WO 03/ 006446 PCT/ GB02/ 03195 1 PROCESS FOR THE PRODUCTI ON OF ETHERS,

TYPI CALLY THE The present invention relates to the production of ethers,
opt i onal I'ywowswbs4ire co- production of diols and/or | actonesTigBmwea®si on of
an organic feed material in the presence of hydrogen. The reaction wll
general ly be by hydrogenation and/ or dehydration. The organic feed 5
material is selected fromdicarboxylic acids and/or anhydri des, nobnoesters
of dicarboxylic acids and/or anhydrides, 1di esters of dicarboxylic acids
and/ or anhydrides, |actones, a mxture thereof or a mxture of two or nore
thereof. In particul agrockss ebates broduberdyw oflusteRs ebpfdhrrt onel2 ethers,
optionally with the co-production of the correspondi ng diols and/or

| actones by the reaction of di-(C, to C4)al kyl esters of C4 to Cl2

di car boxyli ¢, aci ds and/ or anhydrides 10.in t.h resence of. hydrogen re
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conprising a dial kyl nal eate by vapour phase reaction in a hydrogen rich
stream5 | n magemal isceleated Jropy ditaberadic aeids aedoranhy dfidesh mqmoessers of divedhoxylin,
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It is known to produce diols by hydrogenation of dial kyl esters of

di car boxyl i by 8wirdactiandf di-(C,20 Camlkybestedesf CJ tadi; pdiearboxyig agidstand/es anhydrides
with a mnor anmount, typicall 0 nore an,. about 10 wt/w % and preferably
no norld t hait CMW%°¥§Y&88?% H@%’?tpéfncé}#a‘%’#fér%?t&% 9(9{%“{80“%‘%{}%%?%?“- :

anhydride. Commercial plants have been built which produce butane-1, 4-di ol
as the primary product with small anounts, typically up to about 10 nol e%

of tetrahydigat 'f-p’a?ti‘cufl?dﬂi' e preseab aillentlén FadAtEa004 phochist fof eleddd-pragudtion of C,
hydr ogenati on of a di al Ryl 25 ester of maleic acid and/or anhydride, such

as di net hyl compaaids, moredpestifally tetabpdrefurarh butane-heydiclomtlar y-tvitymolactane fmms  of

di al kyl fumarate and/of dial kyl succinate. Dineth
<y a hydrocarnbon %eegstock %:/omprlils%ng a csialkypmﬁeatey Ly 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 hydrogenation 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



succinate or diethyl succinate have al so been suggested as suitable
starting materials for WO 03/006446 PCT/ GB02/ 03195 2 hydrogenation to
produce bwDan®ed446l- di ol , tetrahydrofuran and (err)-butyrolPattGBie/o3iPhese
succinates may be forned by any suitable manner and may be from

bi ot echnol ogy sources. For further information regarding the operation of
these plants reference nay be made, for exanple, to US-A-4584419,

US- A- 4751334, WO A- 86/ 03189, WO A- 88/ 0093%, US-A 5 4767869, US-A- 4945173,
US- A- 4919765, US- A-5254758, US-A-5310954 and WO- A- 91/01960, the disclosure
of each of Whdiegenationde airadycadmitansr bé-€liplbietiabydsefimare and/\i hugyrolmatope pl Birese
operators aimto, maxi rCB[e e tf‘gﬁ})yi el d. cglerbutane-l ,4-%};0I and to mnimse the
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co-products are thensel ves valuable comobdity chem cals. The
tetrahydrofuran is normally recovered as it 10 is an inportant nonomer for
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diol is discussed in detail in US- A-4584419, US-A-4751334 and

WO A- 88/ 00937, which are incorporated herein by reference. One
convent i onaWhisbmarysplimopetatorpaiotteonaximisefthe yiekhef Hutahedl, 4dicl add eompxindsect

tetrahydrof yran w th optional production of y-hutyrolactone is illustrated
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gas will normally contain a high concentration of hydrogen gas but nmay

al so i ncl udéersfarets apesurerciaby inypiirtagt dheohiat af ondntyedadiar magi bascoveridbage,

nitrogen. Further, re.the cycle gas. 25 includes recycled gases from
downst r eam ascthﬁ &&ﬁgé{%&églq AoAy ilﬁémﬁﬁo’cﬂ i Piten Frevcledriq Higrhyrrogenation 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 dialkyl maleates to yield butane-1,4-
diol is discussed in detail in US-A-4584419, US-A-4751334 and WO-A-88/00937, 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.



wat er, co-products and by-products nmay al so be present. WO 03/006446

PCT/ (B02/ 03195 3 The cycle gas is fed to the vaporiser 2 in line 3. The
conbi ned wapPanwi4ss streamis then passed in line 4 to thePcgamo03IBsWher e
it is reacted to form butane-1,4-diol, tetrahydrofuran and/or

y-butyrol actone. The product stream 6 is cooled and the reaction products
are condensed at 7 and separated fromthe cycle gas before being passed in
line 8 to a refining 5 zone 9. Recovered 8ycle gas is conpressed and
recycled in line 10. Make-up hydrogen will be added to the recovered cycle
gas in |ineThe chclehpak hefeansitehesbotived Zirglge DeThg chbmbineaGlkpbous et isShén 2.
In the refining zone 9 the various products are separated and the butane-
1, 4-di ol i passedrnviie 4 o the reactoRS shdretibie reastadzth Joimo butang 1 j4adipl, tetrabgdrofiinan
y-butyrol actone, together with the internedi.ate dinmethyl succinate and
some but ane-aE‘,@-r - BEtysedartene. B, progdyct; Welafnngés gooled aﬁﬁ&u&X‘ELSe.aCtll?P grpdlucts are
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significant portion of the butane-1,4-diol produced by this or other

convent i onabe adddddad she resovsredseciagat inylinedi wetlt thel ebriched cyelh gds bding fod. bathics

conversion step, has substantial cost 15 inplications bath_ in investnent
and oper at i JAPYTSEE 4 dn phefiining gone Le pafous pEodist e sspyated ad the butaae-1,4-diol
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The downstream processing o conventional nethods includes recovering the

but and01, 4- dndll5. leend amapgementahé grimtyrhactod® maytheglaytchllyfextracted irdart dystional
refining the tetrahydrofuran product. In _conventional processes, the

quantity of TefHNSzenesl & arliemeyed g ugbl-i The methapeloyateisstregr spaiateddrasy the

nunber of p%;% Al ttr%;xswhpgel %Q%CQ%ﬁgﬁe%ggafiﬁen%_pr essure, the desired reaction
t enper at ur e, € vapori ser €xi I?errpera ure and the vapour pressure of the

conponents to be vaporised. .25 Wiilst it nay be desirable to mnimse the

anount of cycle gas required, with prior art
A significant portion of the butane-1,4-diol produced by this or other 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



systens, this decrease will require the exit tenperature fromthe vaporiser
to be maintained high. However, maintaining a high vaporisation exit

t enper at LIWe mowd4de mean t hat the WO 03/ 006446 PCT/ GB02/ 03196T/GB0RA3IO5I on
tenperature woul d be higher than desired. It is desirable to maintain the
operating tenperature as |ow as possible for several reasons including
avoi dance of hydrogen enbrittlenent of carbon steel equipnent, avoi dance
of excessive catal yst deactivation and td mnimse the formation of

by- products such as butanol. 5 1t will therefore be understood that the
amount of  cyedctiof Gesnpetdte veshild B¢ highe thaedesirah It B desiedtis 15 meidtaiy theldperating
vapori ser exit tenperature and is therefore a conprom se between the high
t enper at ur e teraparstseg s tlowndsnpessibde fore sevgtal aegfwns ringjuding cavoulane of ihydroghe
feed and the rekativeé¥llom1t eratures required for the rg&;ons_given

above. |n t RESEPRGS,PEarben el SHPEGEL SRoIGRILEIRL SKGRsEIve PRIGYPIARABRVAUY BRGur o
L 0 whi oh o b LG orhyfron 19 b0icalaucs 4DEaBiuir oduct . at a reactor

