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This invention relates to the production of butane-1, 4- di ol ,
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be 15 is itself produced by vapour phase oxidation of a hydrocarbon

feedstock, such as benzene, mixed C, olefins, or n-butane, in
the presence of a partial oxidation catalyst. In the partial
oxidation of benzene there is typically used a supported
vanadium pentoxide catalyst promoted with MoO, and possibly

20 other promoters. The reaction temperature is from about
400°C to about 455°C and the reaction pressure is frow about 1
bar to about 3 bar, while about 4 times the theoretical
amount of air is used in oxrder to stay outside the explosive
limits. The contact time is about 0.1 s. When the feedstock

25 is a mixed C, olefin feedstock, i.e. a mixed butenes
feedstock, then the partial oxidation catalyst may be
vanadium pentoxide supported on alumina. Typical reaction
conditions include use of a temperature of from about 425°C
to about 485°C and a pressure of from about 1.70 bar to about

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

the plant so that satisfactory safe operation'can be



2 achi eved, despite the fact that the feed m xture of air. and
but enes iwowdonkés the flanmable imts. I n the case of n- pecT/GBIgIO3PE as
feedstock, the catalyst is typically vanadi um pent oxi de and the
reaction conditions include use of a 5 tenperature of from about 350[err]C
to about 450[err]C and a pressure of fromabout 1 bar to about 3 bar.
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which is then dehidrate ¥ distil'ling with xylene, for exanmpl e, so as
to renove tRENWEPEr CRRITPECEAPH LREDSARFY Ede. 30 A disadvantage of such a
procedure, hovevep, ¢hght Eageaa hot wag%%%a@esce&w f jthe product
remai ns in the vapour phase. dition, sone of Yal eic acid is

i nevi tably recovered from the ex1t end of the reactor whlch comprises

maleic anhydride vapour, water vapour, carbon oxides, oxygen,

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

One way of reco&ering maleic anhydride from such a

reaction mixture is to cool it to about 150°C using a steam-

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

25 - Scrubbing with water or with an aqueous solution or
slurry is ‘described, for example, in US-A-2638481. Such
scrubbing results in production of a solution of maleic acid
which is then dehydrated, by distilling with xylene, for
example, so as to remove the water and re-form the anhydride.

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

isomerised to fumaric acid. The byproduct fumaric acid
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havi ng ([ err] amhydmirdd, afdkylabsorption of maleic anhydride from the
reaction mixture exiting the partial oxidation reactor.

15 Tricresyl phosphate has been proposed for this purpose in FR-
A-1125014. Dimethyl terephthalate is suggested for this duty
in JP-A-32-8408 and dibutyl maleate in JP-A-35-7460. A high
molecular weight wax as scrubbing solvent is taught in US-A-
3040059, while US-A-2893924 proposes scrubbing with

20  diphenylpentachloride. Use of an aromatic hydrocarbon
solvent having a molecular weight between 150 and 400 and a
boiling point above 140°C at a temperature above the dew
point of water in the vaporous reaction mixture, for example
dibenzylbenzene, is suggested in FR-A-2285386. Absorption of

25 maleic anhydride from the wvaporous partial oxidation reaction

mixture in dimethylbenzophenone followed by distillation is
described in US-A-3850758. Polymethylbenzophenones, at least
a portion of which contain at least 3 methyl groups, can be
used as liquid absorbent for maleic anhydride according to

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

the reaction mixture in US-A-3891680. An ester of a



groups and a total of 10 to 14 carbon atons in both al kyl .groups are
proposed fwo9wmissty pti on of mal ei ¢ anhydride from t he r paTAGBOSIOIZEK Ur €
in US-A-3891680. An ester of a

4 . cycloaliphatic acid, for exanple dibutyl hexahydrophthal at e, S
suggested as absorption solvent for nmaleic anhydride in ZA- A- 80/ 1247.
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sel ected, and of %Terr 4 al kanol which can be recycled to
produce furt her FYC 13! ‘i & ‘}c"rm'%'%ﬁ‘éere‘i followingg gcesses
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cat al yst, sw@dkyds malaagre exargelie60n tooy, aabkyl) peallaate may contain a
minor amount of the corresponding di-(C, to C; alkyl)

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

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

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

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

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

the esterification reagents, typically the C, to C, alkanol.
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esterification tray to the next | ower one against an upfl owi ng stream
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alkanol in the absence of an added catalyst to form the mono-

15 (C; to C, alkyl) maleate.

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

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

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

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

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

reducing significantly the numbers of distillation columns
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and tetrahydrofuran from nal ei.c anhydride by the di- (CJerr] to (err]

al kyl') mal eate hydrogenol ysis route. A further object is to reduce the
capital cost of construction of such a plant by reducing significantly
the nunbers of distillation columms
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e
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with a high boiling ester as solvent thereby to form a
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15 solution of maleic anhydride in the high boiling ester, said
high boiling ester having a boiling point at atmospheric
pressure which is at least about 30°C higher than that of the
di-(C, to C, alkyl) maleate and being selected from di-(C, to
Cs alkyl) esters of alkyl dicarboxylic acids containing up to

20 13 carbon atoms, mono- and di- (C,, to C,y alkyl) esters of

- maleic acid, fumaric acid, succinic acid, and mixtures
thereof, (C, to C, alkyl) esters of naphthalenemonocarboxylic
acids, tri-(C, to C, alkyl) esters of aromatic tricarboxylic
acids, and di-(C, to C, alkyl) esters of isophthalic acid;

25 (b) recovering from the absorption zone a waste gas stream;
(¢} reacting maleic anhydride in the solution of maleic
anhydride of step (a) under esterification conditions in an
esterification zone with a C; to C, alkanol to form the
corresponding di- (C, to C, alkyl) maleate;

30 (d) recovering from the esterification zone a solution of
the di-(C, to C, alkyl) maleate in the high boiling ester;

(e) contacting the solution of the di-(C, to C, alkyl)

maleate in the high boiling ester with a gaseous stream
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The vapor Sls. <I7banFBFOUPEhETaITan ThE BIGLRTEItl [oncond & ISHARH It Py zean

preferably prodonedihyngasiial apxidast oonéfca compoulyadr ocarbon feedstock in
.the presence of a partial oxidation 20 cat al yst using mol ecul ar oxygen,
‘typically in the foFRFEETably 1t SUgh e HEPEREF e feedst Sekatlsanpk is

benzene, or a fk¥REn&l €6l ethano®! £hdNeBEr &AM UL I§ APRYLPIRELEAPL Y s
n- but ane. The use of
dimethyl maleate or diethyl maleate. The use of methanol as
15 the C, to C, alkanocl and of dimethyl maleate as the di- (C, to
C, alkyl) maleate is especially preferred.

The vaporous stream of step (a) of the process of the
invention is preferably produced by partial oxidation of a
hydrocarbon feedstock in the presence of a partial oxidation

20 catalyst using molecular oxygen, typically in the form of
air. The hydrocarbon feedstock can be benzene, or a mixed C,
olefin stream, but is most preferably n-butane. The use of
n-butane as hydrocarbon feedstock is currently preferred upon
the grounds of cost since it is a cheaper feedstock than

25  benzene or butenes. Hence in the process of the invention
the feedstock used for production of the maleic anhydride
containing vaporous stream of step (a) is most preferably n-
butane and the catalyst is preferably vanadium pentoxide.
Typical partial oxidation conditions in this case include use

30 of a temperature of from about 350°C to about 450°C and a
pressure of from about 1 bar to about 3 bar, an air to n-
butane ratio of from about 15:1 to about 50:1, e.g. about

20:1 and a partial oxidation catalyst comprising wvanadium



n- but ane as hydrocarbon feedstock is currently preferred upon. t he

grounds ayoeosés7si Nnce it is a cheaper feedstock than 25 |lpeTREBYS8/08264
but enes. Hence in the process of the invention t he feedstock used for

production of the nal eic anhydride cont ai ni ng vaporous stream of step
(a) is nost preferably n- but ane and the catalyst is preferably

vanadi um pent oxi de. Typical partial oy dation conditions in this case

i nclude use 30 of a tenperature of from about 350[err]C to about 450[err]C

and a Eesk £a0f £roneaReste ltbak 18 abgitaBihakrofNaBblt!
but ane ratﬁ% of from about 15:1 to about 50?%, %.g? aﬁgutaﬁbﬁtzgfglaﬁdtg
partial oxiaewonl catal y8tgecodpeitti Aglvanadi um

8 pent oxi de o) ' S o] t.0.01.s to
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vaporous stepaenisesathe gpaétatooxbdalbONtheagkaktE8A EBRBeratubl . coghgd
by external cooling with boiler feed water to raise steam and possibly

al so by furf{#Rereus eFhEF2BobrPRgtIFt RAXD1aoBKiAgt hafeFeREtRTt EAPekABIre in
the range QBefégglééoﬂ% exte@ﬂgﬁrébgi%ﬁgaQQEﬁ BERLELT ESeg wate o!%ai%%p
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(a) of the process o e I nvention the~vaporous
streamis pse¢amabiydcpnsatbéy alsh bihefhirgher exbeirhahgcesfléngawiah

tenpergture in,the range of fromabout 15 .60[err]C to ahout 160[err]C,
preferg%ly ??%%%%%dﬁ?ggﬁ[g?r?cg?gpgﬁghPre lnl&ﬁfe#ﬁ?&? ] dgﬁPmaabP Ssure of
from about dotartd calednotit 180ty so as to forma solution conprising

mal ei ¢ anhydride_in the hi_gh. boi ling ester. The contacting can be
carried out by In BEBBI{AY ?ﬁet98p8F88g5§tPgaﬁpﬁhFBﬁSﬁt&OBoBgeoVaPﬁéoﬁﬁgh

