;pge3de/ 1 /i 6TGK" 2 T MAR 2002 PROCESS FOR THE PREPARATI ON OF BUTANE, 4- DI O,
GAMVA- BUT' YROLACT' O v' E AND Tl ; TRAHYDROFU. RAN This invention relates to

t he production of mwfm igo! , y-butyrol actone and tetrahydrofuran.

But ane-1,a-diol, t mlllm Im vari abl e amounts of ybutyro%aqumﬂqmnd

t et rahydrof uran, can bggpsoduced by hydrogenclysis of malefic anhydride. A
maj or use of butane-I, a-diol is as a feedstock for the plastics industry,
particularly for the production of polybuty ene terephthalate. It is also
used RROCESS TR BIEFRIPARATIINPF BHEANES L HPEIEA VMA-BBTYROIAGTYNE AR THRAHYPRO™S- t he
i rrpor‘f‘%mt sol vent, tetrahydrofuran. Malefic anhydride is normally produced
by vapour phase %';)J'.?atj on r?éig h diocar bon feedstock, such as benzene,

m xed C4 ol efi ns, Br° mb{FAne " hetRESPr b2 ehBR BFORUPE O3 &P 1215 AR%I=E i Hn
catal yst. |diidle pabuarakackabhenand bebzgngdtbeteans typically used a
supported vanadi ympent oxi de.cat al yst pronmoted with MNo03 and possibly ot her
promoters. The réér’t:%’b%‘f’e%b@r‘giw£°9§&F"r‘6rﬁ”hﬁ a5 ?oa"&‘b‘bfg"ts 5 and
the reacti obuRhesUHEdite fadn HOUEh}dBEfut&n AbOa Be bgFodZfeaviy e about 4
times the theoretical anmpunt_of air is used in order to stay outside the

expl osi ve | PHFOTCTIE YOt £ TRHBIFs2BBYITIde 1 h WRERr t1ee feleduitifiets a

m xed C4 ol &f ign £ieAdStHEs d - LeedsBbXRIrHH ERESH T £8USE OCI N the partial

oxi dation catal yst may be vanadi um pent oxi de supported on 2~ al’um na.

Typi cal rea®&rEH cAGPH LY oFRr | e ueeodiset bPn aof cpplybitiykerg from about a25C

to about a8§91@rg>@1_tha%eéé.urex@fiérgg%@gg%%?'a}%PaiJ??{né@rJg%&%t%i%} g.gr;eo The

volunme ratio of "air to butenes nay in or w
expl osil¥e | prodsictAlarerafaty i yyrelactpos sind e £ athor Hiper tant3Gaiorenmpder n

practice, tQdes rtdﬁupirﬁ”t so that satisfactory safe operation can be
achi eved, des?pltéig{&he act that the feed m xture of air and butenes is

within the flanmialleid mrthyddice t he naseably pbodansd dsy fegsntoghadae
2 ? MAR 200%3 2 .cgt.al sc'gf ias t}ycgi cal I%{ vaPadéum ent oxil,(lje and the reactio
condi tions CREATEETE LD X EPEFE = DFIF TN abtet! D %%%ut’“ﬁ%ﬁfg

and a pressa,ecbéfinem abkogtblhithale ! Aokl preancellkE ai pamchetane vol une
rati o rYay be gbout, 20: 1, even though this may be wthin the flammble

i mi ts.120ne OFeSPgT5F Y1t £ or MR UTHE RAT TR L SRFIRA TN (RadTRRRe
conprises Vehleir@ali s WRAS ITPUSEd DYs@phssked $imQunhn Wi adv.a gl ten salt

is circulated in order to control the reaction tenperature. 10 In each case
a hot vapor 6&&3lysst iRFPUAtadMeltl YeRowade Possdilivhetdert PERACEEYERe The

react or Whi ¢GRI St A1 AMDVESHICNARO U 09 HAIES MARAUTSSO8! B

oxi des, oxygen, nitrogen, ot her 1nert’"gases, besides organic inpurities
such as for trhe aeiadtizvetritesaixe derfion akdd; hrtkdSaredonverd der,

hydrocapbon feedst ock. . recoverin lefic anhydride froms a
reacti on i ;2{*‘&#3 f—% '$ %&1"@%@ ?%h%btgl?ﬁoﬁ%b%%gi P 51%% rrap'rrod"usciunséaas'ti(r}gam
and then tooedelr it fatayherutsi ddotite 6O Dystool 1mits . ageiedonadaar tdimme

order to condense part of the_ 20 | efic anhydride, typically abqut 30%to
about 60% of*St ﬁi}% il sanhs‘lﬂ?r.det ?g@%""n&t +%n§i%ﬁ’é§£ocf4 Pﬂ@géi‘r eamis
then scrubbedadstbiat af .e SH URDkeY MhtEndBt LEc@Erdbi h @eRatROWs gallt | on
or slurry is described, for exanple, in US-A:2638481. Such scrubbjng

resul ts in PFéGEEHicTh Gt ¥ tiryrbefvanieéive pereowkde syrPaniad on
dehydr atzed, LStil e f 1t €; rgmye the
vater and réﬁ (r)n(ri%%’t'he T&ﬁ%yé(ljgr]i ?b‘%(gi‘?g‘?‘%a%‘\?{éﬁ?gg‘é@%f“%%@h&% l%)E(F)eocedure,
however, i s ttehgeratwreacde it ealpropot 25 00 b dimit pr&Rfdc ande mapme sismxtehe
vapour 30 ph I n _additi.o one of the acid is inevitab

€. eflLc | V..

i someri sed 'tc%sfrﬁr?g}i Oé'g’:tl &‘nﬁ%}%ﬁp?%dﬁ%?ugﬁ%a$$cbﬁﬁl d 'hé‘pr‘é HESs J'?atélt:tlboss of
val uabl e malogf iag ranhy Gitknandnap Wefibeutt 75011 ef0¥Elef oo $hey PBLIRSS
systemsince it tends _ B . i ) .

explosive limits. Alternatively it is possible, according to

30 more modern practice, to design the plant so that
satisfactory safe operation can be achieved, despite the fact
that the feed mixture of air and butenes is within the

flammable limits. In the case of p-butane as feedstock, the

AR
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2.? MAR 20U2 ., to formcrystalline nasses which give rise to process
probl ens. Because of this isonerisation problema variety of other
‘anhydrous scrubbing |iquids have been proposed. For exanple, dibutyl

