoddiiseSore t¢f $hesoriicsacioniprobl em a variety

of ot herinarhydpDys; Dr@enked SO veRLS: Bave peep, propesad.for 10 absorption
of mal ei c. anhydri de. from vaporous streans, for ex I'e, di butyl phthal ate

(British PAFERE EpELiHSPESFEONS 2 NO§S T2 7va2ebly 681339, anindirA6R, 551)

di butyl phidhakagerrcantaisi Peediert 8- Mei | c.anhydride (United
St at es Pategt Sge i fication,  No. 4,118,403)%23?%%f% ?%Eu?ﬂuf%lt

i nt r amol EEAFEr FRat Bk WY EL Akt iPeaifyars desichsaite assa tbranshed chain
Cl2_15- alfcanyhgsphsslidddat ed succi ni ¢ anhydride (United States Patent

Speci fication_No. 3,818,680), tricresyl phosphate (French Patent

Speci fi cat i onPRB2US4 CF25hpT A SongirdER hyPn tRyoEpHT Falvaréetyapanese Patent 20
Publ i cat icaheNoanB2d:SAQ8 brgah utad: vERE at £, %@Qﬁ%% obake y Publication No.

35-7 gO) hi gh. nol ecul ar wei ght  waxes (United States Patent Specification
NO. ,04G$ﬁ§§ Flon of maleic anhydride from vaporous streams, for

example, dibutyl phthalate (British Patent Specifications

Nos. 727,828, 763,339, and 768,551), dibutyl phthalate
contéining up to 10 weight % phthalic anhydride (United
States Patent Specifiéation No. 4,118,403) normally liquid.
15 intramolecular carboxylic acid anhydrides, such as a
branched chain C,;,5-alkenyl substituted succinic anhydride
(United States Patent Specification No. 3,818,680),
tricresyl phosphate (French Patent Specification No.
1,125,014), diméthyl 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. ¢,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



=di phenyl pentachloride (United States Patent Specification No. 2,893, 924),
hi gh-boiling aromati c hydrocarbon sol vents, 25 such as di benzyl benzene
(French Patent Specification No. 2,285,386) , dinethylbenzophenone (United

“States Patent Specification No. 3,850,758), polynethyl benzophenones, at
| east a portion of which contain at |least 3 nethyl groups, (United States
Pat ent Specification No. 4,071,540), water 30 insoluble tertiary am nes
(United States Patent Specification No. 4,571,426), dialkyl phthal ate
esters having C4 to C8 al kyl groupssand a total of 10 to 14 carbon atons
in both al kyl groups (United States Patent 4 Specification No. 3,891, 680),

and est erSpegfifdyet oal iohati €91 @ciods, ahoresearpbe @rdiayli phexphydropht hal ate
(Sout h Afa(é'.

n -Pat ent ecification 80/1247). A third step that is
conventi«ana%%y iy §%§p§§ %%Rﬁﬁi;* ¢§a$§é59éi§éﬁﬁ?%% SEMGH BArEFathal ei c
anhydr i dePagrenrabpe ¢l ficiadt iofi rdom tslog 1abgpr bent. When t he absorbent is an
organi c soIvgnE .gglgﬂidg§§éljation 0£.coqhinuous distillation can be
used to recover ‘Thet SPer % iy GPPAER Era Udthers fandecov®en t he
absor benttte geisdlisngvatodnt ben aof agueddsSamdlditidencr K ithe recgvery step nust
i ncl ude a.dehydratjon step: as .to re-convert the nmaleic acid back to
mal ei ¢ aﬁﬁ?ﬁ?%gg.a?fﬁfb86$0c§§5?bt%ﬁa?bF%rQEﬂ§lesa?cPﬁﬂ%§ﬂFl the mal eic acid
sol ution sdlivehhe paesenidetnllaylener Fbhsimeusoaly: naneves the water but
al so res ug%sgg e-fornatign of .mal ei ¢, anhydride. In 15 either event the

Ur 6T USEd " Torltt 6 ABKE *For nBR i i OFPPEMATIS aci d whi ch

el evat ed tenmperatures uséed
const i t utwsna thar éhesrdepssligfiddisenrttat ¢ eduatusdmlLiselranhydri de. United

Stat gy Patent Specifigation No. 3,069,687 roposes_recovery of nmaleic
anhyaride T Sea %%%eéﬁ} ﬁfi%Lﬁ%éidge 8 08ny 2208 step so as"to
re-convert the maleic acid back to maleic anhydride. One

procednre that is used is to distil the maleic acid solution
in the presence of xylene. This not only removes the water
but also results in re-formation of maleic énhydride. In

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 Qater 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;cofprodUCts,_i.e._Y- o
butyrolactone, and tétrahydrofﬁran; Direct hydrogeﬂation'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.
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=20 by contact with an absorbent, foll ow ng which water is renoved fromthe
enriched absorbent by contacting it with a water adsorbent or with a | ow
hunmidity stripping gas. Maleic anhydride is then recovered fromthe dried
“enriched absorbent. 25 A growi ng use for naleic anhydride is in the.
production of butane-1,4-diol, and its co-products,. i.e..y
butyrol act one, and tetrahydrofuran. D rect hydrogenation of naleic
anhydride or maleic acid to these C, conpounds is proposed in United

St ates Patent Specifications 30 Nos.s 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, E5:d49EE8Qi0H, 38hA2Lc 5niyd:i086,: 800, 8981 74P.a0d 1N
Eur opean Paten& Puq% tlon No. 0373947A. 5 Esterificafion o? nmal ei ¢
anhydri de*W%f 8n 1@1 VA| BRHA TR Oy erer ydibyrkgyelioat eff oh¢ owed by

hydr ogenatdan tahgt el Kyesubiéng %h@|Kyéorﬁﬂé%ab§oB§§e&ﬂf%ooQggp pyoposed in
order to roduce butane-I,4-diol, and its co-products utyrol actone 5

and t et r iy GFUPAR 19 d Ao Bkt 130 Fﬁst?ﬂaHHQ$&F§5pﬁé§@twgol@¢bpused in

British Paienttbpredfdmabhon Nairohehddi 4dt0in tM@pgyﬁuﬂhgﬁﬁszgiggenat'On s
taught in_ International Patent Publication No dr ogenati on

of a di al K§APCSHHI 8AtRF 4T SPwb2 st g &8 ahl #7k iear Nped! dlitd 44 0descri bed-in 10

Uni ted StedmesirPahesd hy&i@@bﬁé@ﬁid Q@ Nng}ﬂb 5841419 80d. o 24, %;&er%t’:gd' Uni t ed
St at es Pa%gg&ns ecification_No. 458 proposes esterification of
c

mal eic a iSehi8" ot @oc%/oﬁq%anoﬁya’fo%ﬁré\?&toédo%r%ﬁ%@ﬁé%nd tenmperature

fol | oned Iba/la’itES:LbV\ﬂchts&g@eBy&Hngﬁn@EtQDed)fthh%sr@@é‘@ﬁl‘b@;g dhal kyl nmal eate

u5|nq a slurr %f a copper chromte catalgst and then
0 United States Patent Specification 4,584,419 and

4,751,334,
United States Patent Specification No. 4,032,458
'propose§ esterification of maleic acid with a C, to Cj,
alkanol at elevated pressure and temperature followed by a
15 two stage hYdrogenation of the resulting dialkyl maleate
using a slurry of a éopper chromite catalyst and then by
distillation.
United States Patent Specification No. 5,478,952
suggests a hydrogenation catalyst which can be used in
20 agueous 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 5f‘dia1kyl
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 80/08127. This last
mentioned document describes a column reactor containing a
plurallty 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 sﬁlphonic acid groups.
The hydrogenation of dialkyl maieates to yield butane-

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



-distillation. United States Patent Specification No. 5,478,952 suggests a
hydr-ogenati on catal yst which can be used in 20 aqueous solution to -
hydrogenate, for exanple, maleic acid, and which consists of a mxture of

“rut heni um and rheniumon carbon. Processes and plant for the production of
di al kyl mal eates from nal ei c anhydride are described, for exanple, 25 in
United States Patent Specification No. 4,795,824 and in International
Pat ent Publication No. WD 90/08127. This last nentioned docunent descri bes
a colum reactor containing a pluraligty of esterification trays each having
a predetermned liquid hold-up and containing a charge of a 30 solid

esteri 11 cgpofricatabiSigs SUCeds, A 1M gXGBANGE reghn containing pendant
ial Ky

sul phoni ¢ acid groups. The hydrogenation 6 mal eates to yield

" but ane- 1latsfitsiticgadi Beirivedubltdtaon NoUnWo ekB /St0ates Patent 6

o Speci fication Nos.+4,p84 413, rapdh& {3k t tiqnal Patent
Publ i cati on No. WB 8§/00§%7.llnggﬁ%ernaﬁggﬁé?ggg¥eh §i&§§%§ Fon No. WO

