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10 The probl em underlying the invention can therefore be considered
that of preparing 1,6- hexanediol and very pure E-caprol actone
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35 In addition, the present invention relates to a process for preparing 1-,6-hexane;dibl and very .
pure e-caprolactone from a dicarboxylic acid solution (DCS), comprising the steps of

(a) esterification of the DCS with alcohols,
(&) partial catalytic hydrogenation of the esters,
40 (c) distillative removal of the 1,8-hexanediol as the top product, and
(d}y cyclization of the 6-hydroxycaproic ester present in the boftoms fraction to e-caprolactone
in the presence of an alcohol having a bailing point greater than that of e-caprolactone;
wherein the hydrogenation in step (b) and/ar the distillation in step {c) are performed
under conditions which enable displacement of any relatively low-boiling esterification
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invention.

40
Since a hydroperoxy group in one case and an aldehyde group in another case has io be

hydrogenated in the hydrogenation which optionally takes place before step (a) of the process
according to the invention, the optimal hydrogenation conditions of the two compounds differ.
Since the hydroperoxycaproic acid can also be converted purely thermally, but less selectively
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Shoul d the hydrogenation catal yst possess only an insufficient nunber
of transesterifying 5catalytic sites, if any, a transesterification
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sel ect e(‘gtep (¢)). The mass ratio of DCS to alcohol in the case of use of diols is preferably 1 : 0.2 to
1:0.8, especially 1:0.310 1 : 0.7 and more preferably 1: 0.4 to 1 0.6. In the case of use of
monoaicohols, the amount of alcohoi should be increased by a factor of two; in the case of

40 polyols, the amount of alcohol should be reduced correspondingly, for example by a factor of

1.5 for triols, by a factor of 2 for tefraols, a factor of 2.5 for pentaols, a factor of 3 for hexaols,
etc. In the case of use of alcohol-comprising compositions for the esterification (for example
hydrogenation output from step (b)}, a corresponding increased amount - based on the alcoho!
content thereof - of the composition should be selected.



7 The renoval of the water fromthe agqueous DCS and esterification in
step (a) of the process according to the invention are preferably
performed in one process step. For this purpose, it is possible to
use stirred reactors, flow tubes and/ colums. Renoval of water and
esterification Sare preferably effected in at | east one reactor with
an attached distillation colum. In order to achieve full conversion
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estegrification can be perfornmed continuously or batchw se. The top
product_obtained fromthe attached colums is the water present in

t he DCSTgffiencRat given osstasifyingwitheut additiepiof satalyston. The top product may
further conprise organic by-products, for exanple | ower
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car Hoxyrreionc T sesieriisatinn and remeval of water can be performed at pressures of 0.1 to 5 bar,
preferably 0.5 to 3 bar, more preferably at 0.8 to 1.3 bar, The residence time, calculated over all

to 10 hours. The esterification can be performed continuously or batchwise.

The top product obtained from the attached columns is the water present in the DCS and that
35 formed in the esterification. The top product may further comprise organic by-products, for
example lower monocarboxylic acids, e.g. formic acid.

The bottom product obtained in the last reactor is an ester mixture (in the case of use of diols, a
mixture of oligo- and polyesters) which was formed from the carboxylic acids present in the

40 DCS, the cyclohexanediols and the added alcohols. Also present in the bottom product are
unconverted alcohols. This mixture is used for the subsequent catalyfic hydrogenation_in sfep
(b} of the process according to the invention.



40 DCS, the cycl ohexanediols and the added al cohols. Al so present in
t he bottom product are unconverted al cohols. This m xture is used for
t he subsequent catal ytic hydrogenation in step (b) of the process
according to the invention. 8 The corgl eteness of the conversion of
the free carboxyl groups present in the carboxylic acid m xture is
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after t e h at1on Hydrogenati on conversion in percen
30 _
The hydrogenation conversion is defined as the ratio of the reduction in the ester number (EN)
in the reaction mixture during the hydrogenation fo the total ester number in the reaction mixture
before the hydrogenation:
35 H%= 100 * (ENrg— ENgra} / ENrp
ENgrg: Ester number of the reaction mixture before the hydrogenation
ENRra: Ester number of the reaction mixiure after the hydrogenation
H%: Hydrogenation conversion in percent
40

The ester number (EN) is determined from the difference between the hydrolysis number (HN)
and the acid number (AN} of the mixture:

ENgr = HNg - ANR



The ester nunber (EN) is determined fromthe difference between the
hydrol ysis nunber (RN) and the acid nunmber (AN) of the m xture: ENR=
HNR - ANR 9 ENR Ester nunber of the particular reaction mxture
HNR: Hydrol ysis nunber of the particulgr reaction m xture ANR Acid
nunber of the particular reaction mxture 5 The hydrol ysis nunber
(FIN) is determned to DIN 53401 and the acid nunber (AN) to DIN
54302 ( newENwsEstesmumbeythempariiocoir peaplign mixture Al t er nati vel y, the
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When wWopkeh#vad fdm DCS were hydrogenated in the presence of barium oxide-doped copper
chromite, is 260 to 270°C. Reliable removal of heat from the reactor requires a high level of
30 complexity. The hydragenation is therefore preferably performed in at least iwo reactors
connected in series. When fixed bed catalysts are employed, the hydrogenation feed can be
passed over the catalyst in liquid phase mode or trickle mode, When working in liquid phase
mode, hydrogen gas is introduced into the reactor flooded with the liquid reaction mixture, and
_ the hydrogen passes through the catalyst bed in ascending gas bubbles. When working in
35 trickle mode, the liquid ester mixture is allowed to frickle over the catalyst bed arranged in the
reactor which is under hydrogen pressure, forming a thin liquid film on the catalyst. In a
preferred embodiment, two or more reactors are used, in which case the predominant portion of
the esters is hydrogenated in the first reactor. The first reactor is preferably operated with liquid
circulation for heat removal by means of heat exchangers, and the downstream reactor(s)
40 preferably in straight pass, without circulation, to complete the conversion. This mode of
operation is referred to as circulation mode.

The hydrogenation in step (b) of the process according to the invention can be effected
batchwise or confinuously.



35trickle node, the liquid ester mxture is allowed to trickle over
the catal yst bed arranged in the reactor which is under hydrogen
pressure, forming a thinliquid filmon the catalyst. In a preferred
enbodi ment, two or nore reactors are ﬁ i n which case the

predom nant portion of the esters is ?drogenated in the first
reactor. The first reactor is preferably operated with |iquid
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nitrates. Suitable precipitants are all agents which lead to the formation of those insoluble
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Before use as a catalyst, the shaped bodies are activated in a manner known per se by

35 treatment with reducing media, for example hydrogen. The activation is effected either
beforehand in a reduction oven or after instaliation in the reactor. If the catalyst precursor has
already been activated beforehand in a reduction oven, it is installed into the reactor and
contacted directly with the hydrogenation solution under hydrogen pressure.

40  The hydrogenation output of step (b) generally has a composition of 30-90% by weight of 1,6-
hexanediol, 1-10% by weight of 1,5-pentanediol, <5% 1,4-butanediol, <5% 1,2-cyclohexanediol,
<5% 1,4-cyclohexanediol, <6% monoalcohols and 1-50% by weight of cligomeric or polymeric
esters of adipic acid and 6-hydroxycarboxylic acid (high boilers compared to 1,6-hexarediol).
The composition depends more particularly on the establishment of the hydrogenation
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second column in which the fine purification of the 1,6-hexanediol is effected. This achieves 1,6-
hexanediol purities of > 97%.



I n one enbodi nent of the process according to the invention, the
distillate obtained is fed to a second colum in which the fine
purification of the 1,6-hexanediol is effected. This achieves 1, 6-
hexanedi oI purities of > 97% 13 Thegottons output of the
d|st|II ion stgﬁ@% ng[?esthf esters unconverted in the

hydr oge l?O(BthP tefifhs disllaon$tep (G) comarises the esterp UBCHYERAN &ipr oi ¢
aci d arfwdmgeaaﬂOpl(@teaéb)H eapedially tre esters hbh-hythexicairhie seidesti ef sdipic acidivgth

boi | er sthé aiepiadl @8ed. Thdsdedisrs ARG boilehs abs thanshauhessl. of the
dIStI||atI0n step (c) can optlonally be distilled once again |n or der

to o si dues e i ol h bojler co ntration)