pht hal at e has been proposed as scrubbing lic_ ruid in GB-A-727828

GB- A- 763339, and GB- A 768551. Use of dibutyl phthal ate cont&iln¥ify 2 to 10
wei ght % phthalic anhydride is suggested in US-A-4] 18403. US- A- 38| 8680
teaches use of a normally liquid intranolecular carboxylic acid anhydride,
10 such as a branched chain Cl~_|s-al kenyl substituted succinic anhydri de,
for absorptieataiysel eki eypabydiideaheamihhgeneastzenamusxtuee raxicking the
partial oxidation reactor._ Tricresyl phosphate has been proposed for this
purpose in FRARG155QRE 1BFhEERyHSEePEpAt REMREEAFYTSUGEeSEER REBRULhBSOIGE Y
1~ in JP- A 3gs 8408, ands e dul j - A 35- Lgh a
wei ght wax as scrubbing $o|v%%tg?éf?%§%%€ éﬁ %ggis%ﬁggggﬁka%glggngggﬂk 3
US- A- 2893924b@¥ oposEBesgitbbrhytanehvdipnenyrpiat metil bei dboutils@0of, arven
aromat i cshyd o I t Vi Dgs e L ght wee 5Q_and_a00
and a ?ODboif?ﬁgggo?%?gaﬁggebgig%ﬁg%gag?%n%£%§§ﬁ$§gag%ng he 8§/§5Fﬁ9“of
wat er in theofapprouerrfacrt sonhnpatrtuie]l évidekanpl eedcbénnyl bempeheesi s
suggested | - A 228 i f malefic. a ride fromthe
vapor ous pa?Y%%%f%éfdg |%ﬁ $§§g§€%ﬁg§1gYu?eS?%ngnggﬁgPBgnyéﬁﬁghgnEOlten
foll owed by slabtilsatiooulstddsini bederntd)SednB885D076Be reaction
Polynethylbe@éagggg QP%’ at least a portion of which contain at |east 3
nmet hyl groups; REhe" tsed as | i qui d absorbent for nalefic anhydride
accordi b to US- AA0ddEH Ocask ab kivbe phapotahe eeietsohaminguEe 18 C8 al kyl

groups and a total o 0 to 14'carbon atops jn both al ky] .30 groups are
proposed forr%&EXﬁfﬁ%o%r%W HBE eFEL LAY r?ﬁetF?oﬁ??ﬁEoFeé %FBngﬁWR 4F8Sin

US- A- 3891680na Yut @Sighy@Fide C¥apOaL | PRAELS REHOur! OEaBKEAPLR1EEBUt ¥hygen,
hexahydr opht hal ate, is suggested as absorption spfvent for malefic °
anhydri de i mitpogenprendoetier Zpargogasay, khesides/ 9u92Ripr bppyssties
absorption of,mmlefi g aphydride fro g us fLon-ihxtyrg in a

sol vent such %s d%%eti%lbenzogﬁén%ng%fﬁi%% %foﬁ%%ﬁgnyloiide, 5

hexahydidpht ¢reeness t edneydkepytbeubieedstedkmal ef i ¢ anhydrides ' having 12
to 16 carbon ato r j hal V] Jop_e l g, from2 to 8
carbon atons in g%%%qg?iy?fg%%%%Yggéﬁge@%g%?gyéﬁgygf?%eaﬁﬁ§@r? %ﬂig
stripped fraeddteicol nintute bbtedncaokridetonbebit adbjdrusingradsicéamn- 2
7 MAR 2002 4 |t.has al so been oposed to effect direct condensati op.Qf

mal ef i c anhf%??%&?*?%n??ﬁ%ﬁ?e%ﬁ%i ﬂeﬁ1§?u?%oixf?iﬁbrFﬁ%rpﬁ?t?g?usx?§a$iB¥
reactor. HoweysTind his PFoLetrLatsri DEfbiabentobesatsfsanpanaceeptnbl e
proportion of the malefic, anhydride remains in the vapour phase. The

mal ef i c2@nhyBRieie FRACF L4 covEreaat bY| 3APHE %%ﬁd%ﬁsé??%ﬁpép%b?fsEFﬁbbing

or absorpti ops A dishidl £hd Ofr£88nt henThe SuRieRrAeH 68 BHErege8aki 98 to
yield butane-1,4

then scrubbed with water.
Scrubbing with water or with an aqueous solution or

slurry is described, for example, in US-A-2638481. Such

[ ]
w

scrubbing results in production of a solution of maleic acid
which is then dehydrated, by distilling with xylene, for
example, so as to remove the water and re-form the anhydride.
A disadvantage of such a procedure, however, is that an
unacceptable proportion of the’produét remains in the vapour
30 phase. 1In addition, some of the maleic acid is inevitably
isomerised to fumaric acid. The byproduct fumaric acid
represents a loss of valuable maleic anhydride and is

difficult to recover from the process system since it tends



10 diol, together with variable anounts of y-butyrol actone and
tetrahydrofuran, as described in US-A-5347021 and EP-B-0373947. It would be
‘desirable to inprove the production of 15 butane-1,4,-diol, y-butyrol actone
and tetrahydrofuran, from nal efic anhydride by hydrogenat pgnmaRmogear ti cul ar
it would be desirable to reduce the capital cost of construction of such a
pl ant and also to reduce its running costs, thereby nmaki ng butane-1, 4-diol,
y-butyrol actone and tetrahydrofuran nore 7?9 readily available. It is
accordingly an object of the present invention to inprove the~production of
but ane- 1, 4, t@i gbrmy dayiat=0136¢{0 R s Lok AR Wiale fdPBBdafd C
anhydrlde Accordlng to the present invention there is provided a 25
process for PERELEMSducti on of at | east one Ca conmpound sel ected from

but ane- 1, 4- di ol , pk-Ruwr Qractare 1%'%@!1etr@.tsra%r1)6d1r gﬂgtﬁ.@m ‘M‘“v%hrl(f’l:@ S%ttlr'er
step of hydrogenatlon in the vapour phase of l'ef i ¢ anhydri int
presence of aahKHErerEgEFERY iREdldgaias @ﬁV@atb@Ie}stPrqmﬂS@d pr dease30Mple,
conpri ses t I % r I n lef i rj de
T O R i R R AT
boi i ng est 8B-As7283B¢8nt CBhér-a16y 388 . f ench §B-A2 75 8AR - 2072 &5 odoldittiuay 1of

mal efi ¢ anh i 0 ter e} ilin t.er havi ng
a boiling péﬂ%bgg?kgtkggtgegﬁggpp sggrg%whel %?S aghgggggiéﬁé%ﬁﬁ%ﬁé t*Han

t hat oz nul shiggeahbddind@Sand4haeisdg3sel Ust-ad 3Bnemsdi teGchies @ﬁemdﬁﬂ@

esters of alk box I|c crds contai nin Q 13 carbon , hono-
RO L b I LN ek Teap ot e N
aci d, aod nsutHres hhbteﬁbheﬁCbthnCCuﬁhkﬁﬂkeﬁ§ﬂe@&b@tltuted succ1n1c
napht hal enenopocgar hoxyl.ic a |ds 4 al esters of aromatic
tricarboxylﬁﬁgﬁéFage'aﬁﬁrdF F@fpfé°Pog€ m&ﬁﬁﬁF) n@&?&ﬁ 8o 5tEhal i ¢
acid; (b) rees¥eibAgmikelrehexabsagPthenpaehead wacaaetg@% SeaRra®r .(C)
contacting the solution of malefic anhydride in the hl%& boi l'i ng ester mnth