97/ 43242 BrOgRTCaSs dpgcHERy ipenhich waileh cmahieydr idahydride dbedabsor bed 5
in a high;pol liing sehy avin id in int that is at, |east 30C

hi gher thén th&?%bf na?ﬂ%c anﬁygr?ﬁgggiaa ﬁggﬁﬁéﬁoénpr%¥§hf§,aFor exanpl e
di met hyl ped#fal3dt €. hiesr thiie Fhtteicd amhydei dehidoitikhear esulting solution is
esterified-mdeaim HhesSord espendiNg, i L Ky eate, which 10
is subsequé%f%§ sfri% ed fromthe so ug1gég%géﬂbE%tﬁﬁg%ﬁgeg§%88ntaining gas
st ream t oth% élaled ovapoyduiaribet the meHwdlting seheniosubf extted itfaedapour phase

hydrOgenaEEcﬁbrﬂﬁt%knkb§£esponding di-(C, to C, alkyl) maleate, which

10 is subsequently stripped from the solution usingla hydrogen-
containing gas stream to yield a vaporous mixture which is
then subjected to vapour phase hydrogenation. A similar

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

15 high boiling solvent 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 boiiing solvent, such as dimethyl
phthalate. '

vIn the prior 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.qg.

acetic acid and acrylic acid), of fumaric acid and of maleic

acid.



‘ in which the esterification step is omtted and the naleic
gﬁﬁ;ﬁ??ég :2 stripped fromthe solution in the 15 high boiling s?!venf and
subj ected to vapour phase hydrogenation is described in Internationa

*Patent Publication No. WO 97/43234. Further materials for use as Nos. WO
absorption solvent are taught in International Patent Publications oS-

99/ 25675 and WO 99/25678. 20 A further devel opment of such prpcgss?ﬁis
proposed in International Patent Publication No. WO 99/48852; in

i L i ht hal ate, is
t a SeegoFr i vent . such as dibutyl phtl ,
Hsed toserub the ot TnedegeL B e b eeRt ShBRnf hounte o et b an

anhydri de P8P&aB¥6FAbBHCOEEBM Hocr tile QS—NaQQM@UﬁoHBbgiﬁa§gbgd£ﬁ%§?§£&§an1from

. A ; - 2C di et hyl
i d e a first high boiling solvent, su as
gh?ﬁgﬁgfe?aﬁﬁ ?hg %?B%?H%%¥Q%$bé%%% eT%ﬁ4iﬂ%ﬂiucﬂréwtdﬁOBQCanee,1aﬁdd|oI

i ] Fani : ilise a substantially
DU e ok ol o gahydr o fsedst ook whi o contor he s most s i Fadeach o
Pi ght aci dg“?g. é?ona‘g‘ét FBPHRYE BRE wteidlief avvel) , Cofcdmmamide dciod and of

. . ! : . e an
' dved qhantSt@noobheatolirthe pr&sani invention to provi

rﬁLEBSedaSE Z:ssqfo? thg %o-p?od%ctfon d? ﬂﬁ%@l% a%%yd??%ﬁ? Eéi?%ﬁﬁa C4

conmpounds, g‘ﬁ?%n‘é@‘FP%%ﬁi%l@oye bt §¢ bl ncroniel akane anetrahyshofdiran It is

. i i ' ield of such ¢4
g e i St R
t hese conp8finte @?%Se?fefadm‘gferat/mm gtm ﬁm‘gﬁd?hiqﬁ%ei?veﬁonﬂﬁﬁ Onyt 0
producies pﬁQQ&@@%EoAtofsuﬂ£%g %%H% u%%s, maleic anhydride, butane-1,4-
provi de a process for the .
‘ diol, yY-butyrolactone, and tetrahydrofuran 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 in?ention there is provided a
| pbrocess for the co-production of maleic anhydride and at
least one C,4 compound selected from butane—l,4—diol, v-
‘butyrolactone, and tetrahydrofuran wherein: »
maleic anhydride is produced by steps‘comprising:

20 (1) ‘supplying a source of gaséous oxygen and a C,
hydrocarbon feedstock to a catalytic partial oxidation
zone which contains a charge of a phosphorﬁs—containing
partial oxidation catalyst capable of effecting the
partial oxidatién of the Cs hydrocarbon feedstock to

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

(ii) recovering from.the partial oxidation zone a
1vaporous-rea¢tion effluent stream comprising maleic
anhydride, water, unconverted hydrocarbon feedstock,

30 and carbon oxides;

(1i1) condensing a pért of the maleic anhydride
present in the vaporous reaction effluent stream in a

condensation zone to form a crude maleic anhydride



<10 production of the C4 conpounds, naleic anhydride, "butane-1,4- diol,
7-butyrol actone, and tetrahydrofuran froma hydrocarbon feedstock which
can be operated in a plant that is nore economi cal to construct and to run
“than conventional plants. 15 According to the present invention there is
provided a process for the co-production of mal eic anhydride and at | east
one C4 conpound sel ected frombutane- |,4&diol, y- butyrolactone, and

t et rahydrof uran wherein: maleic anhydride is produced by steps conprising:
20 (i) supplying.a.sQurce of gaseous oxygen and a C4 hydrocarbon feedstock
to a catalytic partral oxidation zone which contains a charge of a
phosphor us- cont diim) ng partcabepkxngatian et atyrsdercapabdre aferef figct)i ng t he
partial oxidation o& tTe-CA hgdrocarbon feedstock to 25 formmaleic :
anhydri de and whFEh9P8  nBPRPAPHBASUMTRE CRAYATE Paitaed: Autsort
conditions; (iipalecevenhpgrigemthe. partial oxidation zone a vaporous
reactiopn effluent stream'conprising naleic -anhydride, water, unconverted
hydr oca? bon feed¥ ock, 38P&AACLAP LR BXGHER193¢ i Jniifcdmsifipma thart  of

t he mal ei ¢ anhydgi r LBt POf O, e ' HENt; HE T amin a
condensati on zoggbggu?grﬁ?ggﬁ?ggegﬁgféﬁéggﬁﬁéggiggJ%qgés%%%n1 (ﬁi% i
recovering fronat hégesddensarPbhostepd{ymijekectredi e amaporgarsicst ream.

containing-resigggbeggoﬁwg§egf_%gglgﬁca Dy dr i éﬁuéﬁév) absorbing further
e

mal ei ¢ anhydride from't resi dual vaporous s rean16?’step (1v) by
absorption in (vi) recovering from the absorption step (v) a
10 loaded liquid absorption medium; and
(vii) recovering maleic anhydride from the loaded

liquid abSQrption medium;
and wherein:
sai& at least one C; compound selected from butahe—1,4—
15  diol, y-butyrolactone, and tetrahydrofuran is produced by
steps comprising:

(viii),

providing a C4+ hydrogenation feedstock
selected from maleic anhydride, maleic acid, monoalkyl
-maléates, dialkyl maleates, -and mixtures of tWo Or more
20 thereof; |
Aix) supplying‘séid Ca+ hydrogenatioﬂ‘feedstock and
hydrogen to a hydrogenation zone which contains a
charge of a hydrogenation catalyst effective for
catalytic hydrogenation of the C4+ hydrogenation
25 feedstock to yield éaid at least one C4 product and
which is maintained under catalytic hydrogenation
conditions; and _
(x) | récovering from the hydrogenation zone a
hydrogenation product stream containing said at least
30 one C4 product; '
characterised in that the vaporous reactionr ,
effluent stream is cooled priQr to step (iii), that a guard

bed of a phosphorus-absorbing material is placed ih the path



-a liquid absorption nedium sel ected froman organic solvent, water, and an
lution; (vi) recovering fromthe absorption step (v) a 10 | oaded
| i quid absorption nedium and (vii) recovering maleic anhydride fromthe

aqueous soO

‘|l oaded i
conmpound s

tetrahydrofuran is.produced by steps conprising: (viii). providing a 4+

hydr ogenat
nonoal kyl

t hereof; (
hydr ogenat
effective

feedst ock t56*§rBI @f sdFapratiiehsts oredCaprodud,. andiroseinelibsa Mai nt ai ned
under cat alsebhict By Ar ggepat

hydr ogenat
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phosphor us
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qui d absorption nedium and wherein: said at |east one C4
el ected from butane-1,4- 15. di%l, y-butyrol actone, and

lo@ntheedsboek vsgbL6t£-dIam il &i & ANy i mal.eic acid,
mal eat es diaYk§I mal eat es, and {§>&|Jresq% %%ﬂbpé%oﬁnF8 20
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for catafytlc hydr ogenat i on

ion zone a hydrogenation produc

cool ed, prior ep_(iii), that a guard bed of a _
-abso?%?négﬁﬁ %r?%l ?é?%ﬂ%ﬂ%ﬁyq%? PRI seofubRBaBbbR bd

