;e3e \(n 6 T-3Q2 7 MAR 2002 . PROCESS FOR PREPARI NG GAMVA- BUTYROLACTONE,
BUTANE- 1, 4- Dl OL AND TETRAHYDROFURAN This invention relates to the

production of bu - ak. y-butyrol actone and tetrahydrofuran.
Butane-1,4-diol,m@ﬂ@Mﬂwﬂ@“@mhh vari abl e anounts of y5 b t@MﬁRaﬂnbne and

t et rahydr of ur an, ced by hydrogenolysis of diesters of malefic
acid, fumaric acid an¥'*fj xtures thereof.]A maj or use of butane-1,4-diol is
as a feedstock for the plastics industry, particularly for the production

.of  paiRebedsy FerepRER AL wmtwwhmi\@rmﬁsOsumﬁ—?,%-BPo@%wbﬁ%@Wa%&ﬁRKan

the production of y-butyrolactone and of the | nportant 'solv

t et r ahydr of ur aphighenwenedion ard fuumres ecl est6ascus6d 88 Haedsagk 4 or
t he production of butane-1,4-diol by such a_ hydrogenolysis route are

conveni er@$91 pr ¥ pRPEYTPLGALRC AR HfHyRRIYREOHIFRA- 15 is itsel f produced
by vapour phasg,exidai an ff1a %{:&%P%&Jﬁe@éﬁ’%ms?ﬁgyﬂ%sb gzene,
b in e Ia

m xed C9 ol efins, or ~-butane, presence of a par oxi dati'on
cat al ¥st . bunyrhdapapnieakndxitéaiadry dxfohermenecdahdre psoliypedably used a

supported vanadi u ent oxi_de .catal yst pronpted wt O, and possi bly 20
ot her prgm%ﬁﬁ?§?n$hgsfga85i %ﬁ&ﬁﬁ%eﬁ{h ri%ﬁ?r%ﬁﬁ bgg?mﬁﬁb% gﬁlgbéﬁé 455C
and the rgpgtipaspeBesebe .i s A Meabae bbasut shabpud - 3ibar i sWakl g about 4
times the_ theoretical ampunt of air is used in order to stay outside the

expl osi vef ee@AFEQCkTRETc Sheadl aStHeS sinboiir 0. Partipeharhe fesdsheck 25 is
a nixed (ng@éﬁétﬂoﬁeggsb%qubdty@erﬁe mﬁ%%efeeﬁét%kal BeQisbhi a5

parti al dati1on catal yst "nmay "be vana m pent oxi de supported on alumna.
Typi t&I ramcinvarmeddrteodor kdleudrasuciion enmperatyrelattbnenaakdoatt 425C

to about é@gczgggggaBEeg%gQ%n?f'@éygigﬁég%%%7o bar to about 30 2.05 bar.

The vol une T at} air to buténes 1w B75:1 in order to stay bel ow

expl osi ve |i M The Ahleamnat ave Yfuniarst adisddd s atsdd Gh HOFfé@3BDHEKNMEERT N
practice, to design the plagbiso that satisfactory safe gperation' can be

2 7 MAR 2002 BragdhrEdenr, ofedyteda e 430k Y YD 12 VAT earelsfigi r and

but enes i so¥kéhhpel E%nfxrlb?aml%'lgz_ g Sred NELE 2681 O a Wy @PEa8S {iRgEs! OCK,

the catalyst is typically vanadi um pentoxide and the reaction conditions

i ncl l¥le use btsalf prpgeceduby yREFQWMRbTIR QS0 EembefitaBpdragarkon
b . AT i.Cn- i
pressure Pé?éézggliﬁ,o%c% & e it rgl)géaci C ﬁe%'lﬁs“ byt ;iﬁ-:%u‘écﬂa}rk@e {gtio

may be abou even though this e w'thinthe'fla Imts. One
desi gn oftheaptesehoe sfich pamrtiizll coetilddtiom remscilywsis. copr tsespaetctiadal

t ubes surrounded by ? éopiacke t hr ough which fhynltgg salt_is_circul ated
in order PP CBREPBI CEnESPESSE SR Sy diReH A sRIBPRBE € Papor ous
reacti on Vaxi8i€mi peheoddee¢altzQirdtheprxidt edvdh NSO e Poswhiwhy
conprises nal efic anhydri de vapour, water vapour, carbon_oxi des, oxygen, 15
ni t r éYen, OBRET oPEEMOLRESt: gddes TIREH FRy RN Y UFF t FEMstBPuEs fornic

acid, acejpgo@cid: aB6h¥! 185881 na@RHeUIEARE e §rRedh QeArROTE GRASL QK - 1
bar to about 3 bar, while about 4 times the theoretical
amount of air is used in order 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
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One way of recovering nmal efic anhydride fromsuch a reaction mxture is to
cool it to about 150C using a steanR0 producing streamand then to cool it
further to about 60C by cooling it against water in order #of aaRd e part
of the mal efic anhydride, typically about 30%to about 600 of the lefic
anhydri de present. The remainder of the streamis then scrubbed with water.
25 Scrubbing with water or with an aqueo@s solution or slurry is described,
for exanple, in US-A2638481. Such scrubbing results in production of a

- sol ution efchirhefd,c dedph vdhitthe | BadhethdehyHeatedd by xdtivile I8 rg Mddl

xyl ene, for exanple, so . as to reppve the water and re-formthe anhydri de.
30 A di salV&SRsge i Wikdh cﬁ?%cﬂﬁ‘t‘ﬁ%‘?b%%vxk%@?-}:si-s Rt hen casgc @fpitabl e
proportio f reQiicd i i pour . i{:i.on, sone of
t he mal ef Wsﬁé&%}sﬁ inevitt%c%fr'? ﬁ%n@?%ggﬁgﬁo%uﬁa%?%%&(}mﬁ%%e u)%r oduct
fumari c apleditoxdde MAR 00R Baepiencperditioss dholaldeabise wdl ef i ¢
anhydri de .and i.s .di.ffi cul somthe proc oSyStemsince it
tendsgto ft%rml%ecrrafg‘{rfﬁ Ioﬁeérn%@sge]%&\g\%%# g(?vt-éor'i?gcgugoggrao e%%gp?oBrgﬁ?.ur§~
Because obfl Hir®on symit Satbhan t odibewnt a3 vieak ety Theoklier: pa®idne@Us,olume
scrubbing liquids have heen proposed. For exapple, . dibutyl phthal ate has
been prop8: °a§‘a§’c§i?otﬂ%&)“tr il b | SVeB- rhovghoEhisgmaY, 68344 thdmy the

GB- A- 76858 ankf3® 1 1GinpUey] bH1adéd £a8 08 AL BLBE WP Fbg LA HEI@H 1% pht hal i c
anhydride is 10 suggested in US-A-4118403. US-A-3818680 teaches use of a
normal | y boxgdiad iion reeasttd@narcmpbbses i veutidainbpdeisdsuryosindss by a

br angRhed hn,.Cl2 ~s- Wl S i e ceLni rid faor

abso(rigt i oﬁg?gért%aljtéﬁozlg?lnmél%eéjﬁﬁ%ingﬁeg?ggc?%oﬁgﬁlggﬁéggdegi’nt Prﬁletrmto
partial oxicthatriodn tleactemct ildn Trewmpesytupbosphat e has been proposed for
this purpose in FRA-112501 4. D net h%/l terepht hal ate is%%u%g\ested fox this
duty in JP-A 32T8AFETRPRA But3RT MEFRATQUE nt§RCRISE. PAEEYUIER HiSgh nol ecul ar
wei ght wat-edsveGidd Fign SN editit Seh@UEPt tha HSaA8040089 chWdidr@rises

US- A- 2893924 proposes_scrubbing with 20 di phenyl pentachl ori de. Use of an
aromati c a Ayl AR aRRHA NGVt §6| BRRPHE - WERFROH OXHEES / 1 S YERN 400
and boi L. Nt v, ra 0 d isRts
B R e e e e S s Ty e G
suggest ed suchFRsA-228638GRcibsapeidn a¢ids aukplic achyddr ad€ fromt he

vaporous partial oxigdation reactio Lxture in di methyl benzophenone

fol lowed BPCRrVSTies MOHRORTY | BRERF HOTE: A 3850758,

Pol ynmet hyl benzgphenenesof ated@astingpealéeds ahhybirdldec drioni Buah least 3
met hyl groups, can be used as |iquid_apsorbent for nmalefic,anhydride

accor di ng AEGHG- US048 19 oFR9T Hht RA aPeués_tléPéCha%ﬁg east&ars

al ky|209r0%9%ﬁ2ﬂ1% tqtdafadd tRedds26880 atoRBrkReROLl bk @oowWwdare
proposed for absorption of malefic anhydride fromthe reaction mxture’in
US- A- 389168 limy ddt ;igaingt water MR Q0der4teyepodensisaPias tagifd teor

exanpl e di_ hut vl . hexahydr opht S e d,as r plhon sSehvent for
mal efi c aﬁr%ﬂ.&?licdearﬁy% 80%2'}* %%éggl gégbggna%?%%oggd '?)(1)i (% ect

di rect comg@arsal ipthyrlridd pedednc. anhydr rdratndewt bd téacsitaeam Xtsur e
exiting the partial oxjdation reactor. However, this procedure is

i nef fi ci eftbBeEARPRATN IR RE®Fe proportion of the mal efic anhydride
remaigss i n {he Sanasi phaseen WerdR! 6f | GieAnyd! hdeephedueiiueaeavaned -
foll owi ng 10 condensation or by scrubbing or absorption and distillation is
t hen reactsBdimivt His Grecnibed Clfen egambkanoin YSch-2$38éBRanolSueh et hanol ,

to yield the r.respondi dj = ( | kgl I - TNieS . dis- (s {
al kyl) nalsecé?‘g’%‘?ﬁi,g c%?ﬁ"é%n'ﬂs ai?ri o?&‘gcrrgéﬁﬁ §¥ Fﬂgog'gtﬁrqggp%rﬁdp%&e&%}(aﬁqﬁ Qo |
al kyl) 15 yuin ate, t asi dislsydraced, obyt H¢seat leaponditig xydens,CEdrw Cq

al kyl') maleate and/or fumarate. It is then subjected to hé r ogenol s,ids to
yiel d a me#amle SutahHe-, 4eBPHE, LhBgWRRer Afth Xeafioxs ydrggde .
y- butyy ol gct ane and, d ran NI HbRRR e shy drRgeng] ysi s
condi%q on?‘ chlr%at a%%é?gc%gé# angrgggtﬁP}g’ea hto 9 al klanol V\hlrég‘h can be '
recycl ed tungraghicsbIerphepodti¢al ofotbe pirkbdurtiaesations Rmoddes e o
plant for ﬁﬂgéévc”%ﬁtéggigiogﬂaéé%é of the maleic acid is inevitably

isomerised to fumaric acid. The byproduct fumaric acid



mal eates from mal efi ¢ anhydri de are described, for exanple, in US A-479S824
and in WO A-90/08127. This | ast nentioned 25 docunent describes a colum
reactor containing a plurality of esterification trays eagh having a
predetermined |iquid hol dup and containing a charge of a &€& MAR 2002
esterification ' catalyst, such as an ion exchange resin containing pendant
sul phonic acid groups. A |liquid phase cor§t aining, for , 30 exanple, a
carboxylic acid conponent flows down the“columm from one esterification