20 Dboi | i NngngBLLE . anhV a8t Hat b¥Bbimt I8 BirakeRabhi/NBoBEheE82WiPR the high
boiling ester at a temperature in the range of from about
15 60°C to about 160°C, preferably from about 80°C to about
120°C, and at a pressure of from about 1 bar to about 3 bar
so as to form a solution comprising maleic anhydride in the
high boiling ester. The contacting can be carried out by
bubbling the vaporous stream through a body of the high
20 boiling ester. Alternatively the high boiling ester can be
sprayed into the vaporous stream. Countercurrent contacting
devices can also be employed wherein the ascending vaporous
stream is contacted by a descending stream of high boiling
ester in a gas-liquid contacting device, such as a packed
25 scrubber tower or a scrubber tower provided with trays. 1In
this step the high boiling ester will typically be at a lower
temperature than the vaporous stream so that the latter is
cooled.
In the resulting solution of maleic anhydride in the
30 high boiling ester the concentration of maleic anhydride in
the high boiling ester may range from about 100 g/l to about
400 g/1l.

The high boiling ester has a boiling point at mospheric



sprayed into the vaporous stream Countercurrent contacting devi ces can
al so-be enpl WOSN2§478r ei n t he ascendi ng vapor ous stream i BCT/GBOSIGR6H by
a descendi ng stream of high boiling ester in a gas-liquid contacting

. device, such as a packed 25 scrubber tower or a scrubber tower provided
wth trays. 1In this step the high boiling ester will typically be at a
‘1 ower tenperature than the vaporous stregmso that the latter is

~cool ed. In the resulting solution of maleic anhydride in the 30

“hi gh boiling estessthe thatehsrati Deaof %ﬁéﬂ @cgﬁmm@y@,im%éld /plretffé%a@]_g}‘l
boiling ester may.range from abput 10Q g t o _abaqut . _
The hi gh boil iy %%“f‘%g ABuG %% %Ry aRFHE R Grbdgkeri c than that’ of the di-

9 pressule, tdwatc,i s1rl1) easteabout 30[err] C higher, and preferably
at | east about 60[err]C to about 70[err]C higher, than that‘of the di -
(derr] to Jerr] abrRyp¥ampleatef esters of akkwkalipaswmiyldst ercsidsf al kyl

di car boxyl kc | B contal njng 0 carbon atong frommhich a .
sui tabl e hlsgha&él(;éaJt')éojl'rll%J nlggegégjr'yc%%é)%en s%l?%%? e%?%e"f}él%r? bgé“'r'f@rli’t eoﬁ’e’@h
di met hyl, diethyiling-ester casoo@ropyécteld -there SOy bedmentiorded- but yl

esters of suberic acid, azelaigc acid, sebacjc acid, . undecanedi oi c
‘aci d, dodecané%+%ﬁ€h%.f ,l%ﬁﬁyffi e o1eEAPTRY . dY@.s weSer 9

that the al kylig®iityl NesStehs aFf esi8dric acidaldzdm derjsed dpmdihe F%?ﬂ%
al kanol as the Cl to C4 al kanol used in the esterification step (c).
In this way anjPdecanediphesieidsjtedeernedintd mid handry idecanedd aiat I
T and T he i ST nhl o8l TG Tt e el Y, S Epe R
hi gh boiling eshaklilse plefived| frah stha shmetdiianol asesiher C,stehcasalkanol
glalrrgf:'?glj Sebac@éeed in the este-rthflhci: hiobrg)islt'iengg Fc%t.er Irltlaythailst (%’rar;’atajn\gfel y be
transesterification reactions that may occur do not give rise
to additional esters. Thus when the alkanol used is methanol

15 and the dialkyl maleate is dimethyl maleate, any ester used
as the high boiling ester is preferably also a dimethyl
ester, such as dimethyl sebacate.

The high boiling ester may alternatively be selected
from mono- and di-(C;, to C;y alkyl) esters of one of the C,

20 alkyl dicarboxylic acids, i.e. maleic acid, fumaric acid, and
succinic acid, and mixtures thereof. Examples of such esters
include the esters and mixtures thereof derived from n-decyl
alcohol, lauryl alcohol, myristyl alcohol, cetyl alcohol,
stearyl alcohol, and eicosanol. In this case some hydrolysis

25 of the high boiling ester may occur in the esterification
zone resulting in liberation of a minor proportion of the
corresponding C,, to C; alkyl alcochol. In addition some
transesterification may occur in the esterification zone
resulting in formation of a minor amount of a mono-(C, to C,

30 alkyl) mono-({Cy to Cy alkyl) ester of the C, alkyl
dicarboxylic acid. For example, if dilauryl maleate is used
as the high boiling ester and if methanol is used as the C, to

C, alkanol, then a minor amount of methyl lauryl maleate can



frommono- and di- ((err] to Clerr] alkyl) esters of one of the (Jerr] 20

al kyl di cwaasegéisc acids, i.e. maleic acid, fumaric acid, PeWGB9I8/H326LCCI Ni C
acid, and m xtures t her eof . Exanpl es of such esters i nclude the esters
and m xtures thereof derived from n-decyl al cohol, lauryl alcohol,
nyristyl al cohol, cetyl alcohol, stearyl al cohol, and eicosanol. In
this case sone hydrolysis 25 of the highioiling ester may occur in the
esterification zone resulting in liberation of a m nor proportion of
t'he CObke FR@MdN ByCltdarlsdst A ifildatdldsy] URRNRr, |dha dditd 00 SP B
transesterification may _ occur_in the esterification zone resulting in
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For exanple, if dilauryl nmaleate is us I ng ester and
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m nor bypr odoetns fmsmotnodiosadazamag(@gyst@velg aikjlrh)? malleahleQ][1 bai édtiﬂgt%§§ler
din ste conprj ses rec terial resulting fromstep (e

gzgaulse anygf‘& é‘ rrp(rc]l t8 & ]rC}TY]g mefka tAnCreadkyw t BSEpEsRENERE] ¢

anhydride i, SéEE¥iaa1é9rboxyli8rHbﬁaeéannﬁﬁgergé gkaﬁQL%Eéklkﬁcgkgﬁhlon

al kyl) maleate di tion any nmono-((Cefr] to (Jerr]

nono- ( d er r FheonerEr Frcaisipm) té’@tterltofpatﬁﬁ@s throgady rqheaquﬂercﬁﬁﬂarm«;m c
d r f e | a

passes nrodche ke acear e deaindl) dlyent, d'LHICHHAR & (GPbel e o

t he desiredadkyld] marl]eatt@ .Cerr] al kyl) mal eate. The hi gh

boiling ester nm erpativel,y be elected ( r] to rr]
al kyl) esters of }f‘n %ﬁlﬁ %’ (?)allr'}aé’ lteré’tﬁtdsve]gg’r‘? %ﬁﬂ
napht hal enefzomar(kzgxyb ate,alfkym testdd a5t ]na:l&mﬁanlé;ﬁe@éﬂfdéalr@éﬁﬁfc of

aromatic tricarboxyli such as trimet

d
benzene- 1, 22%3€Fi c§ g‘xﬁ%t’{?théfrl ARl e %’C@Yéﬁ e, from tri-(C,

15 to C, alkyl) esters of aromatic tricarboxylic acids, such as
trimethyl benzene-1,2,4-tricarboxylate, or from di-(C, to C,
alkyl) esters of isophthalic acid, such as dimethyl
isophthalate.

The high boiling ester used in step (a) conveniently

20 comprises material resulting from the hydrogen stripping step
(e) . Hence it may contain already some di-{C, to C, alkyl)
maleate.

