PROCESS The present invention relates to a process for
activating a catalyst and a catal yst activated
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optionally with the co-production of diols and/or
| act ones by reaction of an organic feed material in
the presence of hydrogenPRO&ESSeaction will generally
be by hydrogenati on and/ or dehydration. The organic
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a helicaniboxyleedstaki asn@iviligog dialkyl maleate by vapour phase reaction in a
hydrogen rich stream. In a particularly preferred arrangement of the present invention, it
relates to a process for the production of at least 20% 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 butané—1,4—diol and/or y-butyrolactone being

recycled and converted to further tetrahydrofuran.

It is known to produce diols by hydrogenation of dialky! esters of dicarboxylic acids and/or
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

ester of maleic acid and/or anhydride, such as dimethyl maleate or diethyl maleate, which
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as feedstock in such hydrogenation processes may be

The dialkyl maleates which are used as feedstock in such hydrogenation processes may be
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.

A significant portion of the butane-14-diol produced by conventional methods is
subsequently converted to tetrahydrofuran. This conversion step has substantial cost
implicationsboth 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
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preferably carried out in the presence of a reduced
Whilst the above process is successful in increasing the proportion of tetrahydrofuran
produced, there is a problem associated with the robustness of the catalyst to minor changes
in operating conditions. In extreme cases, as conditions alter, the tetrahydrofuran making
sites on the catalyst cease functioning and can be regarded as having been removed.
Proposals for catalysts which are more resistant to changes in operating conditions have been
suggested however, these do not generally offer the required level of conversion and/or

selectivity.
A further problem with the conventional catalyst occurs where the process is operated at
higher temperatures such as those that may be required to increase the tetrahydrofuran make

above 90%, in that there is an increase in by-product make.

It has now been discovered that if a reduced manganese copper catalyst is activated under
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catal yst which offers advantages in processes for the
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hydrogen. In a preferred arrangement, the tenperature
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hydrogen higher temperatures than are conventionally used, such as from about 215°C to

about 230°C to improve ester conversion, improved selectivity to the desired ether is noted.
For example, conversion of essentially 100% to the desired ether may be achieved. At these
conditions, a high by-product make as indicated by butanol content, would be expected.
However, surprisingly, where the catalyst has been activated in accordance with the present
invention, the butanol content is lower than that obtained at similar conversions but at a
20°C lower temperature. The activated catalyst is also found to have acceptable longevity
with no degradation of ether production over time. Since the reaction can be operated at

higher temperatures, the impact of any water present in the feed is also reduced.

A preferred activation process comprises the steps of’
(i) supplying a stream comprising a maximum of 0.5% hydrogen to the catalyst
at room temperature;

(i1)  increasing the temperature to a temperature in excess of 300°C over a period



reaction of a corresponding organic feed materia
sel ected from di carboxylic acids and/ or anhydri des,
worerweredser s of di car boxylic acids and/ or anhydp@Tes2009/050171
di esters of dicarboxylfc acids and/ or anhydri des,
| act ones, and mi xtures of two or nore thereof in the
presence of hydrogen, higher tenperatures than are
convent icdfi@in Y0 ttsBEohowssichdas from about 215C t o about
2300C to i nprove ester conversion, i
sel(dbt | vigrgasing thp by dregen exptent ﬁéﬂ“ersge%fléﬁl i Fof00%.
exanpl e, conversion of essentially 100%to the desired
ether may be achieved. At these conditions, a high
PartQMl’aP h@HEl TR G cREvdWhGanhaRe deaf?l@uﬁﬁl‘?éd iQRpaDis cr‘ﬁﬁh‘r'eﬁ’ced at
be expected. However, surprisingly, where the catalyst
.mhaembganmaemnmamm@nnneaeemeﬁamea>mﬁ%hmmheppme$eﬁﬁtoIOhmn&
i nvention, the butanol content is |ower than that
morg prefrably hputsT hpurar Incomoes rpisHed ang@tneat aethe hygigeen content

eratur The, actjvated c yst is, also.
of thE RS CUBRTIFE Db 0y Hean g SR P UG SR ey g room
temgreﬁr&{d ¥t L e redi 6 bl ab&RGHAD t&ﬁﬂ)up B60°C.
erated at hrg er tenperatures, the inpact of any
water present in the feed is also reduced. A preferred
activation process conprises the steps of: (i)
It mey bpdysirglestosareddin momprriasd agjust thekr &@mple@a@/@utlet content to
g%drogen to the catal yst at roomtenperature; (ii)
marage eXEOME™ he tenperature to a tenperature in excess
of 3000C over a periodof from 10 to 20 hours; and
(ii1) increasing the hydrogen content of the stream
Acddtlirid toitlte JeSontiQigféct Hahé prestntinvent A ficdgRravideds bitdyadctivated
wherein the stream supplied in step (i) is commenced
in ageordanteonithohe geavedief aspdstequent | y | ncreased stepw se
to 0.5%over a period of 5 to 10 hours, nore
preferably about 7 hours. In a nore preferred

A SRR85O GOl B 5 for
protifi&ionasged efHed BY F@QHbN of a corresponding organic feed material selected from
dicarboxylic acids and/or anhydrides, monoesters of dicarboxylicacids and/or anhydrides
diesters of dicarboxylic acids and/or anhydrides, lactones, and mixtures of two or more
thereof in the presence of hydrogen wherein the reaction is carried out in the presence of the

catalyst of the second aspect of the present invention, or a catalyst activated in accordance

with the process of the above first aspect.

