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PF 60278 1 Method for producing s-caprol actone
pPesoa7gpt i on 5The i nvention relates to an inproved
process for preparing s-caprolactone in a purity of
nore than 99% by cyclizing 6-thydroxycaproic esters in
the liquid phase at from 150 to 400C and from1l to

&g}}‘ i ng and condensi ng the
%%%%tbﬁg V\Emgﬁ% Iéjrvo &tl | e under cyclization
conditions, in which the renmaining bottom product of
Ddseriptionl | zati onis thermally treated in at |east one
further reactor, volatile conpounds 10 are renoved and

ondensed and c-caprol actone i s obtained b : _

ﬁlﬁgquﬁ"a@ r%ﬁe% F#A ‘F‘HPé OYEgrRIITSa{E Prerar 'éﬁﬁrcé%%’&% ig@ purity of
nbdre thayl §85a by ol/cizing ielsydpmepapreid estees iafthe higudy phase at from 150 to

Q‘O’ ér@fh&‘nquo Slﬁgé! fiph %b?r smre%&m éhH%H é chnpbﬁnds

Known r ox r0|c este s .can |ze
"\‘f’é\%%’?é{@%ﬁéﬂdﬁr LAY Qj '28 cgp 'T'?r&uind"”b%@é re“lﬂé 'ﬁgr%’tttaﬁ'o‘EOdUCt
obhe38ckAatiad & thesaily breatetire aldyadtiona further cfactor, volatile compounds

ape %M%ﬁ%ﬂ%&ws@?%ﬁﬁ% c%B@chYcﬁxegé"BBtQIn%*bg r&%tflle{hog'?r%m the

C% %?I{) ase Int esence oxl di ¢ cat al
Regtsalesrri er gases. 20 Additionally known from WO
97/ 31883 is a process for preparing 1, 6- hexanedi ol and

BIQ&t@ﬁé Spﬁefp'b%éﬁg%@{oﬁﬁé(g ég‘ére@%@l‘e%%tlﬂ( Qgeﬁﬁan serve to

ﬁlag - caproic
?pQW@ of 1,4-cycl ohexaned| ols and is obtained
as a byproduct of the oxi dation of the cycl ohexane to

IGY KhORSHRD BN ?61“0&9&3‘&?@5@&9}3 AhtHa c%éllz%?fi)f(g @ébr@lréctone in the gas or

il Phass oy setvie, TR 32315 deSe s eeizaligh oL & nvdroxycaproic

estEratd givsscagrolectpheinythe gaaphake intlieciresereefod prdig cakalysts and
ikt PIrRYE8s.i N the oxidation of cyclohexane to

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

30Encycl opedi a of Industrial Chemistry, 5th Ed., 1987,
Adaitional§, knpwn4@m WoF/81853 iea nrocase faripneffarieg 1dshexanediol and e-

c@b%&ﬂﬁé}’f}dn@ a %ﬁ#ﬂé)}ﬁi@' déld ARiU&bRich cﬁﬁiﬁﬁééssﬁjl&ié atig Udi-ﬁ?@r@xy—

CABHHA SErlEmeta abh o bhdeRsIRs g ds DT ERR FOR DY
paedud} ofdbe mdahola citie Qy@tehgkanteatoioyclalod@nohCyaimhexdnal mith
03(9%(9 ERYIADRSA rlgcga%%é dnd ReSbMRREY By @Q@r axftaction of the reaction

S(t cycl o0 exanedl ol’s, between 1 and 5%
MU % ycl ohexane- 35 diols, between 2 and 10% f or i c
acid, and a nmultitude of further mono- and

T‘F'\b%%ﬁ@&]%yédhﬁlo% b?’%aé‘lr)]?éﬁnt? é&ds ®Keh %F@fcﬂﬁ@d g® B?-Stﬂgjgéts in the
omaaic B hPiHte (S SkoE e Snd sharesRareler DB, | o
Excydopadid efrlndustital @heu'ﬁﬁb'bloﬁ%Eécﬂﬁﬁ'/ &hlABcpadd) dre redéroad to
Hafdishfted HE GICBFU%Jé fe! Eféld bt QCES) lévb\gltrpg% R:.%lc@la?éﬂj\mthout water in %
ST AL S A B 5 SE 5 oy
caprishastid, betwase taid H¥p ghirrisgcish belwegn ileandstOss §-hydipsyvaleric
SRS BhieBd 1e5ike% fi 2caicionBxafiedioly, Betweeh Mep 5% 1eX§e™Hexane-

RS YR AL LIRS S B o thlifucd PhbhEARDRE ahbR0C:
dicarboxylic acids, esters, oxo and oxa compounds whose individual contents generally
do not exceed 5%. Examples include acetic acid, propionic acid, butyric acid, valetic
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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PF 60278 2 product, in a second distillation stage, a
Prpaz/ i on into an ester fraction essentially free of
1, 4-cycl ohexanedi ol s and a fraction conprising at

| east the majority of the cycl ohexanediols is
obtained. Athird distillation stage affords a

JrB@c&‘} 5%85%“ éﬂftlllﬁ%ﬁﬁﬁ&é‘t '&'p%?émgn W?EREX@?‘P&&FR essentially

fra¢ aff 9@&&‘%%@9@'5 Pike & ﬁ‘éHﬂ”}FW“ﬁ'ﬁ@ af Ieaﬁﬁctge Eﬂ%éy Oﬁtﬁ
cytibkeanedivfsris sbtaged sa entd distillyticr- tyglr affoydap frattonesimerrising
éﬁg?@%?%g%yg géa E’Hﬁ@ﬂ: S a%é zr@n %rﬁatcgaasa & éJE%?rol%Etone in the

Xycaproic ester
92§ PR dIrele Wé“t SEapr ol act one can be obt ai ned
by distillation from t he 10cycli zation product. The

THeR4ied lsﬁ%c‘els'sérﬂ%h)p@ hﬁ%xﬁ%}p ng%ér%% W%ét@@ Yhder reduced

cat aI st, but Ts g{{a er ab égdog resence
REpSSYr téi’t inperaures0BRRe thay p 'iCE CYeliFah P %&Ef¥°at96°'° esters
tp eaprotastankearclmire zaprozcstone @ab be wbtametey qlstmam\cfeomthe
gbl Il&%llo'dﬂ& ?Pé‘ fuid ase‘%%ol% lé/ﬁJJ:a?n be effe &ﬂﬁi WiBReE E&8Iyst, but is

ctone an

re
S RITEN %8FF‘(§PX°%?@ Gy Aoaer e i advantageous
to paxdbrimotheroyxiizatian neaclg:asaﬁhsprbeennea:ﬁﬁgbehmdmgs@o— di- or polyols.
Fractional distillation provides caprolactone fromthe

ondensat e. A di sadvantage i s that ecial.ly whe
TRaoSToR ceec Ol BERPEELY B o REO R A0E ERpaicabpd pliniglgare
removet vemyhd agtiongsixtien regaseoesfoenand esudansag Fractional

HRSHLN dew&&a@ép'rcﬂﬁct&E@fF&n tekohdéRsAfapr ol act one yi el ds
of up to 90% generally only up to 80% are achieved.

This is attributable, anong other factors, to
Fotlisgdvapteageas thah eaanilal\@heerthe RIoCess is ipagomaton the industrial

s\&ﬁﬂecib %%Mi rﬁén@e @ffe8apd Gésultihg efxﬁériBNe&eactlon space, only

ciaam qf:éq ey r@ /Qﬂge{\ﬂr@ffsf (gr}ﬂ%p 508‘863% are acg%vec; kf¥us is
aHoaHzbie CMpYyEg ober fackar, &> gligorerizatiom andi potymrizgiinneside eaagtions
i QA MERRL ISy oIf c&;ﬂbi@e‘@tér§ safE Fmud HO-(EHELTTOR YR ID X example, a

ColEeT algﬁa?tﬁ“”ﬁﬂfpgn Susrat bR ﬁP@FE?éE D0 ficoor
froay which ofigremern sad pelmess can foirg b erastion with flmheéwdmyeesters
in the case of the di methyl ester for the dineric

Cl- 1
it EheSRaRaborah P Suhes et ed al Rind ffkeers,
wWhikdompy algeibeingsturaie hte$ p@sﬂ@@ fengragwles in Be case eldhe dignethyl
ésfér%]ﬂh@ﬁiﬂ%@nﬁ‘é@te@bl—&b@@ GHzﬁSG@DmHﬁsS@@GC&H:JW foM¥e flom which

| |
SRR SO R e Bl S BN RSy oo
reglpridesaln Weume&en@e ehibeseticstrisy esnasidly é’ﬁ@@ thayrexseed gontents of
MRghé v@rdaif@afromdnbn@retdu@éd EdMRiderEBNT Soind BadRE ®eiole7 s,