Provided that appropriate conditions are adopted in step
(a), the gas stream recovered in step (b) of the process of
25 the invention can be essentially free from maleic anhydride.
Esterification of the maleic anhydride with the C, to C,
alkanol is effected in step (¢) in an esterification zone.
This may comprise a non-catalytic reactor in which the maleic
anhydride in the solution in the high boiling ester undergoes

30 reaction in the absence of added catalyst with the C, to C,

alkanol to form the corresponding mono-(C, to C, alkyl)

maleate. The reaction is:-



al kyl) esters of isophthalic acid, such as dinethyl | sopht hal at e.
- The high boiw0 256 er used in step (a) conveniently 20 coRGH/GRS/ORMeri al

resulting fromthe hydrogen stripping step (e). Hence it may contain
al ready sone di- (Cerr] to (Jerr] alkyl) mal eat e. Provi ded
that appropriate conditions are adopted in step (a), the gas stream
recovered in step (b) of the process of 25 the invention can be
essentially free from mal ei ¢ anhydri de. Esterification of the

mal ei ¢ anhydride with the (er to Jerr] al kanol is &fected in step
(c) in an esterification zone. This may conprise a non atal ytic

reactor in which the nalak\ C_anhydride in the soly |od/mn—%ba hi gh
boi l i ng ester undergoes 30 \&\on in the absence ofLa@ catalyst with

the (Jerr] to (err] t‘lﬁanol d0 fOROH he_c_o%espondlung nono- (Cferr]
nalea

to CJerr] alkyl) T reaction is:

11 [err] ° H4%¥%R|saCMH]toqeqk%N¥ rggi cal . Some
conversion of the nono- (Cq rr] to (Jerr] alkyl) naleatTlto he
corresponding di- (Cferr] to C&Err]

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

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

5 0 '
H\C/L!-—-'OH H\C ﬂ———OR
I +ROH =<—>= || + H,0
H/C\C"—'OR H/C\C.—OR
| |

where R is as defined above.
Such a non-catalytic reactor can be operated under
monoesterification conditions which typically comprise use of
a temperature of from about 65°C to about 260°C and a pressure
10 of from about 1 bar to about 50 bar. This can be followed by
a catalytic esterification stage. For example, the catalytic
esterification stage may comprise a plurality of stirred tank
reactors such as is disclosed in US-A-4795824. Preferably,
however, the catalytic esterification stage comprises a
15 column reactor of the type disclosed in WO-A-90/03127. In
this case the non-catalytic monoesterification stage may
éomprise a stirred tank reactor or a column reactor

containing one or more trays which do not contain any



al kyl') mal eate may al so occur. The reaction concerned is:.- 5

[err] WO 99/25678 0 where Ris ae'rmb@/md‘; apove.
Such a non-catal ytic reactor can be operated under nonoest erification

conditions which typically conprise use of a tenperature of from about
65[err]C to about 260[err]C and a pressure 10 of fromabout 1 bar to about
50 bar. This can be followed by a catglytic esterification stage. For
exanpl e, the catalytic esterification stage may conprise a plurality of

stirred taMesteriﬁimamﬁQM£nntaI@stsaﬂds&hﬂeﬁdiénféEF£réﬁ955é4$oEE6hEWQEhy1
however, the catalytic esterifjcation s e conprises a 15 columm _reactor
of the typeqﬁ{hﬁQéiHP¥rP%Q9§v Fﬁéfﬁ??&ﬁgHOE VaPRBE. cH8dlenEhRoRadsadsl ytic
nmonoest eri f i ity dd ageliBlon fré&@MPEESE(A) Sisrf8d 46RKwhBACtREolEhthe
col um reactor contai ning one or nore trays which do not contain any

12 esté?qlfq%tlf%ﬁf:té%’fal yst and which is fed fromthe bottomwth
o Lo A TERE cd S L oA el tonm oy L Eo BB,
r eact or. reactor of the type disclosed in WO-A-90/03127, then the
solution of maleic anhydride (or a solution comprising the
corresponding mono- (C; to C, alkyl) maleate, if a separate
monoesterification stage is used) in the high boiling ester
10 is fed to the top esterification tray of the column reactor,
while an excess of C, to C, alkanol vapour is fed to the
bottom of the reactor.
In the column reactor the esterification trays each hold
a charge of a solid esterification catalyst. Each tray has a
15 vapour upcomer means to permit vapour to enter the tray from
below and to agitate the mixture of liquid and solid
esterification catalyst in a zone of turbulence on the tray
and to keep the catalyst particles in suspension. 1In order
‘avoid the danger of "hot spots" forming on the tray through
20 formation of pockets of settled catalyst particles, the floor
of each tray is preferably designed so as to slope towards
the zone of turbulence at a slope which exceeds the angle of
repose of the catalyst particles under the liquid. 1In
addition each esterification tray has a downcomer means which
25 permits liquid, but not catalyst particles, to flow down from
that tray to the next lower one. Such a downcomer means will
usually be provided with a screen to prevent catalyst
particles passing downwardly therethrough.
Typical reaction conditions in the column reactor
30 include use of a temperature and pressure under which the C,
to C; alkanol distils. Such temperature and pressure
conditions will vary in dependence upon the C;, to C, alkanol

selected but will typically include use of a temperature of



5 If the catalytic esterification stage conprises a columm

react.or of tW@9%/336@8 di scl osed in WO A-90/ 03127, then the PEDGB3/M26D0f

mal ei ¢ anhydride (or a solution conprising the correspondi ng
nmono-(Clerr] to (Jerr] alkyl) nmaleate, if a separate nonoest erification
stage is used) in the high boiling ester 10 is fed to the top
‘esterification tray of the colum reactor, 13 while an excess of Cl to (4
al kanol vapour is fed to the bottom of the reactor. In the

col unm react orf+be abbati 66Eat tonaboays1eath dinl h presyuaharge faford axhitd 1

_esterification?catalysg. Each tray has a,15  vapour upconer neans to permt
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tray and to keeE the catal yst particles in suspension. Tn order
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which 25 perni tEPPPYEPY, LhBE CRdt OEat BFy SECRRPHPLY SNt 6R £ | R RIRHPR r¥rtve
‘that tray to t9RoPRXbyl 09BHcREEN - SHCHeds 09UNE OFEY wﬁaﬂml - usually be
provided with a screen to prevent catal yst particles passing downwardly
t her et hr ough. In pFgpingl uPehbei enlevndfromrens restrr khieatniordaray 89
-include u of t r at a pr i e
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encounters driexr and drier conditions as it proceeds down the

15 column. In this way the esterification reaction leading to
formation of the di-(C, to C, alkyl) maleate is driven further
and further towards 100% conversion to the di-(C, to C, alkyl)
maleate.

Any byproduct acid, such as acetic acid or acrylic acid,

20 that is also present in the vaporous stream from the partial
oxidation reactor, together with any maleic acid or fumaric
acid present in the solution supplied to the esterification
zone, will undergo conversion to the corresponding C, to C,
alkyl ester or diester, as the case may be.

= 25 The vapour phase stream emerging from the topmost

esterification tray comprises C, to C, alkanol vapour and
water vapour; it may further include traces of winor
byproducts such as the di-(C, to C, alkyl) ether, besides
traces of the di-(C, to C, alkyl) maleate and of the C, to C,

30 alkyl acrylate. A further additional tray or trays may be
provided above the uppermost esterification tray to act as a
form of washing column in order to return di-(C, to C, alkyl)

maleate to the esterification trays. The resulting vapour



I's the ion exchange resin sold under the designation . Anberlyst[err] 16
by. Rohm anD 9926678 U. K. ) Limited of Lennig 5 House, 2 MasORCEHGRYSORI64 .
Croydon CR9 3NB, England or that avai |l abl e as DPT1 i on exchange resin
from Kvaerner Process Technol ogy Limted of The Technol ogy Centre,
Princeton Drive, Thor naby, St ockton-on-Tees TS17 6PY, Engl and.

In passing up the colum fromone esterifigation tray to 10 the next higher
one, the upf lowing Cerr] to (Jerr] al kanol vapour carries with it
wat er of est@tréamarwhﬁchThssnbheedseﬁﬁially tPee frofl @irlcaldy!qd, ailkyl)

mal eat e- cont ai uid passing down the colum reactor from oné
esterlflcatﬂﬁﬂf 'gi %x%ﬁﬁ ﬁgﬁt SBWE# Bhe columBpcounters drier and drier
conditions as it Prereeds H@MﬁoﬁthléhéokHﬂﬁmnlPe&@tér“@MeEQe%fefe overed

esterification reaction leading to formati on of the di-

Cerr] al kyl3 kefekd eStEeapi GeAPTifingra solubhdnf ft hbe d@méﬁdsuiﬂﬂ%)A
conversion to r}.t | e ny
byprodué? acujE sughagéigée%?ce%%Tgigh %%?%#hg 3 ga €%§ *Ps al so

present in téssemporblp acléaﬁréeon1Iﬁedpairedlthls 1mqudatcaﬁ beaﬁﬂﬁixed
t oget her w th, any Iel r i n_the solution
supplied to THe* & ?*?ng ghq: ?gkénqh Ppguﬁaéﬁﬁ gﬁ? 85 8n to the -
CorreSpondIn@bliéﬁiﬂgtfe£E66f]conta1ﬁih§|aeﬁééroﬁrsélﬁat85te§§flb§t98§e may
be. 25 The vapour phase strean1energ fromthe topnost

re

esterificatiHIFESE COPRFRELRI CYRALT %qu¥ 2§ kaRBratapguroaditions.
wat er Vepourgudi é@ﬁ{diwéﬂértﬁié&ﬁ iﬁ&?ga&f EénBE a tem§¥959ﬁk‘§t ggsuch

as the di-(Cerr] to (Jerr] esi es o0
-(derr] tlrapeakquinl &57§ tal @lmwet akeis o¢ anrd a(:[mreé,smoe Gerifoabout kyl

d
3SLZL§;§i eq?erlélcég$%% %L%%géotéggyg ia¥°l$§ ﬁ?g?rﬁﬁéﬁ?ﬁbogggﬁﬁﬁg¥%tthe
order to retis rtle -{d3 eex¢hang€] eesinabsyl) undernBheatiesignbbéon
izterlflCatlc”ké;f?EEmTrg-ggsﬁéﬁ$ngngaﬁgg; (U.K.) Limited of Lennig
15 House, 2 Mason's Avenue, Croydon CR9 3NB, England or that
available as DPT1 ion exchange resin from Kvaerner Process
Technology Limited of The Technology Centre, Princeton Drive,
Thornaby, Stockton-on-Tees TS17 6PY, England.
In step (e) of the process of the invention, a gas
20 stream comprising hydrogen is passed through the solution of
the di-(C;, to C, alkyl) maleate.

