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PF 60278 1 Method for producing s-caprol actone
Plso27gption 5 The invention relates to an inproved
process for preparing s-caprolactone in a purity of
nore than 99% by cyclizing 6-fwydroxycaproic esters in
the liquid phase at from 150 to 400C and from1l to
ﬁ&ﬁ&dﬁf’ n grorl W ng and condensing the
corrpoun V\h’lp re volatile under cyclization
conditions, in Whl ch the remai ni ng bottom product of
Ddseriptionl i zation is thermally treated in at | east one
further reactor, volatile conpounds 10 are renoved and
ondensed and s-caprol actone is obtained b X _
ﬁ\eéwqwt'are reyes 1R EoveddieRsss zqrégepagln@grga\é[%qtmn G purity of
rbdre tipar §9% by alelizingréelsydomgpaproit dstees efthe ligly phase at from 150 to
z{(@@*oc}’mé‘i‘djtq&mqr}o%gﬁ fiPh %bs Pasd Ao éﬂdrc%"ngér%‘v‘rg ﬁhg—z%o}ntpobﬁds

TOX Br ol ¢ _esters can I zed

VigT e detadieend ﬁr WF@ cgpditionsy Iy Whigh Hiedemaiing hedteirraduct
dBE\B?x@CE&tIBﬂ& teswaaily lt:eatetihre atigastionatiurther edactor, volatile compounds

%%%ﬂ%ﬁ énseB2h8's %abfb#@ﬂtdﬁ% O|§ %ﬂe@%&%ﬁk‘ﬁilétl&atf%?n the

a ase I n e presence of oxidic catalysts an
AE$HSatesr ri er gases. 20 Additionally knovvn fromWwo
97/31883 is a process for preparing 1, 6- hexanedi ol and

sSC QIBEtBHQBF fP\%epofychﬁng’acfb%Q g?‘eﬁaféa tﬁ&‘eﬂor‘ﬁ‘ B )(f?d%bﬁ Berve to

ﬁ} caproi c “aci
?pﬁﬁfﬂr@ ae%t 1, 4-cycl ohexaned| ols and is obtained
as a by- product of the oxi dation of the cycl ohexane to

1C¥ KhORR KRR B! 6%9&%5 @é‘t@}s MntHe c%éhz.%@fé’ @é‘pr@factone in the gas or

igubshaes o setarye, e 3B 2ealS desfigs S1e Sriraligl 26 finvaroxycaproie

estdrsitd givs cagrolasiobeinythe gasphaze intliecpresereefad oridit catalysts and
imdft ArReUgds8s.i N the oxidation of cyclohexane to

cycl ohexanol and cycl ohexanone (cf. Ul mann's 30

Encycl opedia of Industrial Chemstry, 5th Ed., 1987,
Addlitionalfy, known4®m W@ 97/81883 ie@ nrocesh dergirepdring . &Bexanediol and e-

c%b%cb&?@‘fl‘dn"? a%‘éitﬂ)ﬁ]@' détd Axktdr&%Rich c%ﬁfﬂiﬁééssﬁjlﬁiﬁ akig U%—@?ﬁr@xy—
HBRSASER ShalAmpme P b LN dRaT0R A Sohed a5 4
reiedudtt oltoe weidatich efriibe ¢yehgkaneatoi ayclabéxanobe/tysehexane mdth

01<9 é@oﬁ%ﬁ@rﬂ&ﬁbr@aﬁﬂgcgas‘% Iaflg lsb@étéﬁﬁgd‘b%wﬁ!%ﬁj eﬁ?/actlon of the reaction

cycl ohexanedi ol's; between 1 and 4- cycl ohexane
'@'é Ufi-ol s, between 2 and 10%formc acid, and a
rrultltude of further nono- and dicarboxylic acids,

ToRlRfuouL3dhtRRg oPcY,é}b&Q)iT@ QHBQ%% ‘é‘:?eefo'rrﬂgél ¥k S%Focﬁ:@i%tuﬁ tHes
0%&9@5% BBl BR IR YRR D AU RNSXpapEs (o Dimanns ©
Encyclopedia of industriai Chemistry, 5t Ed., 1987, Vol. A8, p. 49) are referred to
hereinafter as dicarboxylic acid solution (DCS), comprise (calculated without water in %
by weight) generally between 10 and 40% adipic acid, between 10 and 40% 6-hydroxy-
caproic acid, between 1 and 10% glutaric acid, between 1 and 10% 5-hydroxyvaleric
acid, between 1 and 5% 1,2-cyclohexanediols, between 1 and 5% 1,4-cyclohexane-
diols, between 2 and 10% formic acid, and a muititude of further mono- and
dicarboxylic acids, esters, oxo and oxa compounds whose individual contents generally
do not exceed 5%. Examples include acetic acid, propionic acid, butyric acid, valeric
acid, caproic acid, oxalic acid, malonic acid, succinic acid, 4-hydroxybutyric acid and
gamma-butyrolactone.

After dewatering, the aqueous solutions are esterified with a low molecular weight
alcohol to the corresponding carboxylic esters, the resuiting esterification mixture is
freed of excess alcohol and low boilers in a first distillation stage. From the bottom
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acid, caproic acid, oxalic acid, malonic acid, succinic
PE B02784- hydr oxybutyric acid and gamma- butyrol act one.
40 After dewatering, the aqueous solutions are
esterified with a | ow nol ecular wei ght alcohol to the
correspondi ng carboxylic esters, the resulting

AR P SBBRTTIEIA Bal. o L foRlne B S8 L ksdty
frstaf drft-pxcldgramediols gaga flaction Gemprisiog g agh the maigiity shthe
tiagexanadipBiabbiained. Atthial distiletidrestade aftdrioa frestientanedrising
SR A H PR KAREISRLE 5 L bR, OApltlohdn e
GAstPARRR PrefRrabhy '#' &f“?}l‘?cg‘iq P13%€i on stage affords a fraction
conprising essentially 6-hydroxycaproic esters (stage
s Y 1 5rAR A LR Ry S
ArgsRoFS 11 iR PR PLMPT tBemgdi 6 iR cyslzes Brrupisxycaproic esters
theapretictoneeand pute ceprolgetopean e tobtairemtiter distilaton fosm thee e
%tiﬁv@[&h‘&du&‘?*rﬁé‘n & bﬁgs%scg@g%m{ SV SR \gﬁdﬂi atafyRt, butis

actone, € Ca act one can al

apr and p
Ri?@fﬁ I RETTOFREE foiRe PHSenee el Faiaieti Bisopteases. t iyRdvantageous
tbipgrforth {heayelizatian reaatioroin tleaprebencefdf @ighexbilimgtnhangt, di- or polyols.
catal yst, but is preferably perforned in the presence

f a catalyst., In sone cases, it is advantageou to
TherParpniredcln, PrARNaRTY BaRplGinP And RElepEban Epoppl are
remghedbomitimgreaotion mixtlire inogaspoly forms .and Thedensadtfrectional

d?étfﬂ%p?ovi@é@ h|B&Bhe HormaRd SorRichons. and est erifi Cf'iti on
al cohol, are 15 renpved fromthe reaction m xture in

gaseous form and condensed. Fractional distillation
Adisadviatageapthal, espesiallyfwhem thé procesedie peEermedon the industrial

SRR IR Ichg rEkenoR SRS oAl IeuTGIRXpIY @8ton grlce. only
BB ST b oV e iany S8 B e plhe B atmieGhe e
adinbytablzoamang othactasioss, yo eligpmenizatiny and hygerigatien side eactions
i9 Wh}ch@hﬁowo@f@%ro@re%t@f bf 10y wmum@-(bﬁz)@ldo%h YR 3D 6t example, a
GoH e S b bt Bpd s 0 Al Pl coo-cran-coor
femybich eligepersiand pstyaress edn forre by erartiom witlofrthep hBirgocssters.
(Ris, for exanple, a d- to C4-alkyl radical) form

' h | - 4- - .
WhER IR eyt bR et S e e B S ey R vesters
whithmay alshde ungalutatgd, dds pessible, Jor axample, irethe case of the dimethyl
étéi)f&ftﬁ?(%dwidcfésfer %ﬁ@(:i@-mﬂzMC@_gﬂﬁqi)sS@Oq@%tt@ K&, from which

Specl.a | . .er | . .al S e
gt F’EVP'E%%'F%_?G&" R} kSRS S her 6-nysron ester
rogleguies. it thetrrgaence ot ese diesterse esparnially whes thay exceed contents of
19513R8 Preld@fehfrofdetdnet’ )etubsd Edns idefhtﬂﬂ?rf&onﬁé Q%Br?@lﬁem 70%,

: . W Sse ormw

e%hé%?‘ﬁﬁ g?e?%%e%?g%{éﬁ{e%grgﬁ%q #{}%oxy ester 30 nol ecul es.

In the presence of these diesters, especially when they
lewsetharafortaprdbiecd bf the invention to provide a process for liquid phase

preparation of e-caprolactone in a purity of more than 99% proceeding from 6-hydroxy-
caproic esters or mixtures comprising them, in which, especiaily in industrial
performance, higher caprolactone yields (based on the 6-hydroxycaproic esters used in
the cyclization) are achieved.