Lower  boi R SHsRiohch: Zofe (HE DebafPrHCheTEh e algbii 4 ARy the 1 1o

C ; al kandiffichIt MAR 2é6a@ver Vtenh BheepietbiekisCalyistien Ssirmroviad ddqm t he
top of the columm reactor_|n a vapour stream, while ester product is
recover ed 5 FAThEBYFH2 bl 1RRNF 8888 oVN1AE DRYE XdFd B RECIRAM the trays
it encountgishiRmRYressively drier reaction conditions S and the
esterification reaction is driven further towards 100% ester formation.
This ol um re&staausmycbetibs| berenebysatpohi phrolrd.ame s tvarr ioper atfi rerheer

l'iquid ph reaction ¢ itions, the ester:containing sireamfromthe

bot't om of ST Eo e FEREt 675 Lttt darfake REEh PARIESEL (PP TR 10
prior to adMmuwsilomlithilet@ohasbegnrpareposedben desbdidlg tihieuardduct i on
of adi- (Cl to C4 al kyl!% mal eate, the_colum reactor can be preceded by a

non- cat al Y18 -& AR erFF 1221 398 7 eaRP8r CRAARABER Stal efise Ayl ] s
react ed WigHtHaetd ¢ondirikangd Lo ibewéérﬁge(ﬁ% gihtq&ﬁ_ctdeaqu%aﬂdityjléo

formthe nmonolS (A to C4 al kyl) nul eate. ydiogenati on of di al
mal edifes tsrggesiteduimned-H=-41b8403. di Y8udse81BERhEreaghasSUseABEA 410,

R e

production o rol actone-“an ar aerf, from

mal ef i ¢ amiudr iade dybtinecided ¢HEimoCGAabkikbhylnlsadtse iydredyenmlaisiis rout e.

In particular jt, uld be desirapble to reduce the capital,_cost of

const r uct S Y(?*F"é%%h ’go’bl%??ﬁo B IF B2 GlFeGGgé(dirlt%éiter FHA™h§Reost s,

t her eby naleaea il ansrdudsli Okit iInHUENE Opast 9RE aRd datlilcihwdiRidran nore

r eadi I53f/ available. It is accordi ng}liy an object of the present invention to
y -ne

si npli¥y (T gFesitic tPlepspia ket B -ean. Brepospdp oy Sltbd sersFeaadd FR-

t et rahydr gf_yr rom i i e.di - lL)s e
hydr ogeno ygl?}’r({)luét)'e. rﬁ%‘?%%ﬁ%%%ﬂ%%@ﬁ?%#% % gd&%ﬁﬁ%egpﬁé%%ﬁ 0
const r uct iign J&f-2Zs182r &4 P8 aamrd byibetiyti mgleayri finc &Rt-Ar 35hd 46inbe s hufgh
distillation collums .2 7 MAR 200Z 6 d_t he ampunt .of .ot her. equi nt
equi red. M-S o SEERS Y8*  BULEE PRELPENAPAY cObs 08 STUPHy A& - i ol
product i o oplodsts, twiel B&YUSEK 280 beik &nprdpdses0kcrybbimy @liatf one and

tetr drofuran nore readjily, available. 5. According to the present

i nverf) on dRAERY PR ERFRIERE 2A9r 0c¥8e PEr 2RhBYRRGHIG M ACa P east one C9

conpound %‘?Jl%%trﬁ.dvé"&l{\gﬁxgué ARET ded1 & Ole i FHPULKEQLRGE AD &M 400 and a

t et r ahydr of ur an, ncl udes the step”of hydrogenation in the vapour
phase of &ddiling poi®d ahdye)l4fCate &ntenpetdtpresedhoreothe geamt i cul ate

ester hydrogenation catalyst,., which process_c rises, ntacting a
Vapor ot SCRBEn WAFH i b YEPRR RO T aBEs BBt T e
car bon oxiddeernzylasedens ptionsugsesvetihia RROR-R0ISIIEE €5 s cap tiddy &of
thereby to forma 15 solution of malefic anhydride in the high boiling

est er?d s Igigh arydRide st EP™ heale nY2ROBEHE RGT S Oé‘%’jdéttrh%‘pﬁ@ﬁq;lon
AL e LR e g e e
al kyl di caesmnilkiesd atn dgS cbn3 85 07 5¢. ypPodymethylbenzophenones, 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



20 13, carbon atons, nono- and di- (Clato Ce alkyl) esters of malefic

acid, fumaric acid, succinic acid, and m xtures thereof, (ClL to C4 al kyl)

esters of napht hal enenpbnocar boxylic acids, tri-(Cl to C4~a2WyN)\Rezwzers of

aromatic tricarboxylic acids, and di-(Cl to Cgq al kyl) esters of isophthalic

acid; 25 (b) recovering fromthe absorption zone a waste gas stream (c)

reacting mal efic anhydride in the solutiogp of malefic anhydride of step (a)

under esterification conditions in an esterification zone with a d to 4

. al kanol t : e di (P t yl 0

ecover i ng Yo T RENSELETRRIE, Tar bl b He i aroncialdls.

al kyl ) nmalieatsugaeshedhhrghabsplrphg.costslvee) foontwchd ing ahleydoidei an of

the di-(C, 17) mal eate in the high boiling ester with a gaseous
74 hattp o6

stream 7 ' containing hydrogen thereby~to strip di-(Cd to C9

al kyl ) mal eate 1thengbr allsanbeta poPosaANY AEE Ut QAP LONEbRd &P By dpagen
and di- (Cl to (g, al kg*‘%{dg{%l eate; (f) contacting material of the vaporous

st rearﬁ_ of <k QY@J(%}CSQ F}?d|f5§’é'hé7theor¥eﬁﬁ¥el%dbirx%§i%rewlé@eﬁbﬁi on
condi ti ongp M ih R H2EAELISACRES e atdn, Eﬁt@éé/cﬁ]ﬁré hereby to

convert di'-(Cl to C9 alkyl) maleate by hy rogenation-to at |east one C4 °
conpound selelf kdiénbnbbaeuse- andwiasiceptailys ghrpaneiamdf ethahydlefar an;

and 10 (g)_.1.e erin th rQgenati on _zone a product stream

cont ai ni ngalgs}a?‘ggﬁéél g%‘tsnégg]ﬁegga%%np%r?&r IP:}iﬁseer'abl y in such a process the
C to G4 al kanothé smakehanahhgdrdidenpdodint thiedieddd fsl Xewihd(yl ) nul eate
i s dinethyl | eat e, or di eéhyl mal eate. The use of, nethanol,L as, 15 the O to
C4 al no|0%rﬁerb?aa%ﬂat RY| PifaPEXPRISG ¥ @RSt EphIdisyikdieaeR is

especi al | y; preden r edactbe VAR QUE S8 &f, sbep, (AxHhol heskercgss of the
invention is preferably produced by partial “oxi dation of a hydr ocar bon

f eedst ock Metharopreseftbanpla Sar viglldiheatdaarerpangtisty AL ukfingo Cq

mol ecul ar LiYIPMna1¥RLEA! | ¥iil e fOr Lo, Al fiey NGVl O AhRoNCbed ok
can be benZere, or a m xed olefin stream but i’s ‘nmost™ preferabl y ~-bdtane.
The use ofmindmitameuas b¥dtbearcbardspedaiionk dis (@yr tenCl yapkelerred upon

t he unds of cost since it _is a ch r feedstock f.han 25 benzene or
but enes. I—é‘f‘f&aer"i"f'let héeﬁfgﬁﬁsgrt?‘f:etsné’?%ﬁntqoﬁﬁw& t"&ﬂﬂ?'ugé'd 5% Ca
product i ona Oyl hemaBbatkCanaliver ifdgmaGRitHal NITY ARNWN S jeaedftst ep (a)

is nost preferably ~lbutane and_the catalyst is preferably vanadi um
pent oxi de.hydxpgenobEfifalooXigdt én MdaHiding efs butrangi-<t. ¢hcl ude use 30

of a tenpg %'t’fl‘i—‘e fwiEH”\r§§9§b§L? é?r%%r%&dﬁ gf-gvgjftgx%elf%fggégrgégén&ar to 3

bar, an air ~ butane ratio o out 20:1 and a
partial oxXietaalydrafukrgst deppridsingy urmradihemhydxogevitR 0GP ®mpdht bende;

t he tact, tinme_is typically_from™0.Q1 tp 0,5 s,, €. bout 0.1 s. .
Parti oxﬁ%’ii%’ﬁeofeiﬁggﬁ%rgggr t?c?g rTq%eeg:gt §8ka sas"clf)aﬁrfle i@% ﬁl:ﬁil/ %%Iﬁdg)gt ed in
a react or wédgdle@mpoi pesdveet foalt Her tdibew, subr ayrgliaey by majegket through
which a nolten salt'is circulated in order to controol the reaction

tenperature. THRX9EBSFBES3BEr é’&ﬁﬁnftr (ﬁﬁrt Iﬁ‘?pé’rﬁq%c%gr’dé:tﬁ cﬁff-q']éﬁ& or can
then be Cg%f%\@éfs ef£§ﬁ1nagle%l Ry i D Yl Tads26d pad o1 doo ARSI 81 Caf]

and possi so by further external cooling wth 10 cooling water
t enper at ur@s k-4 hes582a4gandf ifir IP-@0OA/VE1R0GC. [Thist dstta)mesft tdredr ocess of
the i entc'?on t he v% oroug mal_efi ¢ . anhydride stream.. s pre

§osEohe

. upernt . des S T or ¢ iR J&gfupxl'é/lft?{}tgft ed
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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.



