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It is known to produce diols by reaction of dicarboxylic acids and/or anhydrides, or mono or
di- alkyl esters, lactones, and mixtures thereof with hydrogen. Commercially, where the
desired product is butane-1,4-diol, typically with the co-products tetrahydrofuran and y-
butyrolactone, the starting material is normally a dialkyl ester of maleic acid and/or anhydride,
such as dimethyl maleate or diethyl maleate, which may contain minor amounts of dialkyl

fumarate and/or dialkyl succinate.

For further information regarding the operation of these plants reference may be made, for

example, to US-A-4584419, US-A-4751334, WO-A-86/03189, WO-A-88/00937, US-A-
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fromthe excess cycle gas before being passed in |ine
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et meioEh ek o AR EmEEEPLAGAPEPOREH. | n 11 ne
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produced by this or
the various products are separated and the butane-1,4-diol is removed in line 12 and the
tetrahydrofuran in line 13. The y-butyrolactone, together with the intermediate dimethyl
succinate and some butane-1,4-diol may be recycled in lines 14 and 15. In one arrangement the
y-butyrolactone may be at least partially extracted in an optional refining zone (not shown) and
recovered. The methanol water stream separated from the product mix will be recycled

upstream. In general, a significant portion of the butane-1,4-diol produced by this or other

conventional methods is subsequently converted to tetrahydrofuran.

The overall reaction which occurs is a series of steps and includes a final dehydration step in

which the tetrahydrofuran is produced. A probable reaction path is set out in Scheme 1.
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Reaction 1 may be regarded as hydrogenation (and is a reaction of the carbon/carbon double
bond), Reaction 2 may be regarded as hydrogenolysis (and is a reaction of the saturated ester

to butanediol, y-butyrolactone and by-product butanol) and Reaction 3 may be regarded as
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butanol ) and Reaction 3 may be rggarded as WO
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hd ithsgfarnt stap ihdchepei andthe fiystahiatlyst nsedrimheditefnatisnprocess described in
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bit%@%@&?k&%&t&? Hat BEnethyl succinate or diethyl succinate may be suitable starting
materials for the reactions with hydrogen to form butane-1,4-diol, tetrahydrofuran and/or y-

butyrolactone. These succinates may be formed by any suitable manner and may be from

biotechnology sources.

One process in which dimethyl succinate is used in the production of tetrahydrofuran and
butane-1,4-diol is described in US-A-4656297. In this process, methanol is added to the ester
feed to increase conversion and reduce transesterification. Another example of a process in
which dimethyl succinate is suggested as a feed is W0O-A-99/35136 in which reaction with
hydrogen occurs over two different catalysts, to form a mixture of tetrahydrofuran and y-

butyrolactone.

Whilst these processes successfully provide the desired products, they do suffer from certain

drawbacks and disadvantages. In general these relate to the economics and efficiency of the
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reaction and increase the costs per unit product.

It will therefore be understood that the amount of cycle gas required for the reaction is
essentially determined by the vaporiser exit temperature and is therefore a compromise
between the high temperature required to minimise the cycle gas required to vaporise the feed
and the relatively low temperatures required to minimise the production of undesired by-

products.
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The present invention provides a process which overcomes the disadvantages and drawbacks

of the prior art processes and provides a means by which the adiabatic rise across a vapour
phase reactor can be reduced to allow the cycle gas loading to be increased for a given exit
reactor temperature. As described above, this will offer particular advantages as to efficiency

of the process and to product quality.

Thus according to the present invention there is provided a process for the production of an
ether optionally with a diol and/or a lactone, by reaction of a corresponding organic feed
material selected from unsaturated dicarboxylic acids and/or anhydrides, mono-esters of

unsaturated dicarboxylic acids and/or anhydrides, diesters of unsaturated dicarboxylic acids
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The at least partly saturated feed is preferably vaporised by and into the hydrogen containing

stream in step (b).

The pre-reactor zone and the vaporisation zone may be located within the same vessel and may
be commingled. In one alternative arrangement, the pre-reactor zone and the vaporisation zone
may be located in separate vessels such that the at least partially saturated feed and/or the
hydrogen containing stream is recovered from the pre-reactor zone and passed to the

vaporisation zone.

The process of the present invention provides a process in which the afore-mentioned
disadvantages are overcome and wherein the cycle gas requirements are minimised such that
investment and operating costs are reduced and preferably the production of unwanted by-

products is minimised which may also contibute to improved product quality.
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some of the liquid feed. In one alternative arrangement, the pre-reactor zone and the vaporiser

may be separated and a hydrogen-containing stream, may be fed to both the pre-reactor zone

and the vaporiser.

The invention is particularly suitable for a process for the production of tetrahydrofuran,
optionally with the co-production of butane-1 4-diol and/or y-butyrolactone from a feedstock
containing a dialkyl maleate (preferably dimethyl maleate) by vapour phase reaction in a
hydrogen rich gas. The first step in the reaction process involves the hydrogenation of dimethyl
maleate to form dimethyl succinate. This is the most exothermic reaction in the overall
synthesis and is responsible for liberating over half of the total heat of reaction from the
conversion of dimethyl maleate to tetrahydrofuran. As the vapour pressure of tetrahydrofuran

product (8284 mmHg at 165°C) is significantly higher than that of dimethyl maleate (262



stream | eaving the pre-reactor zone. In this
arrangenent, the additional feed material is

w@eoensdssy vapori sed into, and optionally by, BCEeBoW/005054
hydrogen contai ning stream The pre-reactor zone may
be any suitable reactor. In one arrangenent, the
pre-reactor zone and the vapgoriser are conbi ned and
may be a |iquid and/ or vapour phase catal ytic
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g BLASEIC. ety Suoe i RS BB o Fesf o ABTOIS o producs v-
{ ) Pk Lvigoif e8%umt o :
b e P Rt e Dl BB IR 4TG0, g dow point
at tN@atios exit wilkye bignifiepatiyalotdr ¢ad that Ay theQaforGARt ¥héh RYignificant
stream may be fed to both the pre-reactor zone and
fraction of dpdeedstack iTpanvitiedtotteteahydrfant i cul arly suitabl e
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optionally with the co-production of butane-1 4-diol
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9 mmHg at 165C), dinethyl succinate (328 mHg at 165C)
and possi ble co-products y- butyrol actone (252 mHg at