This object is achieved by a process for preparing s-caprolactone in a purity of more
than 99% by cyclizing 6-hydroxycaproic esters in the liquid phase at from 150 to 400°C
and from 1 to 1020 hPa abs., and removing and condensing the compounds which are
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1 9% the yield of caprolactone is reduced consi derably,
PrEeZrEe cases below 70% especially in the case of
short residence tines. It was therefore an object of
the invention to provide a prpcess for |iquid phase 35
preparati on of a-caprolactone in a purity of nore than

v%?ameouﬁb%?@ﬂllEQJJnréﬁﬂhuﬁ r@’ Wh?:?ﬁyc mﬂfbﬁﬁéﬂh@ﬁﬁé&%@%u the remalmng

mxtures cO r|S| cral
hofatsrrpdlugt OF’E‘QMH '@ a iﬁaah%ﬁe fl:"é rdf "3

dobdsreshgvolatiee c@mpoycide end aptaoiing eeﬁmolactuse dy dlstlliatlbe from the
oV8éngadd on) are achieved. 40 This object is achieved

by a process for preparing e-caprolactone in a purity

of nore than 99% by cycli zing 6-hydroxycaproic esters
In thet fudthén rgadtdr gitaseomst thertiermbbeatmen OGO bepeftbciadamder the

plf@%@lré‘gl?d féﬁﬁyerat@r%%oh&ﬂ&’(é &Qhé‘%ll%ﬂ%ﬁeﬂﬁ'lé‘ﬁrefé?@oly thermally

Cog)cfé{gﬁ |'@h‘3fé%ma<?r@ U&’—]gor qmmphe %t@xtgm?)ié@urle ﬁég&ﬂg htgher Itis also
addénanallyg:clsh:blerte varyrthe gresbiaret pnefeserals piverh ta éstablishing a lower

d?é@u\'@ﬂ‘atah‘ﬂ{‘thlerbyéﬂza{l&fﬁt one further reactor, renoving
condensi ng vol atil e conpounds and obtalnlng

s caprol actone by distillation fromthe condensates. 5
The hattenf produnts ofrtbacamlaotone eeapamtion arheomplex mixtures of

dhb@rﬂéﬁ@ﬂﬁci gﬁ%}nbl% @J;t%rﬁc\h é‘rﬁ’&éllygc!bﬂ'lpgt@? %S'Wdl‘(ﬁc 8dPoic acid,
it S s surard el i and d RS sl £ caf@#be@&aa?ﬂ?'a
Hayvevexatn@algo ossible @mﬁhqtaﬂoéomomaemsgfneexanmle i1 S-pardanediol,
ﬁ@%ﬁér@aaﬂ 11y4- @mehéﬁ?edirﬂetﬁaﬁd AdMRNAI RIRISEHR) obeHtTcRBAS to be

el S B3RS b e e Siang pholf a3 o A e

scyatgrrolfca@ec@mélep*réﬁantanedm are conpl ex m xtures of
ol igoneric and polyneric esters, which generally

IF\%’? he?e"??rg élﬂ)é%{sﬁémﬁ%rdghﬁn%Cu’g?he‘rka%ﬁ) |F|'§% a%’?cw\ts of e-caprolactone
C@mst%p@ pbﬁ@)@ﬁﬁ@m Bedottam nredustadf the eydization 4e c-garrelastose by

Heafing taha thaltieohigh poagpedurairentsfomrthe yasmatiof purities > 99% can
a%dﬁipR&&t%hn&gl‘eQI%d 1, 6- hexanedi ol ,

exanedi net hanol , nonanol, tri decanol or
pentadecanol to be present, whi ch have either been

ﬂ&ﬁdﬁd\dl@ft!@é mbérﬁttd)nf’imé/b@ttonmxodmt biithe Bn@gmxycadrdsie ester cyclization
vﬁﬁéﬁ ig'rﬁbp\é&étﬁ 635@ tﬁe éczrﬁﬁt@ﬁgéﬁﬂ?%g&”zﬁh& cdn b{%ectqd to a
ta@fmﬂhtrgatmensba,taww at@%wéum@h/nnﬁ lepst ase fbr@wurﬁ%faorf 'r%rﬁ
redstoomhérahapthedyclizatiat rdaber.Cihel dorrplolnds which are now volatile and

st Ok S’é é&rﬁo%ﬂ@e&’%'gdm‘éﬁ& Ocﬁgrola%gque ig elt:tahgﬁ fﬂagg@e Q:Hﬁﬂiéﬁéate by
diirienanslingestesdempiralicamaomeberiaiing t o t he

i nvention, the bottom product of the 6-hydroxycaproic

TRl gémfa\( Frbétﬁ%ht ﬁ%ﬁe%F GhtelbeRRegl Efrbr’nq 5414 360@ Sreferably
fzpo?nn to 35% , more pre1>t/erablyzfa c§n|1 %O (t:oagso db bressures 0 from 1to
1020 hPa abs., preferably from 2 to 500 hPa, more preferably from 5 to 200 hPa. The
thermai treatment of the bottom product of the cyclization is effected generally at the
same temperature or preferably at a temperature up to 100°C higher than the
cyclization of the 6-hydroxycaproic esters. It is particularly preferred to perform the
thermal treatment of the bottom product from the cyclization at temperatures up to
50°C higher and especially preferably up to 30°C higher than in the 6-hydroxycaproic
ester cyclization. The thermal treatment can be effected continuously or batchwise. The
residence time is generally from 0.1 to up to 24 hours, preferably up to 15 hours, more

preferably up to 10 hours. The reaction pressure may correspond to the pressure of the
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thermal treatnent batchw se or continuously in at | east

PRE0d78rt her reactor, i.e. a reactor other than the
cyclization reactor. The conpounds which are now
volatile and distill off are condensed. Additi onal

caprol actone is obtained fromthe condensate by 30

;%{;i&liagér@%{e 8wt gﬁs@@feﬁé‘p%?eﬁéh? PR ¢ g{ipils AFLrBly below

t ffect

FES’(%P@?%*P'YPF’UY%%%%@%%#@%%? p?gf:rabl y from 180
to 350C, nore preferably from 190 to 330C, and
TSRS e M, b b
PRRRD FPULLRITIE. WRECDEOE SR BRI fuaboraiors) or
faling-filmegvaporata's df isatsoqueigord nat toydrise otihtbe gasameis reaction
IR AN ol o A oy RO B Vit e C
aoHR S 15 2 st SR PATBHGA glale e Brrtl JOEL A S tels. This
sutpeisimgly increagasdhe vield af isepriokictoom biscalspossibintotpedorm the

thtfial Fedthiant iRla reSSRARIMES up to  S0C hi gher and
especially preferably up to 30C higher than in the

6- hydr oxycaproi c 40 ester cyclization. The thernal
A saleantrean be adddsitodhé bettam pradict of teusyiclizatipnbat chwi se.
The residence tine is generally fromO0.1 to up to 24

h f er abl 15 h . f

198 Pre FoBodmett BRorune st - el oL 8 ApHes Brgd pfiom
profichofdbe aydlizationtieforpr garkstha theryel treatmeatn | Higlrboiling™ is
dn@éa?foo@rti@ﬁ%@h @ndrﬁ:—,gﬁ-ﬁfrgloly@&- hdvrhg%?iﬂb tpsbile\tst ;géféﬁabhir ébld@ the

h.erer e

o355 B caBraigiions i e IR e tes, Thefioley o1
pelpl usesrmakagecanoh endaorpel, tdgsanos prntagecasnch wotadeeanedd.4-
bitahetiol, a;sj-@éhtmfﬁﬂm,s%mtéﬁtat,aldecw@@?ammﬁ bufieathapropane-
Y SRR sl O PRI 80 Jimbhybrdhar and
apicetlidikewite suifablerpee Mah-boflisa rmangt, di-rpr ayokgoRRpEising fpixtures
whdh & obRinediasadistiipedravesiddes MRPEEAItNSINEN G- adi- dredfol, for
eggrslpfe%ﬁﬁll%ﬁdncr’agidBé?\gvﬁicﬁg[je &ﬁﬁihé@ln tHe g%ﬁeeﬁg Qﬂ'g)%tapo{ or

refrux. 'S sur_r_prl Sl _ng y. 1Nncreases e yileld o
tidgsanpifenesecand. These high-tediag nmne-.1y G5 plBIeANe idtiallpcharged
ahbRl bbded dranéterdtsepBrately RARE irdattiod Hiktive, Br 8LdmslBin €oh case
5 AIFSiondof Rt | SREB B i Rt 18508y
maefe JErRierablydronha 3Rk dnweltpr oduct of the cycli zation

before or during the thermal treatnent. "H gh-boiling"

13RI O, B PO i or
cyglizatartis PeHe™

athe presejicpat arcatadvst-dn paftisdativean aThe
hontgenedlisly dissolvedicatalystisededinythbeydieatiomitis posdibdafoothis

j I L, - 0,
oSG e PP PR ma G 0] e und coltsPhEq o e
aﬂg?‘}l et hyl propane 20 di ol, neopentyl glycol,

triethylene glycol, tetraethylene glycol,

duith E:Qeéhygls%pmamﬁerﬁgﬂtreah\éﬁ@érelme LathiGYs SRichUrs 8RbRnBKA per
sglfgr F\g g)'/élilzgt%nn(;?rﬁnoé 6-hytl:lr6x3%rappo?é gs%r_s.c gm%\eséa?gys% élteucra?giysts
which may be present in homogeneousty dissolved or heterogeneous form. Examples
are alkali metal and alkaline earth metal hydroxides, oxides, carbonates, alkoxides or
carboxylates, Lewis acids or Lewis bases, preferably from main group ill. and IV. or
transition group 1. to VIIl. of the Periodic Table of the Elements, or oxides of rare earth
metals or mixtures thereof. Examples include magnesium oxide, zinc oxide, boron
trioxide, titanium dioxide, silicon dioxide, tin dioxide, bismuth oxide, copper oxide,
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whi ch are obtained as distillation residues in the

By BbdwEsi s of nono-, di- or polyol, for exanple
distillation residues which are obtained in the

synt hesi s of nonanol or tridgcanol/pentadecanol. These

hi gh-boi ling nono-, di- or polyols are initially

ISRRLSRH o%ﬁe,az[ﬂ%r‘ﬁ[:mao%ﬁd’e %n{ﬁ%ﬁrﬁ b&ifles SRASALA Kided, LiRGsten
reaction mxture, faor eXanple I n each case 1n ) )
QUsIes iRt RAiHeHn SerBiM PYiden alumingig oxistr, BFNike gHde. Igadexideagnijmony
dxiderbaridno o&idép daycive iogie, sodivon Bydroefle makdsgiufr lydréxideg 30%