inlet tenperature oftﬂabou a pressure o about 63 bar

approxi mately 240 nol es of cycle gas are required per nole of dinethyl
mal eate to be vaporised. Although the tenperature will rise across the
react orS, t hdt wahtheneforeoba hrdersspodthat e améount of ayclatgas neuirddonithgrestion is

saturation as the inlet stream because the vapqur pressure of the
but ane- 1, 4- gﬁ@lrmi‘?dlq’é(stée VRRGAISEHEHIt E‘}F“PFF?é“rSiaﬁéﬂﬁ&erer%‘leé‘a‘toénﬂrﬂmﬁé’e%@&th%
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t oget her wi assocCl a ane- Iol®are conventional Ty tecycled

to the reactélgiivedy BvetmpRedires falred EtGhEreddsnsigivena®yig ed to vaporise the
recycle stream(s). This will typically increase the cycle gas requirenents

to about 310 nols of cycle gas per nole of the dinmethyl nal eate vapori sed,

which it wll be understood is a sjgnificant increase. 20 Typically a
process of thEePaRicular prgtarbiysgm 9#'-% L2 (215 éﬁlitr%{:‘il in I5eergde &1 which ghe butane-1,4-

appr oxf dTat eId}/ol %Q merméiﬁ‘ﬁéﬁ%ﬁ,g%é%é’&w i Pe“[ Fcﬁlntl érgtu}eh?efr IogI{ ?6?@?%@%&; lar?e(sﬁtuge; 8%

provide a process for t _ ion o er nol'e _
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desirable to provide a process in which the cycle gas requirenents are
m ni m sed sowleatdigtbe 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.



25 investnent and operating costs are reduced as the selectivity to
tetrahydrofuran is increased. WO 03/006446 PCT/ GB02/ 03195 5 Thus according
to the prweantodsmeenti on there is provided a process for tPha/gBoeEsdsi on of
an ether by reaction of a corresponding organic feed material selected
from di carboxylic acids and/or anhydrides, nonoesters of dicarboxylic

aci ds and/ or anhydrides, diesters of dicarboxylic acids and/ or anhydrides,
| act ones, and m xtures of two or nore thefeof in the 5 presence of

hydr ogen whi ch conprises the steps of. (a) supplying a stream conprising

t he organi cThesstcorligy toahe prosent fnvestion thep iy previdedn proess foptheppoduatibn bPasai d
feed with cycle gas conprising hydrogen such that at |east a portion of
the feed natibet by repgfiongi@reoyespobying arganiciieasl matgrislsslastagafsom dattvxybupagdyi ng

t | t ti .th I d.the. [ feed material t
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st e g _ .
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unreacted fpedertBlofhidlogeWalch cgafprisebahit Eeps of: oduct (s), and any 15

co- products and by-products; (d) supplying the internedi ate product stream
to a second vapofd)sat isepplyingea astegamc oompusinggthet oxganie &atdi miatemial t6 ex dfirst
material such that the said.additional feed material js vaporised by and
into the internediate BPYHALL LORGAR comtacung Spid; ?[T:th‘ﬁgh P UEARS SMIIsE ( d)

to a subsequent reacti e, 1Sl . I n | nder
reaction conditions t :1319%'0? ow ng{rggéﬂel%lésp ?B%I%grﬁ g?{h%ifg&frrggtﬁﬁq?lgg,%p@élﬁ%?yaﬂdgn
to occur; and (f) recanethd@cldgs the subsequent reaction zone a product
stream conprising the ether. In the ether production reaction of the
preserdf inventi ofh) t heuppdyingatdeasha prtivhef dwl aycle gas andh thedrapoesedrfeddomatetial
| act one or ester to for mft he diol is an ester hydrogenation or ]
to a first reaction zone comprising 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



hydr ogenol ysis and the reaction of the diol to the ether, is a dehydration
reaction. Wthout wishing to be bound by any theory, it is believed that

t he procewe wdbod4e present invention allows that the anoeat/GHo2pswduct
produced as |ight boiling (higher vapour WO 03/006446 PCT/ GB02/03195 6
pressure) ether rather than diol is increased, such that the outl et

dewpoi nt of the reactor noves bel ow the operating tenperature such that
further feed material can be vaporised intto the streamuntil the stream
approaches saturation. This is in marked contrast to conventi onal
processes f qiredshe) pthed wthérothap ol iininsreaked; Budththai theetutlandevopsintedf thé rédoeor
reactor are close to the 5 vapour dewpoint. The additional feed materi al
vapori sed bymeves bplowithe epesftingtemperetishiuchithay &thepfeedmpatariabeanthe vepotissdintd t o
product in the second, reaction zone. By this ans nore. feed may be .
processed t dIpSEATHNY e streasy F‘EPIH%RE‘ES Tﬁ%ﬁ AL ggﬁ?solls & Rptked PW@“&GH\%WWH%&I

process unl eas.J1e c4aRe flolillcAl b @ WASinle DA EAIRLof therdalib o AIEE N
Fod0 R i h ok g

! . )
it will be ‘unders hat a key factor in the cost conventi ona

process®s r alapb@sddvipoliite TH: Ndaii@ae feddi ratetigoRpovibédhy tHeCprobEBE e resent
dependent on the anount of gas required to vaporise the feed, thus an
i ncrease of inyemtiganmayithentieapllented tatprodust inthe secondirerstiogizonel vBthisymeans morghe
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from downst ream condensalil es 1 ncl udi ng product et her,

wat er, co- pradeitcodaidt Ry kBy odetet Sn e &dss OfbeorvefBGAl prbessesPrldtes Wb ahky
preferred enbodi nent of the present invention the ether is a cyclic ether.

Most pl&f er dtydyogehatianylobps wiidheare itbennsel ves igdersient am thel amowit ©f Igas reuired e
the organic feed erigal is preferably dialkyl nmaleate. Co-prqducts which
may be presefPOREY e’ %P%éﬁléﬂrandpgeassgégﬁe gé&?‘é"ﬁ‘hatioﬁ TR iSPagyy s vantagspise h

may be absent include butane-1,4-diol and y 20 butyrol actone. This reaction
is illustrated in Scheme 1. In this exanple the al kanol is nethanol and

t he i nt er medrit &cregRrwil ndrﬁlanzrcbht@iﬂ ¥ h%}hddo%&ﬁﬁ'&i@ﬂ ofl hj@obyl gHUGRiMAl flso
By- products may include the al kanol used in the esterification of the acid
or anhydr i denclfidg othex gasp$ enciustitgn hydrocarbaetess carhiyh exides, anéthanef oitrogen.i frughete

[ f | e but |, t
reactions, v%erg )t(l%nyyc?e gelljs i%gl%des \rl\gyglgd gases from downstream, condensables including

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

In a 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 material 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.



evol ved in the dehydration of the diol to the ether and internediate
material, for exanple 25 dinethyl succinate together with other |ight or
heavy natwoicales4iorned in the process. WO 03/ 006446 PCT/ GB0Z/cX2051957 COOVE
COOv HC + H2 CH2 Il HC\ CH2 COOve COOVe + 2H2 -2MeOH CH2 2H2 CH2- CH2

| 0 CH2-CH2OH CH2-CO +H2 -H2O0-H20 + 3H2- H20 CH2 CH2 CH3CH2CH2CH2CH |
CH2 CH2 0 Schenme 1 The by-products may be separated fromthe ether in a
refining zone and may be further purified if required. Sinilarly, the
co-products nmay be separated fromthe ether in the refining zone and may
be further purified if s€Q@Med. 5 However, in one arCOQWKRENt, one or nore
of the co-products d/ or by-products wll be cﬂed to the first

vapori sation zone V\/r] re they wll be+¢'bpor;sed. Iy one alternative
arrangenment, one o Cfrore of the co-products an '_?Zr by- products will be

recycled to the AN NG
COOMe COOMe
+ 2H,
- 2MeOH
CH, —CH,0H 2H, CH,—CH, ~_
O
CHZ_CHon CHZ—CO —
+ 3H,
- H,O
CH3CH,CH,CH,0OH