%58&&3@ ong%ygﬁorp,lggﬁ,g?ges l.ﬁésepar ation of

na re than 99% proceedi ng
from 6- hydr oxycaproic esters or mxtures conprising
It Wenhereforatanaibjecesitae irvkhtjon to praitiess proabssier fiquidvpingse,

dgé;%?%ﬁ nccﬁerc%br%‘ﬁatc%% ¥k UP@ cff*ﬂ‘?o?@ﬁﬁﬂrégt’/hﬁroce?dm%mm 6-hydroxy-

roxycaproi c ester
Cée'lﬂ"’e%sé‘%fs OﬂU‘PﬁP@S GBnatsing thegy i whisk %Pe‘aa*b’r'ﬂ M@t”ﬁbr
perfepadriceghiharappallatdnendgelds(basedion the Bhydroxyeaploarestused in

oxycaproic esters in the liquid
tlh’%c;@c!?%ftoﬁ ?’%naw%]f%g(?o 400C and from 1l to 1020 hPa abs.,

and renmovi ng and condensi ng the conpounds which are
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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PF 60278 3 vol atile under cyclization conditions,
pheodyaconpri ses thermally treating the remaining

bott om product of the cyclization in at |east one
further reactor, renoving ang condensing volatile
conmpounds and obt ai ni ng c-caprol actone by distillation

\;ofa‘ﬁle‘ Srier Eﬁl}%‘]’ﬁ%ﬁ&' |or% Wﬂl&:%%nprée Er "Ertegfl qé){he emaining

reac ors, ‘ﬁ Eament can ecte
boffempredist mc'tzemief‘ &l it ?rdﬁ%C ?ff renpRying and
coydénsirag vodatile tarhpausdp aed eblaling 4 terofatibye by datiletioatrom the

dahgg}%rat%?enper ature, for exanple at a tenperature of
50C hi ghe It is also additionally possible to vary

the pressure; preference is given to establishing a
Ih twefurth@peadsiuoraeadians, the thérmatyedtingat ¢avrhe difestadatdenthe

PEQUHCH Y l‘éﬁwp%ha?ur%%h@ih&ﬁ‘st mﬁe &Fcﬁ%bﬁt mﬁns &eermmeﬁ%auy

t
i 1 ohes FP PR 5 TR POPRPS RIS O b WO s also
agkigiatallygicesibledd pary the ptsaure; pretsrensaiis given tthesiablishing a lower

;%eéuﬁy Lehe @Qﬁgﬂzg{i@n_ 15However, it is also possible
cohol

or ot er a conponents, for exanple
1, 5- pent anedi ol , 1, 6- hexanedi ol , _
memoctym mbducineidhensanralacione praparadion are ceferlaxolixtenes of

%\ggﬁﬁiﬁ@el erc.b@st&% e\ﬁl‘ﬁ&“ ger’v’@gelﬁﬂr}:tobﬁlge €Lﬁyﬁﬁfx @ﬁ;%lc acid,

IR QLIRS LS G Sencao.
Hdveavet, drie alsa ppssile iy ctitestaloghioli compeaents rienexagatie ¥.5tranggnediol,
1eeTREHn2dRf, 1C¢-§@mmkavédﬂﬁah§m rdnahdl, BideSiopbmRshtdde@shol to be

A E0D Sl NSNS ek oEEP AR By e i p e
siyelgon. f@lﬁéﬁmﬁleoh5@ﬁ@ab¢dj@uct of purities > 99% can
additionally be achieved. 25 According to the

If. \D%(se{%fe?&fa shgflsplﬁttb\ﬁ@dﬁﬁﬁ% Cﬂem%‘ﬁab[ﬁ?rg %ﬂfuﬂ@cﬁ%@'agl‘o%ctone

hon
cap il be eh@m@fi fromethe pettem Rredstscd thereychzatice & egarrglagtone by
Hehmﬁgmhd R SaEigh phetly cdunireents chahé prodaotsdfyuritiesat 99% can

dﬁﬁgﬁalgrﬁggwetvggr reactor, i.e. a reactor other than

I'on reactor. The conmpounds whi ch are now
volatile and distill off are condensed. Additi onal

ARpIddigae tianiavérstion pihaibagem foreduct Hiehe Gn@ﬂm%a‘prchiiy ester cyclization
R ol 0,A0%hd ASLARAEr HO% UEAF LrdRRl R RELABS
thermgbireatmeatbaishwise ai aontnyeyshign et lepstamne faiie) reacdtn he@
réactadSdiker that depyefzati@bleactor. otte k3thpbond30Kich archow volatile and

@fﬂﬁ %ﬁé&%é%@engéd) mdaltlbﬁ?l %Qél%llégﬁﬁqu’él%tam% %Eﬂﬂglcéfnéﬁygme by

diptiliationand nGreasarehr OYﬁra‘l Pﬂ?@ié‘f‘?%ﬁ"ﬁ\doduct of the

cycl ization is effected gener ally at the sane

h gﬁéé'ﬁ‘%? HeSmRPe RAEAEAS f g&ﬁ %ﬁb@o oo ety

a B0 3" %marg?%rﬁfem Bif'rcg‘ina L b TSR Ear B 1
110I9 hRalabsy, peferably frofm 2 teebdadiR=0 mope pretf&rably from 5 tve200 hPa. The
tlﬁ’é&ﬁ’laz:lﬁ%ﬁt Rt t?\‘teth% §gﬁ%ﬁﬁ B?«?D@t%f% éselzgﬂ Yk {edadmerﬁa:uy at the

85”8%? gpg)pl@ferabl a temperature upto 100 |gher than e
cychzatuon 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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40 ester cyclization. The thermal treatnent can be

P 627ged conti nuously or batchw se. The residence tine
is generally fromO0.1 to up to 24 hours, preferably up
to 15 hours, nore preferablygqp to 10 hours. The
reacti on pressure may correspond to the pressure of

gafaz?ngr,: bgpg%gvefl @éﬁbk4§§)ﬁe@é?redbwatﬁo|u m@rlﬁﬁ %H{E@rai()) below

rre er ng IS prerera
PE‘OFWF@%&EP%%P %@tm@ 1 and 30 hPa. The

r eact ors used for the thermal treatnent may, for
T‘Fléq t u@@% Fﬂé)(f)lf?éjth)éﬁﬁé Slodtrdr Pn(f"}afg:\r/ gﬁ% ; atsq% mixed vessels with
a@@iﬁsfa%a SR ogtUn WS e BYRSGRARISBDRY SraPfiot) o
faliiref-Brmredporators.dt idralsoeprefetred het tgalsige ost the gesdoon reaction
pf%c{i@%fﬁfﬁ)@t{lj’tg%‘ﬁ trteaﬁﬁémlln Meeﬁﬁgﬁ% r‘?)gt ffthe? '?rsus?é é‘g@pargﬁﬁgt
R s B L e BoarRlcR Bks 4t bt U B el FeTux. This
sugrisingly iTdieases dingyielsliaf gagroiantone alé issalsdcheospibéd td pefform the

tl@é}mapir@é%heﬂﬁn areadton@bRPossi bl e to performthe
10t hernmal treatnment in a reaction colum. A sol vent

can be added to the bottom product of the cyclization.
A soleenpcat ke addeddnitioeibettom produgtel Be ¢ycligptiobno-, di - or
poI yol is added to the bottom 15product of the

cllza bef ore, or .dyring the,ther . trea t

S ¥orsioe] Fgiment nRG4PlPBRr, dretiolBls 2088t B botiom
pmﬂuybmféhm asocnm@tldod:erﬁrrﬁ gr guing tee m@mekts&ﬂtme@tb‘&v@h -boing” is
uRBérstoda td BeBh nfdnoC w&lp@%@nﬁvmp%nmg bamw pf@iérm,aéﬁd\@nhe