bet oF o NEelotR SathuE o he SRR BRerSeted e aner gl il proe AaI i order o
1, 6- hemdresidueepf xatiediol (ighd Bodet coraraikationllife|bpfomhitiis onaeyadain affords,
oorrPl nathdet 4dnlddaas bcblﬁ'ji‘ﬁdhﬁsa 1, eme%rwdlmtop ﬁ%uEWQS%{ﬂ @ﬁ?xaﬂét?:@WWhi@?%d&r%e
anal yz nol ysi s ransesterification of al
este?/ser%ﬁH{Eﬁ{‘eﬁ"’ﬁﬁanoﬁTte Oﬁ Q%J{Fgaslg of yt he nethyl esters fornmed) and
accordingly (in.the case of use of 1, 6-hexanediol for DCS

est i fThetigms ohtpyt eanebe aahvansl Mgreatsyeisly bmethatolysis tiapssatérgbatiopfof all
1, 6- hexastadivih rictianbl £ei Hialyeis ok tiefrerlyl boterdformidd) 409aduordvati thefeabe of
PKSr gg{%%@'%ﬁ%h&:&%'%ﬁ&%ﬁé@o Yn?% fﬂé@%&fn‘lﬁ n@:ﬁéuﬁ%r{xz pr ese”t ' n
1" hos B b FRRLE S e S oo ore 5 e e i
aci d i shygraxyeamroi¢ acid pauisajents (R-Bydreuanriaic adid s preewnt brthe boitam eftean be 6-
Wi t16 1, I'@drdxmdeﬂbr)s fob etarddre tajth wr@ﬁxhnev‘ol)wzm*’/mh@&&maﬁ@b@bm

0. 1- 10%d Q{Q&lpigf 1§§:@s@|¥‘ﬂ{% nt ) fs?re gh fe?%?or%%aggt%fhff &d

form, 1,0,

oycl ohé;éegﬁa 0 %‘f‘ ST 1 SRV eacl O T Bl ot b Gusosyhen)
fact or gtogr (@ fisegh egferlﬁ%fow) end:e&ﬂ*t@nalbrtqsm un;w,lentifed thighdpigrs of,

1, 2- cy cbyalvberarediots canhoio be tilectby dr thisystrapmoi ¢ ester, since these
cormpnents formazeotropes with one another. It.was not foreseeable

t hat I nv.ent nat i nof eterlfl

ni gh- bt TRgref SanErs hgf At P EerReiBhe £ e ooy S e, Pavqancadhed
hydr ogdfea therhyeioxysreraic egers sings these comppnents fampazeptsersisavitirmagicopther. It

pr esentwasmdt foeedaE8ble dmat besfieethe wednive dimbinatidradfi eaterifitatige bhBCSwithhighae

1, 6- hexsyipg laRbhol¥ (ddnmiidd/ to G UERIRICRIN) ér’idjégtélﬁﬁ: r@@k?@ﬁﬁloﬁ oPhkielfers formed —

co | e

ccoftom PAI 1 RN TR T @é%geap?awe'&%vsgﬁvaslpae%%ewmh%
purity bf w&dek érfea%%wmtelwomwe betigmsdtache $qraptisipgdhe§-hydroxycaproic
cycl i zagstays Tois ¢rimbles] intapacbyondicdly viaple rodvanes niexprebarbtierecf(gloapmldchana with a
0. 05% tmrwaif@b%) p{%fé}x ew@g%r@beeé%mg&fom Bes %ya%ﬁdm e Agddipn 2. r om

Zt ﬁpdgg‘%{ygaﬁ%&rég?coes Cdbgﬂ?éyg@{géﬁ?%‘# ci?cq"fsis'g % on (step (d))

fected with or W|thout catal yst. The catal ysts used may

ge ner al The [RBoine fracictdtone sipp¢¢)dd bisedlienths cytization (e of sheoB-hgdroxycaproic
cat al ysdsteraé £caoBehgs of titanium boron, alum num vanadium iron,
zinc or zi rcom um Preference is given to titaniumtetraal koxi des

Ti (OR) 4_where (egegesents al i phatic or aromatic radicals having 1-12
car bon Hteo%hzam ()} ys eftectpd witheor wétbeuticatalysh f e satplvsinpaed map gengialy
1. (3% bybemidshespedallFoewis heide JFodamplesiod sudhreatahyestd dreuordpqinds ef {istiam, batpiy,
of the PiAReRSvaARERATIBE Ak drBRcdie HréBRncaR gmaaa %Hlﬁm"i‘eﬁé‘bu@:xﬁi&sum

(>1 to 3 h@ﬂér%tF{ FE? es@héta‘ﬁqgatlb%r Fl%ﬁ%tl(f‘ m'ic(éﬂz I'}%@iﬂgs &fﬂ a? as0