In one preferred example of the third as
the steps of’

(a) supplying a stream comprising the organic feed material to a first
vaporisation zone and contacting said feed with cycle gas comprising
hydrogen such that at least a portion of the feed material is vaporised by and
into the cycle gas;

(b) supplying the cycle gas and the vaporised feed material to a first reaction
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present invention the process conprises the steps of:
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In one arrangement the catalysts used in steps (b) and (e) may be different. Where the
catalysts used in step (b) and (e) are different, the catalyst used in step (b) may be an acid
tolerant catalyst such as a promoted copper chromite catalyst and that for step (e) may be the
catalyst of the second aspect of the present invention. A suitable catalyst for use in step (b)

is the catalyst available from Davy Process Technology Ltd as PG85/1.

Whilst the preferred process above has been described with particular reference to two
reaction zones, in one arrangement of the present invention, the process may include more
than two reaction zones. Where there are more than two reaction zones, corresponding
vaporisation zones may be located between adjacent reaction zones. Vaporisation in these
subsequent zones may be made directly into the intermediate product stream from the
previous reaction zone or if required a supplementary stream of cycle gas which may
comprise one or more of fresh organic feed, refining recycle material and hydrogen may be

included. The organic feed recycle material and/or hydrogen if present may be heated.
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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.

The active catalytic species may be at least partially supported on a supporting material
selected from chromia, zinc oxide, alumina, silica, silica-alumina, silicon carbide, zirconia,
titania, carbon, or a mixture of two or more thereof, for example, a mixture of chromia and

carbon,

In one arrangement, a bed comprising a variety of catalysts may be used provided that at
least one catalyst in one bed 1s the catalyst of the above second aspect of the present
invention. In one example, the bed may include a catalyst that is tolerant of residual feed
acid content, one which is suitable to promote hydrogenation of the ester and the promoted
copper catalyst which does not include manganese is used which promotes selectivity to the

desired ether. Catalyst beds comprising more than one type of catalyst may comprise
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converted to product in the second reaction zone.

The 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 includes recycled gases from downstream, condensables including

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

In a particularly preferred aspect of the third 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-butyrolactone. This reaction is illustrated in Scheme 1. In this example the alkanol
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catal yst of the second aspect of the present
invention. In the ether production reaction of the

present in if/@n, the conversion of t id,
anhydridé/%gg?ggﬁthe | act one or estep/ggcﬁgvg1the di ol
S aﬁ“%ster hydrogenat%ﬁg or hydfddenol ysis and the
reactiln of the di thed, is a dehydration
reactin. Wt hout wi shing to be Bdlpnd by any theory,
it is be kﬁéﬁﬁﬁéhat the preferred prBBeéggﬁhloms t hat
t he anount oduct produced as |ight ng

(hi gher vapour pressure) ether rather than diol is

i ncreased, such that the outlet dewpoint] of the
reactor noves bel ow t he operating tenperlat@® such
that further feed material can be vaporilsed into the
streamunti|l the stream approaches saturat 2BieOHhis is

in contrast to conventional processes fdr the
production of diols which the inlet and outlet of the

reac are .c e to the vapour dewpoint. The
addi&?%naﬁﬁ#gég§nateriaﬁkéaporised yH1 treChbosess of
the present inventi ea—ay—then be l 0
CH,—CH,0OH C%—CO’/
+ 3H,
l - H,0
CH3CH,CH,CH,0H

Scheme 1

The by-products may be separated from the ether in a refining zone and may be further



converted to product in the second reaction zone. The

cycle gas will normally contain a high concentration
WQR00BALEBEYen gas but may al so i nclude ot her gaBEEGB2009/050171

i ncl udi ng hydrocarbons, carbon oxides, nethane,

nitrogen. Further, where the cycle gas includes

recycl ed gases from downstream condensables includirg
purﬁmd dfictquerheSimTit o ti@4caplodnah  mayaliesepactedpfroniubt sthandh the

product s al so be present. In a particularly

feﬁefle@em@éwi n@%fur@ﬁrwe’lqdhffeaue%od. ment of the

present invention the ether is a cyclic ether. Most

preferably the cyclic ether is tetrahydrofuran. In

Howéie$, ihdht @frafasfent, e OF g0d 6f the @Q—p?&h@fs' a@x'd/dr%y products will be
preferably dial kyl mal eate. Co-products which nmay be

recysiaktentth¢ oaporgratan epndwhess Sey witt batvaporigeti sIn one alternative

enbodi ment or which nay be absent include butane-1
arrangerpeny) ongnef Ig;pmfytp% ,cgﬁ)g%wc@ angiqrdyrpradugts wili ge recycled to the
seccgnd V étr{s?tso%d 85% Wegrleﬁﬁrwﬂl e AR Igrlrgri 93{1( a cla %ggrgnghta#e;?arg ct stream
eXItM&Q%@ﬁﬁﬂm@Mﬁtme succi nat e. By-products may

i ncl ude the al kanol used in the esterification of the

acid or anhydride, for exanple nethanol, undesirable
material formed in side reactions, for exanple

Thysyinaths|prefgred embo@meatpnyrlial kg Sd%%l@ RSSO a8 Byhrrodicsimay be
el and lnternedlﬁge nat exa

reclifodeP Ry T kRS BHETRR o 6 hBh e R Ry e
oveﬂiﬁtsﬁédug_goff € FREidnRo H{eede@irfé%ﬁ@§§hg'§|2m amgr_gdu%@%utane- 1,4-
2MeOH CHR- CH 20H 2HC G2 G2 0 CH - OH 200 GH- 00

diol and/or y-butyrolactone.

Cycle gas recovered from the subsequent reaction zone will preferably be compressed,
recycled and mixed with make-up hydrogen prior to being heated and recycled to the

vaporisation zone.