B RS spfadBt e e iegfee B SR frdFrono-, aior

pelypbitked ani be decanplutiadrsane) tridecasioh @eniadeeansl. octadecanol, 1,4-
blitfrebiek afb"‘%@brménedibl 4 @ﬁék@i@emﬁedtyﬂlmexanedlols butylethylpropane-

d :J‘t%loﬁémgl r@yrc%r %{:bgrpylgr% Agg ttﬁt?efe?lﬁpér}q IgéqY Qﬁrlwethylolpropane and
QlYPBWétLHSeMﬂﬁepﬁLﬂiﬁ lﬁ@r%lhlsh@p%@mm- IQI @Wp@el GOMRTIgIROEnigluges
whichherb @blairitg axaiaiiatioh resi@uePialty@byrieesiy ofshdr®- rdixdripossl, for
e%?l% ﬂtﬁat%t r@ﬁnﬂ&éjs \ﬁ@!cﬁ l.§1Pet 6ﬂt£ ﬁé& ﬁr{hé §?ﬂtﬁé§?§of r{bnEH& or

a:rewmwpamaéﬁcar@b iThass h ‘@mb@rﬂnan@n@mda.qa ealyplg arwmally charged
adyliol bésddsoraheto@aaaphratdly torthd eerlion re@ntpldeeaaopie inldwRbease

H‘%&%eh@é%?%f@% 1 Qgéog( 81} wl%g[h}’ ;b' ejen%% f} £l g:t@b({)‘% by weight,
“FQASQ@‘EQ frablyifiemup & 3¢%byaveighhl e in each case in
concentrations of fromO.1 to 90% by wei ght,

|rf§gérﬁr{3e?p &@E%go%ﬁ'lﬂncﬁrﬂeﬁotﬁekmerw gg%tﬁneﬁ%ﬁh$5&{o% BRlaYict of the

c¥eiBainMTE Rerfor f‘ e Pfﬁﬁeftqeé)&?r?éwy%f'" Pﬁ'é'ClEJB'E wioan a

hpmadesdously didselvdl cytalyisziatused in the pedlikationed ig poskibee for this

cﬁf FEHiG0 % pfe ﬁ{ il %(ec'fh mha) t [rﬁérﬁ”tl.uﬁ‘ M‘@%ﬂ ﬁtta]!}/st may also be
y e

geneousl |sso cata yst 1's us
‘ization, it is possible for this catalyst still to
be present in the thermal treatnent, but a further

SeRbRE ¥atalydRYotthE P RaPedRent are the catalysts which are also known per
se for the cyclization of the 6-hydroxycaproic esters. Suitable catalysts are catalysts
which may be present in homogeneously 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 I. to VIl\. 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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35Suitabl e catalysts for the thermal treatnment are the
rrgadasst s which are al so known per se for the
cyclization of the 6-hydroxycaproic esters. Suitable
catal ysts are catal ysts whichy may be present in
honogeneously di ssol ved or heterogeneous form

. . 4 [ .
AR 5B B B o o R, ARG B Hingsten
QifleB oS @idas, CerbiR &xideialkeniBrm ckisles NHBLIESOXids dgaskoxisley antimony
dxidabaniin ogitealdunh oxidedsadvim bydrddde, posistiuonhygrougs, |
ﬁe%d%jnfu'm Qe 1€ aBE HhOGbIE ttf’r B Bixtired BEHETRAKCA mdY be mixtures
oxi Hes of ‘Tare eafth netal s or m xtures thereof )
qEOEpHkidual foMpgBeHa ghelse WW’%‘E& 9% ACUBYPIRI MR, dhzeolites,
dlurnioas deheteropalpacias. dArefrrethee issgitarcton.ediscadiabegr Hases based on
SRKAEr GGl fe copper oxide, P 60278 S

ant hanum oxi de, zi rconi um di oxi de, vanadi um oxi des,
chrom um oxi des, tungsten oxides, iron oxides, cerium
fAavadiagealsiyraratalyex hoely dpate veiotipaf dem 0.0atb 4k g,deeferably from

%@% SRBLES O] DBTHE ¥0 JncElenl W Mo RapRUH per g of
cafalys! Apd Bowlie mataiaed. Hokageaeotsr AR are UsAP iha hageepiration of
typisdllyrfresn Sbfo t0h@DO proh, \drefesdblycfoomp 6@ AOG0 prm ahsre prefesably from

f@éitﬁ%ﬁ)o Bsmoccur, for exanple, in zeolites, alum nas
or heteropol yacids. Preference is given to Lewi s acids

or bases based on alum num zirconiumor titanium
MAding it theonalityeatraent atcdatijes corhpnuntly atspeitained ks triptyodifcts in the
6P B8R Rixflited @hidH c&ng@d@é—@éﬁ@lb&teﬁé a8 thelaif pARiucPagBelas low

[y from0.07 to 10 g of tant
6RETRy o BARABIHEC AB8PYF) per g of catalyst and hour is

mai nt ai ned. Honpgeneous catalysts are used in a
TPERSH drbh&the fe-dayRiigadeyidit GMind( bk @dHSakl® B kB8l the bottom

AR5 F s ot R KRR el oo beatment

vol atil e conpounds are obtained as top products in the
If B protes¥iacbottR toHeGRvarHionthe Boftort RIGRLESTIRN &y cligatioR®f the 6-

R BIrEGE SRt oSk B e bR KRR oo™

yield, it may be advisable to recycle the bottom
(PR 8cygtoxiyGaprbie ebieey dralgeheefy 8%tBis P thd Sksidy IRSAnd fiorh @ to 12

r > r.egt . t
c%a%o&a&?ﬁ% FEBR A hid Tom S 2 SRt Bp NG g from 7
te perarboatatemns ef phanelsgravingdionx § éap caiben atanes- 4 ig possible to use
retB &, cdtaaion peopediol) sefrdpanol! Meorlistutanb érreat mpsitanol or

. - (o) ; r

SR ROLor RSP RES s, B S0P H B R fi5h'5 4
EHRANGHPR&TBI'S PREgTaRl Methand. Piglsaush apbrtanedakor pentanediol are
adoakdefn ol rireivd. Mhe lesRAgUps in the 6-hydroxycaproic esters may be the
same or different. The particularly preferred reactant is methyl 6-hydroxycaproate.

The 6-hydroxycaproic esters can be prepared, 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.
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to 8 carbon atons or phenols having from6 to 8 carbon
REOMaY8 It is possible to use nethanol, ethanol,
propanol , isopropanol, n- or isobutanol or else

n- pentanol or isopentanol or gn xtures of the al cohol s,
but preferably al cohols having from1 to 4 30 carbon

'l"ﬁtquﬁ g@ﬂfatﬁ)nﬁggre%rﬁglgﬁ H@Hlthe e ﬁ}%@cfhé‘l‘?‘ydrogenatlon

ent an SO us
n W% ré’§?%5rar§r98l]‘ﬁ'§ 'Y h&gwge%e%d mg@neous
oataﬂ;at$suﬂaylelfer hiydeogeartngearboriyl groeps. . Thehengydiet isedlegnéryin fixed
b%@fr ?ﬁdbﬁ@' fdr @R %Qém 13 n'ertﬂt]DéIEe@ HBY %%Céﬁn%éﬁheﬂ—é'b? are

Bt T ST e e 5o viGH DR RHER AL GraalBhecs G
[Methodp of Qtgsdiddyhaneistey] sviwembdy/dc.andbits 26.nvoemmthathedrogenation
dale td BheisRa eﬂbfe?é}%'@ glbPth thé‘é‘é?ﬂﬁnéh E&nbﬁse%re%rlrﬂ&rew

qiw%rz; e e o i et BhEap Fadfiamo €3, Bl Péroci

Twblectf teobismests, ebpasinlig soppes, csomes shaniural cobalt, rhodium, nickel,
pefAShrh .wb%tm@lrhslhu.hm A8 ahdVer AR gePaticQar &Efelrmetls 9lven to

Gl Wb GRS SpE cpP Ayl or o i he

i quid phase. The hydrogenation catal ysts used in this
IRBOGIESS tid @eﬁ%ﬁér@bﬂ e BeHyE cﬁf@d}#&é‘ SsteRidandleséffected according to

WETRERES T ek e R0Guboing Y HEPRERRA g nig e
poesambapplieatiasr m for exanple in a fluidized bed
reactor. Exanples thereof are 5 described, for

@@lﬂmg% t% Bgs twlhgdrowgg) psle Q%tgi {are%@?ﬂé& BY %%\Frsfylng a

cgrboxglic Q?'C!Z@'Xt%ﬁwhtqwnﬁ'?@ﬁ BYeiA épidoﬁ' yeroaysperaic aeid pad small
ansRehts giref-eydineRanali@é ¥edistobtdifgteasb Ibszlﬁ)rcmmpdﬁﬂ tse oxidation of

gElgﬂB{aﬁe‘ﬁ} E)rr@cm&?@ne%gglgﬂvlan@ wu}ﬂ ?)ﬁrg g I%&%H%ﬁ)}@“lngpases

bypyaten afrasias of '@@P‘éﬂ’l ’V'XB{S%W@P a %F&’ﬁ% R wetgbh pigafol to give

teobartdspondingl caxm)xync ekiels, ah@papdratifigitht: esteaficatiph atixtonerthus

db[bqﬁ at ie8s Pl . Particular preference is

gl ve o catalysts I C onpri se copper, cobalt

and/or rhenium In addition, the preparation of the

16 alpyefenay empodiment siethys 6dadrdxgcapidate tsaabtaioabbyli ng to

WD 97/31883, which is referred to here explicitly and

is incorporated here into the 15present aﬁpl i cation.