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



WO 03/ 006446 PCT/ GB02/ 03195 8 second vaporisation zone where they will be
vaporised into the internedi ate product stream exiting fromthe first
reacti on wore/oosis, in the preferred enbodi nent any di al lpglr/cBocoBmat e
present as a by-product may be recycled to one of the vaporisers,
preferably the second vaporiser and hence to the 5 corresponding reaction
zone to inprove the overall selectivity of the reaction to the desired

t et rahydrofuran and co-products butane-1, 8-di ol and/or y-butyrol actone. The
vapour pressure of tetrahydrofuran (8284 mHg at 165C) is substantially

hi gher t han seedndtvapdrisatien ganeaviers thay willbbe yapenpadHgtodhe msgmediaie pradyat siream one
(252 mmHg at 165C) and _.dinmethyl maleate (262 nmHg at 165C). Thus, in the
enbodi ment ERE ‘E?ﬁ&ﬁ?ﬁ?@?ﬁ#éﬁ“Tﬁ'is produced, optionally with

but ane-1, 4-di ol and y-butyrolactone, fromdinmethyl naleate as the
conversion of feed dinethyl maleate to tetrahydrofuran is increased, the
dew poi nt OfTHuBEIn tB pefértddeanbddiMent &g dialkgtsuteiagt ipiseromnen bppfoddecasy bdhi s
allows for the additional feed and/or the or each optional recycle stream
to be vapor ireeyéladntooond @fithe erapeniicss, erefesblyc thessacendnviaponiser tand Hencstto the
reacti on zone. 15 Thus as the anpunt of ether, for,ex?ﬁyle tetraQ%ggofu an
present? i n CABCIPAPUPEGLURTEZONS 1o HIRIPVS the OUFFAH AUPILAK O e 17agtioR e i esire

selectivity, ' ) [ ned] 1 mto carry the
addi ti onal é?%gﬁﬁﬁﬁﬁgﬁéﬁngﬁnﬁggﬁﬁﬂgﬁéﬁ%ﬂ?ﬁ@?ﬁﬁ%fﬂgﬁéﬁﬂ%ﬁéﬁﬁr the recycle
stream as a vapour is increased. In the preferred enbodi nent of the present
i nvention where dinethyl naleate is used in the 20 fornation of

t et r ahydr of dhanapaunpressurt ef tgershydeefurand 8284t mingigai d 65°Q 19 sutstantipldy highérehaf
dimethyl naleate feed to the first_reactigon zone and additional cycle gas
is -not»yr equitbaéﬂﬁ?‘ﬁ%u%?fér“i'@gl éﬁé‘“?@&%]éoél’ ﬂé%"r?(ml%ﬁ‘i%? (3¢ mmpg aélésﬁ@ é‘?d t he
catalyst in i t] o9l 0X] . el o1 ctivity to
St ramydr of dgyhatad ARG hAHLA 185, d5s SRAOShIRARCH B RGBTl

feed am t hes ;sxesuy&hﬁbp'ﬁbhﬁgméhﬁ biitaak ¢ Acid1 08 pibladhAe, TRINE SinieRRi ini6htd & 25
|

the prior art process of ure 1 to about 210 nol es per nole of dinethyl
mal eat e. | f theconhasiopoéfeed davkthytmadéatetottctathy dnofiramsinarepsdéd) 086 deav paitti of ithey
for tetrahydrofuran_is achi eved, then . .
exit stream from the tirst 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
dimethyl 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



WO 03/ 006446 PCT/ GB02/03195 9 about 100 to 110% nore di net hyl nal eate may
be vaporised per nol of the cycle gas circul ated conpared with that

achi eved wo las4ps i or art process of Figure 1, bringing tPreT/aBlogiogas
requi renent down to about 150 nol es per nole of dinethyl naleate. The
capital cost of equipnent and the operating cost of the reaction process,
particularly 5 energy and other utility requirenents is largely determ ned
by the cycle gas flowrate in the system9 For exanple, the conpressor,
heat exchangers and i nterconnecting pipewrk are largely sized on the
cycle gas fl@ouf 8@ tand0%haoRONRItH nueed 885 HeNvapbesdiegdr meldstkht @ycldnts
renoved from the reaction systemare largely determ ned by the cycle gas
flow. Thus dimolagsisiamgpardtewitb ilrarashieved it the piiot het pesdesy off Bigatehk ormigingvbhe
that nore noles of feed can be 10 vapori sed and hence nore product nade per
mol e of gas @FleEaP MABHCHRNIPWA fo1abrui Orpeles Renmele o dinssthdlupdleatnt i al | y
decreasing the capital and operating costs. Were all of the co-products,
such as butane-1,4-diol and y-butyrol actone, are recycled to the
subsequent VERAabRALdRNoZ&MEphéht AR YAEpeRtig, coB 6 tBE 3bicHon PioRbss, FRAYERAY ON
to the ether e.g. tetrahydrofuran, it wll not be necessary to mnimse

t he | aci one,entrgy and athpt @ility idubrernynte isdargelyeletermiratd dly, thé orclegafiviverate in the
butane-1,4-diol, ratio in the reaction by operating at high pressure as is
required i n ¥EeMedior §¥2MPlSy HE E9HPLeSFAy h@%%ﬂ’@a&’éﬁ Al Biigreemmeqting piPYWOrkre he

[ duct ith tetrah f d ' t of y-hut | act :
T R A A ol A e g
hence, hi ghgEm¥vdEvhPiIRCabord § sttt bRNBretlyAddidlinddb) thel QRR ARAREE Thus
desirable heretofore. This is in part because the y 20 but'yrol actone has a

hi gher vapouncrpasigsthe eohvasioh nate bfitlerestet tolettiendlloasdhatheoefmsles offged casbe
| ess nol es of cycl eaél%as for vaporisation, but nore significantly the

i nvest Hent  aigpomisdrandi hsgee gwig Brodpet madfpes dnels of gas pisadated Whiphekidl hrayveijthe

| owered. The ,f eed erial.to the, .or each, .vaporisation zone may be, or
may | ncl ude 2gRBResrolsapeinel dbri etk wEEP n PRE PSRRI ST ed and refini ng
recycle streans may be vaporised together 25 or may be vaporised in
separate parts of the or each vaporisation zone. This is particularly
advant ageousWheare iall ofitHel corprodunits utthas butaie- 194-diol and gshyrofactwat, Derdegtled &N
the ester and the diol. o S
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 vaporisation, but more significantly the investment 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.



WO 03/ 006446 PCT/ GB02/03195 10 In one arrangenent, all of the cycle gas
and the organic feed fed to the first vaporisation zone (step a) is

suppl i ed wo oBloas4fié r st reacti on zone (step b) with the remecmarp208mani c
feed and refining recycles being vaporised (step d) into the internedi ate
product streamrecovered fromthe first reaction zone (step c) to formthe
internedi ate feed streamwhich is fed to the 5 subsequent reaction zone
(step d). In a second alternative arrangehent, the gaseous streamfromthe
first vaporiser (step a) may be divided with a major portion, preferably

from about TRYnt arrabgemienB Qb oftxde ogcls gaphridethe ok ganidifzed feédsto the figstivaporiatien
(step b) and a minor portion, preferably from about 20%to about 30%
by- passi ng tzhee (staps) iy swplicdte the fiest aengtipe izors (Steg b ovithiibe semainiggenganic feed

DT SR A el PSSO R1E B DRSS gt il o
o ) P08 8 R PP D U RGO B

subsequent suigRQhdrE addcbn ZOstepld®. | nt er medi ate product streamrecovered
fromthe first reaction zone (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 séreans.fron1the t arate parts. of. the subseqgent

vapor i sat i o 2 85rend Aerpafig aprpRgsment iﬂg us gieeqmy framHhe) first xanogiser (Step abmay
whi ch i f . . . i ] o t .
t h: g plr Zf e(ra(rﬁteaéﬂ,éIi odlltﬁrrgn a?&;b%t%%rg’ %?ﬁéﬂapl&q%%%g(%git@%oﬁ))aqbOoar]goa/ﬁ’?eée%?%%%}%hgé]i ch

may be or i AethedRstdBactidh 9bne (sepIHRAd alnSinbf SuRibM HréfeftBlydté R labBiut DD REMLES
whi ch contain diols 20 and/or |actones, and is only mxed therewith in the
vapour phas@80%Thy-passing therfirst rdaston hanecodtheimg fed tethasubsequeane vapoeispiorendnieal
for tr nsesterif@)cati on agﬂl progressive c¢hain length growh. The feed

mat eridl  f edriferabliOng pag of e SHPYHINEHvRBRrIAYAR ZoRE (Sise dntsharg it iy Furthey heated