The hydrogen stripping step is preferably conducted
substantially at or at a pressure slightly higher than the
inlet pressure to the ester hydrogenation zone. The hydrogen

25 stripping step is similarly preferably conducted at
substantially the desired inlet temperature to the
hydrogenation step or a little below this temperature, for
example from about 5°C to about 20°C below this temperature.
Then the temperature can be raised to the desired inlet

30 temperature by admixture of further hot hydrogen-containing
gas which has the additional benefit of diluting the vaporous
ester-containing stream and thereby ensuring that it is at a

temperature above its dew point, preferably at least about



stream which is now essentially free fromdi-(Cerr] to C(ferr] alkyl)

mal eat e, exi WO 9Nn8&Mop of the col um. From t he bot PCHIGHI8/03264
colum reactor there is recovered a liquid streamconprising a
solution of the di-(Cerr] to (Jerr] 5 alkyl) naleate in the high boiling
ester. This is essentially acid free. If desired this liquid can be
adm xed with additional Clerr] to (err]i5al kanol and passed through a
polishihng reactor containing a bed of solid esterification cat al yst
operating unders°Ci juighheghidanopsmsademgpoandi.ti ons. 10 Such conditions
typically include usg erature of om_about _65[ err] C ta about
135[err] C and a pressurey%9&¥% RAASUSEEP is ﬁ&%aang§8839Y3t8§P cﬁegy fcal
solid esterifiaald aapeainipitise, usingy Ehadteroyenange eseern hyakrdgendedonhe
desi gnati on Anberlyst err] .16 by Rohm and Haas (U. K ) Limted_of
Lennig 15 Hous&t&¥son' %%@@S@%W%maﬁmen EAGRANEESr ipRalde
availabie a5 DRELJU Puaiion [l (QBHASCHT 08RB1e roltERACLAGper
Limted of The Technology Cbntre I nceton"Drive, hor naby,
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hydr ogen stri pfigw-asiesp lIendorefe ailg. conduct ed subst antially at or at
a pressure slightly higher than the i nl et tothe ester
hydr ogenat i on zone.éﬁﬁaqﬁﬁﬂ%y PR q%ﬁﬁmﬁﬁ?é%ﬁﬁg VﬁlﬁapﬁﬁtﬁF&Feﬁ&Eﬁy

conducted B  in SURstaidaldy fthem daphied kgl cbe%%h%t df Gl O frh@
hydrogenation step or a l'ittle below this tenperature, for exanpl e from

about 5[err] C tRarddsie201at feC Helagy mrérq@e@@rm@ e.g.Thpherks,
tenperature Ca’bnéigercas! sed Jfy tdie s%“c‘i'%ilre%d W\ﬂ% %%1 ?”Pﬁ@%&%g. p@ﬁ ggm xture

of further hot rogen-cont ai ni ng Ional benefit
of diluting the:ataimams‘:he resgttere cmmt ebeman@r@ﬂrleamdamdbeheeabyomswhiln@

;ngt 't is at aan be o eraatt u%bq:a%tln:[ S_L ewé?)%lh%t maq.ﬁ.%f,e%%we er, %ast
15 preferably an adiabatic reactor. The use of an adiabatic
reactor is advantageous since its capital cost is much lower
than that of a shell-and-tube reactor and it is generally
much easier to charge the reactor with the chosen catalyst.
Hydrogenation is conducted at an elevated temperature
20 of, for example, from about 150°C to about 240°C and at a
pressure of from about S bar to-about 100 bar, preferably
from about 50 baxr to about 70 bar.
From the hydrogenation zone there is recovered a
hydrogenation product wmixture which contains, in addition to
25 the C, to C, alkanol, also butane-1,4-diol, and some
tetrahydrofuran and y-butyrolactone. Even if the primary
product of interest is butane-1,4-diol, the presence of these
minor amounts of tetrahydrofuran and y-butyrolactone is not
disadvantageous since these compounds are important chemicals
30 of commerce and it is accordingly economic to recover them in
pure form. If desired, y-butyrolactone can be recycled to
the hydrogenation zone to produce additional butane-1,4-diol.

In addition the hydrogenolysis product mixture will normally



5[err]C higher than its dew point. The hydrogenation, step is
advant agewodbgsezenduct ed in t he vapour phase, using a HCIIGBIS®BI6E0US
ester hydrogenation catal yst. Typical ester hydrogenation catalysts

i nclude 5 reduced pronoted copper catal ysts, for exanple reduced copper
chromte catal ysts such as that sold under the designation PG 85/ 1 by

Kvaerner Process Technol ogy Limted of 20 Iast bourne Terrace, London W2

6LE. The catal yst particles preferably have a particle size 10
in the rangeom:ftafﬂmmiamnan@n‘&zmdﬁ) tatmwoﬁ:arapondﬁtmg di- (@r tbckgsabrylpe

of any conveni ent ape r.es, or saddl es. Wen
using a fi x&EFFEE %-re b&'ﬁ%ﬁ?@s‘t ettl'}‘Fe TY¥TR rb‘%rpgoéijaﬁmgWe]I | - and- t ube
react or, WhiaQlkoxysuzaiimgOpey af ed Syl thed Aok Sieddaid®d | dranerero it
is 15 prefer abIM\é an_adi abatic reactor. The use of an adiabatic

&

reactor is &dvahkapeduissmeEbanpd. caprt ¥RtESst is nmuch | over " than t hat
of a shefl-and-tyhs reaGhHIy adkdf14d. Sré&'&ﬂﬁl.&ml%d odiedt i§F 4 oaghprge

the reactor with the chosen catal yst drogenation is conducted
at an el evatted Gheapkyatd umeleeteohnds @ub@mm pﬁllmrflla:la@upnlw[ éhe]C to

about 2400 et ] G AlC Aiae mPLESSULS. DL TLOM AR B DR, 1.0 ADOUL 100, bar

preferably romab ar
hydr ogenat i @e Zede tderEs-is- 430019 2d WO- A-B@ywmﬁnaﬂcbm-mm&m NyStare

which contains, in addition to 25 the (%err,}1 (% u% al kanol aI SO

but ane- 1, 4- & &78%d "&'4945]t7e%'raq§/b¢’ W G%ncp Lol %/'1:’%7%%1 R BEven i f
t he prllrmry5310gy4odlg;{d afolxter asiod®, but ane-1, 4-diol, the presence of

t hese ni-nor amounts of t et rahydrof uran and y- butyrol actone i s not

di sadvant ageous sith@rdgiederaiorrintRverelonpirY dr ehrad bal wndersieppod
O O AT ld A SR o R e 0 FSOYER UG L o REL01
to produce dddiatrieoilal4Hlic@he-ds wellblas somé nv—ablalh:Yr@lla¢ttm¢1ym:ﬂJgenol ysi s
grc.?.?gg8?10§%}e a\’iﬂ&c{rgﬁ{r@rll,l yusingvéppgxgéi? 51617e8d process in accordance with
15 the present invention will now be described, by way of
example only, with reference to the accompanying drawing
which is a flow diagram of the plant.
Referring to the drawing, n-butane is supplied in line 1
at a pressure of from 1 to 3 bar and at a temperature of
20 400°C to a partial oxidation plant 2 which is also supplied
with air in line 3. Partial oxidation plant 2 is of
conventional design and includes a partial oxidation reactor
comprising tubes packed with a partial oxidation catalyst
consisting of vanadium pentoxide packed into tubes provided
25 with a jacket through which molten salt can be circulated for
the purpose of temperature control. The partial oxidation
reactor is operated at an air:n-butane feed ratio of 20:1.
A hot wvaporous partial oxidation product stream is
cooled by external cooling against boiler feed water to raise
30 steam and then against cooling water to reduce its
temperature to 138°C. It is recovered from plant 2 in line
4. This contains 2.9% w/w maleic anhydride, 5.8% w/w water,

1.3% w/w carbon dioxide, 1.0% w/w carbon monoxide, 0.01% w/w




16 contain mnor ,amounts of the corresponding di- (Clerr] to (Jerr]

al kyl.) sWOPRHT8, n-but anol, the corresponding dial kyl PCT/GB98/03264
“al koxysucci nate, e.g. dinethyl nethoxysuccinate if the CJerr] to 4
al kanol is nethanol, and water. 5 For further details regarding
hydr ogenation of a di-(C to C4 al kyl) mal eate and subsequent
purification of the resul tant crude hydrddenation product m xture,
‘ref erence may be made to US- A-4584419, WO A-86/03189, WO A- 88/ 0937,
US- A 476788t 14S-FcUDATN7BL Y UEWA-AUOREBES adis A 152547 58w dSyvienl0 and