Any aqueous alkanol stream separated from the product may be recycled to an upstream

esterification zone.

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
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.
In one arrangement, all of the cycle gas and the organic feed fed to the first vaporisation

zone (step a) is supplied to the first reaction zone (step b) with the remaining organic feed

and refining recycles being vaporised (step d) into the intermediate product stream recovered

10



CH CH2 CH3CH2CH2CH2OH CH2 CH2 \ / O Scheme 1 The
by- products nay be separated fromthe ether in a
WO edobndasg7 zone and may be furtherpurified if reCUGBe@9/050171
Simlarly, the co-products nay be separated fromthe
ether in the refining zone and may be further purified
if required. However, in one arrangenent, one or nore
fronofhe tfine reaotiqar e ¢dtep @ndfain thy i meocidetts foatl stredne whetyis Feddo the
t o the vaporisation zone where they will be
subsegpefitiraasyon panelseralt er nat i ve arrangenent, one or nore
of the co-products and/or by-products will be recycled
to the second vaporisation zone where they will be

In a]\cé@d?)‘f’lﬂ bg@fhivBhRadddiehtNthe éﬁ@&ﬁsasttﬁ}%rgg@? ﬁltetfﬁrgtr \%?g}tl%?r[( Kstéédpeg may

t
romthe first reaction~zone.
be divitiediwiteatm@oypdtiiad, kiytfembiydianatisoprresantabas 0%, being supplied
by- product may be recycled to the first vaporisation
to thedhat rgpdioneee(stey Wined piniger pashien. ipeaierabiydrany abens 26%eto about
e overall selectivity of the action to the desired
30% B IANS B8 Uhe PSS Eiet ol Mt feEas HiramibEauent Geggioaticn one,
RRY e QA& ONE ap GGG 98% (REQAY SlRde
presub eéﬁgﬁt reactigﬁﬁzonépmn§v %r@%gﬁagl; be ¢ lyﬂhhngm£d
suclcthnpidesised ordaaic Yedd@chtand can ieeehpotitdll ifRiBe bycl YL HROa. yielding
prior to being heated and recycled to the vaporisation
a hot nsendapnipedisfiraous VélickathgImiser prativssged tt @ tartorthdmbsequent
vapglg%giggtzorqg%hg Elterrren% icalteep%(su%t gtr;ealflrpfc’etcgge?gg fel%Enet é %lrs?: ?éalct%]n zone
(step c) is fed to a second part of the subsequent vaporisation zone (step d) into which the
refining recycles are fed. The two streams from the two separate parts of the subsequent
vaporisation zone are then mixed to yield the intermediate feed stream which is fed to the

subsequent reaction zone (step e).

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
and/or lactones, and is only mixed therewith in the vapour phase. This will minimisethe
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.

The 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 includes recycled gases from downstream, condensables including

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

11



The feed material to the, or each, vaporisation zone
may be, or may include, one or nore recycle streans.
W@E2@eno@igani ¢ feed and refining recycl e streabP@Gl/GBJOBOS0171
vapori sed together or may be vaporised in separate
parts of the or each vaporisation zone. This is
particularly advantageous as it will mnimse the risk
Theofeetl mansedttethd vapatisaionbehwaan beher @ay afchardodedhe MbRlrecycle
In one arrangenent, all of the cycle gas and the
stregipgy dffeth drgavic fesd andrafinmgrieesie sieepos invartticonpenyed tégethep or may
a) i1.s supplied to t first reaction.zone (st b
be oSSR Puiri iy b s anp e wlihEaeq HEr P arig e gLrassseous
as iPRINGi HARRIthS Atk Wﬁﬁes@éﬁqcﬁaﬁ& bAG e e IR R tfle pfgpduct
streamrecoveredfromthe first reaction zone (step c)
to formthe internediate feed streamwhich is fed to

t he subsequent reaction zone (step d). In a second
Thegirgaicaiaed metend issnieferabhtselected fipaswons Cstor@aatkylresters ¢fd, to C,

i T L A kT
B B YDAl LERLAAR SBOE KoL, B g o or

moRyth@assing the first reaction zone and being fed to

t he subsequent vaporisation zone, preferably one part
of the subsequent vaporisation zone (step d), where it

For S, ¢ Qg b o) SOV B Pre i ) 1CBOg OB D) esers of
C. YOI R RIS 5 A R i

andV@ROhY Gadds ONLba QG actbite ah M@t 0RE b8 to BF ABHE thefdof € AMarticularly
recovered fromthe first reaction zone (step c) is fed

prefesred weoonteedanaterndl maydeswlrsted fem maapoethyhinialatez oweomethyl
step d) into which the fining recycles are fed, The .
ﬁmt(%e, g W@HWQ’Y? Peirnate d{%ﬂﬁgé‘b@gi’a&% @‘%%%Y’sfuaﬁf%t%éhmethyl succinate,
5 or i ' en, m-xed to yiel
OO AR AU L AL Bl 8 v or
moSUDS LI M [tdrRablely0fe 2051 d felMhARdrial O b3 AURBEAFBN fnonoethy!
this preferred enbodinent is that the liquid
malaateli moonethylofugzanite, meedsthylisuctinate, diethyl maleate, diethyl fumarate,
diethyl succinate, y-butyrolactone, recycle y-butyrolactone and/or butane-1,4-diol and

mixtures of two or more thereof.

In one arrangement, the organic feed material fed to the vaporisation zone is contained
within an organic solvent. Where the organic solvent is present, the vaporisation zones is

operated such that the organic feed material is essentially separated from the organic solvent

by cycle gas stripping.