a gaseous sTresHEEEYHt EPHFR&aﬁ?dPééeﬁeﬁﬁepéﬁ’FoﬁédstfPFpt SePUEPRFRy difi &
therefr0n1aﬂdligsbganranléexﬁpgreueegﬁk g@gteoqgree sQ%@TQ%%“@NYé'&Hé?'C

anhydride; (d) contacting mateéri al vaporous Sfream of step (c)~
hydr ogddat i on J8nd-dAd8kORy&ndgdnbityd m@héaﬁﬁon@ WP B-3 Shdté0age Re duigh

nyar ogenat ! 8B1EBLILY Ll BRECRN! Q50 BRKELD I ShG AN LIBARY in Us-a-

hydrogenatlon one C,
but ane-"' CBdEODSSy bhuyeoUECAeaesaad4tptb@bﬁéso%umabblagdwaeh recovering
fromthe hy ion_zo rodu streanrcontalnlnﬁggeld a | east one

c4 conpound ﬂ§3§ BSPBﬁgﬁgPFégﬁrof §CePT (A BFARELSr SYEZISCEF PR 2~

i nvention i sopireher abkyngr adtieedchy apaivkiahtoyedaicetn 160 ankly dinac aird
feedstqock in the presence of a Earglal oxi dati on catal yst u5|gg gplecular
oxygen-otprEérF99|H°ﬁHE EBPIPOR44I . 2%he RGBPBEEFHER FE@H?tB &4 be

benzene, Ealﬁtxe@ Géte&e&hntagreagbreug E%a@?%%nphﬁkﬁhég|on¥'Q&kﬁ@ﬁ. The
use of 30 rl-butane as hydrocarbon Teedstock is currently preferred upon

t he groundsd@beogg&bsnneeeptlsssaggneapér1ne§aseo@285ﬁ§ﬁ -beAPepEpiion of

but enes. Hgf?%g %gﬁgEQQEES r iggg b§£§gbk% E%%%1aEGQQ5%%K1%%¢qeg%Elon

production 0O iC an y r
mixture in dimethylbenzophenone followed by distillation is

25 described in US-A-3850758. Polymethylbenzophenones, at least
a portion of which contain at least 3 methyl groups, can be
used as liquid absorbent for maleic anhydride according to
US-A-4071540. Dialkyl phthalate esters having C, to C, alkyl
groups and a total of 10 to 14'carboﬂ atoms in both alkyl

30 groups are proposed for absorption of maleic.anhydride from
the reaction mixture in US-A-3891680. An ester of a
cycloaliphatic acid, for example dibutyl hexahydrophthalate,

is suggested as absorption solvent for maleic anhydride in



6 containing vaporous streamof step (a) is nost preferably nbutane and the
catalyst is preferably vanadi um pentoxi de. Typical partial oxidation
conditions in this case include use of a tenperature of from 350C to' 4S0C
and a pressure of from1 bar to 3 bar, an air to n(_butang 7 skl from
15:1 to 50:1, e.g. about 20:1 and a partial oxidation catalyst conprising
vanadi um pent oxi de; the contact tine is Bgpically fromo.01 s to 0.5 s,
‘e.g. about 0.1 s. 10 Partial oxidation of.the hydrocarbon feedstock is
conveni entx-gepgdygped.in a reactor which conprises vertical tubes

surrounded by a %acket through which a nolten salt is _circulated in order
to control the WeaBrPbA29ddprarnees BhsarRigsuoismadgars pohydnédpafroml

oxi dation Yeac t . be' cqal external c ' Wi t iler
feed wat eréto é%%gsée;ggt e%%ﬁos%ﬁgﬁ?{soﬁﬁy f%rthggiggﬁgr na%luggol i‘?@

wi th cool iddmatedrylld antzopdranwre ) the ddngelaf r braotrp®Entyll 3:60de , I n
step (a) of the process of the inventjon the vaporous,20 mal efi¢c anhydri de
Stroa s heeatydheu EonfaEt B TRRGATHENHE GRS TR RRTCL TRAHRASS ur o
in the rangeyphgf 19MB0G e @a20n &S] a@fyafaeaﬁgﬁ btk 2h An g,

pressure of from 1 bar to 3 bar so as to forma solution conprising
mal ef i ¢ anfQXr e@mpd ey hef om h2 ghobd | ¢agbert etomPhdcomekt abgydarchsin.

bai |1 ng_ostursectypde Lot UFy FRAR MBS SR FR RERABHER BaRRER, slSeibe (e

vaporous sibgin &Lochhdecralent eaRydcliideg pdvduess can al so be enpl oyed
wherei n the ascendi ng vaporous 30 streamis contacted by a descendi ng
stream of high boiling ester in a gas-liquid contacting device,. such as a
packed scrubber tower or a scrubber tower provided with trays. In this step
the high boiling ester will typically be at a | ower 2 7 MAR 2002 7
tenperature than the vaporous streamso that the latter is cool ed.



In the resulting solution of malefic anhydride in the high boiling ester
the concentration of' maleic anhydride in the high boiling ester may range
‘from1o0 g/1 to 400 g/1. The high boiling ester has a boiling point at

at nospheric pressure that is at | east 30C higher, and preferably at |east .
60C to 70C hi gher, than that of mal efic anhydride. As exanp s of esters of

al kyl dicarboxylic acids containing up to 13 carbon atons f nMdhi2en a
suitabl e high boiling ester can be selected there can be nentioned
dimethyl, diethyl, di-n- or -iso-propyl, dfin-, -sec-, or iso-butyl esters

of suberic acid, azelaic acid, sebacic acid, undecanedi oic acid,
dodecanedi oi ¢ acid, and tridecanedi oic acid. The high boiling ester may
alternatively beﬁﬂﬂhaﬁ(ﬁﬂédOBééﬁnprodeedltbeﬁfEQtC&8rabkyb8n§§h§£§lBB

one of the dic ic_acids, i mal efi ¢ acid, fumaric acid,
and succini & a@? e1ﬁuﬁ$ﬁ&é%¥%% fraPebhe EﬁéﬁﬁFQ? BFX§HCH 8¥iEiRgj RRE ude

the esters aadciad! Wedddpseotesletbyed f16Q8ver, - dREY! pabeebate fauryl
al cohol ,_ nmyristyl al cohal,' cetyl alcohol, stearyl al cohol , and ei cosanol .

