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reaction of an organic feed naterial in. fhe presence of hydrogen. The
reaction will generally be by hydrogena?lon and/ or dehydration. The organic
feed 5 material is selected fromdicarboxylic acids and/or anhydri des,
nonoest ers of dicarboxylic acids and/or &anhydrides, diesters of
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of C4 to Cl2 ethers, optionally with the co-production of the
correspondi ng diols and/or |actones by the reaction of di (Cl to C4)al kyl
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It is known to produce di ol s by hydrogenati on of dial kyl esters of
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anhydride. Commercial plants have been bui It whi ch produce but ane- 1,4 di ol

as the primary product with small anounts, typically up to about 10 nol e%
of tetrahyKiosd pamicularig, the preseabinventicn fﬂdt&%ooi procBit! fivf eHerdd-Produdtion of C,

hydr ogenati on of a dial kyl
N compounds, more specifically tetrahydrofuran, butane-1,4-diol and/or y-butyrolactone from
a hydrocarbon feedstock comprising a dialkyl maleate by vapour phase reaction in a
hydrogen rich stream. In a particularly preferred arrangement of the present invention, it
15 relates to a process for the production of at least 20% of tetrahydrofuran with co-production
of butane-1,4-diol and/or y-butyrolactone. In the most preferred arrangement it relates to

the production of tetrahydrofuran with any residual butane-1 ,4-diol and/or y-butyrolactone
being recycled and converted to further tetrahydrofuran.

It is known to produce diols by hydrogenation of dialkyl esters of dicarboxylic acids and/or
20 anhydrides, lactones, and mixtures thereof with a minor amount, typically no more than
about 10 wt/wt% and preferably no more than 1 wt/wt%, of a monoester of the dicarboxylic
acid and/or anhydride. Commercial plants have been built which produce butane-1,4-diol
as the primary product with small amounts, typically up to about 10 mole%, of
tetrahydrofuran and up to about 15 mole% of y-butyrolactone by hydrogénation of a dialkyl
25 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. Dimethyl

succinate or diethyl succinate have also been suggested as suitable starting materials for

A
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al so been suggested as suitable starting materials for 2 9 DEC 2005 WO
03/ 006446 PCT/ GB02/03195 2 hydrogenation to produce butane-1, 4-diol,

t et rahydr of uran and y-butyrol actone. Thes succi nates may be fornmed by any
sui t abl e manner and may be from bi ot echnology sources. For further

i nformation rggardi ng the operation_ of these plants reference nay be made,

for exanpl 8YdiOgension. tospraduey busenesl A7diok datrahydrofume/ ad18dutyvilectons/ (hesy,
US-A 5 4767869, US-A-4945173, . US- A- 4919765, US- A- 5254758, US- A- 5310954 and
VO A- 91/ mé%‘t?,‘“a#%ﬁé"%ﬁ%eéi%&?ﬁq By gy swiiable ppanper and may ﬁ% empipice ESOBECESy
reference. Wiilst many plant operators aimto nmaximse the yield of
butane-1,4-diol and to mnimse the yield of the co-products,

t et r ahydr of Hopfurthedinforfiativh e¢gaeding the dpeeARNGTRise PUmkSrefirénce B BEMAES for
val uabl e commodity chemcals. The tetrahydrofuran’is nornmally recovered as
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mal eat es which are used as feedstock in such hydrogenation processes may be
15 produced by any suitable nmeans. The hydrogenation of dialkyl nmaleates to
yi el d but an&hilst many plant epegiatorsais ¢ol maximise tid yield dfSundd3dibPand B Aindrhisk334

and WO A- 88/,00937, ich are incorporated herein by reference. One
convention ame&’@@e%tgﬂF SP-Rrpduats, defrahydepiwgn agdthutynolactenes these ¢ogroductsiaret

Schemat | cal Ftes Vet Vot 0ol Bkt aRe e aionting (i ogell recovema sk
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esterification reactor, is fed via Tine 1 to a vapori ser

therefore is a commercially important chemical. The y-butyrolactone may be recovered but,
as the market for this product is small, it is often recycled to the hydrogenation step for

conversion to further butane-1,4-diol and the co-product tetrahydrofuran.

The dialkyl maleates which are used as feedstock in such hydrogenation processes may be
15 produced by any suitable means. The hydrogenation of dialky] maleates to yield butane-1,4-
diol is discussed in detail in US-A-4584419, US-A-4751334 and WO-A-88/0093 7, which

are incorporated herein by reference.

One conventional process for the production of butane-1,4-diol and co-product
tetrahydrofuran with optional production of y-butyrolactone is illustrated schematically in
20 Figure 1. In this process, a dialkyl ester, such as dimethyl maleate together with any
residual methanol from the esterification reactor, is fed via line 1 to a vaporiser 2 where it
is vaporised into a stream of hot cycle gas which is usually pre-heated. Cycle gas will
normally contain a high concentration of hydrogen gas but may also include other gases
including hydrocarbons, carbon oxides, methane, nitrogen. Further, where the cycle gas
25 includes recycled gases from downstream, condensables including product ether, methanol,

water, co-products and by-products may also be present.
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I's vaporised into a stream of hot cycle gas which is usually pre @ Ceg
Cycle gas will normally contain a high concentration of hydroge% gzés qqtr’
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met hane, nitrogen. Further, where the cycle gas 25 includes recycl ed gases
from downstream condensabl es including product ether, nethanol, water,

co- products and by-products nay al so be present. 2 9 DEC 2005 WO 03/006446
PCT/ GB02/ 03195 3 The cycle gas is fed to3the vaporiser 2 in line 3. The
conbi ned vaporous streamis then passed in line 4 to the reactor 5 where
it is react dlietcpcle@amiditdanahd vdpotiset 2 in Hihe Ahyltheabribined wipdtons stream is then
y-butyrol actone. The product stream6 is cooled and the reacti on products
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The y-butyrol actone, together with the internediate di nethyl "succinate and
sonme but anebé addeditoithemegovweedrayclgas th line 11i wigls the4nfihednuycletgas baingfed back to
arrangenent the, y-butyrol actone maﬁ@be partially extracted in an optional

refining zoNaPOFsCLAHdntasishiigeizang 9 he variouspraductiare separategeand theshytangnd 4-diol
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conversion step has substanfial cost 15 inplications bot'h innvestnent and

oper atlilon ofnd 8. i emt anrapementithe or-bitimlatoneanay bepatially exdracted ih ap optioumut e
of tetrahydrofuran increases together with its use in derivative

appl i cat i on&finipg zenejkh;andysmoved 1 fiBg 1 4o The mrethanol watsr stream sensmied from the

t et rahydrof yr Wit h t need for t.hi.s pensi ve downstream processi ng.
The downst r 8&1 uﬁtrrgg(e‘g'gf'ﬁ%reg?de‘ggﬂ%’ .'ﬁ‘gﬁlffleirg‘t hods i ncl udes recovering the
butane-1,4-diol, reacting it to formthe 20 tetrahydrofuran and then
refining the tetrahydrofuran product. In conventional processes, the
quantity of Acsigiificaphportiogwi thedbutanesigpdiol produted Hyethd or ether conventional methods:

is subsequently converted to tetrahydrofuran. This conversion step has substantial cost
15 implications both in investment and operation of the plant required for the conversion and
as the importance of tetrahydrofuran increases together with ‘its use in derivative
applications, it is desirable to provide a process for the production of tetrahydrofuran without
the need for this expensive downstream processing. The downstream processing of
conventional methods includes recovering the butane-1,4-diol, reacting it to form the

20 tetrahydrofuran and then refining the tetrahydrofuran product.

In conventional processes, the quantity of cycle gas required to vaporise the feed is
determined by a number of parameters including the operating pressure, the desired reaction
temperature, the vaporiser exit temperature and the vapour pressure of the components to

be vaporised.

25 Whilst it may be desirable to minimise the amount of cycle gas required, with prior art
systems, this decrease will require the exit temperature from the vaporiser to be maintained

high. However, maintaining a high vaporisation exit temperature would mean that the



determ ned by a nunber of paraneters including the operating pregsauRg@ %ise
désired reaction tenperature, the vaporiser exit tenperature and the
vapour pr¥WOH30864d6 t he conponents to be vaporised. .25 WhPCEAGROR/03MQY be
desirable to mnimse the anount of cycle gas required, with prior art
systens, this decrease will require the exit tenperature fromthe vaporiser
to be maintained high. However, maintaining a high vaporisation exit

t enperature would nean that the 2 9 DEC 2005 WO 03/006446 PCT/ GB02/ 03195 4
reaction tenperature would be higher than desired. It is desirable to
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i ncl udi ng avoi dance of hydrogen enbrittlenent of carbon steel equipnent,
avoi dance oftereRerasue \as low as possibleafor isguermbreasons includingiavbislenten of hydrogen on
of by-product ch as.butanol .. 5 Lt wi Il therefgre be understood,that the
rount "of _oybitaent ot GithaR Stes) utpmetls, axoidhacr of cXpeye peraysispastivation and
vapori ser exp mihfiRe i Wifiatittof 5y-bRARAL 9ich & ifgI oM S¢ between the  hi gh
tenmperature necessary to mnims he cycle gas required to vaporise the
feed and the relatively low tenperatures required for the reasons given
above. In the particular prior art systemof the type illustrated in Figure
1, in whi ch It wéll sherafese bg understpodithat the ameuntref aygle gekurdtquired far the aedction is

i nl et tenper Eure of aglout 165C and a gressure, of about 63 bar,

appr oxi mat eldytesmanadinpthe yaperiser exiy demperature.and isdherstare arompsemise betwaen the

nmal eate to V. | i t.he t f re wll rise.across th
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saturation aslafiléy 16w eimSdra@ReBQRAATe: iSeastAPEiVen BEGRSUTE Of The .
but ane-1,4-diol is less than that of the dinmethyl maleate in the feed. 15

Since the byproduct y-butyrolactone and internedi ate di methyl succinate,
toget her w th oci ated butane-1,4-diol are conventionally recycled

t he . ass ) ec 1 ]
to the reacth 8i¢ Raptiqulanprigrant system of theyypedilygatedsinFignue d ein which fisdrutans-1.fie
recyclg str : ' | WAYJ ly . ,ncrease th cl e ..8as ,requiremepts
to aboﬁ’t 3_1@%? éheo%g%:nsy%rp%&gtaét %ree%ar%@_eto?npﬁg Fr?gtaﬁéft fpél gaﬁ“@ A RIESS 8L,
whi ch |t i bowes3! BEebiro@BhitSly 40 Bl cFRAle! 1618 F6mirk pkY I8 lok Yirfethyl
process of the type illustrated in Figure 1 w produce L?pto
appr oxi mat emaleage to be vaporised. Although the temperature will rise across the reactor, the reactor

outlet stream will have about the same degree of saturation as the inlet stream because the
vapour pressure of the butane-1,4-diol is less than that of the dimethyl maleate in the feed.
15 Since the byproduct y-butyrolactone and intermediate dimethyl succinate, together with the
associated butane-1,4-diol are conventionally recycled to the reaction system, additional
cycle gas is required to vaporise the recycle stream(s). This will typically increase the cycle
gas requirements to about 310 mols of cycle gas per mole of the dimethyl maleate vaporised,

which it will be understood is a significant increase.