Suitable organic solvents include: di-(C, to C, alkyl) esters of alky! dicarboxylic acids
containing up to 13 carbon atoms; mono- and di~(C,, to C, alkyl)esters of maleic acid,

fumaric acid, succinic acid and mixtures thereof, (C, to C, alkyl)esters of



may be or include an ester, is separate fromthe
liquid refining recycles which contain diols and/or
WO 200496837 and is only m xed therewith in the REP6BR009/050171
phase. This will mnimsethe contact tine and hence
the potential for transesterification and progressive
chain length growh. The feed material fed to the or
napdalﬁnemapmaﬂﬂadyiiomids; e (Gety heallpkieys, of aromaic trinabuxic acids;
or nore e%yc e streams. The c¥cle gas. wi| |
di- (ﬁowrﬁa» alkylestsrsofrisephthalin aeignalwk rhshdlases; aRd Hipertd sabasals:
but may al so include other gases incl uding
hydr ocar bons, carbon oxi des, nethane, nitrogen.
Thd WirkABT 10 WRE TRt RRCEHF | BndasefenN® M@@ al %9&&%&%&@&% cycle
from downstream condensables includirg product eth e?
gas@ﬁp«m@d fatdanolin thwataege ofteprabduci®s 1 amdbdyt-1000ducEypically the
al so. be present. The feed material to the

stre@@pf@rtihg é"trfstdﬁa%ﬁew%w% Be api t‘%ﬂﬁf%‘iﬁfﬂ fcfeom gheutol 00 te about

FEC s c. f ref.

300 g %gﬁe é:)réfte{;a%? orﬂgyo SthlS% a(gg bo a%?goé& ay SLB#aBL?égeSB‘ére may be
use& @Q%'e%‘@édi ﬂr@ssﬁ%rtﬁé ﬁrs@?é’a%@oxpfonte hewpRRGY fréﬂta'bg_ﬁ‘t ?Cﬁék‘?a (about
his is particularly advantageous as it will mnimse
344t 'Mi‘kfi‘a) s& abdutt20a0 peia (@routf i3 88tk hebwmmnghﬁerﬁslbleﬁsuadsdn the

the diol. The organic feed material is preferabl

regigmpLEArB AT 630 R Gibet 19364 Kkl 109 siadabgut 6454 86 KRl The

d d/
ree il BEY kpift o6 EOremBubRiubE e dhaigutRarapg at o rae
con%EHBﬁGngqg liquACA RS Sp e éﬁt? offrdm about 0.05 K' to about 5.0 h™.

hydr oxycar boxyl i caci ds, M xtures of two or nore
t hereof. For exanpl e, the organic feed material can be
selected fromnmono-(Qto C4 alkyl) esters of C4
If dgsieesly BwxarpssEreaiddn thmtfnmeraétﬁwam bel éé]USt@Ii i ¢ng chnyeniE@y ynanner

bet {West rs of C4 ctarbox lic a ds.. ang{sg
© ‘é{ﬁ‘?ﬁi// r&% 1NNt 51 'HEPYARTC S}‘f‘éf BANY J1ghle means
mclﬁ@ﬁlg thh e%‘?fa heﬁ eQ@ﬁatn Jae?{tzl;(an%&%f erred organic feed

mat eri a sel ecte rom nononet hyl nal eat e,

nonomnet hyI
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
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 minimisedthereby reducing the power required for compression and

circulation of the cycle gas.

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

material,



fiimarate, nononethyl succinate, dinethyl mnaleate,
di net hyl fumarate, dinethyl succinate, ¢

WO bavgteasract one, recycle g -butyrol act one and/PCT/GB2009/050171
but ane-1, 4-diol and m xtures of two or nore thereof.
Alternatively the organic feed material can be
sel ected from nonoet hyl mal eate, nonoethyl fumarate,

The nmgedfyatal gt cihedire, redition byie inplefatiely sdffedidmylly large to reduce the
fumarate, diethyl succinate, g -butyrol actone, recycle
conggnt pl1e§idis ragtenHdo dpe/thin phava 05 1WidWiiedn pasrdgeriok therexporous

.gﬁ gﬁp or re thereof. In one arrangenent, the
MIXETAUSTEPREN material fed to the vaporisation zone is
contai ned wthin an organic solvent. Were the organic
solvent is present, the vaporisation zones is operated
The anobnttof adtaly fi@salig amheedcaadzam ey bathel same s diffaralt] The catalyst
separated fromthe organic sol vent bg cycl e gas
charge i thpfinggieaction zais ayoiogatibie fswn vawt 40 ofelabere: 7084, imqrepsually
t al kyl)..ester,s of al kyl djcarb lic.acids . .
abop A A% 6T U St BitiVato SR Rt anty Sipgarty the
Lo , . , .
e B R o o TR e P01 fForbch 70% o about
10%8 | thyile)eatleyf shoaf pegptib abemeionataidxl lcaaict ddiimk B tHeGRaction
to C4 alkyl)esters of aromatic tricarboxylic acids;
zongh - C o C4 al kyl)esters of isophthalic acid; alkyl
pht hal at es; and di net hyl sebecate. The streamto the
first reaction zone preferably has a
e . | n
T b B B A S P BR3P a5 R PRl the
desifotpétbed byeféraelyatdyeldrther hbe phdfeablynepdiy i @furd®ne awelektivity of
be at a tenperature of from about 1000C to about
fron3 @IPOC 20Hoiocaben P & s Inyor e roest abderably 5000t V¢ oatygrare. Selectivity
250QC. .Sui t.ahl ressure may be used but the feed
prﬁW&@B%ﬂég%ds?ﬂ@cﬁﬁg%ge¥@g@tion zone is typically from
about 50 psia (about 344.74 kPa) to about 2000 psia
(about 13789 kPa). In one arrangenent, pressures in
Thet ft8di@t@Am Tforh BN RDAEL ADLNRSE Prefcritdyited3 pfiler Bty kiRA)g been
to 1000 psia (about 6894.76 kPa). The
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

remainder recycled.