An %gc:f:iﬁ%)naﬂrbgn i8R0 %btaﬁieqib%l:alfsz ﬁ%g%rg%s@?ecgf (%1}1{/% yg\%l\é\écinate is

at the reactor exit w can

arolrde25% hizheethah Hat sRdflety] malegte. When a signi fi cant
fraction of the feedstock is converted to

tetrahydrofuran. By using a pre-reaction step to
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the del eterious effects noted heretofore. Thus, as the
congdigngeblpsy [Whiell may éndudedng ot nipee efpioduct ether, C, to C, alkanol, water, co-

products and by-products, may also be present

By-products may include the alkanol used in the esterification of the acid or anhydride, for
example methanol, undesirable material formed in side reactions, for example butanol, water
evolved in the dehydration of the diol to the ether together with other light or heavy materials

formed in the process.

The by-products may be separated from the desired product in a refining zone and may be

further purified if required. Similarly, the co-products may be separated from the desired
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replaced with dinethyl succinate the tenperature from
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reactor exit tenperature, which in turn wll lead to

an increase in productivity. An additional benefit is

al so obt ai ned because the vgpour pressure of di net hyl
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wi || recycled. The organic feed
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In one arrangement, the organic feed material is contained within an organic solvent. Where
the organic solvent is present, the organic feed material may be separated from the organic

solvent by hydrogen-containing gas stripping at step (b).

Suitable organic solvents include: di-(C, to C, alkyl) esters of dicarboxylic acids containing up
to 13 carbon atoms; mono- and di-(C4to C,; alkyl) esters of maleic acid, fumaric acid, succinic
acid and mixtures thereof; (C, to C, alkyl) esters of napthalenemonocarboxylic acids; tri-(C, to
C, alkyl) esters of aromatic tricarboxylic acids; di-(C, to C, alky!) esters of isophthalic acid,

alkyl phthalates; and dimethyl sebecate.
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PCT/ GB2004/ 005054 11 For an arrangenent in which the
pre-reactor zone and the vaporisation zone are
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The hydrogen containing stream used in the process of the present invention can be obtained

by any conventional manner. Preferably it contains at least about 50 volume % up to about
99.99 volume % or more, e.g. from about 80 to about 99.9 volume %, of hydrogen. It may
further contain one or more inert gases, such as nitrogen or methane. Conveniently the
hydrogen containing stream is produced by pressure swing absorption so that the hydrogen-
containing stream molecular weight is minimised thereby reducing the power required for

compression and circulation of the gaseous streams.

Any suitable catalyst for the reaction may be selected. Whilst a mixture of catalysts may be
used, for ease of reference the term “catalyst” will be used herein and will be understood to

mean either a single catalyst or a mixture of two or more different catalysts. The catalyst used



typically fromabout 5 bara to about 100 bara. The
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power required for conpression and circulation of the
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reaction may b Wi | f

e sel ect ed. ilst a mxture o

ruthetiamaing solsaltrtayrdpenatiomedtalfsoy, cgaeeclobmitef @ppaceidd) gink @xide and
"catal yst" will be used herein and wl | be understood

copper @xideeis aidanmixtyresThgrecatabists at bopsed algng oy inecaspbipgiipn.
or nore different catalysts. The catal yst used WO
2005/ 058855 PCT/ GB2004/ 005054 12 in the reactor nay

WherB thePiré-tREBP rorkTa8MHeR@borikafsh 2dhe bREcRERMERACTR CathBREmay act as
In the pre-reactor zone, a catalyst whichis

the susfateat whieh vapdrizetidmydeagehathisamrandeneat, bloncloivehdiradbisbinay also
bonds,. but with [jttle or no selectivity to ester

take ipfppopgjderatignsihs cpialyst depe eV er itsqwgkinghe choi ce of
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in which reaction is to occur. It nmay, in one

In on@hfrBRHBIERN thSttdly AFoMAB Redchn EORUhAPPe @BEH ESMpAsihd§ variety of
liquid or gas/liquid

catalysts. In one example, the bed may include a catalyst that is tolerant of residual feed acid

content, one which is suitable to promote hydrogenation of the ester and another which
promotes selectivity to the desired product, preferably the ether. Catalyst beds comprising more
than one type of catalyst may comprise discrete layers of catalyst within the bed such that

different types are separated or the different catalyst types may be admixed.

In a particularly preferred process the catalyst of the reactor is selected from copper-containing
catalysts, such as a reduced copper chromite catalyst or a reduced copper containing catalyst.
Examples of copper-containing catalysts include reduced copper oxide/zinc oxide catalysts,

‘reduced manganese promoted copper catalysts, reduced copper chromite catalysts, and reduced
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adm xed. I'n a particularly preferred process the

The Te:aha:ilgg/c Caftret BencetmchDove, Thosmbg Stecktén-omilees, TS17 6PY, England.
copper-contai ning catalysts, such as a reduced copper
chromte catal yst or a reduced copper containing
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copper chromte catalysts, and reduced WO 2005/70588

copp@@'ﬁta@ﬂ 00hGb o4 suple&op camvetséxh Q:foqoqhelkybctnmmnﬂﬁ typ1ca1 operatmg
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be sel ected fromchrom a, zinc oxide, alunina,

Limited.l i ca, silica-alumna, silicon carbide, zirconia,
titania, carbon, or a m xture of two or
Further details of suitable catalysts for use in the production of butane-1,4-diol, y-butyrolactone

and/or tetrahydrofuran can be found in International Patent Application No. PCT/GB00/04758

which is incorporated herein by reference.