5310954, and : 0. . | n_order that .the inventjon,may be
clearly under Xﬁ)}%%ﬁloagrgcg% SRR TR YR SRR RS A ECSe thc?re‘%lﬂ*é‘ert
| {)r ?duﬁt iclonf o ar e ]j;sel%?rdr)letdo a?éﬁitﬁn accor dance v%ngitgﬁ(tﬁ t %gd P

et rahydr of uran,, using a ) , _

resent inventi'GHSH 13 $e® A Ted RPAPWBRT SPravamdl 8wyl t h
et er ence 9 t RGN AY & AL ied WL dupedathQY %ifa%'b%%.‘to“sst"@e

pl ant . Referring to the drawi ng, n-butane is supplied inline’1

at a pressure ofrqwokine to 3 The sanitkhed waalq%mmﬁé:rpefam@hmmci@nt]a@éﬁso a
partial oxidati ) [ .C .0, SU | e with ar din .
Partial oxidat icg'nrb%l gﬁr‘léw %n%ﬂsglo(? arﬁlfé:xglrﬁ/eeneto’laotﬁal%h&estlo&n.ognf clrﬁ%)%&& s%z?wer >
partial oxidatiion veesictgrs linecohpamdsiiyg gasmesd p;@clgedzc?\ytteh_g?sgmtrhalr, o

oxi dation catal yst consi sting of vanadi ym pent oxi de packed i nto tubes
provi ded 25 wi %/h a 12J"%Fd“ké:tq'”&‘t ﬁ? yeid c??%tii’é‘p@ ST &n HHETE AeuraCoyered
~the purposy) of d enRfrial Wier<@tindlLinth& RAildAlcdhPrd@ldson so1ut8dal OF IS
operated at an air:n-butane feed ratio of 20:1. A hot vaporous

partial oxi dat iBWPEPORRIe r2amW/y maleig@ndydsi dexeadn 8- 0éGoM/ Wy aggailist

boi l er feed watgy, { dt i | 4i e 0
reduce its aq{le&n%é{ gitlﬁfeeég% %??{%r C. :&?{%s?q%ec%%%)gﬁg%df ?%m p a%to Et"2 oifna
l'i ne 4. Telawomesateo . DBivokentlygiec dmsuydibiede inS WOKAWOW/Water,. This

. . ) i 0
1.3% ww carb O%o%p%xfsde% a 'n%é?bwe’/rwocérebs %rq%%)gtci%h 'J:an%/é) \'(II\‘.I/OVI.\Ilnted one above

15 the other, each containing a charge of a solid esterification
catalyst, such as Amberlyst™ 16 resin or DPT1 ion exchange
resin, and each having a vapour upcomer for upflowing vapour
and a liguid downcomer to permit liquid to flow down the
column from one esterification tray to the next lower one.

20 Methanol vapour is supplied to the bottom of column reactor
by way of line 10. Water of esterification is removed in the
vapour stream exiting the column reactor in line 11. Column
reactor 9 is operated at a temperature of from about 110°C to
about 125°C and at a pressure of from about 1 bar to about 3

25 bar. The residence time in the column reactor is about 3
hours. Normally the temperature on the top tray will be
somewhat higher {e.g. about 125°C) than that on the lowermost
tray (e.g. about 115°C).

A solution containing about 250 g/l dimethyl maleate in

30 dimethyl sebacate is withdrawn from the bottom of column
reactor 9 in line 12 and pumped to near the top of a
stripping column 13 which is operated at a temperature of

170°C and a pressure of 885 psia (61.02 bar). Column 13 has



17 acetic acid, 0.01%ww acrylic acid, 15.7% w w,oxygen, and

t he . bal ancwoewxssrd i al | y conprising nitrogen and ot her inerpcT/GBIS/gRELS. |t
is fed to the bottomof a scrubbing tower 5, up which it passes

agai nst a downfl owi ng spray of dimethyl 5 sebacate which is supplied at a
tenperature of about 68[err]C fromline 6. The scrubbed waste gas
stream whi ch cont ai ns 0. 03% w w nal ei ¢8anhydride exits the top of
scrubbing tower 5 in vent gas line 7 and is passed to a waste gas

bur ner . a numbgronft Bésbiililemioh scrysbrbgveonke 50hh$refiinﬁQQQMﬁﬁﬁd

appr oxi mat ol 5 25 B wieer D HafafR, BETRRASE: RsRlrR R o oo asutiy i1

di net hyl sebaedtiee Ehrsybsesupﬁlthé h&ghhbthmngfe&ter d$Md%$§lr%%%k%%t% of
t he type descrlggd i n A-90/08127. This nprises a nunber of

esterificatidh tP&ySVRD ﬁ?gd355335b5€8m1§°1PW§ 6?herTh§a§ﬁl@6ﬁ9a ®tng a

charge of a 8ohbdhgst paibheat i8Ndimeth¢at 8k¥akat8UsH oS éER%TE%EE%ﬁf
resin or DPT1 jon exchange resin, and each having a vapour r for

upf | owi ng vagedpmn 13 aﬁélasquul§P§QWWGOHEStEGapeDﬁ|hyﬁm@aen tfarofd Qviingown
the col yym fepm gegﬁgggar a&ﬁg@ggg skh8katg &Qer“exttlgg“%f ;%,hﬁay of

Met hanol vapour is su t om of “col Ufn “red

i ne 10. vatbotbbmesfesttupgungncpiumanmaeﬂylWayhef lineapotto thee@dp of
exiting the col.um.reactor ip lipe 11t Col umm react.or 9 |s oper at ed at
a tenperat ur 8% 5?H3}8ﬁ1§888F %1 EFPPC b§ toP gfiostripping rel 3@9 38 &here
pressur é0of é&mnesyaboth 11h§r150aah@d& 8a20rabaf. vaplar askdenee sk N the
colum reactor is, about 3 hours. Normally the tenperature on the top

tray will becomPTigiBahdimathidr mpdegteappubydrspens] @itbhan that on t he
| over nost Yaféﬁeﬁedgmeﬁh9§tm&iéﬁ?ErEGEaﬁyFatlo ofAaBlut KoR . aontq?ayng

about 250 g/l dinethyl maleate in 30 dinet sebacate I's w thdr
t he bottom oVaperumMiixturpegtreprmgipnati e tetpemdtpueped tforomeabotilte 18®3 Cof

a tr'pp%ggaBBLHnEQ%BCMQ§§5aES OB%%%E@% edbr3sh€ erat%%eﬁgsdlluted

170[err] C and a pressure of psra bar) .
15 with further hot hydrogen from line 16 at a temperature of

from about 180°C to about 195°C to yield a vaporous stream
with a hydrogen:dimethyl maleate molar ratio of about 350:1
and is at least about 5°C above its dew point.
This vaporous mixture passes onwards in line 17 to

20 hydrogenation plant 18 which includes an adiabatic reactor
packed with' a reduced copper-based catalyst, for example, a
reduced copper chromite catalyst, and operated at an inlet -
temperature of 173°C, an inlet pressure of 885 psia (61.02
bar), and an exit temperature of 190°C. The dimethyl maleate

25 feed rate corresponds to a liquid hourly space velocity of
0.5 h'*. The plant also includes a purification section in
which the crude hydrogenation product mixture is distilled in
several stages to yield pure butane-1,4-diol in line 19.
Lines for separate recovery of y-butyrolactone and

30 tetrahydrofuran are indicated at 20 and 21 respectively.
Fresh dimethyl sebacate solvent can be added by means of line
22 while a purge stream of the recycled solvent stream can be

taken in line 23..



18 a nunber, of distillation trays above the point of injection of

t he di met hyl W@39256%8 sol ution into colum 13 so as to r e RGTGRIBOI2oby er
of the high boiling ester dinethyl sebacate in the overhead stream from
colum 13. The solution of 5 dinmethyl nmaleate in dinethyl sebacate flows
down stri pping col um 13 agai nst an upflow ng stream of hydrogen from
l'ine 14. The stripped di methyl sebacate il¥ recycled fromthe bott om
of stripping colum 13 by way of line 6 to the top of scrubbi ng tower

5. Fromthe top of sthe ppimethol webdRtdhazed s ammpas ican bee replacedar

saturated vapo m r m ri,si,ng di nethyl .nmal eate in_.
“hydrogen, wit h%ay' f%#:y%ﬁ%a ﬁ?’di“r‘r% l}ﬁ@ﬁa&?@ﬂaq%l%q@r—%gﬁogy S50t F5FhyL
- Thi s vapourbenzéne-€l s2 featntricarthoxy 12t esntdine tifylf HeophttalatdQ[ err] C
"to about 195[err].C and atfpress re of 62 har. It is diluted 15 _ wth
further hot hydHog@arbie+y neta el qtethybfrRatahs G e Yepdfcsdods high

180[err] C to aboui) kab[&std B &I d(@ VAROrQUSIRYIPaMleat M tfufarate, or
hydr ogen: di net hyl nal eate nolar ratio of about 350: 1 and is at | east

about 5[ err] C aBweinake deiy porktture of two T soxgpdhexreod x cptdopaddas in
onwards in lin . r | it i i es
adi abatic reacﬁ#ﬂl}g&%‘%&%wﬁﬁ@%ﬁ%ﬁ% cno%gng\?{aﬁ;(rs&éﬁrkgéagf yas@%&]f or

exanple, a mEthes, chpperatody ot tenoairedtestar andhisqrerret ef awocaor mogte

tenperature of A173[err]C i nl et. pr.essure of 885 psi 61.Q bar) ,
and an exit tenper Ef?ﬁ' %ﬁﬁl}%dl%e‘:% FERASRAIE A% 158 Pé’éé P&t gu.xt)ure

-correspondsi t 0 of ldcitsl, hos ) ynspsce @l eI tumbfic aci@,d adlagoh] sutkanlant
al so includes a purificatjon section in whi ch t he crude hydrogenation

product ni xtur @55 di skyRI%RILIH the hRighheilingestes yrelsychupe case
bUtane'1’4'd'mcddbfiéﬁ%]ﬁkedomiﬂéﬂﬁfyféﬂeQfﬁﬁﬁﬂhﬁcgeg§¥%g$§g&i§fure, with

y-butyrol actone and 30 tetrahydrofurdn are 1 ndicate
respectively. no nReeshhimet inge Beatet sdweintaldan lessaddesd bpomtans of

e 22 Whid® & RIrEs! SRR dDEdSRIEI ST SRRk LR ROARRLRE
15 mixture and/or of the corresponding acid or mixture of acids.
As an example of such a high boiling ester there can be

mentioned dilauryl maleate, which may contain minor amounts,
preferably less than about 1 molar % each, and even more
preferably less than about 0.25 molar % each, of one or more

20 of dilauryl fumarate, dilauryl succinate, monolauryl maleate,
monolauryl fumarate, monolauryl succinate, maleic acid,
fumaric acid, and succinic acid. In addition, as a result of
transesterification in the column reactor 9, the recycle
stream in line 6 can in this case contain also a significant

25 amount of methyl lauryl maleate, for example, up to about 10
molar & or more, typically no more than about 5 molar %, and
often less than about 1 molar %; in addition it may contain
minor amounts, typically less than about 1 molar % each, and
even more preferably less than about 0.25 molar % each, of

30 lauryl alcohol, methyl lauryl fumarate, and methyl lauryl
succinate.

