| \7@’;9/ 25675 30000368;0‘13 GB98/0

PROCESS FOR THR(PREPARATI OWGBED BEUARETUAL PRO 'g £ AND
TETRAHYDROFU- RAN This i No&h |on reIE(’ﬂs i on of
 but ane- INVERNATIONAR; ARPLIGATION B JSHg INDER THE PA Mlogucti oy (PCT)

- BUt aN8p fnctaatibral PatehQEBLRGHon'S!: L h var | RDI € (ﬁmu%ﬁonafmyncaﬁon ﬁummlt yr ol aniPn9/25675 |/
- and et r&:?%c&rﬁﬁg g& g@o¢ggﬁ§§ducedAQ ydr ogenol ysis of naleic \/
anhy(dri ,2 y ane- (4311:14mdnﬁ|h1 Hublicgtion Ratb:eeds t YMay 1999 (27 0H59)

-~ I

© pl aspH-es—aeustry- at-tcttad for—tte—productTomof—potybutytrene
Y P y P P

-t er e Riddradisnal AfplidaBonMNuiBertSed FET/GRDE/03 ‘;!r(stmhmaﬁm Btates: taleAM, ATDAUDYZ)BALHE, BG, BR,
- of ytbutyrol actone and of the inportant

30l verBY, CA, CH, CN; @}, €3 FI, GB, GD
© Mal ef @ SvpatenalifilivgDatesr g? N‘}”@‘b’@%@’d‘ﬁ%{/ vapmﬁg ﬁ HR, HUL,EPQ"? E@%
hydrpcar bon feedst ock, such as benzene, m xe MW, MX, gz,]'rg}, RO6, RUSSD, SF, SG, SI, SK,
~ n-bufy ~o,itylp,;.$1g4presence of a parti al osu, ui!atI‘MomRCHt Hh ﬁts, Us, Uﬁ. ey, Zw,

 part} all) omizaias.4 Blwabee 1997 (1411970 6B ﬂtcawa , UG, ZW),
~ vanagi um pent oxi de cat al ysg pronot e ( 'r R
- pr OWD(tYﬁ]A@)hc;Ebﬁor all deStgna;e:?%leaQ:&t USIROABIERY | S fd}lﬂ X @Aahﬁ t(BF

- 455[ prr ROCESS TECANCLDGY ILRATED [HB/GH);E20 Vaskt-€¢ | S fmom?,aboqt, CM. ba,rGN.&VaMuMRBNE SN,
~ bar, 20 bough Mércelpodon W2 6LE (@83 t he t heor qti calT™a@Bunt of air is used in
j orde'(ﬂ)q star;/ olyt5| de the @xpl osive limtls. The contact tine i s about

0.1 s(qs,;mem cab6 55 s O TURKOMIaA Otk PR efin  feedstock, i.e. a
- m xef but n/dB]: csckxggntdkle Rodd N Eonfad r $Wl Withgmérekdignaloverdb adpert. y st may be
- vanafi um B/GBBS Wa&IJL ina. Typical reaction conditions-

- incl Jde Bgcha, ?;;Mgd "f{k Pom about 425[err]C to about
- 485] =rr] hddl Bo®S i nghamshlreHP Hf(Gﬁ) bout}]PD) bar to about 2.05 bar.

. The /ggtige ratio of air to bute eg e a\qmu gég%ﬁ r_,r gjer to
st ay | gl natl £ stib accordi ng
“to |30 °8H%ﬁ@% l¥°ﬁ3m'l‘°’fd°" e@%ﬁrt he \%I a so t hat

Inve,

IPC = Co7C 29 émq
\IPER 14/ 6 /9
(54) Title: PROCESS FOR THE PREPARATION OF BUTANE-1,4-DIOL, GAMMA-BUTYROLACTONE AND TETRAHYDROFU-

RAN \/

12

|- 18

(57) Abstract

A process is described for the production of butane~1,4-diol, y—butyrolactone and/or tetrahydrofuran. A vaporous stream containing
maleic anhydnde water, and carbon oxides is contacted in an absorption zone with a high boiling ester as solvent to form a solution of maleic
anhydride in the high boiling ester which has a boiling point at the atmospheric pressure at least about 30 °C higher than that of maleic
anhydride and is selected from di—(C; to C4 alkyl) esters of alkyl dicarboxylic acids containing up to 13 carbon atoms, mono— and di—(Cio
to Cyg alkyl) esters of maleic acid, fumaric acid, succinic acid, and mixtures thereof, (C; to Cs alkyl) esters of naphthalene~monocarboxylic
acids, tri-(C: to Ca alkyl) esters of aromatic tricarboxylic acids, and di—(C; to Cs alkyl) esters of isophthalic acid. The maleic anhydride -
in the solution is strlpped with a gaseous stream containing hydrogen thereby forming a vaporous stream comprising hydrogen and maleic
anhydride, which is contacted in a hydrogenation zone with a heterogeneous hydrogenation catalyst to convert maleic anhydride to at least
one C4 compound selected from butane—1,4-diol, 1—butyrolactone and tetrahydrofuran.
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Satlsfactory safe operation can be achieved, despite the fact

the feed mwowessisair and butenes is within the il anﬁﬁy@”’?w'f s.
In the case of n-butane as feedstock, the

2 catalyst is typically vanadi um pentoxi de and the reaction
conditions include use of a tenperature of from about 350[err]C to
about 450[err]C and a pressure of fromabout 1 bar to about 3 bar .

‘ The air:n-butane volune ratio may be about 2011, even 5 tho h thls m§¥1P
. wi'thi n t PROGES;RORFHEPREPARATION OR BETANEs}47IOL, GM@FMBEE‘E%
- oxi dat i oR®¥eact i ons conprlses vertical tubes surrounded by a Jacket

E through which a nolt % 1qf§ﬁé1$3 f I&Pé ted dfe fﬁguééaggngitguggﬁg 1,4~

reaction t enper a n eac case a vaporous reaction
mxture is dirsloy ey ashifyoml 4 dieowsi and noeofaliydroBactor  whi ch conprlses

? mal ei ¢ anhydri de vapour e r.bon Ox1 des en

- and ot her inert gasg@utéﬂéfiié %+§gh|% $%5 ?¥t|es ar%épﬁ% am?%ﬁ%%c ac

. acetic acids a%wdyﬁomwbn@mhd&emwﬂsfmﬂnycbmensebqsrcscamlmaqk

© One way of recovering mal eic anhydrjde from suc reaction ure is
- to cool it to °‘5!Le:ffff]e‘f'?}%?£ @%"%t%%wgrlgepro%dﬁ?%rs‘ﬁ%a# Q‘h‘bt?rﬁ%"
- to cool it furthef-dQ-Bboytad0] eféddstyck fofOohé NELddt PO Nduydte, |

order to condense part_of the 20 mal eic anhydride, typically about 30@6to

_ about 60% of tHRATrticykarly EemyERe TP ThPLRIREERISf the stream
Is- then scrybhedhmifhv@ierye is also w¥EADR Nth WAdeMAd@Iatd #bd NeRa

? aqueous sol ution or slurry is described, for exanple, in US-A-2638481.
. Such 25 st ublpredvesicn sof Y Pewelviee 1 artone ;2R | f | e oFIpRIF kARt arHvent,
' ; tetrahydrofuran.