The amount of hydrogenation catalyst used in the pre-reactor zone and the amount of
hydrogenation/hydrogenolysis catalyst in the reactor may be the same or different. In a
preferred arrangement, the amount of hydrogenation catalyst used in the pre-reactor zone will
be less than the amount of hydrogenation/hydrogenolysis catalyst used in the reaction zone. The

catalyst charge in the pre-reactor zone may constitute from about 1% to about 30%, more
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particatarlyrsgsae for thprodnasiontof ¢dtrahydtobyamat i on cat al yst used
in the pre-reactor zone will be less than the anount
of hydrogenati on/ hydrogenol ysis catal yst used in the
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zone may constitute froma 0O a
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hydrogen containing stream at step (b). In one alternative arrangement, the recycle may be
vaporised into, and preferably by, a second hydrogen-containing stream before being supplied
to the reaction zone in step (c). Where there is more than one co-product, one or more may be

separated and recovered and the remainder recycled.

In one arrangement where 100% conversion to ether, for example tetrahydrofuran, is desired

all of the co-products, for example butane-1,4-diol and/or y-butyrolactone, are recycled.

The ability to select suitable catalysts and adjust the recycling of co-products to the vaporisation
zone allows the plant operator flexibility to select the amount of ether produced relative to the

formation of co-products.
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Figure 3 is a schematic diagram of a process in accordance with a second embodiment

of the present invention.

It will be understood by those skilled in the art that the drawings are diagrammatic and that
further items of equipment such as reflux drums, pumps, vacuum pumps, compressors, gas
recycle compressors, temperature sensors, pressure sensors, pressure relief valves, control
valves, flow controllers, level controllers, holding tanks, storage tanks, and the like may be
required in a commercial plant. The provision of such ancillary items of equipment forms no
part of the present invention and is in accordance with conventional chemical engineering

practice.
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wa@ewdesgssdduct streamwi || preferably be condersEdB2a0wd/005054

separated in refining. The al kanol wll

conventionally be recycled to the esterification

reactor in which the organic feed material is forned,

if present. The refining systagm may include neans, if

required to separate the water fromthe al kanol. The

TRl jrieAgind ¥St AWM hdw B8 Wakdribed REIHUSHRL CBANS ferhcs 80 MWep@duction of

ot her by-products which may be recycled. An exanple

t@fahgdivfurpn bgl vedctioh b ferd pf Bienetled yellete wih hfdrogexanpl e,

any internediate material. Alternatively sone or al

of any by-products produced may be rejected as

F?%{rl%gfel%tr?tgsn%ﬁ%ra\t%%tgg gﬁfodgﬁ%;ﬁ)ﬁ Eegrgﬁl}?cfmtgpaglﬁ)h SngaTri]t iortlJ 6f dimethyl maleate
VY Brb QU W orBWe RAHISRCE MR Yo MEY piRber® X VTRiSn. The dimethyl
wth reference to the acconpanying draw ngs in which:

nfedlgite ehal bepradireth eyrany suithbkgheans ahd amagrbesnpplidd from an esterification
arrangenent; Figure 2 is a schematic di agram of

P Ceafshpyynhelcthe Gesdiesaribed i MEO-¢rBER henvhigh ig i@égrporated herein by

esgnt invention; and Figure 3 is a schematic diagram
Tof'®®“brocess in accordance with a second embodi ment

of the present invention. It will be understood by

those skilled in the art that the draw ngs are

Theagsudtinppdimetteyh ehaldaget ty picallst duitaing sommoodf thew abgrd 10 wthetdo of acidic
as reflux drunms, punps, vacuum punps, conpressors, %as

orgapyconateBdfnsneas srapomedypaplsetarand pesiarably lespthag abpus 2.0 wi/wt %, e.g.
ensors, .pr ure reli.ef. val ves, control valves, flow

al%B‘l’\tt L?q %E’gfiﬁé@g‘yt/gé’ﬁfl?gllcl%?tgrfdlﬁoI di ng tanks, storage

tanks, and the like nmay be required in a commerci al

pl ant. The provision of such ancillary itens of

18 6hel prmEEmdno biBigne 2, frrpre-adactoh eorerand elnt vapovissrtzoneamredmbined into

is in accordance with conventional chem cal . ) )
asngprirseridrye-hydraeenagien repgtoptp sihgsigneshyl maleate is fed to this vaporiser and

BSTLSTRORS0SH. 18 BB hANEOR I erioncys.
RERNBESdaRforPione at least some and preferably the majority of the feed is reacted to form
dimethyl succinate and vaporised against hydrogen-containing stream fed in line 18a which may
be a combination of depleted hydrogen-containing stream from line 18 combined with make-up
hydrogen from line 19. The dimethyl succinate which is vaporised into the hydrogen-containing

stream is passed in line 20 to the reaction-zone 21, where further reaction is carried out over

a suitable catalyst.

