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s PROCESS FOR THE PRODUCTI ON OF 1, 4- BUTANEDI OL, GAMVA- BUTYROLACTONE AND
TETRAHYDROFURAN This invention relates to the production of
but ane-1, 4- WO¥M2 y- but yrol actone and tetrahydrofuran. PCI/GBI7/01285
But ane-1, 4-diol, together with variable amounts of y- 5 butyrol actone and
t et rahydr of uran, can be produced by hydr ogenol ysi s of diesters of
mal ei ¢ acid, fumaric acid and m xtures thereof. A najor use of

butane. 15781 01 biodte hon sl SRR 1 RENSHRE GRAMIRACTNE 1P

al so used as 10 an internediate for the production of y-butyrolactone and

of the inmportant so]vent, tetrahydrofuran. The mal eate and
fumarate diesters usetPi Wé*d’&‘x?c?kr%gﬁtes L Hehe RFARICEANOPE butane-1,4-

but ane- 1, 4-di ol ByoBUCH-BudBIGERRRLY Shd tetrdplbAi@nconveni ently
prepared from mal ei ¢ anhydride, which 15 s itself produced by vapour

phase oxidation of a B{efMcarfofiocl. FEgRERSEKViLyMR¥iabden2BARILF,o% ¥ T4

ol efins, or B-bupapproldctone A Q@Q&Qﬁ?&r@fuﬁaﬂaréérﬁ'beOFi::Qaﬁ&Q& p@tal yst.
In the partial oxi datjon of benzene there is typically used a sucgpq%réed
t

vanadi um pent oxi B¥GEQIeR]NS i QHPd@shrPER REPRteic AfddhoSympryc ari

prompters.  The pheaehied drRRAML URS maJok! A8 80P Wurane-40QL 8551 G & Gshput
455C and the reaction pressure _is fromabout 1 bar to about 3 bar,

whi | e about 4 tifeedsHRCK HiQ¥H die BlasticgbnRusery ainantdcydaglynfer ddte t o

stay outside the ' £ i%,tg"ltt e & | geabgu -
When t he feedsto%ﬁ&g%eé%és&?ao m';;éel e§r1r"a ]Iaofgfgig%ﬁ?té%%{sﬁck?ti Qg é]égom;l\.;.(s;e as

but enes 10f ccant HokeTRefIRLeh £QFa tieaPTERRERIPD PR M-AMFITokagtare and of

vanadi um pent oxi gge SHRROF Lk %ﬂéﬁ@'n%etIxﬁgﬁ%fﬁ%j I on condi ti ons
i nclude use of a tenperature of from about 425[err]C to about

485[err] C and a pressti® wigatanansfumerapepdiesterphiipedzos feedstrgk fome

volume ratio of gLt LPoBWENRS SR bURANRNAYLE-diol By shdl 0hJ8Fobénsiydis
bel ow explosive limts. Alternatively It 1s possible, according to
nmore nodern prac¥Peke axe Q@p\@piently prepared from maleic anhydride, which

15 is itself 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 MoQ, and possibly

20 other promoters. The reaction temperature is f£rom about
400°C to about 455°C and the reaction pressure is from about 1
bar to about 3 bar, 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

25 is a mixed C, olefin feedstock, i.e. a mixed butenes
feedstock, then the partial oxidation catalyst may be
vanadium pentoxide supported on 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

30 2.05 bar. The volume ratio of air to butenes may be about
75:1 in order to stay below explosive limits. BAlternatively
it is possible, according to more modern practice, to design

the plant so that satisfactory safe operation can be



the plant so that satisfactory safe operation can be WO 97/ 43242
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despite the fact that the feed mxture of air and butenes is within the
flammable limts. 1n the case of n- but ane as feedst ogleridBanonss al yst

i s typical | YOPZ43%4F um pent oxi de and the reaction conditions include use
of a 5 tenperature of fromabout 350[err]C to about 450[err]C and a
pressure of fromabout 1 bar to about 3 bar. The air:n-butane vol unme
ratio may be about 20:1, even though this nay be within the f I ammabl e
limts. One design of reactor for such part]al oxi dation reactions
conprises vertical tubes surrounded by a 1 j acket through which a nolten

salt is circulated_in or . tral .t r [ dgpesatyge
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dehydr at edg byqgieét | drzaghi whixkl 2aneolfent salt is circulated in order to
control the reaction temperature.

In each case a hot vaporous reaction mixture is
recovered from the exit end of the reactor which comprises
maleic anhydride vapour, water vapour, carbon oxides, oxygen,

15 nitrogen, and other inert gases, besides organic impurities
such as formic acid, acetic acid, acrylic acid, and
uncohverted hydrocarbon feedstock.

One way of recovering maleic anhydride from such a
reacﬁion mixture is to cool it to about 150°C using a steam-

20 producing stream and then to cool it further to about 60°C by
cooling it against water in order to condense part of the
maleic anhydride, typically about 30% to about 60% of the
maleic anhydride present. The remainder of the stream is
then scrubbed with water.

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

30 A disadvantage of such a procedure, however, is that an
unacceptable proportion of the product remains in the vapour
phase. 1In addition, some of the maleic acid is inevitably

isomerised to fumaric acid. The byproduct fumaric acid
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PCT/ GB97/ 01285 3 represents a
| oss of val uabl e mal eic anhydride and is difficult to recover fromthe
process systemsince it tends to formcrystalline masses which give
rise to process problenms. 5 Becauge of this isomerisation problem
a variety of other anhydrous scrubbing |iquids have been proposed. For
exanpl e, diﬁuﬁxﬂsephtshal dbes oS akzbleopatedlc asntpeinildel agdl iguid in
GB- A- 727828, (GB: A 763339, and GB- A 1;76855 Use of di bm%h pht hal at e
cont-ai ning up 1% FohP 35GRYSaITRom kR dPFaEePE SXPL g@@gﬁeanﬁends

US- A-4118403. dSrdraSt8080al Ecdafadie® @high giveoried Ity birgdeds
i ntranol ecul ar carongllc aci d anhydri de, such as a branched chain
d err]-al kenyl ted succinic anhydride, for absorption of maleic

anhydride fsomthe Becah%abe Othig Xidtner@¥htiog bACOTEN td Hardstfasf Orher
reactor. 15 Trlcres gggﬁhate has been proposed for this purpose in FR-

A-1125014. Di néAtH bbing HawidsybaveqPeeR RIAROSEGy FOr example,

JF’- A- 32- 8408 aruwuc@,qt YhtHBl 866 endd bRrAp3epddes. ad é&ﬂtbbm mkeal i
wei ght wax as scrubblngesolvent I s taught in US-A- 0059, while

US- A- 2893924 préfpdsd2782PubBBndy- %%-’n”-"z’o angj Eﬁeﬁy?ﬁ%ﬁﬁlachl%ﬁ g& AipREYbf an

aromati ¢ hydr oGediate c&ﬁl:&@ﬂin S a.onuésguta% P bahnpepideliand
400 and a b0|I poi.nt _above Jﬂr C at _a teqyerature above the dew
poi nt of waPer ﬁqgﬁﬁégeﬁaﬁBrHES r%%&§4 MR fir 8818680 Learhes use of a

di benzyl benzenehorna139098ghed iRtFindtertdaz8BarboRPl it i dOhnhydride,
such as a branched chain C;,;s-alkenyl substituted succinic
anhydride, for absorption of maleic anhydride from the
reaction mixture exiting the partial oxidation reactor.

15 Tricresyl phosphate has been proposed for this purpose in FR-
A-1125014. Dimethyl terephthalate is suggested for this duty
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-28939%924 proposes scrubbing with '

20 diphenylpentachloride. Use of an aromatic hydrocarbon
solvent having a molecular weight between 150 and 400 and a
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

25 maleic anhydride from the vaporous partial oxidation reaction
mixture in dimethylbenzophencne followed by distillation is
described in US-A-3850758. Polymethylbenzophenones, at least
a portion of which contain at least 3 methyl groups, can be
used as liguid absorbent for maleic anhydride according to

30 US-A-4071540. Dialkyl phthalate esters having C, to C; alkyl
groups and a total of 10 to 14 carbon atoms in both alkyl
groups are proposed for absorption of maleic anhydride from

the reaction mixture in US-A-3891680. An ester of a
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fumarate. It is t ke Gt ; Fn;éﬁ e | i m xt ure of

but ane- 1, 4-di ol , 1 ?gg’gﬁﬁe?ﬂhm}’?ﬁl%% I a &e&a%%gér%‘?éé%# Q%/%&S%@Pgl actone and
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sel ected, and; Ofedehe AdaBtlh W2chl &7 Edi Y, WIENASRIMEE, such as
methanol or ethanol, to yield the corresponding di- (C, to C,
alkyl maleate. This di-(C, to C, alkyl) maleate may contain a
minor amount of the corresponding di-(C, to C, alkyl)

15  fumarate, besides traces of the corresponding mono-(C, to C,
alkyl) maleate and/or fumarate. It is then subjected to
hydrogenolysis to yield a mixture of butane-1,4-diol,
together with variable amounts of y-butyrolactone and
tetrahydrofuran, depending upon the hydrogenolysis conditions

20 that are selected, and of the C, to C, alkanol which can be
recycled to produce further di-(C; to C, alkyl) maleate.