The hi gi¥ boitPiedd ettt RECANT2r Mat RURFGeBEaSReBFEROFESRN (€ EbeQnakekgl )

esters of naattya@l%ewt%ﬁwomltﬁeagagéursgaasas met hyl
napht hal ene=2- Car boxyl ate, fromtri MAR 2002 8 to C9 al kyl)

esters of aromat f&e Macke o xghydnidespredeatasespvasefyfollowing
b 1,2 | 1
enzene- <Snld H§§g¥§9’5¥ % %ugﬂlggtég a5909$ﬁ25ﬁ¥% eﬁi?éfl?&t%on

|sophthaI|c acid, such as di e I sopht hal ate boi
used in stepa@ayh@mnhﬁusuhj§Ctﬂﬁ¢moshgdnagenaanoneSQIYﬁﬂgdfb@namael 4-

hydrogg%ISt 18@'” d?éﬁhéé”th r&yégggl&hg&o QEOQ? g §g§99$i%%9n§?g%§§s of

adopted 1 n s ep’(a as streamrecovered 1n s

10 the |nvem&maahmmrdﬂnm&mﬁwnsedégcfihedf1nnUBaAeEB¢7aamydndde In step
(c) of the %rggg§§7§ .tﬁe i nvention, a gas stream conprising hydrogen is
passed t hrouagh™t tion of male.ic anhydride. The hydrogen stripping
step is preferably conducted 1~ sub'stantially at or at a pressure slightly
hi gher than the |nIet essure to the hydrogenation zone. The, hydrogen

stripping step i <54 fies &rable BnHEEF@HethﬁuBE?QH?Fh??yO@he

desiregg nl %htsa@nqr,@t,wﬁép t\moutéyflapgeeaﬁeoanaoest9&h§d£bftt£n bef Lyt hi s
tenperature, for 20 example from5C to 20C bel ow Iris tenperature. Then the

t enper at ur em@éﬁlsearrﬁtmct@ hhehyidsogenatapat t Epppratirelay Henveeld eoof
further hot shxdr.agen- GANLAIRIND GRS éﬁ%bf{? afagokhe, Edébﬁge%tpéﬁeéft éhl

di luting the vaporous ester-containi ream and thereby ensuring that
is at a 2~ meppenst @rel aiowe i¢ sre@uceoins, rpnefiegabbgtat theasedP Gudk fher

than its de gint.. The..h on. st .S_advan sL¥ din
t he vapour %%%SEQ Uglnétuxﬁ ‘gqﬁgé%e%hécﬁ§8?088%a?|%%ggﬁg + §£g$§p%%al
hydr ogeatat | @eagallyl wsiesiliaiwlaide pronoted 30 copper-based catalysts ~such as
a CQu/ zn/ My/ Cr catalyst of the type descri bed |@ J Crg. Chen1~,é$,.gag€s
177 to 18S., ThelCatd BacHinetés2prePdrabl §*habe BIFAFEF cIBVSPLE R T he
range of f &%5&Qve HEG et 1bn dBeputand-VAR, 28981, y-butyrolactone
and tetrahydrofuran from maleic anhydride.
According to the present invention there is provided a
25 process for the production of at least one C, compound
selected from butane-1,4-diol, y-butyrolactone and
tetrahydrofuran, which includes the step of hydrogenation in
the vapour phase of maleic anhydride in the presence of a
heterogeneous hydrogenation catalyst, which process
30 comprises:
(a) contacting a vaporous stream containing maleic anhydride

vapour, water vapour, and carbon oxides in an absorption zone

with a high boiling ester as solvent thereby to form a



9 particles may be of any conveni ent shape, e.g. spheres, pellets, rings or
,saddl.es. when using a fixed bed of catalyst the reactor can be a

shel | -and-tube reactor, which can be operated substantially isothernmally;
however, it is preferably an adiabatic reactor. The use of an adi abatic
reactor is advantageous since its capital cost is much | dweMARNZ00Q t hat of a
shel | -and-tube reactor and it is generally nuch easier to charge the
reactor with the chosen catal yst. Hydrogeration is conducted at an el evated
tenperature 10 pf, far _exanple, .,from 150C to 300C, nopre_usually froml 80C
to 280C, aﬁ%ll‘éttl%hp?gsgﬁﬁ«?lﬁf BT Ide bt £he 1089haPoipingerabey. f sabd 10

bar to 70 pigh ¥oUihbe eRE@ROGRAAIPL 2001 L AET Sol st ' SEOYELEpRe ic
hydr ogenati on product m xture which contains,”i'n addition to -
but ane- 1, RXRDIuUral ¥Bishnd st &t AfAHEtof ur an a3 G highet ahameshBvest i f t he

primary prduct i ast . ; - s di ok, esgen 3
t et rahydr of uranc gér']réhg%ﬁtla?olalgcat (?Jr%aﬁl%g %\%ﬁe%ﬁ&g{g vfa%?a(g{éoﬁcée‘ gz:%n?é ??‘Ié}éy
conpouhds exrer® ¢fpalkydt ddirarboadys iof aoidercenaaining isp acs a3 Cthon
econom c t oV, hem,isn spure, f | f stred, vbutyrol acton.e ¢an be
recycl ed La?)cc{r:ﬁsg, h@%?%ge%g%il 61% z(gﬁ%cggon%’r‘oﬁggé’llzdaf'ttiggﬁa fbﬁ‘ta;ﬁégl,a&} rol .
For furt hefundetiat | scidgasdicedniapauri dyhased hyitogesat tlverof of (a@icef g
anhydri de r.f erence_nay he nad 0.a _paper by GL. Castiglioni et al in
Erdol and FON STrHEEsOT PaPrSCRARE NI SRR W C EF eHibe FT Ufante, Bd.
48, Heft 4,5alRpili)l /déreddoSr carpagesclediterbbkylidendibe,head ag- (c,

W ssenschaft & Tig]abk (Science_&, Technol ogy). Subsequent' purification of

30 tht redf anfiwitde FHkfTR)cMat 1 8APBEBAREC ACiure can be carried out in
a manner af| 0%¢&ihgt fQ@&CEthQH%f&M%&a%&@%é@ eam;
WO- A- 88/ 0937, US-A-4767869, US- A4945173, "US A- 4019765, US- A- 5254758,

US- A- 5310934) antgspingotheVERrlzgderd @D MaloiBn. anhydridie ithdthe fdgh

i nvention ne y eLs d i1y i i - ct a plant
for the p%&cﬁqf‘goné%?é%uyggg- % %&%g&%% as'rstezav\%% cac'gs%%s%irrrgﬂ“ﬁ bmﬁ%fgée}ctone and
t et r ahydr cfhexahy us? ngtaipr wbéeied aphgehsisie rteoosfcamendvttd fidren @r esent

i nveniion wll now be described, b f ,exa e anl. w,t h, r.ef erence to
he: aE oA S SR R PERS e Hhol PR B TRt S SHET 11 g ¢ o
the draw ng) ndatittieringsuapbiredli Bl it kadbrud JURsGUSE Gedp qo)l to 3

bar and at, a tenperature of 400C to a partial oxidation plant, 2 which is
al so supplifed WMIFENFRLPRNECRe PRAETINYSEQBRTIN- Hrnditions with a

convent i ofgle AR hpgLudenariRal idA 1%‘%@aéﬂé¥éﬂfaéa orfPY i sing

tubes packed witth a partial oXidation cata 15 consi sting of vanadi um

pent oxi de medeked anhydridesbyr bydadedeniation jtacladt eawstuginamii.caonppued

sal t n he.circ for _purpase ;of {enper at ohtrol. The parti al

oxi datl on s(raeelaec toe;a ?Esrecgnﬁe&éféggat"énaélorl:'g-\}b&%ru;:ﬁ'eraqllege%o%aT iaé%of 20:1. A hot

vapor ous patidadlydrofiarann andduct streamis 20 cool ed by external cooling

agai nst bojler feed water go raji se steam and then agai nst %%q-ilciﬁnq-ﬁ water to
I