The catalyst charge preferably contains acid tolerant catalyst such as PG85/1 and DRD92/89A
which promote ester hydrogenation and, for example, DRD 92/89B which promotes diol
dehydration. Conversion of dimethyl maleate to tetrahydrofuran, butane-1,4-diol and y-
butyrolactone, as well as small quantities of undesirable by-products, such as butanol and/or

acetal 2-(4'-hydroxybutoxy)-tetrahydrofuran, occurs in passage through reactor 21.



tetrahydrofuran by reaction of a feed of dinethyl

mal eate with hydrogen. Figure 2 illustrates a plant
wo ooosokssspr oducti on of tetrahydrofuran by reacP@DGBG04/005054

di mrethyl nmal eate wth hydrogen in accordance with one

enbodi nent of the present invention. The dinethyl

mal eate may be produced by sui tabl e neans and may

be supplied froman esterification plant (not shown)

yg dﬁscrlb d in A-90/ 08127 which is _

Thﬁi W@&}Pﬁo? SEBFhiErRerIrdgg @ qoares 2af candepser 3 uhereithg crude product is

sepfpf8E it 5y S el MARR SESE Y P AR RS 183 TR0 gt (S Mown) and
line"3N2AEBAYS theblapaier 1&nd preferably |ess than about 2.0
w/w % e.g. about 0.1 to about 1.0 wt/wt% of

acidic materials. In the arrangement of Figure 2, the
pre-reactor zane and the vaporiser_ zone are conbi ned

Cruflppepdugt Papsrerdriing <4 tprachiying senat i berer bactusie product stream is
f
oo SR BY AR st ek 0o SitPROEREY 9 ranscrotran

wmdoﬁpédose%d #h 1588 deahlige TRE 0 eRRLE9Bf ARt RliRtt - dldi ﬁ{a!;)%e provided
pre-reaction zone at |east sone and preferably t

or mapoe ialtgrnafive herahgeaknt,sthie actye te trecyctedmto dheredbimpined pre-reactor
succi hate and vapori sed agai nst hydrogen contalnlng
Zong/YRROBISATOBCOP 19 fardurthe rege lelh tagld tefgahydeadinggnn Any anbwyrolactone

toge({il%? 'w%ﬁ%:tﬂ:}’l? tl{l?@r% e:nca?erc]ltf%'l1 m&r o ia ltn% ¥ ! %n ﬁg{c&c %1% Llrlilgr? ﬁté) the combined

pre- GHan@% Potleap&sdafiéd ﬁ)n‘é'fIGC ﬂlﬂeﬁlaﬁ@cﬂ? rthé %%dt%%c@olﬁ@ may, be refined and
hydrogen-containing streamis passed in |ine

recavhred e as¢pacate prodect Methavod pad dvatet imay be mytlled) [19) ulﬁstream reactors or
carried qut over _a suitable catalyst. The catal yst
maychesiegaralsAend thegngthangl reayrled and thepwitareatiactedesetfisents uch
as P&B5/1 and DRD92/ 89A which pronote ester
hydr ogenati on and, for exanple, DRD 92/89B which

WitR ORRIneS tdlFiglire ﬂﬁh&'l@arrﬁ’dtiv@ Rrraff Myt frQhe ﬁxfesé}lh 'ﬁﬁkm{&n will now be

mal eate to tetrahydrofuran, butane-1, 4-diol dy-
desdribeg.r nl this aonegenzst, Wel dlma‘élyhma]ehteqm&dtm {ineg9 m‘ a pre -reactor zone 30

undeS|rabIe b roducts, such as butanol and/o
whegg it gsayubjecied to y%%wﬂa@ iy ligwidnhasedwish bw&ﬁgerb%@rurl@e i34a in the

Prey /3%%8@5?%8%@8@§%§§9 té&mrgghggogigggﬁfgz i s passed

to a cool er and condenser 23 where the crude product
Thelrgsultant dimethyl succinate rich stream is then passed in line 32 to a vaporiser 33. The
dimethyl succinate may be pumped to near the top of the vaporisation zone. The feed flows
down the vaporisation zone against an up-flowing stream of cycle gas from line 34 which may
include fresh make up hydrogen fed from line 31 that has been added to recycled hydrogen-
containing stream (line 35) from downstream. Alternatively, it may simply be the recovered

hydrogen-containing stream from line 35 and any makeup hydrogen may be added directly to

any suitable point in the hydrogenation loop.

A near saturated vapour mixture stream comprising dimethy! succinate in hydrogen-containing
stream, with a hydrogen-containing stream:dimethyl succinate molar ratio of about 50:1 to

about 1000:1 is recovered from the top of the vaporisation zone 33.



separated formthe cycle gas which is recycled via a
line 18 to a conpressor (not shown) and Iline 18 and

wd Bmsposssshe vapori ser 16. Crude product i s pasBemiGBm04/005054
line 24 to a refining zone 25. Here the crude product
streamis separated, preferably by distillation in
several stages, to yield eS@gntially pure
tetrahydrofuran which is retovered in |ine 26. Line

27 for .the recovery of fhe butane-1, 4-diol nma e
The 5pge @EgaSen S e Ig 0 e a8 rs%ct%r&%aﬁag?@wﬁld %ggedrw catalyst
chare fecycled to the conbi ned pre-reactor
one/ vaporisation zone 16 for further reaction to
yi el d tetrahydrofuran. Any y-butyrol actone together
with partially hydrogenated fed material nmay be
The Inylcggshelysis and dahgdragBon eatalyrts wibitsi theshmems ¢hase detcobed in connection
risation zane 16, Alte

. / ively, th
with JBiTE: SR EvONRD fiy BRIl SBEAHAG oh GUdk/srBeratige gf from about
100°?§8 %%(ﬁxtt od¥c0 %?é %re%?&bﬁa&%o 5%1‘9@5@ Je A é)g?ZSrOeéyqul i%Pet pressure