emotnba effinent giseamyurdrorad aitstRfer(i itin) atihereby %9 renmove
i of the crude

bg??%glnlggrn?éeélé%é%eéjgggﬁggggcga%f %Q%ZOggtg;;gLn for
use in-the‘procesé of the invention. Hence the vaporous
reactioh effluent stream of step (ii) may contain nitrogen
and oxygen in addition to the other componénts mentioned.
It will often be expedient to cool the vaporous reaction
effluent stream of step (ii) prior to attempting to effect
condensation in step (iii). '
In a p;eferred process according to the invention all
of the‘crude maleic anhydride reaction produét of step (iii)
is used as the C4+ hydrogenation feedstock of step (viii) or
is used to prepare the Cg., hydrogenation feedstock of step
(viii). , |
~If necessary, at least some of the maleié anhydride
recovered in step (vii) can be used as or to prepare further
C“vhydrbgenation feedstock for use in step (viii).‘
A'.Alternatively, if the liquid absorption medium used in
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 C4+ hydrogenation feedstock
for use in step (viii). 1In this case at least some of said
resulting maleic aéid can first be concentrated by removal

of excess water prior to use in step (viii). Moreover

4“said at | east
30 one C4 predaeenathanattedsiseck iaf tdhatp t (v ivgpor ous reaction ef fl uent

op,.conditions; and (x) recovering fromthe
B e T ort o e ?Croeé%ﬁe@d?‘ﬁleaitﬁ?né

{
1



-streamof step (iii) is used as the C4+ hydrogénation 5 feedstock of step
(viii) or is used to prepare the C4+ hydrogenation feedstock of step
(viii). The source of gaseous oxygen may conprise substantial anmounts of

inert gases, such as nitrogen, in addition to oxygen. Air is a convenient
source of gaseous oxygen for 10 use in the process of the invention. Hence
t he vaporous reaction effluent stream of, step (ii) may contain nitrogen

and oxygen in addition to the other conponents nentioned. It will often be
expedi ent t%l%%%'a%?? vagoro s.-rtaction effluent streamof step (i)
prior to attempting foPefPelt 150 PORCFRTEPRpMER I 1Y, ThEter

preferred proeesswaceor dsngehovédierd NHdedt raklkonoputPEs &L Ugle xal ei ¢
anhydri de reac ion.grgduct of séep (ii%g is used as the C4+ hydrogenation
feedst ock P sPEPTEGER Y1bP CFdudMisis srdysrddenet catehy i bglenzad on
f eedst ock afsesta@por2@o(¥rkpirelfndacessplyogdiadi@RsStreSoRR 0k Lheg ei c

- anhydride recqvered in step (vii) can be used as or to_prepare further
C4+ hyd ogéﬁ&ﬁﬂ n feedstock for use in step (viii) Alternatively, if the

liquid absorption aegiumused %fbc@é_ &R dihg! $WRHET 5 QU AD; gUueous.
solution so that the | oaded absorption ,solution contains naleic acid, at
| east sone GRIePRETAANePE Helel pradumride tisecffadedd absospen oniiedi um can
be used as or to prepare further C4+ hydrogenation feedstock for use in
step (viii). In this case at |east sone of said 30 resulting naleic acid
can first be concentrated by renoval of excess water prior to use in step
(viii). Moreover 9a naleic acid present in the | oaded absorption nmedi um

whet her excess water is renmoved for concentration purposes or not,



<can be m xed with crude mal eic anhydride of step (iii) for use as or to
prepare the C9+ hydrogenation feedstock of step 5 (viii). In a preferred
_process according to the invention, condensation of nmaleic anhydride is
*effected in step (iii) 10 by indirect cooling against a cooling nmedium
selected from water and a process fluid. In an alternative preferred
process condensation of maleic anhydride is effected in step (iii) in the
presence of a |iquid condensation mediumb5 conprising a liquid selected
from mal ei ¢ anhydri de, nonoesters ofy naleic acid, diesters of naleic acid,
and mxtures of two or nore thereof, in order to reduce the fouling of

t he condepsamndsueéaceslifbusgdidect 6661img ey uhes€aiddeads ot by spraying
the liquid condensation nedium _10_into the vaporous reactant effl uent
- stream so"HEMt 8P oF RPCEFExE e of 18r Bl W &R L4nmRARTedEednd said |iquid

condensat prEedisiaai=eholiSoised 38 BRn}@-{LRar ectda &' inhydeogenati on
feedstock of step (viii). Such nonoesters and diesters can be derived, for
exanpl e, flom €1 toe @reserge a5 aldaHOAsCRrAg=as 1Rt TRHOM™ and et hanol .

Mor eover Edi@dils@Hbda TiopdansaléaedredblMEndt Alsaygedai n smal | anmounts,
~e.g. up to about 5 polar % of _the correspondi.ng nonoal kyl and di al kyl

f unar at esTCNIESERES paF tTGLEr PG Pr SHEFFRES frodd&IEhack 20dhydr ogenat i on

f eedst oCcknmiguaedi 8k kitho 53! RatEe W& ri Sinpsapar ed byak&@aghion of maleic

anhydride with an al kyl alcohol to form a nonoal kyl mal eate which is then
esterifi e8P ingh of U SOTERPRFET aTEHRGESt 0 TR MIATEFRI K3AL 4R8I BAYe. In this

case the pékHrrakaobet warpheyie: hanoh ighi @tdvHarhsapdor Suddhgndi al kyl
naleaﬁF C?thxiﬁg ggégggu;n%eggggngreégfiggglstream so as to form a
mixture of crude maleic anhydfide 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 moncalkyl and

~ dialkyl fumarates.
' In one particularly preferred process the C,,

20 hydrogenation feedstock is a dialkyl maleate which is
pfepared 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

' maléate  In this case the hydrogenation catalyst of step
(ix) 1s preferably selected from copper chromite and
promoted copper catalysts, such as manganese promoted copper
catalysts.

30 " In an alternative preferred process accérding 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



-mal eate. In this case the hydrogenation catalyst of step (ix) is
preferably selected fromcopper chromte and pronoted copper catalysts,
such as manganese pronoted copper catalysts. 30 In an alternative

*‘preferred process according to the invention the C, hydrogenation
feedstock is maleic anhydride. In this case the catal yst can be any one of
t hose proposed for the purpose in the prior art, for exanple .1 11 one of
the catal ysts disclosed in one of the aforenentioned United States Patent
Speci fications 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

5, 473, 086,55, 478,952 ¢ AN 15, 898 1 Ag%d ana/reem efntth% Lhe sediee of gaseous

oxygen is air. However,” m xtures of trogen and arr, Xt OF €3 of of f gas
and air, Wibdedr 65abfs o?aftegléssaﬁ@ll@oﬁgenns p\mse dxyg@nBOSand oxygen-enri ched

air my aﬁfblb@sﬁﬁni'@z{he%%s L eg SalLCe, 06961‘:15%”96@%0 He of f gas nay
conprise that ‘part of the résidual’ vaporous ‘gas that remains after .
absor pt i oh ©¥%/dft her 6 Taltdice 4 anhidiliddedi 8%, |’5§2|,I qui4b @ssor ption mediumin

step (V). Ife, o8QuUreesof Basegqls Qx%?e%gray be used in excess so as to
mai ntai n the i xture’ of 'hydfocarbon féedstock and source of 15 gaseous

oxygen, e.g. &onvepuenilde theampubie dfi grseous Alygenats vaeer the process may
be operatggd,sp.that thes kaggg%ééh\ghghé&flﬂ gégl% dmds.__Ln one

parti cul ar I% pr eferred process t rocar bon C13<Ef| § a butane
f eedst ockan@®im niksuxres et REL paag |aalld oxXygkat.i @mreacafgest, mag conprise a

Vanadiun}£¢§ﬁgﬂy%ﬁg§c9§ﬁ(gif:%g9lXféo ﬁéuﬁgnéHoned as the source of

10 oxygen. The off gas may comprise that part of the residual
vaporous gas that remains after absorption of further maleic
anhydride in the liquid absorption medium in step (v). The

. source of gaseous oxygen may be used in excess so as to
maintain the mixture of hYdrocafbon 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 stép (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