Maleic anhydride is normally produced by vapour phase
oxidation of a hydrocarbon feedstock, such as benzene, mixed
C, olefins, or n-butane, in the presence of a partial
oxidation catalyst. In the partial oxidation of benzene
there is typically used a supported vanadium pentoxide
catalyst promoted with MoO, and possibly other promoters. The
reaction temperature is from about 400°C to about 455°C and
the reaction pressure is from about 1 bar to about 3 bar,

20 while about 4 times the theoretical amount of air is used in
order to stay outside the explosive limits. The contact time
is about 0.1 s. When the feedstock is a mixed C; olefin
feedstock, i.e. a mixed butenes feedstock, then the partial

oxidation catalyst may be vanadium pentoxide supported on
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alumina. Typical reaction conditions include use of a
temperature of from about 425°C to about 485°C and a pressure
.of from about 1.70 bar to about 2.05 bar. The volume ratio
of air to butenes may be about 75:1 in order to stay below
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 n-butane as feedstock, the



+.
~

which is then dehydrated, by distilling with xylene, for exanpl e, so as T

to renove woassgrsr and r-e-formthe anhydri de. A di sadvecwaBes/3es7isuch a
procedure, however, is that an unaccept abl e proportion of the ‘product
remai ns in the vapour 30 phase. In addition, sone of the maleic acid is

I nevi tably I somerised to fumaric acid. The byproduct fumaric acid
represents a | oss of valuable naleic anhydride and is difficult to
recover fromthe process systemsince it tepds to form
crystalline masses which give rise to process probl ens.

Because of thiscd peris atyPiedrBp R MM ifkintHidd Reld the rRBRAEALAUS
scrubbing I'iquids have been proposed. For exanple, 5 dibutyl phthal ate has

been proposed WAL HFIYriwre PL a temperarpseg ofcrany @boug 3504C

GB- A- 768551. [ E&@@ 17Ty 0] [ %0
phthalic anhy%ls;iec}zl}:ge&ingI Mgdsﬁélde??ed i r?"i’%‘;e %?4%%??110%QOHBS?AP%gl%ng%ggC es

use of a bayt mal | The jafl @ 1ontane vedvme redrdiso @yl beagb@uinRBPdai, deveno

such as 'brqﬂﬁggﬂ]qF%Q ] -al |y SU ' i C i de,
for abso?sption of~ na el%"aghygc# ivg'e %nﬁ%h?gﬁé%ggc?#@%k%'xtﬁ?g g)%?’fngﬁg
the partial o deagror et gruch parfdiadr esyildatiomp reaethiansheemppispssed

for this duty et jubes AEEHteh po i it CERRRLAR, hlche a2 fBTERHET

hi gh nol ealltarisverigitulsebedasins crnday oy swinkewil ithet zeghtion US- A-
3040059, whi Ite USe-rA- 2u81963924 proposes scrubbing with _ -
diphenylpentaéﬁﬁ%rl e.” Use of an aromatic hydrocarbon sol vent having a

nol ecul at0 wei ght et weeth aeard d0 vapdreou) rebeitiong mpatareatbieve
140ferr] C at raec;[oev reergtfuxroem q:%%vee};[iqe e?l%wof the reactor which comprises .
maleic anhydride vapour, water. vapour, carbon oxides, oxygen,
nitrogen, and other inert gases, besides organic impurities
such as formic acid, acetic acid, acrylic acid, and
15 unconverted hydrocarbon feedstock.

One way of recovering maleic anhydride from such a
reaction mixture is to cool it to about 150°C using a steam-
producing stream and then to cool it further to about 60°C by
cooling it against water in order to condense part of the

20 maleic anhydride, typically about 30% to about 60% of the
maleic anhydride present. The remainder of the stream is
then scrubbed with water.

Scrubbing with water or with an aqueous solution or
slurry is described, for example, in US-A-2638481. Such

25 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 product 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
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point of water in the vaporous reaction m xture, for exanple

- di benzyl benee99/28635 suggest-ed. i n FR- A-2285386. Absorption of PCT/GRaRE32ET
~anhydride fromthe vaporous partial oxidation reaction mxture in -

. di net hyl benzophenone foll owed by distillation is 25 described in

- US- A-3850758. Pol ynet hyl benzophenones, at | east a portion of which

- contain at |east 3 nethyl groups, can be used as liquid absorbent for
. mal ei ¢ anhydride according to US- A-407154®. Dial kyl phthal ate esters
“having CJerr] to (Jerr] alkyl groups and a total of 10 to 14 carbon

. atonms in both alckylors0 cxyrangisl iavee meEgEss athifar csonildeot cofpradesse

: anhydride from bthe reaction mxture in US-A-3891680. An ester of a

- cycloaliphatic PE& (} or exanpl e di butyl hexahydropht hal at e, i's

- suggested as absor pHewawsm Wit Hioy insdned syl ipdodlem a variety of other
4 ZA- A-

f 80/ 1 It has, als ee roposed to effect di rect
- condensat i on %gfir%selsg 3‘&% BT?é’ SFORSEE e £a% ISTHFEHS /

partial oxixat Idiibdt@ﬂCthfthdﬁ&/Q{as Hieh PrRERBEE dsS serubdfifds ilanfuilecatise
© an unaccept abl eBproportlon of the maleic - anhydride remains in the