‘reduce it $SenFECARERY §EE. € QIS PA PTG RE Lr&p ~

This cont @it a4 r3RgV e T8l gti tea8bYdhicd®), acf¥owhy. water) 1.3% w w carbon
di oxi de, 1.0% w w carbon nonoxi de, 0.01% w w 2~ acetic acid, 0.01%w w

acrylic acid, They%waporonygehreandothstest afide afs S8 iRHASESER3T iBdieng

it i t s .f h 'y f : i
fovers afveichdn Ao b 8RR L pBalEiEd ol HR AT Bliadt R DN
sebacat e Wyidibdaxopptéedsvbck Lampheatgresaicalmiita @Etial oxidation

catalyst using molecular oxygen, typically in the form of

air. The hydrocarbon feedstock can be benzene, or a mixed C,
olefin stream, but is most preférably n-butane. The use of
30 n-butane as hydrocarbon feedstock is cu.rrently preferred upon
the grounds of cost since it is a cheaper feedstock than
benzene or butenes. Hence in the process of the invention

the feedstock used for production of the maleic anhydride



30 fromline 6. The scrubbed waste gas streamwhi ch contains 0.03%

w w~mal ei ¢ anhydride exits the top of scrubbing tower 5 in vent gas line 7
and is passed to a waste gas burner. Fromthe bottom of scrubbing tower 5
there is recovered 2 7 MAR 2002 n a liquid streamin ling_8 which
conprises a solution of approximately 15% w w mal efic anhygﬁiMéB 20021 %
acetic acid, and 0.04e ww acrylic acid in dinethyl sebacate. This is
supplied to near the top of a stripping colum 9 which is operated at a
tenperature of 180C and a pressure of 580 Ppsia (40 bar). Colum 9 has a

nunber of dfsi] .Lon b t he int _of _inj.ection of the |l efic
anhyri de so+§§#%%ﬁ§hgovb%?é%#%9%§%e§§ f@pfgﬁﬁbéaeaﬁﬁygygF &F €4S n-
sebacat e i nbhbeneventeatiescaealykromsc @refe X3b1Theanakitimobedfi ol i ¢ 10
anhydride ip dine h¥l sebacat e .fl ows down .,st.ri ppi.ng, cqQl um 9 agai_nst an
Ut 1 owi ng STYRIEDT PRTAFB4e A APGIPnE T FHRE SR it SH0d GRFE AFC1¥eEa e

is recycl edof r@ntéhpebatiied of skbhppi ng calsema Boby way @&obengng§ Lo the
top of scrubbing tower 5. Fromthe top of stripping colum 9 there energes
inlS !?neJEH¢%$%€§r°§aF6PQted vapéuPaﬁi£$Mre st r 8aRPEonpRi 3iigteabefic
anhydri de iy, fyds 0ggR1 oWokN £30RY dr 0genyEaheig anhydrs@elr,mhag rgb'o%cof
about, 400:'1. This vapour m xture streamis at a tenperature f from about
180C t o abof:Roaxcafdrartiapr exédrtion gbsailys0 bamprising wiehatédmii th 20
further hot 2988.fLam LLAE : : 0 om abou 0 (o]
about 22m3%%?€§e?§ a vaporgﬂsaégrg%ﬁ?wéggﬂgﬁﬁ$%?g§eﬁfégleic anhyé?igéEO
mol ar ratio of ab®ub #50elgandbpstab.least about 5C above its dew. point.

Thi s vaporous m a avards Lp _line 13 to 2~_hydropgepation pl ant
14 wni 81 net uacieRhEaE RERRE AL 08 e bR Bt e RoR £aFREPORRet catal vt
(e. 9. a prarmtredienpber coatiakysdl) iand apecabedwhtichnconbeiseenperatigag of
'180C, an inI%% $ressure gf 565 psi,a (39 bs%),, ang,aﬁ exit tenperﬁtune of
200C. The rdt¥FT cSEhATHR 88 P¥ed Jaf&etof _9B8Hd¥ 6 aaSGO}FﬁH!ﬁa Sui-Fy
space vel 0Gidyewiafed In' oxrdBe pbasbneksd the! yaaétaoaueb&ffaéaateee$ectrhean
in which the crude hydrogenation groduct.nlxtune is distilTed in several
stages to WaRAPF eShreaRefyom- ghe| PREtERAcOXEdatinasYREBELQEpERAL Eheny 7
MAR 20 1 2 I e a e r { adi d
M 16 Gd TP roopeed Bt YrOHHER GPbRRRan S chbbRTKL PLuntRatLe L8 aTsel,
means of |iskears, whntepaspibyy slseabyofurhbereexterdaiotoehingt wvdtim can be

taken in~linpne T, | hy| S S t ga repl aced by,
for exanplégxﬁéﬁﬁ§lwﬁggkgﬁéléngé§$%%$g§§§lgge?ﬁfr?%ésﬁy?g Er88

benzene- 1, & riacar boxyl ad@®®r di net hyl isophthalate. Alternatively the

di met hyl sebacate can be,repl aced as _hi gh boili ester by a di-(Clato de
2l Kyl ) et cat e, FraFSPolmbrof 0t Bt BF AERE S0P tat Al BRGEOP abhEy v HBPEOS
thereofy opidxukat | ynhpdadabxseream L8 phereeabesPendt8gcBNRithChRet BiGHS
al kyl') maleate, fumarate, or succinate or a mxture of two_or nore thereof,

and/ or wi t PAHelnpreespndfng FewReEBFHYEr 1R khar E2Bgea€F dBYOR. e, mal efic
acid, fumarggragdgl, and/ ofg§UeCiglidrerably from 80°C to

120°C, and at a pressure of from. 1 bar to 3 bar

so as to form a solution comprising maleic anhydride in the

L8]
W

high boiling ester. The contacting can be carried out by
bubbling the vaporous stream through a body of the high
boiling ester. Alternatively the high boiling ester can be
sprayed into the vaporous stream. Countercurrent contacting
devices can also be employed Qherein the éscending vaporous
30 stream is contacted by a descending stream of high boiling
ester in a gas-liquid contacting device, such as a packed
scrubber tower or a scrubber tower provided with trays. In

this step the high boiling ester will typically be at a lower



15 acid. Typically the high boiling ester in such a case conprises
predom nantly the diester or diester mxture, with no nore than a m nor
anount, typically | ess~than about 5 nolar % each, of the c?rres ondi ng
nonoest er or nonoester m xture and/ or of the correspondi r?g aWiRd?@? m xture
of acids. 20 As an exanple of such a high boiling ester there can be
mentioned dilauryl mal eate, which may contain up to about 10 nol ar % of