-catal yst is sonetines descri bed as vanadyl pyrophosphate. 1In order to

mai ntain the activity of the catalyst volatile organophosphorus conpounds
_can be bled into the 'feed mxture 25 to the catalytic partial oxidatien
‘zone. As sone phosphorus conpounds rmay be present in the vaporous reaction
effluent streamof step (ii) of the process of the invention which my
deactivate the hydrogenation catalyst of1xtep (ix), a guard bed of a
phosphor us-absorbi ng material, such as 30 vanadi um containing nmaterial,

conveni ent hy+ar¢has 0e, of o t - partial oxidation catalyst, may in this
case be placed in the path of the vaporous reaction streamof step (ii),
after cooling thereof, in order to renove phosphorus-containing 12

materials there The catalytic partial oxidation zone may be of any
sui tabl e design?ﬁgg%a%ééyﬁﬁ%ag%&ﬁﬁ%}tﬂ?%ﬁaq%fédzﬁéﬁ FeycPsr of 80y t ubul ar

reactor, as@iuadisededigh et arxar@led iOWRgbRed rhgagt gbg SLEP:fY) of the
processs of thbb ggntiqﬁinay conprise absorbing vaporous naleic anhydride
fromthe efflUent®stTe&mi®in % & &6 ERECESEeh oas 2amdi ahkybed

pht hal at e seaatdf. di al kyl - hexahydr opht hal ate, for exanple di nethyl

pht hal at e, dibgt%é 8£thalate, di met hyl hexahydropht hal ate, or dibutyl
hexahydr opht hal at & &é?fd?“hﬁ”&&@§§u§f36mﬁtnﬁﬁeotinalehy campdisan

al ternati vebyobeimseshdH : r |_ei a dri fromthe

ef f | uent strean1iﬂ§sté% (%??%%%éﬁﬁp%ﬁg%gfg?§s§%8p ?Eé FﬁggH?Pang%ﬁﬁ“of t he
mal ei ¢ anhydRT deF $¥E oV B ant ,stseprh(wisi p meyplbglupbdhadsteobrmay be used

R e o i
~dibutyl phthalate, dimethyl hexahydrophthalate, or dibutyl
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);

15 In the process of the invention some of the maleic
anhydride recovered in step (vii) may be used as, or may be
used to make, additional Cs4+ hydrogenation feedstock of step
(viii).

vIt—will often be preferred, during shutdown, to use an

20 alkyl_alcohgl as wash liguor to wash éondensation‘surfaces
of the condensation zone to remove deposits of fuméric acid
thereon and to combine the resulting solution with the Cg
hydrogenation feedstock. This procedure has the advantage
ofvaVoiding or reducing the use of sodium hydroxide and the

25 production of aqueous byproduct streams containing maleic
acid‘or sodium maleate which are a feature of washing
procedures using_water and/or sodium hydroxide solution to
remove fouling deposits of maleic acid and fumaric acid from

condenser surfaces.

30 In order that the invention may be clearly understood



-20 al kyl . al cohol as wash liquor to wash condensation surfaces of the
condensation zone to renove deposits of fumaric acid thereon and to
conbine the resulting solution with the C4+ hydrogenation feedstock. This
*procedure has the advantage of avoiding, or reducing the use of sodium
hydr oxi de and the 25 production of aqueous byproduct streans containing

mal eic acid or sodium nmal eate which are a feature of washing procedures
usi ng water and/ or sodi um hydroxi de solution to renove fouling deposits of
mal eic acid and fumaric acid from ﬁondenser surfaces. 30 In order that the
invention may be clearly understood 13 and readily carried into effect a

conventi o] r_co- .production_of mal ei.c_anhydride and of the C
pr oduct s,gggbrlft%gﬁggll ,I:%rdlle(ﬁ ,1R>t/-8b% J‘:Iyercgl 3ct?d Ve%netér?ﬁa?e%radﬁyg%f tPan and a
pl ant fopredhietsanecpunposie buhldriakecandi of) e Cheteaehspgs 5 of the

invention W |l .ngw_ be:described way _of exanpl nly, wiith reference to
t he acco%%%annyel r%ggd(rizlﬁnl’ngvs, uﬁé?%?cf%-neliiﬁﬁ(? eteltﬁggyar?f‘ﬁ/%“diaﬁar%m of a

convent i phaitt yYodeshgneshelpanrpotorbdine aocpradidictticooheftsmhehgs anhydri de and
of t C roducts, . butane-1,4-diol, y-butyrolactone, and 10

tetra yd%f%‘reaﬁ;nvﬁﬁalﬁ gwulﬂg 5o7 P dfisf#l“g?é'f Ibdww&?'aﬁfaerﬁa(g‘lplﬁ pl ant

const rucbely, wiatcordanceantbhtihedceaphhngsy afratvhegs ) neerkian- and i nt ended
for the sane purpose..lt w.ll he appreciated by those skjlled in the art 15
that, since t%@uégcgﬁ%n@#&é’wdgéﬁ’%& Ogrﬁ 'ff?‘hvge%ﬁﬁﬁﬁ?f]c‘f Jr?éﬁ?“e%t her itens
of equi ppeatt viirchhar eonatodsiconnn ot theede asings i daoahdl d¥e thequj red in an
actual plant. Such additjonal. items of equjpnent gre conventional in

nat ur e aﬁéoéuncc Sljdgu?%‘ta‘ %’r4e dlﬁ%t \Frﬁ)lurﬁytrggafB i §P|gl | ati on col ums,
reacti®r s retoaidensdusan; and

Figure 2 is a similar flow diagram of a plant
constructed in accordance with 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 egquipment are conveﬁtional in nature and include (but are
not ‘limited to) distillationbcblﬁmhs; reactors, condensers,

20 pumps, holding tanks, valves, pressure sensors, temperature
sensors, presSure contro;lers, 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, (VO).,P,0,). Unit 1 can
be of fixed bed or fluidised bed design and is supplied with



=20 punps, holding tanks, valves, pressure sensors, tenperature

pressur

cool er’s,

e controllers, tenperature. controllers, |evel sensors,

sensors,
heat er s,

surge tanks, condensers, - columm reboilers, and the like. Any such

‘additional itens of equipnent would be installed in accordance with 25
ional engineering practice and formno part of the present

on. Referring to Figure 1 of the drawings, a partial oxidation unit
ises a partial oxidation reactor containing a charge of a partlal
on catalyst, for 30 exanple g vanadi um containing catalyst such as
vanadi um phosphor us- oxi de (whose catal ytically active phase has been:
reported.t o, e neanadyt, hospha , Uni can_ be of fixed
bed or f|UI i sed bed degxaggand |s%§a%% F%H ﬁﬁ%%uas %ugagﬁper%eated 4

hydr ocar BBF T eddst-fek? ifcias dix drvemepys afedrnseod.|iTee 2 and with air by
nmeans of plhife 3ir TBeundULANE: aLr I r y al | fron1about
20:1. The catalyst charge in pgf?¥gcgg§¥d§%#gﬁb§ﬁ%tB%%'s ﬁhlntalned 5

" under a PREZSIite CHRIER oM ARt al ook idRairD @@Uuﬂ'ZSOmkfktaldam parti al

convent
i nventi
1 conpr
oxi dat i

oxi dag i opnai ta bautane 615 ORVELLEd 1Y kpgféa ab,,

qp to mal eic
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anhydride. The main bgpro ucts are carbon nDnOXIg§ car on di oxi de, and

wat er :

10 0 Immeatia

SOZIA01n 4HRD: 10bUSaBAHE] con Be 5O -by~ 4C02 + 5H20
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producti

10

15

20

25

30

details of suitable' designs o
[ éﬁeoﬁaqﬁﬂneménahh@%k|qgébP@f¢WQ§4ée, and water

C4H10 + 3.5 02 R———— ¢ + 4Hzo

C4H10 + 6502 ——— 4C02 + S5H 20

CiHyp + 450, 4CO  + 5H,0

All three reactions are highly exothermic.

‘ For’further'defaiLs of suitable'deéigns»oﬁ'partialf
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
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
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

ionURi t for



cmay be nmade to Kirk-Q hmer Encycl opedi a-of Chem cal Technol ogy, Fourth

Edi tion, Volume 15, pages 893 to 928. A hot vaporous partial oxidation
_reaction product 25 streamis.recovered frompartial oxidation unit in line
‘4. This is at a tenperature of from about 390C to about 430C and contains
ni trogen, oxygen, unreacted butane, water, carbon oxides, naleic -
anhydride, maleic acid, fumaric acid, and traces of acetic acid, and
acrylic acid. The reaction 30 product streamis then cooled before it is
fed to a condensation stage 5 whichjgs maintained at a tenperature bel ow
the dew point of the partial oxidation product stream so as to cause from

about 20%b&uahoat £ 6§0%cRr gber abk Ve aELdD: AUt 140% o akout, 60% of the
mal ei ¢ anhydride present in line 4 to condense. TgpicaILy condensation
stage 5 i hetuded EMALES -er SYPHFRLYY Fopdepartdorngtage abomcle8es and t he

second at +absHo160€, e miesyl bhogGeRdansMsud 350ee0¥8i de 5 in line 6.
The residual naleic anhydride, which is still in vaporous form passes on