20 . Typically a process of the type illustrated in Figure 1 will produce up to approximately 10
mole% tetrahydrofuran.

It is therefore desirable to provide a process for the production of higher mole% of
tetrahydrofuran without the need for expensive downstream processing. It is further
desirable to provide a process in which the cycle gas requirements are minimised such that -

25 . investment and operating costs are reduced as the selectivity to tetrahydrofuran is increased.



nol e% tetrahydrofuran. It is therefore desirable to provide a proigjsEz fﬁbr
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process in which the cycle gas requirenents are mnimsed such that 25

I nvest ment and operating costs are reduced as the selectivity to
tetrahydrofuran is increased. 2 9 DEC 2005 WD 03/006446 PCT/ GB02/03195 5
Thus according to the present invention there is provided a process for the
production of an ether by reaction of a corresponding organic feed

mat eri al selkustasdordingsto dhecpresenkinventiondhete is provided aprovess fod ése, produaatefian of
di carboxylic, acids and/ ar anhydri.des, djesters of dicarboxylic acids
and/ or anhy@PsryIeaqiono ﬁé!gl,'re%)ﬁﬂélﬁg Qregpicdees matgsiabseleptedfromatieasboxyhictagislss
presence of L C LS h 2ps. of : su | ng stre
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contacting &as (st AT Sé',ggm- ast
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(b) sufpl yi prgsemce b€hgdrogerpwhicheomptisésthe stgps 6f:gas and t he vaporised feed
material to a first reaction zone conprising catalyst and operating under

reaction condit{3ns SePPAYINg\R Bj1gABg ePmIDIiENg athd arganitr deddomaterialctounm; figst)
recovering fromthe first.reaction z

ne an.i nternediate product stream
conpri sing unreact ed ¥EROFSAYQEAPU§ ,a“‘gf(‘:’P Chog ,Saﬁlg?‘ieﬂeﬂltbr‘iyﬁﬁcgf% FOMBHSINE Ny
15 co-products and bynptrBgbHdush tHabidt 144PR b ' L
streamto a second vap%}{ri Sation zoneéééngbgfggﬁtog?ﬁ%gi @%@mgftlgbg%‘gfstgéwﬁgpd
feed material such thattothecyskigds;addi ti onal feed material is vaporised by
and into the internedi ate product stream (e) supplying the product of step
(d) td&0a subsequédt reunplyingatdeasta pertioniof thecyclogasand thesvaparisedfeed ataterinl
under reaction condit { ons. to all ow hgdr ogenation and, _if required, )
dehydration to occur: oaﬂg’ust reaction zone comiprising catalyst and operating under reaction

conditions to allow hydrogenation and dehydration to occur;

(©) recovering from the first reaction zone an intermediate product stream

comprising unreacted feed material, cycle gas, desired product(s), and any
15 co-products and by-products;

(d)  supplying the intermediate product stream to a second vaporisation zone and
contacting it with additional feed material such that the said additional feed
material is vaporised by and into the intermediate product stream;

(e) supplying the product of step (d) to a subsequent reaction zone comprising

20 catalyst and operating under reaction conditions to allow hydrogenation and,
if required, dehydration to occur; and

® recovering from the subsequent reaction zone a product stream comprising

the ether.

In the ether production reaction of the present invention, the conversion of the acid,
25 anhydride and/or the lactone or ester to form the diol is an ester hydrogenation or

hydrogenolysis and the reaction of the diol to the ether, is a dehydration reaction.

Without wishing to be bound by any theory, it is believed that the process of the present

invention allows that the amount of product produced as light boiling (higher vapour
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cycle gas WidndeResodettay qeyafabtor i @it e88CENdoaAvimibnal 5430 198 tdYhe
may al so include other gases including hydrocarbons, carbon oxides,

met hank) ni thydoegenatian ldeps whichh arecthemselvgs: depegdenti orcthe deoune of ghefbquireé o
from downstream. condensabl es, i ncluding 15 product ether, C_to C4 al kanol,
wat er, co- praaerisedhefradhusaniacrease ohilie gassircyation mieis pattigularly disadvastagaeusy
preferred enbodi nent of the present invention the ether is a cyclic ether.
Most preferably the cyclic ether i's tetrahydrofuran. In this latter case
the organi ¢ TiReg cld'BdsewilBhorntalp'@heid A Nigh el detrat] ) | ch
may be present to a greater orl@ Ieséer e§<tent inat |§fglfl %%ﬁr%%?ﬁgﬁ%%
may be absennclide biheegises imduding hgtdwkarbons, \carbon oxides, methane, nitrogen. Further,

where the cycle gas includes recycled gases from downstream, condensables including

15 product ether, C, to C, alkanol, water, co-products and by-products may also be present

Ina particularly preferred embodiment of the present invention the ether is a cyclic ether.
Most preferably the cyclic ether is tetrahydrofuran. In this latter case the organic feed
material is preferably dialkyl maleate. Co-products which may be present to a greater or
lesser extent in this embodiment or which may be absent include butane-1,4-diol and Y-
20 butyrolactone. This reaction is illustrated in Scheme 1. In this example the alkanol is

methanol and the intermediate miaterial is partially hydrogenated dimethy! succinate.

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 and intermediate material, for example

25 dimethyl succinate together with other light or heavy materials formed in the process.



20 butyrol actone. This reaction is illustrated in Scheme 1. In jhis exanple
the al kanol is nethanol and the internediate’ nmaterial is part §I1P@C 2005
hydr ogend¥@43/896t# hyl succi nate. By-products may incl ude tRI/GBRAINS used
in the esterification of the acid or anhydride, for exanple nethanol,
undesirable material formed in side reactions, for exanple butanol, water
evolved in the dehydration of the diol to_the ether and internedi ate
material, for exanple 25 dinmethyl succi nat’e together with other |ight or
heavy materials formed i tggﬁ process. WD 03/006446 7 H~ HC COOve \ COve H2
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Scheme 1

The by-products may be separated from the ether in a refining zone and may be further
purified if required. Similarly, the co-products may be separated from the ether in the

refining zone and may be further purified if required.

5 However, in one arrangement, one or more of the co-products and/or by-products will be
recycled to the first vaporisation zone where they will be vaporised. In one alternative

arrangement, one or more of the co-products and/or by-products will be recycled to the



CH3CH2CH2CH2OH The by-products may be separated fromthe ether i gaIP
refining zone and may be further purified if required. Simlarly, %2005
co- produd¥YQ 038864 separated fromthe ether in the refiniPGI/6BAZOHME may
be further purified if required. 5 However, in one arrangenent, one or nore
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vapori sation zone where they will be vaporjsed. In one alternative
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recycled to the 29 DEC.2005 WO 0%{9006 46 PCT/ (%02/ 03195 8 second
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hence to the 5 corresponding reaction zone to inprove the overall
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mal eate to tetrahydrofuran is increased, the dew point of the exit stream
fromthe first reaction zone is reduced. This allows for the additional

f eed and/ or The Napar peassire @b tatrahydrofusan (8284 mmBgat 165°6% issubstantially highey thane
i nt er medi at roduct stream m e firsf reaction zope, 15 Thus as the
amount of eﬁﬁg Pi,) 8‘F E‘Ptaéﬁ'drfgg]‘é?l {7 t’?’é‘&i&f? 6@% i‘én\:-%ﬁﬁy&lwnq (357 punklg atl63e¢€) ande
product str ' ] kTR Q46 Cii Vvl |t f. the
Pt er med at Sy STEAERE T24) R fR576), MAEEH ik etobisfer SR Ltaf®iapdglfen
exanpli® di m pivduced) Gfonallpwith Gutahtq 4-g6ysldey -blifyRsabterk, BoPdifidthyl faleate as
increased. In the preferred enbodi nent of the present invention where
di met hyl mathexoevérsion of feedrdimethyl maleate to tetrahydrofuran is increased, the dew point of the
exit stream from the first reaction zone is reduced. This allows for the additional feed and/or

the or each optional recycle stream to be vaporised into the intermediate product stream from

the first reaction zone.

15 Thus as the amount of ether, for example tetrahydrofuran, present in the intermediate
product stream increases with improved selectivity, the capacity of the intermediate product
stream to carry the additional organic feed, for example dimethyl maleate, and/or the recycle

stream as a vapour is increased.