Processes and plant for the production of dialkyl
maleates from maleic anhydride are described, for example, in
US-A-4795824 and in WO-A-90/08127. This last mentioned

25 document describes a column reactor containing a plurality of
esterification trays each having a predetermined liquid hold-
up and containing a charge of a solid esterification
catalyst, such as an ion exchange resin containing pendant
sulphonic acid groups. A liquid phase containing, for

30 example, a carboxylic acid component flows down the column
from one esterification tray to the next lower one against an
upflowing stream of vapour of the lower boiling component of

the esterification reagents, typically the C, to C, alkanol.



rec‘ycled to produce further di-(Cerr] to CJerr] alkyl) nal eate.

Processes and plant for the production of dialKkyl mal eates from nal ei c
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esterification catal yst, such as an ion exchange resin containing
pendant sul phoni c acid groups. A liquid phase containing, for 30
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used for t he GAAGIORSn bBRe 28t e QWA nigIcPEFEFm gLEem 9%
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to yield butane- reactor can be preceded by a non-catalytic monoesterification
reactor in which maleic anhydride is reacted with the C, to C,
alkanol in the absence of an added catalyst to form the mono-
15 (C, to C, alkyl) maleate.

The hydrogenation of dialkyl maleates to yield butane-
1,4-diol is discussed further in US-A-4584419, US-A-4751334,
and WO-A-88/00937, the disclosures of all of which are herein
incorporated by reference. |

20 It would be desirable to simplify the production of
butane-1,4,-diol, y-butyrolactone and tetrahydrofuran, from
maleic anhydride by the di-(C, to C, alkyl) maleate '
hydrogenolysis route. 1In particular it would be desirable to
reduce the capital cost of construction of such a plant and

25 also to reduce its running costs, thereby making butane-1,4-
diol, y-butyrolactone and tetrahydrofuran more readily
available.

It is accordingly an object of the present invention to
simplify the production of butane-1,4,-diol, y-butyrolactone

30 and tetrahydrofuran from maleic anhydride by the di-(C, to C,
alkyl) maleate hydrogenolysis route. A further object is to
reduce the capital cost of construction of such a plant by

reducing significantly the numbers of distillation columns
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6 and t hetaHERRARREWERe moxgurpRehlY rastpilabde .|t further seeks to
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maki ng butane-1,4-diol, y-butyrolactone and t et rahydr of uran nore
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provided a =&l 8605 ﬁx‘Hm R aReCdVEL A 05N Ofy%tl;/i%iEcegﬁe%h gompound
sel ected from but ane-1, 4-di ol , M%@bUt rolactone and t et rahydr of ur an,

whi ch |ncludest?¥E?%XQﬁPﬁHrﬂ¥yd ghainpludes the @EhepyafolydrnEenatdony idi -
(Clerr] to Cefhd gt ﬂlﬂs%ab% knaibec 1@o BI &598A9 ngléaﬁ?riﬂc&ﬂé"te ester

hydr ogenati on catal yst, which Srocess conprises: contacting a
vaporous 90 eapFessnes mh§ MATSicuAARg desERY hydrogenation catalyst, which

process comprlses :

(a) contacting a vaporous stream containing maleic anhydride
vapour, water vapour, and carbon oxides in an absorption zone
with a high boiling organic solvent having a boiling point at
15 atmospheric pressure which is at least about 30°C higher than
that of the di- (C, to C, alkyl) maleate thereby to form a
solution of maleic anhydride in the high boiling organic
solvent; .
(b) recovering from the absorption zone a waste gas stream;
20 (c) reacting maleic anhydride in the solution of maleic
anhydride of step (a) under esterification conditions in an
esterification zone with a ¢, to C, alkanol to form the
corresponding di-(C, to C, alkyl) maleate;
(d) recovering from the esterification zone a solution of
25 the di-(C, to C, alkyl) maleate in the high boiling solvent;
(e) contacting the solution of the di-{(C, to C, alkyl)
maleate in the high boiling solvent with a gaseous stream
containing hydrogen thereby to strip di-(C, to C, alkyl)
maleate therefrom and to form a vaporous stream comprising
30 hydrogen and di-(C, to C, alkyl) maleate;
(f) contacting material of the wvaporous stream of step (e)
in a hydrogenation zone under ester hydrogenation conditions

in the presence of a heterogeneous ester hydrogenation



vapour wat er vapour, and carbon oxides in an absorption zone with a
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The vaporous stream of step (a) of the process of the
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

15 air. The hydrocarbon feedstock can be benzene, or a mixed C,
olefin stream, but is most preferably p-butane. The use of
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

20 the feedstock used for production of the maleic anhydride
containing vaporous stream of step (a) is most preferably n-
butane and the catalyst is preferably vanadium pentoxide.
Typical partial oxidation conditions in this case include use
of a temperature of from about 350°C to about 450°C and a

25 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, e.g. about
20:1 and a partial oxidation catalyst comprising vanadium
pentoxide; the contact time is typically from about 0.01 s to
about 0.5 s, e.g. about 0.1 s.

30 Partial oxidation of the hydrocarbon feedstock is
conveniently conducted 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



di met hyl mal eate or diethyl naleate. The use of nethanol as the CJerr]
- to (Jerr] al kanol and of dinethyl naleate as the di-(Cerr] to 10 (err]
al kyl) maleate is especially preferred. The vaporous stream of

step (a) g‘l;%;,pﬁzar ocess of the invention is preferayeindiged by
o u

parti al ron of a hydr ocarbon feedstock in the presence of a
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oxi dati o’ caf8l §SE° c%?ﬁﬁti §16r?g8\7anadi um - pentoxide; the contact tine is

typically from abontsfel(#) tof the paboess bd the dnFenthbontthk Iaporthhs
Partial oxidation of the hydrqcarbon feedsto is conveniently .
conduct ed inmﬁaFé‘éc?’éle %% s%(fr‘?ﬁ“i %ﬁspi‘iﬁfﬁéy °°ntaFEB€sW% r'iﬂ?ngﬂﬂhby a
j acket throupbithhghsalvent et alempérature Cid GHeakra@tgenopr fitdm tabi@nt r ol
}:,2% ggg; Io(iggéegp 1% aagl:yoru i 1125(%& preferMYQQrAé%\Zggout 80°§ to ab?‘ébor ous

stream fyoom ghe°pardndlatd galeiselirecatt f¥om abdutel bar HE& UL Byr
external cooli ng with_boiler feed water tp raise st ag] ,gnd,rpossi bly
8 ride in the

al so by furt F8r 2&8xFRr ™ A AT 1RA: fOmPrising maleic anhy

high boiling sclvent. The contacting can be carried out by
bubbling the vaporous stream through a body of the solvent.
Alternatively the solvent can be sprayed into the vaporous

15 stream. Countercurrent contacting devices can also be
employed wherein the ascending vaporous stream is contacted
by a descending stream of solvent in a gas-liguid contacting
device, such as a packed scrubber tower or a scrubber tower
provided with trays. In this step the solvent will typically

20 be at a lower temperature than the vaporous stream so that
the latter is cooled.

In the resulting solution of maleic anhydride in the
high boiling solvent the concentration of maleic anhydride in
the high boiling solvent may range from about 100 g/l to

25 about 400 g/l.