R Rt BT RS
arrangement a@bt $ddSndareRed btrdafl € MHetthe iBolBRESS & fed &) MitSsart BT tRe SMRE KO
vaporisation zone, the intermediate product stfeam recovered from the first reaction zone
(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 subseqent

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

or more recycle 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



WO 03/ 006446 PCT/ GB02/ 03195 11 reaction zones. Were there are nore than
two reaction zones, correspondi ng vaporisation zones may be | ocated

bet ween awpac®mds46 eacti on zones. Vaporisation in these sulpsEgqBIRD31920NES
may be made directly into the internedi ate product streamfromthe previous
reaction zone or if required a supplenentary stream of cycle gas which may
conprise one or nore 5 of fresh organic feed, refining recycle materi al and
hydrogen may be included. The organic feéH recycle material and/or
hydrogen if present may be heated. The organic feed material is preferably
sel ected froRudiioRQokes. (Whdré thitdatt nfBé s twb rdabtidozdnks, coﬂegﬁfnﬂﬂﬁg\’\}abﬁri@&ioﬂs
and/ or anhydrides, di C to C4 alkyl esters of C4 to Cl2 dicarboxylic acids
and/ or anhy dzinds may Ibadowtrssbetwveddladjasem reactippdionss chanpwisgtioncingbésdsubseqdent

m xtures of two or re thereof. For t he orgag&c feed materi al

10 | xampl e,
can be sel ecfo88s MAYRS M3 %dleefﬂt/ént@aheammefg%t?@ dugfstreqss team hepesKioysaeations

and/ or anhydy ]| e gl t I; I i

and/ or an hyg{ro:ngg)g ,lfrg&-“bl%yar%tpg%{%#édﬁ an rr{) ﬁ%}ﬁgeeéﬁ 57\% %Qgéé{%ﬁsee ecejofrentl) A
parti cus arl yof fRsebrahiededd! SFNIng rEGRR MBREERAland hjdyedtmeebemtRded. " PHB organic
nmononet hyl mal eate, nononet hyl 15 fumarate, nononet hyl succinate, dinethyl
mal eat e, di nieedhyecydle matesiab anddomiptdngdensfpresantmay beynettad.yr ol act one, recycle
y-but yrol act one and/ or butane-1,4-diol and m xtures of two or nore
thereof. Alternatively the organic feed material can be selected from

nonoet hyl e, v sHCCi ' I
mal eat e, di %&q é‘ ucngrg a;&g&e%dllsﬁ Eyflﬁgﬁs%lggga;ﬁ §},’ﬂ§/ﬂ_-"b°u¢yt(r5c§?'ac oﬁsg%rg%){;%f%ol %‘2
y- but yr ol actBagbait acidPatdiemby #idds, i CRRAC, ARy WIES 1€ L rBdxy iR 8ids
thereof. I n one arrangenent, the organic feed material fed to one or nore
of the vaporandairiaphydrioles dactores@d i, a0 Ogdhydrbkycartanxybe geids, and alixtards. of \tWe rog
the organic solvent |s present, one or nore of the vaporisation zones is
oper at sudRoterbsreethe organic feed material is essentially separated from
the organic solvent by cycle gas stripping. 25 Suitable organic solvents
include: di-(Clerr) to C(err) alkyl) esters of alkyl dicarboxylic acids
contai ni Ng UyreRankple CAE BESAndS fREP mafdiaP carPbhttseltictddH$3h nonb @, &6 €7, hlkyl esters of
al kyl )esters of nalelc acid,

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 fumarafe, 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 selected 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,, to C, alkyl)esters of maleic acid,



WD 03/ 006446 PCT/ GB02/03195 12 fumaric acid, succinic acid and m xtures
thereof; (A to &4 al kyl)esters of napthal enenonocarboxylic acids; tri-(CL
to C4 al kyb)esb@ane of aromatic tricarboxylic acids; di-(@CTIGBEA3195

al kyl )esters of isophthalic acid; alkyl phthal ates; and di nethyl sebecate.
The vaporous feed streamto the first reaction zone preferably has a

hydr ogen-containing 5 cycle gas:condensable naterial nolar ratio in the
range of from about 50:1 to about 1000:1.12 Typically the feed tenperature
to the first hydrogenation zone is fromabout 100C to about 300C, nore

preferably ffupaiabadl, 1aEini® A@UANESHixtuiebi kierédte (aedo pcgsa edtérst g
first reaction zone is typically fromabout 50 psia (about 346 kPa) to
about 2000 pwpthaleatioonocad®x9lic kédy; trif(6f toe il esteranfarpmatietrmbibpx§licmidsyout
450 psia (about 3103 kPa) to about 10 ,100? psi a (about 6895 kPa). The
hydr ogenat asi4Criataaliiessrsiasephialic agidppl Ylefg’ﬂi‘%atﬁ'% @ng idimethylesgbeqatsn zone
at a rate corresponding to a liquid hourly space velocity of from about
0.05 to about 5.0 h-1. If desired, the pressure and/or the tenperature can

be adj ust ed THe vaABYron® FeANu@Rh (BRREBfst rdaSliVERThePr6fefablyShasa 1t RoRACDBMing
reacti on zones and/or between adjacent reaction zones 15 vhere nore than

t wo redcti ornycegascondenspble seat¢rial Tivdartrativpiartid range offyonb ebaud S0t tecibbyt 14069:1.
sui tabl e means including the use of a heat exchanger or exchangers. The
hydr ogen make up gas used in the process of the present invention can be

o0 vol e YR ARER e ean RRNE A bt Seiion dohs FOPo sBawd0p G B gt
about 99.9 woheEnSke pRifhBE R MbokT 1 TRY: 3Abdutrsher, wRik fleTeQ e Qurd BIR

i nert gases, such as nitrogen or nethane. Conveniently the hydrogen nake

up gas is priosiueetdobyorprieypicaly ShmaboabSpsi (about$d6 kRa) totabeut@POD @sig@sbout
nol ecul ar wei %ht iS mnimsed thereby reducing the power required for
conpr essi on 1dA%0 kRa)y foyexampls, wore prefegatly Erogla@.oumm@(mwﬁﬁémwmws

13 Any, suit cat al Io.the reaction nmay be selected. Wiilst a mxture
of cat 1aqsyst gehg?m%@’o}?éggmat)'

The hydrogenatable material is preférably 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.



used, for ease of reference the term"catalyst” will be used herein and
w Il be understood to nean either a single catalyst or a m xture of two or
nore di f fwoaenmocsad al ysts. The catal yst wused in the subsegueEr@dBoe®a®si on
zone nmay be different fromthat used in the first reaction 5 zone. Were
there are nore than two reaction zones present, the catalyst used in the or
each zone may be the sane as or different fromthat used in the first
and/ or subsequent reaction zone. In one gyrangenent, a bed conprising a
variety of catalysts nay be used. In one exanple, the bed may include a

catal yst t h%&nlj s%it%@le %rgj}kt B theslcHbitinal 8eSe18Ged WANLE& Thixn@B 8 WdIFHs iy b0

suitable to prono ogenation of the ester and another which” pronbtes

sel ecti vi ty \jsed, tfhrecasest reRierRt fierternCadatilysst wilbsksused tipreirsarmigwilireuridemstoodrie
type of catalyst may conprise discrete |ayers of catalyst within, the bed

such that dirhéarather apingts catalys opamixer of twaher meierdiferent catalysts. ybhe qajaliesy

may be adm xed, . In a particul ar] yref erred,.process the catalys f the

first react i‘ﬁﬁ‘_ifb S Se@@?%té?%‘ﬁlof\grzgﬂ? mey bﬁé‘bﬁgeﬁ%ﬂlt ?’fdf% fh the e reacno?