In the preferred embodiment of the present invention where dimethyl maleate is used in the
20 formation of tetrahydrofuran, the cycle gas requirement is about 210 mols per mole of
dimethy! maleate feed to the first reaction zone and additional cycle gas is not required to
vaporise the recycle stream. Thus, if, for example, the catalyst in the first reaction zone
gives approximately 50% selectivity to tetrahydrofuran then the total cycle gas required to
vaporise both the feed and the recycle stream is reduced from about 310 moles required in
25 the prior art process of Figure 1 to about 210 moles per mole of dimethyl maleate. If in the
preferred embodiment of approaching 100% selectivity for tetrahydrofuran is achieved, then



20 formation of tetrahydrofuran, the cycle gas requirenent is abpytpgrloys
nbl s per nole of dinethyl nmaleate feed to the first reaction zone and

addi ti onaWodp®be4gas i s not required to vaporise the recymiBGBOYBa98 Thus,
if, for exanple, the catalyst in the first reaction zone gives
approximately 50% sel ectivity to tetrahydrofuran then the total cycle gas
required to vaporise both the feed and the recycle streamis reduced from
about 310 noles required in 25 the prior &t process of Figure 1 to about
210 nol es per nole of dinmethyl maleate. If in the preferred enbodi nent of
appr oachi ng abdf1 6@ked10%i inpre @imeildfl mdlydlé ey BIvi ' C
2885 WO 03/ 006446 PCT/ GB02/ 03195 Qmabout 10dgrto %p})(g&)@&‘nggﬁéﬁﬁll r?"?at y?y%rléggte
may be vapordirsslitqdecomparedvithttbatcachleved)istheqirior aktagrecess of Figueel 1 \bridgih @e
achieved in the prior_ art process of Figure 1, bringing the cycle gas

requi rement Y6\R@aE EFARBEmENtdaIHG) aboub 0 meles per mgleafidimethybinaleate, The

capital cost of equipnent and the operating cost of the reaction process,
particularly 5 energy and other utility requirenments is |argely determ ned

by the cycl ertigagpithiost 6 &quipmédtGnd XRd ﬁﬁ@éaritgfg ?dif(a eeieacttilag p%(ﬁ&?%%ﬁﬁpcqjllaéi}eat

exchangers and interconnecting pi pewor argely 'size cyc gas
flow rdte arederghengother utidity capgjremssts irlamgely deesrmineiigotht eyclagss 16w e 84l the
from the reaction systemare |largely determ ned by the cycle gas flow.
Thus i ncr e&¥5tery- (o cxasnpies e samprgseoroheat guchavgerns and intedconnezting pipetoak areor e

nol es of feegd n. be 10 vaporised and hence nore. product made per nole of
gas circul aﬁgg%ﬁlgﬁ%ﬁq@p@g\ggs ) rﬁ%\ﬂ%‘ﬁﬁ?&@@’%ﬁ"@ﬂ%@é‘ﬁ?%& heat addaddasandy
t he capital | ’ S, sHch

but ane. 1, 4- ey SR oR: UAPreaBRirt ovolHe oft Blehlebiiibd b9 HELEOS rub RN, s
vapor i sat i orinaredsing the pooversion hitg b th cfe@ tabihkr AIKvA that ROMEMSIe? Bf?&td:]deﬁﬁ be

ether e.g. tetrahydrofuran, it will not be necessary to m nimse
| act onl®, f ovaprisegiandyhenee mors proiduet wads; perandiealf gas oircwatadwhichwilahave the

1,4-diol, ratio.in the reactiaqn by.operating at high pressure as is
required ina%aﬁl\t/a&‘?tqfﬁﬁ'?ﬁmﬁ’ra&ggg&émg e&@‘{?&&&é@l’ﬁﬁ“%?‘&ﬁfe-l,4-di ol as the
mai n product, wth tetrahydrofuran and a m nor anount of y-butyrol actone.

I ndeed, it may be desirable to operate at a | ower reaction pressure and

hence, hi ghdvheye biliby thelcagirodects, uctbay Kutsrel},4-di6]And yabitProldtedhe"&e r&SRRd to
desirabl e heretofore. This is in part because the y

: the subsequent vaporisation zone to provide high, preferably total, conversion to the ether

e.g. tetrahydrofuran, it will not be necessary to minimise the lactone, for example y-

15 butyrolactone, to diol, for example butane-1,4-diol, ratio in the reaction by operating at high

pressure as is required in conventional processes for co-producing butane-1,4-diol as the

main product, with tetrahydrofuran and a minor amount of y-butyrolactone. Indeed, it may

be desirable to operate at a lower reaction pressure and hence, higher y-butyrolactone to

butane-1,4-diol ratio than has been desirable heretofore. This is in part because the y-

20 butyrolactone has a higher vapour pressure than the butane-1,4-diol and therefore requires

« less moles of cycle gas for vaperisation, but more significantly the investmerit and operating

costs are reduced as the reaction pressure is lowered.

The feed material to the, or each, vaporisation zone may be, or may include, one or more
recycle streams. Fresh organic feed and refining recycle streams may be vaporised together
25 or may be vaporised in separate parts of the or each vaporisation zone. This is particularly

advantageous as it will minimise the risk of transesterification between the ester and the diol.



20 butyrol actone has a hi gher vapour pressure than the butane-| ,42gi[§)éc %ﬂgl
therefore requires |less noles of cycle gas for vaporisation, but nore

si gni fi camo b3/oaches | nvest mrent and operating costs are redueETiGB62/43125
reaction pressure is lowered. The feed material to the, or each,
vaporisation zone nmay be, or may include, one or nore recycle streans.
Fresh organic feed and refining recycle streans nmay be vapori sed toget her
25 or may be vaporised in separate parts dd the or each vaporisation zone.
This is particularly advantageous as it will mnimse the risk of
transest eri i 6A¢ aftingedientedll e egtlegaaand thecorgarit feed fod Ri-theXH8bvaMorisation
03/ 006446 PCT/ GB02/03195 10 In one arrangenment, all of the cycle gas and
t he organi czéne(stepay) is supphied tq thefirstapantion gone (steprlyrwitl theeemajning oxgapis! feed
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(step d). Igu@eéﬁa@%cﬁbh%ﬁ@(cs{m)arrangerrent, t he gaseous streamfromthe
first vaporiser (step a) may be divided with a major portion, preferably

from about 70%to about 80% being supplied to the first reaction zone
(step b) and a mnor portion, preferably from about 20%to about 30%
by- passi ng Uhs§crpd altgraaiive asrangement Jheigdseovstrean fram thedirst waperses (ftep a) may
vapori satiogn_ zone.. 10, pref.erabl.y one t.of the eguent, .yaporisation
zone (step g g ?iw\,ﬁé&,vgl% g rfi‘ay S‘f Qﬁ’*‘ﬁ%’rp rﬁ%gat%bdfr 0 ut i% %%gﬁ?lfqltgg @fgewlggsgnpléed
feed materi & thedsthBactiBR%Yohs &ty BY dhdaRiroY pbiRiod? | St DO°
secondary feed stsrear%1 VWher eé‘téer?ewm n(?r por?i olr? i@ﬁ%@@ﬁgﬁ%gt@%@ At%ﬁﬁet
subsequent 30%pby-passingnthe first ecactibn zomd ardimdngfed:to pheogibséqueht epotisfivavsned
fromthe first reaction zone quggtep c) is fed. to a second part of the

subsedent PEeiRrAblYone partafitke qubsequent vaparisatign; zone (siep dbs where itisfrtherhestass
are fed. The st.heans, fromihe two. separate parts of the subsggent, ..
vapori sat i oﬁucil\cl)}ﬁ%t agflgmg%lleq{g?ﬂ“i(f?agP}?\{\%a‘g‘f%aqehvé‘p?%egr"?‘?@gl?ea‘fyéﬁf@é e@?ﬁ»?@a‘mng
whi ch is fedhbPsechfdary EBaSHLEN WRGE HeQRinG i ;
this preferred enbo&rysnent I's that the eﬁ?lqu?g&g@g}lffégﬁgonﬁgﬁ%fﬁﬁgﬁﬁ t| ch
may be or i maparibatiom zersd, ¢he intesmediate produdt strearh ecovedifebmn elid RisnEEatsry £orRS
whi ch contain diols
(step c) is fed to a second part of the subsequent vaporisation zone (step d) into which the
15 refining recycles are fed. The two streams from the two separate parts of the subseqgent
vaporisation zone are then mixed to yield the intermediate feed stream which is fed to the

subsequent reaction zone (step €).

One advantage of this preferred embodiment is that the liquid additional organic feed, which
may be or include an ester, is separate from the liquid refining recycles which contain diols
20 and/or lactones, and is only mixed therewith in the vapour phase. This will minimise the

contact time and hence the potential for transesterification and progressive chain length

growth.

The feed material fed to the or each vaporisation zone may be wholly, or may include, one

Oor more I'CCYCIC streams

25 Whilst the present invention has been described with particular reference to two reaction

zones, in one arrangement of the present invention, the process includes more than two



20 and/or lactones, and is only mxed therewith in the vapour thSgeDEa-%ﬁ%

will mnipgise the contact tinme and hence the potential for

transest eV OfPO%4 SN and progressive chain | ength growth. REEGB8XeB1MAt eri al

fed to the or each vaporisation zone may be wholly, or may include, one or

nore recycle streans 25 Wil st the present invention has been descri bed

with particular reference to two reaction__zones, in one arrangenent of the

present invention, the process includes mdde than two 2 9 DEC 2005 WO

03/ 006446 PCT/ GB02/ 03195 11 reaction zones. Wiere there are nore than two

reacti on zon®8ctiodgones pWhererlere arganors ghandwo reantion zongs, berréspondiag visirivadion