. The high boiling solvent has a boiling point at
atmospheric pressure that is at least about 30°C higher than
that of the di- (C, to C, alkyl) maleate. The solvent should
be selected so that it does not react significantly with

30 maleic anhydride under conditions used in the contacting step
{a) or the esterification step (c). Hence it is preferably
inert under the scrubbing conditions of step (a) as well as

under the esterification conditions used in step (c). It



cooling water to a tenperature in the range of from about 5 60[err]Cto

. about +160[err] C In step (a) of the process of the invention the
vapor ous mal ei ¢ anhydride streamis preferably contacted with the high
boi |l i ng sol vegboniszee tenperature in the range of from about PCT/GBH®ISI | C t o
about 160[err]C, preferably fromabout 80[err]C to about 10 120[err]C, and
at a pressure of fromabout 1 bar to about 3 bar so as to forma

sol ution conprising mal eic anhydride in the hi gh boiling solvent. The
contacting can be carried out by bubbl i ng the vaporous streamthrough a
body of the solvent. Alternatively the s@lvent can be sprayed into the
vaporous 15 stream Countercurrent contacting devices can al so be

enpl oyed wher ei mhbbmdaame@c%agsummrmialsw tasrt surslErt ahkedydrogdryataion
descendi ng stream n?f sol ven% s | i quid contacting devi ce, such as
a packed scrubb&PPESREPREC %rc?%b ' t ower provided with trays. In
this step the sol venzﬁs\/\ekhmpy@saﬂﬁ Isuﬁ&blbehﬁ?habcbmmm selpents utitetdiadar he
vapor ous stream,so t tt coo

{oul ting sol ut FnsHEhaned AlSieh s aERe Cricasyt BbeFPRACS O SEMEYhe
concentrati ol ofmareh€es anhyglmlxﬁkﬂédhlar wbhghhlmbcaﬂ la&gmaaweﬂgvdf@éame

fromabout 100 g/l to 25 about 400 he ng soI vent
has a boiling p&oHveRF a"m%t?rdg‘?}ﬁé?‘ﬁl@ F"S%EB'Feb?q'Yéﬁer’i §5§ ga%?

30[ err] C hi gher Hohaﬂng poihBadbébe tind di, - é{f{:leras] d:&be@[z?ﬂ.b]anﬁéﬂfd} )arﬁiﬁ| eat e.
The sol vent sho | ected so that it _does not act si nlfécantly

with 30 malei c%&ﬁprﬂlll Btﬁ?l © RS t:"'ng‘c]‘ iR Fhea]e%’ 8EPPR

(a) or the estenidtiatabEonoStEep14 Clarddaneeomt if Poed @]ﬂﬂ?ll}’groupsl namerunder
t he scrubbi condltlgns of st pi_ég%as wel |,

as der
esterificatibn tHSIFPIBRBE LR FEEF. 1Ft13 PrEferr\ﬁB §1?Pﬁ3§132 alkyl
PCT/ GB97/ 01285 moiety in such an ester shall be derived $¥rom the same

alkanol as the C, to C, alkancl used in the esterification
step (c). In this way any transesterification reactions that
may occur do not give rise to additional esters. Thus when
15 the alkanol used is methanol and the dialkyl maleate is
dimethyl maleate, any ester used as the high boiling solvent
is preferably also a methyl ester. Examples of such methyl
‘esters which can be used as the high boiling solvent include
dimethyl phthalate, dimethyl esters of other aromatic aéids,
20 such as dimethyl 2,3-naphthalenedicarboxylate, diesters of
cyclic aliphatic diacids, such as dimethyl 1,4-
cyclohexanedicarboxylate, and methyl esters of long chain
fatty acids containing, for example, from 14 to 30 carbon
atoms. Other solvents that can be used include high boiling
25 ethers such as dimethyl ethers of polyethylene glycols of
appropriate molecular weight, such as tetraethyleneglycol
dimethyl ether. o
Another desirable quality of the high boiling solvent is
that it should be essentially water insoluble and/orxr
30 essentially incapable of dissolving water.
The high beoiling solvent used in step (a) conveniently
comprises material resulting from the hydrogen stripping step

{e) . Hence it may contain already some di-(C, to C, alkyl)



shoul d al so be substantially inert under the hydrogenation condi tions

- of step (f). As exanpl es of suitable high boiling solvents there
can be nentioned di butyl phthalate; tricresyl phosphate; dibutyl 5

mal eat e; qwﬁgg | ecul ar wei ght wax; an aronmatic hydrocg&h 1285501 vent
havi ng a nol ecular wei ght between 150 and 400 and a |ng p0|nt above
140C, such as di benzyl benzene; and ~dial kyl phthal ate esters having
Cerr] to (Jerr] alkyl groups and a total of 10 to 14 carbon atons in
bot h al kyl groups. When 10 the solvent used is an ester it is preferred

t hat the al kyl noi ety in such an esteyy shall be derived fromthe sane
al kanol as the Cl to C4 al kanol used in the esterification step (c). In
this way anypbiggsesterification reactions that may occur do not give
rise to additional esters. Thus when 15 the al kanol used is methanol and

t he di al kyl mal eaPxovided thditmaphybprbieateonditionst ereusdopizaa tire stiegh
boiling solv t he of ch

met hyl egtgserstl\ﬁl %h carf%{?g‘bl%ég gPe h:g?hél]c%‘l g% I %ﬁggfs&%lr%%&h I ncsfuude

di met hyl pht bhkaireventiins gan @stsssentl@lhwrfnﬁﬁoﬁapmcma&eds arfiydrsidieh as

di met hyl &, 3- naph%Q@@f¥¥¥H OX ¥ i i ha iC

di aci ds, such as di net spipn e E%gchh§§%%%§P§ER§8Xw$¥ﬁeﬁﬁ%nd get W
esters of Ioﬁgkehalrns efﬁagﬁgﬁ avi dtepofchi in ey dsmereiaqptagnfzana 14 to 30
car bon h ent h u boi l.ing 25
et hers such as &fmﬁﬁh\éers';lt ?)‘ n3 8% ?ﬁtfcgn%sagiqyco h‘gglgﬁg& g" C]LLate
nmol ecul ar vveaghyﬁrsmmras:b;eetaoamthphemgtlyedhgh badilieghgbleerer .

Anot her desi I f 1 h t | t should
becssent | al FAOEEpSed teskrtion 16, Shi aHEthcd e RERN chiatyst ity ne

di ssol vi ¥y w@tetro Cs alkanol ﬁmefdntrgluhbocbrngswm mgned (Cp =t € (a)

conveniently e uliing fronlthe hydr ogen stri ppi ng
step flk?%)ng'ggﬁé may cotr?t %F%l’:g (S%ad%/ sonme di- (Cerr] to (err]
al kyl) WO 97/ 43242 o PCT/ GB97/ 01285
c/ N
15 I /o +ROH  —— I
c ' c
' \\ﬁ H Nc—or
o u

where R is a C, to C, alkyl radical. Some conversion of the
20 mono-{(C, to C, alkyl) maleate to the corresponding di-(C, to C,

alkyl) maleate may also occur. The reaction concerned is:-

0
H ﬂ-—-OH H u-——OR
¢ N
25 | +ROH =—= || + H0
o C
w Ne—or W Nc—or
| I
0 0}
where R is as defined above.
30 Such a non-catalytic reactor can be operated under

monoesterification conditions which typically comprise use of
a temperature of from about 65°C to about 260°C and a pressure

of from about 1 bar to about 50 bar. This can be followed by



10 mal eat e. Provi ded that appropriate conditions are adopted
kn step -(a), the gas streamrecovered in step (b) of the process of
the invention can be essentially free fromnaleic anhydride. 5
Esterificati onwosndsiznal ei c anhydride with the CJerr] to ( eaIjGB97/01285

al kanol is effected in step (c) in an esterification zone. Thi s may
conprise a non-catalytic reactor in which the maleic anhydride in the
solution in the high boiling sol vent undergoes reaction in the absence
of added catalyst with the 10 ([err] to (ferr] alkanol to formthe _
correspondi ng nono- (Cferr] to (err] al kyf) mal eate. The reaction is:-
[err] where Ris a (Jerr] to (Jerr] alkyl radical. Sone

conversion of the Xatakytdc e€terificatidrersthgel kyFor natamtle,t oheheatalytic
Feacti on conger nath L picaibhrkbage maf! ook g B RATALY 33, BREHFes cuenk

reaction concerne
30 Such a megeatairs puch Agats odischoded dpevatRde198824. Preferably,

”DnoesterifiCatiqﬁw&ﬂggatEﬂgsc§@£f§%{é“gé§§£i 123 éﬁsgiéggaé%%prises a

5 column reactor of the type disclosed in WO-A-50/03127. 1In
this case the non-catalytic monoesterification stage may
comprise a stirred tank reactor or a column reactor
containing one or more trays which do not contain any
esterification catalyst and which is fed from the bottom with

10 methanol or other C, to C, alkanol vapour, while the maleic
anhydride solution from step (a) is fed downward through the
column reactor.

If the catalytic esterification stage comprises a column

reactor of the type disclosed in WO-A-90/03127, then the

15 solution of maleic anhydride (or a solution comprising the
corresponding mono-(C, to C, alkyl) maleate, if a separate
monoesterification stage is used) in the high boiling liquid
is fed to the top esterification tray of the column reactor,
while an excess of C, to C, alkanol vapour is fed to the

20 bottom of the reactor.