» . r - .
i R g o o B 8 Oy Bhch ) pe mixtures
QfyRe nglidvalPoMPopeRts OF RISE 'W"%P‘%‘Pf@ r B3 8PS TBF @Mkt 41 geglites,
dlumipas tr betb@polbeds. #refermog éngioerstoyedisaodsathasas basest on
éltﬁnﬁﬁﬁ\dziirébnﬁ{?r?orct}f&ﬁihtﬁati on, it is possible for this

St st '

catal yst st to be present in the thermal treatnent,
but a further catalyst may al so be added. 35 Suitable
Arhaatagedisiy, arcatahyst hbwatynspace velatityeritfroar @01 hed® gt bfesdbdy from

8 T S RO OIS g8 o s Bt by o
LAY 38 RO MAD ARSI IEEBERHS SRR BiGe 588 s soncentration of
teipisallylfroed1@to TeOCE mye peefesablyofrom SEx &G40 pem, moe Eklestly from
1®iahoddgpal kal ine earth netal hydroxides, oxides,

carbonat es, al koxi des or carboxylates, Lewis acids or

Lewi s bases, preferably frommain group Ill. and IV. or
ingrthe thetrnaliregitroend, Yolatiecarmpaunde fire dlaiPed s thpcprddilsitein the

f8fm bRixElr&IRALS coPprifXi-8asoRttoha as tRALER pré®icRhSwell as low
m. xtures th es i nclude magnesi um oxi de,

f. I
s Y BB SPSH A0PP B de. titani um di oxi de, silicon
di oxi de, tin dioxide, bisnuth oxide, copper oxide, PF
'ﬁpf%gﬁer%nhbﬁ&t fAaRLEARROIAEIShe Yielt CiPmiay Bk GdoalsIe to NaRasl tHebottom
00X cnr m 1. .aes, n | |
DR80Ty R PLRA IS a0 SR e Bl Fiers

oxi de, antinony oxide, barium oxide, calcium oxide,
16 Gl pratdusdcexidig, to IR iRSSHtion) thy 868 GeoduchEQR BydiiFation of the 6-

. ol \ ! . " des.
Biteormagio sl BRI bt Fu M BAFA et o
el se m xed oxi des, as occur, for exanple, in zeolites,
\AdefuTicragr oy cdlrbie oteed MajetsralPestber & fatalkdndi NAMd feom 1 to 12
S z
SRt LRI R Lo T Wl QI R rom 7
to 8| caehanyatens pF BaNOIsaVING fepon § to  carben @mf?s-%ltr!% pessitge to oz
rhéthaibl Jeth&r s gebdnbl iobriPaRolOr- drascbdtagoPdr digas-bantanol or
LEHARIATELR 5 ROl Bl BB EhoARLOA Y o'
RO AL TR n5$fgrqb§ygpetgpncgj. Pilsrauch ag putenedioler hshianediol are
gcefisphialn prirfciptanThe testeb QR pp frimhe Eoiy@irgdyed R bia@sierd mambe the

TR AR PR Rardclsol rh Jr bl Bt e St A Dhymapronte
formof m xtures which conprise E-caprol actone as the

Thel Grhypdroxgepromesiers tarmbe brswared, for example, according to

DE-A 197 50 532, which is explicitly incorporated by reference here and is incorporated

into the present application.

According to DE-A 197 50 532, 6-hydroxycaproic esters are obtained by catalytic
hydrogenation of adipic diesters or reactant streams which comprise these esters as
essential constituents, distilling the hydrogenation effluent and removing hexanediol
and adipic diesters.



10

15

20

25

30

35

40

boil ers, for exanple |ower alcohols. To further enhance
PhegZFecaprol actone yield, it nmay be advisable to
recycle the bottom 20 product to the thernal treatnent
or to subject it to a furtherg separate thernal

treat rrent In the process according to the invention,

3} RehdH tQQHﬁéraBl& pteHSrn‘Fé’ ah't%&f"ﬁduﬂf‘ r%fset e ﬁyc?r?genatl n

OX capr0| c ester act one or t
Cta siatsedia isprocessay e@&@?r&'ﬁy eIRIPIPRIHSa H‘cﬂ %QBQQOUS
catatystesigiablel for imskregenatidg ¢drkorall gramps.sTHesvaydef wsemetthenin fixed
bed or‘;‘n"fb’bﬂ@'ir‘t:n'r?‘ht ﬂﬁ%xarﬁ?él‘é'n@@'ﬂlﬁﬂ%ﬁ%eﬁ?é’édw If:‘iié?ﬁpblés fh‘ére7of are

to
R, B BB AR et Moo kR LoSTER ST ¢
[M@ﬁmdb loéOtganirséhemislry] avidbmedYHarm|16 tp 26 pamong the hydrogenation
t@%&lsednpreférrerio‘é%b]ﬁ/@ﬁ‘% th8§e @h%ﬁ cBmBﬁéE éﬂh%r rAbre

e:ﬁre%ﬁ oEdRun S hovies Yilesnd iy e gng aBBaRedy s Mgy afthé Petiodic

Tabi efithd Egemmtsh aspaciallpicopper schrdmiug, bmgrmm,onqbialt,dhodlum nickel,

ﬁaﬁm.ame%rplpla%h@m ﬁbﬁﬁh His ahsor aﬁtmﬁtmynpgmbmar prefr&sdeds given to
s may be the sane

RS Wbt KRSl KRN O fnSBLSLS Y B the - sa

met hyl 6-hydroxycaproate. The 6-hydroxycaproic esters
|6 @BdiBén, ﬁlﬁ@ﬁ@ﬁﬁu‘étlorﬁ ef th@E&chﬁoyca’r?gﬁ@@ %Qlefwcdrfb@@ﬁéa%d%oba%img to

VR e S T e S T

heesaot appligation. DE- A 197 50 532, 6- hydroxycaprm c esters
are obtained by catalytic hydrogenation of adipic

AT 80 F77588 Tho SRR HHE RGP B8 b Erpring o
qamxalg?emd m@ﬁur@wmlmheqwnpalﬁas pdiRis\ACiHy SMQ@ﬁmﬁmlc agig@nd small
amebupitsCofdl, &8y cisiRxamididld 2r® istobtdihebld sl & Ggenaduchor the oxidation of

(&EIQF&aﬁglt c@ﬁ&‘fe%ﬁ@%f@ﬂloﬁ@farlgﬁ i ?ﬁ%@ﬂ%? O)éyyéﬁ comé)r:smg gases

Qyéﬂ‘ﬁi?fafmtfy?dﬁét@rt eei@e%(ﬁrsm'xw? Wéth? 0%6?%%' Yigight alcohol to give
teatarraspbadiag carbbkyic iesterd) aeld ?gpmgﬁngggg (earebfmsa%t;_br grm:tumhus

i xe ed or nobile form
}Eb?ﬁ%d;g%él%esﬁ%gdﬂlléﬁg{sté ‘bed reactor. Exanples
thereof are 5 described, for exanple, in Houben-Weyl,
it méfedemembbdiﬁiegamamhemyﬁimm:aﬂoaté ibdbtaided by O gani c
Chem stry], Volune IV/1c, p. 16 to 26. Anong the

hydrogenat| on catalysts to be used, preference is
*gi veffeeing the sesailtingiesierifeationinigtugef excespypethargl @pd iavsbejfers in

gr oupfirst distillgtiorbstayé,l b and VIII b, and also Ill a, IV a
-and f}én"i‘theqfottbh'ﬁprg&ﬁdtqg'a“seca_rﬁp& ilgfiort &8 -.E|p°efﬁﬂﬁ|ﬁ%aseparat|on
especi al pper, chrom um eni um odi um

ni cketo anlezstq;dlacm eﬁspntlallarﬁreemf Aﬂrmmem@d@lﬁ and anfraction
and/ r I ven to

cata yﬁgﬁ@h@%g tﬁ@nﬁ;@-@y gﬁthBﬁ{&{cﬁﬁ‘é??ﬂ and/ or rhenium

ol n aediovingithe mlathybﬁ-bymomqapnmatn‘ stidaen Borh Yl estgrfegation o a third

este effected according to WD 97/31883, which
IS rcié%’él%t?c’g‘a&?% ‘here explicitly and is incorporated here

into the
For better understanding, the process for preparing s-caprolactone is explained

according to WO 97/31 883 in figure 1, in which the individual process steps are broken
down into further stages, of which stages 2, 3, 4 and 12, 13 and 14 are essential for the
process for preparing e-caprolactone, and stages 3 and 4 may also be combined.