. freeing the resulting esterification mixture of excess methanol and low boilers in
a first distillation stage,

. from the bottom product, in a second distillation stage, performing a separation

into an ester fraction essentially free of 1,4-cyclohexanediols and a fraction
comprising at least the majority of the 1,4-cyclohexanediols,
. removing the methyl 6-hydroxycaproate stream from the ester fraction in a third

distillation stage.

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 methano,
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According to WO 97/31883, the 6-hydroxycaproic ester
RF 808epar ed by esterifying a carboxylic acid m xture
whi ch conprises adi pic acid, 6-hydroxycaproic acid and
smal | amounts of 1, 4-cycl ohexanediols and is
obt ai nabl e as a by-product of the oxidation of 20

e e e P
Pgley QerRE By & UGERY ECh Ho e LPIE DX AACORP P gD T he
dewadgring in Bl@ge draee Pecifetiad. foaexsoxgie.ivathesmembrangritystem, or
;ﬁ?ﬁ@lﬁdbw H)Wl@eéﬁ?qf@@ift{llbﬁérﬁ@da?étuéﬂﬂ%@étfwbﬁﬁ% refodédaid théltop
a .ea one St.1 all QN age. . re reaq. ,
AR ol st BesyRig T '] L BB Rlehflys via e
Hottesi atdromh 0 toethlf €i prgfeeatteiromi2fde 260" Grimare peeferpblyntioas 30 to
aoet O 24l a predslre wf Rehl186 91 500 hRaf prefefatitl Hérhld tat1Hom hPa, more

st r r e
a0 i o 4 PGB, P BeRoN SopbidnBs RFERPawy seigrisghsven
teattae bettaie pragHcleapadetdravn pif i klichform. The water content in the bottom
ok i fom‘rh@ hﬁymaﬂmb.@g a<tm0% tfyrmgﬁtppsrﬁmw fé@dnlrngo% 5% by
e [ ol - cyel ohexanedi ol s,
‘&%@@v‘?’ﬁ% r%% {Q%T%Gmhtggr%)?é‘évg ﬁjat e streamfromthe
ester fraction in a third distillation stage. 35For
Tetwaer candesr @tradd MOsuch Bevayr thaiehs watsr ipotspiaed n?)redominantly
- C . .

SR BIAT Ry LIS ABSEOL RSnt D HDES, 150
Bk @Hdd 6am be Aisylad AT e tnespagieart viih tinpaler &y rgeithat they do ot
inchamely d2erifitBticanalcdd! mrtee estedfidatiah. f or t he process for
prepari ng e-caprol actone, and stages 3 and 4 may al so
be conmhi ned. 40 The dicarboxylic acid sol uti on (DCS _
AongE B rediorad e d0 8N alarom cafeal oG acueet e carboxylic
atdﬂﬂtmgmtn inc_lim fstagen 12 Qig pos&@% toﬁmmthm@ﬂtimjd,ipc@dnohor
iﬂé‘f&ﬂd"%{?f* MR8 b Ao SRR OBl Rehehd bl phe hand, o

rSrHiges AlePBolsGPRCIRHIRIHI Tom S 86PN F1E; Sl rsfarably - or
imbutmboreelmm«pentfanmmrﬁsmeenteamtdndhe ofhar pa!ct. !Tbalrr;ixing\mm of
A8 toCBIRR iR SPEYE é@érrbﬁtg rﬁaty%eeﬁérﬁ ol 1f o bi¥ferably from

cédeo_n, for eﬁlag})l e0 i giléeot ropi ¢ nmeans. The
({iggﬁh mdig Preferap¥ Jem0-2dn e effected, for exanple,
Wi th a nmenbrane system or preferably by neans of a

ﬂieﬁiﬂg&@%bgﬁ%%@t BSsdlftionhints the\edaglor bFst§OP VR Whithahe

h er nopocar bo i c_acids. .
oy e e stled st il e aiapel She eaflicia reacton fan be
feofotroed altfram 6@al404°0, pelECably fremeilabI3p01G, onere referaplydom 90
tgR0e° R 1as 8o td 45N AVekterndlSiessiad thu@ pRE&GSSRLH i§ giken to
Fi}'rgpm.l g}oe 1ZOQ hPa, ﬁgr efer%bl% fr%m 5 Fo 1100 h B "
Pré“‘g? SFRB P URFION U006 SHEES IR BRI reaction
syelepel he gpterilicatipn epraralyb wse@ may bednssbfied amk or Aew tube, oritis
geRtibRNh BACHItHEE t6 atee b@hﬁéwm}@frésigéhdeitw rldaefd@a far tHdne
| m
LRefbOE FRhebhos MR e apfyf BBl i oy,
gs{erifieatipnireadion 6ap pescepd pithout pgition oha e@alysh byt Rigfegnce is
g tea@icesasigithd eedcBomrasiny Bddibg B catalay Thbahtalyisemagbem
Ho%o%ghgﬁ@ﬁﬂdiégbl»%ﬁ%gmsp&né Léﬂid 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.
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acid-free form or the | ower nonocarboxylic acids
presemt in the DCS - essentially 15formc acid - can
be distilled off for the nost part with the water in
order that they do not bind agny esterification al cohol
in the esterification. Al cohol RCH having from1 to 10
car bon atons can al so be added to the carboxylic acid
reamfromstage 1. It is possible to use nmet hang|
Sé’l“ﬁ‘a*ﬁép"d fﬁ‘%‘pﬁ%fﬁ gre afidior SSFRRFAR BIRterigts, Har exerels 35(dic pfe
saperabidlcametbudixiquseduen ab ISJOré0a r81Q., BrD4 Seeed niicdiasndr, zemlites,
b FRfkn rﬂﬁ%ﬂﬁ! dtﬁ%@%ﬂ rﬁme B&& 'e?tleh‘)/sdﬁﬁ\ﬂs @Qlfété %Frbﬁoépﬁa% for

carbon era n- or | anol or

aqld5dieng 8P'”8r°ﬁC§ eR88En eESH’é'“bftjfBP'Cﬁaﬂd’r C"I‘F‘Pé’xy"c “acid
gnupisn ghe sdlidecatdlyséd meh bk atrangat dox {kddchegiodrdbestsed ama
sﬁgi?é%ufnat'o) may be from0.1 to 30, preferably from

0.2 to 20, nore preferably fromO0.5 to 10. 25 This

m xture passes as a nelt or solution into the reactor

Toe vetergfern®sd inthentsiactiont iheppapbatelylremoesd asitinuausly, for example by

oI bridnithhd of Becishinéiel - The esteri fication

reaction can be perforned at from50 to 400C,
preferably from70 to 300C, nore preferably from90 to
Tre@Cmpleteriess pbthei doheersion apibieyirearcaghoxgr gralpspresanlirethe

c@kﬂox?lfceécﬁf PBER déeﬁlﬂ%lﬁﬂhggcﬂﬂumms@rﬁﬁ after the reaction

St under, t res
58 <ole/o} Sl I ELeddiR e chabart RSP PRT 1 s RRH fom
Qﬂs@m Oriipt alécaih@(y&gronpa gresamin the gystem negshe present as esters of
tRO8IebiMI @séd) bEBGIhet %?pfbrﬁdh rﬂéﬁb@pr@s@rﬁtaﬁ tHeM‘ornT Bedimeric or
.e nc | ion is
NSRS R RSB il PRASSEEI AR " T,
hours. The esterification reaction can proceed wt hout
Taddstdriftativh neixiead igliesinto éwge prehemense slysteﬁ'E@‘l pr&farably