In the column reactor the esterification trays each hold

a charge of a solid esterification catalyst. Each tray has a
vapour upcomer means to permit vapour to enter the tray from
below and to agitate the mixture of liquid and solid

25 esterification catalyst in a zone of turbulence on the tray
and to keep the catalyst particles in suspension. In order
avoid the danger of "hot spots” forming on the tray through
formation of pockets of settled catalyst particles, the floor
of each tray is preferably designed so as to slope towards

30 the zone of turbulence at a slope which exceeds the angle of
repose of the catalyst particles under the liquid. 1In
addition each esterification tray has a downcomer means which

permits liquid, but not catalyst particles, to flow down from



~a tenperature of from about 65[err]C to about 260[err]C and a pressure

of fromabout 1 bar to about 50 bar. This can be foll owed by WO
97/ 43242 PCT/ &B97/ 01285
11 awoAlMei ¢ esterification stage. For exanple, tl‘ﬁ/(ﬁﬂ"}tnﬁizﬁ ic
esterification stage may conprise a plurality of stirred tan reactors
such as is disclosed in US-A-4795824. Preferably, however, the
catalytic esterification stage conprises a 5 columm reactor of the type
di scl osed in WO A-90/03127. In this case the non-catal ytic
nonoesterification stage may conprisqpa stirred tank reactor or a
col um reactor contai ning one or nore trays which do not contain any

or ot her C[err%qto err] al kanol vapour, whi e malelc an e

sol ution froMHAIY De PoVédedohiiiara acregngiot hrevent wstatysteact or .

|f the catal yid:: eeled) phlgahh OtoAllIS0 B ArBugh! UM reactor of the

type disclosed in WO A-90/ 03127, then the 15 solulion of nmaleic anhydride.

(or a solution conp®iSAhgreRetion eondiddemsdiingtheneclyng) eresctor ( err]

alkyl) ma5eatmelide usBPBEahetenpe BN bRl bireaLhol SAAHC Wi HSEfiL N the

hi gh boiling liquid is fed to the top esterification tray of the kol um

react or, thiYse2bhanat istdrl s e Supht bewperaturs lemdobrespove is fed to

the 20 bott i thilsl 0 : h I eact ar

esterificati %Bﬁla;?%esagﬁi%ohlry J.'n adecpr?élrdlgegm%f ﬁggfsgoﬂggd] %s?ér?‘f iacg%nﬁ

catal yst. EactPigchpdhkytawill Gypinallypdovdudeeuns ¢b pdremiperaapoar of 0

enter the tragpdu ABout 65eE 0N AWbO ﬁ@héaagdwe%g@bg%weeo%f flr%rﬂuagma{‘dl
turbul e e

solid 25  esterification catalyst in a zone of ence on ray
and to kéBp tHFF && APPYE Baba¥cl & G¥Pisadperdidnesterisfidmtion catalyst he

danger of "hofg 9} Sonl @kBhBHgO rddlth dAY LALRYIPhe designation
Amberlyst™ 16 by Rohm and Haas (U.K.) Limited of Lennig

House, 2 Mason's Avenue, Croydon CR9 3NB.

esterificati ofhpattdaysttoableWibsh 1swdbre.0MshRE RO4SRHR WD mkQn ”g&fgno'
3;; e the mal Rydri

In passing up the column from one esterification tray to
15 the next higher one, the upflowing C, to C, alkanol vapour
carries with it water of esterification. Thus the di-(C, to
C, alkyl) maleate-containing liquid passing down the column
reactor from one esterification tray to the next lower one
encounters drier and drier conditions as it proceeds down the
20 column. In this way the esterification reaction leading to
formation of the di-(C, to C, alkyl) maleate is driven further
and further towards 100% conversion to the di-(C, to C; alkyl)
maleate. _
Any byproduct acid, such as acetic acid or acrylic acid,
25 that is also present in the vaporous stream from the partial
oxidation reactor, together with any maleic acid or fumaric
acid present in the solution supplied to the esterification
zone, will undergo conversion to the corresponding C, to C,
alkyl ester or diester, as the case may be.
30 The vapour phase stream emerging from the topmost
esterification tray comprises C, to C, alkanol vapour and
water vapour; it may further include traces of minor

byproducts such as the di-(C, to C, alkyl) ether, besides



formati on of pockets of settled catalyst particles, the floor of each
ctray is preferably designed so as to slope towards 30 the zone of

turbul ence at a sl ope which exceeds the angl e of repose of the catal yst
particles unwersaize2z | iquid. In addi tion each esterificaCr/eBo1M285 has a
downconer neans which permts liquid, but not catalyst particles, to

fl ow down from WO 97/ 43242

PCT/ GB97/ 01285 12 that tray
to the next | ower one. Such a downcomer neans wil | usual |y be provided
with a screen to prevent catal yst partixl es passi ng downwardly

t her et hr ough. Typi cal reaction conditions in the colum reactor

5 include use afaasesecapetint \die- @dtpr@salkellndeleats andt bé there) to ¢, to
Cerr] alkanol distils, ch t erature d pressure conditions wll

vhry 1 n dependeit BERYTHE ) & PEEheEr afffe St iey or R Y B i 1
typically incl pgeviidedodboved eghee upperaost esterifricatdoautrap|es rddt tag about
135[err] C and %%es ure of froT aboyt 1 %0 bar to abgut % bar . t ypi cal
solid esterifi CREMORT cHRRPARY columng ipnerden & AREE Adsite &) &uﬁﬁdﬁ?l’t he
designatiors madgheel yst tits rdsterifi cReion apthyias 1Mhd kepult thd athgur enni g
House, 2 Mason's Avenue

. CQroydon CRO 3NB. I n passing up the
bol o 1 om ongtEenEr | Thich b Hop Foeane sal Y Fras Eay oy (ondo PheAlkyl)
upf | owic ng Cer En]altaﬁtg[ eﬁﬂ%gld(mcﬂop/@moune colwmf S i eiskvv: th it water of
esterification. Thus the di- err].t err] a ,
mal eat e- cont ai ni ng Fra®i 'ah?)a‘é%'%fﬁ" @%mﬁgﬁhﬁ°%§{‘%n?éa°tm¥§§8f8rl? R RFed
esterificationat nayuia stfeditXdonpPiBingN8 solu€itidWH ¢he dilec, asdcdrier
conditions,as it _proceeds down t nthis vvaK%th,e

esterifical? onat&¥dl i BALERERI Ry ':B% %‘gghfcglf’gﬁn?‘i-‘%nsl%lf"qrﬁe dfeE®E¥r] to
Cerr] alkyl) mmlseatealtydi¢cv@nEded.t N@E desipéd dhird hakutiawesd sod Afnixed
conversion to the, dLabf eiids 'Q 688! LRy ana pifacdirough a
polishing reactor containing a bed of solid esterification
catalyst operating under liquid phase operating conditions.
15 Such conditions typically include use of a temperature of
from about 65°C to about 135°C and a pressure of from about 1
bar to about 3 bar. A typical solid esterification catalygt
is the ion exchange resin sold under the designation
Amberlyst™ 16 by Rohm and Haas (U.K.) Limited of Lennig
20 House, 2 Mason's Avenue, Croydon CRS 3NB.

In step (e) of the process of the invention, a gas
stream comprising hydrogen is passed through the solution of
the di-(C, to C, alkyl) maleate.

The hydrogen stripping step is preferably conducted

25 substantially at or at a pressure slightly higher than the
inlet pressure to the ester hydrogenation zone. The hydrogen
stripping step is similarly preferably conducted at
substantially the desired inlet temperature to the
hydrogenation step or a little below this temperature, for

30 example from about 5°C to about 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 additiocnal benefit of diluting the wvaporous



Any~ byproduct acid, such as acetic acid or acrylic acid, 25 that is also
.present in the vaporous streamfromthe parti al oxi dation reactor,
together with any maleic acid or fumaric acid present in the solution

supplied tpwd%‘gzggeri fication zone, will undergo Con‘f?ﬁ'&lﬂﬂnfzﬁh t he
ng

correspondi err] to (Jerr] al kyl ester or diester, as the case may
be.- 30 The vapour phase stream energing fromthe topnost
esterification tray conprises CJerr] to (Jerr] al kanol vapour and

wat er- vapour; it may further include traces of m nor bypr oducts such

as the di-(Cerr] to (Jerr] alkyl) ether, l?g:sides WO 97/ 43242
PCT/ GB97/ 01285 13 traces of

the di- (C[errlgtg. %@Eg}_ngiagygr%%t%@eﬁ rt}lanlg Je-ér%eaa

al kyl acryl ate. further it tray or t?ays may provi
above the upperempsrasurer abpeatitm dewpointacpreferably aftoﬁlmast: stk ng

colum in ordefedt ﬂléﬁggrghgﬁ :{tg edév]\;:fo Qnelerr] alkyl) 5 maleate to the
h ap

esterification tra e resulting our stream which is now
essentially free frra)m dydrcpenatiom em s ablkghfageousim @@neluceezatsnt he