+ adj acent reagtion zchr%gs. V(ggori sati.on in these subsequent, zones may be
Ot

made direct | §PEAIE Thyaem RYagsh FRACHOR Zones m aperisatinn imtheee subsequent
ti ' ' f whi ch
Conpr i 6 oneraeSinay be BREL ULEAN NG O LEARRIB A AR £ENIhe i fiptreastonny

hydr ogen mayzdme or fitdeyaiest a 3&1@1@5@@&?_@&&:& R cy@s F&\i @hféﬁtrﬁzflyi %}m}ﬂﬁgbﬁé PLIOYS |

hydrogen if present nay be heated. The organic Teed mate IS prefera

sel ecte¥ fr othifrrsh erganicifeedCaefuing decynle matsrief andhytirngen tayde drevlidedy The oagiris
and/ or anhygﬁgi‘ges ldiél}ﬁ%’a'i?io @4 %Iﬁhyl esters of C4 to Cl2 dicarboxylic acids
and/ or anhydeFHESYClf andpr ydrogencd prasentmay baheatsdsl i ¢ aci ds,  and

m xtures of two or 10 nore thereof. For exanple, the organic feed materi al
can be selected fromnono C, to C4 al kyl esters of C4 dicarboxylic acids

and/ or anhy drtied#gani¢lfee@matedialCh préfépablyesietted ffm %n? C % eo liegte?scc*]e 2 d9C0 A

and/ or anhydrides, y-butyrol actone, and m xtures of two or ret

parti cul ar | ydicasbasybic acids andjorvinbydrides, din, eo CahlkybestdreoSE) 18 @, £dichrbBRlic acids
nononet hyl nal.eate orEet hyl 15 fumarate, nononethyl succinate, dinethyl
mal eate, di n@f’ﬁ&? jank gtlactongsafiGhytp Gu dydsexyearboxylisiacids cindomiieres oEtwbe

y- but yypl act,n r butane-1,4-diol and m xtures of two or nore
thereo¥. Al teérﬁ%atﬁ}géejlpy the organic feed nmaterial can be selected from

nonoet hyl nal eate, nonoethyl fumarate, nonoethyl succinate, diethyl
mal eate, diethyl fumarate, diethyl succinate, y-butyrolactone, recycle
y- but yr ol acthonexampleothe lorganivefebd tatbrial canbe selected from mono C, to C, alkyl esters of

C, dicarboxylic acids and/or anhydrides, di C, to C, alkyl esters of C, dicarboxylic acids
and/or anhydrides, y-butyrolactone, and mixtures of two or more thereof. A particularly
preferred organic feed material may be selected from monomethyl maleate, monomethyl
15 fumarate, monomethyl succinate, dimethyl maléate, dimethyl fumaraie, dimethyl succinate,
Y-butyrolactone, recycle y-butyrolactone and/or butane-1,4-diol and mixtures of two or
more thereof. Alternatively the organic feed material can be sélected from monoethyl -
maleate, monoethyl fumarate, monoethyl succinate, diethyl maleate, diethyl fumarate,

diethyl succinate, y-butyrolactone, recycle - Y-butyrolactone and/or butane-1,4-diol and

20 mixtures of two or more thereof,

In one arrangement, the organic feed material fed to one or more of the vaporisation zones
is contained within an organic solvent. Where the organic solvent is present, one or more
of the vaporisation zones is operated such that the organic feed material is essentially

separated from the organic solvent by cycle gas stripping.

25 Suitable organic solvents include: di-(C, to C, alkyl) esters of alkyl dicarboxylic acids

containing up to 13 carbon atoms; mono- and di~(C,y to C 4 alkyl)esters of maleic acid,



20 mixtures of two or nore thereof. In one arrangement, the organi c Ree8EC 2005
nmaterial fed to one or nore of the vaporisation zones is contained within
an or gani¥WOod3Pdit . \Were the organic solvent is present, BAEGBA2AHIE of

t he vaporisation zones is operated such that the organic feed material is
essentially separated fromthe organic solvent by cycle gas stripping. 25
Suitabl e organic solvents include: di-(ClL to &4 al kyl) esters of al kyl

di carboxylic acids containing up to 13 cd2bon atoms; nmono- and di-(Cl0 to
C 18 al kyl)esters of maleic acid, 2 9 DEC 2005 WD 03/ 006446 PCT/ GB02/ 03195
12 fumari c famade scidci sucsimaei deidndndi mighess tthereefif ;(Cf Qo t 6, Cdlkyl)esters of
al kyl )esters o napt hal enenmpnocar boxylic _acjds; tri-(C, to C4 alkyl)esters
of aromatic nep%elapﬁamqaeb% lgacidsfrirato CoalkyDatess of xireats wrarbenylin 3
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gas: condensable material nolar ratio in the range of fromabout 50:1 to
about 1000: 1. Typically the feed tenperature to the first hydrogenation
zone is frorffhebapbrai®Féed sireahotet the i Ceaation @one pfeferabilyyhak adiydedpeticohfatifing 0
about 250C, while the feed pressure to the first reaction zone is

typi caldy frcyele gaveandsnsably matergignelagratio jzpthe range 6 fiom slgwo SOd ite abeutd@00:1.
13790 kPa), for exanple, nore preferably from about 450 psia (about 3103
kPa) to about 10 1000 psia (about 6895 kPa). The hydrogenat able materi al
I's preferabl P ' I j ing
to b 11 quid HBLe HedEed Rulfdfu (5 he FAIMIRRERE Bhe £ SR o 00 CRAALY
desired, tha0pP@anoreprefetdily fiofeaticiPs04T to bontDSERC, adhilsthe deddrpragiyire to the
conveni ent manner = between the first and subsequent reaction zones and/or
bet ween adj d&#tAeactien gengis typieally fign abaut S0 poiadahout 46 kida)rte about 3A0€ psie abwut

Phe: oo of 3 AEAREER S TR, ask ehetgbb<rans ABwy ) st ahatie 103 K5A AR |

the prgress 19bo Pg(ﬁ;ﬁ%@?g{p?ention can be obtained by any conventional
g

manner. Preferably ‘It con ns at | east about 50 volume % up to about
99. 99 vol une % or nore, e. from about 80 to about 99.9 volunme % of

hydrogen. It may ) :
The hydrogenatable material is preferably supplied to the first reaction zone at a rate

corresponding to a liquid hourly space velocity of from about 0.05 to about 5.0 h™.

If desired, the pressure and/or the temperature can be adjusted in any convenient manner
between the first and subsequent reaction zones and/or between adjacent reaction zones
15 where more than two reaction zones are present. The temperature may be adjusted by any

suitable means including the use of a heat exchanger or exchangers.

The hydrogen make up gas 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
20 further contain one or more inert gases, such as nitrogen or methane. Conveniently the
hydrogen make up gas is produced by pressure swing absorption so that the cycle gas
molecular weight is minimised thereby reducing the power required for compression and

circulation of the cycle gas.




20 further contain one or nore inert gases, such as nitrogen or nezt?\épﬁé. 2005
Conveniently the hydrogen nmake up gas is produced by pressure swn
absorptiWﬁ’é‘@Of’ﬂét the cycle gas nolecular weight is ni n’?ﬁT’@ﬂﬂ?H%‘?eby
reduci ng the power required for conpression and circulation of the cycle
gas. 2 9 DEC 2005 WD 03/006446 PCT/ GB02/03195 13 Any suitable catal yst for
the reaction may be selected. Wiilst a mxture of catalysts may be used,
for ease of reference the term"catalyst"13will be used herein and will be
understood to mnean either a single catalyst or a mxture of two or nore

di fferent Cﬁh?lhmﬂb& cafdlgst E@tthd waétiontamobe seldched. SMhidst qudRture efwatalysts maybe may
be different fromthat used in the first reaction 5 zone. \Were there are
nore than tvsedsfoncsseof refemace the trmriicatalyptd willibguyed hersiacend witlihe updersiged to
zone may be the same gs or djfferent from.that used.i.n the first._and/ or
subsequent TEAREIHET 2 $BEIE calplyshprR THHUEG A R Or "éorﬁgbéf“(fw&fs#g efgfaﬁ)’ésfy
of catal yst ' NSt
that is tol ‘zﬁegﬁ'ﬁ t§$S¢%§&j§§gPea?g§%§aC| L)gla%fl {efﬁe??[g%e ﬁtgﬁalsqﬁ%ﬁg%?%%g?‘g to
pronot ¢ hydsaHae Wb thedd arkfore Hafltwa PEACBADEIIRE pitlSéitt the taapitesedialthesi edch Y
to the desired ether. Catalyst beds conprising nore than one type of

cat al yst nayoneangy besthe saine as ot diffesgne fromothatoused luy the fisst andfor subssqiend reagtipn
that different types are separated or the different catalyst types may be
adm xed. I nZ@€particularly preferred process the catalyst of the first
reaction zone is selected from 15 noble netal and/or copper-containing
catal ysts. Hence the catalyst of the first hydrogenation zone can be or

i ncl ude oneppgn M ohedt, RBE e&hymiﬁga%ﬁ of Bath Y &84 KRARBE! Infdie@Xainple,
..catalyst or are ucgd copper containing catalyst. The 'sane or a different
cat al yst nathecesiomap énclisdeda catalystethatiib setepannof msiduarfyedisiid comtest, onewhichas
zones. In one arrangenent, the catalyst in at |east,the subsequent

react il@n zopaitable togromete hydiegenation epibe esteandanathsy whichproraptes setechyilyin B8 of

copper-cont gi ning .cata s, ineclude reduced copper oxide/ zj X .

catal ysts, ﬁ?séﬁ c"é'{ae’rrahééiy& be%r %%R’E&“%BB&E‘“@Q%% e 59? °F‘€!}§%§‘8Y%§B‘ &P

chromte cayfb)sd FayeRF cARYHCHRNR BEDEE Sulld R difFéteAMybss &ralsdpatafed or the
different catalyst types may be admixed.

In a particularly preferred process the catalyst of the first reaction zone is selected from
15 noble metal and/or copper-containing catalysts. Hence the catalyst of the first hydrogenation
zone can be or include one or more of a palladium catalyst, a reduced copper chromite
catalyst or a reduced copper containing catalyst. The same or a different catalyst may also
be used in the subsequent and any additional reaction zones. In one arrangement, the

catalyst in at least the subsequent reaction zone is, or includes, a copper-containing catalyst.

20 Examples of copper-containing catalysts include reduced copper oxide/zinc oxide catalysts,
reduced manganese promoted copper catalysts, reduced copper chromite catalysts, and

reduced promoted copper chromite catalysts.

One alternative catalyst for use in at least one of the reaction zones is a reduced manganese

promoted copper catalyst.