in |ine 7588°%h 2&baBPt i%h Cuni The, resudt g afpiidengagasi s crapsereani t

t hrough whjch; ddhe vapour streamis passed upward in countercurrent to a
down flowi ng 10 stream of an organi c solvent, such as_dibutyl-phthal ate,
suppl i ed fromThien&eaidugie madsiquarhyyird dexi vaidbdsr sEidh iunit 8 in line 10
and can bea.yerdd rorhyBLdsy oMi 8nanf i rgas I4pGREEaLQunWhigl € the
resulting solution of maleic anhydride is recovered in line 11 and passed
to a sol VERF EMPAE0TeF3S IATIPPST Y e CHYREIN UHiich1Bhe hEaRIFfvent i s

separ at ed sk £@#m tie paBb & cupaivndi h desurt@peent &t l1ob RY dofh StidWiali on under
normal or reduced pressure. The recovered solvent is recycledinline 9
mhilelqhesééﬁﬁWéde“ organic solvent, such as dibutyl -phthalate,
supplied from line 9. The residual gas exits absorption
unit 8 in line 10 and can be vented, typically via an off
gas incinerator, while the resulting solution of maleic
anhydride is recovéred in line 11 and passed to a solvent
15 recovery unit 12. In reCOvefy unit 12 the solvent is
éeparated from the maleic anhydride, conveniently by
distillation under normal or reduced pressure. The
‘recovered solvent is recycled in line 9 while the separated
maleié anhydride’  is passed-on by way of line 13 to a
20 - phfificétion unit 14 for further purification, for example'
by batch distillation. Some of the resultidg product maleic
anhydride is recovered in line 15 while the remainder is
passed by means of line 16 to a butane-1l,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
réacﬁed with an alkyl alcohol, suchbas 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:



-mal ei ¢ anhydride"is passed on by way of line 13 to a 20 purification unit
14 fror further purification, for exanple by batch distillation. Sone of
“the resulting product maleic anhydride is recovered in line 15 while the
‘remai nder is passed by neans of line 16 to a butane-1,4-diol plant 17.

Ref erence nunerals 18 and 19 represent lines for the 25 recovery of |ight
inmpurities and heavy inpurities respectively. In the butane-1,4-diol plant
17 mal eic anhydride is reacted with an al kyl al cohol, such as nmethanol, to
forma nonoal kyl mal eate, such as ppnonet hyl maleate, which is then 30
reacted further in a countercurrent reactor colum of the type described: -
i n European Pate Publication No. 0454719A forgpsubstantially conplete
conversion tq,dinethyl naleate. The reactions c ngf{ned are: 16 00O HH

OH 11 0 + (1); HOCH3 00 5 and O H H OCH3 10 + CH3OH | +
H20 (2). H . HOOCH3*0 ©H:Othe nomoesterification reacti off)i( 1)
i s.autocatal yyi'cjbut reaction (2) is preferaldly cted in the presence
of an 0 ' ') :
s .
and
@) O
H OH ' H OCHj,4
10 | + CHiOH =—= | +H,0 (2.
H OCH;,4 - H OCH;,4
O 0

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

15 - acidic esterificatidn catalyst such as an ion exchange resin
containingzsulphonic acld groups. For further details the |
attention of the reader is directed to European Patent
‘Publication No. 0454719A. Other speéifications describing
production of dialkyl maleates are European Patent

20 - Specifications.Nos. 02553997 and 0255401A. The resulting
dimethyl maleate is then hydrogenated in the vapour 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.éyclic'acetal, i.e. 2-

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

Z:i)h—-OCHZCHZCHZCHon

0



:15 acidic esterification catalyst such as an ion exchange resin - containing
“sul phonic acid groups. For further details the attention of the reader is
~directed to European Patent Publication No.' 0454719A. O her
.“specifications describing production of dialkyl naleates are European
Pat ent 20 Specifications Nos. 0255399A and 0255401A. The resulting
di nethyl maleate is then hydrogenated in the vapour phase using a copper
chromte catal yst or a pronoted copper catalyst, such as a nanganese
pronoted catal yst of the type discllédsed in European Patent Publication No.
0656336A, to 25 yield butane-1,4-diol and, as.co-products, y-butyrolactone
and t et r dhpdPetiaaRms| RohddimadAcr hef idr 6genatimmiugrodacd wmgxture wil |
normal | 'y ai 1.,n0 t Qr.respondi i alkyl succinate,
A e
(4' - hydr ®@¥¢BuEBign) isecpahyeiraafturanh ofhe Heolfoving areacOL CH2ECHRGH2.CH2OH 0 17
The mechani sns for formation of all these products and by- products have
not been fully elucidated. However, their production is consistent with
the followi ngCe&@if on schene: 5 CH - @H2RO6%2 - CO2R Il +H2 | CH - CQO2R
CH2 - C2R +[|2H2 10+HROA CH 0 + RCH CH2 - C’R 12 CH2 - CH2 / - ROH CH2

- CH20H  +3H2cHH2o,r CH; - CO5R
+2Hy
10 - | - ROH
O
. CHZ — C{ + ROH CHZ - COzR
O p—————— )
CHZ-CHZ'/ - ROH CHj - CH,0H
+3H2 +H2
1S 1,0
+2H, #2H,  CHy-CHO
, +2H2 : -ROH
CH3CH,CH,CH,0H CH, - CH,0OH
-H,0 -2H; ’
20 }
CHy - CHy < CH - CH,OH
. O -
CHp - CHp™ "0 CH;, - CH,OH
[Ti&-{)CH @)
| " o~ O(CH2),0H
25 . -Hzo
CH3CH,CH,CH,OH

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,



:15 -H20 +2H2 +2H2 CH2 - CHO +2H2 -ROH CH3CH2CH2CH2OH CH2 - CH2OH - H20
-12H2H28 CH2 CH2 CH2 - CH2OH CH2 - CH2 20 CH2 CH2OH )-0(CH2)40H +H2 0 25 -
-H20 CH3CH2CH2CH2OH wherein Ris met hyl . The nethanol released in the
‘course of the hydrogenation step is condensed and separated fromthe 30
ot her condensabl e conponents, including butane-1,4-diol, y- butyrol actone,

t et rahydr of uran, water and by-products i ncluding n-butanol.

For further

information regarding nethods of separafing the condensabl e conponents of
the hydrogenation reactions, reference may be nade, for exanple 18

hy nee: e
hydr ogenat i on wéaeg¢@msmxre%abe s [Tee 2@ eABECna Ofe GXAYLD \ND 85/%é§ﬁﬁ%e’The

s Nos.. WD 91/01981 and

t I | i cat
Irgtcg\rlgfehoprgt hgﬁ%ﬁ&%ﬁrﬁ émragc B 1P LSR5 A0RE | NPE of1TF 9Ly RePS Ui aret hpl

mal eat e. Typ|@5V36&yﬁrog&mateonverwuhmdumaﬁonn@éﬂdﬂaQ%%y%ﬁ

Ne HR: di net hyl
exanpl e about

mal eat e nol ar Q r.0 ut o about 400: 1, for
320:1, a tenpe%g?ﬁg%(% rg%1g§%ﬂtéﬁﬁﬁﬁéyﬁ maleRif- 240@icahd a pressure. of

from about badr%erxatm Eamdltmr&bqlultclilae ba& céfl%tzl Iﬁag i
t he desired i ol yIo ac one product rat
anes JAxdi 9 Brb ?I%éef;

nuneral 20 in |cates a supp

di ng upon
ef erence

out OO 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 10° Pa)

to about 100 bar (107 Pa), depending upon the de31red

butane-1,4-diol:y- butyrolactone product ratio.

‘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

by-products, including n-butanol and heavy byproducts are

recovered by way of llne 23 Reference numerals 24 25 and-

26 indicate lines for the recovery of butane-1,4- lel Y-

butyrolactone, and tetrahydrofuran, respectively.