copper - § ont aﬂoﬂé. n%%?ehﬁérg %I‘esmoxléﬁﬂﬁqetvs;or}gac?iaﬁ ?{)Q/eg ﬁ)réggnt',[ @1@ cgthf[y%uspcy 918.99 §6&ch ON
a d

zone can be "or i ncl'ude one or nore of a pa um cat al yst, a reduce

copper chr orgoh€ma¢ &t @leysaineds o2 diffderadebnt tHap seddn hieafindt Al erasiubieysént rddetios ame
or a different catalyst may al so be used in the subsequent and any
addi ti onal raeaetion zones. In one arrangenent, the catalyst in at |east

t he subsequent reaction zone is, or includes, a copper-containing catalyst.
20 Exanpl es of copper-containing catal ysts include reduced copper

oxi de/ zi nc gxi hadl - e t :
Feduced coppbe ARl Bben s BRSR BRI e BRI In SR ARNRIS
catal ysts. Qhebad hiynatlud€a caBsydht kebletsHLof Residual R84 hci@REnteht, bhewhhGki on
zones is a reduced nanganese pronoted copper catalyst. WO 03/006446

PCT/ GBD®/ 031safiabld tb phmotet Hydragenamalof theteatey and another wibpnbaromotes salestiMigy to the

catalyst, the active catalytic species may be at |east partially supported
on a suppor tdesigedvather.i &latalit dedeaompRTng MsFithan 9neyPeof #8 ,aiysémﬁﬁcﬁgﬁ’nse

silica, siliga-gl l‘lg}i/er}gl of %!eﬂ!aiygp Rkl Bled%a sﬁ'cﬁ GRAY fffereht %Esaarecs%f)g}g{%d H'thé

m xture of t
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.



or nore thereof, for exanple, a mxture of chrom a and carbon. 5 In one
preferred process of the present invention an acid tolerant catal yst such
as a promwpaedoo@epper chromte catal yst may be used in at pceastozos®sof the
reaction zones. A suitable pronoted copper chromte catalyst is, for
exanpl e, the catalyst sold as P&G5/1 by Davy Process Technol ogy Limted of
The Technol ogy Centre, Princeton Drive, Thomaby, Stockton-on-Tees, TS 17
6PY, England. 10 A catalyst which is effe¢4ive to hydrogenate the ester to
diols and | actones such as a nanganese pronoted copper catalyst nmay al so
be used in awHeR s ordah QhtalyBeis ARBFHdrInBATILS catal@st?ﬂietaﬁﬂ{/@cdiﬂ?ﬁl@ﬁtﬁﬁi%s may
pronot ed copper catalyst which exhibits superior conversion of a dialkyl
ester under beyailesst papielnsuppyrted nulatsippsting wdteriol sedested o chEdSA, 1Zinsoxide,d
as DRD92/89A by Davy Process _Tecgnol ogy. Limted. A catalyst with a hjgh
sel ectivity dBmingesilica, glicp-alignipy, § ’tco‘ﬁlﬁ%fé’tdet%}‘i‘}%‘&i ttgpa, caf %QOE%HH’FW dWog
DRDO2/ 89B whi ch | I val I . r echnol ogy Limted.
Furt her det a?rlrgorgfst h‘%ﬁ?ﬁgglegggggaﬁﬁ%@%c%@%%mgoﬁggaﬁ)ﬁgl nt ernati onal Pat ent
Application No. PCT/GBOJ 04758 which is incorporated herein by reference.
Typically the hydrogenatable material will contain fromabout 0.01 to about
1.0 wt/ it % oln on2@Praferres preceys ofithe pesalh owventidh ant doid Werdo catalystrsatt as appomoted

than about 2.0 wt/Wm %. of acidic  naterial. The charge of catalyst in the
first reacti®PrsbRromitesatalyst apavbesysed leiaérlﬁaISS/OP“an@ethacrt’é’BLR?ée% hé suitahlieent

of acidic material.to |ess than .0 %1

vaporous m 8&08}"23‘{ Pt ﬁl}I ﬁlétﬁ.ca%%gffl 8?566%3%1\1%%%6&6%7%%?%@%1@%|§$zla)r?ovt¥nt
of catalyst pipgeksi Tec®R6Rg) GaRTiI@MZPRE TREN ISyt (8@ MBriktetdh DFOE L Thomdbe
catal yst charge in the 1g| rst reaction zone nmay constitute from about 10%
to about 709%tonktor-onsiegk| FS17aF00tEmgddt o about 50% of the total catal yst
volunme in the reaction zones. Simlarly the catalyst of the subsequent
reaction zone is typically in the range of fromabout 70%to about 5 10%

?g;gt iuiﬁal | yAac%?alf§st 2‘%{%}»{1 % %Rgc%}vcﬁg%ydggge}lag tfle(:) tegtler goatcli%ly g.ltld Ya%{olﬁgg s&gh gshg
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, e.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.



zones. The selected catal yst preferably converts the ester, preferably the
di al kyl nmaleate, to the desired ether, preferably a cyclic ether nost

pr ef er abl woteoahydr of uran, at a selectivity of from abowcTADGRE19abOUL
90% or nore, nost preferably, about 70% or nore. 10 The product streamfrom
the final reaction zone is preferably fed, preferably having been

condensed, to a refining zone where the desired ether, preferably
tetrahydrofuran, is separated as productl5 Any co-products, such as

but ane-1, 4-di ol and/or y-butyrolactone, which may be present nay be

separ at ed OrrHIRMORAt dfeakbistibed th da0k rdaciid 2098 nily e &1 saleF diffetdner Thd catdlt e
t han one co-product, one or nore may be separated and recovered and the 15

remai nder r ebgge athe ffinstoeastion reegnayesonstititer feom oot d 6¥hve mbows 1 0Y o merd g$ually or

exanpl e tetrahydrofur . ired all of the co-products, for. exa
but ane- 1, 4- dib8¥t Zi1efvp %}Héﬁ{oypgthaéWGh@tala%té/Oi%‘y@ tpreackiom2dnsp. ﬁtﬂ;/ﬂ%rgp the

sel ect SUIt

each vapor I%glgf}isféoﬁfttgé%@%gqﬁ thcunﬂ% antiy%%gg'q% ?.rﬁ) %m bloﬁ{ ?D%Hfz@ysotet aﬁ({h t he
anount of etjes RERAKGEN, abtfit 2oYAb! AbBut SD%hﬁ‘th@Mfﬁltéa@eﬂ s@fvotdﬁfe &f the 3&detion
co-product. Any al kanol ‘derived fromthe organic feed, mhlch wll typically

be a C, to @éned kanol and water in the crude product streamw |
preferably be condensed and separated in refining. The al kanol wll
conventional ly be recycled to the esterification reactor in which the

organic fe mat er i.al I £ I ni S

i ncl ude rreaﬁ@‘e se#ec{eg %Sap efgggl’yscgagfxé %ter e era%I r@mﬁ%gﬁ K%l@glﬁ[gf%
refining sysfegpeavuhér H&@@aﬁly a d%lllél@tﬁeﬁ?laﬁﬁ)r&i@ram QBUNRBAMBPHTY SROZAAS 195
16 separate ot her by:products which may be recycl ed. ‘An exanple of a

by- product viint hbomR0%be abeaty@l% dr imere mdsopreferabiip) aboan¥0% ot monedi at e
material. Alternatively sonme or all of any by- products produced may be
rej ected as effluent. An exanple of a by-product which nay be rejected is

SRR Gy S BT e TR
condensed, to a refining 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