-sfreamreactors “or ~ na e separ andthe
of frdfBbbAN Gl baF£16:6b@d 58Mera hfdrd\geRiratdyX oaciRdt 3EbAah td A8t 70 bara.
Wth reference to Figure 3 an alternative arrangenent
The fiorethyH sugnimdefeed rate preférally wioirkspoods toen ligied bpudbeshact nelocity of
is ar ment, the dinBth¥I,naIeate is fed in |ine

from ahoyi§ S 5P SOPEAcl o COBHESD OF iR | mraless i B dipiei butane-
1,4-$¥1ﬂ%1%%§§9t&%0?%ﬁ6eﬂ%, %sm?'elll hgé'ﬁllzﬂ% 8&%&8%&%@3@%&%&%@2}&%@? rp% such as

resence of 'a Sul 9
butarﬁﬁh@/&ﬁdcetaﬂ_il@'Jh?&ﬂékﬂﬁftﬁxg%‘téiﬁhf/ﬂ&bﬁﬁéi@ 6edtd @ gfa‘sﬁge b @ eactor
is then passed in |1ne to a vaporiser 33. The
37. di met hyl succinate nmay be punped to near the top of
t he vaporisation zone. The feed flows down the

vapori sation zone agai nst an up-flow ng stream of

; . . . K _

mhe (AL B0 SOTAL08 34 AN DofTpad 08 WGAHESRD P rocuct s

sepafa@&l/Eda Ghd Jehl ASERy dré @Mt dintiiMiBg Sikda@RWhichiifecPEd {1aQfMine 35 to a
downstream Alternatively, it may sinply be the

compressor@otshovwny dndfjeh3 & trthaivapanigatsdr eema 3x.om | i ne 35 and
any makeup hydrogen nmay be added directly to any
sui tabl e point in the hydrogenation | oop. A near

Crudg ﬁ}o%@ttif gas|¥(ﬁﬂﬁ;%‘? Hb 3 HLd a&[iﬁ%%{% Jg{) rI-i-Igrie ek cﬂ@?;érgxlllct stream is

ccl na ydrogen-contar ream w
sepand¥dl pALRBI0 My alidilAbdos i RIBaHithRIs Nl yisld Gt Rirghy¥b@fan which is
ratfo.of agopt 50:1 to about 1000:1 is recovered from
recovietel i ipe 42. Line 4% &pdhd seaviennofzlonent86:- 1,440102 005 /b0 p8B4ded or in one
PCT/ GB2004/ 005054 . .
alternative arrangement, this may be recycled to the vaporisation zone 33 for further reaction
to yield tetrahydrofuran. Any y-butyrolactone together with partially hydrogenated feed
material may be recycled in line 33 to the vaporisation zone 44. Alternatively, y-butyrolactone

may be refined as a product.

Methanol and water may be recycled to upstream reactors or may be separated and the methanol

recycled and the water extracted as effluent.

With reference to Figure 3, an alternative arrangement for the present invention will now be

described



18 The m xture of gases is then fed in line 36 to the
reactor 37 which contains a fixed bed catal yst
W@ basgsssssThe hydr ogenol ysi s and dehydrati on cap@l/g8i@4/005054

will be the same as those described in connection
with Figure 2. The reaction zone is typically operated
at an inlet tenperature of B%$n1about 100C to about
300C, nore preferably of fr about 150 C to about
250C, an |nlet re. of from about 5 bara to_ about

The ixentiogy Il nosy e ﬁﬁﬂg% SaEIRe de‘Ehﬁegé%‘E?F tathepgeempanyisomamples.
70 bara. The dinethyl succinate feed rate preferably
corresponds to a liquid hourly space velocity of from

paivelEamipletto about 5.0 h-'. Conversi on of dinethyl

mal eate to tetrahydrofuran, butane- 1,4-diol and

In a pritnary pokcesstas nkdystagdve IRigus 1 simadrieroanpotiseels0 dlfnol/h of dimethyl
undesi rahl e by-products, such as butanol and/o

malegfe gyhagh is fedgo th?y‘@%wblﬂ@gwﬂt G2k moidh off rgFining r@qy@m 258 kmols/h
or SR8 UK 38 860 b BUAHE e SR G Fporser

The \th@l‘iléégfstréaﬁn isYRPAERoRR: feh QR \ifl'ila‘?e Hﬁ% BIRdRH maleate and reﬁmng recycles
hydr ogen- contai ni ng stream which is recycled via

are cd)rN&Ete(B@ drmdweaouonproelasto rThéMe edotadrind aghrdtedndhe bl@xde product
vapori sation zone ude product IS passed in
fed tcr 2 rf'é"mmﬁ ey hsesphe afqdﬁgts wﬁn@%@ thprediningaregyalgsaeturned to the
d n1|s arated, ferably by
vap Ogse? % g%g%sﬁ%l’ i uelt\§er Aot Qi 18 Tanetelo yield pure
tetrahydrofuran which is recovered in line 42. Line
43 for the recovery of the butane-1, 4-diol my be
provided or in one alternative arrangenent, this may
be recycled to the vaporisation zone 33 for further

Exampled: j on  to yi el d tetrahydrofuran.
Ina o& t%ﬁg g ?nt agl:ngrdgr%%e elﬁl?t[el% é\ﬁetﬁeh n%rﬁrtltfo alé‘%fg,)ﬁ?‘g?‘%ﬁg E1gure 2 the

comﬁfé‘@@f by‘%@é %a%rktré&ﬁ &s Hﬁmtaﬂlédeit AR dau Rl absolMre e 5 %a@%r@lﬁnparatlve

may be refined as a product. Methanol and water nay be
Examdeyicl dul this arpegereerh F.32adnmlh of dmeyhilenslegariatfed tarte lower

t.he, nmet hanol reg¥ﬁled and the water extracted as
vapogsgtiogesetionypt g o éreéritr@-rwom@a?/éa@rlsatwramr@r nky pddition, 258

kmolgfes?}&g{%nﬁ rlcﬁ) rcyctlg gaspgn%sgag]kmlom{e? Rl u}/)vI hlyllrorégn ar% also fed to the

vaporisation zone. The dimethyl maleate feed is vaporised into the hydrogen stream and then
passes over a supported palladium catalyst at 167°C where it is converted to dimethyl succinate.
The remaining 0.33 kmolh™ of dimethyl maleate along with 0.35 kmol"' of recycled material
from the refining zone is vaporised into the dimethy! succinate containing hydrogen stream in
a second vaporisation section, utilising the heat generated from the formation of the dimethyl

succinate to provide heat for the vaporisation.