One alternative catalyst for use in at |east one of the reaction %gnﬁa@c i2®5a
reduced manganese pronoted copper catalyst. 2 9 DEC 2005 WO 03/006446
PCT/ GBOZ/WQ%@’@OGI‘&G When the or each catalyst is a copper- cBET/ABIRALIS

catal yst, the active catalytic species may be at |least partially supported
on a supporting material selected fromchrom a, zinc oxide, alumna,
silica, silica-alumna, silicon carbide, zirconia, titania, carbon, or a

m xture of two or nore thereof, for exanpl4e, a mxture of chroma and
carbon. 5 In one preferred ?rocess of the present invention an acid

tol erant cat Whestthe oréachsatalyst isrmcapger-cappisingotatadysty the aetive gatdlytiegpeties nagd
in at | east one of the, reaction zones. A suitable ronot ed copper chromte
catal yst is, P§ &rleast pastially sppportedion 3 ippering fa%temsﬁs&tesﬁqmobmmmide,
Technol ogy Lim.t.ed. of 1 10! tre,. Pri.nceton Drive, Thomaby,

St ockt on- on- éIl([aﬂnaes'?a’ %ci,:r/sﬂ&gﬁﬁﬂﬁ% sgﬁéol?.n 1%’ %5?%1?72{? icarbons ot s mixiprenf tyig
hydr ogenat & &hfloRtheleot, ot bianfpl & Hinhdit 38 Efroftis Bnd farBon mNJANESE Pr OO €
copper catalyst may al so be used in at |east one o tﬂe reaction zones. A
sui t abl e manganese pronoted copper catal yst which exhibits superior
conversion of a dialkyl ester under typical operating conditions used for
catal ys? PGsByonepsefemedipragess pRibgpresent inyentian gn peid delerantreatdlyss suchyaslaiprorhetd A

catalyst with a high selectivit o the. 15 desired ef her under typical
operating condPt] Sﬁrsonpgc % %éé"ﬁ/ﬁ‘?i‘ﬁ‘q  lgpst pne, of; tf"%lB?aéuPP GANESpafysuitable

Process Tec hRedd LbdH ta Sl nye
found in In?@? nat ido!ﬁ(l)apl‘B clgggrgr?? w&ﬁ?%ggi@néwlepﬁ%‘% %@ g@é%%@éﬁ% P%vy
i ncor por at edPrioeessi TedMnotopyeLimie. off Ik CRchitolole Getitie) Feinatwh! PrivEt Ehdrahby,
will contain fromabout 0.01 to about 1.0 wt/W%or 20 nore, e.g. up to
about 10 wt/Stegktopwen-TFeesnh$176R¥, Fagland.han about 2.0 wt/wt % of acidic

material. The charge of catalyst in the first reaction zone is preferably
sufficiently large to reduce the content of acidic material to | ess than

about flg 005 xtdavhiveti WhiBRSS 38Ecife fohﬁydfg‘ge?xra%uﬁle et Gols e T o289 Dich as a

manganese promoted copper catalyst may also be used in at least one of the reaction zones.

. A suitable manganese promoted copper catalyst which exhibits superior conversion ‘of a
dialkyl ester under typical operating conditions used for catalyst PG85/1 is sold as
DRD92/89A by Davy Process Technology Limited. A catalyst with a high selectivity to the

15 desired ether under typical operating conditions is DRD92/89B which is also available from
Davy Process Technology Limited.

Further details of suitable catalysts can be found in International Patent Application No.
PCT/GB00/04758 which is incorporated herein by reference.

Typically the hydrogenatable material will contain from about 0.01 to about 1.0 wt/wt% or
20 more, €.g. up to about 10 wt/wt%, but normally no more than about 2.0 wt/wt%, of acidic

material.

The charge of catalyst in the first reaction zone is preferably sufficiently large to reduce the
content of acidic material to less than about 0.005 wt/wt% in passage of the vaporous

mixture therethrough.



2 9 DEC 2005 WD 03/006446 PCT/ GB02/03195 15 The anount of cat alyysbegsmgh

I h each lon zone nmay be the sanme or different. The catalyst charge in
the fi rstwggé(h%f“gn zone may constitute from about 10%to MB Bnor e
usual ly about 20%to about 50% of the total catalyst volume in the
reaction zones. Simlarly the catalyst of the subsequent reaction zone is
typically in the range of from about 70%&0 about 5 10% nore usually about
20% to about 50% of the total catalyst vblunme of the reaction zones. The
sel ected catal yst preferably converts the ester, preferably the dialkyl

mal eat e, t o Theamowets ealalystsed in qgelareaption 2png mayheithe semecr dififerentp The catalysty

t et rahydr of ur an, . electivity of fromabou % to abo 0% or e,
oSt pr ef er SR e At SASAGH HaRsaeY cogsHE RS abRE 10% BaRoR: oup R sty
reaction zo | o/ f f | : n .
refining zoﬁgomv\ﬁ?g%e&’ft éﬁgggﬁ gfgthg? %@r@%ﬂé*gpgﬁ {;;ptthg? %ﬁ?f‘g?o ur ?ﬁ,ﬁllla}slyt}?e
separ at ed asatplysibfelie subsaquent-Pactidl @bse is3yjsibalydn khe rAfige oft fraim dbsilt 76%ko@bout
y-butyrol actone, which may be present may be separated or may be recycled
t o t he Sr eactl PYm mors tuemlly\/amra&o“zﬁeméoutsw%r ef thp detabeatalyss-yolwue of theaeaction
nore may be separated and recovered and the 15 remminder recycled. In one
arr angenent re 100% conversion to ether, for exanple tetrahydrofuran, is
desired all of the co-products, for exanple butane-1,4-diol and/or
y-butyrol actone, are recycled. The ability to select suitable catalysts and
adj ust the maexeletted cafalys prRIGEbIGIcoOnTEits the eﬁfer,%ﬁféﬁrab‘lﬁﬂﬁrdiﬁlﬁ?l RAleaf %o the
allows the plant operator Tflexibrlity to select the anount of ether
produced 2desiredathercpreferatily afoycliaethemmost préferably tearahydrofupam dtis seledtinity of

al kanol derived fromthe organic feed, which will typi caolly be a C to 4
al kanol and frofpatout 20% tg abeyt e BF BgIFe Mmast preferably) aboyt 0% asmerehe condensed
and separated in refining. The al kanol will conventionally be recycled to
the esterification reactor in which the organic. feed material is forned,

i f preagent. ThBrodifct Stkdieh Fyft ALY rehRfdn-slhe 18 feferablly fE&%éfEﬁglyt&v?ngybeen
separate the water fromthe al kanol. The refining syStemw || udsual

i ncl ude neansndeasédl, 3o REEEIAING zone where the desired ether, preferably tetrahydrofuran, is

separated as product. Any co-products, such as butane-1,4-diol and/or y-butyrolactone,
which may be present may be separated or may be recycled to the reaction system. Where
there is more than one co-product, one or more may be separated and recovered and the

15 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 or each
vaporisation zone allows the plant operator flexibility to select the amount of ether produced

20 relative to the formation of the or each co-product.

Any alkanol derived from the organic feed, which will typically be a C, to C, alkanol and
water in the crude product stream will preferably be condensed and separated in refining.
The alkanol will conventionally be recycled to the esterification reactor in which the organic
feed material is formed, if present. The refining system may include means, if required to

25 separate the water from the alkanol. The refining system will usually include means to



WO 03/ 006446 PCT/ GB02/03195 16 separate other by-products which nmay be
recycl ed.wAr}Pﬁx(g | e of a by-product which may be recycled is ah9f 2005
exanpl e aN PMl¥edi ate material. Alternatively sone or aPCT(BO3A3195y -
products produced nay be rejected as effluent. An exanple of a by-product
which may be rejected is any nono-ol produced. 5 The present invention
wll. now be described, by way of exanple, with reference to. the
acconpanyi ng drawi ngs in which: Figure 1 il a schematic di agram of a prior
art arrangenent; and Figure 2 is a schematic diagramof a process in
accor dance wiepfraterpthes byupducts Wb’éﬁﬂﬂyrhe ragycled. in gxample of pchysproduct pyhich sy

skilled in the art t.hat .the drawin are. di agra tgc and that further
items of eq u‘?eprﬁ@f?ﬁedslﬁ%foégx%*’ SR gﬁmﬁ@%ﬁ@%ﬁwﬁ%ﬁﬁ%&m@aﬁEPtE%‘?%',
as recycl , 7 r e f
Pol i ef vl v oRoRERe GRAiet m RIel e of ARISRE | o RARPR IR HYHIDAAC mIREIFRRY o8
hol di.ng t anksjectddds agemioaodos pratuded.he |i ke may be 15 required in a

comercial plant. The provision of such ancillary itens of equipnent forns
no part of the present invention and is in accordance with conventi onal

i i 1ng® i mpl RS PSS PRI RD AP TR lescrRpd Y MO A UL FTRRCe 10 the
equi pnent , 'ﬁcc%éénr?gﬁéﬂﬁ%ﬁ%%iﬁ%ﬁﬂat sone or all of these may be 20

i ncluded into a vess or each associ ated vaporisation zone and
reaction zone mayFigare Lont aiswesthematit Biagramh 604 PrivieEt rangthfnhaggent
~irnvention will now be described with particular reference to the production
of tetrahydrof urBigute? r eacts schsmaticidiagrars fof @ipredesy/in arsbuianee with fthe present
hydrogen. Figure 2 illustrates a plant for the production of
t et rahydrof uran by reactionW}'FnH?‘Eret hyl 25 maleate with hydrogen in the
vapour ghase. The di nethyl nal eate may be produced by any 2 9 DEC 2005 WO
03/ 006446 PCT/ GB02/ 03195

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, holdirig tanks, storage tanks, and the like may be
15 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.

Whilst for convenience, the description and drawing implies separate heat exchange,
vaporisation and reaction equipment, it will be understood that some or all of these may be
20 included into a single vessel or each associated vaporisation zone and reaction zone may be

contained within a single vessel.

The present invention will now be described with particular reference to the production of

tetrahydrofuran by reaction of a feed of dimethyl maleate with hydrogen.