di lauryl succinate as well as m nor anmount®, preferably |ess than about 5
nol ar % each, nore preferably | ess than about 1 nolar 4 each, and even nore
pref er abl y temperstyhanthdputhe. 28poricars Mteacin sof tdwe awhemimetel disl auryl
fumar at e, q! ryl mal eate, nonol auryl fumarate, and nonol auryl

succinate. Tn addition, the recycle streamin line 6 can contain a m nor
amount, typical |5n|tEss tésunlabngt sbQurdlecar b eadleicaahhgderddeoia phef erably

| ess than ahoyt .5 30, mol ar,_% each, of mal efic anhydride, malefic acid)
fumaric aci,égﬂgﬁéﬁaﬁ%c%fﬁFE ﬁngponcfnfqﬁﬁQOQOGf T@qEEﬁlﬁﬂgyf?lﬂepﬁﬁcess
for the predictiigh Boblihgasktepensd camRRUIFdcRe! ect ed 1i000&/1 to

but ane- 1, 4-di ol ,,.Y-butyrol actone and tetrahydrofuran, which includes the
step of hyﬁ%%béﬁ%&ion in the vapour phase of malefic anhydride in the

presence of a hefipf qoRReoNSi DYHH088RaL AR.CA BoYIingBbGRLPEECESS ,
conprises: (a) contacting a vaporous stream containing nalefic anhydride

vapour, WatdTARRIRRLC e earbentbRFdés A dfagbsor pti 0A0Z6nBigdoewi tand
hi gh boi | i ng-8558mB5 é@!}’é@étt her eby gipef epm a sol ‘7'&"@”11%%%1{@,' ev.f,lﬁeﬁ} Lhat

anhydride i'n the hidgh boiling organic solvent, said high I'ng es
havi ng a beifl mad giist rankydaidesphdsi expmpdsisr efwesthriss odt alkmdt 30C hi gher

t han that of, ' Ede_an L0 | ect fr i -(C~ to 15 al kyl)
esters of %ﬁéﬁyéﬁﬁiﬁfﬁxgﬁg%ga%?%gaggﬁ i%’nggugqtSa%gbga?ggﬁsa?gﬂg, nono-
and di - (Cwailch @ eswltabb)e asighsbol linbekisteacicdn banaellecaeddthsneceanc
ac-id, and,m xtures thereof ~ tQ,C4, alkyl), esters of .

napht hal enBfoMSEITREER i “&%T-%%C}' ta?‘(aéf}ytllo E$-Brk§F) ~&SRPETOBY L ar GiekT ¢
tricarboxyl-igecaGi dss - ¢l -éSket 64 aukgk)lcestess akelsophibalc acid;
(b) recovering fromthe absorption zone a waste gas stream (¢) contacting

the sol uti 6/P8CRIEFET HMMRFIRRALALIEhBCRPghIRERFAREILSLEr 2GR 8N aRGaseous

stream cont-gd; iR Airouendgreby to strip malefic anhydride therefrom and
to forma 25 vaporous stream conprising hydrogen and nal efi c anhydride; (d)

contacting nat ermhdl hdfgH heo Meed ogst akr mam aflcerapticeliynba bybleogedati on .
zone under hydrogenation conditions wth qf het er ogeneous hydr ggenati on
cat al yst t AEPELIANR ¢ FRFerd: nifwef FO gmhﬁﬁ?ﬂg_ kﬁﬁqﬁﬁﬁgéﬁer?é’tq ttg’% g:l‘ | east
one C4 conpawid 34 SeiRehad d rom fut aneel, dadie9k, a¥ibyt ¥uehatt 0A€iaNdand

tetrahydrofuran; and (e) recovering fromthe hydrogenati on zone a product
st ream conssicsind sacict andorivheres tbepeedd. Examplparofospchqestens

process aci%@*d&%téﬁéﬂéggggé éﬂdmﬁk§guggg %%Qggggsderived from pn-decyl
alcohol, lauryl alcohol, myrié&yl alcohol,” cetyl alcohol,
stearyl alcohol, and eicosanol.
The high boiling ester ﬁay alternat;vely be selected
from (C, to C, alkyl) esters of naphthalenemonocarboxylic

acids, such as methyl naphthalene-2-carboxylate, from tri-(C,



stream of step (a) is produced by partial oxidation of a hydrocarbon
feedstock in the presence of a partial oxidation catalyst using nol ecul ar

oxygen. 3. A process according to claim2, in which the hydro
feedstock is a-butane. ~4. A process accordlng to claim 3, ﬁfzhﬁﬁﬂZWme

partial oxidation catalyst conprises vanadi um pentoxi de and in which the
partial oxidation conditions include use of a tenperature 10 of from 350C
to ab0C, a pressure of from1l bar to 3-barg an air to g-butane ratio of
from15:1 to 50:1 and a'contact tinme of from0.01 s to 0.5 s. 5. A process

according tecaRy QMRy?H ekakps éftﬁrémakﬁcl§rWE ngk%likeacg%k t@%c%?%PrOUS

mal efi ¢ anhydride streamis contacted wth t I'i ng sol’vent at
t enper at ur e tFAMeREYHa kR g 1lom @Oﬂltﬂeﬁémmf\elrﬁstat or piews e 63, ftloom..,

bar to 3 bag;g lqsééggfgwgfafggégdﬁgh lélqugfalmé? ) ﬂ%lde in the

hi gh boiling eSter. . A process accor Ing to ich the
contacting ssephtbad@MM ed out in a countercurrent contacting devi ce

wher _ei n5t h_e~asceq,g1|t ng;\ | %roqlﬁ_q# 11 SHLe! tle}_lcts aeer{n %ag) descendl nrgcr]gytéreggm

of high“boiling é a gas conta ti'nd

accordi ng t coapyiees afatddials rbﬁt.d.tﬁl,ng Erdn athe h@&uqﬁhrbcsdmrm:ﬁﬁ &fcd$ a
nmet hyl estér,. ,8. A process according to claim?7, in which the high boiling
ester is dléﬁghyl sebacate. 9. .A process according to any one of clains 1

to 8, in 30 whi clprichd daiqyh Hae |ap’1:g-d§&:’£1€&télsc&didlrt§drf§3 {7 a(mfﬁ)iédie.ﬁm st:
b otese. acodPdi ni o SRy S TACHYRECE (1 Gram (B2 OF WS J00Eass OF
10 the invention can be essentially free from maleic anhydride.

In step (c) of the process of the invention, a gas
stream comprising hydrogén is passed through the solution of
maleic anhydride.

The hydrogen stripping step is preferably conducted
substantially at or at a pressure slightly higher than the
inlet pressure to the hydrogenation zone. The hydrogen
stripping step is similarly preferably conducted at
substantially the desired inlet temperature to the
hydrogenation zone or a little below this temperature, for
20 example from 5°C to 20°C below this temperature.

Then the temperature can be raised to the desired inlet

temperature.by admixture of further hot hydrogen-containing

gas which has the additional benefit of diluting the vaporous

ester-containing stream and thereby ensuring that it is at a

N
i

temperature above its dew point, preferably at least
5°C higher than its dew point.