* vapour phase. &7 iade FRodicté 858doveEe A Iddﬂ\)ﬁq’fgfl
condensat i on obhtamas_@reébtadm;amm&@sQfgotﬂd)&oa%fy}%t il Laken ic arfRfaAileN e

subjected to hydrogenatlon to yield butane-1,4- "1 diol, together with
. variabl e anountS®ggEsFastify Hdtdric SRS - Usc"é’{‘r?’aﬁﬁ-)?éts@f eashess U@@@rﬁ tved

in US A 534702ha 11y 18R DIEAMR RS0 TS0l i L3benald

i ncor por at ed by 1 ef er ence. ésirable to i nprove
. the produckl onsgchl&s puthmsached aliagin Qtz-baﬁa}ﬁf@lnafdi swbsiiguted succn.nlc

; tetfahdeOfUFaﬁnﬂyayﬁae, for absorption of maleic anhydride from the

| reaction mixture exiting the partial oxidation reactor.
Tricresyl phosphate has been proposed fof this purpose in FR-
A-1125014. Dimethyl terephthalate is suggested for this duty

15 in JP~-A-32-8408 and dibutYl maleate in JP-A-35-7460. A high
molecular weight wax as scrubbing solvent is taught in US—A;
3040059, while US-A-2893924 proposes scrubbing with
diphenylpentachloride. Use.of an aromatic hydrocarbon -
solvent having a molecular weight between 150 and 400 and a

20 boiling point above 140°C at a temperature above the dew
point of water in the vaporous reaction mixture, for example
dibenzylbenzene, is suggested in FR-A-2285386. Absorption of
maleic anhydride from the vaporous partial oxidation reaction

mixture in dimethylbenzophenone followed by distillation is

()
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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 carbon 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



mal ei ¢ anhydri de by hydrogenation. In particular it would be desirabl e
to reduce wg99ssgpst al cost of construction of such a plmmemb32d7so to
reduce its running costs, thereby making but ane- 1, 4-di ol

y-but yrol act one and tetrahydrofuran nore 20 readily avallable. It
I's accordingly an object of the present invention to | nprove the
production of butane-1,4,-diol, y-butyrol actone and tetrahydrofuran
from mal ei ¢ anhydri de. Accordi ng t? the present invention there is
provided a 25 process for the production of at |east one C4 conpound

~selected fror,but: diol, y-butyrolactone and t et rahydr of ur an,
whi ch includg%kgﬁgﬂé@%%ﬁ%f hydrogenatlon I n t he vapour phase of naleic

anhydride in the Mtederc alefo deen phrefpeisegeteoes feydr dyerati condehabysbn

whi ch process onpris ntactln a vaporous _stream _
cont ai ni ng wﬁ %ﬁﬁﬁy (iﬁgrlde éﬁ&ﬁ) ﬁﬁ?@F %guaﬁdeﬁéLBBﬁ bRfdes in

?n absorpti Ofi)aa:fﬁl%tl oxidétibra Pa@tdi I me@&&er tﬁissplrmeaautéeﬁsby to
orma

mal ei ¢ arﬁ1ydr‘1n§eff|11’?’t% ReFRISS Iai“ngm€‘§t°€r‘-’ta§&ﬁdpr°9°rﬁﬁaﬁ B5i F]f"ﬁgmég?é?

having a boi ladnig-daigy Iaatmaa,_tﬁg)sphemecvapourpmg%@re which is at | east about
30[ err] C higher than that of mal ei ¢ anhydri de and _being selected from

di-(Cerr] to d elfe MAdAHc anhydarides pardscky FegPYsrBexPi-douinds

contai ni Ng URdr@ehd48d¥W0Hr by sa.wmmgo%qf a®BdrgtiochChaar bikeitigeibn
al kyl) esters of maleic acid, . fumaric acid, succinic_acid, and

m xt ures t hec@ef theay & [sukyegtad o hydregeppfies: spsyspld butane-1,4-
napht hal gnemnogar hyod e A6} ? x;arflaﬁofﬂae%buhes of Y%ﬁeyko%&ybﬁeeéﬁsrs

of aronmatic tricarboxylic acids, Cderr] 10 o (Jerr] alkyl) esters
of |sophtha|M§ngghyarofuran, as descrlbed in US-A- 5347021 and

EP-B-0373947 the disclosure of which is herein incorporated

by reference. ' '

It would be desirable to improve the production of

15 butane-1,4,-diol, y-butyrolactone and tetrahydrofuran, from
‘maleic anhydride by hydrogenation. In particular it would be
desirable to reduce the capital cost of construction of such
a plant and also to reduce its running costs, thereby making
butane-l,4—diol,'y—butyrolactbne and tetrahydrofuran more

20 readily available.

It is accordingly an object of the present invention to
improve the production of butane-1,4,-diol, 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, v-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

+



(b) recovering fromthe absorption zone a waste gas stream ﬁ]%
contacti ng M9I%R6YR i on of -mal ei ¢ anhydride in the high Pol/CB? ‘_’3é§'{ er
Wi th a gaseous stream contai ni ng hydrogen thereby to strip naleic
anhydride therefromand to forma 15 vaporous stream conprising hydrogen
and mal ei ¢ anhydri de; (d) contacting material of the vaporous stream
of- step (c) I n a hydrogenati on zone under hydrogenation conditions
with a het er ogeneous hydrogenation catalgst thereby to convert

mal ei ¢ anhydri de by hydrogenation to at |east one C4 conpound 20 sel ected

- from but ane- 1, 45810k oy oRUEIAIRC LG @Ie in el TARKILRSUNYY Ay, said

(e) recovering fromthe hydrogenati on zone a product "stream cont ai ni ng

said at |east bAghchodddpsusgter having phéoiddsdorsists edmasmoseheris) of
the process of thgs99e LAY tlcj;%ﬂfa:atz &%ra feigllt Roleunednly P?x%‘i—x;)g%mtaitalof

oxi dation of a ydr ocar tock 1 n the presence o
oxi dat i on mededly emhysiniglemaingc bledingo wedectedy firom Idi - (€.t he €prahlgfl)

air. The hwdro f k ene,. Qr ' lefin
Stream but | ooabRER WIS dIRAREAN IR BRI lup, £o, 3 hlkpon
hydr ocar bon f eattsmssk monocuamentdiy (thefter r3gl aldonl) estéhe gf cuebsiofacbdf
since it is a %ggager f eedst oc but

3 Q! K t.han . benégne grr gnes.e Een% igotge
process of the”i afi 85+ cﬁ&nﬁ§b5§Pngaﬁ ed 5+ SFO =01 rof " ®h 4
. mal ei ¢ anhydri d@kyl) esters of naphthalenemonocarboxylic acids, t&i-(C, to
comt ai ni ng vapQrous, siream of step %a%] s nost preferably n: au an
“and the cataly $€k¥iéf%?ﬁﬁ¥§ Yanat? ﬂ¥b§n¥5&?%ﬁb°xy 1cTpidsr 33 téhr?cl
oxi dati on jgondicbi @psallylihi 6s€ass bHCLYEShtBElic acHi; a tenperature of from
about 350[err]C to about 450[err]C and a ,
{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 stream containing hydrogen
thereby to strip maleic anhydride therefrom and to form a
15 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 a
‘heterogeneous hydrogenation catalyst thereby to convert
maleic anhydride by hydrogenation to at least one C, compound
20 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.