‘Figure 2 illustrates a plant constrﬁcted in accordance

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 essentlally the same as that of Flgure

1. However, instead of supplylng substantially pure malelc

anhydride in line 16 to the butane-1,4-diol plant 17, this is

instead supplied with crude maleic anhydride condensate from

condensation ﬁnit 5 by way of line 27. In addition it can

‘also be supplied, as and when necessary, with partially

refined or pure maleic anhydride in line 28 from solvent

recovery unit 12. Hence when the demand for butarie-1,4-diol,

yY-butyrolactone and/or tetrahydrofuran rises beyond the.

output determined by the flow rate of maleic



~>suppl yi ng nethanol to the butane-1,4-diol plant 17, while line 21 is t he
hydrogen supply line for supply of the hydrogen needed for hydrogenation
“of dinmethyl nmaleate. A purge gas streamis taken in line 22 while water
fand other Dby-products, including n-butanol and heavy byproducts are
recovered by way of line 23. Reference nunerals 24, 25, and 26 indicate
lines for the recovery of butane-I|,4-diol, butyrolactone, -and .
tetrahydrofuran, respectively. Figure 2 illustrates a plant' constructed in
accordance wth the teachings of th® invention. In Figure 2 |ike, _
~reference nunerals . are used to indicate like parts to those present in

t he pl antamfyd-ﬁigarian ﬂidenzﬂhes@haMf eheFhgWie 2nhher HOGeSH for the

duct f h ssentially the same as that of Figure
D oneverot (st Sae G o dbor yi po SUBE: GnETaITY) CPuFes i ere ~Laanydr i de i n

1. Fbmever 1 nhst ea

line 16 tdud]h@llautah"e tq, 4\-adb0hp p&kad‘lfshib?tfélm S is instead supplied
wi t h. crude nalel qg@*frlde condensate from condensation unit 5 by way of

line 27. In addftf USRS AF SFEISupptYBY, SYCARF W tiécessary, with

partiéllyphwnﬁhamed tm Fusoeprabe| wnianky dni geuddtsl hPgoAk o, om,s8l vent
recovery unit t12 ce when the demand_for_ butane-1, 4-diol, _
y- butyrolacfghgraﬁﬁl%ﬁ %ﬁ?ﬁ?&ﬁyiﬁ%ﬁﬁhpgnofl?ﬁﬁflﬁeﬁﬁhﬁ t}E  out put deternlned'

by the fla)iz\tarra:taemélymjeemeeaw B hyrd s desda ntHd Berddm SOMBRf 11he maleic
anhydrideyfgon1 sol vent recoye uni t can bhe dlverted to the butane-

di ol plan 5o *HeRE IS f8 %ﬁ%ﬁ?f%ﬁ Wa Frst3dd of MY FFcRvesY gani ¢

sol vent, wsutth lazs:Lell @Lrleyiydrﬁtpbh hatiad én WAL @D IUEPhEFWIdo18 8B aqueous’
absoernt

o SUGh, .as_ ts < 2f . 2 % ] golutlon of maleic acid, can
alternatlvely%b eg@ %P? E‘g EP¥Praamn Al FRGe by heating’
or by dlstlllatlon in the presence of xylene to regenerate
maleic anhydride, the wéter 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 Ci. hydrogenatable material, such as a monéalkyl 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 uéed again
25  for condensation. Alterhatively 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 isithen 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.
o It is further possible to feed some of the solution

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



:wi || be an aqueous solution of maleic acid, while recovery wunit 12 is a
_dehydration unit in which the agqueous solution 10 of maleic acid is

_subj ected to dehydration either by heating or by distillation in the
“presence of xylene to regenerate maleic anhydride, the water rel eased by
dehydration of maleic acid as well-as the water of the absorbent being
‘recovered as an-overhead product and recycled back inline 9 .15 to
absorption unit 8. It is alternatively possible to effect condensation of
part of the mal eic anhydride presentypin the hot partial oxidation product
stream from partial oxidation unit 4 in the presence of a cool ed stream of

mal ei ¢ anhiydr pdenor atyetimd@r Hieshyde ogenatabhe maler aheisuch as a
nonoal kyl nalzate Iged%”dnonggﬁ%pyl mal eat e), dial kyl maleate (e.g.

di et hyl CiiiPéat &) 5 d i & SETERBS o oPE fhétedrneAR? | aBst a part
of this séemeanreancithem beepesses be the dudare:idg &cadsobhsphant 17. The
remai nder,_ can be coopl ed ﬁnd used again 25 for condensation. Alternatively
t he entir%?%ﬁﬂ?één%ﬂ%ﬁﬁbg alhaksed FFOPVRTER tSOVARE bl disérnaddiml unit 17
for conversieono b 1ie mal ei ¢ anhydri de present therein to dinethyl

mal eat e, song, of which is then recycled for condensation of further

mal ei ¢ anhydr i'@8. CRFTRFEINEEYL IR 18uE haBhysiddedaFEea™ Prraen80it oul i ng of

surfaces lind he epngdensabnenostragRraty bshtdi@dusedimduiriicgeEurther possible
to feed saone  of the,soluti§£¥ from absorption unit. by way of line 29 to

the but an®HCh4a5h D JIOTBRLAY PIGRFRF nplir the S8 TpEseditalicact he crude nal eic
~acid or amlyefiieeapdydbdode o 1he SEreansnd @l'ah@eofzﬁ?i%rur@ ne 29 are
sepaﬁ%teq%g%}&in t he. course of . the @rocessin steps. used in
, 4-i

but ane- | [PPRF At S FORREEDY er€d T sBP VY PEPRE ST d SHh 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.qg. dimethyl maleate or diethyl maleate) overhead, aléng -
20 with the water of esterification when using, for,exam@le,
the procedure described in European Patent Publication No.
04547194, - Eéterification of the maléic 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 theiunvaporised
material and enabling the heavy impurities to be removed in

a purge stream.



:5 line 30 to line 9. The condensed crude mal ei ¢ anhydrid
line-27 of the plant of Figure 2 contains as inpurities:
‘normally present in the purified maleic anhydride feeds

e stream present |
whi ch are not
tock in line 16 of

n

‘the plant of Figure 1. 10 Such inpurities conprise |ight boiling-inpurities

(such as acetic acid and acrylic acid), heavy inpuritie
anhydri de derivatives (including nmaleic acid and fumaric

s, and mal eic
acid). Wen the

crude mal eic anhydride is esterified prior to hydrogenation, the acidic

light boiling impurities will 15 alspg be esterified, as
anhydride derivatives. The resulting light boiling este

nethyl acetat e 0knet hyde aGehat g and W&é%n%{éﬁ ?tegdgﬁ

be stripped fromthe resul ting di al eate

wel | as the naleic
rs,. such as

acrylate can

%‘nytl mal eat e or

di et hyl nefekt @prleveridydrige ovlgr2o. wﬁbhnttnﬁ\haget umpwﬁmumesfaeatlon when
usi ng, foaeaama&egenim %OEEQL}%I%@%%%EP%? g%gEgggpgggh JRatent

Publ i cati on 19A. Esterificati el c

aﬁhy&rlde

deri vat i ves9kii INYdppaete oa éé@@%ﬂﬁﬁoﬁ@ﬁﬁgdammlqqhanaﬂ amdptopanblt he

Corre$p0nghfﬁh(3a%|E¥|réﬂgd%@tgroﬁ*ﬁ%%yhgﬁhé§%§%é$ Hdﬁ#i

through the esterification reactor dra
be fed to°tdeady BFogettativorivabordtseon. mhwwap@urlpm

used. Thendivdr Q@Aat {PMNER éhéﬁo&%oﬁﬁcep%ﬂ

e%\MII pass
yal fal eate and wi |
exrfiydr ogenation is

5§%ée pyaporise the

d
di al kyl mal eate onll artially and' to recycle 3% E unvaporVéed mat eri al

back to tF#eNAGERS

%Q%éﬁébyoncﬁﬁﬂﬁ@nﬁpaﬁl¢§]albetheavgerqmarlt|es in the

UNVapor i seghn Mt ake anmk eaabki Ng, ihedieavy WRIE Lhgasdobe remved in

purge strean1 21 |In the casSe when the C4, hydrogenation

#eedstock is the

-derivatives, such as maleic ac1d and fumarlc acid, are

hydrogenated to form a correspondlng additional amount of

butane-1,4-diol, vy-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

cbrreSpondingly reduced in size and can be operated

- 20 reduced operating costs.

The process. of .the invention also results in a

with

higher

efflc1ency of malelc anhydride usage because less maleic !

anhydride is lost as fumaric acid. 1Instead 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

a



.crude mal ei ¢ anhydride stream then the light inpurities are also
_hydrogenated in the. hydrogenation step and result in [|ight hydrogenation
_products including ethanol and propanol, 5 which can be renoved fromthe
‘hydrogenation product as an overhead product by distillation. Heavy
inmpurities and heavy inpurity hydrogenation products can be separated by
conventional distillation techniques as a bottom product fromthe crude
hydr ogenati on product. Ml eic anhydride 10 derivatives, such as naleic acid
and fumaric acid, are hydrogenated,fo forma correspondi ng additi onal
anount of butane-1,4-diol, y-butyrolactone, and tetrahydrofuran. The novel

process gtabimedatyent | o has therdde tant vhgrehbt fhai,dhe capital cost
of the plant can be 15 significantly reduced because it 1s necessary to

recover CBRAPSHTES0GECAPhA T £Ppi eAtdlysabend aPgaroiabor 600) of the
mel ei ¢ aphyeFrdude deactise efk-flljéﬂfs‘eséz*é%ms%9@#%%5&9&%{'?”&1& ec‘i%gery unit 12

and the purification section 14 can be correspondingly reduced in size and
can be opBHat ethBMet RRoghaqraguéEda opsreatiing exvstlyst Theigewoess, of .the

invery i oRnAbS degdlt snd mﬁmggﬂgéiorﬁfcfaitsh Dy, Qf fRl e @iydri de usage
because | ess maleic anhydridé is lost as Tumaric acid. Instead such
fumari c latt el UraE gl yicdheaPherr i9f FREUE: Wde isohdepsaferabiel i ne 27 25

and is copverieddse bytanevhedadi@ra YeBULY Ol ackons and/ or _
t.etrahydrofuran in butane-1,4-diol plant 17. ° Vanadi um phosphor us- oxi de
based caf&F§st T ametanttabive liiaet halto AT ey ttdaresechhosphor us. over tinme

at react pABsph&ReEahyE BFind Hasekoss ofarphosphorus having.a tendency to 30
accelerate_if hot spats should develop in a fixed bed reactor.  Accordingly
it mdy offLRCHEBipEAFeHt WRPradleahydrogenation catalyst of |

butane-1,4-dicl 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 absorpticn
15 but above the condensation point for maleic anhydride in the
stream of line 4.
The condensation surfaces of condensation unit 5 may‘
'bécome.fouled with deposits of maleic acid and fumaric acid.
It is’préferred tc wash these with meﬁhaﬁol. The resulting
20 methanolic solution containing fumaric acid, maieic acid,
and maleic. anhydride, besides monomethyl maleate and.
dimethyl maleate formed by esterification, can be supplied
‘as part of thé 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