The invention is further illustrated by reference to the

following Examples.



19 The di net hyl sebacate used as sol vent can.be repl aced by,
f or. exanpwe,99usa78y|l napht hal ene- 2- car boxyl ate, trinethyl PCT/GB98/03264
benzene-1, 2, 4-tricarboxyl ate or dinethyl isophthal ate. Al ternatively

t he di net hyl sebacate can be replaced as high 5 boiling ester by a di-
(err] to Jerr] alkyl) maleate, fumarate, or succinate or a mxture
of two or nore thereof, optionally in 20admi xture with the correspondi ng
nmono- (Cferr] to (Jerr] alkyl) mal eate, funmarate, or succinate or a

m xture of Examplenmdre t hereof , and/ or vvith the correspondi ng free
acid or mxture Cld ri.c, aci.d,. a

succinic aci ég ?y& %acf: ﬂ‘%’tthi?n%ﬁ' g?hdgé% |%n st 3}3 i s&f’flilydré' e Vexe
conprises paédowedand yellot d:lo@ﬁtefexorlrdlaes:tcemmbdtlﬂdmedl\nﬂlfask l'[(b AHee

than a mnor a unt pi caII Iess n _about l.ar % each, of t he
cor r espondi f§* é‘%‘ QE %ﬁ&fedéﬁﬁ’ Ylofsetér?é’
correspgndi pg . @cgdocfr et ta.ro@1 efxca:sar@se resirS ADEEXANRIEL éaichaifdb a-dH
boiling ester there can be mentioned dilauryl mal eate, which may

contain ni ndg arrﬁ@mreretw%aéf doablexqhange e iabeentringng swlehdniand

even rnore A g, terlde%] au%&ﬁ%& £k KRldnet kel ANGhY1IBY ©

20 of dil auryl succl nat e, auryl eate
nonol aur yl ﬂ.unart@tde qﬁ)mﬂmme,dhrmlmgmalemtml éhirgsitthn Drlvfa),rrﬁlrhccrrea:b)d,,

and succi ni ul.t__o transesterificati n
the col um {k Iong %‘geel'ge%&&%%ﬁ g:'tsrl' o iRE ém@%l 1% "as g’ O%eeé
cont ai rnoal seoalsuogm Bndadt-y2 metaalidll feid met e lfadsy athlcaizte foF 6

exanpl e, up to about 10 nolar & or nore, typically no nore than_about 5

mol ar % andole hg¥iedhenGInreEiRA Tt et/ %Oﬁt%’am% bypFRguct
cont ai n WELRY AP Wit HMPIAdY, Wass ddraivahkitove Ml foraghingnd

even nore preferably | ess than about 0.25 nolar % each, of 30 |auryl
al cohol , neteyidena@atjorn .umiie eonar Sarhyd |mmethyl dpckgaig o

g(‘gn;)l”"e”t | O et i Wlifeddd Yild #8G Red U ANSRAA A sampddd | OW NG
15 periodically from the reaction flask and analysing such
samples for acid content. The experiment was continued until
the level of acid dropped to less than 0.5% by weight. The

results are shown in Table 1 below.

Table 1
20 Time T Overhézge
(minutes) wt/wt% acid | wt (g) wt% DME DME (g)
0 55.9 - - B
30 ' 18.3 72.5 0.04 0.03
60 2.9 114 0.09 0.14
25 90 0.41 94 0.19 0.31
120 0.27 101 0.31 0.62
150 | 0.12 110 0.36 1.02
Note: DME = dimethyl ether
30 The final sample was also analysed using a capillary gas

chromatographic technigque. This enabled the amount of

hydrolysis of dimethyl sebacate that had occurred to be



20 Example 1 98.0 g of nethanol and 32.0 g of maleic

~anhydri de. WeW® 99125678 | owed to react together in a round bott ®CEHGHIBAIAS To
t he resultant m xture was added 130 g of dinmethyl sebacate and 5 26.0
g of DPT1 ion exchange resin. (DPT1 ion exchange resin Is a
-macroreticular ion exchange resin containing sul phonic acid groups and
I s avail abl e from Kvaerner Process Technol oggl Limted, of The

. Technol ogy Centre, Princeton Drive, Thornaby, St ockt on- on- Tees TS17
6PY, Engl and). ditemiixtad e i hestdd € Gire @itk dnr f€baed2dry net hanol fed
to the flask at a rate of 6 nole hr[err].. Any unconverted net hanol,
.together with byproduct wat er and d|ﬁé¥#§¥ié¥her was recovered

overhead follo cﬁ% ongensatt o, e CONMvEr ST O Of —HONONEt Hy T Ha-cote
to di net hy\n] PEREE Was fol | owed by withdfawi ng sanpl & ﬂf—’
"periodically fd&g%%g%_reactlon flask and analjysing such npres 1or
~acid content. ] exoer|nent was _continued until t he Ie%e of acid
dropped to 4 esypiharn{15%¥ agieght . The fesults are ngw@ in Table 1
“bel ow. Table 20
“Over heads Moflomet@s)l sealcah® acid  wt [ Q) %)@NEG DVE (9)
0 55. ¢ - 30
018.3 72)|Bebacic agid4 0.03 60 0.01 2.9
114 0. (o —t4—25 96 44 94
-0.19 0j¥pnomethyl maipgte 0.27 101 ©0.18 0.31
0. 62 Monomethyl fumarate 0.14
10 Maleic acid 0.02
Dimethyl maleate 46.9
Dimethyl fumarate 1.91
Unknowns 0.9
Water 0.09
15

The results indicate that a small quantity of dimethyl
sebacate was hydrolysed to monomethyl sebacate and sebacic
acid when employing dry methanol.

Example 2

20 32.0 g of maleic anhydride and 98.0 g of dry methanol
were reacted together and then heated to 110°C in 130 g of
dimethyl sebacate in the presence of 26.0 g of DPT1 ion
exchange resin according to the procedure of Example 1.
Methanol containing 30 mol% of water was then fed to the

25 flask in the manner described in Example 1 at a rate of 6
mole hr until the system reached equilibrium. Then the
amount of water in the methanol fed to the flask was reduced
to 15 mol% and the system again brought to equilibrium. The
experiment was continued using methanol containing 5 mol%

30 water and finally using dry methanol. The results obtained

are set out in Table 3.



150 0.12 110 0. 36 1.02 . Not e: DMVE

= di ne¥dydnseisher 30 The final sanple was al so anaCys&sds/osbsg a
capillary gas chromat ographi ¢ techni que. This enabl ed the anount of
hydrol ysis of di methyl sebacate that had occurred to be
21 determ ned. The results are given in Table 2.
Table 2 Conponent 22 w/w %
Met hanol 4.7 5 D net hyl sebacate
45. 8 Mononet hyl sebacat e Table 3 0. 06 Sebaci c
aci d 0. 01 nonet byl Al eat e
0.18 nost lyl f Unapabauct Dimethyl Monome@hi4 | 10seblBhei C
acid . 0.02 D met hyl maleate |
46. 9 -mgqﬁﬁrfunhra§gldlty sebacate sebacgteg acid
30 9.76 43 .4 5.0 0.1
5 15 4.48 52.0 - 2.7 0.1
5 1.27 42.6 0.5 Trace
0 0.16 59.7 0.2 0.1
Note: Product acidity means percentage of monomethyl

10 maleate.



Unknowns . . 0.9 Wat er

0.09.15 . WO0991256Tse results indicate that a small quantityPOT/GBBSeA264 |
sebacate was hydrol ysed to nonomet hyl sebacate and sebacic aci d when
enpl oyi ng dry met hanol . Exanmple 2 20 32.0 g of maleic anhydride
and 98.0 g of dry nethanol were reacted together and then heated to
110[err]C in 130 g of di net hyl sebacate pn the presence of 26.0 g of
DPT1 ion exchange resin according to the procedure of Exanple 1.