dnsft’iﬁét[%ﬂséofbgn& k}@nénefﬁgéo%o’ 4t &h%%e%ﬂ‘ﬂs@ﬁ a8 a1 {I\{ﬁ( ?c}rth The

eateélﬁqzat'@n éaacapgr dhe egﬁﬁﬁﬁﬁlﬁgfg g@f‘“‘ﬁdﬁﬁ@@ﬁ@dﬁi@y @avtaaﬂszg@ y'th a
base, b theichabel froe 1i0i 105 baosqueldnts &eiadided par suidhbquivdlent of the
c%fa'[l ﬁ'nlélbaggé gse%%rgﬁeﬁé’@{y 5\§a|fmér%| &eﬂfaiuHL feQFElH gmei’sﬁ oSides,

ropoly
CE@F&F@‘*&C‘“@@"‘Q%N@Q@W&P% %@U\‘ﬁ%d’ﬁrﬁ“%@f&?& QEﬁ’iSSt)'V?%H‘i then
estrifitation mpotiold lowkvef ielsefirepdssibiOgineatralize withrissil ion
eﬁgﬁé@ especially sulfuric acid. The weight ratio of
eneous catalyst to carboxylic acid nelt is
generally fromO0.0001 to 0.5, preferably fromO0.001 to
VWheh a cHEmO@2usedan Stageabthe feed todthe ablatyids prefarabladitiveen the top

SRRy R i MRS A1) AP

°“§W@é’t$fe§$ P 85?’@@0'& a%‘f'é'é prideaad pppionig a @E‘hdrﬁw Offevia the
taﬂ:oatemessutdss ofifimer ato HE0chRes pesferabiy dloma30 wul d0atheapmore

Fo‘?n ﬁ@foﬁﬁ? %ha b IhetPberPd ?ﬁ@‘lﬁo@ﬁreferably 15
al

ané %BQ nd especl 89590 aﬁ{ls stl%%mccz:iarn elf(h% Be mcmerated 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. [t 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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groups. The solid catalysts may be arranged as a fixed
Freghxyg be used as a suspensi on. The water forned

in the reaction is appropriately renoved continuously,

for exanple by 10neans of a menbrane or by

distillation. The conpl eteness of the conversion of

the free carboxyl groups present in the carboxylic

acid melt is determined with the acid nunber neasured.
Thetsteamreon slage Soighrpskaang)ybstintially frapd obiwplar arftieglerfication
atcobal RIOM4 fediittoistaderamh3.iOa distillaiion cpluedrein aliioh the teed is

bjeﬁpee% th@ Io%pb%m%‘pco%sdon%ﬁt%%%e 9@9 %?ﬁi{lﬁ E@rﬁﬁ %nlt%‘ ThB %8iumn is

yst em need
%Efatﬁ’da%tﬁﬁmpﬁf aptes PioFPrAY t%%ooppeer@?ﬁra’i"}ﬁ frP'WezoftB cﬁ more
paeferaiblydroom 30kd 2ENTEr ad pretsurss vl frdm tl e 1089 kPalalod., proterably from

5% BOBRPSIRLR &re%?é%gfr&ﬁ%%tz% hphcation mxture is fed

into stage 3, rane systemor preferably a
20di stillation colum. Wen a dissolved acid has been
Theedp Bisctioneansibty predoonindritiy oésiseiual watat araihresieasttdlarmol ROH,

etsfé‘?s th&ic h&@ic?]@ th‘n%ﬁdéf:%bb%@%fdg pﬁrb@t?rﬁﬂn)ént by G Cs-to C% mono-

utr Alize rom
CB &Y @qqﬁ%wwh f“gd@?‘)écaé%%f‘ S sien@s LMWVE?RFO'G@Cldhe
SchatdadysalericTaed bard espantseithr alnaedlgsaaervatﬁ gicabdoalic anegs alichoas

a%ld%aédld‘ PglLﬁéH‘é dtidBARbuRINCSSd, GAbRIAREGSIs, @Mﬁr@léb@ﬁé aﬁ&

é‘ﬁ or am nes in substance or dissolved in
"9 ?Cé?'?efl cation al cohol. However, it is also pOSSI bI e
to neutralize with basic ion exchangers When a col um

The cBﬁfb@nér’ﬂs ferbShe?) mé Se f@%eﬁ%déﬂ%r% tHg‘ib;i &, in L further

LS AR &}Ee@g@ ST <308 st e WBippies
pagttpnB0RrdlYy resighenh watey and r@rctuabalcﬁmi ane thecahovemerianedaci d

c@ﬁﬁt@rﬁ@hé}ﬂ;gﬁ}r&ﬁ |3d(? grc%ngJg]O%m9f§nd\é ddd Seedn®vhizh cor(;\ptrlses
ssures,of from 0
GRS ol jF‘&F@?’h‘%ﬂ Re{tiches Bf s 228t ghe e
C@@ﬁﬂ@ﬂ@thﬁ@éerb Geatidd edher a5 veptidpe stigary ol 8s asiflegdeam,
c8Rthe®S BEDIr@ihd Yo Kw deh {2&prolbRichesd o Mrepdred] Bd e oBRy partly or

S B SN SE K s g A i o

consi sts predomi nantly of the esters of the al cohol
TRSHighsssHingl dobnpdh6@E ROl streamcidhs s@gé b, prededinghtly esisbting of
r
L L e
seMedd HBich age golwn@@c &5e r@gqvgplwq @g stripping sectlon of the column of
slagh-4; vad ﬁim@mn@rotbezhsineﬂatedrmym@prafévma aibedintenp &r Bbicaked

tr%@g{)s}‘?&&;@?@inf BAYER e §§‘8€Jes?r‘hb§-f dQh W0 87JAG!gsFH up to

I'n eac estef “m xture. The
bott om t enper at ur es are preferably from70 to 250C,
Quagrised @l 4/ mlay oencBhbined 2&Peciapwiemosl{ eslathiely dniainridldis are

p?&e%g&(;’l’o this end, for example, the Cs ester stream can be obtained in a
fractional distillation performed batchwise.

For the e-caprolactone preparation, the stream from stage 4 comprising predominantly
esters of the Cg 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.



10

15

20

25

30

35

40

PF 60278 9 The stream from stage 3 which has been

Prugod7anti al ly freed of water and esterification

al cohol ROHis fed into stage 4. This is a

distillation colum in whichighe feed is between the

| ow boi | i ng conponents and the hi gh-boiling

corrponents The colum is 5 operat ed at terrperatures
from10 to 300C, preferably m 20 270C

Vié'ﬂ%ﬂ%’u“%?@ﬁ?”‘f%ﬂ{‘@b PHE‘V?S'@@' kha!ﬁ%i‘ %§§WP%§‘°8F 5 ‘ihSﬁ?"i‘OY% of the

11D 6@ drieaardutinls frpmdfiehalrbyychprom é‘stetroSﬂﬂthhlamg:ommrents form

RERS sémihyorfe ﬁ?’l&hjeg Ifw@a@ﬂ& 88ee Hl?nttl‘ﬁ@ stdg @%'tl%t the separatlon

s L%%c? ST o R e ey,
paditolamben el estacisdd js the puderrethmelny! €8sr. t o Cs- nono-
car boxylic esters with hydr oxycar boxyl i c acids such as

h .

IERY P A AU P Ao S VA B USRSt Bt 7
tththhdh@adlmc digstar aFtieccandends Brttle adipei astar chbydtpxycaproic ester
afed, %%QK@Q&&b%e%ter% oY Wd?é‘g‘eﬁﬁt%d 394 th?éx%hédﬁc{a%tag%éusiy

d
A O N R IR N
peeriantion @fhydiodgrapboic ester is opmevaddanatintri thh tbe @ptpwscbester via the

té} QAP FhalRN ebterr @ HiatHa bottérh @& g3(51.(1){!rt-:@.fie'r)dual al cohol and

t he abovenentioned constituents having from3 to 5
carbon atons, and a side stream which conprises 20
The streammampriging Behyaisoyeanspic esieels copvertadtindim lisuist phase to

afoheisdrRieScaptdigctsid. ﬁaﬂaw@w&brﬁpm furifereshrpbhiemé \A/Ef@h may make

B3 B0 Tl A7 b S0 20%, bl BB Bl tor R oBighL, £, pore
preferaglytielqy 2haleepe @@maanté sPysigalor pyaraple o 1t51@eréﬂmedn@
cstibiedmnkdible, wrisaeatdd atipictdiestdrs o) m&ﬁc festkay e-edprolactone, 5-

h grg?%géja'gﬂ?% ?y%dgg éﬁérs%%’é?d %ﬁer %]a by eh gmyg%xg ic e ﬁe}r/s

reamfrom’s predo nan
consisting of dinmeric or oligoneric esters,
Tey ceaiien anegioahed aftitbul rdatyisn@threfershiy “nulwpnses@rﬁcet dfe catalyst.