The dicarboxylic acid solution (DCS) is generally an aqueous solution having a water
content of from 20 to 80%. Since an esterification fraction is an equilibrium reaction in
which water forms, it is advisable, especially in the case of esterification with methanol,
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15 present application. According to WD 97/31883, the
BF BO2f8oxycaproi c ester are prepared by esterifying a
carboxylic acid m xture which conprises adipic acid,
6- hydr oxycaproic acid and snet| anounts of

1, 4-cycl ohexanedi ol s and i s obtainable as a by-product

of eidﬂr@pl@%b Qélﬁd)\férwéftér 26 %ﬂe@%ﬁafﬁepdrﬁbutar when water cannot be
oh exano

C 0).4

S S IRAPE eE G Bt i B T Heopig meas. The
gexvateringrin siage draanvietaifegter o msarmi@sl vaith sueieghrang systes. oro
rﬂ‘bféﬁabl;ﬁ hemeand @f@fﬁl@tﬂna?& Qﬁﬂd@ﬁwld Whi€!s WafeS is r@fdved via the top

a erd,1i on m U

TR LA oS Bpia, g PRuEbbLhRy | 1 5cioRBtAHBR Vidine
Qqﬁﬂ@mtm 10 teed98yC, mefe;@hhoﬁtgra tedpe°G, gncw@pmferéa!ytis@m 30to
Foveei s 4 b:eesma ¥ frbMal BSIEe0 lhf-’hcﬁbfe@ébly'ﬁréimlﬂt@ 1200 BRESH6re

BV kool 08 18 sl ot s Hectod sucn
thatshe bptem erpdsetens, beptrawa offiimlinud foapafha water cadentrin thedwptiom
cﬂ’?eﬁéﬁéolurﬁﬂﬁtdy% fRsHs 010t iteth 0% By vesigietf préfedatsly abmleopResY, @

qagm ALy ROTRY 6o, 8} “)egtagt the majority of t

exan I ol's, Perdvy e net hyl
6- hydroxycaproate strean1fron1the ester fraction in a
Tru waler chrstid fehive® i SUch@ewaythafthe waeirtieobtainde irspradstimgntly

éJbefrBé fb?r‘ﬁsﬁr tﬁ%mg%ﬁ%%%go@llggeﬁg P?e%ﬁfﬂﬂﬁ tﬁﬁﬂéép'eéﬁélﬁ%uy

fPWE'JF\?F'Su&P" be Gistiled off fopthedpestiprg et thewdter imerges that they do not
Hhdgesestaificalioncdlcaohipese 8stedficaioand 12, 13 and 14 are
essential for the process for preparing

c- capr ctone, and stages 3 and 4 may al e )
Aesiih oM Tarnorias dite 40 B9ppn AT pah 958 b PRRP ke carboxyiic
apithstreain yorarstagguie tus pessitle toorsemasthanpl setivartob rpropamot et
i8prbp e, %gnﬁﬂuée%nh@mo@nb& @f&afgay@aé ?ﬁbﬁér%&'o% hafid, or
ul reaction in

Gt Aok ooy heving & Jo Koo e aad prsiably n-or

isdttanvbohelsh- -pefianaiaR i®pentaharondkae ptiiee hand Themixiag vatiosrt

d1ESN) Ut%rtfc?@l&t écﬁH‘stréarr‘n Gﬁésts' ratid)@hay hefomat £io SDané@éraE]? from
o gfﬁégﬁ r|f cat| on reaction, for exanple

ch %ﬁ&e%ﬁr% . evvaterl ng in stage 1 can be

effected, for exarrpl e vvlth a nenbrane system or

ﬂﬁ@ﬁﬁ&tﬂ@' sééé dEaamelt BF s@utiﬂnﬁﬁtb'tl'xélfiéae%r apﬁa@@t Uf whith the

i ch. wa
ol B b eslerTe ity echostiol TP eRteffich descion can be
pBrfanrm@ctato‘maawmﬂ €. preferabiy fromot tord08tC frarmpieferably from 90
tgg@?oc M.g%@gsﬁ% Yo éﬁmggﬁtb@agwgurm& Fé”fé}faﬁéealb chit®m
ariohBia s SsteiAudh Bt it thedfiehaiCrraseiie OF P racsign
ayetem) doe ﬁsﬁenf ictien [@pparetvstusas sraxtberape stirrpd éeniraalipy tube, or itis
poskisktis dasiidbe tb 8é atphRalkptTherefasibedimededed fshtpyn of f

erlﬂc&r& j%amgéﬁﬁryﬁcgﬁ%ﬁ%g&g@w 8 o3l ke g’
q;,tqgfr satigp| ryatmoa 1$80 PEPLeed wihpuyaddition of a catalyst but preference is
given to increasing the reaction rate by adding a catalyst. The catalyst may be a

homogeneously dissolved catalyst or a solid catalyst. Examples of homogeneous
catalysts include sulfuric acid, phosphoric acid, hydrochloric acid, sulfonic acids such
as p-toluenesulfonic acid, heteropolyacids such as tungstophosphoric acid, or Lewis
acids, for example aluminum, vanadium, titanium, boron compounds. Preference is
given to minerail acids, especially sulfuric acid. The weight ratio of homogeneous
catalyst to carboxylic acid melt is generally from 0.0001 to 0.5, preferably from 0.001 to
0.3.



10

15

20

25

30

35

40

wei ght, nore preferably fromO0.01 to 1 % by weight. The
pragozzacan be renoved in such a way that the water is
obtained in predomnantly acid-free form or the |ower
nonocar boxylic acids present gn the DCS - essentially
15 formc acid - can be distilled off for the nost part
wWth the water in order that they do not bind any
esterification alcohol in the esterification. Al cohol
SePis S0l eatplysimaie addigor ednarriidiaMatRlialsa rexagPsackliey
supertabigicoaetaboidascsuchas $i34, AbOr S agrect silitdtes or zeolites,
dﬁ%‘fﬁ)h%?n%poéjé@pe@%@ﬁﬂﬂbral ?&B%Qt‘él’ ﬁ‘ﬁ@%‘ﬂﬁ te%rr pRSsphate for
Q

m xtures o
t@rﬂ&@ﬁymﬂe%%wm o8 r?XFkF?é‘QSF?eW' nigacidef carpHicnis

gd:umsh Ohs solelsyatadyshd tnay baarmaggdd asma fixadobed ardehsed asars
s@gge,gq&,ferably n- or isobutanol or else n-pentanol or

i sopentanol on the other hand. The m xing ratio of

al cohol to carboxylic acid stream (nmass ratio) may be
Theovatér. farmes! iBGhe praefi@y ialabpropriaely remRvedca@inuonstye for example by

rﬁéa?fsedfé%éinlﬁréﬁ@bpbﬁdﬁsfﬂlawn 25 This mxture passes as a

't or solution into the reactor of stage 2, in which
the carboxylic acids are esterified with the al cohol.
Thesomplatendss ohtheaonveraion ioh thedeas dacboxykgrowpanprasert irf them

catbdx9 Is&%eﬁfs‘e&&érﬁm% Wlfrg@gg%gldtrﬁjn%@ﬁeag%ﬁ alﬂéletﬂﬂerré’éﬂti‘én
W?@ﬁ@é Wi S e e S Sty BRB 090 5Bl rom
et toet(. Not all carhoxykamups prasaoldn thengystem oepshbripreperissgsters of
tBé albisol LESE, tUutJf.’atheﬁv)éSﬁd?tﬁBn b;g;@sie@émfm ﬂfbtbfbﬂﬂ oﬁ@iﬁféhabhls

Se is
E%%'ﬂ?'g(%ﬂ%% “?tgﬁﬂg?gr én 0c}‘tus agé’ﬁjlc%& G l%;yc'e The reS| dence
time needed for the esterification is between 0.3 and
THe el?,mﬂrsatloarrmmr@ielfyd intcostade 8, 4 Membiene systefhér preferably a

cﬁsﬁl |§th doRﬁ‘u{ e ?8%&09\519&% Ré&s’:ge%‘ﬁ%s\%t F%“éaté?fs‘?'f&r g of

erence |
qsteélf %@atre@ﬁﬁlondhe epliprifigatipn duieds ap@rgprlatemé!e@mlapw ha
b8y, iRevhith daesRgRNERUES Pash SR Nats satalded peoscideqabalent of the

c%?ﬁtl)%lt Vit ba@é@ﬂ?&f&e %&n&%ﬁ?&ﬁé\ Fr%%l cgcél&@}% %Eﬁh 'n{é%d Wi,

cathongigschsspresa afoxdes, pzrtam'rapéd@%wt@mﬁecor&@selved in the

ds&irlﬁéalmﬁla}t&hbﬂ Slogigedt, R dlstgsssibigiosehtralize vath tshsicdon
n? acids, for exarrpl e al um num vanadium titanium
oro conpounds Preference is 40 given to m neral
acids, especially sulfuric acid. The weight ratio of
Wierng edleonds ussalialsiege 3, thecfasdiddiie icoluamiisl praférably detween the top

G Be e B G ey edgéﬁﬁ?“‘?‘bé'w POVt o,

@UE%R%&’I”&@@‘%P@PFB’F@' f Bretie esitAng Py B“'E ag are drawn off via the
tsm pleprassutecofieinall t@x50a 5 padierably Sio®P20 Wl BB, hPan Bidre

|y5be°n¢h0§d bmmﬁ@%n terhSthiut&Shetwder 0 aﬁ Woo e prBraby 15
Hg’gp% apd eppeﬁcna‘?ly%S ang 7% 8 S"};hls streameic?an elther z%cﬁweraﬁ)ed or
preferably worked up further in stage 11.