In

1 Yeean e decired
ne 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.

Any alkanol derived from the organic feed, which will typicallybe 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
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feed to the first reaction zone is preferably supplied

to the first reaction zone at a rate corresponding to
w@2000q068a7 hour | y space velocity of from about BCOEB1008050171

about 5.0 h 1. If desired, the pressure and/or the

tenperature can be adjusted in any conveni ent manner

between the reaction zones. The tenperature may be
sepagdfielbe svptesyiremythe atkergll fheerghining avsterd Wﬁg upidlyisdudss mgans to

o B RS P RS T BP9
be r&%&l@d Red chSéxé}HMe GRNERh LR ba@ﬁp eAlter%E@vf"e% u%/ oﬂggg %fgany by-

ntains at |east "about 50 volune % up to a

produots pnedied mafdk eejecedas dfflaent aBaldkaBPlet o alyoprbd @9 which may be
vol unme % of hydrogen. It may further contain one or

recyfisdas pemengrakprodueedch as nitrogen or met hane.
Conveniently the hydrogen make-up gas is produced by
pressure sw ng absorption so that the cycle gas

Whéi@lw@&iﬂ% 3F th%ﬁtgl%t nka§ A8 kY 36 stttB %&%ﬁé!ra{e%?’ ey B déégl%bﬁ to feed

power equire or conpressi and circu

the €aaetien gastuly/pi thalrdagtdr hBohy e Ql@ﬁﬂftﬁﬁm Ehisredneld zﬂJhléNedi by either
contain fromabout 0.01 to about 1 O wt/w % or nore,

pass#igg. sumzﬁﬂet excesd gyle g0 ﬂww tlm%h Hhetvapen sea Pt §ddieg mlrae:yt:lhaaas flow

oo SiRgBteH f EHEE PrPe R B TF RS BhQUTe L GG R the reaction
zone l{fI&Jvé:\JeF rftxjvéﬁ 1h§ Bgﬁh thta{X@fjig GGt 5%%%&&13%8 ¢ cﬂ;fera%%h %k'" the ca%alyst

materi a bou I'w % 1'n passage

entrhifled qu@fnmyﬂoer@r&dﬂf eThd edabti i WUYRowdhe, altobidss@ftially a vapour
catal yst used in each reaction zone nmay be the sane or

phagtitedasiognt . The catal yst charge in the first reaction
zone may constitute from about 10%to about 70% nore
usual Iy about 20%to about 50% of the total catalyst

Furt\ﬁ?} Hﬁgﬂé & 4 lslﬁta%?e 5420 A OO R P (?&/5044'3%}9% al; ﬁcc‘otrporated

subseq uent reaction zone i s al |
herdi@bg&fekndd om about 70% to about

The invention will now be further described with reference to the accompanying examples

Example 1

In order to activate the copper catalyst DRD 92/89 “D” catalyst available from Davy Process

Technology Limited, 500mls were placed in the reaction zone. The gas rate was established

at 1250 NLPH. The pressure was set at 50 psig. The following procedure was then

followed:

i Hydrogen concentration was increased to 0.1% whilst at room temperature. The
inlet temperature was then increased to 120°C over 3 hours. The hydrogen inlet/exit
composition was monitored once temperatures in excess of 100°C and the hydrogen

inlet was maintained at 0.1%
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10% nore usually about 20%to about 50% of the total
catal yst volune of the reaction zones. The sel ected

wae a0al1yesr7 pr ef erably converts the ester, prefePebGB2a0bo50171
di al kyl maleate, to the desired ether, preferably a
cyclic ether nost preferably tetrahydrofuran, at a

selectivity of from about 20%to about 90% or nore,
In stgps? topf, éliee%theyn Wabewem@@/gr@m grepesingsd)’ @d:ty r@ihtcyng the hydrogen

roa ng 100%i s rtl desi
i efPAGRTOF ity o Bt o B A EPUL A Rt s reduced
preferably fed, preferably havi ng been condensed, to a
refining zone where the desired ether, preferably
2. t etTRhydpahtuianas insreaeqayyatoed vas! pradhed 16080y
co- products, such as butane- 1,4-diol and/or g
-butyrolactone whi ch may be present may be separated
O A i e g Chies RS By S o vl eased
Se%ba}f’/@@vé}“ldh&ﬁ%ﬁa’ ﬁél@%t éh'&/@e LRt RTRy RS €cycl ed. In
one arrangenent where conversion to ether, for
exanple tetrahydrofuran, is desired all of the
roducts, for exanple butane- 1,4-diol and/or g
4. u l;ﬁrlmdmgea wentenlr & theuyeticedtposiign Ahkiaatshsaddp 06l and kgt for
the or anlc feed, which will typically be a Cl to 4
al K3 and water in the crude product streamw ||
preferably be condensed and separated in refining The
al kanol will conventionally be recycled to the
5. estHfd Hyldédieh @BnteRBSIUBE inldt colbeditibhRadingrAicd tb ®@eds and held for
material is formed, if present. The refining system
may2 koes.ude nmeans, if required toseparate the water
fromthe al kanol. The refining systemw || usually
include neans to separate ot her by-products which may
6. r ecy C}égilr(%g: ger(&el{x%é &8 RBMH(%{ glrgérjns \Q'%Edctg o“éﬁ/)( alpcfuntll the

A tk@fdl‘@ieh\éeh&nt&ﬁﬁﬁe ﬁh[et%h\llall@ﬂ t@aysfmé h@ﬂﬁ%@@%ﬁt pr oduced
may be reJected as effluent. An exanple of a

by- product whi ch may be
7. The hydrogen inlet composition of 0.5% was maintained and the temperature was
increased to 340°C over 12 hours. It was ensured that the exotherm did not exceed

10°C and held until the hydrogen inlet equalled the hydrogen exit.