The hydrogenation step is advantageously conducted in
the vapour phase, using a heterogeneous hydrogenation
catalyst. Typical hydrogenatibn éatalysts'include promoted
30 copper-based catalysts, such as a Cu/Zn/Mg/Cr catalyst of the
type described in J. QOrg. Cheﬁ 150, pages 177 to 185.,

The catalyst particles preferably have a particle size

in the range of from 0.5 mm to S mm. The



whi ch the hydrogen stripping step is conducted at substantially the inlet
pressure to the hydrogenation zone. |l. A process according to any one of
claims 1 to 10, in which the hydrogen stripping step is conducted at a
tenperature in the range of fromthe inlet tenperature to the hydgsRenati on
zone to 20C below the inlet tenperature ' to the hydrogenation zone. 12. A
process according to any one of clains 1 to 11, in which the hydrogenation
step is conducted in the vapour phase 10 uging a pronoted copper catal yst
at a tenperature of from|50C to 300C and at a pressure of from5 bar to

100 bar. 13 _..A 4 r gj 0 f_clains_1 to in which
there is re?oavfgtrledp%regﬁafﬁ%ghgfdp%ng%n% | o%lqg%ﬁée) E) a.[éé hy%'r%geﬁé ?Eﬁsproduct
m xt ure whi gleld@ttsi nsings addsdadabes o biubhemeudirg di of ixed slbed of

t et rahydrof uran -and Y-,butyrolactone. ,14. A process.according to clajm 13,
in which th&hydr osg-'en% %joé{ne?)?%%c‘farﬁﬁ R% @ esﬁggfbﬁﬁl% bfle%‘FE?’fl I‘gff‘?'ﬁ'ﬁ in
one or nor e cetrages, opercd et ngniostsdnt 1 a1 1wni sotleertha hy ; emslgeved, cotupy to
separate overgﬁgd-t e volaa%%qsco onents of the m xtur inclgding ,

t et r ahydr of &t N-FUEMFCEES ZEPFoeess SN iyt (I cFarAPdaicin

whi ch the betdaesopriadusdvinoigddies "$ighé ndséasptammedst f us thesn pusit ed
by distillation in one or nmore stages to yield pure butane-1,4 diol.
AL A AS | ASRR A(U‘%Fr P Ahed 7BE: ke fpagn aRd Ak iF generally

*TORU ) ) Indors ok 4 oad el ode aliea] sed spd £a) pal ol adissd s ad ged ppd cal cal
ca] cal] ca] ca] ca] ca] c<a] ca] ca] cal] ca] caU] ca] calU] ca] cTal ) **+M++, , , -k/™ 0/ 0101
1222222,3a3d5q5sgﬂ6%m2genatlon is conducted at an elevated temperature

; 2<?<Apyt Ojsr X $ N
cal ca] ?gcgj]ogé][ \Cﬂé%zggé]%ga ca'fgda%fgll]cgg]cgéaf?aﬁi[cg} g]cﬁs&ﬂégé} ‘Q]n ’9%] \I\eL(J: % ]

R RRi YvYyYYErombe>cd~yk ) € [0F | ca] ca]28 ‘€a] calc altc & pajesaies of] dajam] cal ¢
AL Dk 119~ DAL o) o [V] ] GAT 8] oo AT Ca] CA] €51 o ca) cal CarEel Sal
a] ca] c] ca] ca] ca] cé?]Q:d:]ac:aJ cal ca] ca] ca] caUl ca] ca] ca] ca] ca]ca]cakg >!'!"|
a0 ()- 011 908 O QUi SO (120, L A0 ) B
15 hydrogenation product mixture which contains, in addition to
butane-1,4-diol, also some tetrahydrofuran and y-
butyrolactone. Even if the primary product of interest is
butane-1,4-diocl, the presence of tetrahydrofuran and vy-
butyrolactone is not disadvantageous since these compounds
20 are important chemicals of tommerce and it is accordingly
economic to recover them in pure form. If desired, vy-
butyrolactone can be recycled to the hydrogenation zone to
produce additional butane-1,4-diol.

For further details regarding vapour phase hydrogenation

N
w

of maleic anhydride reference may be made to a paper by G.L.
Castiglioni et al in Erddl und Kohle - Erdgas - Petrochemie
vereinigt mit Brennstoff-Chemie, Bd. 48, Heft 4/S5, April/May
1995 at pages 174 to 178 under the hgading Wissenschaft &
Technik (Science & Technology). Subsequent purification of
30 the resultant crude hydrogenation product mixture can be
carried out in a manner analoéous to that described in US-A-
4584419, WO-A-86/03189, WO-A-88/0937, US;A-4767869, US-A-
4945173, US-A-4919765, US-A-5254758, US-A-5310954, and WO-A-
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In order that the invention may be clearly understood
and readily carried into effect a plant for the production of
butane-1,4-diol, as well as some y-butyrolactone and

tetrahydrofuran, using a preferred process in accordance with

the present invention will now be described, by way of

example only, with reference to the accompanying drawing
which is a flow diagram of the plant.

Referring to the drawing, n-butane is supplied in line 1
at a pressure of from 1 to 3 bar and at a temperature of
400°C to a partial oxidation plant 2 which is also supplied
with air in line 3. Partial oxidation plant 2 is of
conventional design and includes a partial oxidation reactor
comprising tubes packed with a partial oxidation catalyst
consisting of vanadium pentoxide packed into tubes provided
with a jacket through which molten salt can be circulated for
the purpose of temperature control. The partial oxidation
reactor is operated at an air:p-butane feed ratio of 20:1.

A hot vaporous partial oxidation product stream is
cooled by external cooling against boiler feed water to raise
steam and then against cooling water to reduce its
temperature'to 138°C. It is recovered from plant 2 in line
4.- This contains 2.9% w/w maleic anhydride, 5.8% w/w water,
1.3% w/w carbon dioxide, 1.0% w/w carbon monoxide, 0.01% w/w
acetic acid, 0.01% w/w acrylic acid, 15.7% w/w oxygen, and
the balance essentially comprising nitrogen and other inert
gases. It is fed to the bottom of a.sérubbing tower S5, up
which it passes against a downflowing spray of dimethyl
sebacate which is supplied at a temperature of about 68°C
from line 6. The scrubbed waste gas stream ‘which contains

0.03% w/w maleic anhydride exits the top of scrubbing tower 35

in vent gas line 7 and is passed to a waste gas burner.