By sending a predominately dimethyl succinate stream rather than a dimethyl maleate feedstock
to the vapour phase hydrogenation reactor, the vapour phase hydrogenation reactor inlet
temperature can be raised by around 9°C, whilst maintaining a constant reactor outlet
temperature of 195°C. It can be seen that approximately 65% more dimethyl maleate is

processed than is possible with the procedure of Comparative Example 1.
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wi Il now be further described with reference to the
W@eweorsaRyi ng exanpl es. Conparative Exanpl e 1PATIGB2004/005054
prior art process as illustrated in Figure 1, in order

to vaporise 1.0 knol/h of dinethyl maleate which is

fed to the vaporiser, along with 0.21 knol/h of

refining recycle, 258 knol s/h 2pf hydrogen rich cycle

gas and 5.0 knol/h of make up hydrogen are also fed to

ERemprpori ser. The vaporised streamis then fed to

the reactor where the dinethyl nmaleate and refining

meqgye¢ees schame icarurlrne@dyitiothe predent ire@otioromdoasdtusttated in Figure 3 the

These are cool ed and separated and the crude product

‘foé’éPrF%soé\W“i? B HgaRdhEaiidped atrike sansrhselitegiate asdhgt feriComparative
t el ini I r ef, urcned the . vaporiser

BRe P Tl G T ST Tt B e oS SRR bR Barogenated o

EXRIBA Suckidafe id (R RGAS PhaC DOBE hibkA BEQIILANFR Y édaCtaﬂﬁ 12 bara, prior

present invention and as illustrated in Fi'gure 2 the ’

to demplirestho dintyiny sugramtessioaamith . 39eimabl4i sfadfinibg trévgclasehe vaporiser.

absolute rate_as that for Conparative Exanple 1. In

2 HydrogepdrerbabAL kmad sk ey st Prgridroagnatipn sestien.i &n addition, 258
ot he | .V [isatd secti.on, of onbi ned

b 08T YURILART RSB 8 Ry AEEA Bk e o e

JapBhiSdrN By sedo QOS18ddrhiBntfy §infet9A SuithtSradhds TR I cﬁlfnethyl maleate

make up hydrogen are also fed to the vaporisation

feedstockThehalvaperiker thealapairephbeeley drogenathar teaedr intdt @erhf@ature can be

hydrogen stream and then passes over a supported
raised BypigHn¢ At L ydilsgmaiprming a eprstant reagtog gutjesiteaperatyre of 195°C. It

' I I D av od€ renmai ni n . 33. knol h-' of . ) .
b e bR drE RS e, B el sFBiedieg fitas possible with
tH@b@kaﬁheofc@@b&ﬁﬁmggﬁmmﬂgg.zone i's vaporised into t he
di met hyl succi nate contai ni ng hydrogen streamin a
second vaporisation section, utilising the heat

ﬁ@gnerated fromthe formati on of the dinethyl .
cRIioREISeOk hephratrnt dnyratien iy bhaserhpoeoshinpden vath the process of

IRQ i.n i net hyl ci nate ream
POPRcPe 7 e SRR Shien S TR uBARAIR LY S ERE
vapour phase hydrogenation reactor, the vapour phase

hydr ogenation reactor inlet tenperature can be raised
by around 9C, whilst maintaining a constant reactor

out | et



tenperature of 195C. It can be seen that approximtely

65% nore dinethyl nmaleate is processed than is
w@omsiokdsss wi t h t he procedure of Conparative ExedmpGs2b4/005054

WD 2005/ 058855 PCT/ GB2004/ 205054 20 Exanmple 2 In a

process schenme in accordance with the present

invention and as illustrated in Figure 3 the

conpressor cycle gas streamis nmintai ned at the sane

absolute rate as that for Conparative Exanmple 1. In

this arrangenent 1.84 knol/h of dinmethyl nmaleate is

first pre-hydrogenated to dinethyl succinate in the

l'iquid phase over a nickel based catalyst at 60C and

12 bapa—priror—tofeeding-the di nr?thyl succinat e

along{with Q.39 knpl/h off rgfinjngfregycle top the

vapor|ser. [A hydr pgen fged |of R.2|kmgl/hjis|fed to

the pfeghydriogenat | on segtign..|Injadditipn, |25

knol s of hydrjogeh rich|cyg e pas|{and 7.4 kol fh of

make lps hydrogencgafe al s cﬁ}edvtogﬂnen vapprm $ex| By

eddnenpit |y qiBdt Ry] scli[ndted ftdher than

N

sendi pgda pr
a di ngrhyt gate| feedgtogk tp tihe Yaporiser, |t he
vapouy phase hyldropenati ¢gn rjeactor |inl eFU[emJerature
can bg raiged by pround|13Q, whil $t r%i ntai pi ng a
const AR reactdr oltl et ffenpgeratur¢e off 195C. |It] can
be segrgt hat| approki matelly 4% por ¢ dijnetjhyl [ mal eat e
is prpcegssed pham | s possidlie W th| &he~precedure of
Conpal dfi ve |Exdnpl Q. TheSpracess|df |tRe B p2t
I nvenfTom MRy Qe used T cornbrmat Tt tiuLs—pwocess
of WO03/006444 the cont¢ntd of| which |are i nfor porated
herei h by referlence. WO 2005/ 05885% PCT/ GB20p4/ p05054
%‘1 N Lq;Li mafNOD OO00(kni~t NO W'- QO00{-+ NN
O
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Comparativ
Example 1
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Dimethyl maleate Feed