15 60C to 160C, preferably from80C to 120C, and at a pressure of from1l
bar to 3 bar so as to forKn a solution conprising malefic anhydride in the
hi gh' boiling ester. The contacting can be carried out byzbfumk\: t he
vaporous stream through a body of the high 20 boiling ester. natively
the high boiling ester can be sprayed into the vaporous stream
Countercurrent contacting devices can al sg) be enpl oyed wherein the

ascendi ng vaporous streamis contacted by’a descendi ng stream of high
~boiling ester in a gas-liquid contacting device, such as a packed 25
scrubber t%RlesT o?fae%feﬁbgéfcattd\ﬂé‘r 1§ FATRMEANETPN i tom ehitthetepluns

hi gh boili rswi Ll iGgald a | .0 :

vapor ous sl?ér’aeg%ﬁol*Ahét vtgﬁghﬁgtst%re%?ns' tggg]leed%‘lrtnetr?@%rcgjsu ﬁ%l&aé;%(%\bu 87 of
mal ef i ¢ anfryami thee i sunbeoc0 thieghreggitiamg dést drhet He.qpuint efntaved | dowroft @l ef i ¢
anhydride in the, high boiling ester may. range f.rom.abouyt, 100 g/ 1 to about
200 g1 1. THEHT GhE e RGP SF By S SAE hASp B £ fole g
2002 &5 pr espdl thé habtegidlichedsdn IRGJIViPerLs ad vwrefmimditer alodpass about
60C to about 70C higher, than that of the di(ClL to C4 alkyl) nal eate. As
exanpl es ofPREteF5eBf LQFRFFifFcar TR iSO MR ERHR Ma RE P tirwsd chy bon
atoms from Hbsﬁ'ﬁér:]' tahbe o epehit i fR{e" 103N RE pgﬂseé:txeéﬂaéa%& can
be, nenti oned di mat}\iy , diethyl, “di-a- or -~so-propy1], I-n-, -sec-, or

i so-butyl esnéisiofissubbei esgeirdcomtalininmatdeagefasint the dothmtecahedi oi ¢
aci d, dodeganedipic aci and,tride 10§ C . id. It is _preferred that
t he al kyl e‘?rho? e‘f?/fﬁmnmsﬁg bgﬁregteérn S%Zc;{‘n}ei%éﬁ elgt?‘vgglrf%rhoerﬁ téﬁetga %J‘}E%HSF as
the CA0to ¥Biat kedokdniedibh tlee tésd @dlfiistadncoredictinpy C) .WHah tuBe&d Weyr any
transesterifi catign reacti gns that ma\t/ occur_ d ot gi ve rise to additional

n
esters. Thue WPEACRREIGNKSFoR Gded GistRefhandiy s R dFR® KSPLEreat e

i's di met hyle 84 SAt 8anaB¥ PFLRede®® A% i 4R 1811 MbRHAle d 5 RELE £53D! Y
also a dinethyl . ester, such_as dinethyl sebacate. The high boiling ester
may al t er €GPy be whiebt v@ledem rigied ig repgted ¢ tHheydh) testCer s
of one of 20_a | _di.carho [ ' ' ' L C
acid, and ésjl'}g%%} CJQ%C!:§¥ g%g‘é%c% ?r@esa%t ﬁdt(aardé%g% .dﬁéﬁegdo&%%%és%&

i ncl uble t hécestoery addtyld)xmalesmtterer eof derived from ~, -decyl al cohol,

| auryl al cohol, ristyl al cohal, tyl_-.al cohol,, stearyl al cohql. and

e cosanal 1 {THE buekogBRativE o o Tyl Mateatiat P oty RS fray
occur in thesegieli fscatbeassede fatldr Nt ius-n-Reysald10n, afs-n-M7TEN334,
proportion of the corresponding C,o to Ce alkyl alcohol. In addition sone
transest erd®d R BNBAAPO88Fur in the esterification zone resulting in
formati on of a m nor amount of a nono-(C to C~ 30 alkyl) nmono- (Clo to C18
al kyl) ester of the C9 al kyl dicarboxylic acid. For exanple, if dilauryl

mal ea2@ i s usedItaswohadhbghdesiilaig eedtersigpd iiffy rtehgoductigredis the C-
to C9 alk

2,2 o KB gndNED e TS0 Sl A TR SR Ay
m nor byprgsueis ashpai-idesdgvareaguous,evency faliel highlbotéi ng ester used
'n step (qugﬁgggégfisggc¥ghig. In 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



material resulting fromstep (e) because any free o to e ' 5~ alkanol
can react with fresh malefic anhydride in step (a) to formfresh nono- or
di- (Clo to C18 alkyl) naleate. In addition any nono- (027%@4 kyl)
nono- (C,o to Cl18 alkyl) ester of the C4 al kyl dicarboxylic aci an
undergo transesterification on the next occasion that it passes through the
esterification 10 zone to formthe desir%d solvent or the desired di-(C, to
C9 alkyl) maleate. The high boiling ester nay alternatively be selected

. from(d I ters of paphthal enenpnocarboxyl i i such as
met hyl na;%g}%h%ngé%%rg?bcgéy?%fee? g?‘o’?????f‘-g(ﬁquérte ‘A I;tl %ﬂr)dcﬂéeﬁ efeeks
aromati c o cadhmey | tite acitisingusbses bEi AebOybne-1,4-diol production
benzene-1, 2, 4-tricarboxyl ate, or from di -glCLto C4 al kyl) _esters of

i sopht hal Pd38¢i-d ERIEFPAIGF HRE HYERRBpAL Aafdrd ., YhPUhYFPlseitiansy and er
used in steR rblly HUMEHSHdYe 2% £8P 8651 TabgE!. @l resulting fromthe

hydrogen strippi'ng step (e). Hence it  may contain already sone di-(C to C4
al kyl % mal eat e Adrd gl thathepprepentt envendibnothearee igdgptcad ded s4 ep

a), the gas streamy vered.in step ¢b), of the process of 25 the
i(nzlention%%act’r?%bses @%ﬁ%ﬁq%%c&& ?8 néFelfl‘FésgnE’)rll&ri de“CEBYRPf i cati on of
t he mal ef isel@aved | feomi bl dihe- Cla t @164, alykbuel riod aeftfoert ehd n step (c) in
an esterification zone. This conpri se a non-catalytic reactor in which
the mal ef it@t;;ﬁwmcdg“r%m mhich ARGRudss hBenhs§RPLOT My regesa tiRitrijves
30 reacti @hd Rag¥uahsieiee of added(6atdl yst i)t haidaded &P @lkanol to

formthe corresponding nmono-(CL to C~ al kyl) mal'eate. The reaction is: 2
7 MARO200PreBenicy o\ aymartdcylate Gpseer| hydrogenation [cagalyst ,~ whigh H

l~-OR O Q ' 0 C4 alkyl radical. Sone conversion of the
nmono- (Cl to gf%a%qk({/ﬁ&n%%%’te to the corresponding di-(d to C4 al kyl)

mal eat e ney)al seroetring e vEsmtows' sbneannedntaining mMale@R knhyd¥Gde - . ~

o+ H20 Iva'pourq cx:ﬂaiter v~apHo~L%.; ,C g’x?d'cérlca)orcl) mgggsRiins a%s a %foirr;]: q.oell‘xbozvoerie

with a high boiling ester as solvent thereby to form a

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 30°C higher than that of the
di-(C, to C, alkyl) maleate and being selected from di- (C, to
C, alkyl) esters of alkyl dicarboxylic acids containing up to

20 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 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



Such a non-catal ytic reactor can be operated under nonoesterification
condi tions which typically conprise use of a tenperature of from65C to
260C, for exanple 70C to 2S0C) and a~.pressure of from 12hayak 0 bar.
This can be followed by a catalytic esterification stage. For exanple, the
catalytic esterification stage may conprise a plurality of stirred tank
reactors such as is disclosed in US-A-4795824. Preferably, however, the
catal ytic esterification stage conprises 4 15 columm reactor of the type