D ot ST vapoys praskl COLLIE DILRARGuLit UMD S8Rt b0k
Cerr] 10 al qut)altyslteat E‘ypmcaheemegh Mdogagatmdmecﬂtalyﬁtssmslude
addi 11 onal * cf A3Aes” Bremet Y, kSRRt aradets, Py el Hayseathrper
-reactor cont am’rmmgu&ebe:dteilysb‘ai suels tagy m‘hact;alspbd unde:c_a:tl'@l yle'slgpetaOnngG
nclude Use of ot Bperiiy Br8806s tkthc gy PYRTETME SOBRSERBLERL Y 1
.and a prei&urél‘ea:frafqeomlabdan W2 6LEDbar to about 3 bar. Atypical solid
ot on " CindbE e HUPL A RSO HAY S B

in the range of from about 0. 5 mm to about S5 mm.

particles may be of any convenient shape, e.g. spheres,

pellets, rings or saddles. When using a fixed bed of

15 catalyst the reactor can be a shell-and-tube reactor, which
can be operated substantially isothermally; however, it is
preferably an adiabatic reactor. The use of én adiabatic

- reactor is advantageous since its capital cost is much lower
than that of a shell-and-tube reactor and it is generally

20 much easier to charge the reactor with the chosen catalyst.

Hydrogenation is conducted at an elevated temperature
of, for example, from about 150°C to about 240°C and at a
pressure of from about 5 bar to about 100 bar, preferably
- from about 50 bar to about 70 bar.

25 From the hydrogenation zone there is recovered a
hydrogenation product mixture which contains, in addition to
the ¢, to C, alkanol, also butane-1,4-diol, and some
tetrahydrofuran and y-butyrolactone. Even if the primary
product of interest is butane-1,4-diol, the presence of these

30 'minor amounts of tetrahydrofuran and y-butyrolactone is not
disadvantageous since these compounds are important chemicals
of commerce and it is accordingly economic to recover them in

pure form. If desired, y-butyrolactone can be recycled to



20 House, 2 Mason's Avenue, Croydon CR9 3NB. In step (e) of the
. process of the invention, a gas stream conpri si ng hydrogen i s passed
t hrough t he sol ution of the di-(Cerr] to (Jerr] alkyl) nal eate.

The hydrogenwd sw@piang step is preferably conducted 25 sulxarsanor/ei2By at or
at a pressure slightly higher than the Inlet pressure to the ester
hydr ogenati on zone. The hydrogen stripping step is simlarly

pref erably conducted at substantially the desired inlet tenperature to
t he hydrogenation step or a little below this tenperature, for 30
exanple from about 5[err]C to about 20C bel gyv this tenperature. Then
the tenperature can be raised to the desired inlet t enperat ure by

adm xture of fuwrehaydregehstiogerorondcaprodgee addaionsli bathas-1 he-diol.

ggg}&ggg?glggg%ai%d%&tgghugkggh;&?%é&ﬁ%ﬁ;%&% produ;t A@%é%@g4%%§% normally
est er-cont ai ni ngprfaigamincg ahounety ofthel agriéspondinss dl- (€, to C, alkyl)

tenperature above its dew point, preferably at |east abaqut 5[err]C
hi gher than itss%"ﬁﬁﬁntp'butanolo' thge © éFﬁE@’F\‘g’t’i‘%r& W 1 s

advant ﬁggousl y &0askyei &dihat'é, é . \Gipeith | ymhaseh%x%émg:imah_et &fogﬂélle@y%o
ester hydrogenatio catal yst. Typical ester hydrogenation catal ysts
i ncl ude recﬁjc@gkﬁ%}rd%d“%g’ﬁﬁ@ 'caf‘gl YRYSEX- for exanpl e reduced copper
chrom te catal ysts ¢ehfasthbatdewdilsindgariingdepdaimdnatiolCot a &b/ (c,by

Davy Process Technol o Jr_’iem'ted of 3Q East bourne 10 _}errace, London W2 G6LE.
The catal yst pdi? i< %g%% fAlaate RRY.SUPReAYSRY purification p & ange of

from about 0.5 faBdl®adiRodiule "RydddifenatioBapkbales Wbt ,Ofe@ayescd Rsy €Nt
shape, e.g. . spheres,_ - llets, rings._or _sa S a_fixed bed

e ddl es. Wien usi
of 15 catal¥st ]?%é“ﬁd@aGPoE'séﬁﬁ“%%““alss'heIWIO-‘éﬁH-s ﬁ%a?ed’t‘?‘&',aa\?ﬁ?éﬂ' US-a-
4767869, US-A-4945173, US-A-4919765, US-A-5254758, US-A-~
5310954, and WO-A-91/01960.
In order that the invention may be clearly understood
and readily carried into effect a plant for the production of

15 butane-1,4-dicl, 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.

20 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

25 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:n—butane feed ratio of 20:1.

30 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



can be operated substantially isothermally; however, it is preferably

an adi abatic reactor. The use of an adiabatic reactor i s advantageous
since its capital cost is nmuch | ower than that of a shell-and-tube
react or andw&,.,hgugener ally 20 much easier to charge the rgactsmeldsih the
chosen cataly Hydr ogenation is conducted at an el evate

t enperat ure of, for exanple, fromabout 150[err]C to about 240[err]C
and at a pressure of from about 5 bar to about 100 bar, preferably
from about 50 bar to about 70 bar. 25 From t he hydrogenation zone
there is recovered a hydr ogenat i on prodﬁﬁct m xture which contains, in
addition to the CJerr] to (Jerr] al kano al so butane14diol and

some tetrafydraf i aad ng Qub¥r9+'@%£ﬂf‘1c g\ﬁ%ﬁrd'r&d%he P4 B water,

product of interest Is butane-1 t he presence o m nor
amounts of tet*akydtAn wanbomndipxpdeyr bl @t dagbont monon@heaﬁi\ﬂéﬁt ageous

since these coppOL{IS &£ IgTRAk! @z& 58P £l fe14, 1505%069@%&&;;%6 a anfa 'S

accordingly economc to recover themin pure form
y- but yr ol act onthe pprlrnge@ffeatindly comprisingDndrregenand other inert

PCT/ GB97/ 0328545 fed to the bot £ bbPng t éé‘
hydr ogenat i on %o%%sto pro;L ucéa agfgl tPgn ? rburg[1 aone a1 sé?r(ltlll Oan owgr %, dellrpt I on

t he hydr ogenol yeish pktoRasses agaiosyi al dmi‘kﬂWI}lg SpréMnoéldnmnhiml anount s
of the corresp ' | - {sChersr, r CGCh -fayt anol ,
ﬁgﬁ%ﬁﬂﬂgﬁ il shggﬂgé.;t al ktyén)pgraéﬁggt% " T

t he correspond al koxysucci nate, e.g
met hoxysucci nafeomflinge & el’lﬁ'!e sgrubbed| wasfe g mtirean wbimmmaém '
wat er .

tefife epat rr]
to Clerr] al ky?) ml%ﬁe@n tab é’aﬁéﬁtga‘%ogjf |cat|g>g> B?' éﬁpu}%n% esu ta%t
crude hydrl@genanlwlprmdtmﬂ Xt , ipepasaer c@y WEGtehgasdourneay .
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a liquid stream in line 8 which comprises a solution of
approximately 22% w/w maleic anhydride and 0.04% w/w acrylic
acid in dimethyl phthalate. This is supplied to the top of a

15 column reactor of the type described in WO-A-90/08127. This
comprises a number of esterification trays mounted one above
the other, each containing a charge of a solid esterification
catalyst, such as Amberlyst™ 16 resin, and each having a
vapour upcomer for upflowing vapour and a ligquid downcomer to

20 permit liguid to flow down the column from one esterification
tray to the next lower one. Methanol vapour is supplied to
the bottom of column reactor by way of line 10. Water of
esterification is removed in the vapour stream exiting the
column reactor in line 11. Column reactor 9 is operated at a

25 temperature of from about 110°C to about 125°C and at a
pressure of from about 1 bar to about 3 bar. The residence
time in the column reactor is about 3 hours. Normally the
temperature on the top tray will be somewhat higher (e.g.
about 125°C) than that on the lowermost tray (e.g. about

30 115°C) .