- The vaporous stream of step (a) of the process of the

3o
W

invention is preferably produced by partial oxidation of a
hydrocarbon feedstock in the presence of a partial 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 preferably n-butane. The use of
30 n-butane as hydrocarbon feedstock is currently 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



5 pressure of fromabout 1 bar to about 3 bar, an air to n- but ane

rati o of fywowwakest 15:1 -to about 50:1, e.g. about 20: lrcIGB98/03287t | al
oxi dation catal yst conprising vanadi um pent oxi de; the contact ti-ne is
typically fromabout 0.01 s to about 0.5 s, e.g. about 0.1 s. 10
Partial oxidation of the hydrocarbon feedstock is conveniently ,
conducted in a reactor which conprises vertical t ubes surrounded by a
j acket through which a nolten salt is cércul ated in order to control
the reaction tenperature. The vaporous Stream fromthe partial

oxi dation rea C e_.cool ed by .external. cooling wdth Ll er
feed wat er to&%rgélas%a]:(}l{]rlé h‘g%%%%u%nsdt p%asrgi%'%)ySta?% o{agy Tt %érﬁf[&rﬁ%q‘y -
cool i ng wit h butam®ochndgtat @extdbyst temereaiarabliyn vedmdiang @emftobdid®.about

60[err]Cto out Olerr . , __In st, a) .of the process qf the
i nvention the %b%%ﬁtéaﬁﬁl%a?ﬁ*%a%%ﬁ?@%ﬁﬁq §"E";}rsef%@ls§oll§w3&‘?lea(’:lt3§d |
with the highof a thempeérgresd esf afrdm tabfied H0°C i theukange of ahgom about

60[err]C fo about 160[err]C, preferably from about 80Q[err] C tq about
0L er 1] & ark S S A B HAACS) Bt & A0t 6 BaF 0 Dso as

to forma solpite GAMPId SdNOEFBH eikowdn gl de iabdute 595 1, hiedly .babbiig
ester. The contacting can be carrjed out by bubbl‘i ng ;t he vapor ous
stream t hr ougiP 5t RRF dPIFeLt frcidating |Gt lydte comprising: vaspditRe high

boi | i ng est erp&itbbRie; tHdr@AhdtOnfd16 &/ AR 191 'Fe3M aBRuR! O 64! LeRb
contacting devi ces can al so be enpl oyed wherei n"the ascendi ng vaporous *
30 stream i PRV &i%@bﬁﬁdm% $ream of high boiling ester in

e Moer SIS LA Mo, SRRl 01 8
will typicaj|gonxgqﬁeqp1xwﬁgnducted in a reactor which comprises vertical-
tubes surrounded by a jacket through which a molten salt is
circulated in order to control the reaction temperature. The:
vaporous stream from the partial oxidation reactor can then
15 'be cooled by external cooling with boiler feed water to raise
steam, and possibly also by further external cooling with
cooling water to a temperature in the range of from about
60°C to about 160°C.
In step (a) of the process of the invention the vaporous
20 maleic anhydride stream is preferably contacted with the high
boiling ester at a temperature in the range of £rom about
60°C to about 160°C, preferably from about 80°C to about
120°C, and at a pressure of from about 1 bar to about 3 bar
so as to form a solution comprising maleic anhydride in the
25 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 wherein the ascending 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
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. tenperature than the vaporous streamso that the latter is cool ed.

In the resulwOR®28635uti on of naleic anhydride in the hi gRCB&GRIBMEST
ester the concentration of maleic anhydride in 5 the high boiling ester
may range from about 100 g/l to about 400 g/ |. The hi gh
boiling ester has a boiling point at at nospheric pressure that is at
| east about 30[err] C higher, and preferably at |east about 60[err]C to
about 70[err]C higher, than that 10 of maleig anhydride. As exanples of
esters of al kyl dicarboxylic acids containing up to 13 carbon atons
from - which @equbiableetalnbohli 08ps7bEL CoPelf 56! ERLEIchDCIEEERP ig
be nenti oned dlne hyl, di-n- -1 so-propyl, di-n-, -sec-, or

| so- butyl ester@O@ie@uberlc acid, azelaic acid, 15 sebaci ¢ aci d,

undecanedi oi aci d. dgdeanedlol €12 fo1fffon o AFEFATSHObE, LI B

preferred that the ! an es erived %ron1
the sanme al kanohigis bOlli—hg é:{steer] the é}[:nce:]maakamloﬂsmllénctanhydrlde in

esterification ste - nsest.erifi i ogn, reactjon
that nay oc%ur %%egﬁﬁgﬁo?ob?%%gr?ﬁgefomﬁ d??%% f T FpQut ﬁﬁﬁ 9 {ohehCt AROU i
al kanol - use4io® sgfiet hanol and the dlalkyl mal eate i s di nethyl nal eate,
any ester used as t hi gh _boj | ester r ef gﬁi al so, a di et hyl
ester, such as dinehﬁ? 8%%§ fgn ester hgﬁ ﬁ? IPAPEstRr may

al ternativel y becmesseéedc 2§reéé@f'é NERgt 280aeli 1tedsi eim&u& 03 é:fermlglaékyl and
esters of one of the kyl dicarpoxylic acid e. .mal ei c acid,

fumaric acid, et er%ﬁxc%%eaﬂ—dab%e &P & Ure LRI eoq If%&ﬂﬁﬂ s Wan fdipt

esters 19 ncl siglend s @Séﬁﬁ}?d@ﬂde M XAST 8RakPELS0bs Ak i vedl an oarmy:decyl
al cohol, lauryl _al cohol, nyrlstz al cohol , cetyl al cohol, stear%¥
S PHel y

~al cohol , and ei dbSarRpxylic acids JPREALBHIBORP| 7R %%t‘"e?f‘r}h%‘}/ AFPBF n

be sel ected . h{iom 4 Geiednio ﬁl&ﬁrﬁoﬁigﬂé)e§ééfr§aﬁﬁbe selected there can
naphthalenenonocarboxyl|c aci ds, such as net

hyl
napht hal ene- 2- ce® UogF beredfdbmethyl ( Gléetpyl, di-n- or -iso-propyl, di-n-,
-sec-, or iso-butyl esters of suberic acid, azelaic acid,

15 sebacic acid, undecanedioic acid, dodecanediocic acid, and
tridecanedioic acid. It is preferred that the alkyl moiety
in such an ester shall be derived from the same alkanol as
the C, to C, alkanol used in the esterification step (c). In
this way any transesterification reactions that may occur do

20 .not give rise to additional esters. Thus when the alkanol
used is methanol and the dialkyl maleate is dimethyl maleate,
any ester used as the high boiling ester is preferably also a
dimethyl ester, such as dimethyl sebacate.