. disclosed in WO A:90/03727. In this case the non-catal ytic

nonoest er i$9RER 1 RENEt RYArRESNCHRBFEDY “&osStiay diemiCr E&ctCor 28kyA) col um

reactor c i.hlng tray i ¢h in a MAR
2002 |2 oo briTy Sar RoreEkplPbaa! LRy oM BN i Bl dn M erfaird

met hanol drydtdegen Gindodf4 (a] kamol, edpoudr), mdiidaete he nal ef i ¢ anhydri de

sol ution f{ggmster? éa%.is feg downwar.d t hrough the caol umm reactor. |f the
catal ytic st erfPRTartdRIsPAGET EBApPEs &L VERARS SIERA™ of t?]'éePyZ%)

di scl osed im WMhyaPO56RA2Tont Befiet hades! Wit dlydRIRiiL aoRYEshdee {Qhsa
sol ution conprising the correspondi ng nono-(Cl to alql%lr) mal eate, if a

separate rHoest REFPERERBACYEARECRY BYEAPIRAHO™IGRT DN nghesely 80 is
of “CL fo Gra anol vichir 1€ FaTra TRa Bart ot oP Theshactlh Epflrpecess
col um r ealtast tomre e€t ardripaund ove leclysdefichmhbliianeehartgdiafl ,a vsol i d
esterificati,on | . Eac ray has a_15 vapour upconer neans to permt
vapour toa%lﬁ'i}érfgf%gt%ﬁéyaflaoE\eggﬁﬁwagﬁéufgnagi e the mxture of liquid
and st id estertdcoeating €abal yhe hpdaozenatdiord Wdnd engerodudtest F@ymand

to keep the catal yst particles in suspension. In qQrder avoid the danger of
"hot spot LOMAIRHE o2t Aedtr 4§2ERr BH§h CROCPBPABPAON of pockets of settl ed

catal yst parti bRssetiBill 2R sQEheaCRbR%s THY &f ekabby feghgped;so as to
sl ope towards the zone of turbulence at a sl ope which exceeds the angle of

repose of meétchanehl 9stephanpsé| agduhber dilhd i §oi €. a¥kwbdi nabeaeachs
esterificati Y, d ich 1t Se | QM uf _ not
cat al yst S%%@%rﬁ%g,m%gé?ﬁgwggggﬁgﬁbg%eﬁﬁgte%ﬁ ay tz% E[)ﬁ{aégnex rt‘%%/\ijl/egrin%ge%s Such
a dowrtconerthereansond,l adlkaablly ahe pifodisecthwl hnel extres emns t ther éven, to

catal yst particl passi ng downwar dl ) er et hpough., Typical reaction
condi t i on<4 ﬁ‘l%h’g_%cé‘?a}ﬁ'?‘%ea?ﬁ cﬁs%‘?F%/%ir}ﬁdB’_:ﬁ _%rnga t enperature and
pressure under ¥d ChapBeclt EBr&dmablkaselpdi(@li loF tIkC hiormes aloirenand
pressure conditions will vary in dependence upon the CI to Cqg al kanol

sel ect ed brvenrtiorypscareferablydprasuced dn espdialuaxistation gf MAR 2002
13 f 6 : f 3 . A typjeal:solid
rom gr%%xgoéé{&?ca o @”t eégggﬁéﬁ%ﬁ Rhe ?Q’@s%n%r otfoaﬁ (5}%{: ) %gi&éélér? '

esterific S i on exchange resin so er t
desi gifat | crettaibest yossihyg h6lbpuRelnpaydgeaasypicakly) il nikediafm Llehni g

House, 2 Mason's_Avenu Croydon NB, Engl and.or that avail able as.DPT1
on_ exchari? r eoTHF  PYAFREBEPHE, £PPEEEe T th Ao d s 1A e or® TREFed C.
Technol 0gyo & est Peafcebal Bei MestTheeFaRabl$t ecdamn- Terse "dd &Y,
Engl and. In passing up the columm from one esterification tr%és/eto 10 the

next hi ghek-BHeane hes upyAsaragber £eedstackads WEFERT lcaRTeserFed 1ron
water of ea&ee%a&ﬁagoaf 2BUE L2615 & CRealdor e dBfaler aopdal N ng

| i quid passin own the colum reactor fromone ésterification tray to the
next 2%werbexmzerenconnbetendesi. er Handediine t heopdiddesss ofs tilte pimwosetdsoniown
the 15 colymm._In.this, wa he esterification ction |.eadi 0. formation
of the di -8 GeFaCarky befafahy BEPEUTEAA A e Al § (RS 1 Shar ds
100% convessh o4k i Png hoafbrbls EerCAmabey It aprl @at a.s Atysth)PFOEkEiL BRI 8l
such as acetic acid or acrylic acid, 20 that is also present in the

vapor ous Rutezne fanéh the pataliptoiisdriedienaddat ora,nat%gé@ eenypEkdeny

ol ef 16 achgl Ot { WRELGACLOBLESBN dhdia ol Wid AR IECs L0V BE yoe

esterific n zo ndergo conver si on e correspon

al kyl3@®st a5 o thwpéeatuge blfefeasme may b&50°C to 450°C and a
pressure of from 1 bar to 3 bar, an air to n-
butane ratio of from 15:1 to 50:1, e.g. about

20:1 and a partial oxidation catalyst comprising vanadium



25 The vapour phase stream energing fromthe topnost esterification tray
conprises Cl to C4 al kanol vapour and water vapour; it may further include
traces of mnor byproducts such as the di-(C to C9 al kyI2)7 @%Ee@ besi des
traces of the di- (Cl to C4 alkyl) nmaleate and of the Cl to Bzal kyl
acrylate. A further additional tray or trays nmay be provi ded above the
uppernost esterification tray to act as aqformof washi ng columm in order
toreturn di-(C to C alkyl) naleate to the esterification trays. The

. resulting _vapour. . 2.4 MAR 2002 14.stream__which.is now essentially free
from di - ( EETECI% IGH Furedrs, Tale 45 r"réfPESS‘rlde EFOM o1 trm.  Gr S § heo
bottom of the ca.Bns ) ancd orabdet eol. s gecovered a |iquid stream conprising
a solution of the di-(C, to C9 5 alk mal eate in the high boiling ester.

to C |
This is essent iPanséaa]ci%#ql%%%omf°8e§h)8e@ndﬁ'r>§am$m Feadsunckad@ xed with

addi ti onaloofn e &Ht 18) kadithu &da Pa5S§d elIQUen & e/ 1 sreﬁ"ﬁgée%[tﬁ%%} q

containing a bed of Solid esterification catal yst operating

phase Sopetabesg ssomhivnded . by 0a Sizbketndhtroogdh wigichald yndltedrnuda tsei ©f a
terrperaturej:‘rofu frt%rg EiSnC to ~rl350 ang a prﬁssure f, from1l bar to 3 bar. A
typi cal sOPTFTeSET FrtatiTH caraT§RETPE thE FERHIONGIRTEA NS d Thdler
t he desi grapoauATiardemsi  frombehy PabmiandoRadatidn Keadddd tegh afhdenni g
15 House, .2 Masqn's Avenue, Croydon_CR9 3NB, England or that avail'able as
DPTI i on LEcRAYET & PRHRIY 2EPRLA T Wikl PPedRiolf6ef Marered wirTire

Technol 09y tEaRt," @nd Uy DX1¥6. hTheLRaRK,y Sheekian- %ﬂiﬁ% Iakh 6PY,

England. In step (e) 'of the process of the invention, a gas stream
conprlilsi ngomldinggavptier pussedtenpeughurke inokbei sangke ©fe fdiom ( Cl to C4
al kyl ) m%loeetg . The h)i%roag:en stripping step is preferably conducted
substantially at or at a pressure slightly higher than the inlet pressure
to the ester hyar egemt (e0n abnehe TheobygdsogEntRe dhvieppiicd Thep viasporous
simlarly preferabl

ojggegct ed at substanti aH& the desired inlet .
enper at UFE 1 RO iforsl ToAM 1 EpPF L8 RPLYI EOBERGRECH S e iber drigHe,
for exampihiso Saddy 20C Dol apihheuk@mRar 8hr eankelet hgrenper at ure can

be raised tg the desired inl et enperature by adm xture of further hot
hydr dden- é8nfatri ng gas M '¢h mreferallvi £¥enal beneBPfCotodi |l uting the

vapor ous B C (T £AM t by ensusi that it isqa
t enper at u?’%toagévgﬁltd?s?r&déra\?vp%;eir nt, %rn(g)F e?géﬁy at Ie%s?g]a:bggjt 2 ’?3I\/&I3%2002
15 5C hi glser atshaw ificrulew sl wt ioffheohpdisdegamade ist emhydrddeaitaddaus| y

conducted, i,n,the ,vapour phase, using a,heterogeneous ester, drogenati on
cotalyst . nigh Bt 133 e dKER o chie | SRRt AL bR DG SR bRy Go rE PR LEI T oot ed
copper catahyiting ftiie 8xa5BHSuE edtiee8mC ePRBUGBNEOBOEY ot &hyshigguch as

that sold under the designation PG 85/1 by Kvaerner Process Technol ogy
Li mi t&d oPoid ipgsE@fhiftie Petrereativadynthe bigh Prildpgaegserpsen &es

pr ef er abl fiu’gﬁfé : Gl S d0si Bethe anggupk ef beu
about 5 rr)-érﬁp T e%&?ﬁ%l%ﬂs mafgﬁre o? gﬁygggnvegi ‘élir?t e%hgglé,% g. ;C.Oglgp dée?é??
pellets, devisesw csatdlen Mheempioygdawhexednbtteofscendipgt veperesct or

can be & sheldoand: Lube £8agt oy thigho2aliRg SRELahed e iRk Bl g
ester in a gas-liquid contacting device, such as a packed
25 scrubber tower or a scrubber tower provided with trays. In
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/1.