Increase in dimethyl maleate processed
compared to Comp. Example 1
Reactor inlet temperature

Gas Loop Make up Hydrogen
Pre-hydrogenation Make up Hydrogen
Cycle gas at compressor

Cycle gas/dimethyl maleate feed
Reactor Exit Pressure

Reactor Exit Temperature

Refining Recycle
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2005/ 058855 PCT/ GB2004/ 005054 22 CLAIMS: 1 A process

for the production of an ether optionally with a diol

and/ or a lactone, by reactign of a corresponding

organic feed material sel ect’@d from unsat ur at ed

di carboxylic acids and/or anhydrides, nono-esters of
CLARd&t ur at ed dicarboxylic acids and/or anhydrides,

di esters of unsaturated dicarboxylic acids and/or

anhydri des, unsaturated | actones, and m xtures of two

1. @E&e&é"ﬁfr e ¥ﬂoﬁuétlb% ot a%se@lﬂaff Bnﬂ%/d\gﬁﬂ %Qiml%d%? a lactone, by

corrprl ses the s eps of Sup yin strea

conpadti®nngf at doﬁa.ﬁiondmgobiglamn ffedt hatediay as’eleeteﬁe €dm unsaturated

natd?ge:rl?(l)xyth?: acids and/or anhydrides, mono-esters of unsaturated dicarboxylic acids
and/or anhydrides, diesters of unsaturated dicarboxylic acids and/or anhydrides,
unsaturated lactones, and mixtures of two or more thereof in the presence of hydrogen
which comprises the steps of:

(a) supplying a stream comprising at least a portion of the organic feed material to
a pre-reactor zone comprising catalyst and operating under reaction conditions
and contacting said feed with a hydrogen containing stream such that at least
some of the carbon carbon double bonds are saturated;

(b) vaporising the at least partly saturated feed into the hydrogen containing stream
in a vaporising zone;

(©) supplying the hydrogen-containing stream containing the vaporised at least
partially saturated feed to a reaction zone comprising catalyst and operating
under reaction conditions;

(d) recovering from the reaction zone a product stream comprising the ether and
optionally diol and/or lactone; and

(e) recycling depleted hydrogen-containing stream to at least the pre-reactor zone

or the vaporisation zone.

2. A process according to Claim 1 wherein the at least partly saturated feed is vaporised

by and into the hydrogen in step (b).

3. A process according to Claim 1 or 2 wherein the pre-reactor zone and vaporisation zone

are separate zones within the same vessel.

4. A process according to Claim 1 or 2 wherein the pre-reactor zone and vaporisation

zone are commingled.



a pre-reactor zone conprising catalyst and operating
under reaction conditions and contacting said feed

WwOowdaos/0s8883dr ogen cont ai ni ng stream such that apCt/eB2104/005054

10.

11.

12.

13.

some of the carbon carbon doubl e bonds are saturat ed;
(b) vaporising the at least partly saturated feed into
t he hydrogen containing stream in a vaporising zone;
(c) supplying the hydrogen-&bntai ni ng stream

contai ning the vaporised at |east partially saturated
feed to a reaction zone conprising catal yst and

op ratln ctlo conﬂg{lons (d) recovering
rﬂf?‘i?é ‘écék “P%H’ H’%“é” Caéetll‘séé‘rﬂf’@d’n%anﬁtiOhgorteri@OVldeS

el by (Pl ARG Bbh Y fbRlocape or 1 actone: and (c)

recyc |ng rogen-containing streamto at

| east the pre reactor zone or the vaporisation zone.

2. A process according to Caim1l wherein the at | east

pad prgcesercoordingdo Cran i (B 2vag1emstb@|prebyam~rctonmmi thh eaporlsatmn

hydr ogen |n tep (b s accordin
1 %ﬂnegr B SFH%T& rVQS%eQaﬁe% a&@lﬁét least pas} w.sgtafqt%feed from

Zot‘élg rea[eﬁct&eé’ re"%l; S%SE&%‘S%hé"‘va})'BhE‘atgﬁl%ﬁﬁé‘”e vessel. 4. A

Ss accor efein the
pre-react or zone and vaporisation zone are
conmi ngl ed. WD 2005/ 058855 PCT/ GB2004/ 005054 23 5. A
pr A pessssacowdioi tgartyon€lof Chaims Whed whereintreldtmnall unsdtutated organic
the re-reactor zone pﬁOVIdeS contact area on which
malsfiplgh veoeisrtoghe hydspesaeutamieotigrndn ths veparisaiian zone.
or 2 wherein the pre-reactor zone and the vaporisation
zone are located in separate vessels such that the at

| eRSpropk tdcadriidgStet Olaah exd wheesh tHeomditidiRl Rh&mir8RAt @panic feed
zone is passed to the vaporisation zone. 7. A process

acoatedalig vemriaed by the hyfirogkmcomaihingstamher ei n
addi ti onal unsaturated organic

A process according to any one of Claims 1 to 8 wherein additional unsaturated organic

feed material is supplied to the reaction zone in step (c)

A process according to Claim 9 wherein the additional unsaturated organic feed
material is vaporised into a second hydrogen-containing stream before being supplied

to the reaction zone in step (c)

A process according to Claim 10 wherein the additional unsaturated organic feed

material is vaporised by the second hydrogen containing stream.