The high boiling ester may alternatively be selected

25 from mono- and di-(C;, to C,; alkyl) esters of one of the C,
alkyl dicarboxylic acids, i.e. maleic acid, fumaric acid, and
succinic acid, and mixtures thereof. Examples of such esters
include the esters and mixtures thereof derived from n-decyl
alcohol, lauryl alcohol, myristyl alcohol, cetyl alcohol,

30 stearyl alcohol, and eicosanol.

The high boiling ester may alternatively be selected
from (C, to C, alkyl) esters of naphthalenemonocarboxylic

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



-8 . to Cﬁ al kyl) esters of aromatic tricarboxylic acids, such as
trimethyl voeoogesses 1, 2, 4-t.ri carboxyl ate, or fromdi-(( err] RAT/GRBIOBIST

al kyl) esters of isophthalic acid, such as dinethyl i sophthal ate. 5
The high boiling ester used in step (a) conveniently conprises materi al
resulting fromthe hydrogen stripping step (c). Provi ded t hat
appropriate conditions are adopted in step (a), the gas stream

recovered in step (b) of the process of 108 the invention can be
essentially free frommal ei ¢ anhydri de. In step (c) of the process.

of the invention, stream conpr.isi hydrogen . s passed through
the soluti ontt8f ?“4 aallggﬁai %S%ﬁﬁﬁd?g gromatic r&l%reb%yg'rlocgeﬁqusfsr’i psﬁ’icrl?g a%t ep

i s preferabl yraemedhgtictbehzensuhsanttalibgrabxgilate, aopr ssuréis{cghid v,

hi gher than t i nl et pressur 0.t he_hydrogenation_.zone. JThe hydrogen
stri ppi ng st@BiVQ)SFﬁFﬁgFI?fpﬁéPgﬁﬁbF§180ﬁ8¥gt gu 5 as dinpER¥%htialiy the
desired inl et sbphiphaakitee to the hydr ogenati on zone or a little bel ow

this tenperature, for 20 xanpl e from about, 5[err] C to, about 20[err]C
bel ow t hi’s t enper &t'gr &19h %o?ﬁgﬁgtﬁéFFEnﬁﬁ?étﬁLesE R E%)r%?%%%n%%P?#%
desired 'n'ebompxib@%p&é%b&ﬁ%lbfeQQMEXhﬁrEr@ﬁ tHet hpArb@én stripping step
hydr ogen- cont ai ni ng gas which has the additional benefit of diluting

t he vaporous (€) - ester-containing stream and thereby ensuring that it is at

a 25 te”PeratUreP%BQ&%eBF%hQ%WéPBEBbriQEéf66ﬁéhii@ﬁs|Qﬁéta@$§%@d in step
5[err]C higher than its dew point. The hydrogenation step is

advant ageousl(p) coftgcgag isfream rreoyapsdr iphater (RBi ngf atRRtRFIRIR RS

hydr ogengt i o i nGRLRLYS! cafy BeCabshyeiogepakan £2ba! ¥sisid Nehiiieride .
pr onot e Q%O %ggpﬁgr- aée ggtalysts? such ag a Qu/ zn/ M/ & %atalyst %fethe-
type described inIa sGep. (Chemfl5be pugesss79Lftphegbnvention, a RS cat al yst

particles preleLahl Loi@ees3ngAhikhebfed! 28 passtll EHEoUSNIENOT SN SRAE
maleic anhydride. : o . o
The hydrogen stripping step is preferably conducted
15 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:
200 example from about 5°C to about 20°C below this temperature.
Then the temperature can be radised 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
25 temperature above its dew point, preferably at least about
5°C higher than its dew point. '

The hydrogenation step is advantageously conducted in
the vapour phase, using a heterogeneous hydrogenation
catalyst. Typical hydrogenation catalysts include promoted

30 copper-based catalysts, such as a Cu/Zn/Mg/Cr catalyst of the
type described in J. Org. Chem 150, pages 177 to 185.
The catalyst particles preferably have a particle size

in the range of from about 0.5 mm to about 5 mm. The



9 - particles may be of any conveni ent shape, e.g. spheres

el lets,
rings or sa¥088256%en using a fixed bed of - catalyst the ?‘559?8&03&5{1 be
a shell -and-tube reactor, which can be operated substantially S
i sothermal | y; however, it is 5 preferably an adiabatic reactor. The use of
an adi abatic reactor i s advantageous since its capital cost is much
| ower than that of a shell-and-tube reactor and it is generally

much easier to charge the reactor with the chgsen catal yst.
Hydr ogenation is conducted at an el evated tenperature 10 of, for exanple,

- from about 150%@&@1@1%% ﬂ*&iﬁ’}“beﬁ”-% &yl CorfRi ! ape, e-fgr'gb@ﬁ%% Jar to

180[err] C to about 280[err[C, and at "a pressure of from
about 100 bar, pgddessabryingsoPralfARALES -bhaihey usingbeutfix@dbded of

From t he hydro tl e | S..Ie r 1 rQaenat.i r c
i wtur o wht n CHSRIvER EHRC foitits SAPHYYE Bhel 1Bl COIC NI AR il
t et r ahydr of ur agaanpey operatipgt wullssetdnial v esatfhetdma Ly ;minowepreadudit dfs

i nterest i t - -di_gl.,_.the presence of .tetrahydrofuran.and V.-

but yr ol act §ne Psrglr%% gg’ili’aé\?ar?t%é"gagoa&slcgirr?(?ec‘:t%e'se gnﬁ(?%&fo piv ﬁr'aé‘ﬁbrﬁ%ﬁ ant
chem cal s of coemeteoe drdadvarsageeurdisigide its eapiaalc doxtr deowricH Newdmn
pure form I|f desired, .y- ut.yrol actone can be-recycl.ed .to the

hydr ogenat i on gg‘ﬁ‘& Sg‘at Ofprao&\?’ceé'%ﬁ(?ﬂﬁ “lt?&tf’fl IEGCINE. PR ditots generallyy,,
further detail suehgaading ¢apeliarRfeathd ydaegorakiith 2he ¢homrtichitalyst.
anhydri de reference be made tq a paper b Castiglioni et al in

y. G L.
Erdol und Kohl e - EPY§ESIENBERI: H&rcenAuCtg: &thagh ehevasesh FSMBPrratvém e,