Figure 1 is a schematic diagramof a prior art arrangenent; and Figure 2 is
a schematic diagram of a process in accordance with the present invention.
10 It w Iwole/edader st ood by those skilled in the art that pChsGBIRARIIRgS are
diagrammatic and that further itens of equi pnent such as reflux druns,
punps, vacuum punps, conpressors, gas recycle conpressors, tenperature
sensors, pressure sensors, pressure relief valves, control valves, flow
controllers, level controllers, holding tdhks, storage tanks, and the like
may be 15 required in a commercial plant. The provision of such ancillary

items of equicpaRiotied byProductspaiich @hy bérecyrleas em exanvsadf Dby-produdtsvhich may
accordance with conventional chem cal engineering practice. Wilst for
conveni ence, betraeyctbddear for xampinanydntennediate matgrial Akeraatively sometor alt ohamfey-
vapori sation and reaction equi pnent, it w Il be understood that ,sonme or al
of these nayPBEICtRIO ‘FFE&H}% eirgFﬁe%ass‘?thT’g' (ESZBP eroéaal&}ﬁpré’gg‘%c‘?'}ﬁf fray be
vapori sation . | e may be contained within a single
vessel . The rﬁfeg{s,}gﬁ?&gn‘@g‘?ff%ﬁ%&‘%? now be described with particul ar
reference to the production of tetrahydrofuran by reaction of a feed of

di nethyl maleate with hydrogen. Figure 2 illustrates a plant for the
product$ on oFhe prescatyuieofion avill mpw beadescihed tbydvaieeherample wigh eeferendg tonthe
hydrogen in the vapour phase. The dinmethyl mal eate may be produced by any
WD 03/ 00644 6APRMPABILG 3V ges 14 Witk t abl e neans and may be supplied from an

esteri i cati on plagh (ot SRQUBerflic Rkt o 175G AEHadLr Qnft 90/ 08127

whi ch is incorpora herein by reference. resul ting di nmethyl maleate
typically contai neig@@ 270r e fshaghedatd did@rath v d polbsefin acdogdance aitgali present
mat erials, such as nononethyl maleate, and preferably |ess than about 2.0
w/w % 5 e.g. about 0.1 mygenmipout 1.0 wt/w % of acidic materials. The
di methié mal eate is fed inline 19 wwth a portion going to a first

vapori sation zone 20 which may contai n packing. The feed may be punped to

near the topyQfy bhEndARRId BARORUARE S thERR HARKY 833 R%rd BEraininaie ha oA
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

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



at a tenperature of about 167C and a pressure of 900 psia (6205 kPa). The
feed flows down the vaporisation zone agai nst an upfl owi ng stream of cycle
gas fromwbd®3loogags 21 whi ch may include fresh make up hydr egercEeed3fsom | i ne
22 that has been added to recovered cycle gas (line 23) from downstream
Alternatively, it may sinply be the recovered cycle gas fromline 23 with
t he makeup hydrogen nay be added el sewhere in the system as convenient.
Wiere wetting of the catalyst may cause the catalyst to deteriorate it may
be desirable to feed 15 the reaction mxture to the reactor above the dew
poi nt. This gafabhemaadisdadapye sigplied fropRas esirificativh palt endtsBEWH) 6tk eyas
fl ow through the vaporiser or adding extra cycle gas flow after the

vapori ser, odesadbidig WorALMRMH2 Ttwhichhis inenapaeraieA hateut by refereficr e feeding to
the reaction zone. However, if wetting of the catalyst is not deleterious
to the operation of the catalyst, entrained Iiquid nay be present. The
reaction wl . } : i-alt ﬂfb"&? Lan. A
near saturat Z%‘“’ ’tég‘%l@}fﬁe&‘%eﬁ”& %rlealésafe r@%ﬁgf)dr?%{r%irﬁéﬂ ‘ﬁ’?%ﬁ’@’ ﬁgtna ‘ea %&?’ﬁ&%{}lgﬁe
gas, W th a orgyit ehagaialsgiuehtal ylonbhk®s! Ralkdite dhdipaéferabiless it abbb02.0 wsvt %,
recovered fromthe top of the vaporisation zone. The m xture of gases is
then fed in ¢grbord.1 to abiowt {.0vgiwtleat adidin material 2 STherdiniethyd niaddatesis 4ed 2dine

fixed bed | yst ch . VD Q3/006446. PCT/ 2/03195 18 Th t t
nes Do £ 3L el 0 PRSI SI08 STl e
DRD92/ 89A whj I i

CrO021 521 U PR, Rt IO SR 75,0 RL BB Bl

t enper at ur e qfa talperatutd abdu® 16T Endly Pressuddlof 9U0Isid62es UPS). of about 900
psia (6205 kPa), and an exit tenperature of 5 about 195 C. The di net hyl

mal eate feed rate corresponds to a liquid hourly space velocity of 0.5
h-'. Partial_conversion of dinethyl. maleate.to butane-1, 4-diol_,

t et r ahydr of u?*&rfésfﬁovs dei %Y%f%%@? zque ggainst a%ugﬁ%‘ﬂngagaﬁ? iof pyde ggs from
undesi rgbl e -Qr . .

2-(4' - rllgdr oxl%ujtqo%yﬂl%y r a%%r%%%?gg&%?gé nlof%d gg)gxgggéez% H]ragftﬁ%gshbere Iégg ecc)lrtOZS.

I'n 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.



addition, partial hydrogenation of feed dinethyl nmaleate to di nethyl

succi nate occurs. The 10 resulting first intermedi ate reaction m xture,
passes t hwouwglodsse 26 into the second vaporisation zoneP2T/GHe@sPsfeed is
added via line 28 and is mxed with the internediate reaction m xture into
which the fresh feed is vaporised. It may also be m xed with one or nore
recycled refining streans from downstream which are added in line 29. The
hot intermedi ate reaction mixture 15 will8 also vaporise the majority of
the recycled material. The m xture from vaporisation zone 27 is passed in
line 30 to tTie s&algsdchargetpreferabbneoRthins adid ctolecamt cataigstasuchr ash®G86Haage of
catalyst. Here the further reaction is carried out and the anount of

t et r ahydr of UPRRI2/89Arwhich paeraete ester bydrreanafipe apd SRD 2RIBpwhigh prometee digl 32

i dt I d d 33 . wh th 2 d t 1.Sno
soparatod f ERIERP 3 EON ZRRCR ety pERI o et SR b 187°C
conpr essor t§?bcﬂf?q|75&d]%ﬁi1¥1§t ,qu?éLofta‘Boﬁt"%Ofs;%sﬁasﬁgUﬂlpﬁiﬁﬁda@g(it fanREeguct

is passed in line 36 to a refining system 37. re the crude product stream
i S sepad at ediboytr196 Callhy dbyethyl shdldateafeedrate corsesp@rdalko s liggidhoutlp sydce tvelopity e
tetrahydrofuran which is recovered in line 38 Lines 39 and 40 for the
separ ate recPrly'. dlartigh gomyersiereof dimathy} maleain to byanmbayliol efrrldeafignandrly be
provi ded or i referred arr e t ne or th o hese, 03/ 006446
T caoz 0 Erola8og 6 bRl e AT REAPREr of PR B B usltir 5 an Aoateeag
material mayche) Q-E(Q'Ylyd‘?& biltdxy R fetdBydrBfurdi) ©ce &S AR tha¥ Sie  thRAkh RackNss f &
further reaction to yield tetrahydrofuran. Mthanol and water may be

recycl ed t o adgisibn gritial hadriogemtiom of fead dddetiol mutoatdre dimpthybduecinatedccurkeThe

met hanol recycled in line 42 and the water extracted as effluent in |line
43. 5 Yhe i nouwing Airsti infermgdiatse repeHiarh XX HEs diastssdthigueh Yirg Ef dntvetheosacped
acconpanyi ng _exanpl es. Eprrparative Exanple 1 In a prior art process as

i |lustrated PROHYOPEE “4'n order to vaporise 1 knol/h of which is fed to
the vaporiser, 0.4 knol/h of refining recycle, 311 knol/h of hydrogen cycle
gas and 4.9 knol/h of nake up hydrogen are also fed to the vaporiser. The
vapori sed stHreshnfeed id ddeled fvéalline 28 and is mixed with the intermediate reaction mixture into