8. The temperature was held at 340°C for 1 hour.

9 The hydrogen inlet was increased to 1% over a period of 1 hour and maintained until
the hydrogen inlet equalled the hydrogen exit. The exotherm was kept below 10°C

by reducing hydrogen concentration if required.

10.  The hydrogen concentration at the inlet was then increased up to 5% over four hours.
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recycled is any nono-ol produced. Where wetting of the
catal yst may cause the catalyst to deteriorate it may
wheoodaeedsrabl e to feed the reaction m xture to PEEGB2009/050171
react or above the dew point. This can be achi eved by
ei ther passing a suitable excess cycle gas flow
t hrough the vaporiser or adding extra cycle gas flow
11. af tTée hydregaraqatens@rthe iolet wabdhengnexdsed tchE&H ahd thihwas maintained
reaction m xture before feeding to the reaction zone
mwwéﬂle hygragen tnlefgaeslled e @&@%aeyseﬁlﬁ Jhp gxothermeway keptBelow
bg operation of the catalyst, entrained liquid may
E)) sent. The reaction will, however, still be
essentially a vapour phase reaction. Further details
of a suitable process can be found in WX03/00644 which
12,1 s Thetwdpgeratoadenimati@i wadijrerr i@trenexdce 1 0Thensuringrthatahe exotherm
WI 'l now be further described with reference to the
Qtrﬁ?qc?@ &npl es. Exanple 1 In order to activate
the copper catalyst DRD 92/89 "D' catal yst avail able
from Davy Process Technol ogy Limted, 5001 s were
13. Pl aﬂﬁ%réﬁu;eh@asrlﬁ%ﬁée@% ﬁﬁrbeeraTﬁg pBAasurk F theWlsktion. The catalyst
established at 1250 NLPH. The pressure was set at 50
psSivaas tHémecoblat kot Rguped cadieraursasd thewed ol reaweader hiydrogen for
Hydr ogen concentrati on was i ncreased to 0.1% whil st at
r ochhqusspefpeetipedingdeed. n| et t enperature was t hen
i ncreased to 120Q0C over 3 hours. The hydrogen
inlet/exit conposition was nonitored once tenperatures
Exd:ﬁ‘;};l@%@?&?& of 1000C and the hydrogen inlet was
ntained at 0 .1%In steps 2 to 6, the exotherm was
prevented from exceed| ng 100C by reduci ng the hydrogen
inlet conposition if required and held at the

CatglysidPRPoA/ 89D jdbtained faxmtPrsryniipeess rkaghedagy Ltd and activated as

detailed above was used in a process for the production of tetrahydrofuran from a feed
comprising maleic anhydride. The reaction conditions are detailed in Table 1 and the results

in Table 2.

Table 1
Example 2 | Example 3 | Example 4 | Example 5
Inlet Temperature °C 194 194 204 217
Exit Temperature °C 190 189 198 210
Pressure psig 885 900 900 900
Hydrogen:ester 352 246 246 246
True LHSV, hr! 0.344 0.344 0.344 0.344




2 . The tenperature was increased by 100C until it
reached 16Q0C 3. After holding at 1600C for 1 hour,

w0 b@oitedset gas hydrogen conposition was i ncr eaBEHGBR009/050171
0.2% over 1 hour and held at those conditions for 2
hours. 4 . The hydrogen content of the inlet
conposition was increased to 0.3% and held for 2
hours. 5 . The hydrogen cbaltledt of the inlet
conmposition was increased to 0.4% and held for 2
hours. 6. The hydrogen content of the i nl et

conposittomwas—Tereased—to—f—S5%and—ght+t+—the
Selegtvitigemdelit ent of |tHeampledt Egampl et tlhatn;ﬂé 4t hExampleS
Rydrogen exit. 7 e NydrogET T i et gonposTtTomof

Tegalpdraiisanmmi nt ai ned |2k he t FDEP at ur & 938 i ncr (e
f0 3400C over IZ hours, Tt wap_ ensured|that The
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hydr ogen concentration at the | nI et vvas t hen increased

up to 5% over four hours.11l. The hydrogen content at

the inlet was then increased to 10% and this was
Exdnpleteai ned until the hydrogen inlet equalled the

hydr ogen exit. The exotherm was kept bel ow 100C. 12.

The hydrogen concentration was then increased to 100%

ensuring that the exothermdid not exceed 10% ‘
Catalyst DRD 92/89 D obtained from Davy Process Technology Ltd was activated as
described above and was used in combination with catalyst DRD 92/89 A from Davy
Process Technology. The combined catalyst was used in a process for the production of
tetrahydrofuran from a feed comprising maleic anhydride. The reaction conditions are

detatled in Table 3 and the results in Table 4.