The high boiling ester has a boiling point at mospheric



15 preferably an adiabatic reactor. The use of an adiabatic reactor is
advant ageous since its capital cost is nmuch |ower than that of a

Shel | -and-tube reactor and it is generally nuch easier to2ghgi@eghhe
reactor with the chosen catal yst. Hydrogenation is conducted at an el evated
tenperature 20 of, for exanple, from 150C to 240C and at a pressure of from
5 bar to 100 bar, preferably from50 bar to 70 bar. Fromthe hydrogenation
zone there is recovered a hydrogenation pfoduct m xture which contains, in
_addition to 25 the C1 to, C4 al kanol, al so butane-1,4-diol, and sone

t et r ahydr RIRSFHEACC Y2 Bui§rdtaéeasE. Even 30 °Chéighiavar vanst atiedtesfbly

interest | - -di phe~t nggo.@f , t i.nQr nt f .
tetrahydro u%%ﬁd%é%ﬁt él)lr)o a{gctgo%iéglag ‘r?gt edngg\%gh&glggug%%ngi %rpeeséil'
conpounds &Fe tiongr adkyleheaileaks .30 of commerce and it is accordingly

econom c to recover.themin pure form _If _desired, y-butyrolactone can be
recycled to th?‘%y%’f%r&%ﬂ%?i B1 QﬁﬁErFooﬁrG‘au Mﬁ%ﬂfﬁtaﬁfé@%, 4-di ol .
In add ti aforthel il OgeNEbY$3 ScRFXBEUC htdimd! W mwHi Al abe hMIR 2002
16 contain minor anounts of the corresponding di-(ClL to C4 al kyl)

succi nat e, PP BRARFECY he2RoPReSPIRALRG Ghemeyican ksxyrandionad, e. g.
di met hyl gt UCChnatgvif' gt bg_CLlt o CA | i _tha_tr_!%!_an wat er .
5~ For further details rlg}éa'rdgli%gﬁhy Fogé%t ?%J%&%i'ad}l EfCl < a yl)
mal eat e ankEsUbsnguessteusi 6f catbeniof achid,r exeltadnt acridtle duldraige nedidn
product mxture reference, pay.be nade .t.o US- A-4584419, A- 86/ 03189)
WO A- 88/ od%#ei%i 6%?1%2- 939§§Z§P?§,1°EJ§- A‘-Ctlﬁﬁ'g%é? tl%‘%?‘?f‘oe € US- A
10 5310954 ciand WR A pHdH6Pred nt RAEEE hehall kiyhe nid1e@Rt 10 JRsh e dHasty
understood and readjly, carried into effect _.a plant for the gr oduction of
h

but ane- 1, SRRt PedsEivedstxgRetepaafieordkesed @afd tha Ghyar 65 ik Breneii ng

a preferrqgdy 0GESShd e SCEPL £ : Wt tlg present, i ‘(%@“ w [l now be
descri bed, by way of exanple %Ifsl%\n tgﬁérgef(le&rgencgsrlt ghtlhég accot anyi ng

dr awi ng wiirangesteribiralt bor aneattinaspbhat. TRyf @adury doo nidte gineai migs e

~- but ane i qugll'!e | i at r re,of froml to har a at

t enper at urt?ao Zaf :%gtéé]t%éggrp%it i % u%x?’?}%{i grl?epfa&r]ftanf]lvwlﬁsc?% i§ é‘lesq-‘g“ano
suppli®d wird tdleg dielkylk dalfatéi Ak Aimdahiyonmpllakite? ianyofest@ivamddonal
desi gn and inrhl ariijal oxjidation reactor _conprising tubes packed

udes .a
with a partd & eoj'l"tﬂiikg‘hl 21 §2ECE o8| BEPRETEP WaRdFiUR Yde packed

into tubesdiedvi AR %M dimérhptk8bphBREWIh which molten salt can be
circulated for the purpose of tenperature control. The partial oxidation

reactor is operBiediigh dphling-estanempredligrngtdveldy be Aefigctetbor ous
partial o 'i_qmi r aduet gt feam.Ls €0 C i i pst
boi |l er fe)(;f'I vvatngrhc?o rai s%f. Eg’dms:tbegfcﬁ génlg&lﬂéneeg%%gn:%f c%g ic%g % e?‘ to
reducdd i t altteripeiataniotyl 1883:ids, | $.eecordrdd fcd@, plfamtardd mdiidie ahd

Thi tains .2..9% w v nal ef i c, anhydride, 5. 8% w| . 1.3 b
i oxi o, PORIAR GHrbn HOhONI BES BPOTERAR: - TR RAFO6S PR AT o

0. 01% W w jadlideC tafd stldrs %and WWnmoxydeBs 2RdrkbE RRhaRER F3oRND-Adayl
conprising nitrogen and other inert gases. It is fed to the bottom of a

scr ubbi ng AGhels, I nint il eehphs SEETAFhYAS B lgoleinf Icekivig adsolp lof
di met hyl 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 alcohol. 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 C,, 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



5 sebacate which is supplied at a tenperature of about 68C fromline 6. The
scrubbed waste gas stream which contains 0.03% w w nmal efi c anhydride exits
the top of scrubbing tower 5 in vent gas line 7 and is passed to a waste
gas burner. Fromthe bottom of scrubbing tower 5 there is recovered 10 a
liquid streamin |ine 8 which conprises a solution of appomaRi2Zely 22% w w
mal efi ¢ anhydri de and 0.04% w w acrylic gﬁl d in dinmethyl sebacate. This is
supplied to the top of a colum reactor of the type described in

. WO- A-90/08127. This ,conprises nupber of esterificatiaon trays nount ed_ one
Nbove 16t Eamed B0 TRERBES el i EREE Abncs ! Howdvi ) Fhd (A e iR oo
catal yst, tHede asidpbepyysbdicesbikenor @isBRVhnteye i angs residthe and

each having a vapour upconer for upflow ng vapour and a |iquid downconer to
pernmit |iduidh RP¥}HHE dBFheF heSed| din stedm (Gne coFRarisaT HeDFedy to the

next | ol -3 20 MLIRNChaVARBHT ot 8pS YRR KRELd P ELaNOf £ol um
reactor. by way of |1ne 10. ter of eSterification is-“renoved Tn the vapour
st read exialikendhecan| neacrewttbr freshi melelic Guhymirideaciorstep s(aperat ed
at a tenperature of. fromabout .110C tqQ abput_125C and. at_a pressure,of from
Sbout | 1 baoH Stk BOBEHGF aitdCiedihdne e TRD e HRECEol LR FOGAEOPM <
about 3 heus md¥s et e d g berpRN alnd T, hto toR ALRY1WM kkthe sgneneat

hi gher (e. g. _about_ 125C) than that on the | owernpst tra)él (e. .g. about
1150). A ol atk¥n ComBHTn NG bR 125678/ YndPREP i F 2REFESLE 1A Ca6 Tanmarhy |
sebacat e i Ml a¥B-4 & O5h t PRaPOE EOPLREk e&O MR ULRAGHY ek dY-d # 18 12, and
punped to near the top of a stripping colum 13 which is operated at a

t enpeifat urzeong ty Ot>EMdthe pdesiued sPlI8BLASYa thEl dEEiyed .dicol@ntol 8, has

2 7 MAR 2 of distillation trays above the point of injection
of the di %gt%% %na%%%gé'sol ution into colum 13 'so as to , reduce carryover
of the high boithenthbsh eboill imghgbteebaegt alicernae imedvhesd sdYemtad rom

b e
The stripped g Meddyh é@%@@h?%'h éaFggY%'l%ﬂef-er@atﬂ%)@qtét@“ G rct PR

colum 13 by way of line 6 to f scrubbi ng tower 5'.‘ Fromthe top of
stri ppi ng teolUnalkylhasters aferapeemahici peiearboxgdi csarifay edughpssr

m xture s I S i hy| | I dr SV IR F 0 B

hydr ogen: grﬁ'e%%#%% %ngmﬂgé’%a%:?gcgﬁggygtar%mg%erﬁfﬁ& é\}ag(ocdr t% >(<:f ure
stream i s adtkyd )t emgpleens uof dEophblmabourcigCstehalbeudit@E®wind at a
pressure aof Ei%}tggr It is diluted 15 with further hot hydrogen fromline 16
at a tenperit 3t2%¢ om about 180C to about 195C to yield a vaporous
streamw th a hyk ogegh dbeel byl eBteat aced ah stleipo (@f) aliter3Rithyand is
at | east about 5C above its_dew point. This vaporous m xture passes onwards

in |idfe 1TawziFes rdyeThtl oreplakings txelc fhen dydFegem sidiidpind @Rt or
packed wi tf,ya regduc - s 6abakb¥s g | examice. +8 Eedinagh popper
chrom te c%)a'l yst, g%dfgglgggt ggﬁgtglgntalqkl %t % es(rar)p?neer at EBE of 1%0, an )lcnl et
pressure ofaldBBesia (63.02 bar), and an exit tenperature of 190C. The

di ret hyl mal eate 25, feed yate_correspaonds to l.i Qui our space V. city
of 0.5 b 1. The? ’fo?‘é’rﬁt‘e‘S| %%a% nBPRESETAS5 G FPng‘tt’ung‘%s%cﬁl‘]’% oarﬁi‘%i’nte\%ilc %?}
crude hydregenaith®ngfs odugéaiii xbubeereddiist isitdegd (b) sfvana icgass tef yield
pure butane-1,4-diol in line 19. Lines fqor separate recqvery of )
Y- butd/ ol e et bont €ERaRPJIPEFENEA 2y TG 4FEh e ls) Gfphydride.
respectively. } sgbacate leven ng0k, | i ne
22 while a pur g%ﬁg%gfa?ns%@{%ﬁee?egygl e qg\g%vtgrﬁwgtxl}?ae?nqgg% t%%é?gkgﬁ in
line 23. alkandlRi206BfdeotEteidi stepy|(cdeliac ane asted idfsl cadl Aantzaren. be
repl aced hy,, for_exanpl e, nethyl naphthal ene-2-carhoxyl ate, .trinethyl .
benzene- 1%‘,345- tW&péa?g%QﬂﬁFeao%oBFﬁ@tt v S0 STt &7 Al ]ec?lhattl'ﬁ/é'f Gie
di met hyl sghasdtei&ainbenheepbagedons il &hed YN ibd lasiceredter WHadidded 0
Ce alkyl) maleate, fumarate, or succinate or a mxture of two or nore
t here¥ft | omaonienyinnthanpkseneewnicth adfed atadpdtdivigndite Gota Co C e
al kyl) mal e upar S I . ] %tfure~ of .t e t hereof,
and/or w taﬁﬁ%%%ocoggegégﬁd?hs # %%g%%g&’dj%&rn%m%x@t?r e(eCl EO \ﬁ? é’ikﬁ?f

maleate. The reaction is:-



10 of acids, i.e. malefic acid, fumaric acid, and/or succinic acid.
Typically the high boiling ester in such a case conprises predomnantly the
diester or diester mixture, with no nore than a mnor anmounf,7 R Iy