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,



10 via line 4 to the reactor where the dinethyl naleate and refining
recycles are converted to crude reaction products. These are cool ed and
separ at edweard/oodies crude product is fed to a refining zon®@CEGHER/05HE
products are refined and the refining recycles are recycled to the
vaporiser. The selectivity to tetrahydrofuran is nmeasured. The reaction
details and results are set out in Table 1. 15 Exanple 1 In a process
schenme in accordance with the present invention and as illustrated in
Figure 2,. the conpressor cycle gas streamis maintained at the sane

absol ut e r atoptigsally hedettie ivithGargalydiydsgekatedrfded ndateriad ndyite racychdgetivad td.. 5
knmol / h of dinethyl naleate is fed to the first vaporiser. No feed dinethyl
mal eate i s fteasecond vaposisettnnozong ferrfugher reaghipave yieldtegabrglrgfiwsdns h of refi ni ng
recycle is fed to the second vaporiser. 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 i iR byd wat@ﬂhsff)@retf&éh taglgs&éaﬁl ARONsiiS Bk ST SGAKY RASSA el @nd Ne

first reactor ere conversion to cru product occurs. The reactor

contains a sk kGassltrecpetddtin e ab asd iicabiter @ataaley st efflueaninvinetd3.
approxi mately 50% of the dinmethyl naleate to tetrahydrofuran. The stream
fromthis 25 reactor passes to the second vaporiser where it is used to

vaporise refining rec e. Th stream fromthe second vapori ser passes to
e sedond B8R GrtGRBiLNss R BreRtiseabe b ier B ie st e s ST 9
20 product occurs. The products fromthe second reactor are refined and the

refining recycles separated and recycled to the second vaporiser. The

sel ecti vi ty GompHatizbBxagipké 8n i s neasured. The reaction details and
results are set out in Table 1. It can be seen that apEroxinately 50% nor e
di net hyl naleapsoi at proaess eslilluaaied in Figarsil bineordgrite vanesispl kmodlhoé vdich 15 fedhe

Mnvent fon” afatageppisse - AiBalh AT Riltncresy I 1 KRG dufioeth il B8l an
I - s
10 via line 4 to the reactor where the dimethyl maleate and refining recycles 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



10 is fed to the systemwth 1.5 knol/h being provided to the first

vapori ser and 0.4 knol/h to the second vaporiser. 311 knol/h of hydrogen
cycl e gaswend/of44e knol / h of make up hydrogen are fed to the/dB®8195
vapori ser to vaporise the dinethyl mal eate feed before the vaporised
streamis passed to the first reactor where conversion to crude product
occurs. The reactor contains a sufficient quantity of suitable catalyst to
convert approximtely 50% 15 of the dinetB9l naleate to tetrahydrofuran.
The streamfromthis reactor passes to the second vaporiser where it is
used to vapopbartbedurdi Tig predyctd fom Thesesdbnidsearhr amrtfie:ds@daherefinaipokt s
passes to the second reactor where conversion to crude product occurs. The
product s fr osepatatedsasboresyeledde dhe seendevapaeseranthe belectiviity nontgtraksiyefuean is

separated and rec CL@E to.th% sqcon vapori ser.. TheTsﬁGect'vity to

Lot r ahydr of (MRS L i64GHON FRIBTIF GHE AP it STLIt 26 TARIY e li 9anebe,soendhtt
out in Table . nfaRR L 0 e,,ﬁll]' t

mal eate is r@&%’ga@ﬁgﬁﬁ ?@gﬁﬁé‘%‘a@% W tf?qt§ éege%glg%:élelzg 8es'§f§¥e t e{%l}? %éredgfet(?f
Exanpl e53 | ntha pabp&ess schene in accordance with the present invention and

as illustrated in Figure 2, the conpressor cycle gas streamis naintained
at the sane absolute rate as that for 25 Conparative Exanple 1. In this
arrangenent,_1.5 | /h of dinethyl maleate is fed to the first vaporiser.

No feed di net¥3MPI¥e eate is fed to the second vaporiser. However, 0.75

knol / h of reti.n J . .l : of
hydr ogen cy?{“é‘%g‘%ég %ﬁgﬁ%%b‘%ﬁ%ﬁﬂ%&&tﬁﬁnﬁ e&Sgﬂ ;%ﬁlggg%&g% gﬁ%g%é%# itﬁff?(i;ﬂgfin’rst
vapori ser t othy apaipressot Becl¥\@ad 340 644 mAaHkitdd0/ B3 1dme akoNitdTeitbyds thal &t e

feed before the vaporised stream passes to the first reactor where
conver si on tGompargievedixanple 1 obethisarrangementag taal diwathsl meleatesfedd ¢fcy. @ kmol/h

UL, O SR P AT oSBT S A
second Vapor@aﬁ%@c&%& ofiber. S3HS £l o %ﬁfd%%ﬁ c"y@lfe'c%ahgﬁd@.ﬁ %Y&)heof‘%;laﬁe up

stream from € second vapori ser passes’to e"se react or wher

conver si on tigdesgedard falteCthe FhStvaporiddiao Maperie! the diethyihQaleee oe berotd e
are refined and the refining recycles separated and recycled to the second
vapori ser. Tiaposegdesiteam isypassgd 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 is 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



tetrahydrofuran is neasured. The reaction details and results are set out
in Table 1. It can be seen that. approximately 110% nore di nethyl mal eate
i s react ewotob@os44e possible with the 10 procedure of theppmigBo2ass Tabl e
1 Conp. E.g. Exanple 1 Exanple 2 Exanmple 1 3 Vapl DW feed knol/h 1.0 1.5
1.5 1.5 Vap2 DW Feed knol/h YA 0 0.4 0.6 Vap 1 refining knol/h 0.4 0 0 O
15 recycle Vap2 refining knol/h VA 0.3 0.4 0.6 recycle Total DW feed
kmol/h 1.0 1.5 1.9 2.1 Increase in DWW %QIN A 50 90 110 20 processed
conpared to Conp. e.g. 1 Loop Pressure (exit Bara 62 62 62 62 final
Reactor) 25 dmpiyl efledte ¥6cd b6Brel BR ¥4pbrisdhRReale Mfasses No the KHarstl BeactbB Avii:
03/ 006446 PCT/ 6882/ 03195 22 Conp. E.g. Exanple 1 Exanple 2 Exanple 1 3
Make up Hydrcogesrsionod tiudd peodicto@urs. THhedreaByrcdontayassa sufficientoquantitylof saitablg 11
311 conpressor)

catalyst to convert approximately 50% of the dimethyl maleate to tetrahydrofuran. The
stream from this reactor passes to the second vaporiser where it is used to vaporise refining
5 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 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. | Example1 | Example 2 Example
1 3
Vapl DMM feed kmol/h | 1.0 1.5 1.5 1.5
Vap2 DMM Feed | kmol/h | N/A 0 0.4 0.6
Vapl refining kmol/h |0.4 0 0 0
15 recycle
Vap2 refining kmol/h | N/A 0.3 0.4 0.6
recycle .
Total DMM feed kmol/h | 1.0 1.5 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




Cycl e gas/ DWM knol / 311 211 167 148 5 feed knol Reactor 1 THE % 2.8 47.4
47.4 90.0 selectivity Overall THE % 2.8 47.0 47.0 61.8 selectivity 10 Vap
1 and VapRoasmodse first and second vaporisers respectivelPZT/GBue/os®s poi nts
at various points in the first reaction zone are determ ned and conpared.
The results are set out in Table 2. These results assune that the
hydrogenation reaction is 100%and is followed by dehydration. In reality
it will be understood that sone, i.e. 1%ss than 10 nol % dehydrati on nmay
occur in t t-ion-zone and—that—there—wtH-H—be——sorp—15
hydrogenation of residual ester |aDgthpr B.4cH @xamp)elHeEmhymaat i| @xanaple. ||t
is al so ngcessary to note that [tjhe systemis non-ideal and theit3 it 1s

necessary 10 aILDMIinrqunnnr pressure Qanre ahd Heat of readgti-on—errdrs.
Table 2 CoyppiE gg@,a an Exanpl ¢ 2 3 ctor 1(,
169 20 Il u%nH}.Jgéasxg kﬁmﬁﬁ SV PUAD £ RO i T 2 v tioied -
190 195 1 s f@®nmp EX| kmoRR Hyxnogenati pA11 Zone Vb103/ 00644?311
PCT/ GB02/ O o{,r% res )React r 1 C 185 191 1911191
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