The bottoms obtained are an ester mixture which consists predominantly of the esters
of the alcohol ROH used with dicarboxylic acids such as adipic acid and glutaric acid,
hydroxycarboxylic acids such as 6-hydroxycaproic acid and 5-hydroxyvaleric acid, and
oligomers and free and esterified 1,4-cyclohexanediols. It may be advisable to permit a
residual content of water and/or alcohol ROH up to 4% by weight in each case in the
ester mixture. The bottom temperatures are preferably from 70 to 250°C, preferably
from 80 to 220°C, more preferably from 100 to 190°C.
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5 acid strengthening, or organic ion exchangers with
Frugdxpai ¢ acid or carboxylic acid groups. The solid

catal ysts may be arranged as a fixed bed or be used as

a suspension. The water formed in the reaction is
appropriately renoved continuously, for exanple by 10
means of a menbrane or by distillation. The

conpl eteness of the conversion of the free carboxyl
T@e@yﬁgmgfcg@ algge ﬁrwnlthasct%ﬁe@cgépﬁtp plisfly frgedgf wateg and esterification
ateher ROAas! fagl ihto stdye Adhd i andxtilativaasunedinaficr the feed is

SR80 o B S Mo RS BB T copr
opgralir a atNgmpgatures PHER 110 i 30 pre releyahly iom &g H)<dnpre
pnefexablyefrqon 88 émR5SGEE, ersd presswés of fem dlte d0@0 hies ebs., ;breferably from

9 B1506P3, RRFd bRRrIBY 1R 1116280 hpLn the form of dimeric
ol'i goneric est h the end of the
hydroxycaprm c acid. The esterification mxture is fed
Tihettop factpe cdnsists pesdondmntly yof tesidual wateeéred @esldyalealcdh@dl ROH,
e‘gfe?:'é b th@%ic%ﬂol%ﬂm nW}%Ean%onlﬁ%‘Bl eﬁe@&’nﬁ‘na CREBs-mono-

I on

ter tion r
cBrhoxyi asters 83&?%@%%%@0 205 3ii5n G150 By CRRIBIC 1Y £ e
Bﬁh)tdnomalbasacld and inpasticutzsiee lﬂlestmslwnmdlctarﬁondw acids such as
?(@Ji %ﬂ}ténc.aécgd SRR aBE SJcIBRdN ?‘n@bﬁl@t Qépr&l@@tone and
The bases used are generally 3 K metal or
Vaf%%ﬂ?%/ﬂ%e earth nmetal oxides, carbonates, hydrOX| des or
al koxi des, or amnes in subst ance or di ssol ved in the

The c%ﬁip%hérﬁtb ﬁ%ﬂl&ﬁb&hﬁ?ﬁ@ Femé‘@&ﬁd@ther'\ﬁa the t&8 SO InPPRIPthBY €

oS Brotal it e PRt Sihoed Fa0R §lrEam WhEh dnfiRiséd™
ppecbﬁmnaﬁlwyesaétnakmetertané resigyal gicekel and it abinvemeniangd
cBhERATS RANPHEATN0 Blaflcl AL 18 4ig SbarRGbich Bipfises

B8 RO BBt 8P GRSy JEE et
cgmpgg}ug e esters obis acidy etbemrsAPRoveRiEpR sHeRY of AS MSEE stgam,
chA@krh BésordiBg & hdW Buek elzhyrofdc@iedid st §6 gg' areBabe REDnly partly or

STl Bl i L0558 20 i oL R0 Do,

incinerated or preferably vvorked up further in stage
Thé-hightodilliy daipgopahts @pthal sheemafdn atage st Wedﬁﬂn)ﬁaﬁﬂ;ﬁcdﬁ%is&hg of

AL ol SR B BBl Rl LARyBERMFNne DS,

uged acl ds su
sgme of whichrare palymeric, &g éﬁmge@%aa@ﬁﬁrlp@lr@@ea%orst@fdhe gajumn of

stagayd] aad Weaithbcoaibtideatsdl & nprerkyréedlepibodingstt tbr sardlled

tﬁ%ﬁw&%&é%&h gaég |§ﬁ>etﬂ§'gta§§8§1fejtsglgbee%d&’\ﬁo Gy qagxanediol s.

resi'dual Cont ent of
wat er and/or al cohol ROH up to 4% by wei ght in each
Stags 3 ind Hnay@etoembiried] espcial @heobhig Relat@EpeIned| Laresunts Sre

RELESE RN B fzp%)faﬂq;fé% CRESLENARLY carl LOBB0eH o

fractional distillati nperformed atchwise.

For the e-caprolactone preparation, the stream from stage 4 comprising predominantly
esters of the Cs acids is used. To this end, this stream is separated in stage 12, a
distillation column, into a stream comprising predominantly adipic diester via the top
and a stream comprising predominantly 6-hydroxycaproic ester via the bottom. The
column is operated at pressures of from 1 to 500 hPa abs., preferably from 5 to

350 hPa, more preferably from 10 to 200 hPa, and bottom temperatures of from 80 to
250°C, preferably from 100 to 200°C, more preferably from 110 to 180°C. The top
temperatures are established correspondingly.
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9 The stream from stage 3 which has been substantially
PR egaysof water and esterification alcohol ROHis fed

into stage 4. This is a distillation colum in which

the feed is between the | owmfpoiling conponents and the

hi gh- boi I i ng conponents. The columm is 5 operated at
terrperatures of from10 to 300C, preferably from20 to

nor e referabl fraom 30 to, 250C, and ssures

VBFalrs ERReraptyOr B0 RBE A IO VER Of SEPRolee i RSE SeBBtAl ofthe
ThPayclotexengriaé &pmithy hydroxycaproicesisindathed eompgnents form
afzé s%tﬁ??%sér%ﬂ%r Af RHORLITERE YAt intRig 's%@' 12%84t8he 888hration

of, ROH
B AGHISEFERYPS an el e MR AIa AR ey SHesSeggcomPletely, i
p@ﬁmtanwhenmet@tgrlused ésthe pgefedrechmbipgt estgrcar boxyl i ¢ aci ds
such as 6- hydroxycapr0|c acid, b5-hydroxyvaleric acid

t he diest wi th di boxyl i '
ey ba aBVantagiPus Beb i e some MEIAVERRIOE 656 N oGl
togathertvathdthe dilipicsliesterc tipe cbrdertts imghaadipiositarrad hpdroryoaprolGbester
aTé‘Quff‘e‘Pn'TH@E&’BFc%uéE@é}tné @m}y@a@e%temmmxtaﬁgmhsava\m eously

d, enb {
i 2 7 o A5LcsP s G R enP TR i eE, wis
peredidon of nydioyycapsdiciester inaerevesiidoetbei withothe aﬂwwjestama the
tbp . G RMBYTRB{ehWS5h the BBGShsIgNbRyIkawNg from 3 to 5

carbon atons, and a side stream V\,hl ch conprises 20

_rpredom nantly t he abovenenti oned constituents of the C6
detstresm comprising SdraxyeanTeis iepigr isrreneertast s the liqugd phasgdo

afdohBedndascaphol@uteria it mé)‘)ﬂs@ EbrApiRedUrtisT cdmpofients Whﬂnhfﬁ\ay make

5 bpton BY SRl 18 008 eIt Rl R ROl RBIAT 104 {RBre

nrefe@byt%@v 3%. Theaelf@rrmoo@@tg@om@f tor example c¥ridi-pentanediph
c9dbBdxal8diols 2nshhgated abipkadiédtéars, ﬁi@ﬁ‘@@ﬂi@ﬂbﬁs elcaprofactineesm

hzflrfbgk%tpftg@esdter %08618&%@ LY i8S bh BS 8 ox&%pﬁf&l’: g&te?sf

esters, cIo%eXaned &t 8" and
constituents of t he DCS some of which are polyneric,
Takgeadtion Vesbriorded Mthauticalapisher srefetabdninafe plegene cufrm:avélyst.
s%ﬁtggls catal a@%ﬁaﬁg%}fidﬁ' Jr%géic %Staiﬁ&' Wg@hﬁ? b8'predefit
hPF}i’E%%CtUéWl digselyer &n hetﬁ’é’%“??@d‘ OW@W age ikatt metl @nn
aWQIRY éarth B8GI hyifdoXitiesg esidSs, a:mboﬁaréayalmldmrdmca&ﬁaxylates acids

sﬁélﬁ’% EL‘?\ b d|¥ a#]ﬁeorﬂ ﬁﬂ@éﬁﬁogg la?\&' &géﬁﬁc ﬁﬁﬁé l::?tﬁf%.ﬁfﬁm %lds or mono-
o8 Hicathorylis ciss. enstells RbMeiaipramentionedagida| Lais epfs gf leis bases,

ppefefabhyrfenth hatrcdrous Bl add \Far trbhsitido- grapp bit@wtiooethe Periodic Table

n, the streamfrom stage 4 conprising
ot ﬁoréﬁ%%gt%tly esters of the C6 acids is used. To this

end, this streamis separated in stage 12, a
Rilefetance i givan toalsingrthe sarhe catalystseehichcarepaisosused in stage 8, since

tm Ri H'Ebﬂﬁ@ﬁish’hé’}gé Bir&anfl| bﬁﬁ&&ﬁ ¥ comprisesio om@&dh@r&y\s EGHSlc
ri sl ro rolc es

h»ﬂ%é,%n a vantageous% be utl}[zed ag}émat[})y means oft s?age é %hen a
heterogeneous catalyst is used, the catalyst hourly space velocity is typically from 0.05
to 5 kg of reactant/l of catalyst and hour. In the case of homogeneous catalysts, the
catalyst is preferably added to the reactant stream. The concentration is typically from
10 to 10 000 ppm, preferably from 50 to 5000 ppm, more preferably from 100 to
1000 ppm. The reaction is performed typically at from 150 to 400°C, preferably from
180 to 350°C, more preferably from 190 to 330°C, and pressures of from 1 to
1020 hPa, preferably from 5 to 500 hPa, more preferably from 10 to 200 hPa.
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colum is operated at pressures of from1l to 500 hPa

REDS0278preferably from5 to 40 350 hPa, nore preferably
from10 to 200 hPa, and bottom tenperatures of from 80
to 250C, preferably from 101to 200C, nore preferably
from110 to 180C. The top tenperatures are established

Iﬁ@érﬁ@ %Q@é%d It 'ﬂﬁéd(raﬂ Ogeﬁgzta%gllfgrm Wé%ycliz%tlbm%émh tiﬁé’bre@ence of

YRR Thenc: - or ORI, K SRR RIS IR ek anty dridecandl,
pepthdesanob pcidecasl, dr4-batanedolt hégentzoagiohd sexaoediol, 1,4-

c?&@ﬁé@ﬁ@ﬁol‘é" t |@!ﬂ§lpﬂfb@h@@6l néépeng?&Sl tFl@l'h?i%ﬁ@@f%ﬁ in

t
tqtraf?l&wegﬁwﬁﬁrgag\ V'Q&ﬂ?@”gf)r ngeora'ydroxycaprm C ester
succeeds conpletely, in particular when the ester used