| ess than about 5 nolar % each, of the correspondi ng nonoester or nohoester
15 m xture and/ or of the corresponding qﬁid or mxture of acids. As an
exanpl e of such a high boiling ester there can be nentioned dil auryl

mal eate, which may contaig mnor anounts, preferably |ess than about 1
nol ar % each, and even HD1 preferably | ess than about 25 nol ar % each,

of one or nore 20 qﬂ dilagryl, fumarate, dilauryl succingte, nonol auryl

mal eat e, nonol auryl fynmprake, nonol auryl succi nat By _m rcOfcid, fumaric
acid, and succinic aciG Inddition, as a result of Cransesterification in
the colum reactor 9, tlhe reg9cl et QR am+mr—ne 6 04h in this case contain
al so .a significant 25-@xqpu of nmethyl lauryl maleate, for exanple, up to
about 10 nol ar & orHnore, Ctypically no nore than gfiout ~g-mpar % and often
| ess than about 1 nolar %} in addition it nmay contain nqnor anount s,
typically | ess than about ol nolar % each, and even nnreopreferably | ess

t han about 0.25 nolar o each, of 30 lauryl alcohol, nethyl lauryl fumarate,
and nethyl |auryl succinate. The invention is further illustrated by
reference to the foll ow ng Exanpl es. .~ T A-,gR 7?7002 20 Exam 1~ 98.0 g of
~methanol and 32.0 g of nmalefic anhydride were , allowed to react together
in a rowldebetronedsf Igsko T abRyleguldianl .M ddne ddisvasiiash 136 gnof

di met hyl sebacate and 5:§$.0 g of DPT1 ion exchange resin. (DPT1 ion
exchange"PRRr #iCi £2 Fa@br¥t) cirdraten tex Ehen gerresnendingi &l nfCs HpIENi ¢
aci d_gr oupgy, i j I neqy,Br Techpnol {  ted, of
The Technol O:S’Q%O%%F?\(S@ %?é%%ﬁ%&@g Tﬁgrgng%?/?ﬁéigg‘ck glr?%g:)r{fl- ees TS17
6PY,5 Engl and). The nmi £ ure was heated 10 to 11.0C an@ dry met hanol fed to
the flask at a rate offf 6 nole hr-1. Any unconverted t hanol, together with
bypr oduct mateﬂtggd aret®yl ether, was recoveyed oyerhesrl foll ow ng
condensati on. The™~conversion of nononet hyl mal e ¢§/¥o di et hyl nal eate was
foll owed by w t hdr §w ng sanpl e periodiwal |y flomthe reacgtiqn flask and
anal ysi ng such sangl.es for aciﬁFﬁgﬁtenF. The expetinment was %J%ﬁinued unt i
the level of agtd‘d?ﬁgpggOEO'less t han 0. 5% by 4t ._The results are
shown in Table belo“. Tabl e Z 20Ti meOver hea s(ninﬂ es) W ~wt % aci dwt

(g9) mt % DVEDVE .
(g)055.9---3018.372.58.040.03602n91z40.090.1425900.4?940.190.311200f27I010.
310. 621500. 127100. 361. 02 Note: DME - dinethyl ether .30 The final sanple was
al so anal ysed using a capillary gas chromatographic technique. This enabl ed
t he anobunt of hydrol ysis of dinethyl.sebacate that had occurred to be
L27~~ ? RN Ned, T : given in Table 2. Table 2
Conponeﬁ?&f%ﬁfgkgfhgﬁopgﬁ%gé#aégﬁﬁﬁféebacate45.8anonethy|
sebacat e0. 06Seidti 8 nondGa®sliytdre tred c et ecde od Sdbapateylinder

ey at SRS AFHETHAL62 6 HaPo 558 CAPFh ISk £8°1 Pt LUt EOTRALSS. uAml PE
quantity @lefid®itNte of from 65°C to 260°C, for example 70°C to 250°C, ‘and
10 a-'pressure of from 1 bar to 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
comprise a stirred tank reactor or a column reactor

containing one or more trays which do not contain any



sebacate was hydrol ysed to nononet hyl sebacate and sebacic acid when

enpl oying dry nethanol. Examlp a 2 20 32.0 g of nal efic anhydride and 98.0
g of dry nethanol were reacted together and then heated to 119Q waR 14 o of
di ret hyl sebacate in the presence of 26.0 g of DPT1 ion exchange resin
according to the procedure of Exanple 1. Methanol containing 30 nol % of
water was then fed to the 25 flask in thejganner described in Exanple 1 at
arate of 6 nole hr'1 until the systemreached equilibrium Then the anount

(Of water |BotDes FELARNG kR digdeld Agk; uas; Leguaee b LRMBLUARM JiS,
system agal n brought to equilibrium The experinent was conti nued usi ng
met hanol coathanohgos wmihex3@,whbec, antkénnal gposirngwiiiyeneheamelle fide

results obtajned.are set .qut in Table 3. a.7 JWAR,~ 22 | % wat rProduct'
acidityEXn%?h¥$r§gﬁa@&ﬁéﬁﬁﬁﬁh&%ﬁ?f§§§Héc&?éséﬁag?é aGwiinard tgroud% the
aci d309. 764381dhn08eitedr48 ~52. 02. 70. 151. 2742. 60. 5Trace 1100. 16S9. 70. 20. 1 .

Note: Product acidity neans percentage of nononethyl 10 nal eate. ~ 7 ~R
2002 23 CLAI Ms: 1E tRepcatedytiisy astepibiication sEaae remBrispes &acsdmwund

sel ect ed froppbytage- Ll thile qfduiloddh aghons. Aldo)6 ié‘?YdFRgHE?QF whi ch

I ncl udes the step of hydrogénation in 5~ the vapour phase o ad to (g
al kyl ) nul ealetiont hd predsdicardfydripis t (cul at sobst éonhydmpgésangonhe

cont a ni noCHETePPERaTRS FRRR\Boke Chaf oY odpBar e kRd Ohr Bof SBRFAEE in an
absor pt i onmaades t@riiftikat iking b taeld i1 wséQ) 85 SheVEDht bl ebigt eskenm a

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 wvapour 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. In 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. In
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



solution of nmalefic anhydride in the high boiling ester, said high boiling
ester having a boiling point at atnospheric pressure which is at |east 30C
hi gher than that of the di- (Cl to CQ al kyl) nal eate and bqﬁwg@ ted
fromdi- (Cl to 15 C9 alkyl) esters of al kyl dicarboxylic acids ¢ ai ni ng
up to 13 carbon atonms, nono- and di- (Clo to Ca alkyl) esters of malefic
acid, fumaric acid) succinic acid, and mxtures thereof, (C to C9 al kyl)
esters of napht hal enenpbnocar boxyl i c aci dsl," tri-(C, to C4 alkyl) esters of

caromatic tricarboxylic_20Q acids, an ib,-(Cl . to C9 al kyl ters af
i sopht hal i t¥8@i d; )(/b) %Pe8058ri ng frgﬁgt ﬁgaﬁgsér Bﬁeﬁﬁ%%é%;%gl gas
stream (cpateasti ng mabebhe .anhydripdedin e s AatdOiE patBbef é5canhydri de

of step (a) under esterification conditions in an esterjfication zonée with
a 0 to 48l kBRokoRoeKERAPERe r'25 id0mcdshandialy e degigratgionl kyl)

mal eate; ( il o] e terificali . ol pitd t he
di-(d to %ﬁbé]@;g%)e nglge%?eﬁaib?]ﬂt g%h%a{?éboﬁ'ilﬁ'g é%?ggec?e%fjc%%%g%i ng the
sol utidn diotke, dk- ME€sonbdsCAvahkyl,) Cralyekire RP tINB hiEpglamd iog es&er with

oty o S S IRRIPARORE AT 1Ps FEE PR Fet S est TR%RS A ogen
and di- (CretBAn&Aoakkylihnidaheatre Thef )refcqmoamgjyﬂg:ém&ﬁ ) abrDicétenVvBpeveys

stream of step (e) 2 7. MAR 2002 24 in a hydrogenation zone under ester
hydr ogenat TRareshli t S6RSERPRNOR -Feesr Fgdrie AR efinGlanir ogenati on cat al yst

thereby to convept dksihl LB Fhedlbthmd B RR &y @%@ﬂ@i@éé?&hé&é& Lgast

one C4 conpound sefected ™ from butane-1,4-diol, Ybutyrolactone an
t et r ab§dr oflne anexandiighprr evevethrg upddmwing idEtogfnatlloangbneapoproduct

stream cont ai ni ng sai e carmound. 2. rocess according to
ol m. EERreR RS WEER B st O TR AR R

al kyl') mal eatzi kgl 10nall et dydomed 2ai fg 3igAifr paesinacdewt nhet @cdhmrm 1 or
claim?2, in which the vaporous stream of ste };g)éhicéﬁgroduced by parti al

oxi dat i on $$2GERYdFECRr BBA Fé@&&‘gélgaitﬁotrhé"%'e MeXHAPYEF SREdati on
catal yst ushRguARkesUlREe@X¥aBNArierd cMRAETS AECGH Bibddis! @bh3enkEn
whi ch the hydrocarbon feedstock is a-butane. 5. A process according to
claimi, ieokhinph t A8 phisi whyokhegatisteridtigatsion orqaesiean verding to

pent oxi de Lp:whi rti-al . oxidat C jtions.in u
t enper at urgggng5Mf ?’% mkggoggt cgbl‘LSY)% bha%oir s)uﬁgg%%é?r oJFné 1&%%’98?;%,78%? % an
air to n-bahdnfuraheer abwhrdm 150% torbixrkiand teo o aii- (¢,necofC,f adkyQ)01

s to 0.5 s. f A process according to any one of clains 1 to 5, in 25 which
in step (a72tfidtGaporous malefic anhydride streamis contacted with the

hi gh boiling eshgf BipaohlaEReratdr e sukH he angs Ofad o LU+l 1605caad at
2 preg(')suretg;t 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 minor
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



from1l bar to 3 bar so as to forma solution conprising malefic 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 contctiyag ﬂ@{/i ce
wherein the ascendi ng vaporous streamis contacted by a descendi ng Stream
of solvent in a gas-liquid contacting 2 7 MAR 2002 25 device. 8. A
process according to any one of clainms 140 7, in which the solvent is an
al kyl ester whose al kyl noiety is derived fromthe sanme al kanol as the C