A process according to any one of Claims 1 to 11 wherein unreacted feed material and
by-products, which may optionally include the diol and/or lactone are recycled and are

vaporised into a hydrogen-containing stream in a vaporisation zone.

A process according to Claim 12 wherein the recycled stream is vaporised by the

hydrogen containing stream.



14.

15.

16.

17.

18.

19.

20.

feed material is vaporised into the
hydr ogen-contai ning streamin the vaporisation zone.

W@ 2008/0p886Eess according to Caim7 wherein t hePCT/GB2004/005054

addi tional unsaturated organic feed material is
vaporised by the hydrogen containing stream 9. A
process according to any ogﬁ of Clains 1 to 8 wherein
addi tional unsaturated organic feed material is
supplied to the reaction zone in step (c) 10. A

pr ocess according to Caim9 wherein the additional

seC g&g&ﬁ LESr@hG AU Jn@%ﬁClaﬂﬁg ?[d ﬁi g%or gﬂngééc?‘e%q'eecp ‘htefal and

drogen-contal ni ng stream
S lbpgirbcﬁ(its tvitich gayT pEichdl§InAGdethE BioS Elﬁpor(lé‘&torﬂe]are fecycled and are
process according to Caim 10 wherein the additional
urvepomngedtiatd @rsgmddan chptaanng btréasn befoor beiad sopplidieto the
second h dro containing stream 12. A process
aéE*’(?PBT’ﬁé“etIB Eﬁl?)fc)one of dains 1 to 11 wherein
unreacted feed material and by-products, which may
optionally include the diol and/or |actone are
r echrob@d acdeligy © ClMaPoiiseén tlﬁtr@cg@lebﬁﬁlédﬁgﬁ%ﬁ&ﬁE@bﬁthrégecond
streamin a vaporisation zone A process accordi ng
t iy QtogemedRainkngrsteamt he recycl ed streamis vapori sed
by the hydrogen containing stream WO 2005/ 058855
PCT/ GB2004/ 005054 24 14. A process accordi ng to any
O%Sprg CS%(QZ'O C%’]TO aﬂz\%r"}e rr%l%lsgp %ﬁ‘%f@?ﬁj E nC?% (_Ij% %rhaﬁ 1S contalned
dmthuaad/@gadlaemm wii€h ﬁﬁ@éﬁélra@éﬁ 80fh fkCfeed AR rlab € either the
into a second hydrogen-containing stream before being
s yppdrisedon gonetps in & sgratatosiripping columet lepcycl)gas tGippig.
process according to Caim 14 wherein the recycl ed
streamis vaporised by the second hydrogen contai ning

StAr Q@%V\ﬁ 18corfin rt(? Qﬁ?e elaéa ngllsnFtJ Pe Q)BX e fhe %{ le%t%haﬂsal Larbon

ereln erral 1S conane

arao@m aan@semlau@nbccw ifi fthd I5que@ Pidsa it the prQrBatiigh Saed
material in either the vaporisation zone or in a

separate stripping columm by cycle gas stripping.

A process according to any one of Claims 1 to 17 wherein the organic feed material is
selected from mono C, to C, alkyl esters of C, to C,, unsaturated dicarboxylic acids
and/or anhydrides, di~(C, to C,) alkyl esters of C, to C,, unsaturated dicarboxylic acids
and/or anhydrides, lactones of C, to C,, unsaturated hydroxycarboxylic acids, and

mixtures of two or more thereof.

A process according to Claim 18 wherein the organic feed material is selected from
monomethyl maleate, monomethyl fumarate, dimethyl maleate, dimethyl fumarate,
monoethyl maleate, monoethyl fumarate, diethyl maleate, diethyl fumarate and

mixtures of two or more thereof.

A process according to any one of Claims 1 to 17 wherein the feed is one or more

unsaturated acids and/or anhydrides and the process includes an esterification step.



17. A process according to any one of Clains 1 to 16
wherein the at |east partial carbon double bond

W@ 2008/05885n occurs in the liquid phase in the PCT/GB2004/005054
pre-reaction zone. 18. A process according to any one
of Cainms 1 to 17 wherein the organic feed material is
selected fromnono Cl1L to C4 al kyl esters of C4 to Cl2
unsaturated di carboxylic acidgss and/ or anhydri des,

-(C1 to &4) alkyl esters of C4 to Cl2 unsaturated

2'11' CanboXy &és%e@&‘dﬂ% to@NFHhPH0 JHRKTH tlﬂ%%ten'f@&ﬁ&ﬁﬁ? Rfcaffed out in an
to Cl2 unsaturated hydroxycarboxylic acids
ni xt ystesfi@ftiohwonor nore thereof. 19. A process
according to Caim 18 wherein the organic feed
material is selected from nnnonethyl naleate

2?323 %rggéss%gg%r al 31) Cﬁ;ﬁ@lt %Lermslr}g sﬁ?’llfd ?a o0 Isztle is located before or

dietﬁﬁ&wﬁﬁgﬁﬂk ctobgkhyl fumarate and mxtures of two
or nore thereof. 20. A process according to any one of

Clainms 1 to 17 wherein the feed is one or nore

unsat urated aci ds and/ or anhydri des and the process

28ncl dderecesh acsording 10 anxonoal @%@@s 1 o3 32@lmgin dlwpeher is tetrahydrofuran.
PCT/ GB2004/ 005054 25 21. A process according to Claim

20 wherein the esterification step is carried out in

an esterification zone. 22. A process according to

Claim 21 wherein the esterification zone is |ocated

before or after the pre-reactor zone. 23. A process
according to any one of Clains 1 to 23 wherein the

et her is tetrahydrofuran.