Bd. 48, Habt 46%, ARk bikdayle, FL3AD aAouRadedt/dot abdhd doder,t herbeadindly
W ssenschaft & Techni kl%ﬁm ence_ & Technagl ogy). Subsequent purification
of 30 the resuf¥amt 2bPYde 1§PdFobenabres BA8dtct 2Réxatra BEASHRTe of from

about 5 bar to about- 100 bar, preferably from about 10 bar to
about 70 bar.
From the hydrogenation zone there is recovered a
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-diol, the presence of tetrahydrofuran and vy-
butyrolactone is not disadvantageous since these compounds
20 are important chemicals of commerce and it is accordingly
economic to recover them in pure form. If desired, v-
butyrolactone can be recycled to the hydrogenation zone to
produce additional butane-1,4-diol.
For further details regarding vapour phase hydrogenation
25 of maleic anhydride reference may be made to a paper by G.L.
Castiglioni et al in Erddél und Kohle - Erdgas - Petrochemie
vereinigt mit Brennstoff-Chemie, Bd. 48, Heft 4/5, April/May
1995 at pages 174 to 178 under the heading Wissenschaft &
Technik (Science & Technology). Subsequent purification of
300 the resultant crude hydrogenation product mixture can be
carried out in a manner analogous 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-



carried out in a manner anal ogous to that described in US-A- 45844109,

WO A- 86/ 034699248865 A- 88/ 0937, US- A-4767869, US- A- 49451'&’$le81|)32$919765
US- A- 5254758, US- A-5310954, and WO A-

10 91/ 01960. In order that the invention may be clearly

under st ood and readily carried into effect a plant for the production
of butane-1,4-diol, as well as sone y-butyrolactone and 5
tetrahydrofuran, using a preferred process 6n accordance with t he
present invention will now be descri bed, b§ way of exanple only, with
ref erence toSHQ% ggéonpanying_dramdng which is a flow diagram of the

pl ant . R r'ring to the drawing, n-butane is supplied in line 1 10

at a p{essu&e of ﬁmomrﬂetot&ahathandn&énalbanmayabarelearly ud@étstodd to a
partial oxidation pla t 2 whic s.als Lie with air_in lLjine 3.
Par il oxi dairorepedty sargin ined SReBHPPy Blanc pdk' End' ProduaklSy or
partial oxi dautene~e3at-diol, asOWwRllsSkBysbmbeg- baeyedlw':thna aﬁatial

oxi dati on- catalys éF consi sting of van%dlun1 pent oxi d e.p ILnto tube
rov deds  ERErREY SR REREATy hISADH RHPER G EBNPEaRFoE akh nECCPFATSE cHit FBr
the purpose thet 9&’6%%@&:“&9.&91&&6@ wilhenpar beale 8%t dBEAPNLY wayeggtor is
operated at an air:n-butane feed ratio of 20:1. A hot vapor ous
parti al OX|d&¥P@ﬁ1&r@@&&b ¥ﬂF§aﬁFﬁ§rQGce058lEBeb?cﬁﬁTﬁ?ﬂﬁ}nﬁoﬁ¥?an%galnst
boi | er feed wl%&l 4Q LAlFiew dlagka rrbenéhtehﬁmaasal nst cooling water to
reduce its enperature to 138[err]C. It is recovered fromplant 2 in
l'i ne 4. Thi s Befearisg toothendraving, aBhbuEane, 15, supRLiedaisrline 1 -

1. 3% w wecar han di9xisdrel @YWl §2EBOR BRBOXhECat OaOddhpéPature 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
15 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:n-butane feed ratio of 20:1.
A hot vaporous partial oxidation product stream is
20 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
25 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 scrubbing tower 5, up
which it passes against a downflowing spray of dimethyl
sebacate which is supplied at a temperature of about 68°C
30 from line 6. The scrubbed waste gas stream which contains
0.03% w/w maleic anhydride exits the top of scrubbing tower 5
in vent gas line 7 and is passed to a waste gas burner.

From the bottom of scrubbing tower 5 there is recovered

Ll



© 25 acetic acid, 0.01%w w acrylic acid, 15.7% w w oxygen, and t he

. bal ance essaMO@PHRI6YS conpri si ng nitrogen and ot her inert gE_EE/&mF’fm% _
- fed to the bottomof a scrubbing tower 5, up which it passes agal nst a
- downfl owi ng spray of dinethyl sebacate which is supplied at a

. tenperature of about 68[err]C 30 fromline 6. The scrubbed waste gas

. stream whi ch contains 0.03% w w nal ei ¢ anhydride exits the top of

© scrubbing tower 5 in vent gas line 7 andjj s passed to a waste gas

- burner. From the bottom of scrubbing tower 5 there is recovered

11 a i quj dy S £ ¢Redih NEn 81 1 Cf mié&%f‘i@é%ié’ﬂl@tﬁion of

 approxi mately 15% ww nal ei ¢ anhydride, 0.1% acetic acid, an 0.04%

“ww acrylic aciaPR¥rximetely Lehatiw cnalie amhydrideyphl Vedrcetiewarcide and
“top of a stripp £ Q) Ay ' | er :

: 180[err] C and gu{)k%es%re o‘fgr%giogpkfhsél:gd £ 54%%%%']? ?ée%#fér% ga’ﬁkg-"[sgaf%\unber

t of distillatiorsupplsedbovenear théegpiof afstripwindncolutmed mihitl is
anhyride sof uti LI C t e. carrvover_of di hyl.
sebacat e in§ %l%%%eg%ear‘%e%d&s%%‘?r%?né%o uér‘ne&%%dfﬁe RN ooéj %é%lscla
10 anhydri de in(4b reddy] sebhomt e fhamsa dowbet roHpdigt L0l atdo® tray@gsbdnsd

an upflowi ng stream of hydrogen fromline .10. The, strj pped di net hy|
Cobacate | o r ol RPIREINS HETRTTEM f ThS TSI AP RGHAR BT Ie thto