From the bottom of scrubbing tower 5 there is recovered
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approximately 15% w/w maleic anhydride, 0.1% acetic acid, and
0.04% w/w acrylic acid in dimethyl sebacate. This is

supplied to near the top of a stripping column 9 which is

w

operated at a temperature of 180°C and a pressure of 580 psia
(40 bar). Column 9 has a number of distillation trays above
-the point of injection of the maleic anhyride solution into
column 9 so as to reduce carryover of dimethyl sebacate in
the overhead stream from column 9. The solution of maleic
10 anhydride in dimethyl sebacate flows down stripping column 9
against an upflowing stream of hydrogen from line 10. The
stripped dimethyl sebacate is recycled from the bottom of
stripping column 9 by way of line 6 to the top of scrubbing
tower 5. From the top of stripping column 9 there emerges in
15 line 11 a near saturated vapour mixture stream comprising
maleic anhydride in hydrogen, with a hydrogen:maleic
anhydride molar ratio of about 400:1. This vapour mixture
stream is at a temperature of from about 180°C to about 200°C
and at a pressure of about 40 bar. It is diluted with
20 further hot hydrogen from line 12 at a temperature of from
about 180°C to about 220°C to yield a vaporous stream with a
hydrogen:maieic anhydride molar ratio of about 450:1 and is
at least about 5°C above its dew .point.

This vaporous mixture passes onwards in line 13 to

N
w

hydrogenation plant 14 which includes an adiabatic reactor
packed with a copper based catalyst (e.g. a promoted copper
catalyst) and operated at an inlet temperature of 180°C, an
inlet pressure of 565 psia (39 bar), and an exit temperature
of 200°C. The maleic anhydridé feed rate éorresponds to a
30 liquid hourly space velocity of 0.1 h'*. The plant also
includes a purification section in which the crude
hydrogenation product mixture is distilled in several stages

to yield pure butane-1,4-diol in line 15. Lines for separate
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recycled solvent stream can be taken in-line 19.

5 The dimethyl sebacate used as solvent can be replaced
by, for example, methyl naphthalene-2-carboxylate, trimethyl
‘benzene- 1,2,4-tricarboxylate or dimethyl isophthalate.
Alternatively the dimethyl sebacate can be replaced as high
boiling ester by a di-(C,, to C,; alkyl) maleate, fumarate, or

10 succinate or a mixture of two or more thereof, optionally in

admixture with the corresponding mono-(C,, to C,, alkyl)
maleate, fumarate, or succinate or a mixture of two or more
thereof, and/or with the corresponding free acid or mixture
of acids, i.e. maleic acid, fumaric acid, and/or succinic

15 acid. Typically the high boiling ester in such a case

comprises predominantly the diester or diester mixture, with
no more than a minor amount, typically less:than about 5
molar % each, of the corresponaing monoester or monoester
mixture and/or of the corresponding acid or mixture of acids.

20 As an example of such a high boiling ester there can be

mentioned dilauryl maleate, which may contain up to about 10
molar % of dilauryl succinate as well as minor amounts,
preferably less than about 5 molar % each, more preferably
less than about 1 molar % each, and even more preferably less

25 than about 0.25 molar % each, of one or more of dilauryl

fumarate, monolauryl maleate, monolauryl fumarate, and
monolauryl succinate. In addition, the recycle stream in
line 6 can contain a minor amount, typically less than about
10 molar % each, and even more prefefably less than about 5
30 molar % each, of maleic anhydride, maleic acid, fumaric acid,

and/or succinic acid.
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5 the vapour phase of maleic anhydride in the presence of a
heterogeneous hydrogenation catalyst, which process
“comprises:
(a) contacting a vaporous stream containing maleic anhydride
vapour, water vapour, and carbon oxides in an absorption zone
10 with a high boiling ester as solvent thereby to form a
solution of maleic anhydride in the high boiling organic
solvent, said high boiling ester having a boiling point at
atmospheric pressure which is at least 30°C higher than
that of maleic anhydride and being selected from di-(C, to C,
15 alkyl) esterxrs of alkyl dicafboxylic acids containing up to 13
carbon atoms, mono- and di-(C,, to C;, alkyl) esters of maleic
acid, fumaric acid, succinic acid, and wmixtures thereof, (C,
to C, alkyl) esters of naphthaienemonocarboxylic acids, tri-
(C, to C, alkyl) esters of aromatic tricarboxylic acids, and
20 di-(C, to C, alkyl) esters of isophthalic acid;
(b) recovering from the absorption zone a waste gas stream;
(c) contacting the solution of maleic anhydride in the high
boiling ester with a gaseous sﬁream containing hydrogen
thereby to strip maleic anhydride therefrom and to form a
25 vaporous stream comprising hydrogen and maleic anhydride;
(d) contacting material of the vaporous stream of step (c)
in a hydrogenation zone under hydrogenation conditions with
of a heterogeneous hydrogenation catalyst thereby to convert
male;c anhydride by hydrogenation to.at least one C, compound
30 selected from butane-1,4-diol, y-butyrolactone and
tetrahydrofuran; and '
(e) recovering from the hydrogenation zone a product stream

containing said at least one C, compound.
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2. A process according to claim 1, in which the vaporous
stream of step (a) is produced by partial oxidation of a
hydrocarbon feedstock in the presence of a partial oxidation
catalyst using molecular oxygen.

3. A process according to claim 2, in which the hydrocarbon

feedstock is p-butane.

[es

4. A process according to claim 3, in which the partial
oxidation catalyst comprises vanadium pentoxide and in which

the partial oxidation conditions include use of a temperature

of from 350°C to 450°C, a pressure of from 1

bar to 3 bar, an air to p-butane ratio of from

15:1 to 50:1 and a contact time of from 0.01 s to
0.5 s.

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

which in step (a) the vaporous maleic anhydride stream is
contacted with the high boiling solvent at a temperature in
the range of from 60°C to 160°C and at a pressure
of from 1 bar to 3 bar so as to form a solution
comprising maleic anhydride in the high boiling ester.

6. A process according to - claim 5, in which the contacting
step is carried out in a countercurrent contacting device
wherein the ascending vaporous stream is contacted by a
descending stream of high boiling ester in a gas-liquid
contacting device.

7. A process according to any one of claims 1 to 6, in
which the high boiling ester is a methyl ester. ‘

8. A process according to claim 7, in which the high
boiling ester is dimethyl sebacate.

9. A process according to any one 6f claims 1 to 8, in
which the high boiling ester used in step (a) comprises
recyéled material resulting from the hydrogen stripping step
(c).

10. A process according to any one of claims 1 to 9, in
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which the hydrogen stripping step is conducted at a

W

temperature in the range of from the inlet temperature to the
hydrogenation zone to 20°C below the inlet temperature
to the hydrogenation zone.
12. A process according to any one of claims 1 to 11, in
which the hydrogenation step is conducted in the wvapour phase
10 using a promoted copper catalyst at a temperature of from
150°C to 300°C and at a pressure of from 5
bar to 100 bar.
13. A process according to any one of claims 1 to 12, in
which there is recovered from the hydrogenation zone a
15 hydrogenation product mixture which contains, in addition to
butane-1,4-diol, also tetrahydrofuran and y-butyrolactone.
14. A process according to claim 13, in which the
hydrogenation product mixture is purified by distillation in
one or more stages, including distillation in a "light ends®
20 column to separate overhead-the volatile components of the
mixture including tetrahydrofuran, and p-butanol.
15. A process according to claim 14, irn which the bottoms
product from the "light ends" colgmn is further purified by
distillation in one or more stages to yield pure butane-1,4-
diol.
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