T'h%sé highofhs alcefolget Emyo@ﬁﬁeeihmawc%?@édbﬁwdﬁﬁ\éaaé@eﬁﬂéfered
al so 0 renove,sS

ca ste
SEhgBiaCr ¥ [RCITE I o SHEEe 1 Sophé s BRpa T pgf from
Oatio08e by weight fordigrablyxiioma b tao6e% &y twaight,Iroorgrnseferd@birfrarh é to
30% By weidhester is to be hydrogenated to 1, 6-hexanediol,
advant ageously between 0.2 and 7% by wei ght. According
to the al cohol conponent of the esters, this
Theopantion produttshprerdorinently esterifigatias algahol BRblent s-erpselaetone,
aré Fﬂédbmﬁxaaﬂly fénfov@tl EDhFthe Yéatibh ﬁuxt@lr@ﬁn QQS@US et h
a t.he

<BypBadeel aeing calhrsk o BF Pt ite oyl Foet

unponveeted repeiant panbe rateinedindbn macmmss@immmllta% aloplko! and e-
cﬁpr)bla%idﬁ@ canbRIdraen biikiahes topOIMaRREAES, thé bdudRYreBRkeRin Bep

% n%?? rbg lfrgghqh%l g%gﬁéatgﬁ iP5 Fs?Pl%go/ﬁqfn%HL%F Eggr‘é@@&% t‘ﬂen the
ifieatien elsobein9f equrse. dris &earadﬁOeposa*bleﬂo oblaimery the ai¢oh0! via
th?e/l‘bbpﬂilﬂ&amgﬂjlaﬁtme iH Asidd stadaat TAd lal@bﬁol@t!eame?ﬁ@y ahiahtigecusly

bg rgé}c%rdsintg%iag%g %'ot‘?cltl béto%?p@)ﬁﬁét%ﬁ‘ Eﬂaﬁor‘? 36&53@8%

a I Ol
WW@'GIXé'éiEW%‘PfQ“QOTﬁ@WSf%‘ﬂrP@B/”W% hout cat aI yst or
preferably in the presence of a catalyst. Suitable

Tﬂ@?@é&’t@ﬁﬁe ?efaﬁucﬂwcve%&l c3h b%ae?fe&eﬁ %tﬂé&(@a‘r&hé’@@ wRgy be

ogeneous
hpawsﬁn@uaﬁataé@twe UﬁP‘R aﬂ ls aﬁ@r&ageaha toz@tracﬂu@sﬂh% eeagiant piream
direttsl into\ticls oydlightion borbtle.Sn tifigtasw) dHeatalpdt lkax eithess beradded to the

f%ﬁ% Xé{lp Bkfove trg%ga.on%y 68 afldecbd ech¥1 tocthé?éeﬁ: iBh vessel,.

i'C acl organi C acl as sulfonic acids
or nDno or dlcarboxyllc acids, or salts of the
Halwaiverit g morwati\muageousl.te\praw@t:thésfeeﬁ |d_mmmlm the catalyst is

aHé&éf&u?&Hl&édf{Qﬁﬂ Hﬁkékyt@%ﬁ& lsie'r gntﬁ‘%$ i 5-a196|}oﬁ Eﬂﬂﬁé&e’n% used.
The githeating GmRsralire s Rewers 160 g6 508 Cu Brafe ably §O8K 0 to 270°C,
neaé pheferbblywont To(atoe2 58 G.Atdisee temparahuges, She Isydneecaprbie ester

ahie 7 R8s gﬁﬁlygé ROAIRoISL ES&HEagt%né‘aﬂ%m%?ncfcﬁ%ﬁ%drﬁ&%
YRR é%? & discEafority SelAour @

MG‘ PRERIAG B 25 fheAdlgchifal anhhg simat amoypt I hydroxygcaproic
evtee wheen it gets |nto the hot reaction vessel, can distill immediately out of the
reaction bottom. In this way, column trays are dispensed with.

A further advantageous possibility consists in obtaining the predominant portion of the
esterification alcohol before the workup of the s-caprolactone, in particular when this
alcohol, such as methanol, has a low boiling point and would consequently be
condensable only in a complicated manner. To this end, the methyl hydroxycaproate is
preheated as described above in the presence of a catalyst, in which case the alcohol
released is already distilled off. This is done advantageously at from 100 to
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het er ogeneous catal yst is used, the catalyst hourly
Proeoc2ygvel ocity is typically from0.05 35 to 5 kg of
reactant/| of catalyst and hour. In the case of

honogeneous catal ysts, the gatalyst is preferably
added to the reactant stream The concentration is

ineal r : I b
Y8573 st bppSeuctahe HAL AT R e OGS iy ofensadee.
W:Sar@?&eﬁ I§ Rossible IRTRERP!Y (Rghe Rrasgneg ofithe,aba &' gh-bailing
giacdblr ably from 180 to 350C, nore preferably from 190
to 330C, and pressures of from1l to 40 1020 hPa,
/{’C{gglfgg{ﬁgl _ifn{g;%{]@gg gn%%\(l)ofgtﬁg Qgtf‘.r%r] gggiégtfo%irtt?eb%-éycfir%g%a%%ic ester
cydizativraigesabijgcted tpetiiomal trémmeyiciataatiscoor contimtausty in a redion
\gggeﬁ%rig&d.gguce@%sggil ing mono-, di- or polyols, for
exanpl e decanol’, undecanol, tridecanol, pentadecanol,
oct adecanol, 1, 4-butanediol, 1,5-pentanediol,
TheBohetxeame df the cydlizdtionc(figl b stegerie)isoivarked up further after

cl%rlﬁlé/ﬂs%ﬁm INRERRAE Thid may @GR bne B YR collihh&lNEPHSe column
. col, 5 teft rget hyl ene 'Flr\éwl , trh]rretchyl S%Rr oBa?e or
5hSRdh ity Sstofficalion AjRal S11 PEETL BB RITEE st 1o foiIgH PaTaEs are
removédvia jhecthpr meel c@apibtactane detbnvedwiaghe didespamaangd gny as
VePuhddBvERROHdPikyBaprbideBter Isen®¥ad Db hd PotfA BndRT8cyclkd.
concentrations of from 0.1 to 90% by wei ght,

preferably from1l to 60% by wei ght, nore preferably
Higldyrperetescapt@a@ans isypbiaineaghwhen inestageat4. itlogliopr ndlerstraentioned in

PR ANInARRL ke B! £Eddrblastbh® BndbtheRigh BS¥era Bk fed via the bottom
al e nan

.S- caprol actone, redo tlLy r ved .fr th

RSO T et &SRR EABrRa habm TR 5 o6 St e o

capeplagtane sireamdo Iberobtainadhesmutises ol celativetyt Sroall areaisds, & i n
tofdttcte AR tbeldbtaifedPRes tetimnaRtatdhwistafadiend] @istilatid. | n

the reaction system and the alcohol and s-

caprol actone can be drawn off via the top. In this

Thaesendensed erereducts of tbatheragl ieatmeoth woishedndsy conditions of

tharael ir€dtalent 95IEHIB £3bBINdS, WhichTpriRsibalyTc@e e ahpilactone, can

- I B4 erifi '
R PRELTE) B it 35is Sl the SRR AloB i Hucpecbr e
caFlizaten, the epmpawads whichane velatie phderaeneiiens of cclzatien, to give
Hdhhegire sdaprokcteneol stream may advant ageously 20 be
recycled into stage 2, 8 or 11. The bottom product of
the cyclization consists of a conplex m xture of
Iy fhigyeaner & maydPepsivipaele do cameing ¢hestwiodop Redugls @nil dmworksbem up
byanstibgtiopftbgtherchswidsbibed. pr eheati ng. Wien honobgeneous
catal ysts are used, it is advantageous to introduce the
reactant stream 25 directly into the cyclization
Haweverd mayaletpe advantagepne towerk|updie tefopiprethictsiiepaimirivito
dive Hiditdy plireeccapediaadbiey before the reaction or be added
directly to the reaction vessel. However, it is nore
advant ageous to preheat the feed, in particular when
Tﬂﬁ@lf@éﬁc%ﬁ%?f myltistgoe digtilatigns topuribythg saprlasianess earieraed at
bettbmrtempératuaeCbf-fidon 30 ko2E0°Ce prefevatey fromD0us 30°C, 3foré Ipesferably

Wf@ﬁ%gﬁ@@,%ﬁ?ﬁé&& dj?ré%eﬁ esd a1 %380y from 5 to

fi
Z%B%P%,r Aor prette?gg 3 omtT% to 150 hPa.

The process is illustrated in detail with reference to the examples which follow, but is in
no way restricted by them.