Comparative Example 7

Catalyst DRD 92/89 D obtained from Davy Process Technology Ltd was activated according
to conventional methods and was used in combination with catalyst DRD 92/89 A from
Davy Process Technology. The combined catalyst was used in a process for the production
of tetrahydrofuran from a feed comprising maleic anhydride. The reaction conditions are

detailed in Table 3 and the results in Table 4.
Despite the fact that twice as much of the Type D catalyst is used in Comparative Example

7 than is used in Example 6, the selectivity to the tetrahydrofuran is substantially improved

where the catalyst has been subjected to the activation process of the present invention.
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Table 4
Selectivities, mole% Example 6 Comparative Example 7
Tetrahydrofuran 89.98 48.10
n-butanol 4.29 2.25
y-butyrolactone 0.71 7.67
1,4-butanediol 4.55 41.59
Conversion, mole% 99.95 99 .85

Example 8

Catalyst DRD 92/89 D obtained from Davy Process Technology Ltd was activated as

described above and was used in a process for the production of tetrahydrofuran from a feed

comprising maleic anhydride. The reaction conditions are detailed in Table 5 and the results

in Table 6.




Despite the fact that twice as nmuch of the Type D
catal yst is used in Conparative Exanple 7 than is used
WO 200Bi@sspl e 6 the selectivity to the tetrahydrR¢UGRRO0D/S50171
substantially inproved where the catal yst has been
subjected to the activation process of the present
i nvention. Table 3 Table 4 Exanple 8 Catal yst DRD 92/ 89
Compasptiyg Rsamplesh a0 pProcess Technol ogy Ltd was
activated as described above and was used in a process
for the production of tetrahydrofuran froma feed
Cata§RMBRDI2/HD 78biRined RHYSHKY BRrcesEMTRCHIBREY Lawadadivhic@BScording
are detailed in Table 5 and the results in Table
to cofSommpanatiowaeEpanprepri@esand The Catlabtywts DRD 192/189ceBs for the
obt ai ned from Davy Process Technol o%ly td

prodEk o1 &f &eITEHORErh o & das, EHDPENAS TS SURgERS: The reaction
. .1 The ' f th
condih GERRE oo T Bl S F BBul LR Bt Compr 1 51 ng.

mal ei ¢ anhydride. The reaction conditions are detail ed
in Table 5 and the results in Table 6 Table 5 Table
6C ains 1. A process for Badidé¢Hating a reduced
manganese copper catalyst conprising treating the
catal yst at a tenperature of nore than 3000C to about

—4000C-w-th—hydrogenr—2—A—process—according—to—Ctrarmrt
wher ei n the {&xperpdt 8Cempsrativem nore t han BOOGPatrative
about 3300C. [3 . A process paccording to Cpim1 or 2
wherei n the feduced manganesEX3Bp cat al y§¥ampled0

Teapraniabgane gogopper catalysl, 197

Pressure, psig 900 900 900

LHSV, hr?! 0.34 0.33 0.33

Hydrogen:Ester 350 377 378

Residence Time, s | 6.61 6.8 6.6

Table 6

Selectivities, Example 8C0mparJtive Comparative

mol % Example 9 Example 10

Tetrahydrofuran 83.21 451 69.8

1,4-butanediol 0.15 291 19.2

y-butyrolactone 11.79 21.2 7.2

Conversion % 67.7 50.6 60.1
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4 . A process according to any one of Clainms 1 to 3
conprising the steps of: (i) supplying a stream

w@owpnoesirng a maxi mum of 0. 5% hydrogen to the PEr/aBY®H/050171

at roomtenperature; (ii) increasing the tenperature
to a tenperature in excess of 3000C over a period of
from10 to 20 hours; and (iii) increasing the hydrogen

Clagg$it ent of the streamuntil it is 100% 5. A process

according to Caim4 wherein the stream supplied in

step (i) is commenced at 0 .1% hydrogen and

. subs @eeed for acticdtidgaeediite M Bgheb OcddpBYo M it cam@ﬁgihgdeaang
of 5 to 10 hours. 6 . A process according to Caim
wheheratalzst at héernyaietotrert neaathant300fC thebosit #@GH6H sulppydregen.
in step (i) is increased, the tenperature is increased
fromroomtenperature to a tenperature in the region

of b ~ ; : t o
- aott PETEE RO Eb, PR 2 nestasureh FRUARYR than g00°C
C ababodt 380°® . 8 . A process for the production of an

et her by reaction of a correspondi ng organic feed

mat eri al sel ected from di carboxylic acids and/or

anhydri des nopoesters ofdi carboxylic acids and/ or
: anr%amca%é,ma g odrlaimok ok W errﬁlai%q feducedi AN ganee sppper catalyst

an L i Xxtures of two or nore
th2%(gg%gﬁﬁaﬁg&ggggé%ggtg%fsmhydr ogen wherein the
reaction is carried out in the presence of the
catalyst of Caim7 or activated in accordance with
.t heA praaessscoilingty aonenodf Clhaannbtol3 tangrisin®the stps of:

process according. to Caim8 conprising the steps of:
(a) s upp@a&i ngsug&gtf»géasﬁaeE%ﬁﬁmp§ﬁiﬁ§ AHBFPHH > dadrogen to the

material to a‘éa&s?%tr\é%‘ﬁ%ﬁ@@r%iu?@. zone and contacting
said feed wt cl'e "gas conpri Si ng

(i)  increasing the temperature to a temperature in excess of 300°C over
a period of from 10 to 20 hours; and

(iti)  increasing the hydrogen content of the stream until it is 100%.

A process according to Claim 4 wherein the stream supplied in step (i) is
commenced at 0.1% hydrogen and subsequently increased stepwise to 0.5% over a

period of 5 to 10 hours.

A process according to Claim 5 wherein as the hydrogen content of the stream
supplied in step (i) is increased, the temperature is increased from room temperature

to a temperature in the region of from about 100°C to about 160°C.
A catalyst activated in accordance with the process of any one of Claims 1 to 6.