- line 6 to the teylwin sersbbisgto redmrcﬁrrﬁmtdsmddmmyﬁtééWé@a in
col'um 9 there energes in 15 line 11 a ne sat ur at vapour, m xture stream
conpri sing % e‘?g"ce%??ﬂ'ﬁ‘f%r?%eﬁ“ﬁ frlﬁiﬂ?o‘.t:;%{f‘,‘m%?h a'rr oi¢ Lo | F d“ajjez'-c
anhydride 1@®! aradifd:Oi s B0 MO 1. slbl Sa v POLEwS ddwt SstripSidf Bl $mdls

a teenperature of from about 180[err]C to about 200[err]C and at a
pressure of abRfaUEhan YRLiewing wewa (9f 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:maleic 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

25 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 anhydride feed rate corresponds 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



20. further hot hydrogen fromline 12 at a tenperature of from about
180[ err] Cwoosssm 220[err]C to yield a vaporous stream w PETABS/N3257
hydr ogen: nal ei ¢ anhydride nolar ratio of about 450:1 and is- at" 't east
about 5[err]C above its dew point. Thi s vaporous m xture passes
onwards in line 13 to 25 hydrogenation plant 14 which includes an adi abatic
react or packed with a copper based catal yst (e.g. a pronoted copper ;
catalyst) and operated at an inlet tenperatgyre of 180[err]C, an i nl et
pressure of 565 psia (39 bar), and an exit ?enperature of 200[err]C.

The nal eic agJy&L[edzﬁf foe@% zfoqrarcec%%%n%dt Qe%réﬂyhkgeugaﬁoaggylﬁaﬁested

veIOC|ty of ant al so I ncl udeS a purification section
i n ‘which theamwkﬁaand 1%uhagpawﬁnwaiypro@ﬁ@ﬁhnﬂxmsﬁéYﬂsSGP@FFFPeQOlﬁth

several stages, pe aQi&/éc?lkg( RGP YRN8 4edi@liakna bﬂg‘géSstkéQﬁs oEOkhe

separate recovery of
y- but yr ol act areyariced etglatentr cfaresam ma@ beditekeadin-line 18.and 17

respectively. T oSl NS hatahe S Qe b 2o16Bc0EaATHE0 -1 2ERRS of

line 18 vfihlleap Stream rec vent stream
taken in Ii neaﬁ,g fdxr exampl'E’l,e nthulgﬂhy:lap&mﬂ:uad.ahe @sedrhoxybhtent tramebbyl

repl aced for nple,. nethyl _n phthalene rimethyl
benzene-l,Z‘P%%% I%ﬂ%?%ﬁa%B%%¥H%% |§b€ﬁpﬁ§ﬁg QgéﬁtﬁéﬁgF%atlvely
E ?:F di ]rrez hyl m&@&@ttﬁml bslaadr exﬂquff lasebiaghte cahoblal ngpaaated by high-

err o] err y eat e umar at e ate xture *
of .two or norRPk cﬁsgqum&fyor?a@y (Gao €O c&eirﬁ‘];gfﬁr) fg’tﬂalrggﬁdm? ng
mono- (Gerr lsdidsd lolKidxture BH e oxf H\M‘éa'therebf$uﬁptﬁ]ahalmy fin
m xture of two or nore t hereof , and/ or vvlththe corres free acid

or mxture admixtaeEiwigh Ehepgarrespangingmere: (e ¢O ﬁ ccinic

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 corresponding 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 preferably less than about 5
30 molar % each, of maleic anhydride, maleic acid, fumaric acid,

and/or succinic acid.
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15 .acid. Typically the high boiling ester in such a case | ses

pr edom nant WO-991256%5 est er er diester mxture, with no rmr%cf’ﬁggp’%?'z?ﬁ nor
anount, typically less than about 5 nol ar % each, of the correspondi ng
nonoest er or nonoester m xture and/ or of the corresponding acid or

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

- nmolar % of dilauryl succinate as well as m ngm anmounts, preferably | ess
- than about 5 nolar % each, nore preferably | ess than about 1 nolar %

- each, and even arymgreferably less 25 than about 0.25 nolar % each, of
one or nore of dilauryl fumar ate, nonol auryl mal eate nonol aur yl

fumarate, and 1. nondt RESFESUEINAhe BEPMRFIIHIPL He 1RSI Team i n

. line 6 can Contc.%n{bo?ar{li N AUt rdny thadide- 1 essaddmien f%yrolaéébﬁ@'a?l{d%
. each, and even nore preferably | ess than about 5 30 nolar each

mal ei ¢ anhydri detaptivdrotugan, fiHeh dagliufdes the giprrok hydregenatiipn in
13 CLA V5 forat fgggn Sasd 4

© conpound sel ect ec?fr rﬁkﬁjt al‘%e%qﬁpgt%]l& aEﬂ%yr ol actiorgretkgé}lﬁEé- F'a

. tetrahydrofur amemqgenemimda@mmerﬁ@pmfcmnmhmh iprdcas® vapour
phase of nal eic qtg{kyd% e In the presence of a het er ogeneous

. hydr ogenati on Cat yS Whi ch process conpri ses: (a) contacting a

. vaporous str eanﬂac)ontca:rma'tg::irreg & cvapdwalls detream \xaqzrmainimag ena Mo tlanhyatwhi de
- car-bon oxides in_an absor t|on zone 10 .with a high,boilin

sol vent thereb)yai 5 %or rWaa SE VRt |oann%f <t aqﬁ Urte™ e‘;‘? r;ﬂt[zgn zone

boi I i ng orpgani Gvith 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
étmospheric pressure which is at least about 30°C higher than
that of maleic anhydride and being selected from di-(C, to C,
15 alkyl) esters of alkyl dicarboxylic acids containing up to 13
carbon atoms, mono- and di-(C;, to C,; alkyl) esters of maleic
acid, fumaric acid, succinic acid, and mixtures thereof, (C,
to C, alkyl) esters of naphthalenemonocarboxylic 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;
(¢) contacting the solution of maleic anhydride in the high
boiling ester with a gaseous stream 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
maleic 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.