. A solution containing about 250 g/l dimethyl maleate in
dimethyl phthalate is withdrawn from the bottom of column

reactor 9 in line 12 and pumped to near the top of a



5310954, and WO A-91/01960. In order that the invention may be
cl early under st ood and readily carried into effect a plant for the
production of 15 butane-1,4-diol, as well as sone y-butyrol actone and

t et r ahydr of uwem/43282 Nng a preferred process in accordance WPCR/GB97/01283c
present invention will now be described, by way of exanple only, with
reference to the acconpanyi ng draw ng which is a flow diagram of the
pl ant. 20 Referring to the drawing, n-butane is supplied in line 1
at a pressure of from1l to 3 bar and at a tenperature of 400[err]Cto a
partial oxidation plant 2 which is also supflied with air in line 3.
Partial oxidation plant 2 is of conventional design and includes a
partial oxidat ssnippies oroRBn ddnphishnys teprsaysdc labdank enperatuxe af

oxi dation catalygb | SL |.um pent.gxi pac(gglq [,.n ubes
provi ded WI:L?E % EJ’%%%; te%trsg%ghgéhgﬁ%rgoﬁ% e(%(iég?t bggk be Ci rrdélu}lgt ;e‘asf or
t he purpose of at supeentef alicintllat iofheraes taldveoxihgappint of irgecitdioni S

operated at anqgl pn0-BHLANE Y §2d Lokl SoPle Al hnedl corumn 5108 aRY OUS
partial oxidation product streamts co0! ed’ y ‘external coollng agai nst
boi | er feed watredute carswover ofsthenhigll kdichimgy®iodyent odimehylat er to

reduce s LEOPEEALU Gl 0 hABHELR] Serddn Ak PORYGRET T OmRl ant 2 i n

i ne GB97/ 01285
16 4. Thi sotubhiam nsf 2i9étlivl nmleatce airhydlimetddy5pBthal atevallows down
1.3% w w car bon di'gé%.xqg’coll 0% w_.w _carb

|

acid, 0.01%w -1 YN 1S, %W%o%&%ﬂgﬁa‘% g%;/%%w%%lkgr%?@gelnc
essential |y cofippmsiimge ni4rogiire astdippeérdimsntyls phghadsate is rexyfcded o the
Dot Lo o o SCRIBN e B of Rreespo 35059, . BE A B4 o0
68C the top of scrubbing tower 5. From the top of stripping
column 13 there emerges in line 15 a near saturated vapour
mixture stream comprising dimethyl maleate in hydrogen, with
a hydrogen:dimethyl maleate molar ratio of about 320:1. This
15 vapour mixture stream is at a temperature of from about 180°C
to about 195°C and at a pressure of 62 bar. It is diluted
with further hot hydrogen at a temperature of from about
180°C to about 195°C to yield a vaporous stream with a
hydrogen:dimethyl maleate molar ratio of about 350:1 and is
20 at least about 5°C above its dew point.

This vaporous mixture passes onwards in line 17 to
hydrogenation plant 18 which includes an adiabatic reactor
packed with a reduced copper chromite catalyst and operated
at an inlet temperature of 173°C, an inlet pressure of 885

25 psia (61.02 bar), and an exit temperature of 190°C. The
dimethyl maleate feed rate corresponds to a liquid hourly
space velocity of 0.5 h''. The plant also includes a
purification section in which the crude hydrogenation product
mixture is distilled in several stages to yield pure butane-

30 1,4-diol in line 19. Lines for separate recovery.of Y-
butyrolactone and tetrahydrofuran are indicated at 20 and 21

respectively.



———————

fromline,6. The scrubbﬁﬂ asti-eam whi ch cont ai ns 0.03% wW w
> mal ei ¢ anhydride exits t mm‘mmmmig tower 5 10 in vent gas line 7

and is passed to a waste das tburner. s From t he bottom of scrubbing

tower 5 thgpeskszsd €COvVered a liquid streamin |ine 8popichdnaigdspri ses a
sol ution of approximately 22% w w mal ei ¢ anhydri de and 0. 04% w w
acrylic acid in dinmethyl phthalate. This is supplied to the top of a 15
colum reactor of the type described in WO A-90/08127. This conprises a
nunber of esterification trays nounted one above t he other, each
containing a charge of a solid esterificajdon catal yst, such as
Anber |l yst[err] 16 resin, and each having a vapour upconer for upflow ng
vapour and acijpgmgd downconmer to 20 permt liquid to flow down the colum
fromone esterification tray to the next |ower one. Methanol vapour is

supplied to 1- thePbBYPeREDII0IthenPredecbionofar deastnena(Cs Wat er of

esterificati Qompsuh@BYEEEdE #Rom/ BRARHhe ST £2M1 SX ty- fg*ilslacco&{'&ﬁ@
reactor in line 11. Colum reactor 9 is operated at a tenperat ure of .
from about 1retrabydrefuramseihah dnciudes phessher off hydovngematdor bmar to
about 3 bar. fheLES] £a tJ g -ip t Oillg?] t i s_apput 3 hours.
Normal |y the e vtggrr%g‘ragl?ur% c>of'fn t% t(gb '?fé‘f? %/‘m I %g@gﬁé&\?\hg gﬁgher (e.q.
about 125C) PrgRenfat odm tPrRrYisndatrssestenyhydrggendidon 88tdlys),. which

A solution c a8kBkng £20 g/l dinmethyl maleate in di met hyl

pht hal at e is%\?\‘nbtﬁdrav\n% [orﬁthe bottom of colum reactor 9 in line 12
and punped t d2heafORRRCELRT (7 Vaporous streyw gMuUBiRing maleic anhydride

ol umm 13 wh GROFE" HEFST SRR facezbop oxjdes in iy sbrorpSlin b
pressur elbf #d8hpaj high1bobling orgspignacleentshaving anbabhdingfpoint at
distillationra%shaboyeptdés i Wnith 50 861104kt about 30°C higher than
that of the di-(C, to C, alkyl) maleate thereby to form a
solution of maleic anhydride in the high boiling organic
solvent; '
15 (b) recovering from the absorption zone a waste gas stream;
(c) reacting maleic anhydride in the solution of maleic
anhydride of step (a) under esterification conditions in an
esterification zone with a C,'to C, alkanol to form the
corresponding di- (C, to C, alkyl) maleate;
20 {d) recovering from the esterification zone a solution of
the di- (C, to C, alkyl) maleate in the high boiling solvent;
(e} contacting the solution of the di-(C, to C, alkyl)
maleate in the high boiling solvent with a gaseous stream
containing hydrogen thereby to strip di-(C; to C, alkyl)
25 maleate therefrom and to form a vaporous stream comprising
hydrogen and di-(C, to C, alkyl) maleate;
(f) contacting material of the vaporous stream of step (e)
in a hydrogenation zone under ester hydrogenation conditions
in the presence of a heterogenecus ester hydrogenation
30 catalyst thereby to convert di-(C, to C, alkyl) maleate to at
least one C, compound selected from butane-1,4-diol, vy-
butyrolactone and tetrahydrofuran; and

(g) recovering from the hydrogenation zone a product stream



of the dimet hyl mal eate %wuﬂﬂ"mmg m 13 so as to 5 reduce
carryover' of the high boils s dfyfet hyl pht hal ate in the

overhead stream from colum 13. The solution of dinmethyl maleate in

di met hyl phwodasgazf| ows down stripping colum 13 agairestcEmoizss | owi ng
stream of hydrogen fromline 14. The stripped di nethyl phthalate is
recycled 10 fromthe bottomof stripping colum 13 by way of line 6 to
the top of scrubbing tower 5. Fromthe top of stripping colum 13 there
energes in line 15 a near saturated vapour m xture stream conpri sing

di ret hyl nmal eate in hydrogen, wth a hyfir ogen: di net hyl nal eate nol ar

ratio of about 320:1. This 15 vapour mxture streamis at a tenperature of
from about 180fentdiging spddabbuleass[ane [OC eembaunda pressure of 62 bar. It

is diluted W th f - . e r f out
180[err]C to ahout l%é’?["?r;rg Cgtg%)og‘?{e&ﬁggqg&v%%&?'osﬁéng’?reai.rgkgvir't%ﬁ fgl% %2
hydr ogen: di net#itaned] dst oetbhnelrand chyf dbdGr B5@.1adkyl ) snd@atet ibeast

about 5[err] C@Q%}qult ﬁaq%‘ﬁ)t; oi nt. Thi s vaporous m xture passes

onwards in |ine 0 rogenation plant 18 which includes an
adi abatic Peacior A promelssdanionding dtucddigopper chaioni.e ivawhight thed