Examples
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nore preferably from 150 to 250C. At these

RPRE@IRy8at ures, the hydroxycaproic ester already reacts

partly to give al cohol, s-caprolactone and dineric or

ol igomeric hydroxycaproic esgers. This has the effect

that only a small anount of hydroxycaproic ester, when

E",rﬁr@? into the hot reaction vessel, can distill
lately out of the 35 reaction bottom In this way,

colum trays are dispensed with. A further advantageous

Cyotizitibn | | ty consi sts in obtaining the predom nant

1805 Pt Hh F]J?Sof SShEL 'gﬁg@eihsam ﬁ&d%g*&{&}a .lasteow% Hl?nethyl
SRSk derToRESeR ol 4 B TEEhi Py e ety
anpate] 036 dipupileyh pinyeldie, ne%od)nméamestbltseandrfu:yharrmompounds which
WiPEBlSEAL R ArrBRARach E@iow Frehie % parksB@cERHYo WO 9731 883 were

speg et SahagbpoBict pelar v e ST Bl

tltaeiams{éﬂ%msarall SO@hlpf tibdexahestibl oftd a STiterseactordwitteattached column
FEaﬁSﬁ Ol 1¥ven the ?éHc@é?Qvats‘keEﬂ: at%ﬁ?dci 4% b%%n'g%?closed-

g T iR N RO A
pomgkd iraditoplation tim thepraessenafevhich a heat@bschangdesuppliebenergy to the
?étgh‘\ n!@%{/ uﬁﬂb@d cﬁblﬂaﬁﬂ ste'i:ho'gg ‘é%é’dt&ﬂehﬁe:tahﬁ% Pga;%?bk ?_'glo C and
L EagirS BAT TR fhsdite e e et T o e CIPEE fiatfied off
ab atrefhuxiratio ofr5: t pert havaolhel c;rstnllateatneemowscﬂondea@smt appiger 10°C.
Trhed_;lag %ﬁroﬂ{a@égfrﬂﬁr% anBfiRistshRwel ead 6f c-Edlfolavehé éfass RBi%.

fig. 1, stage i's worked up further after 10
condensatlon in stage 14. This nmay conprise one or nore
Therroahtreatridn one columm is used, any esterification

mbqlqbualreﬁubg |eff|@4[aﬁtt8fﬁﬁﬁ iR cRialien réactor (e GBttdrR Wrdtict &the

ar e novea, vl a n

cPit R SN R IR NG R BEGUATCF b 1000 por o
titanetenio e disttfatigrastt of eepncily @ litess and attachedgolbanyvredux Fatio 1:1) at
2801¢ and 80 HPh bsRGHForeThoulS. TredMt¥atvn Rodudt abtafed CoMpfises

préqgﬁgrgaﬁﬁél dclémiar};}?r}enq ‘P?%ﬁ% L}'(}ad é)ﬁ‘ el’ﬁ'(é:%% s-éaepraactone yield in

this segandiraaation stagadn theredividua ieartipnewas aroend 6%a-eaprelactone,
sDeR tHam gleﬂi &F OB rB619PREs SEHiVER.ovBNBE @vErall dRiceb& athe oduzt

S e e o OB

49-mbaipftis aﬁwrdwé%mﬁlaafen@mtbuarmﬂmft%9& ol utm by

bat chwi se fractional distillation. 20 The condensed top
I s of the thermal treatnent, which, under

E?‘Sﬁ'g‘éﬁ ons of thermal treatnent, volatile conpounds,

whi ch principally conprise s-caprolactone, can be

Twerkadredindnt di stillation in the sane way as the

E&gﬁgﬁen‘ﬁ‘ggs vﬁ%% %dogh’rﬂh% ﬁffer%rlihee th%ty ﬁ1| thé ﬂ{aerr?lgl’ tréa?rﬁ?nt performed
baipawisead 28, of Cos-grehel was agderhper ke éqw,d ERston afiuetdrom the

yclrzatlon reactor. This allowed the caprolactone yield in the thermal treatment to be
increased to approx. 30%.
The purifying distillation analogous to Example 1 gave a caprolactone purity of 99.92%.
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In this case, it nmay be advisable to conbine the two
PPporoduct s and to work themup by distillation

t oget her as descri bed. 30 However, it may al so be

advant ageous to work up the tiwo top products separately
to give highly pure s-caprol actone. The singl e-stage
g tistage distillations to purify the caprol actone
are perforned at bottomtenperatures of from?70 to
250C, preferably from90 to 230C, nore preferably 35
Cycbrmat®0 to 210C, and pressures of from1l to 500 hPa
AP of thE G-fh?&%mn%a[ggéi@ ia-chRta#}Y BERantREEdHBb EXBRDE 1 were

f t . 1) \ ﬁrgl& t , .
THOEAMID G Srerianadil 8N rlSeassifreet DRD Ryttt riure
cbfeisdpnopyhmd/\&punybﬁtamates)ghieajgd ah&.‘eandancl)prléxwrp!t@%@r; 602 Th8urs.
BingBa RIee /pl#éi@ﬁﬁa'nH@Hegfénoﬂ&&meabﬁ. Ble RniBintigFe8idek was

0, d 0
%ﬁ%ﬁ{é@oﬁﬁq@@f heﬁgg)%gh ﬁéo %%%%%gb%lmh/g v/vcipdeldrﬁetdy tlava%orator
(SaBbpen The dutilate fddmBdcompasas predemidamtiyt daprolaciehiepartide], 5-
&n?é’(?e@!oﬁ%@%elcﬁbﬂ%‘pﬁil&onéwgg%ﬁbrﬁﬁ.rsocm@%.er3 and further
compounds whi c were present I n anounts each below 0.1
% prepared according to WO 97/31 883, were punped
TregeaHeratmenth 1000 ppm of titanate (m xture of

TiROBAARG aHak prddftdr Risiofbizalibn AA8 IRAmal Watedich 5lRer
edatte e A5 ter Atndt, Bobsh™ ol had béch aged. The

reacior eontems wRegrnunzpneddp pirastation0ivothsy conrag of wificls B beatexchanger
duppieCétdyolo thd¥ RS il £ pGPEd EiRdliZtiBh SyMBmeAEh fstlaryrged.

R e a*ﬁéi{eééﬁ%ﬂaﬁaﬁs%éﬂegb@ﬁw@'ﬂr 5
qalpeolactgns; distilled off apanefhut ratia oful: hperhous s thewesultingdistillate, a
fLAREH1OMAI Y GTRapioHcRorel watDflil QreseRR Ofe POFFyIng dMtIRARIA @haRigous to

SR L BN 2 e el RO R PO B85 2 et L ratio of

5:1 per hour. The distillate streamwas condensed at
approx. 10C. The gas chromat ography anal ysis showed a
yi el d of s-caprolactone of 65 nol% Thernal treatnent
The liquid reaction effluent fromthe cyclization
reactor (the bottom product of the 20 cyclization) was
col l ected and heated batchwi se with addition of a
further 1000 ppmof titanate in a distillation stil

of capacity 2 liters and attached colum (reflux ratio
1:1) at 250C and 10 hPa absolute for 3 hours. The
distillation product obtained conprises predom nantly
s-caprol actone and 1, 6- hexanedi ol . The nol ar

s-caprol actone yield in
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this second reaction stage in the individual reactions
ound 25% s-caprol actone, 25 such that a yield of

90 nol % was achi eved over the overall process. The
product obtained in the cyclization and the thernal
treatment was distilled batchi se at approx. 40 nbar.
@Fn% af forded caprolactone with a purity of 99.90%

anple 2 30 Thernal treatnent Exanple | was repeated,
with the difference that, in the thermal treatnent
1per A proveds fob ptephving e cafroackone irf a Glbty @if cohothand®s %abldedlizing
Pere hg%rte%égb%e Qsté@%#ﬁqiﬂuﬁf;{hlab@gf frc§1 QB t$'800°C and from 1 to

cyc ca
1 o190 HPa ahs. e #RPviPg aad ARHENEBY e ComEPquRES & Bha e yolate
appualer cyfigatiohhvengitiond, whivh cdirgriseés theroallyareatiog thegetnaining

Gogtgagtomamggef%f ﬁe%%?l%é’t@?@gﬂ fedltbhd Mytbr B882 YomBling and
SRIFERYRE PN & CaEPRHNS e chlaing @aeegraﬁptoae By itikgiop drom

Examplcendensares 5 mxed with 5 kg of 1, 5-pentanedi ol
and, after addition of 1000 ppm of titanate (m'xture of

|so d n-butyl titanates heated at sta

g E’Béc%%r}ﬁra?i@)o?rﬁé eCaparlagone Rlﬂlf’r P P’ﬂT‘%ret h%B&? according
pr etdataimain tm;zralremb alnmrnadtrsatmlehbmf tiog bottohi prodectedf thengyclization
res
o dlb%%ﬁor\"@e% at‘%é’rﬂ i‘lﬂﬂg %%%bbfvéﬁhe%?clﬁ? n t@fﬁ%@f%ﬁr@

OCinto e evapor at or
distillate for msd conprl sed predom nantl y caprol act one
3andTHg prod€ssgentraparitigal-capfdiactymesinda ;mﬁt;cafpnMeah@nég%lascording

ap Pl Btaim30or O Lfv%remT{r]'l%Frﬂﬁ'tretafn%‘R e eclditat raed?‘@ééﬂl\ré‘gelow 50 hPa.

bott om product of e cyclization was thermally treated
inabliter reactor with attached colum after
4anotteeprod¢@3doppaparingtd-tapnaaconesit sopurity afddeng.tharh@9% Bscording

r eat‘éta?ﬁ; of BRI B YENHRrdIN IRREshtoM SrofEd ofiheXYclizafiort Behermally
ut{%aﬁ?ﬁﬁ’ E/n Jﬂ%g"dﬁﬁ t exchanger supplied énergy to the
sys Tculation system At a reactor
tenperature of approx 230C and a pressure of 10 hPa
5absphdibrBeedd 619G té—éﬁ %Ia@t@rﬁ& iﬁ'aafﬁlrﬁlﬁﬁf rﬂd)r%tthéﬂ 88b, @ktording

at a ref ux: ra

i < st iy m heter oAb enban e e e
st i presgnceséfrom Orhio Y96 by weigt of mbnd-| dit bopolyoial ogous to
20 Exanple 1 gave a caprolactone purity of 99.89% PF

6§OZFt18e [:)Lrgcescs]fgrl pglr'gparing e-caprolactone in a purity of more than 99% according
to any of claims 1 to 4, wherein thermal treatment is effected in the presence of a
catalyst suitable for cyclization.