——Soncaining said :
Iy I
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solvent, said high boiling ester having a boiling point at at nospheric
pressure woodnrsess at | east about 30[err] C hi gher than PCAIGRIB/OIAV ei C
anhydri de and being selected fromdi- (CJerr] to (Jerr] 15 "alkyl) ‘esters
of al kyl dicarboxylic acids containing up to 13 carbon atons, nono- and
di- ((err] to (Jerr] alkyl) esters of maleic acid, fumaric acid,
succinic acid, and m xtures thereof, (([err] to (Jerr] alkyl) esters of -
napht hal enenonocar boxylic acids, tri- gerr] to Jerr] alkyl) esters
of aromatic tricarboxylic acids, and 20 di-(Cerr] to CJerr] alkyl) esters.

of isophthal ic achd'rocess(QLcB%QQﬁ%rkagci59ﬁ1ibeiﬁbﬁﬂiéﬁiQHeZ@QﬁbﬁoM@Ste '
gas stream (c) contacting the solution of nmaleic anhydride in the

hi gh boBtirrgmesfeStabt Had §aspradusedehih Bartirhi aglidkiogert a
thereby to str,i ' ' : he r 0,EO V,
strean1conprFgﬁgggﬁ§gbgggﬁegggbggl%PcEg%hgg%?gg?é of é?%€r%§%%a§%¥ééﬁ§bn
mat eri al of théalypbr sgingt medrcolast epygen. i m-a hydrogenation zone

under hydrogenati gn L at : et v |
catalystqthegéby 8bp%§%g§%t8@§o¥h%§FeF8 g% §§r?def%39§£%$g§%%5€r%%§ O]%@P
| east one CAfeedptocy# 36 nsblhesned from butane-1, 4-diol, y-butyrol actone

and tetrghydr of uran; and . e ec ting f ogenat ipn zone
a. product st?éan12 pr@SﬁngﬁFﬁarg%Fé é ?%gé? oheigﬂ%%gﬁ%g%ﬁ%fﬁggklaf
14 2. AxpBacesa aecalgengebapeliaem tanadiwhi péntdreidapaidutn which

stream of step (a) is_produced.b artial oxidation of a drocar bon
f eedst ock intgﬁepéfg§éﬁc8x6§aﬁl érg?ﬁ%lgi?ﬂﬁtf%ﬁiu e RIF Yt RMpRrature
mol ecul iy oxygelrol aBout ASPPOCESSaBEEO! 450U I & PYraigBuke I0T Hiicah abdemit 1

hydr ocar bon f eedstock i s n-but ane.
y bar to about 3 bar, an agr to n-butane ratio of from about

15:1 to about 50:1 and a contact time of from about 0.01 s to
about 0.5 s.
5. A process according to any one of claims 1 to 4, in

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

20 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.

25 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 of claims 1 to 8, in -

30 which the high boiling ester used in step (a) comprises
recycled material resulting from the hydrogen stripping step
().

10. A process according to any one of claims 1 to 9, in
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4. .A process according to claim3, in which the parti al oxi dati on
catal yst cower9988€75vanadi um pent oxi de and in which . the pdiGHGpI8/I3257

. oxidation conditions include use of a tenperature 10 of from about

- 350[err]C to about 450[err]C, a pressure of from about 1 bar to about 3
bar, an air to n-butane ratio of from about 15:1 to about 50:1 and a
contact tinme of fromabout 0.01 s to about 0.5 s. 5. A process
according to any one of claims 1 to 4, in 1515which in step (a) the

. vaporous mal ei ¢ anhydride streamis contacted with the high boiling

- solvent at a tehpehatheehiydrogent Berigpgagoktkpoisabontiua@edr akC t o about

, 160[err]C and at . a ress&ﬁe of .from about 1 baE tohaaout 3_bar so as to
 form a sol uti of*PStapSARLLY; khendPdeE RARTEPFGe tPn tPRe IKPIRIGRALARG &SPE .

' 20 6. A progess aceeobdeBg hecekaifigbtol Anyhoak bectadhachi #g 10, shep
Is carried out in a countercurrent contactin% deyi ce wherein the
ascendi ng vapolBéShsthgaRYAEOgERt SEFARPRPIaSTEP d8sCeRdrRges: fEam of high

boi ling ester kBmBedasukkedindthe raagéagtiﬁqoﬁetheeinZEt tempefaPU@€CEs the

according to any one of clains 1 to in ,.Which the high boiling ester
is a methyl esh¥drogenagionazengcsesabeusr 800§ Pelevabhe7inlatuheERSEABULe
hi gh boi li LehvasodemBihvh sehacate. 9. A process according to
any one of cIaF%BE§ t%yg,ogn 30 mh?cﬁ

t he high boiIin% ester used in step
(a) conprises 12. racpebegssapecoalingstbt any Prenrfhelhjmsodesosiiti pphng

: igep (C)'whichlgheAhEEQBSEEaﬁggﬁrgEQg §Q @Bﬁdﬁ@@eafiﬁl@h@svgpbargphgge

10 using a promoted copper catalyst at a temperature of from
about 150°C to about 300°C and at a pressure of from about 5
bar to about 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 pn-butanol.
15. A process according to claim 14, in which the bottoms
product from the "light ends" column is further purified by
distillation in one or more stages to yield pure butane-1,4-

25 diol.
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whi ch the hydrogen stripping step is conducted at substantially the
inlét pres Soh8s7sn€ hydrogenation zone. 11. A process ZEREHSEAB2570
any one of clarmns to 10, in whi ch the hydrogen stripping step is
conducted at a 5 tenperature in the range of fromthe inlet tenperature
to the hydr ogenati on zone to about 20[err]C below the inlet tenperature
to the hydrogenation zone. 12. A process according to any one of
claims 1 to 11, in whi ch t he hydrogenavaq step is conducted in the
vapour phase 10 usin not ed copper catal yst at a tenperature of from
about 150[err]C g§o about 3@0[err]C and at a pressure of from about 5

bar to about 100j{bar. . A RLoc according to any one of clains 1 to
12, in whi chithere-is . Yom t he hydrogenation zone a 15

hydr ogenati on pr@duct m xtgre wh ins, in addition to . '

but ane- 1, 4-diol, Jal so tetr and y-butyrol act one. 14. A.
process accordin dead=R? 13, i N 'gh the hydr ogenat i on product
mxture is purified by distgllation in one or nore stages, including
distillation in a "lidht " 20 columm to separate~Qvedhead the volatile
conponents of the m xture including tetrah of u T tand n-but anol .

15. A process acc52 T1jg to claim 14, in which tRe botto product from
the "light ends" colu is further L LSt ion in one or
nore stages to yi = ,4I Zf dijol™
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