25 psi a (61, CPRI BrreiPEET LS B AR rRolhieq ity dhFial fRTMME S OO
di ret hyl nal eatfe o dadinowaeboor Ees@gstoisk tim ahei guedehorirdfy a parspate

velocity of 0.5 hier.r]. Lant _al sq_i.ncl ydes purification section
in which the c?’fjci%aae‘hlﬁr Ségg‘%g‘f"gn“%%é%u‘%?lecuﬂﬁ %%K?%"i s distilled in

several stagestio Wi gimbcoesseababrding I clbid @i, olni whicahed hydroocasbéwr

separate kgCOV. - g - ol actone and tetrahydrofuran are
ot oq18f CYdadtlagk 4s n ngl%‘é%f i vel y. WD 97/ 43242

PCT/ GB97/ 012855. A process according to claim 4, in whid8 the partial
' oxidation catalyst comprises vanadium pentoxide and in which
the partial oxidation conditions include use of a temperature
of from about 350°C to about 450°C, a pressure of from about 1
15 bar to about 3 bar, an air to p-butane ratio of from about
15:1 to about S0:1 and a contact time of from about 0.01 s to
about 0.5 s.
6. A p;ocess éccq:ding_to_any one of claims 1 to 5, in
which in step (a) the vaporous maleic anhydride stream is
20 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 solvent.
7. A process according to claim 6, in which the contacting
25 step is carried out in a countercurrent contacting device
wherein the ascending vaporous stream is contacted by a
descending stream of solvent in a gas-liquid contacting
device.
8. A process according to any one of claims 1 to 7, in
30 which the solvent is an alkyl ester whose alkyl moiety is
derived from the same alkanol as the C, to C, alkancl used in
the esterification step (c¢).

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



CLAI Ms: . 1. A process for the production of at least one Clerr]

* conpound selected fromb but yrol act one and

t et rahydr of uran, which .ﬂiﬂmumjmmuml)f hydr ogenati on |n 5 the vapour
phase of awoetgherr] to Jerr] “alkyly raleate in the CRSI 5 of a
particul ate ester hydrogenation catal yst, which process conprises:

(a) contacting a vaporous stream containing nal ei ¢ anhydri de vapour ,
wat er vapour, and carbon oxides in an absorption zone 10 wth a high
boi l i ng organi c sol vent having a boiling point at at nospheri c pressure

which is at |east about 30[err]C higher thgn that of the di-((err] to
Clerr] alkyl) nmaleate thereby to forma solution of mnaleic anhydride in

the hi gh boi l lwl’ngchrtglﬁlen((:1 to csalNamol 18 mééﬂané?c%lﬁa“d&g (BF 48 eaqi1)
absor ption zope,a_wast e tre mr‘- % reacting mal ei ¢ anh;‘?da d’é In
the sol ution SPHaFRits ti‘r’(ljryﬂ‘ta g8tef aMdp-hepighdbeitingrsdlivemti ds
conditions inadBo a meagtlerdgﬁeqatlon zone with a CJerr] to (Jerr] al kanol
to formthe corresponding di-(Cferr] to (Jerr] alkyl) nmaleate; 20 (d),
recovering frofirt nd REXESSS iACLOFGANGoRR @lakn (i d@ which the eetdiyi( err]
to (err] 5al k;bkeﬁaigaaﬁnéﬁhﬂhghlghgmaggl ling sol vent; (e) contacting
the solution of the di err] to err] al kyl) mal eate in the high
boi | i ng sol veh w%@?ﬁ%%&%%@i@&n?o Clajébr&rallm Hglh’}dtbgeltettﬁyé.r eby to
strip di- (C[eéétefmﬂernrdtlﬁﬂlk)éb)ce%orrmiﬁ@&fe tJf%‘éEh&)Féé@ﬁ f]oaml n
vaporous stream ¢o I Si ng hydr.ogen and di erf err E’y?)
mal eat e; g]'}n%'i%ﬁ% P&t 8FLaF %@nﬁwméﬁ'@l}slétt@aﬁ afarboap (e)
i n a hydrogenatbgd. zone under ester hydrogenation conditions in the
presence (af a_het er ogeneous ester hydrogenation 30 catalyst thereby to
convert dP-(Clerr]RRFIGeSS ROSPRGLRI neP canye ane @f claimgchsto dhe i€ err]
conpound sel eah@@lhfmémﬁlgtrﬁ%uhﬁgdéeive Mt is a d?.\ﬁ%)fﬁ?![a&tt.l?&e 4

t et r ahydr of ur an:L recovering fromthe ogenat1 on zone a
product streaR? Ye':hyle”ﬂ) 7F£P§242

PCT/ GB97/012893. A process according to any one of claims 1 to 12, in

which the high boiling solvent used in step (a) comprises
15 recycled material resulting from the hydrogen stripping step
(e).
l4. A process according to any one of claims 1 to 13, in
which the esterification zone comprises a non-catalytic
reactor in which the maleic anhydride in the solution in the
20 high boiling solvent undergoes reaction in the absence of
added catalyst with the C, to C, alkanol to form the
corresponding mono- (C, to C, alkyl) maleate.
15. A process according to any one of claims 1 to 14, in
which the catalytic esterification stage comprises a column
25 reactor provided with a plurality of esterification trays
- each of which holds a charge of a solid esterification
catalyst, has a vapour upcomer means to permit vapour to .
enter the tray from below and to agitate the mixture of
liquid and solid esterification catalyst in a zone of
30 turbulence on the tray and to keep the catalyst particles in
suspension, and a downcomer means which permits liquid, but
not catalyst particles, to flow down from that tray to the

next lower one, the column reactor being supplied beneath the



19 containing said m conpound. 2. A process
according to claiml, in M’l'mm mﬂm ito Cerr] al kanol is nethanol
and the di-(Clerr] to CJell® M"kls di ret hyl mal eate. 5 3.
A process acwohfliaag to cl ai mi of cdaim2, in which the PCT/GPOW0N28S St ream
of step (a) is produced by partial oxidation of "a hydrocarbon feedstock
In the presence of a parti al oxi dati on catal yst using nol ecul ar oxygen.
4, A process according to claim3, in which the hydrocarbon 10 feedstock
I S n-but ane. 5. A process according to claim4, in which the parti al
oxi dation catal yst conprises vanadi um pent & de and in which t he

partial oxidation conditions include use of a tenperature of from about
350[err] C to abowerms] @stjegificprdonsutraywithom sbyaamiofis, barCio about 3

bar, an air to | f Lr 3 q%!.g : nd a
contact tinme O?T’%%gén?a 5{??}:'0%6‘% %Et gH‘ M%%cﬁ?tteéglé?w‘:’@ . Qﬁt%r %cess
accordi ng to asgleneomfirc|thierbight bosling solveniti chmprising ¥ aptedal
ot h " BRI el Wl Snkfar SR A HBASIED dR LAT0 T DO
solvent at a tenperature In the range of from abotit 60ferr to about
160[ err] C 8nd maleaps edwmnedn theof, frwf,adbkyl igdvap tis dbouved fhmom sheas to

forma soluti oel £ C‘Soméééf,g Ji% %I %i?gmé ;‘.E‘?nee‘é&t he hi gh boiling

solvent. 7. “Aprocess dclordi ng i'n which the contacting
25 step is caléi edh erodessa acgontiénguto eclaioniiSactinnghilelvi e floowhefei n

the ascending vy r St [ d a [ st_ream of
solvent in a gggeﬁgi q%% %lﬁa@cﬁ%ﬁégagag%%vzl%& ot tuggﬁigﬁg%r%kggsglg’%gordi ng
to any one of whacheexceaasis/ thenadglewhicrepdee il vhet catalystigartiedesr

whose al kyl, noj i . ived fromthe sanme al kanol as the (Jerr] to
Clerr] al klgnol uﬁééﬁ tl's%e 11ql‘cltea;ie esterification step (c). 9. A

process accordifig td gwgceswm agicordingstd amy &ne of claims 1 to 16, in
which the esterification zone comprises an autocatalytic
esterification zone wherein the esterification conditions
include use of a temperature of from about 70°C to about

15 250°C, a pressure of from about 2 bar to about 50 bar and
wherein maleic anhydride is converted by reaction with C, to
C, alkanol at least in part to the corresponding mono-{C, to
Cq alkyl) maleate.

18. A process according to any one of claims 1 to 17,

20 wherein the esterification zone includes a catalytic
esterification zone wherein the esterification conditions
include use of a temperature of from about 65°C to about 135°C
and of a solid esterification catalyst comprising an ion
exchange resin containing pendant sulphonic acid groups.

25 19. A process according to any one of claims 1 to 18, in
which the hydrogen stripping step is conducted at |
substantially the inlet pressure to the ester hydrogenation
zone.