7. The process for preparing e-caprolactone in a purity of more than 99% according

to claims 1 to 6, wherein the thermal treatment is performed continuously or
batchwise.

8. The process for preparing e-caprolactone in a purity of more than 99% according

to any of claims 1 to 7, in which a carboxylic acid mixture which comprises adipic
acid, 6-hydroxycaproic acid and small amounts of 1,4-cyclohexanediols and is
obtainable as a by-product of the oxidation of cyclohexane to
cyclohexanone/cyclohexanol with oxygen or oxygen-comprising gases by water
extraction of the reaction mixture is esterified with a low molecular weight alcohol
to give the corresponding carboxylic esters, the esterification mixture thus
obtained is separated in at least one distillation stage so as to obtain the stream
comprising 6-hydroxycaproic esters.
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1. A process for preparing s-caprolactone in a purity
PE 60Rr®e than 99% by cyclizing 6-hydroxycaproic esters

in the liquid phase at from 150 to 400C and from1l to 5
1020 hPa abs., and renovi ng and condensi ng the

conmpounds whi ch are vol atile16under cyclization

oneink i [ - [ gl ] ;
o) R Presy I pRbRATR B RlAR (78 pulty of ke Maniclh according
| eadl C'B'Hgsff'l] rmgtég&-@;d’rowgwggtﬁgs Bigaar eé‘?mdensi ng
vol at i freeiog tipoesdsngederdicatiormmixturs ot emest aetranel dnd low boilers

distiIhfgh@pmgm@mh]&gﬁggfgggn?ates. 10 2. The PgofﬁZﬁ

for preparjn - capro a.purity of .

099 ac EOdH o Piadkplyinee Sepad diskating stage; efforming

t r eat neenarationtihte anaisteynaptiedessentidly friee of § dhdyzlahexamedios and a
per f or ﬂE&iﬁ%&féﬁHﬁ%% !éé&sttié* Hmafc;iﬂm% qRoyRIchBEanediols,

cyclization tenper re. 15 3. The process for L
o1 epar P EB R PANEFHCABRS SESPTBToRPE op A fagignyin @
accor dthird digtidatohaitagel or 2, wherein thermal treatnent

is effected at a pressure below 50 hPa. 4. The process

or _preparing s-caprolactope,in.a purity of r han
480 Be e b e RS eouPicinoe i o BUY ofmere e Sa Stboraing
bot t@amypofaihims 1d6 10 hehargiolthe aydlizationds péréarmet lirythe2@esence of
tregtegbdafbdbrom 0.1 to 24 h. 5. The process for
preparing s-caprolactone in a purity of nore than 99%
according to any of clains 1 to 4, wherein the therma
treatnment is perfornmed in the presence of fromO0.1 to
90% by wei ght of nono-, di- or polyols. 25 6. The
process for preparing s-caprolactone in a purity of

nore than 99% according to any of clainms 1 to 4,
wherein thermal treatnment is effected in the presence

of a catalyst suitable for cyclization. 30 7. The
process for preparing s-caprolactone in a purity of

nore than 99% according to clains 1 to 6, wherein the
thermal treatnent is performed continuously or

bat chwi se. 8. The process for preparing s-caprol actone
in a purity of nore than 99% according 35 to any of
clainms 1 to 7, in which a carboxylic acid m xture which
conprises adipic acid, 6-hydroxycaproic acid and snal
anounts of 1,4-cycl ohexanediols and is obtainable as a
by- product of the oxidation of cycl ohexane to

cycl ohexanone/ cycl ohexanol w th oxygen or
oxygen-conpri sing gases by water extraction of the
reaction mxture is esterified with a | ow nol ecul ar
wei ght al cohol 40 to give the correspondi ng carboxylic
esters, the esterification m xture thus obtained is
separated in at least one distillation stage so as to
obtain the stream conprising 6-hydroxycaproic esters.
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PF 60278 16 9. The process for preparing

PF egaygol actone in a purity of nore than 99% accordi ng

to claim8, in which nethyl 6-hydroxycaproate is

prepared by - freeing the resulting esterification

m xture of excess methanol aM® |ow boilers in a first
&hslsi | | ation stage, 5 - fromthe bottom product, in a
second distillation stage, performng a separation

into an ester fraction essentially free of

1, 4Apyadess éxanamiriog s-caphlatonkrime tpuoty of omape trein®§%aby cyclizing
! eagth bl d’ﬂﬁl’d?é é§t¥rs% tﬁeﬂ%uﬂ&i pﬂfagé{ al PERXBDsILed é and from 1to

T i N i S ot B OIS W o o
Theumnden cedgatiapr copditipas, |w1'g:rscmmm|se$ thetroally tiaating therremainsfg
rmr Sotfdﬁ?Ero%gc@@@r?eoé liZ¥8on frPatqé‘éét Bhe ﬁ.ﬂnﬁb%aétoF  thE presence of

B 0ahiEch R B weiabh 8 mories e piialits, eyl BisL &G Rsive
pr epaatiier goropaungs @ind obtairing srcaprpiactiong bwfdlsnwlen tfleemth® 9%

by gdiehgdtegl 6- hydroxycaproic esters in the liquid

phase at from 150 to 400C and froml to 5 1020 hPa

abs., and renoving and condensi ng the conmpounds which

2ar eThpracesssfor pregarings caprolactons incoputity pbmere tham 8%% according

cggg;ram& W@Féﬁ{Hthé;gr%?géaamehhsf thé Baﬂttdih B&duﬁlﬁf&%ychzahon
P oEpEtofed fleBiGebFELISR 10 E hoptEte sSTGald] Sibemture.

of nmono-, di- or polyols, renoving and condensi ng

vol apd F@c@ﬁmpw&%n@éﬂcé&ﬁb!@btﬁh@m aEp@rE!Pbﬂhéx‘éttﬁé}eg@% according
dIS{ The

from.t sat
F or oyl B, R PR GRE " ety e Enr€B8RE 0 P
99% according to claim1l, vvherel n the thermnal
4.r e'ﬂﬁé@r@be@sf foi pepafid @@pﬁ’él@@tdﬁé incd pdritg oEv6tel ta D9M ackérding

g;(r:{ an oq 8@ ﬁgoo $ a\@ﬁa?é i ?rle;slg)%t{ ?nl.érggigﬁ;t%?%\égcy?&?hon is thermally
preﬁb@ﬁteﬁ@réﬂﬁbﬁbﬂ&?&%bone in apurity of nore than 99%
according to claiml or 2, wherein therrml t reat nent

é S ?réé g%gg%% %r%gQF ﬁﬁs Cq?olggtbﬁ%vu n} %J}P f‘Pf moqe tﬁ%?gé%%ggér%mg
9%&‘&@@ dita wbertem thphesmatreatmentis p@fqme@lmn@u@uslm er

bot pstemwis@duct of the cyclization is thermally treated
for fromO0.1 to 24 h.

6. The process for preparing e-caprolactone in a purity of more than 99% according
to any of claims 1 to 5, in which a carboxylic acid mixture which comprises adipic
acid, 6-hydroxycaproic acid and small amounts of 1,4-cyclohexanediols and is
obtainable as a by-product of the oxidation of cyclohexane to
cyclohexanone/cyclohexanol with oxygen or oxygen-comprising gases by water
extraction of the reaction mixture is esterified with a low molecular weight alcohol
to give the corresponding carboxylic esters, the esterification mixture thus
obtained is separated in at least one distillation stage so as to obtain the stream
comprising 6-hydroxycaproic esters.

7. The process for preparing ¢-caprolactone in a purity of more than 99% according
to claim 6, in which methyl 6-hydroxycaproate is prepared by
- freeing the resulting esterification mixture of excess methano! and low boilers
in a first distillation stage,

Amended Sheets



5. The process for preparing s-caprolactone in a purity
P 60D t han 99% according to clains 1 to 4, wherein
the thermal treatnent is performed continuously or 25
bat chwi se. 6. The process for preparing c-caprol actone
in a purity of nore than 99%\fccording to any of

cl al msfrdm @ottdnﬂpr‘ﬁﬁb&hmaa %Bﬁ@libéhna@ioﬁ@,!a@e rﬂéﬁo%lﬁ whi ch

conpris

it 5B Aton UG o e Slet Aot SN ala Pes o b Ay 335‘?@8?@& lsand a
a by- piradios tomprising adrasd she wajoofy dyivd bHeyankexapediols,

cycl OhWMQﬁéﬁﬁm@%?&%k kBt MYEHRN O the esterfrar\]ctlon ina

oxygens: ases by et er exitaction of
reacti® 85@&%@PB Cesterified with a | ow nol ecul ar

wei ght al cohol to give the corresponding carboxylic

&St ¢he Prcfc@% foP E@phflh?@&éﬁsla%ﬁé W & E)Erlw of mokd RbR 89y éi:cordlng
separ a lon sta

obt i ashesE idps Siaigatsnig BFHSRTES ) B orosence of
est éiﬁs‘lexanedﬂbie process for preparing e-caprolactone in
a purity of nore than 99% according to claim6, in

whi ch net hyl 6-hydroxycaproate is prepared by - freeing
the resulting esterification m xture of excess nethano
and low boilers 40 in a first distillation stage,
Amended Sheets PF 60278 16 - fromthe bottom product,
in a second distillation stage, performng a

separation into an ester fraction essentially free of

1, 4-cycl ohexanediols and a fraction conprising at

| east the majority of the 1,4-cycl ohexanediols, -
renmovi ng the nmet hyl 6-hydroxycaproate streamfromthe
ester fraction ina 5 third distillation stage. 8. The
process for preparing e-caprolactone in a purity of
nore than 99% according to any of clains 1 to 7,
wherein the cyclization is perforned in the presence of
1, 6- hexanedi ol . Amended Sheets
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