- to C4 al kagole MaedwhAch~ i QRS dddiCalI 0P SEEP ££dm af- (CA B8 08
according to %ny ovrﬁe Sf él ains 1to 8‘% I I’IWV\:hi ch thg né~ to(C’4 al E@&no%f“ﬁys“
met hanol , makegte, (€xite Chealtiod omdileateolwnnli net hyl nal eate, and the

hi gh boi | i t. | I I ter. 10 10. A di t
T e R o s A e A o
accordi ng 40lLhaié Bt reamMiiceip e dy gh st hgh esf ethesdi- (C, to C,

napht hal ene- 2- carboxyl ate,, tri nethyl benzene-i.,2,4-tricarboxylate, or
di met hyl i &@bpht hahatgates 1 the dyiste ROWHRT £$%4S¥o akPidndSof claims 1 to

7, in whichstber bhahybahing e er cogudsasg anls (iguia Eha Bhk¥hhigaker

of malefic acid, funaric acid, succinic acid, or a mxture of two or nore

t hereof . .witll3 addprdensd &cbpdFfnpilardhi and2raggedhtborsd ki gh 20
boiling es . e i : - (d o) I 2L . efi c
aci o, Tumrs gl hEcEeEERRS FCHIRIR (hed ot ERLKN LofeLEE 8 rIBNT:

14. A processabgsor dpagatd ngnyuraieer dficqliad nehdsé cof8rat bnghcohdibéohsgh
boilipﬁ ester used.in, step g/a), C rises 2&-3 recycled material resulting
from tfhe nydrRgeAnStFippeng é“tlé:r?ci(rig’) inglpder Y56 552 aERBPRFALUFS 28y one
of clainms frb@ 14, ingwhicChot he estanisPicCahicPR FMEHHPIEBEBrGn 1 _
non-catal ytic reactor in which the nmalefic anhydride in the solution in the
30 hi gh boba¥ngoest er uRd®egoes * damian! Pt epcentéieptiduedatalabyst

with the Gol@n0i8hkanohand GBSO NGIAONURG dBBRnheEon 10, O 2KV

) mal eate . rocess according to any one clarns to , in 2 7
MAR 2002 2&mdrthstWeléabal Wahm estdeHddatlW dh. lstlageitedpof sbenaigol um

r eact provided with a plurality of esterificatj trays_each_o ich

hol ds?g chlg?‘é%eof ya&g‘ﬁf’?‘d Seftve?ﬁ‘%/el 'cﬁﬁ%ﬁ%té\#@&ﬁgha@néfeﬁgoar %B\é\lgmar
means to pgrailaMagodHe DPTI Grfreleddiganidayrd s bebnvKaadrheragibatest he

m xture of liquid and_sol,id esterification catalyst in a_zone of turbul ence

on the trayeahrciedkebpmitec ffaIThe Toghinledy i¢eREEPenBrdATERAR Rrive,
downconer @Pﬁaﬂgicgtg%ﬁ@dﬁidﬂiﬁgég §§47rgﬁypagﬁéy§ﬁdparticles, to flow
down fromthat tray to the

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 5°C to 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



10 next | ower one, the colum reactor being supplied beneath the | owernost
esterification tray with a streamof C to C9 al kanol vapour and to an
upper esterification tray with a solution in the high boiling ester
conprising a material selected fromnal efic anhydride, a m)BoZ(MBR 2002 C4

al kyl) 15 nal eate wherein the Cl1 to Cq aIkyI group is derived fromthe d

to C9 al kanol, and a m xture thereof . A process according to claiml1l6,
i n which the roor of each tray slopes toV%rds the zone of turbul ence at a
sl ope whi c cee n of the catal yst particles 20 under
t he I|qU|d %ﬂ%rogggg g&%bg{ ép hy one of clainms 1 to 17, in which

the esterifi cat The hodecoRmtisns stemUiocaabitagebabayi EopdiiceRdz ARe
wherein the esterification conditions include use of a tenperature of from
70C to 25 ?BGC"aBOHFe?g’l?rS@'ofusf%’Eﬁni helexeosneys §ﬁ&e\‘ﬁh8b’éFﬁgﬁ§laéfl1%1

anhydri de eétsﬁeggerte%ﬁﬁaﬂa@é@&w %eﬁgt%nakgea%s% 1623 Lden part
to the corresponhdi ng mbno-(C, to C9 mal eat e process accordlng
to any3onereflucedi protnated o merkhlyshe, eforr ekanaleonedoged rmdplmaes a
catal ytic esteri |cat zane erein the esterjification conditi

i ncl ude usgﬁﬁ? g Feﬁﬁgfﬁghre<ﬁthcﬁﬁG%%?Yo ﬁggcyﬁﬂﬁr Fgﬁ §8Fﬁ§na 1on PG
esterificagbpn bgt AvasrneaBrtcidgs alediool ody 7LMAR: 280322 pe xaBabpgRirmesi n
cont ai ni ng_pendant sul phoni ¢ aci d groups. 20. A process according to any
one of cl al®#E*¥3ce oA W &% he hydrogen stripping step is conducted at
substantial |y t@ﬁe'GH@éﬂyéﬁﬁﬂgftiéléQQ% f@faBY9rHQ6EaE'?8r€1é9@391%%- A
process according to any one of clains , 1 n which the hydrogen
strippPng snephﬁsréﬁﬁﬁuéﬂeéﬁﬂme?b@#ﬁm#eﬁLm@ ta aheukahgamef fThem the inl et
t enper at ur h o) b th nl erature 10
to the hydg%ggﬁ% |gon¥lzy)g)%ng:%tI O%‘%réc}éée%és) %%&)r mé/ t’ogah ghhgg él ainms 1
to 21, in phlmétbherhm@m0@m%nadﬂnsgep Wmemoudmnged fmxeﬂebuapoﬁr phase

usi ng a reduce ted co r cat era ure of from
230C and afohasyBEe e Gt 160 hh,a 8ha b SR Co8e' ReBrbEEes YHACH d ng
to any onecgf Bbabgér&ﬂéaiéhbéﬁhntldil hlééehérm&l&gCOMSWEQe&rOﬂhtH%
hydroqenatlon zone a hydrogenation product m xture ich contains, in

[

addi tilén tprefexably, &Andiasiiabat ihereacter co BRRaHER, O4l 38 ARAsPakdsunts 20

of te”ahyg%gég&@n AU RRE LR e Ao ABEREETS seoag A chO 163k
in whic rogenat | product m Xxture Ts purl |ed Istillation

|n one or tbar shagesfiauahﬁﬁlmﬁmﬂsnmbéarewotbn analnghusegdSEra&ﬂunn to

separate overhead th% ol atile co onents of &hﬁ Zﬁh”i burenlnc ui
t et r ahydr oPdF8n=2FRE*C q()ﬁif%ﬁ TeRREeY WAha RPBuFARSE: yﬁrocess
according to cl ﬁyaraéena:tmmtmmtt@mat an elevated temperature
20 of, for example, from 150°C to 240°C and at a
pressure of from 5 bar to 100 bar, preferably
from 50 bar to 70 bar.

From the hydrogenation zone there is recovered a
hydrogenation product mixture 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



product fromthe "light ends" colum is further purified by distillation in
one or nore stages to yield pure butane-1,4 30 diol. ~ 7 MAR ~pp~
.AI[.AS%aAY.AF.ASLy.AS[‘.A3HLR.AI5‘.A9R.AI.A9.A.AL.A&.A.AngAMﬁ§5&&A.A.A%>A
). A A3L. An. A" % As. A3rth: 7t 45 C

. 2772222277233 A1 A ’é’hﬁiir?t?s”?é’ﬁ?ﬁ’ﬁé’?882283%83&13%’?8i=1c?~t‘6?tj>3é’i)er)ii 2

????~8887?787?7?727| p8??27?272?2727?2?x| ?| ?| ?| ?| ?~| ????227?227?> 2522 222227 7277?77

I o RN b s J Do B o SIS O S N S TN

222272 ????????7???????7777777777777777777777777????????3‘gs>7?>"????0‘??|
508,658, Spf@ 7909

2?2xXX?xx| | FesLALANY |crnde hygrogenabhonopgeRurt| Pirters.sreferepre. mayy -7~

2oL bl slomed Idd b st 24 - vio=r>ak 763585 <626 25070537 < LA XX
X~X~X~X~X~X~X~X~X~| ~| ~| ~X~X| X| X| X| X~X~X~X~X~| ~[ ~| ~[ ~[ ~| ~] ~~~~~~~|"~| ~| ~| ~| ~|
~| ~| ~| ~| ~| 467869~ VS=A~494517] ~|US~A~4519]F5,~US~R~5294 358, 0PH~29~~2?>20~~

S~~—————

8~~~~3 Op< Qs e e e e e e e e e e e e e e e e e e e e e >
~~9994§999%3é9 %%79535%3%%3$3%5g%¥39%79999p9999999999>999999‘99999999899999

| 22| | ????B?uga?{é'i'i?,'ﬁ"_'ﬁ'f‘f’o"ﬁ,?>a?s~%?e“1?r?a?é’~§8ﬁ8?2258%26?2688333%8‘ | ~9?~y?~~~

<~88~<>p’_)‘ 20<0?2<KR?~=2222??72????22??????2??7?7?7?7?