20. A process according to any one of claims 1 to 19, imn

30 which the hydrogen stripping step is conducted at a
temperature in the range of from the inlet temperature to the
hydrogenation zone to about 20°C below the inlet temperature

to the hydrogenation zone.
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20 which the (Jerr] to C[Hmu ,’mm;m thanol, the di-((err] to
Cerr] alkyl) mal eate is d Ig,ﬂ:nd t he high boiling
solvent is woo9748480 a net hyl ester. LoM1e. A process aq,q:q.;ély%ﬁé) claim
9, in which the nethyl 5 ester is dinethyl phthalate. 171. process
according to claim9, in which the nethyl ester is a nethyl ester or

m xture of nethyl esters of a |ong chain fatty acid or acids
containing from14 to 30 carbon atons. 10 12. A process according to
any one of clains 1 to 8, in whi ch theshigh boiling solvent is a

di net hyl ether of a pol yet hyl ene ¢l ycoF. 13. A process according to

any one of cl@us A pRoddssidccordMy ¢ LR BhENoP iR Eokﬁegﬁ, ugged in
step (a) corrprls,e?x 1?’ regxcled material resulting fromthe hydrogén
stripping stelhich the)hydrogenation stepeds genduetatl inotheyvapeunfphass s

1to 13, in ; aCRelil8e@ShEshddpld 0 ise - alytic
reactor in VWiu(:Shmﬁe mil ei ?:°Zl%1hydri de iO%Bfﬁeeg% I onail % '?ﬁ{eaggﬁgaliﬁ%hof
boi | i ng sol verftTA@PPY5e35P sactq @bout 2RB°Qlrnsh@ed 6f Pressuxielesf dixtom yst

with the Gerrgbdue € Bar]tal ks tgd kM t he correspondi ng nono- .
(Cerr] to err] alkyl) nal eate. 15. A process according to any one of

claims 1 to 142+ nRA PToGRES AFRrHdnc ity reYeoperef idlaimenlstagel caivpri ses a
colum 25 readieh Bheveded Meddverdd ¥iahi t i 6at LohatLays

each of which holds a charge of a soli ?est&%’(ﬁ%ﬁ%ngﬁ (E:g{}%l?/st, has a
vapour upconmemYJELgenabign pyeductymixtuse whichteontaias,r dn &dditim ae and
to agitate t heu¥FanbUica08iol ahd el @ | i rifjecati.on catalyst in a
zone of 30 t ur bul ence olﬁothae tra aﬁgg?gekgglﬁgﬁﬁg’ cJa% ?/néggﬁag P \@% in
suspensi ol? afF Setsrhrerefuramrndw-Sutysehactond qui d, but " not

catal yst partizl.esa peobbsy M&éirmbhéia%&%}% Which th@ext |ower one,
t he col umm reactor being supplied beneath the

hydrogenation product mixture is purified by distillation in

one or more stages, including distillation in a "light ends"

column to separate overhead the volatile components of the

15 mixture including tetrahydrofuran, the C, to C, alkanol,

water, and pn-butanocl. '

24. A process according to claim 23, 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-
20 diol.



21 | ower nost esterification tray with a streamof Clerr] to (err]

al kanol vapour and to an upper esterification tray with a solution in

t he high boiling solvent conprising - a ‘nateri al selected fromnal eic
anhydri de, owoomas2ead C{err] to Cerr] alkyl) 5 mal eat e WhBEBGBIVMEESC] err |
to CJerr] alkyl group is derived fromthe Cerr] to (Jerr] al kanol, and
a mxture thereof. 16. A process aCﬁzr,]di ng to claim15, in which the

f1 oor of each tray slopes towards t zone of turbulence at a slope

whi ch exceeds the 4dngl e of rjepose of the catal yst particles 10 under the
l'i quid. 17. A pgrocess adcordi Ng4#es=ny one of clains 1 to 16, in

which the esterifidation zofe_camrgsesNan aut ocat al ytic esterification
zone wherein the eqterificath on comertPons i ncl ude use of a tenperature
of from about 70[enr]C to aljout—y 250[err] C, a pressure of from about 1
bar - to about 50 bar-—eme ergin maleic anhydride is converted by
reaction with C[erﬂ to C erq] al kanol at least in part to the
correspondi ng mono- (C[grr] to Cerr] al kyl), maleate 18. A process
according to any one of jcLBWns 1 to 17, 20 whegei n the Jesterification zone
includes a catalytic eSterification zone wheyein the esterification
condi tions include yse of a teppe SRSl C to about

135[err] C and -o{—amdal-— mmw ‘@ an ion
exchange resin contgining pe Hant ahi ol ae A r ot A process

according to any ong of clal:& 1to 18, i whi ch the hydrogen stripping
step i s conducted at substantially the inlet pressure to the pster

hydr ogenat i on zone. 20. A processjaccording to any one ofjclains 1
to 19, in 30 which the hydrogen stripping step i s conducted afl a
tenperature in the range of fromthe inlet tenperature to the
hydr ogenati on zone to about 20[err]C below the inlet tenperatufe




to the hydr ogenati on zone. WO 97/ 43242
7 PCT/ GB97/ 01285 _ 22 21. A
7 process according to any one of clains 1 to 20, in whi ch the

hydr ogenati on step is conducted in the vapour phase

pronot ed copper gﬁbdfl yst at QoriS RS {ESAL SroPirTY orGANIZATRIN @bout
about 240[err]C

at a pressure of lnﬁev!@mlﬂﬁmabout 5 bar to abotit 100 bar.

22. A pr Ommm?m&t i, RBPIICA'FION FUBLISHEDOUNDEW THE PATENT COOPERATIONVIREATY (POTE

is recp
m xt ur g
to (ef
y- but yF
hydr og
nore s
separ a
tetr.ah
24. A
the "I

nor e s}

e “Q‘*f‘ﬁugéﬁfi o Je o T ity Poopim eareon g ¢ L0 4342
r] %gﬁ%ﬁgﬁ}éf Wi, ngﬁ”ggnt i nQ@iu&.ﬁMnﬂm&ﬁ&%ﬁn ﬁ'iﬂvembcr 1997 20.1197)

,:-

|ng tao clalm

LI~ A~ w2 - - aamy - Tt =y It vvlll Vll L1ID

Paam@.num.qqyﬁa.ommr € | $cRbkionb 28] $1)/peblinitbd Stdied ALORM) AT, AU, AZGDCBRBG, BR,
ages, including distillation in a]"li gl&y, eds,'CN, CU, CZ,GIEUDK) EE,@S, FI, GB, GE,

@Wﬂ@&d"‘!‘&]‘@“vol at i II%M%d?%Gﬁ@r?’{H of 'IL,;Lg F‘ﬁ" LR, LS,
ydrof uran, the Clerr] to Clerr] alKHa ﬁeﬁo mﬁ?ﬁ&i@@m%“"
o(nmemmacordl ng to claim?23, in Whl ch ushus, DB.IVINDARIPO patent mmta.ajs csm
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(57) Abstract

A process is described for the production of at least one Cs4 compound selected from butane-1,4-diol, y-butyrolactone and
tetrahydrofuran, which includes the step of hydrogenation in the vapour phase of a di-(C) to Cq4 alkyl) maleate in the presence of a
particulatc ester hydrogenation mtalysr. which process comprises: (a) contacting a vaporous stream containing maleic anhydride vapour,
watcr vapour, and carbon oxides in an absorption zone with a high boiling organic solvent having a boiling point at atmospheric pressurc
which is at least about 30 °C higher than that of the di-(C) to Cs alkyl) maleate thereby to form a solution of maleic anhydride in the high
boiling organic solvent; (b) recovering from the absorption zone a waste gas stream; (c) reacting maleic anhydride in the solution of maleic
anhydride of step (a) under esterification conditions in an esterification zone with a C; to C, alkanol to form the comresponding di-(Ci to
C4 alkyl) maleate; (d) recovering from the esterfication zone a solution of the di-(C) to Cs4 alkyl) maleate in the mgh boiling solvent; (¢)
contacting the solution of the di-(C) to C4 alkyl) maleate in the high boiling solvent with a gaseous stream containing hydrogen thereby
to strip di-(Cy to Ca alkyl) maleate therefrom and to form a vaporous stream comprising hydrogen and di-(C; to Ca alkyl) maleate; (f)
contacting material of the vaporous stream of step (¢) in a hydrogenation zone under ester hydrogenation conditions in the presence of
a heterogeneous ester hydrogenation catalyst thereby to convert di-(Ci to Cs alkyl) maleate to at least one Cq4 compound selected from
butane-1,4-diol, ~-butyrolactone and tetrahydrofuran; and (g) recovering from the hydrogencnation zone 2 product stream containing said
at least one C4 compound.
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