Met hanol cont aicnargs30 nol % of water was then fed to the 25 flask in the

manner described in Exanple 1 at a rate of 6 . nole hr[err] until the
syst em reachedtequi | i Br PGRCePRehorhEhe PraABERionf Ohatlr L8RSt HeRfethanol

fed to the flaskmpBanteddigered fE‘BmlﬁuE_Qh%)—@?&l—&E'Sl,SY?LBHE P81 A-PERLIRh gt O
equilibrium The experiment was continued using nmethanol containing 5

mol % 30 wat er tasgahydaoifprasi nyhdeh Aechadek. th¥hetepsoft bydpegenadion in

are set out'in b . . 2
Table 3 5 t ﬂwgﬁpéyr phaﬁ?o&ﬁc? di (Bréﬁfﬁ§|alkwéhoﬁ%%ﬁ?Fe lnsggécic
wat er aci girkgence s€bacaheticuliebacateer hydro@éhstion catalpédt, which
9.76 43. 4 5.0 0.1 5 15 4.48

52.0 process compgilpes: 5 - 1.27 42.6

0.5 Trage) contacting a vaporous stream containing maleic anhydride

vapour, water vapour, and carbon oxides in an absorption zone
10 with a high boiling ester as solvent thereby to form a
solution of maleic anhydride in the high boiling ester, said
high boiling estexr haviﬁg a boilling point at atmospheric
pressure which is at least about 30°C higher than that of the
di-(C, to C, alkyl) maleate and being selected from di-(C, to
15 C, alkyl) esters of alkyl dicarboxylic acids containing up to
13 carbon atoms, mono- and di-(C,, to C;; alkyl) esters of
maleic acid, fumaric acid, succinie acid, and mixtures
thereof, (C, to C, alkyl) esters of naphthalenemonocarboxylic
acids, tri-(C, to C, alkyl) esters of aromatic tricarboxylic
20 acids, and di-(C, to C, alkyl) esters of isophthalic acid;
(b} recovering from the absorption zone a waste gas stream;
(¢) reacting maleic anhydride in the solution of maleic
anhydride of step (a) under esterification conditions in an
esterification zone with a C, to C; alkanol to form the
25 corresponding di- (C; to C, alkyl) maleate;
(d) recovering from the esterification zone a solution of
the di- (C, to C, alkyl) maleate in the high boiling ester;
{e) contacting the solution of the di-(C; to C, alkyl)
maleate in the high boiling ester with a gaseous stream
30 containing hydrogen thereby to strip d4i-(C, to C, alkyl)
maleate therefrom and to form a vaporous stream comprising
hydrogen and di- (C; to C, alkyl) maleate;

(£} contacting material of the vaporous stream of step (e)
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23 CLAI Ms: 1. A process for the production of at |east one
4 conmpound sel ected from butane-1, 4-diol, y-butyrolactone and
tetrahydrofuran, which includes the step of hydrogenation in 5 the vapour
phase of a di- ((err] to Cferr] alkyl) mad4ate in the presence of a
particul ate ester hydrogenation catal yst, which process conpri ses:

(a) contactiiny aa Me@xmmnaisi%mamn@nmﬁd@r n@sit:raf eh?dfé@éfgétﬂ&txhcondigﬂeﬂé
ter vapour, nd carbon oxides in _an I on zone Wi a
\ggl li ng gster 315 sg*f‘?/te%’fc’ﬁfé?%‘b?/ ‘t"%t?ﬁahY‘gr genatipnt Fakabyshatbereby to

anhydri de i redeedtd gii b, iveg cgShekyl$ahdleate BiOhvBPLLLAS:§ShekNaYi Nng a
boi I>/i ng poi r]t at at nos herl C « p?essure WhIeC i,| syat east about %é[ err]C

hi gher "t han t 5] e compoyindg @edmqted fgar Hutainieil) 4raliedt.e vend bei ng
selected 1 oeyrdiddidie (ond el Sydrabludd, osigrs of alkyl dicarboxylic

acids containing up to car atons, hono- and di- (Cerr] to
Cerr] al kyl{@lestr@apegring e eflze a]mydirogemmimammie Suscodi €t ast deamnd

m xt ures grrglq%lsgaqgréé iea%err g&)ﬂesters of

napht hal enemonocar Hod, Clerr] alkyl) esters
of aromatic Z.ricax l;quems 24 caed Tisg w%%ﬁxrﬁqﬁriﬂ b&lQléi{leEﬁé @l led )c\:AgS: grs
of isophthal aC| overing_fromthe absorption zone a S
gas stlroeam alkat Tyig é%ectté#goimﬁré‘?c Che 4T (Ge ton Gehalkplut neheatendkei ¢
anhydr i e ofdls(tea;pljla)m&me esterification conditions in an

esterification zone with a err(% to CJerr] alkanol to formthe 25
correspondi g di & §*9595% AEXFIINAI Q| gladm chter claim(2) imceechnghérom

the esterif e Werdard B4 Ofa) is produced by partial oxidation

of a hydrocarbon feedstock in the presence of a partial
oxidation catalyst using molecular oxygen.

15 4. A process according to claim 3, in which the hydrocarbon_
feedstock is n-butane.
5. A process according to claim 4, in which the partial
oxidation catalyst comprises vanadium pentoxide and in which
the partial oxidation conditions include use of a temperature

20 of from about 350°C to about 450°C, a pressure of from about 1
bar to about 3 bar, an air to n-butane ratio of from about
15:1 to about 50:1 and a contact time of from about 0.01 s to
about 0.5 s.
6. A process according to any one of claims 1 to 5, in

25 which in step (a) the vaporous maleic anhydride stream is
contacted with the high boiling ester at a temperature in the
range of from about 60°C to about 160°C and at a pressure of
from about 1 bar to about 3 bar so as to form a solution
comprising maleic anhydride in the high boiling ester.

30 7. A process according to claim 6, in which the contacting
step is carried out in a countercurrent contacting device
wherein the ascending vaporous stream is contacted by a

descending stream of solvent in a gas ll_digﬂggntactlng
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the di-(Cerr] to (err] alkyl) maleate in the high boiling ester; (e)
contacting twe9Rsesi on of the di-(Cerr] to CJerr] alkyl) PCT/GB8$@R64 in
the high boiling ester with a gaseous stream 30 contai ni ng hydrogen thereby
.to strip di-(Cerr] to (Jerr] alkyl) mal eate therefromand to forma
vapor ous stream conpri sing hydrogen and di-(Cerr] to CJerr] alkyl)
"mal eat e; (f) contacting material of the28aporous stream of step (e)
24 i n a hydrogenation zone under ester hydrogenation conditions

Wi th a het erogeleedus .est er hydrogenati on catal yst thereby to convert

di-(Cerr] to err] alkyl) mal eate by hydrogenation tg at | east one
derr] corrpoung['sel é%ctpgdyqe%s&nmr% godiaé)i . Qpe of ¢ étfFoltatPore &Rd
' tetrahydrof ur aRjhidid the sd18ledteGRY i A Ky10@kRe bm@r'sggamﬁyloaoéeeg s
. product stream containing said at | east one C4 conpound. . A

process accor dideFivedkifaian the wame eikanelCper thet 6. (fereq alkanod Neesl irs
met hanol angd t%%ed'e' dardiledid d esr(ﬁe]r?ga(ltégxl) mal eate is 10 dinethyl

. mal eat e. process accor claiml or claim2, in which the
vapor ous stream.of $t grdeEsd ssquoadiicry toy apar onal ofixicdatimgnl to 8¢f ia

aing ol ecul ar e ene £ EC SR, B FARoly oot ThC P e B L)
usi ng nol ecul a . . 1 , n
the hydrocarbomaleate dedstiamdths MaldaRE. and the high BbeEEs§ 86C0kdLNds

to claim4, in which the partial oxi dation catal yst conprises vanadi um
pent oxi de and @FSthifcMethyl @&de3artial oxidation conditions include use of

‘a tenperatyy e 3¢, ofy honAoucANe kG A0y, 450LAIELCeHE REeRsr e of

~from about 1 bar fo about 3 bar, an air to n-butane ratio of about
-15:1 to about %Gtkrad¢ digwthadt sebasadfe from about 0.01 s to about 0.5

'S 6. A HﬁQCe§§;$§§§§§£'g%ég}d%ﬁg»%%?c %i% @Rngnlwhgc%’thg high
boiling ester is naphthalene-2-carboxylate, trimethyl
benzene-1,2,4-tricarboxylate, or dimethyl isophthalate.

15 12. A process according to any one of claims 1 to 7, in
which the high boiling ester comprises a di-(C,, to Cp; alkyl)
ester of maleic acid, fumaric acid, succinic acid, or a
mixture of two or more thereof.

13. A process according to claim 12, in which the high

20 boiling ester further comprises a mono- (C;,, to C,, alkyl) ester
of maleic acid, fumaric acid , succinic acid, or a mixture of
two or more thereof.

14. A process according to any one of claims 1 to 13, in
which the high boiling ester used in step (a) comprises

25 recycled material resulting from the hydrogen stripping step
(e).

15. A process according to any one of claims 1 to 14, in
which the esterification zone comprises a non-catalytic
reactor in which the wmaleic anhydride in the solution in the

30 high boiling ester undergoes reaction in the absence of added
catalyst with the C, to C, alkanol to form the corresponding
mono- (C; to C, alkyl) maleate.