Figure 2 illustrates a plant for the production of tetrahydrofuran by reaction of dimethyl
25 maleate with hydrogen in the vapour phase. The dimethyl maleate may be produced by any



17 suitable neans and may be supplied froman esterification pl agngéfe
shown) of the t described in WO A-90/ 08127 which is incorporate here| n
by referewgémoﬁé resul ting dimethyl maleate typically corR@E/#B0:E1More

t han about 10.0 wt/wt % of acidic organic materials, such as nononet hyl

mal eate, and preferably |ess than about 2.0 wt/w % 5 e.g. about 0.1 to
about 1.0 wt/w% of acidic materials. The dinethyl naleate is fed in |ine
19 with a portion going to a first vaporlsla?tlon zone 20 which nmay contain
packi ng. The feed may be punped to near the top of the vaporisation zone.
The vapor i satyitble mgans @do@é;gﬁ supplied from @-ﬁ'ﬁé‘ﬁﬁgﬁﬁt@ncnla@d@mt shbeva of et type

: pressure of 5 = f eed ro down the vapori sation zone
agai nst an u ?F’Bﬁ?‘tﬁé‘wg‘ %&5@7&‘8 FECPTPy 1610 b¥ Teferefse-ch may i ncl ude
fresh make up hydrogen fed fromline 22 that has been added to recovered

" cycle gas (line 23) fromdownstream Alternatively, it may sinply be the

recovered cyTheregalting dimethylmsaléile whichlly bentathdoes RoleytHian gissut 109 WaBw96 84tidic
el sewhere in the systemas convenient. Wiere wetting of the catal yst may

cause the ca@rawsmat@aéﬁeﬁmhaémr@methmme erskprefebdbly tesstﬂlendbow_ta O Wigwt %,

t t h e de Th hi.eved
Lg:&lﬁﬁr?pﬁgéir i&fe?litﬁn ; 5089 Eptidi e othe diaeiin Teate hfi:l%\éfleor
addi ng extra
The roacei oni i paffordofl 1o (St vabbifsal B8 B mniCH il CoMBRTALRG T b

wetting of tiney bepahped toi feantic t&ﬁéﬁh@ﬁdﬁﬁ%aﬁoﬂ Zoh& qTReNAbdrRRiGH z&ntis operated
catalyst, entrained liquid may be present. The reaction will, however,

still be ess@mtﬁ@mbrﬁwevﬁpwIGZthh@aprqssa'cbf%@O psha (6205 kPa).ur at ed vapour
m xture stream conprising dinethyl naleate in cycle gas, with a cycle
gas: dinmethyl naleate nolar ratio of about 150:1 is recovered fromthe top

of the va dinlipne 24 to
Che first romieed AbwEaBEm dip fofbithitntacte «faRGEn oL R i) & e frolil
2 9 DECD 2009iné210#hioR bty nledd ﬂﬂ%&%l@%y&fbgen fed from line 22 that has been added to

recovered cycle gas (line 23) from downstream. Alternatively, it may simply be the

recovered cycle gas from line 23 with the makeup hydrogen may be added elsewhere in the

system as convenient.

Where wetting of the catalyst may cause the catalyst to deteriorate it may be desirable to feed
15 the reaction mixture to the reactor above the dew point. This can be achieved by either
passing a suitable excess cycle gas flow through the vaporiser or adding extra cycle gas flow
after the vaporiser, or adding extra heat to the reaction mixture before feeding to the reaction
zone. However, if wetting of the catalyst is not deleterious to the operation of the catalyst,
entrained liquid may be present. The reaction will, however, still be essentially a vapour

20 phase reaction.

A near saturated vapour mixture stream comprising dimethyl maleate in cycle gas, with a
cycle gas:dimethyl maleate molar ratio of about 150:1 is recovered from the top of the

vaporisation zone.

The mixture of gases is then fed in line 24 to the first reaction zone 25 which contains a

25 fixed bed catalyst charge.



The catal yst charge preferably contains acid tolerant catal yst sugly psc 2005
PG5/1 and DRD92/89A whi ch pronote ester hydrogenati on and DRD 92/ 89B

whi ch pr Y@ 006446 dehydrati on. The reaction zone i s gerRCHGB)2/§3185 at ed
at an inlet tenperature of about 167C to about 175C, an inlet pressure of
about 900 psia (6205 kPa), and an exit tenperature of 5 about 195 C. The
dinmethyl naleate feed rate corresponds to_a liquid hourly space velocity
of 0.5 h"1. Partial conversion of dinet hyF8 mal eate to butane-1, 4-diol,

t etrahydrofuran and y- butyrolactone, as well as small quantities of
undesi r abl e The- ¢atalystc eharee uprrfenably rontadns aeid/ toleranfc gatalyst such as PG85/1 and

2-(4' -hyd -t @t y ahydr of , in h t or, 25.
a1 ORISR R DA e cvlen BgrogeaAtom AR TR et PrOPRIES giol
A ! s . . ! . : '
hcces i nr odedpatiol Trbled SR b ebhdrdly SUAEIRCH e LARRLGR PUiIu BT,
added vi a | idighot8 1 PSR, iafi inllek frésstird Bf Adat HO0 ?éiﬁ?@@l@ab,%ﬁ?&%iﬂ&mg?%ﬁué gFo

which the fresh feed is vaporised. It may also be m xed with one nor e
recycl éd r ebmitd§5°Gt Thadanéthylmaleate feed eatacovinésphndsrte adiphédihourly space 2€locithe

hot i nternedi Jeaction mxture, 1 11| also vapqrjse the majarity of
the recycl e&fﬁé'ﬁ’elr ﬁ’aﬁlaﬁ SPRVER§IOR f%ﬁﬂ%@rtpgﬁfa%ﬂﬂz@ﬁb tetrahydr aed iyn
line 30 to ' e i | ar of
catal yst . HoSrRAOHG b R Blat ARiaEs ot HdGRHOR)-Biddes subh by iyl A0
tetrahydr of gegal DRALIRIreE ~téitah§ddfirin,| SCRARE rBamy32
Is passed to a COJSI e@gnﬂm?art]ser?% where the Zgﬁggéﬁgﬁg%%f&?sﬁm
separ at ed f additioieartjad hgdrggsnation ofifded dimetirylirpaleate o dinlethnd s8dcinate accurs. The

conpressor 35 and _lines 23 and 21 to the first vaporiser 20. Crude product
i s pasied i Fesuitie Sestiigteamediats, reagtian JpigHre 7passey dhrppgh dingded pataqihet seserdam
IS separate A y distillation in several stages, to yield pure

t et r ahydr of g?%oﬁ{s\(%;hg%%gﬁ%’%ﬁrecovered in line 38. Lines 39 and 40 for the
separate recovery of the butane-|,4-diol and 25 the y-butyrol actone nmay be
provided or in a preferred arrangenent, one or both of these, WO 03/006446
29 DEC 2005Frasne&Biddisd 95a lifie 28 jahd asmiixed with ¢hdhimternietifatepreattiarl myxture into

hydr ogenat ed feed material may be recycled in_line 29 to
which the fresh feed is vaporised. It may also be mixed with one or more recycled refining

streams from downstream which are added in line 29. The hot intermediate reaction mixture

15 will also vaporise the majority of the recycled material.

The mixture from vaporisation zone 27 is passed in line 30 to the second reaction zone 31,

which contains a further charge of catalyst.

Here the further reaction is carried out and the amount of tetrahydrofuran in the product
stream is increased. The product stream 32 is passed to a cooler and condenser 33 where the
20 crude product is separated from the cycle gas which is recycled via a line 34 to a compressor

35 and lines 23 and 21 to the first vaporiser 20.

Crude product is passed in line 36 to a refining system 37. Here the crude product stream
is separated, preferably by distillation in several stages, to yield pure tetrahydrofuran which
is recovered in line 38. Lines 39 and 40 for the separate recovery of the butane-1,4-diol and

25 the y-butyrolactone may be provided or in a preferred arrangement, one or both of these,



t he second vaporisation zone for further reaction to yield tetrahydrofuran.
Met hanol and water may be recycled to upstreamreactors in Iin%gﬁco?[mmy
be separ VO®34MH46 t he nmet hanol recycled in |ine 42 and t hePGRIEBH2/EAY act ed
as effluent in line 43. 5 The invention wll now be further described with
reference to the acconpanyi ng exanples. Conparative Exanple 1 In a prior.
art process as illustrated in Figure 1, in order to vaporise 1 knol/h of
which is fed to the vaporiser, 0.4 kmol/Hkof refining recycle, 311 knol/h
of hydrogen cycle gas and 4.9 knol/h of make up hydrogen are also fed to

t he vapori s@ptiomily togatharivdthopastialbahsidregennted feeddmateriel may beveecycledin line 29 to

- reactor where the dinethyl. maleate.and refining.recycle re converted to
crude react i%seﬁPB‘gM?:R@sgme prfurdes ”é&"%ﬂ{b@éﬂaﬁéf%’a ahe crude
product is fed to a refining zone where the products are refined and the
“refining recycles are recycled to the vaporiser. The selectivity to

t et r ahydr of WigRaro} an@aaier Ay bd hRyéled s upsttedl featlobs iMihe 4 B¥ hia§ be Séparat@t arfut
in Table 1. 15 Exanple 1 In a process schene in accordance wth the present
i nventi on artke msthahblustycdkdoid line 42i agpdithe Water extnacterbasmffeedin lipe#d gas stream
IS maintained at the sane absolute rate as that for Conparative Exanple 1.
In this arrangenent, 1.5 knok/h of dinethyl naleate is fed to the first

vapori ser. f. .di i S ) vV i ser
tovever. 0. JisgRERuP NS Re TR Selclvld bich etpdiod BB oA Examplen,
311 knol /h of hydrogen cycle gas and 7.6 .knol/h of make up hydrogen are

fed to the first vaporiser to vaporise the dinmethyl naleate feed and the

vapori sed stCompamptived®xample e first reactor. where conversion to crude

product occurs. The react or,ﬁgnt ains_a sufficient quantity of suitable
catal yst tolRBRUErart PrASETSSR ilinstrateq inBigges 1. dmerday ﬁ%\taawseﬁal%/%m@ hich is fed

t et rahydr of . st (0] . 5 [ S o the second
vapori ser V\E(érﬂ% \ia-fmﬁgeru(g.g %‘mogﬁ’voarpﬁéft’yus% %?cggl?’?#ﬂ}rpg@i 8?@.’&%88 cyg%rgg%ﬁpc} ?8 m
the second Yﬁ%'&%ﬂ@%}%@&ro &&&%ls%&?&f&hé@&}f&rﬁér.%@%p&%&%@iﬂ& théh fequde
2 9 DEC 2005 WD 03/ 0064 PCT/ GB02/ 03195 20 'product occurs. The products

from tlfe sewvonbing €txthereata widre thedlimnethyl inaleatef andi nefining egaykles are converted to

crude reaction products. These are cooled and separated and the crude product is fed to a

refining zone where the products are refined and the refining recycles are recycled to the
vaporiser. The selectivity to tetrahydrofuran is measured. The reaction details and results

are set out in Table 1.