Zone 5 Reactor 1 C - 195 195 195 Tenp Exit
172 172 128 Dew Point Exit 10 Dehydrati on
Zone Reacworo3hodd4+® 23 23 67 Exit Margin Thus it will be wmodarmbosost hat
Exanples 1 to 3 have a significantly |larger dew point margin exit for the
first reactor than for the conparative exanple. This increase in dew point
15 margin occurs primarily as a result of_the dehydration of the

but ane-1, 4-diol to the tetrahydrofuran tHt has taken pl ace within the

Dew Point Exit Hydrogenation
Dehydrati on Zone Reactor 1 C -

first reactqu—1t will be noted that the wider the dewpoint nmargin exit
fromthe fisdeabtgpetor, theegore fepgggmaterial| @an be Jgperised jgj the
downst r eam %Wi’gig{]a%th corresppndi ng incrlease in fydrogengtion |oop
productivit nd reductiom in the pycle gas f{l ow per unit of
di met hy!l mal ¢&PEr98EBHIOMWD 08/ 006446 PCT/ GB02/ 04195 24 |CLAIMS 1. A procgss
for the progéepgon of an efher by rpaction of |a correspondi ng drganic f¢ed
mat er i selfected trom di cag‘ﬁoxyﬁ c| aci ds and/[or. _anhydfi ggs ngnoest er S| of
di car boxyl i ¢ "489'85! and/ or @nhydri def; di esters 180 di canddrylic [d&Pds andi/ or
anhydri des, | Tgppdéds, and i xtures pf two or rore ther¢of in the presenge
of hydr ogenDshiddatico#pne s¢s the steps of: (a)| supplying a strgam
conpri sing theorgamcfeematera—to a Tt vaporisatTom Zome—and
contacting $Redctbebd with ¢Y€l e gas| conprising 172 172 1128
Dew Point Exit
10 Dehydration Zone
Reactor 1 °C 5 23 23 67
Exit Margin
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 noted 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.



hydrogen such that at |east a portion of the feed material is vaporised by
and into the cycle gas; (b) supplying at |least a portion of the cycle gas
and the vapogiosads feed material to a first reaction zonePCargBRABIG

catal yst and operating under reaction conditions to allow hydrogenation
and dehydration to occur; (c) recovering fromthe first reaction. zone an

i nternedi ate product stream conprising unreacted feed material, cycle gas,
desired product(s), and any co-products 2zZhd by-products; (d) supplying the
i nternedi ate product streamto a second vaporisation zone and contacting
it wth addigiamas feed material such that the said additional feed
material is vaporised by and into the intermedi ate product stream (e)
suppl ying the product of step (d) to a subsequent reaction zone conpri sing

catal yst and operatin nder reaction copditions.to allow hydrogenation
o TTt Tedut edk binghy ddEe BiGRGiancl ah SHieh by (RS ol AR FIRGTPG reAs fee
subsequent reacti n gﬁlﬁﬁ)t : C i.Si 2t h

process accordi nélq étl?)& gﬁl‘?ﬁt&i{ er eclh%r’tﬁﬁ%mgyg‘flgg gazlgfbgn%ﬁ‘\?g%g%si g%?%?tgetgsniog
feed from step (didarbcxyllt vadidsd antlfoh snhyatides, pdiedtérs nofb dicagboxylip| dcidk taadst ep

(b) and a mnor portion to step (d). WO 03/006446 PCT/ GB02/03195 25 3. A
process accor di ngnhysiridesi lartbnosh eandi mixgptes of tieeorc jnore theaepfandhe meesgagopf sed

oo Ak Rul Bk SO b8, S (2 oo Aprocese
rcLutes e SteRoP, SEAAkLI0sae CmpEmdichs sl . musgs o
co- products and/ or by-vapsrixatioh Zohe andecamtacting esaide foed| with toyelngast coraprising
nore of the vaporisation zones where they will be vapori sed.

hydrogen such that at least a portion of the feed material is vaporised by and

into the cycle gas;

(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;

() 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;

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

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).



5. A process according to G aim4 wherein the organic feed streamfed to at
| east one vaporisation zone is, or includes, one or nore recycle streans.
6. A procwedsacmes ding to any one of Clains 1 to 5 wherei RCTIGBROSOESS

i ncl udes one or nore additional subsequent reaction zones |ocated 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 fee®5 recycle or fresh feed and
recycle are vaporised by and into the internediate product stream fromthe

previous reagti OnApediess atcordinglto Cisit Bobereit 41001 Be @Mle gacaref thEvapdited fded 6
wherein the recycle streans are vaporised into an I nternedi ate product
stream bef ore beimateriahdaemwiepita)iy shppligddo siephipr i si ng addi ti onal vapori sed
feed material. 8. A process according to any one of Clains 1 to 7 wherein
the organic feed material 1is contained within an organic solvent which is

separated frpmth : v&l8.: t£ LRpI i e of
t he vapori saét?i on ‘§ %chgs S&B%fg%c@songcogﬁ ?il?[%;l E%og g’ﬁgﬂeg)}ﬁtgeg)fr S’%ﬁ%‘?({r%{f@{aﬁ 5 8
wherein the catal M&lhdés&h@step?@MEQ@ﬁﬁQﬂlnyo-ﬁb(ﬁlfc@Ja@ﬂ]?or(biilpﬁéd{&issfr&ﬁ lcHBaudtr om
high acid tol erance catalysts, high ester conversion hydrogenation

cat al ysts and hi gitreemtina réfonringzorerandaeeicling one YWONOBY Geul4®-MOTEBARY G395
26 10. A process acgordi ng to any one of Clains 1 to 9,%9/\{3erei n.the overall
selectivity to tHRIWHHE} OReOTFBPE TERSle SHsgme 10 one pF B the Yapadisation gongay

one of Clains 1t Qi .sqlectivity to the ether is nore than
30%in at | east o‘ﬁlée]rgttaa S’E}lgr?gz"%ﬁ(gr.&?z A process according to any one of

Claims 1 to 11 wherein the organic feed material is selected fromnono- Cl
to C4 alky esters of C4 to Cl2 dicarboxylic acids and/or anhydrides, di-
Cl to C 4 alkyl esparcsssgiccatding tCClained bgrein the acganse faedistovam fedhy dt ledstone

| actones of C4 to Cl12 hydroxycarboxylic acids, and m xtures of two or nore
t her eof . vaporisation zon€ 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.



13. A process according to Caim12 wherein the organic feed material is
sel ected from nononethyl nmal eate, nononethyl fumarate, nononethyl

succi nat evodBedsheyl nmal eate, di nethyl fumarate, dinethyl PENaGHRASES

y- but yrol act one, nonoet hyl nal eate, nonoethyl fumarate, nonoet hyl

succi nate, diethyl maleate, diethyl fumarate, diethyl succinate,
(err)-butyrol actone, and m xtures of two or nore thereof. 14. A process
according to any one of Clains 1 to 13 wrein the ether is a cyclic ether.

15. A process according to Claim 14 wherein the ether is tetrahydrofuran.
10. A process according to any one of Claims 1 to 9, wherein the overall selectivity to

the ether is more than 10%

11. A process according to anyone of Claims 1 to 10 wherein the selectivity to the ether

is more than 30% in at least one reaction zone.

12. A process according to any one of Claims 1 to 11 wherein the organic feed material
is selected from mono- C, to C, alky esters of C, to C,, dicarboxylic acids and/or
anhydrides, di- C, to C,alkyl esters of C tq C djgarboxylic acids and/or
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 maleate, mdnomethyl fﬁmarate, monomethyi succinate, dimethyl
maleate, dimethyl fumarate, dimethyl 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 according to Claim 14 wherein the ether is tetrahydrofuran.