:vol atil e organophosphorus conpound to the partial oxidation catalyst with
.a viewto providing catalyst activity 22 stabilisation. In the course of -
‘tinme volatile phosphorus conpounds escape fromthe catalyst and appear in
‘the vaporous reaction effluent streamfromthe partial oxidation unit.

Si nce phosphorus is a potential catalyst poison or 5 inhibitor for the
hydr ogenation catal yst used in. the butane- 1,4-diol unit 17 of the pl ant
of Figure 2, it is preferable in this czke to include a guard bed of a
phosphorus- absorbing material in line 4 to absorb any traces of
phosphor us =g¢aRbak nj at e d i ave .a. 1l elLeterious
ef fect upon tghggﬁygﬁgggﬁaﬁ%?\éiﬁg{s}g&%%P%%etecg\r,]\ﬁer?%A}- &%&%ru%irtg 17.
Conveni ent FPEAEANBeGuafor bexhruale, ey &hised fofrempent.onadadnivecont ai ni ng
partial oxik Lon I . .enperat ure in,s a,guard. bed shoul d be
as IOM/asbg%&%?bF%E?%@oggéﬁl%%?%éﬁéﬂ% §§sph§§838rﬁggabéovgii%%f

the condendafr8nlpoi nd, $O3, 9 eid rthyidic, dd,i5A0L hes, say eam ef6) i ne 4. The

condensati gn r es, o gﬂ£§ns td.Qn it 5 y ec 0] d with ,
'depositg og’ﬁgﬁé?ggéc?ﬂ;gﬁ’ UWéﬁf%ﬁﬁéﬁ%! 5V9q53688ef8?§é5'$%gmash t hese
with met hahol78TRB2r esndi t S NEO @07 4tet sandl icesallysienagenpak né g fpeydL aci d,
mal ei c acig deang galeic aandride, hesi des nononet hyl nal eate and

di met hyl mil'G8F e’ For M B eterifictatronOndah *6BSsapphi 8eLo%Rd pdr t of t he
feed to butaneelpdidtodrtunégediicHtii®nkas the advantage, conpared with the
potentially hazardous 25 conventional water washi ng procedure using water
and/ or sodi um hydroxi de solution that, production of an aqueous sol ution
of maleédc acid and fumaric acid or sodiumnmal eate and sodiumfumarate is
avoi ded.

15

15 but above



process f

.ln an alternative formof the process of the invention 30 the C4
. hydrogenation feedstock is nmaleic anhydride or maleic acid instead of a
“dial kyl naleate, such as dinmethyl -maleate. |In this case but ane- 4L WisE
*plant 17 conprises a hydrogenation unit containing a hydrogenation

catalyst, for 23 exanple one of tMe catalysts disclosed in the prior art
as represented, for exanple, by the aforenentioned United States Patent
Speci fi catGlgeMNos. 3, 948, 805, 4, 001, 282, 4, 048, 196, 4, 083, 809,

4, &96, 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 5,698, 749. Such catal ysts

are preferably zuspﬂocuaéerfdﬂﬁetﬁ@prc@plpir@a@c&qaﬁt ion gandibi onsn I\%ﬁf’déd osed
in thosed$hé 2B£ specifications. 10 15 LLOYD WSE 24 CLAI

37 0dPRE | bn FIMRRINS ERRFIRT deromklizane ehst - &l C4

conpound SﬁL§g£9Qoiaeeb9etaaﬁdltétQAderéerQHtMBQEQEBOHE and
-tetrahydrofuran wherein: 'nalefic anhydride is produced by steps

conpri si ng: (|)maiqmﬁ)ammydmfdnnxmapﬁoqyﬁﬁﬂnhy(sﬁgpﬁlcémﬁkfslﬂy-hydrocarbon
feedstock to a alytlc%§ﬁﬁg¥%%ﬂOX|datlon zone whi ch contains a charge of

a 10 phosphorus ont ai ni DxPRHEFEN Lat FRFIPUS cAPHBEE @mdeﬁ¥ect|ng
the parti al omeaUHyuﬁgcgfgbﬁm-fegaggéggrbgg f%ed§%@gg§glgcn PR g

anhydride and which is naintained under catal ytic partial OX|dat|on
condi tions; oxidation =zone which contains a charge of a

10 phosphorus-containing partial = oxidation catalyst
‘capable of effecting the partial oxidation of the C,
‘hydrocarbon feédstock to form maleic anhydride and
which is maintained under catalytic partial oxidation
conditions;

15 (ii) recovering from the partial oxidation zone a
vaporous reaction effluent stream coméfising maleic
anhydride, water, unconverted hydrocaquh feedstock,
and carbon oxides;
ﬂiii) 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
. 8tream;

(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
residual vaporous stream of step (iv) by absorption in
a liquid absorption medium selected from an organic
solvent, water, and an agqueous solution;

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

liquid absorption medium;



+15 (ii) recovering fromthe partial oxidation zone a vaporous reaction
Leffluent stream conprising maleic anhydride, water, unconverted
hydrocarbon f eedst ock, and carbon oxides; (iii) condensing a paktOY&fwidse
‘mal ei ¢ anhydride 20 present in the vaporous reaction. effluent streamin a
condensation zone to forma crude nébPeic anhydride .stream (iv)
recovering fromthe condensation step (iii) .a residual vaporous stream
cont ai ni ngAR@sVikEgimnounts 25 of naleic anhydride (v) absorbing further

mal ei ¢ anhydrlde m_the _I&si I cvaparous tre t (Y
absorption in FQU|§ e%%rpt%%% redrunt selec 26ﬁf&ﬁ28§ggﬁ?%x -
sol vent, mht@{dlahd anhaqueoaacsohuL|@md1ﬂbdndﬁydﬁﬁﬂnﬁﬁnr&bfpﬁ@aﬁﬁéd

.absorptlon step (v) a |loaded liquid absorption nmedium and (vii)
recoveri ngPY ndt ¥R EAMEEFHeS from the | oaded |iquid absorption nedium

LLOYD W SE 25 apd; whereip.sahd,at Least, Onh# uracH%q‘ self%géggoé}%gm

butane 1, 4- dIO| y- but yrool act one; and tetra n'is produced
st eps conpr|3|n@el§C¥$d|f#omr@wlﬁlmgaahfﬁﬁlﬁgdrm@bﬂa¢|@oldeeMSnoakkyl

sel ected fron1nal |ctgnhy faqigﬁnale;ga?%%?eggP ?%£$ Eﬁﬁgﬁ;? t%§5>géﬁﬁiy'

mal eates, and m Xtures of
hydr ogenati on feedsttiskredf; and hydrogen to a hydrogenati on zonexmhlch

contains a .
(ix) supplylng said C%. hydrogenation feedstock

10 and hydrogen to a hydrogenatlon zone Wthh contains ‘a
charge of a hydrogenation catalyst effective for
catalytic hydrogenation of the C,, 'hydfogenation
feedstock to yield said’at least one C, product and
which i1is maintained under catalytic hydrogenation

15 'conditions; and
(x) recovering from the hydrogeﬁation zone a
hydrogenation product stream containing salid at least
one C; product ;

characte:ised in that the vaporous reaction effluent stream

20 is’ éooled prior. to step (iii), that a guard bed of a
‘phosphorus—absorbing material 1is placedvin'the path of the
cooled vaporous reaction effluént. stream prior .to .step -
(iii) thereby to remove phosphorus-containing materials
therefrom, and that material of the crude maleic anhydride

25. stream of step (iii) is used as the C4 hydrogenation

feedstock of step (viii) or 1s wused to pfepare the C,4,

hydrogenation feedstock of step (viii}.