15 Example 1
In a process scheme in accordance with the present invention and as illustrated in Figure 2, .
the compressor cycle gas stream is maintained at the same absolute rate as that for
Comparative Example 1. In this arrangement, 1.5 kmol/h of dimethyl maleate is fed to the
first vaporiser. No feed dimethyl maleate is fed to the second vaporiser. However, 0.3

20 kmol/h of refining recycle is fed to the second vaporiser. 311 kmol/h of hydrogen cycle gas
and 7.6 kmol/h of make up hydrogen are fed to the first vaporiser to vaporise the dimethyl
maleate feed and the vaporised stream passes to the first reactor where conversion to crude
product occurs. The reactor contains a sufficient quantity of suitable catalyst to convert
approximately 50% of the dimethyl maleate to tetrahydrofuran. The stream from this

25 reactor passes to the second vaporiser where it is used to vaporise refining recycle. The = -

stream from the second vaporiser passes to the second reactor where conversion to crude



separated and recycled to the second vaporiser. The selectivity td@.9 DEC 2005
tetrahydrofuran is neasured. The reaction details and results are set out
in Tabl e WO 00446 be seen that approximately 50% nore di RETGPO2/HPRate is
reacted than is possible with the procedure of 5 the prior art. Exanple 2
In a process schene in accordance with the present invention and as
illustrated in Figure 2, the conpressor cycle gas streamis maintained at
t he sane absolute rate as that for Conpardtive Exanple 1. In this
arrangenment, a total dinethyl naleate feed of 1.9 knol/h 10 is fed to the
system wi t h fro8udtivoturh Thé prydpets frovetie second aeddtorsire xefined iané thearefinihgdredynbds/ h
to the second vaporiser. 311 knol/h of hydrogen_cycle gas and 9.4 knol/h

of make up epavatrsbAndireeyrled toothersecond ¥aparissh | herselestividy de i tewahydeofuran is
di met hyl mal eate feed,before the. vaporised stream. ssed, to the first
reactor wher B¢ er 3?18 rfc?%m@r({]fgaélsp?’r@dﬁ?@%o%rg LFFgg“t ”f‘hs’le‘:gﬁﬁict Breap b Saﬂieﬁstﬁg
suf ficient %@?)&'&w 5@¥ndRl 1dhitedte ts0re &AW BA] isHRREBIE! ureofOf
t he di net hyl elat ee%{o tetrah%ro uran.eThg strean%s?r%oﬁtkﬁg{gllg?ﬁ%r
passes §0 ththe psiecand vaporiser where it is used to vaporise refining
recycle. The stream fromthe second vaporiser passes to the second reactor
where conversion to crude product occurs. The products fromthe second

reactor are gefi ngeg%and the refining recycles separated and recycled to
the second vapBPP¥t. The selectivity to tetrahydrofuran is neasured. The

reaction detgid 5028 dHinleSh UbdRdce withlth@esdr? ifhhtién #déénﬁeeatbégfg&\;lmrétﬁat

approxi mately 90% nore dinethyl naleate Ts reacted than Is possi

t he procedurtheoforipressor icytleagds. stioaaid mahthined ap the Safie AbG6INt: rale &8 had fjice
with the present invention and as illustrated in Figure 2, the conpressor
cycl e gas stfempirativeiBxampleredndlis yangement.htotal dinsethylimalgate fersk oft 169 knpih

Conpar afi ve apple 1. In this arr ement, .1. [h of dimethyl naleate
s Ted 00"t e i Pufe Sstecn et 1™S RpoPRBGRE by to iy st wihactsptend (ot o
second vaporj 0. Wl ' ed.
second 20" P a1 BB kel LG 513 L
make up hydripgkoger reffed té chel fist Vapcriser RPedporiee theodinmpioy imaleitb decll BefBleGhe
2005 WD 03/ 006446 PCT/ GB02/ 03195
vaporised stream is passed to the first reactor where conversion to crude product occurs.
The reactor contains a sufficient quantity of suitable catalyst to convert approximately 50%
15 of the dimethyl maleate to tetrahydrofuran. The stream from this reactor passes to the
second vaporiser where it is used to vaporise refining recycle. The stream from the second
vaporiser passes to the second reactor where conversion to crude product occurs. The
products from the second reactor are refined and the refining recycles separated and recycled
to the second vaporiser. The selectivity to tetrahydrofuran is measured. The reaction details

20 and results are set out in Table 1. It can be seen that approximately 90% more dimethyl

maleate is reacted than is possible with the procedure of the prior art.

Example 3

In a process scheme in accordance with the present invention and as illustrated in Figure 2,

the compressor cycle gas stream is maintained at the same absolute rate as that for
25 Comparative Example 1. In this arrangement, 1.5 kmol/h of dimethyl maleate is fed to the

first vaporiser. No feed dimethyl maleate i; fed to the second vaporiser. However, 0.75

kmol/h of refining recycle is fed to the second vaporiser 27. 311 kmol/h of hydrogen cycle

gas and 7.6 kmol/h of make up hydrogen are fed to the first vaporiser to vaporise the



21 dinmethyl maleate feed before the vaporised stream passes to 2 bepdg pogs
reactor where conversion to crude product occurs. The reactor contains a
suffici enVOgdAPHey of suitable catalyst to convert appr BEHEB®/1%0, of
the dimethyl maleate to tetrahydrofuran. The streamfromthis reactor
passes to the second vaporiser where it is used to vaporise refining 5
recycle. The stream fromthe second vaporiser passes to the second reactor
where conversion to crude product occurs2l The products fromthe second
reactor are refined and the refining recycles separated and recycled to
the second \dipethyk analeate feed:befor¢ the yapasised @@neam:ymssm teauthe ;ﬁrstﬂawme dvheﬂéh e
reaction details and results are set qQut in Table 1. &_Hnan be, se ii%

appr oxi mat el SPIYABON 19 FRIAG; AT PoGiEs- c Ligrepctior containg asyEficient quaniiy g %“%

LExanpl e 2o b Afivaicly s g dhaghR el 1Y et furoh R Crhe
Feedknol / thﬁQQn%n@ﬁﬁ@d@hctbﬁﬁdswswﬂm%diﬁ Dl\ﬁll ef @h¥fe i€is\M@Rd to vaporise reﬁmng
refini ngknol /hN/ AO. 30. 40. 6 recycle Total f eedknol / hl. 01. 51. 92.

| ncreas®e i n roiyoldN ABROSichin [front dlss ectond nyaposisert passesConhe seapnd Jreimzlmp where

Pressure (exitBara62626262
conversion to crude product occurs. The products from the second reactor are refined and

the refining recycles separated and recycled to the second vaporiser. The selectivity to
tetrahydrofuran is measured. The reaction details and results are set out in Table 1. It can
be seen that approximately 110% more dimethyl maleate is reacted than is possible with the

10 procedure of the prior art.

Table 1
Comp. E.g. | Example 1 | Example 2 Example
1 3
Vapl DMM feed kmol/h | 1.0 1.5 1.5 1.5
Vap2 DMM Feed |kmolh |N/A 0 0.4 0.6
Vapl refining kmol/h | 0.4 0 0 0
15 recycle
Vap?2 refining kmol/h | N/A 0.3 0.4 0.6
recycle
Total DMM feed kmol/h | 1.0 L.5 1.9 2.1
Increase in DMM | % N/A 50 90 110
20 processed
compared to.
Comp. e.g. 1
Loop Pressure (exit | Bara 62 62 62 62
final Reactor) | :
25 Vapl Temp °C 167 168 169 167
Vap2 Temp °C N/A 192 187 182




fi naI. Reactor) Vap 1 TenpCl67168169167 Vap2 TenpCN A192187182 WD 03/ 006446
22 5 2 9 DEC 2005 PCT/ GB02/ 03195 Conp. E.g.Exanple 1Exanpl e 2ExQAEE 285
Make up HV@GYefddfol / h4. 97. 69. 411. 0 Cycl e gas (at knol / h311PCIBIHRNB195

conpressor) Cycle gas/ DMWnol /311211167148 feedknol
THEYR. 847. 447. 490. 0 selectivity Overall

React or
THE . 9%2.847.047.061.8 selectivity

1

10 Vapl and Vap2 are the first and secop vapori sers respectively. The dew

points at various points in the first

réacti on zone are determ ned and

ne

S.

conpar ed. —Hhre—+esttts—afre—set—ogt—+—Tabter2—Freseresut-s—asgure—t-hat
the hydrogenation reactiqn is 10@énendEigs [ Bxhmpbsll QyEcahplrnt i|@xarhple
reality itf will be undergqtood thay sone, i.p. less tlhan 10 nol Y3
dehydr at i pr—Fy—ecet—-att-he—hydiogeraton—onre—and—Hhatthere Mill bo s
15 hydrogé¢ teQip Hidrogen duaholgst ¢4.9and/ or | pgieone in |tde dehydrdtijom zong.
It is al sg—recessat y—to{rote t+ Ss—RoR--deal—ane—that——t—-9
necessary |tQych gasvat or vgpimol/lpr ¢83ire errBBlsl and hgailof reactfixin error
Tabl e 2 20 compressor)
Cycle gas/DMM kmol/ 311 211 167 148
5 feed kmol
Reactor 1 THF % 2.8 474 47.4 90.0
selectivity '
Overall THF - % 2.8 47.0 47.0 61.8
selectivity
10 Vapl énd Vap?2 are the first and second vaporisers respectively.

The dew points at various points in the first reaction zone are determined and compared.

The results are set out in Table 2. These results assume that the hydrogenation reaction is

100% and is followed by dehydration. In reality it will be understood that some, i.e. less

than 10 mol% dehydration may occur in the hydrogenation zone and that there will be some

15 hydrogenation of residual ester and/or lactone in the dehydration zone. It is also necessary
to note that the system is non-ideal and that it is necessary to allow for vapour pressure
errors and heat of reaction errors.