I|%%|8n s{é‘;aééfﬂ’gl:ﬁ!& o?%‘gﬂf,’%%ﬂ@(s'\ﬁm if’%?g %ﬁéé%ﬂu la ”‘e
QFPH@'FG%@’Yl digsplyed gf beferngenggysfomm- é?xamp& asprptkal I’P@Fﬂ' and
dfkalins artranbthidranidas beided, icadionates, Plesxdddsnir eatbbrylsteagrrids

s§crﬂ€§ QUIQHEQCM Or mﬁ%%/oa% &8 3orP§r9 % 3? qsasaglﬁjfoﬁ’ 6 TR¥s B mono-

a
Oa%afh%y“&raé'dﬁr ‘Efcﬁé'&% eﬁthe?@r?'ﬁﬁ@,t'%ﬁé ac\dér %’!&%ﬁﬁﬂ%or keyds bases,
pfeder@blyerons naagrogahl. bed bhicatraesitidngraug I. & Villoosthe Periodic Table
Oﬁ{@téiéﬁq?ﬁgon performed batchw se. 35 For the
-caprolactone preparation, the streamfromstage 4
conprising predom nantly esters of the C6 acids is
Pusfeckncd @ divarstoeusiog théwsanstate@atswmmmm&edm stbgg 8, since

tﬂezhlgﬁl Lgiing Hl%&@r%é’&ré%% Hf@iageé M Lorfprides SAGR 3}0% apronc
E ) rﬂgﬁa rwathetog SZ@ en

a ‘8:115'??&“ Cph & ?%Fr?HP‘y 6 WHZRIBEALD BF:LSkY a

hetecodgroeoustatdipg i odadnthel miayst hatrbosrate pelesitis erumly from 0.05

td SQﬁqolretaEtaﬁQI%f '&E@Iy@b&wdr %cﬁ]fr ?B@ﬁ@@és% i h@ﬁ‘oéeﬁébu@%al%ﬁ@.ts the

CRlSb B TP BET RS b el s sl it P g USPR GhivbRal from
10do 200Q) ppmr prefaratfly fral I thr50a0 peo, mrﬂ@@@raﬂh&omdmo to
1DEOBEhathe RScREis PeHERIddANERIG R r8HPBdh BEbAG, 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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PF 60278 10 What is inportant for a high purity and
AF gg278i el d of c-caprolactone is the renoval of the

1, 2-cycl ohexanedi ol s fromthe hydroxycaproic ester,
since these conponents formpretropes with one
another. It was not foreseeable in this stage 12 that

I E&n?\@@?&sa& i<Ofvaniah e&ﬁﬁo bedory H g 8@“&?*&Eﬁerﬁﬂ%é’§resence of

b rgr{q%éveiﬁsfoéfe?%%%@%egar&?ETereae ERER

pestagecariot, optyetmoh dvhabitagetel st aipsotanedipk ivieexaoewdol, 1,4-
c?c\dé’ﬁé%}ri&%é %&yl@tﬁﬁlﬁfopbﬂec%laﬁéop%%tyt @Qﬁil hesthwehd ngBrﬁ

tﬁgf’@ﬂﬁ’@@%ﬁ&”%@ e adi pi c’ estér of

g tents In |

P'Pﬁ?@aa?ergmﬂ the adi pi ¢ di ester

is to be hydrogenated to 1, 6- hexanedi ol ,

Tﬁ@é’@ﬁﬁg%@%i bitoR&S B?S(Sly&s 8reﬂﬁﬂal@%h%¥gé&9drﬂmr adds€ 6 HbRGed

SBRIBE PO BRoHUTBAy et RIS paEeh St hopReentaleps gf fom
Ovil torP00 by welight. @rejereblyénonw &0 607 by wyeighd. myorerpeefrrably from 5 to
3694 5 Weight. vi a the bottom (e.g. butyl ester). 15 The
stream conpri si ng 6-hydroxycaproic ester is convert ed

in the liquid phase to al cohol and c- cagrol act one.
Thayeadtion prshpisi predéminanié ederifisaiinaraleohshROH ange- m@agtpne
afe &%ﬁﬁmfnbh rehibv@@'frﬁhith@f'edetﬂorﬁ ﬁm@tﬂ%’osn Bideohs &frer ARl Y @

bly_ bel
Bt Sdioke Sy  Polng P Endi] B ABlorbfesgth B e fet
upg@Iveries eastinbra) bereieined intteelreagiii wstﬁneﬁnértae algplid ng e-
cdprefatc&fne cafbeRsv 8f Vianies top: InAiB LEE® e plotiotiBtresihesan be

cBRre Bl R AREuchOBE 3l b oRBOBHINAL OXYGABLARS then the

ron 1s
epieafieatign plrohel. Pheoyss ddn n@iSO@O@&btﬂ tg optaingpply ﬁm %Cohol via
trfe'itbﬂl e teSapfotacksiedh @ sife i@aht Thabrblsl tstrewhingdy abpniageously

&a&%&xﬁtﬂ s[bg%‘ig% %‘?gh‘fg e tht%frﬂ}%ﬁ&é %ng%e-ﬁ/ﬁl zlgﬁcgr'i‘gar ts of a
C%‘P o feo%oaa@neréﬂnae@vn@as bonat es, al koxi des or
carboxyl ates, acids such as sulfuric acid or

TRE ?ée@lB rtﬁé?re%ﬁh& \69%5&%%}1 Goe%?ﬁggtéd %Jdﬁ@ut%?eﬁéé# F§ WheRCl ds

ha'l’”@%'?%’#ﬁ catabvgtsare d‘§9d ltd§pdvantaagsuy fo 'E@Q@l@eﬁ%@@dant stream
dpectfyearitalthey cycligationbiotiogs.duthis tdse, tiactatalyst oan tittendetaddad to the

f%dgént@"ﬁ{"g bte@bél J,g';—:-'reacﬁlt)n WPBe gﬁ&éooﬂ}e%%lg_ fbb(hg réHCtlhll? 9essel

erence Is given
catal ysts which are al so used in st age 8, since the
Howghkebtiid iog ativacsthgeas tepreatmat vk feddagreparBecutaiidndes catalyst is

aﬁgécgpq@ou\%ugm B9 éﬁr&g%&feﬁh&iﬁ‘é@-d‘s@é{g&ho Bnponent is used.

IZG

T@F@&éﬁ%@@d% belwesn 98 ang 3@@&1 preferably £ ?r'éq to 270°C,
n’(uuel prejerablaﬁerrvw(umzssa“@ st\tm}eslectahb@ramrmr& Dlr@ytaprbickegter

Eété%t‘ﬂg t® :v@%%h&s é’ﬂ“rglapﬁBHé andl Binldie o?%ﬁ rdric

st Is

eneo
h&%& PR Saic oIy Bk theiohest haerty & sRELATRLSI GRYIexyCaprol
estgpivdwnliygedts om the thre]athcﬂOﬂaspejnq:arpjnsiﬂlennateld;atély out @tha o

re486n BOBm.MR%Es Rag! @A ﬁ‘aJsré?éTH%BQnée‘a wif00 ppm The
reaction is perforned typically at from 150 to 400C,

preferably from 180 to 350C, nore preferably from 190
AtfortB3 GQyvartagequs gossibiity cofisifts dmplitainmg 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



10

15

20

25

30

35

40

401020 hPa, preferably from5 to 500 hPa, nore
mredagably from 10 to 200 hPa. PF 60278 11 In sone
cases, it is advantageous to performthe cyclization
reaction in the presence of k2gh-boiling nono-, di- or
pol yol s, for exanple decanol, undecanol, tridecanol,

199@%139 Gpang gre#ﬁ?qugﬁﬁlﬁ%hlcﬁth% e@lé&%fb%ﬂbi% readily condensable.