2229<78| 2282822222 AR 2 2PRR A2 2022322222R23 272222222227 ~~~| p| ??
DS [ R e B e e L e e S T K
?‘?>‘?aC8‘éxaﬁ@ﬂk?22932??ﬁ&ﬂ?22922&%%ﬂ§?@6?@Bé?ﬁee@ﬁﬁaﬁy?ﬁg?d?QWiﬁg?B?‘0|8X

g'_( (@ a??];ﬁpﬁr/f%ébs?ﬂqugfqﬂ WAETaT &F ctPeaPtafta) ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] cal] ca] cleGrdaalds als alie] @vd whiny) cRabGekaa] €8] sBpbI98a-3n>11AY ALAA
EEEEEFKKLLL L"L4L?LBLJLLL}wql f [ Vkfa\ W ca] cOaU].cOaU] ca] cOal] c

aU] ca] cOa] 84] GabagviT A% chlieal chpEard] 5] 8 EERRFEARIES] ©fa] ca] ca]
leNL ; - - L :

VEMLVBUBMEREREN 1 PEPSBRRAR ZITE 12D R oa o oF - 2R} 58 T BP AT Gaut ca

] ca] ca] caUpd&hcalicalicaUJlios ch] cHaeitizh] cajdattahcrlint] datcaFEcal] ca] call c

tytH JIUX-0 + . . .

W [t | G AP ST T bR o) Ko BSF 8 of PR EAFSoPEATRE OB) ERAFESFonal

cal] ca] ca] eahgallstials alinlcddwedeapLeahcal pakedal oxidation catalyst

[ >MOY\ d" Y3Xeh. { vgkf a\ W] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca].ca] ca] ca

] ca] ca] ca] €gpSAgEaIE S aqaerba%dair&aqmwﬁaﬁeapesreéi deroy ERPES\WPEFCNEEE ca] ca

2] cal ool caeh B R R e BTG o ok P ISk o o

(109 ()- theY@uypcke R Homperatukd+control. The partial oxidation

reactor is operated at an air:pn-butane feed ratio of 20:1.

A hot vaporous 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 anhydriae, 5.8% w/w water,

1.3% w/w carbon dioxide, 1.0% w/w carbon monoxide, 0.01% w/w
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which it passes against a downflowing spray of dimethyl
5 sebacate which is supplied at a temperature of about 68°C
from line 6. The scrubbed waste gas stream which contains
0.03% w/w maleic anhydride exits the top of scrubbing tower 5
in vent gas line 7 and is passed to a waste gas burner.
From the bottom of scrubbing tower 5 there is recovered

10 a liquid stream in line 8 which comprises a solution of
approximately 22% w/w maleic anhydride and 0.04% w/w acrylic
acid in dimethyl sebacate. This is supplied to the top of a
column reactor 9 of the type described in WO-A-90/08127. This
comprises a number of esterification trays mounted 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 liquid 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
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scrubbing tower 5. From the top of stripping column 13 there

10 emerges in line 15 a near saturated vapour mixture stream
comprising dimethyl maleate in hydrogen, with a
hydrogen:dimethyl maleate molar ratio of about 320:1. This
vapour mixture stream is at a temperature of from about 180°C
to about 195°C and at a pressure of 62 bar. It is diluted

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.
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3! @40% succinate or a mixture of two or more thereof, optionally in
admixture with the corresponding mono- (C,, to C;y alkyl)
maleate, fumarate, or succinate or a mixture of two or more
thereof, and/or with the corresponding free acid or mixture
10 of acids, i.e. maleic acid, fumaric acid, and/or succinic
acid. Typically the high boiling ester in such a case
comprises predominantly the diester or diester mixture, with
no more than a minor amount, typically less than about 5
molar % each, of the corresponding monoester or monoester
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 wmore
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

o

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.
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5 26.0 g of DPT1 ion exchange resin.

" 3,+10% c

(DPT1 ion exchange resin
is a macroreticular ion exchange resin containing sulphonic

acid groups and is available from Kvaerner Process Technology
Limited,

of The Technology Centre, Princeton Drive, Thornaby,

Stockton-on-Tees TS17 6PY, England). The mixture was heated

10 to 110°C and dry methanol fed to the flask at a rate of 6
mole hr-'. Any unconverted methanol, together with byproduct

water and dimethyl ether, was recovered overhead following

condensation. The conversion of monomethyl maleate to
dimethyl maleate was followed by withdrawing samples

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 Overheads
(minutes) wt/wt%s acid | wt (g) wt% DME DME (g)
0 55.9 - - -
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: = dimethyl ether
30 The final sample was also analysed using a capillary gas

chromatographic technique.

This enabled the amount of

hydrolysis of dimethyl sebacate that had occurred to be




10! SYL0%& () - 3! RSYA0YBBE () - 3! WEYA.09BBE () - 3X| | } | ~pwU30P1! ) s@) 10%y & () -

| Tes@) 10% 1 & ()- 3/ Ki s@) 10% ()- 3! Ks@) 10% ()- 3! Ps@) 10%: ()- 3! Ps@) 1
098! ()-‘3}0P1F510% & ()-#-10% & ()- 10 10

10! {Hs@) 109& ()- 3! "Ms@) 109 ()- 3! TRs@) 109%& () - ‘37de30F2|7|vma% () 3l
M 940% / & ()-31tfoa0% /& ()-3!jTo%0%& ()-3!f9%0% /& ()-3! 0% ()-

NL! M 9409 ' 10% & ()-!  10% 4| & ()- @ 10/ /5,10/ /

10/ /1F94.0% / & () - 3! >f 9409& ( ) 3HEL#+, WUSNL! 90E0% | & () -1 H 10%

! | 0, | | 040 0,
R A Gl P o

& ()-ABLX go| Z8N1!/19840% | & ()-!9%%dDablé 2

Component wt/wt%
Methanol 4.7

S Dimethyl sebacate 45.8
Monomethyl sebacate 0.06
Sebacic acid 0.01
Monomethyl maleate 0.18
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.
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Table 3
Mol % Product Dimethyl Monomethyl Sebacic
water acidity sebacate sebacate acid
30 9.76 43.4 5.0 0.1
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

maleate.

means percentage of monomethyl




& () -

& ()

& () -

10

15

20

25

30

Wa0% | & ()-/K BW®A0% | & ()-oMENL! 9%Bd0% | & ()-!wWd0%y |
-040% | & ()-/K BWA0% | & ()-'9040% | & ()-j MN1! 9940%
WA0% | & ()-/K BWA0% | & ()-!9Wd0% |
27 MAR 2002
23
CLAIMS:
1. A process for the production of at least one C,

compound selected from butane-1,4-diol, y-butyrolactone and
tetrahydrofuran, which includes the step of hydrogenation in
the vapour phase of a di-(C, to C, alkyl) maleate in the
presence of a particulate ester hydrogenation catalyst, which
process comprises:

(a) contacting a vaporous stream containing maleic anhydride
vapour, water vapour, and carbon oxides in an absorption zone
with a high boiling ester as solvent thereby to form a
solution of maleic anhydride in the high boiling ester, said
high boiling ester having a boiling point at atmospheric
pressure which is at least 30°C higher than that of the
di-(C, to C;, alkyl) maleate and being selected from di-(C, to
C, alkyl) esters of alkyl dicarboxylic acids containing up to
13 carbon atoms, mono- and di- (C,, to C,; alkyl) esters of
maleic acid, 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;

(b) recovering from the absorption zone a waste gas stream;
(c) 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;

(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
containing hydrogen thereby to strip di-(C, to C, alkyl)
maleate thérefrom and to form a vaporous stream comprising
hydrogen and di-(C, to C, alkyl) maleate;

(f) contacting material of the vaporous stream of step (e)
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in a hydrogenation zone under ester hydrogenation conditions
with a heterogeneous ester hydrogenation catalyst thereby to
convert di-(C, to C, alkyl) maleate by hydrogenation to at
least one C; compound selected from butane-1,4-diol, vy-
butyrolactone and tetrahydrofuran; and

(g) recovering from the hydrogenation zone a product stream
containing said at least one C, compound.

2. A process according to claim 1, in which the C, to C,
alkanol is methanol and the di-(C, to C, alkyl) maleate is
dimethyl maleate.

3. A process according to claim 1 or claim 2, in which the
vaporous stream of step (a) is produced by partial oxidation
of a hydrocarbon feedstock in the presence of a partial
oxidation catalyst using molecular oxygen.

4. A process according to claim 3, in which the hydrocarbon
feedstock is p-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

of from 350°C to 450°C, a pressure of from 1

bar to 3 bar, an air to n-butane ratio of from

15:1 to 50:1 and a contact time of from 0.01 s to
0.5 s.

6. A process according to any one of claims 1 to 5, in

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

7. A process accorxrding 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-liquid contacting
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9. A process according to any one of claims 1 to 8, in
which the C; to C, alkanol is methanol, the di-(C, to C, alkyl)
maleate is dimethyl maleate, and the high boiling solvent is
also a methyl ester.

10 10. A process according to claim 9, in which the methyl
ester is dimethyl sebacate.

11. A process according to claim 9, in which the 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 C,y 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 strxipping 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 maleic 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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which the catalytic esterification stage comprises a column
reactor provided with a plurality of esterification trays
each of which holds a charge of a solid esterification
catalyst, has a vapour upcomer means to permit vapour to
5 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, and a downcomer means which permits liquid, but
not catalyst particles, to flow down from that tray to the
10 next lower one, the column reactor being supplied beneath the
lowermost esterification tray with a stream of C, to C,
alkanol wvapour 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
C, to C, alkanol, and a mixture thereof.
17. A process accorxding 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 70°C to
25 250°C, a pressure of from 1 bar to 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 temperature of from 65°C to 135°C

and of a solid esterification catalyst comprising an ion
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20. A process according to any one of claims 1 to 19, in
which the hydrogen stripping step is conducted at

substantially the inlet pressure to the ester hydrogenation

(94

zone.
21. A process according to any one of claims 1 to 20, in
which the hydrogen stripping step is conducted at a
temperature in the range of from the inlet temperature to the
hydrogenation zone to 20°C below the inlet temperature
10 to the hydrogenation zone.
22. A process according to any one of claims 1 to 21, in
which the hydrogenation step is conducted in the vapour phase
using a reduced promoted copper catalyst at a temperature of
from 150°C to 240°C and at a pressure of from
15 5 bar to 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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