A process for the production of an ether by reaction of a corresponding organic feed

material selected from dicarboxylic acids and/or anhydrides, monoesters of
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hydrogen such that at |east a portion of the feed
material is vaporised by and into the cycle gas; (b)

waeapphigisny t he cycl e gas and t he vapori sed feePlCT/GB2009/050171

10.

material to a first reaction zone conprising a
catal yst, the reaction zone operating under reaction

it to.all hyd ti d .deh ti i
o lierb e i aRtia Fhefiine D et odg e mmdor
. nta%y@rlﬁdee,t racil%hgg UGH SihEeMbe R drShbe éﬁ@fe%g% &k bR8Ghce of

material, cycle gas, desired product(s), and any

c o-hpdioderciBerein theigaquivadsicdrsed gut)in gegpesehagoftthe catalyst of Claim
i ntermedi ate product streamto a second vaporisation

Z oNeOT @StV dehtgasepidgnderwitli thia padsstaf@nziong @%Elarmﬁ &io @l

such that the said additional feed material is

vaporised by and into the internedi ate product stream

(€)a ﬁb@@ésxakmaﬁg D CPAMOS cHiprh RS dbpd §r @ subsequent
Qal st ang

reaction zone conprising ca oper ati ng under
redgl i onupplpthigt b ofteain0 campAwWn e ogemdt i 28d amakeriblfl to a first
requi red, dehydration to occur, and (f) recovering o

f rom t he’apobsssiqneone rasdcedndasting rieidafese odidle tcy elergsangomprising
conprising the ether, wherein at_.|l east one.qf the .

cat Bl yetHgoEStEh (6] it 5Hat 7 ByeD R S HE at Mpipgisechy and

A aim7,00 @actiyatgd in accordance with the process of
any onelofO %:agcrrsé%’to 6 . 10. A process according to

A gbm 9 supstyighhd Beel€@dsalndshe UgReisbd feeti @Patédl to a first reaction
conprises an acid tolerant catalyst and that for step
(e) conpehsesmphsingat edtylgst, dfe Gaglion Zomsr opwratingatiederimaction

SccordAnGe L0 L 1E, BEORSSS, O AN RO O At 1 1o

Cat(@i yﬁre&ﬁ%ﬁné Fecth R 609 (ETBRI RS @ 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) supplyingthe 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,

wherein at least one of the catalyst of step (b) and (e) comprises the catalyst of Claim

7 or activated in accordance with the process of any one of Claims 1 to 6.

A process according to Claim 9 wherein the catalyst used in step (b) comprises an
acid tolerant catalyst and that for step (e) comprises the catalyst of Claim 7 or

activated in accordance with the process of any one of Claims 1 to 6.
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pronot ed copper chromte catal yst. 12. A process
according to any one of Clains 9 to 12 wherein the

W@e@eaes7T ncl udes one or nore additional subsepEBEGB2009/050171

11.

12.

14.

15.

16.

17.

reaction zones located in series between the first and
final subsequent reaction zone and wherein the or each
addj ti onal subsequent. reaction zone .is preceded a .
v agbPICER ROSTiRa0 ol i R 67 B S BRE IS Fafpsesa
freshnbeged heMURl &l Vvaporised by and into the
[ nﬁ’zr rre%i a?@kgfoxg)uct sta?yesam fromthe previous reaction
zone. 13. A process according to Caim12 wherein the
catalyst in the internedi ate reaction zone is a
manfypiveese apranding édayopiset (daimalfietl2 vaereip thyy geesssincludes one
accordin 0 one of Clains 8 to 13 wherein th
£ ot it Bkiion S o SEReRretsPh SRASHINGIEi g By e he firstand
eStEhE £ Qefelion doharR@WdrGnant & ABE/Qlitionl t
anhygfr is‘ggesg%éll %:2% tg 84 gpgyl és?er sq%f C4at om(Qfl%_ subsequen
di Gagdtiox Yoh€ isgtctde@bghatp@isayeh rahesn whac aidatnel fe€H recycle
to Cl2 hydroxycarboxylic acids, and m xtures of two or
noras fiebleregd fnd 168y claare vaposspd bacad et e nterioedipie praduct stream
vvhefr ei g} the feed material is selected from nononet hyl

¢ HBHENBEATH O A REr at e, nonomet hyl succi nat e,
di met hyl mal eate, dinethyl fumarate, dinethyl
succinate, g -butyrolactone, recycle g - butyrol actone

. andX @rodesk @k6rdidg - Cialth 1 2Rtherdikthy Ic@SyQf intth® irdErnidalage reaction

thereof. 16. A process according to any one of C ains
8 tzond 5 avnenginpsetfremetedeppes catalygel i ¢ et her 17. A
process according to Claim16 wherein the ether is

t et rahydr of ur an.

A process according to any one of Claims 8 to 13 wherein the feed material is
selected from mono C, to C, alkyl esters of C, to C,, dicarboxylic acids and/or
anhydrides, di C, to C, alkyl esters of C, to C,, dicarboxylic acids and/or anhydrides,

lactones of C, to C,, hydroxycarboxylic acids, and mixtures of two or more thereof.

A p rocess according to Claim 14 wherein the feed material is selected from
monomethyl maleate, monomethyl fumarate, monomethy! succinate, dimethyl
maleate, dimethyl fumarate, dimethyl succinate, y-butyrolactone, recycle y-
butyrolactone and/or butane-1,4-diol and mixtures of two or more thereof.

A process according to any one of Claims 8 to 15 wherein the ether is a cyclic ether.

A process according to Claim 16 wherein the ether is tetrahydrofuran.
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