&msﬁhesim@i%pre@ﬁ By Brthy Piﬁsﬁm&?%ﬁbovﬁﬁﬁgﬂﬁ%ﬂ high-boiling

atdoppolel , triethyl ene glycol, 5tetraethylene glycol,
trinethylolpropane or glycerol These hi gh- boiling

al cohol s or are i char g r added
BrSiiods ot wbgubs. Be por e bilort piegRceT e By Fpiapoc ester
cgslaatidreisisnbjeeted tanaﬁmnrnal mahmerttbmhmorm‘onﬁmmsm il atreaction
v bYdMek r%?és%ffer ably fromlto 60% by weight, nore
preferably 5 to 10 30% by wei ght. The reaction
products, pr edom nantly esterification al cohol ROH and
T$recta;pstwam vithe cytajzetian(eﬁgo‘mst@et‘ﬂsy isrveorpect dp furtber aftes

HRESHsL G Mg Wﬂ|sgﬁ§ﬁ65ﬁ§3rfst@g>ﬁ% ﬁAﬂwo?éjt‘!é}%ﬁQ 80K pre column

featu action v

P& ﬁ%eéerafgf@? ony i e e 2p8 atheh B e BRREH e
removdievia thedop,gnure ysapalactnd is reenavked sladhe aidd sEeam, and any as
ﬁ%&h@&’fé@ﬂﬁm?&%ﬁﬁmg @R isQboVedvih 'i't?e B&fbm éﬁb Mé@yc!ed
case, the producCt stream can be condensed

fracti onal condensation, i.e. first pr edom nant 'y

Highdy purel serapomiastonenie wbtairedeshasy, infstaga 14 thealowdieders n@Entioned in

aomstre%mmﬁ Yia ltrtfe fop ?@ca’ﬁré’l@ct@ﬁ@ §hdpbmeﬁ m P BbiRird aYed viahBe bottom
e 0 Sz capr

coho t
o paanendrih CuiedF v coP o TS §avgnff%¢%krﬁ§? Wi e =
ceplasiang stream g bggdtamedscogiprises oM eel@tmetycﬁmqﬂrammmts of
F@Ieﬁ:ﬂ-ﬂel AR beUbtARRBYiE § cOlima byWRRINisefractibhad dRtillation.
i goners and polyners. The feed to the reaction
vessel can be effected w thout preheating. Wen

Tihe reegeansed sorcrroaysts pktha thermeblseatiment, whighviisea gesslitions of
thaHnaPEbt@ eht) Golbfla ebmpbusds! #BRih dRinélbdlgTohpris®t-eaprdRictone, can

oG B RBRNATy el 3 o REof] BRYRLeRbr e

cyeligatians theorontrouadslwhict iare velatje undartsensitons of siclizatiansto give

hlrgywepmée dafarolaﬁ:td]‘léfe advant ageous to preheat the feed,
in particular when the catal yst is already dissol ved
and a hydroxycaproic ester with a G -05-al kohol

s Brigoeasent may bgssidisaldle torpempine ediworigp p@sipets and tewprk them up

byefistitstion k6gbtiesrchs 386 ber ef erably from 130 to 270C,
nore preferably from 150 to 250C. At these

tenperatures, the hydroxycaproic ester already reacts
Hoayevesy 'tWVgﬁ|%b%ﬁ@‘{ﬂﬁ'&ﬁ990§3 toapers luadheotye tap @rcmumsrse@ar@tely to

glei HigHIEpiire chypgdrali@apr oi ¢ esters. This has the effect
that only a small anpbunt of hydroxycaproic ester, when

it gets into the hot reaction vessel, can di stlll
Thm#ea%tegejowy!ttatﬁg% Histiltptipasto Rusiy ‘IBStC?Brﬁiaciorﬁ‘et%‘F Qeﬁfﬁwed at
botibmemperausesaofdrath 3@ EN@3ACWrieterably from 90 to 230°C, more preferably

from 100 to 210°C, and pressures of from 1 to 500 hPa abs., preferably from 5 to
200 hPa, more preferably from 10 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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A further advantageous possibility consists in
RFO8GE78I ng t he predom nant portion of the
esterification al cohol before the workup of the
s-caprol actone, in particul af3 when this al cohol, such
as met hanol, has a | ow boiling point and woul d

ently be 40 condensable only in a conplicated
E&Qﬁlﬁ,%qv To this end, the nethyl hydroxycaproate is
preheated as descri bed above in the presence of a
Malizdtigst, in which case the al cohol released is

1pbe3 mdafa%aturé Fﬁ%&%i 9 ?%émé gw?&@gmafea%%.méw

th(;’{o W5 opﬁéar@g{o ;AIJ;/?: ﬁdqen;@eaygg&}a?, P unsﬁc{ura?ed dimethyl
adm:atée A4 Hienetfh penatate hb @%i cBmpmsestbﬂseanpjrfmﬂmr abimpoundstvtach

m%‘r@ﬁ%%éﬁt ﬁ%rrionﬁtsae%?r\éggiewmb pévﬁg%\?g&gitnpwm 6PR0ls83 were
RO ageitbr i AR P e ied et e gy BT SRS Paouty

tlﬁnmlaﬁasdﬂé‘ka))tan‘ldéﬂtgﬂenhhﬁ -herarsding ivtto b &tlitdrweaaorowith attached column
&‘Eg'EI'iz%H&VSﬂh)é IbVRI B the At 'i}va‘é SeAt aB ﬁ'ﬁ%@%%&‘?ﬁé&ns of closed-

t t
o S ca@%sf' % tesnaesadintpivere
p|umped irgercliatiohn hemepyrsecrfvhichen loert eachamgeesupplietheiargy to the
gﬁ‘l i3S ufRled @ﬁculﬁldﬁ%‘?@t’enﬁw a?@éc%r' tér‘nﬁ@ﬂahﬁé‘ oBhRHR1220°C and

SN e TR N

ab a aeftueatsl efb: & perdamy. Huecﬁlsiﬂgteai@eymtwaﬁmﬁemeﬂaﬂ approx. 10°C.

TY a8 éﬁm% prﬁrsérﬁéfyslssshbﬂ@mé%ld/ bfe-tdifolBabAS B 65 ol%s.
recycled. 1 pure E-caprol actone is obtained

when, in stage 14 the low boilers nmentioned in a
Them#lr@eimtﬂm via the top, E-caprol actone and ot her

Tlhb mau.a @ééc@ibﬁ efilentfRfn mea:ybmnméetg@f@r l(tﬁé go@orﬁ RFIEt of the
S [.a
oYt 2 Ehfer AR Clniise, MEMBa il ol ehiioidoBRim of
titaniate in @l distilletéanstl wheapagitnd fiess asl attaghed Felsmodefiearatioe 1) at
260t@bRE g0 WPk Bbeol@e feHBhdlys. haatecdwl@t@nf;rr@dudt eB@ined comprises

o) A S RBRR DRBRRULoy o bs p

this eegangneaction stege irethednidavel geao&mn%wawrona@ gajel eycaprolactone,
sGENMat §9|elﬂ-6fmrrﬂél%0\h:§m&3hlémﬁ oRer e bkedll BrocBys. The product
cBledlids HeRiselob g8 FETbe bR v BB n AR ARABAHR kgt aporox
49 onberi Thes aferded eamelpeiopnwitbh Ryitn aT28(908m, to gi ve
25hi ghly pure E-caprolactone. In this case, it may be
E%%%‘hfe le to combine the two top products and to work

by distillation together as described. 30
However, it may al so be advantageous to work up the

Theondl eattgpgiuct s separately to give highly pure
Elx:(ér%ﬁfér‘f)\lﬁgg Fe?.)régted, with the difference that, in the thermal treatment performed
batchwise, 0.2 kg of Cis-alcohol was added per kg of liquid reaction effluent from the
cyclization 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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20

preferably 35 from 100 to 21@@ “and pressures of from
Ito 500 hPa abs., preferably from5 to 200 hPa, nore
@{ p‘i’é gbly from 10 to 150 hPa. The process is
aIustrated in detail with reference to the exanples
which follow, but is in no way restricted by them 40
(Epcazmloes PF 60278 13 Exanple 1 Cyclization 1000 g/h

O(fof%é(fiih &o%ca%ﬂ:ﬁé Qdd- cgﬁta/?nfﬂ%[rgm:taﬁt J&&rd%ns REABIC were

TR B Ko ArRRIo0Ch a3 AL Ak OTF REmvRg tanate (mixture
cﬁaﬁopaipgl ar@l r2botgl titendigs), ndated att tandbrdptedsure td ¢8EEfer § hours.