Table 2
Comp E.g.1 | Example | Example | Example
1 2 3

Reactor 1 °C 172 169 169 169
20 Inlet Temp

Reactor 1 °C 161 164 164 164

Inlet Dew Point

Reactor 1 °C 190 195 195 195

Temp Exit -
25 Hydrogenation

Zone




25 Comp E. g. 1Exanpl eExanpl eExanpl e 123 Reactor 1C172169169169 | nhet DEE D5
Reactor 1C161164164164 I nlet Dew Point Reactor 1C190195195195 Tenp Exit -
Hydr ogen¥Q ¢00s#e 2 9 DEC 2005 WO 03/ 006446 23 5 10 PCT/ ESHSRIZOMIS React or
| C185191191191 Dew Poi nt Exit Hydrogenati on Zone Reactor 1C- 195195195 Tenp
Exit Dehydration Zone Reactor 1C- 172172128 Dew Poi nt Exit Dehydration Zone
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Thus it will be understood that Examples 1 to 3 have a significantly larger dew point margin
exit for the first reactor than for the comparative example. This increase in dew point
15 margin occurs primarily as a result of the dehydration of the butane-1,4-diol to the
tetrahydrofuran that has taken place within the first reactor. It will be ndted that the wider
the dew point margin exit from the first reactor, the more feed material can be vaporised in
the downstream vaporiser with a corresponding increase in hydrogenation loop productivity

and reduction in the cycle gas flow per unit of dimethylmaleate feed.
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of the dehydration of the butane- 1,4-diol to the tetrahydrofuran that has
taken place within the first reactor. It will be noted that the wider the
dew point margin exit fromthe first reactor, the nore feed material can be
vaporised in the downstream vaporiser wi t24 a corresponding increase in
hydr ogenati on | oop productivity and reduction in the cycle gas flow per
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CLAIM5 1. A process for the production of an ether by reaction of a
correspondi ng organic feed material selected fromdicarboxylic acids

and/ or anhydyji des f .dicarboxylic acLds and/ or anhydrides,

di esters of %Ii carB‘%‘{nggfog?ﬁ%rg%%w&p%aﬁﬁﬁ%ﬂh fraction of acoresponding arganie faed
of two or nore thghgeil iseldfea HEED :-h | rises the
steps of: (a) supplying a stregﬁqﬁiorlrprlga{yrlllg fx ggﬁglgﬁ?%&pggg%@??m? o°fa
first vaporisatidiwarboxgicardidsoatdiot ianhydrdes, fatestersi 6h decaebdkydSaG@MinighirNY
hydrogen such that at /| east a portion of the feed material iS vaporised by
and into the cyc?rélyaraé?s, (aptongsp ang imirtures (06 4wo or mord thereaffint the presdnee @f's
and the vapori se erial .to first.reaction zone conprising

catal yst and ope?ha{dﬁ%nmgﬁ c?rgggqu&ﬁe SEBROHti ons to al | ow hydrogenati on
and dehydration t@)occCifpplk ri L e firstcreaction,zone an

I nternedi ate prod%t):t sﬂpgg?#é c%%pﬁﬁ?ﬁgi Eg‘gﬁﬁé'ggc{hgd°{§8{é‘ fr‘% emajéﬁn,al CVCPeg&éS,
desired product(s), andapanigationozpicodid icontdtngsaid’ RLHCWih dyele §é§p9&}$' Hﬂn%he
i ntermedi ate product streamto a second vaporisation zone and ~contactin

it with additional feeclydiegeasugh thatatneashaportinn of tedealidaterialriavagoeised by and

material is vaporised ipﬁ/o ﬁre]%ycl:lre]tggs;t he i nternmedi ate product stream

(b)  supplying at least a portion of the cycle gas and the vaporised feed material
to a first reaction zone comprising catalyst and operating under reaction
conditions to allow hydrogenation and dehydration to occur;

(c) recovering from the first reaction zone an intermediate product stream
comprising unreacted feed material, cycle gas, desired product(s), and any
co-products and by-products;

(d)  supplying the intermediate product stream to a second vaporisation zone and
contacting it with additional feed material such that the said additional feed
material is vaporised by and into the intermediate product stream;

(¢)  supplying the product of step (d) to a subsequent reaction zone comprising
éatalyst and operating under reaction conditions to allow hydrogenation and,
if required, dehydration to occur; and

® recovering from the subsequent reaction zone a product stream comprising
the ether.

2. A process according to Claim 1 wherein the cycle gas and vaporised organic feed

from step (a) is divided with a major portion being supplied to step (b) and a minor

portion to step (d).



(e) supplying the product of step (d) to a subsequent reaction zg@e
conprising catalyst and operating under reaction conditions to 4l IB@\F 2005
hydr ogena¥Pd3/0864d6 i f required, dehydration to occur; ande¢T/GBoBEaYEring
fromthe subsequent reaction zone a product stream conprising the ether.

2. A process according to Caim1l1 wherein the cycle gas and vapori sed
organic feed fromstep (a) is divided with a major portion being supplied
to step (b) and a minor portion to step @8). 2 9 DEC 2005 WO 03/ 006446
PCT/ GB02/ 03195 25 3. A process according to Claim1l wherein all of the
cycle gas arll t heApaess aveordirpetd Ghainet ivdierdin alhos tieicycR) gas Sind WV ApS sddfesd ep
(b). 4. A process according to any one of Clains | to 3 wherein the process
addi tional |y i ncnageal frem stepdp) stsupplisdrtastendbhny co- product s and/ or

by- products fromthe product streamin a refining zone and recycling one
or nore of said co-products and/or by- products in one or nore recycle
streans to e or | | WK .
vapori sed. gﬂ A p?gﬂggcgcgéjg%c%gtﬁla%’/ﬂﬁﬁyo %fﬁ?r‘]aﬁgﬁﬁi? %%& lIeltd(géra Ehlkd gdglglgnally
streamfed to at iheladés thegtep ubepaiatiag i cZPREUS andbr by lodHas frof e Prodief €
recycle streams. 6. A process according to any one of ains | to 5 wherein
the process incl Ud€3amdna refipinggere anttrecyadinglons ob sege efisaid eaproductszndfs by-

| ocated in series between the first aﬂd final subsequent reaction zones

and wherein the JIFOSHEHILORA 9% BALH reCypl SRABIS O Ong 98 MaesR of gheovaperipationagees by
a vaporisation zqpg.,i l: Lt:ional feed, recycle or fresh feed and
recycl e are vapori ségﬂgmgg)ei nﬁgﬁ%e}%é I ntermedi ate product stream fromthe
previous reaction zone. 7. . A process according to any one of Clains 1 to
6 wherein the recycle streans are vaporised into an internediate product
stream bef ofe beikgroeessagcanding toWHhie ¢ aderein the organic feed stream fed to at least one

vaporisation zone is, or includes, one or more recycle streams.

6. A process according to any one of Claims 1 to 5 wherein the process includes one
or more additional subsequent reaction zones located in series between the first and
final subsequent reaction zones and wherein the or each additional subsequent
reaction zone is preceded by a vaporisation zone in which additional feed, recycle
or fresh feed and recycle are vaporised by and into the intermediate product stream

. from the previous reaction zone.

7. . A process according to any one of Claims 1 to 6 wherein the recycle streams are
vaporised into an intermediate product stream before being mixed with cycle gas

comprising additional vaporised feed material.

8. A process according to any one of Claims 1 to 7 wherein the organic feed material
is contained within an organic solvent which is separated from the feed material by

cycle gas stripping in one or more of the vaporisation zones.

9. A process according to any one of Claims 1 to 8 wherein the catalyst is a
combination of different catalysts selected from high acid tolerance catalysts, high

ester conversion hydrogenation catalysts and high ether formation catalysts.
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10% 11. A process according to anyone of Clains 1 to 10 wherein the

sel ecti vi t ythecethdras ptonethan )% more than 30%in at | east one reaction zone.
12. A process according to any one of Clains 1 to 11 wherein the organic
feed material is selected fromnono- Cl to C4 alky esters of C4 to Cl12

di carboxyli ¢ acids_anda. anhydrides., - di- C 10 C 4 alkyl .esters .of ¢4 to
157 B o tiests aRtaRaltk 1o BRI A iRims Lo 1iyaheiaishe Beiecivieg To Gl outr

hydr oxycar b@%ﬁbf&h&&hd%inaa@qjea@&é&%&&ioﬂfzohép or nore thereof. 13. A
process according to Caim1l2 wherein the organic feed material is sel ected
from nononethyl nal eate, nononethyl fumarate, nononethyl succinate,
dimethyl naleate, dinethyl fumarate, dinethyl succinate, y-butyrolactone,
nmonoet Kl Aepreeass acepsding togny enerfiCGleims hiondevkereinsthe orgeaicfeed matérial

mal eat e, di et hyl Hmar at e i et hyl., succin ,. y=butyrol actorjge, d

m xtures of 1st§,%ec67cI 'FFBF’ernPHQ'rngQ Hqﬁlhﬂsﬁﬁo@@o&@gﬂ%\ﬂ’w&ﬁ agils ag%r of
daim 1 t0adidihieeelil ENGCENGlioh Ssirf b8! CGoR N Hicarlokylib R aCCOr i ng

to daim 14 wierern s“tetrahydrofurah.
anhydrides, lactones of C, to C,, hydroxycarboxylic acids, and mixtures of two or

more thereof.

13. A process according to Claim 12 wherein the organic feed material is selected from
monomethyl _maléate, mdnomethyl ﬁmmate, monomcth);l succinate, dimethyl
maleate, dimethyl fumarate, diméthyl succinate, ‘y-butyrolactone, monoethyl
maleate, monoethyl fumarate, monoethyl succinate, diethyl maleate, diethyl

fumarate, diethyl succinate, y-butyrolactone, and mixtures of two or more thereof.
14. A process according to any one of Claims 1 to 13 wherein the ether is a cyclic ether.

15. A process aécdrding to Claim 14 wherein the ether is tetrahydrofuran.