16. A process according to any one of claims 1 to 15, in
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25 which in step (a) the vaporous mal ei c anhydride streamis cont act ed
with the Woobzkosl i ng ester at a tenperature in the r AOTEGRIB/0B26am about
60[err] C to about 160[err]C and at a pressure of fromabout 1 bar to
about 3 bar so as to forma solution conprising mal eic anhydride in the
hi gh boiling ester. 30 7. A process according to claim®6, in which the
contacting step is carried out in a c@gntercurrent contacting device
wherein the ascendi ng vaporous streamis contacted by a descendi ng

stream of saohient the aa@gadydiflicbtEMifidditbn stage comprises a column
25 devi ce. 8. . ,Aésdorqcess according to any one of claims 1 to 7,
in whi cFeRRECToPFaTiEdes Jth 18 P ekl tih sfe aftenifisatiipon Lrays

derived fro@glhe o3ammidikaplads tdiadde & & Ak sisekididionthe
esterification step (c). 9. A process according to any one of clains

1 to 8, in catalysitoh hase agvandun ogjames e dio iRemmith arRpqut Heo

di - (] erer] erk ) [ | 11 I d .t he high
boi l'i ng 5soI %g%:%l g'h]e EJz:lljgéjl sf()rc'elln n%%ﬁﬁ%/vfaée%% et?c? dglé?}ﬁ"[arl%e &% S’?%gceusrgena%écordi ng
to claim9, likuwiki and et Rdterifiesttiern icatdilydthyin sehassd eof 11. A
process accg}ql%)n to cl ai

napht hal ene- 55%A ﬁr’eml’?ér |t|r?%’f3’\ﬁ%r? éoh%i%ggtr@ f%?ﬁ*%qngg%%%e%nor
di met hyl i sepl lsdich, End B2 dowh dBiRoe She A6 Rt 10 dornaits aneqefd clshes 1
to 7, in ich the high boiling ester conprises a di- (Cerr] to Cferr]
al kyl) EStecasR v e R TG T e F ikl i Bl e i W i thate i k@bt @ the
Wi ch the hioh 20 ha (TR eater FarThar iy 2o, Tty SR e
al kyl ) est ellowerngfsthesdiaridticht fometrtay acitth ,a sstoodam cofct,dtooC,a mi xture
of two %ﬁfg§gitJ§géﬁ¥'and to an upper esterification tray with a
solution in the high boiling ester comprising a material
selected from maleic anhydride, a mono-(C; to C, alkyl)
15 maleate wherein the C, to C, alkyl group is derived from the
¢, to C, alkanol, and a mixture thereof.
17. A process according to claim 16, in which the floor of
each tray slopes towards the zone of turbulence at a slope
which exceeds the angle of repose of the catalyst particles
20 under the liquid.
18. A process according to any one of claims 1 to 17, in
which the esterification zone comprises an autocatalytic
esterification zone wherein the esterification conditions
include use of a temperature of from about 70°C to about
25 250°C, a pressure of from about 1 bar to about 50 bar and
wherein maleic anhydride is converted by reaction with C, to
C, alkanol at least in part to the corresponding mono- (C, to
C, alkyl) maleate.
19. A process according to any one of claims 1 to 18,
30 wherein the esterification zone includes a catalytic
esterification zone wherein the esterification conditions

include use of a tewperature of from about 65°C to about 135°C

and of a solid esterification catalyst comprising an ion
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14. A process according to any one of clains 1 to 13, in whi ch the high
boi ling est WO 928678 n step (a) conprises 25 recycled nater iPOT/GRISOBI64Ng

fromthe hydrogen stripping step (e). 15. A process according to
any one of clains 1 to 14, in which the esterification zone conprises
a non-catal yti.c reactor in which the maleic anhydride in the solution

in the 30 high boiling ester undergoes react27on in the absence of added
catalyst with the Cferr] to.Cferr] alkanol to formthe corresponding
- mono- ([ err] exclgrge |reskyl qome euirey pendanitt . suA phrondes s cack graiups .t 0 any

one of clains to 15 _in . 8 . 26
whi ch the catdl yti c}%e%ﬁ%??sﬁ SFIFARFRS BT il 1 t° Adacddr
provi ded wi th whighrtie thydfosi edtd fimainpstdd@lis cond@tdfatwhi ch hol ds a
charge of a solid esteriflication, catal yst, has_a vapour upcomer neans
to pernmit vapoHPSRE @kl & IHL8E MIRAHHOR ke &56Tt AyErogendtiom e

- of | i ogii d a4k solid esterification catalyst in a zone of t ur bul ence
on the tray and to keep the catal yst particles in suspension, and a
downconer near&l whiklpyreeess addapdihia g any onst ofatcdlajgis Jatoi @0es int o

fl ow down from,td next | ower e, al react or

bei ng suppli e?%lgﬁgma%k%@h%&é&% gé\%:/err#ggs(]tn%ss\t’%ﬁ %%cgt#?%cgﬁg;@v% fh a stream
of CJerr] to Gempdraturealimande vapme ohdEronm ahalfpdlete tetipelriatatreotd ki

with a solution in the high boiling ester conprising.,a_naterial

sel ected fromml@?%e’éﬁﬁl’ﬁﬂi e £ 2 t((ﬁoercr%eggwcf:k}?r fndeky Fpmpgrature
- nal eat e Wher eidy thiee Glydbdeha kol sHup is derived fromthe Cerr] to
Cerr] alkanol, and a m xture thereof. 17. A process according to claim

16, in which t3e flhb@regess aceprfingyra|apesncord ¢daims dofe 6. in
turbul ence at vﬁl%érpp&he kﬁ(d%gﬁihaeeﬁﬁﬁ?d&éﬂ]eisawnﬁu%fteﬁeﬁﬁsPth%f vaReuGA LR
er the quiTd.

particles 20 un
' using a reduced promoted copper catalyst at a temperature of

from about 150°C to about 240°C and at a pressure of from
15 about 5 bar to about 100 bar.
23. A process according to any one of claims 1 to 22, in
which there is recovered from the hyéfogenation zone a
hydrogenation product mixture which contains, in addition to
butane-1,4-diol and the C, to C, alkanol, also minor amounts
20 of tetrahydrofuran and y-butyrolactone.
24. A process according to claim 23, in which the
hydrogenation product mixture is purified by distillation in
one or more stages, including distillation in a "light ends"
column to separate overhead the volatile components of the
25 mixture including tetrahydrofuran, the C, to C, alkanol,
water, and n-butanol.
25. A process according to claim 24, in which the bottoms
product from the "light ends" column is further purified by
distillation in one or more stages to yield pure butane-1,4-
30 diol.
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18. A process according to any one of clains 1 to 17, in whi ch the
esterificatigg zone conprises an autocatal ytic esterifi.cation zone
wherein the ation conditions i ncl ude use of a tePEPGRIZN3R640f
fromabout 70[err]C to about 25 250[err]C, a pressure of from about 1 bar
to about 50 bar and wherein mal ei c anhydride is converted by reaction
wth Cerr] to 4 al kanol at | east iW]ga t to the corresponding-
nmono-(Clerr] to Orarfyl) nmaleate. A process according to any
one of clains 1fto 18, 30 pk e esterlflcatlon zone includes a

catal ytic gsterificatj on zo €Qei n the esterification conditions

i ncl ude use of g tenperat bout 65[err]Cto about 135C and

of a solid esterfificationfcatalys rising an ion

27 exchangd resin codtarnjng pendant sul phonic acid groups. 20. A
process accor di /;o':ny ne claims 1 to 19, in whi ch t he hydrogen
stripping step<s“corfluct ed aiQ\y substantially the inlet pressure to the

ester hydrogenation 5
claims 1 to 20, in
tenperature in the ra

zone. 21. A process accgrdirng to any one of
by ch the hydrogen str|§p|ng§£ ell i s conducted at a
nge of fromthe inlet tenperature tfo the

hydr ogenati on zone td about 20[er perature 10 to the
hydr ogenati on 5] 3 pf clainms 1 to
21, in whi chMt he hydrogenation E i - : P phase
usi ng a reduced@ormt ed e ame {rom about

150[ err] C to about 240[err¥C and at a prfessure of fron115 about % bar to

about 100 bar. 23. A process accordijng to any one of clains 1{to 22, in
which there is recovered fromthe hydrogenation zone a hydr ogénat i on
product m xture which contains, in addition to but ane- 1, 4-¢gi ol and the

Cerr] to Jerr] al kanol, also m nor anounts
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(57) Abstract

A process for the production of at least one C4 compound selected from 1,4-butanediol, v~butyrolactone and tetrahydrofuran, in
which a solution of maleic anhydride in a high boiling ester is esterified with a C; to Cq alcohol to form the corresponding di~(C to Cy4
alkyl)maleate, which is hydrogenated to form the at least one C4 componnd, The high boiling ester has a boiling point at atmospheric
pressure which is about 30 °C higher than that of the di—~(C; to C4 alkyDmaleate and is selected from di~(C to C4 alkyDesters of alkyl
dicarboxylic acids containing up to 13 carbon atoms, mono- and di—(Cig to Cjg alkyDesters of maleic acid, fumaric acid, succinic acid, and
mixtures thereof, (Ci to C4 alkyDesters of naphthalenemonocarboxylic acids, tri~(Cy to Cq4 alkyl)esters of tricarboxylic acids, and di—(C) to
C4 alkylesters of isophthalic acid.