e ﬁftHiE%H'%r Bt‘éﬁgﬂ?lméﬂ th? mMH=RBI IHiIBd B ERRYeriahit TeYiRLE was

1% r
Bveves ptancsy et BAFT ehsRg8gna AT St Piq g HiRsgbiade svaporator
(Cainbayir éheflistilkabtefoopyt cérdpPdedamedamibarnttiyl capidanerteesnd 1,5-
Pa@eh;oﬁweﬁéékﬂéﬁba Folétor@e hexapsekdohabp a S liter
reactor wth attac ed colum 10 for cyclization. The
| evel in the reactor was kept at approx. 40% by neans
‘dferoaldeatimedtoop control. Excess reactor contents were

me%@h@r onﬁhﬁprbe@éifo@fhefc96|tz@ﬂ&r$w§§fr@nﬁywmeéétémun a 5 liter

e v Bl AR et Gt T e Ao 0B it ite P LRI Ro. The

regeioreantents wertegampsd in erméat@nulnéh@cowpmofouhlcmaOeafaamh@nger
é@bswr@rgvto% SREem s b%ﬁed BFRfHeh a%téﬂnyAf@leéaeml

EPPe P8Rl SRS Ebd) b preu s ap 7By Bshlle, HisbRtdgey o
C@pr@ﬁmwwtme@off"ahe refla ratior ot perhwphyn thealegyiing dindiatad a

fanb@relbdnél'f/o éf'cﬁ Rttt brédentOhK p uﬂ'l?mblﬂiﬁttlllatlon analogous to
romt he

Fcl@ﬂ Il uent
%){?E]%I erzng{g 6h? ?@Jgggﬁﬂ?toﬁ@ty%??g product of the 20
cyclization) was collected and heated batchwi se with
addition of a further 1000 ppmof titanate in a
distillation still of capacity 2 liters and attached
colum (reflux ratio 1:1) at 250C and 10 hPa absol ute
for 3 hours. The distillation product obtained
conpri ses predom nantly g-caprol actone and
1, 6- hexanedi ol . The nol ar s-caprolactone yield in this
second reaction stage in the individual reactions was
around 25% c- capr ol act one,



bat chwi se at approx. 40 nbar. This afforded
caprolactone with a purity of 199. 90% Exanple 2 30
TheC®s treat nent Exanple 1 was repeated, with the

di fference that in the thermal treatnent perforrred

bat hWI se, of Cl5-al cohol was added per g

l'i qUi d P@ﬁ@%ﬁ 8anr FIPYBFRP RGP iR PEPEITimOs § h@h%/e ¥ EXs5#izing
Thi s ab-hyimegcaiec edrs ol the liguitephyseedidroim 50 bed00tTearmteitom 1 to

4 reat gL hPQ aB§ é’r@ rérﬂ&f r%aa%@@orgo%gﬁﬁgothé’ﬁom o As \Jm@ﬁ are volatile

f t
Capr of 4RP6NE ;ghm it obTgamh s liso o veaineBirsene
Cycl i ZEttpB rprouyclal ﬂ‘@fcy@hﬁ@iloair}ﬁ@e@b@@ép’WQr reactor in the presence of
aci d- clm ail s 9@, beasiyadt mags ofi-tr BeydI @mmg laRd donéBfidngd

m xed r Lt on
of 100 att: C%”?g‘fn%%ana?otﬁ'?ﬁé 9?3%?%&[&"%@318@0 5 fm?rhtg
G- but yqon&? 8if&t es), heated at standard pressure to
180C for 5 hours. During this tinme, predom nantly

metohanglk pecatd o ﬁ@peﬁrﬁé & cé@?&acﬁ&% Q i Bf‘?r%réjfﬁ 8ccording
conveyed co t Aoy qyplg@upn

o
into a’whpe ?&ﬁ%%gm Eﬁ?%’?‘ea}ééﬁﬁg om pfﬂ@‘
f or meds %@dermeézdum mﬁﬁ?th Cc@pvenﬂhacydjmoratemparaMe
1510pent anedi ol . The yield of caprol atone was approx. 80

rml3% TFQSFOESE%S fbif ;%?ﬁaﬁﬁ@g %%%acriq%@m ? Lﬂ%{ (g}gwtaﬁ“gﬂérﬁ)%@p g‘?: ording

th f
r eact g‘? C'éﬂ Léri% It'“ﬁ%fﬁ@dﬂ“eéfa?fﬁﬁﬁtm&f‘ ‘e plesirdehe Prewo&)bww%

titanate had been added. The 15 reactor contents were

puﬁﬁedhé BrogbdsGed pﬁééiagﬂbesr éd&r&l:ﬂ:ﬁm@% Bifitydr b thkh S0 E3ording
200X canag ol Ha0 G R ket P@Maﬂéﬁ Gheleatign > thermaly

appr oﬂ‘(eatg@'@(ﬁrarﬁ@HOéﬁéssure of 10 hPa absol ute,
predom nantly Ecaprol actone distilled off at a refl ux

][ Slr;lt g'erﬁé Rr%céss@@' w%ggHﬁ s—éa ro a{&ﬁ)né f \AHALB'IW pﬁ}est{‘nénl éQ%t aecCﬁzrﬁgng

puri f % %mﬁl &9 f1hsisindhe @ﬁm%ﬁgﬁj@e@té’s performed contlnuous!y or
25 batchwise.

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

30 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 correspending carboxylic esters, the esterification mixture thus
obtained is separated in at least cne distillation stage so as to obtain the stream

35 comprising 6-hydroxycaproic esters.

7. The process for preparing e-caprolactone in a purity of more than 99% according
to claim 6, in which methy! 8-hydroxycaproate is prepared by
- freeing the resulting esterification mixture of excess methanol and low boilers
40 in a first distillation stage,

Amended Sheets



6- hydr oxycaproic esters in thegzliquid phase at from

150 to 400C and from1l to 1020 hPa abs., and renoving

and condeffsi g belien pierysd imzisconnd ditillatios stagk areifbraningreder

;:ycl |t zat iszgareﬁmdhtbiaﬁ BSter fddiicheseaIam ffe@&‘a]f 1 heydedlekanediols and a
reating - . e .

cycli zat ifgnﬁ?{ﬁ% hfhléd;%tlé%gﬁé %?{ltﬁgﬁ%% é%&cty %&ei)(%netdﬁg_ b
presente fS?OY'?%ﬁF GrefYs MG YOS SYREM Pm Msraster rertion pra

Ppol yol s, thishdstilaipn atade.condensi ng vol atil e conpounds

and obtai ning e-caprolactone by distillation fromthe

congensat The process fo reparin - caprol act one _
G plEocest ChpPea s u0on e Baarng oo e, cooring
wher ei ® @K ef dalas idd 7. twhergtnriameyckiratiorhie prrmernin prequieset caodf
the cytbihzaihedn. i s performed at tenperatures up to
100C above the cyclization tenperature. The process
for preparing s-caprolactone in a purity of nore than
99% according to claim11 or 2, wherein thernal :
treatnment is effected at a pressure bel ow 50 hPa. The
process for preparing s-caprolactone in a purity of
nore than 99% according to any of clainms Ito 3,
wherein the bottom product of the cyclization is
thermally treated for fromO0.1 to 24 h. The process
for preparing s-caprolactone in a purity of nore than
99% according to clains 1 to 4, wherein the thernal
treatnment is perforned continuously or batchw se. The
process for preparing s-caprolactone in a purity of
nore than 99% according to any of clains 1 to 5, in
whi ch a carboxylic acid m xture which conprises adipic
acid, 6-hydroxycaproic acid and snmall anmounts of

1, 4-cycl ohexanedi ol s and i s obtainable as a by-product
of the oxidation of cyclohexane 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 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 conpri sing 6-hydroxycaproi c esters.
The process for preparing s-caprolactone in a purity
of nore than 99% according to claim®6, in which methyl
6- hydroxycaproate is prepared by freeing the resulting
esterification m xture of excess nethanol and | ow
boilers in a first distillation stage, PP 60278 16
fromthe bottom product, in a second distillation
stage, performng a separation into an ester fraction
essentially free of 1,4-cyclohexanediols and a
fraction conprising at least the majority of the

1, 4-cycl ohexanedi ol s, renoving the nethyl

6- hydroxycaproate streamfromthe ester fraction in a
5third distillation stage. 8. The process for
preparing a-caprolactone in a purity of nore than 99%
according to any of clainms 1 to 7, wherein the
cyclization is perforned in the presence of

1, 6- hexanedi ol .

Amended Sheets