2. A process according to claim 1, characterised in that
30 all of the crude maleic anhydride stfeam'of step (iii) is
used as the C,, hydrogenation feedstock of step (viii) or
is used to prepare the C;, hydrogenation feedstock of step

(viii) .



»charge of a hydrogenation catal yst effective for catalytic hydrogenation
40f the CA+ hydrogenation feedstock to yield said at |east one C4 HILQ%'W,S
and whi ch is maintained under catal ytic hydrogenation 15 conditions; dE
(x) recovering fromthe hydrogenation zone a hydrogenation pr oduct stream
containing said at |east one C4 prod characterised in that the
vaporous reaction effluent stream 20 s cooled prior to step (iii) that a
guard bed of a phosphorus-absorbing material is placed in the path of the
- cool ed vaporous reaction effluent streamprior to step (iii) thereby to
renove phosphor ds- cBRPEPAPNG art@rdals ttberezfla)ﬂm and that matsr al ;of the

crude mal eig, aQ:(%B/&T 5 st m of ste ||| is used as the C4+

hydrogenati on feedst occﬁ e’}%aat f??g%r u%%dtlfl% PR epaFeanhpgdCide

hydr ogenat irgrechesmst otk ef:ept e(]au(iv)l iig. ugedAapg 05£S% A Q.claimil, -
characteri EE n.that 30 all of the crude nmaleic anﬁygﬁo%giﬂ?rgﬁﬁ&a? step
(iii) i §e&“%§r?%%niﬁ#o%yﬁ‘?%@%ﬁ%koﬁoree§st boksbepst(epifyiii) or s

used to prepare the C4+ hydrogenation feedstock of step '(Viii). LLOYD WSE
26 3. A process according to claiml-or claim2, characterised in that at

| east sone %of 't Re nﬁbeessarﬁqmbrdimgrem)vaﬁed drie SbEP €Yhihsi 5 Used 3as or

to prepare., f s 5 CA+ drogenation feedstock for use in step (Viii).
14. A processyé{:&ggr(?eﬁig Jtrbh%kh?/t g hlgPéFim?bfoﬁf@tiion dieatiant erseskdin n

that the-|isqeipd @hSarPtésTedmad ursRedatBr ShaP a0V adi il et g f5,om wat er
and an aqueous sol ution so .
1 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

C4+ hydrogenation feedstock for use in step (viii).

15 5. A process according to claim 4, characterised in that
at least some of said 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 loaded
:febsorption medium is. mixed with crude maleic anhyaride“ofh
step (1ii) for use as or tvo,_’prepai.:e”the’C‘l+ hydrogenatidn

feedstock of step (viii).

25
7. A process -accordihg'vtO';aﬁy’.enelief neiaiméa‘l t$5’é,
characterised in that step (v) comprises.absorbing vaporous
maleic anhydride from the effluent streani in an' organic
solvent. l

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

the organic solvent is a dialkyl phthalate or a dialkyl
- hexahydrophthalate.



+10 that the | oaded absorption solution contains maleic acid and that at

s east sone of the maleic acid present in the |oaded absorption nmediumis
_used as or to prepare further C4+ hydrogenation feedstock for usggypwisep
*(viii). 15 S. A process accordi ng t? claim4, characterised in that at

| east some of said resulting naleic Geid is first concentrated by renoval
of excess water prior to use in step (viii). 20 6. A process according to
claim4 or claimb5,  characterised in that maleic acid present in the

| oaded absor pty %d%é”@é@ofﬂ b th gride mehairg caehydeidenofhagt ep
(i) for use-as or to, @f he C4+ hydrogenati on feedstock of step
(viii). 23Ie ﬁodrv@@éss igccoridiatdivilo phaimplete of dlkaitw 1 phdlglate,

h t t |
annydri de TrowERe epeth a5 B IR R cees

accordisng to cl a| m 7, characterised in that the organl c solvent is a -

di al kyl phthalate or a dialk hexahydr opht hal at e. OYD WSE 27 9. A
process aé&yrdll\hgpFBCEF’ﬁl ft O%‘Faﬁgaclt&l?g‘ﬂ i haf | vent®i

di met hyl phihal @t sdbuty! - pht hﬁhag@ep di et h)ébnfa%%@%x%@pmfhaﬁa@t&c
or.di butyl hexahydrophthal at e. 10. A process according to any one of
clains 1 taniydridearisc adieadted rbYt Ratdiineast epqliing agsideris @t iPloMmadal ei ¢

~anhydri de | s; gff eched o | A Gt OIS J9AINSS F5000 T ng

10
11. A . process according to any one of claims .l .to 6,
characterised in that in step (iii) condensation of maleic
anhydride 1is effected in the presence of a‘ liguid
condensation medium selected from ,maleic anhydride,

15 monoesters of maleic acid, and diesters of maleid acid,
said liquid condensétion medium being sprayed into the
vaporous reactant effluent stream so as to -form a mixtﬁre
of‘ crude maleic anhydride and said 1liquid condensation
medium which is used as or to prepare the C,, hydrogenation

20 feedstock of step (viii).

12. A process according'to any one of claims 1 to- .11,
characterised in that the C4. hydrogenatlon feedstock is a
dialkyl maleate whlch is prepared by reaction of nmlelc
25 .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
30 the alkyl alcohol is methanol and the dialkyl maleate is

dimethyl maleate.



-medi um sel ected fromwater and a process fluid. 10 11. A process accgqr di ng
o0 any one of clainms 1 to 6, characterised in that in step (iii) OYD wise
—condensation of maleic anhydride is effected in the presence of a liquid
‘condensation nmedi um sel ected from mal efi c anhydride, 15 npnoesters of

mal eic acid, and diesters of maleic 3gid, said |liquid condensation medium
bei ng sprayed into the vaporous reactant effluent streamso as to forma

~mixture ofi4crude muteiLsanhydribdgiand s@j d L4 guid cgndensation —medi um
which is used as or to prepare the CA+ hydroégie%%bi 0%9 20 et Rk LF - step

C (viii). 12S°ATBFSEEISSECcORditiigtt ot ey hydercgfereltaio’® dat8lyad, of step
characterigedyindr hydrogenation feedstock is a . dialkyl naleate
- whi ch i s--p?ep&r‘eft-.g%%%gg?%:lfrg% RS 28R EARYER | @BwinyPrated kgbpaézohol
.to form acavadaskyl. mal eate which is then esterified w th-further- al kyl

al cohol .to form a dialkyl naleate. 13. A process according to claim12,
characterised in that 30 the al kyl alcohol is nethanol and the dial kyl

mal eat e is15di mat hytored geatg.-dAQ E . A process according to
claim 12 or cl ai mrbll:?f? charaac(::t eri ;{@dv‘léﬁ tahr§[3 %ﬁg h%/?grS 8r8Ei oh. t@atg@ yst of
step (ix)cP3raeresieeds rom ddpper thehrani treydanshdtomsed fg@ggggfk is

catal ysts. _5: . JAprocess according to any one of clains 1 to 10,
characteri rsngéellﬁ ?ﬁggdffﬁgiem+ hydrogenati on feedstock is naleic anhydride.

10 16. A process according to any- one of claims 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 Vphosphorus oxide.

19. A process according to any. one of cleime..l to 18,
characterised in that the phoSphorus-absorbing -materiai
comprises a charge of spent vanadium-containing partiai

-25 oxidation catalyst.

20. A process acccrding 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

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



«10 16. A process according to any one of clainms 1 to 15, characterised in
Lhat the source of gaseous oxygen is air or a mxture of oxygen*aﬁHOYDVWSE
“recycle off gas. 17. A process according to any one of clainms 1 to 16, 15
*characterised in that the hydrocarbon feedstock is a butane feedstock. 18.
A process according to claim 16, char;&terised in that the partial

oxi dati on catal yst conprises vanadi unt” 20 phosphorus oxide. 19. A process
accordi ng tlod Ay o8e wfsie! ai 18, racteri,sed in that the
phosphor us- absor bi ng naterii?ﬁagéﬁ%?ﬁégs5385%555% f §§Eﬁtcondensatlon
vanadi um cHR™ nFAg javal depssokedati onatatal Viid 28ndA RLRSESS aegqrding
to any one | 9, . characterised in that the catalytic partia
\oxidation_;g%ggéﬁ;%%éséﬁéif?&%drﬁgﬁﬁFé&&(ﬁ?l%ﬁ%@%uﬂérqqmnimﬂd &itBO
fluidised e Rachpdro@ena; iONi RgeB8dokRRact or. 21. A process .according to
any one of clains 1 to 20, characterised in that an al kyl alcohol is used
as wash LLOYD WSE 29 liquor to wash condensation surfaces of the
condensation zone to. renove deposits of maleic acid and fumaric acid
thereon and that the resulting solution is conbined with the 'C4+

hydr ogenati on feedst ock. i