COﬂtInUO

to 300¢2 "f‘ﬁ’ég?) inAERUBEPERRS Sk 30 e 9@ é(l"i‘(?'gfa‘f)o rrbar

40 For the cyciization in the liquid phase (step (d)) of the process according to the invention, an
apparatus with a column (>1 o 30 theoretical plates) is used, which can be operated
continuously or batchwise. The bottom temperatures employed are 180 to 300°C, and the
pressures employed between 5 and 500 mbar.
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40
The alcohols for the esterification (step (a)) of the process according to the invention are
individual alcohols having 1 to 30 carbon atoms, preference being given to those having a
higher boiling point than e-caprolactone within the pressure range from 10 to 15600 mbar (for
example 96-97°C at 20 mbar or 235°C at 1013 mbar), and also mixtures thereof or compositions



15 which conprise such al cohols (preferably in a proportion of at

| east 30% by weight, nore preferably in a.proportion of at |east 50%
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bi s( 6- h%‘('ﬂei)%‘? ﬁs acco dirlg to the invention. Examples of such alcohols are
glycerol, tnmethyiolpropane 1,6-hexanedio!, 1,8-octanediol, 1,10-decanediol, 1,12-

40  dodecanediol, 1-tridecanol, 1-pentadecanol, 1-hexadecanol, 1-octadecanol, 1-eicosanol,

butylethylpropanediol, neopentyl glycol, pentaerythritol, triethylene glycol, tetraethylene glycol,
bis(6-hydroxyhexyl) ether.



16 More particularly, the present invention relates to a process for
preparing 1, 6- hexanedi ol and very pure s-caprol actone froma

di carboxylic acid solution (DCS), conprising the steps of (a)
esterification of DCS with | ow boilinggal cohols, 5(b) parti al
catalytic h enati.on of the ester mxture obtained fromstep (a),
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cyclization of the 6-hydroxycaproic ester fromthe bottons fraction
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step (c
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I 000 i
33500, PR SEBHEC e BAOO (BL7affd

esterificatirdn (step (a)) of the process according to the invention
in this case are individual alcohols having 1 to 30 carbon atons,
pr ef er e Baistietirargegfenfatibrocadtdigge ateafor axxpnepid, datiumbnéthoxide qmitaﬁatetsfwﬁh as
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achi evedomprise such alcohols {preferably in a proportion of at least 30% by weight, more preferably in
a proportion of at least 50% by weight). Particular preference is given to methanol as ihe
esterification alcohol.

35 The partial catalytic hydrogenation of the esfers (step (b} of the process according to the
invention) is adjusted such that a hydrogenation conversion in the range from 40 to 97% and

preferably from 50 to 95% is preferably achieved.

The cyclization (step (d)) of the process according to the invention is effected in the liquid phase
40  in an apparatus with a column having more than one theoretical plate.

The DCS of the process according to the invention is obiainable by



The cyclization (step (d)) of the process according to the invention
is effected in the liquid phase 40 in an apparatus with a col umm
having nore than one theoretical plate. The DCS of the process
according to the invention is obtainabjze by 17 I) oxidation of

cycl oheﬁane w.th o% or ox,éIgen-co risi nég%lgas,es to give m xtures
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step (1)) w tdactier sfthcamrectionmbix@te chtaihdtbaflaeSteh (19 With Maidriafld réhdvaldtass DCs

reaction mi‘rBHrtﬁ’eliq%id%iBﬁa%F&%é&ﬂn%ﬂ&t@ﬂeYSt for the hydrogenation step

(b) pf the process according to the invention is obtainable by a
preparation process conprising the steps of providing an oxidic
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cycl oheﬁﬁﬁﬁ’?ﬁ%"? ,.Cmsmna s%ﬁ"%ﬁé"?/ﬁ_?'ycgmghd?e$ﬁ5icarsgéﬁgtéj according to the
i nvention, the 1, 6-hexanediol fromthe top fraction 25of the
distill H';grmrv;déntsuftbp predess acrqé:pdihg ioeﬂeFOEUér_ttiba,rthé)_jl)(Iﬂ uﬁe'glié bt r@ﬂroFgébﬁat@@e
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econom &¥ahgxqnediglse preparation of 1,6- hexanediol and very pure
z-caprol actone (purity of at least 99% preferably of at |east 99.9%
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for i1 he nex processes 8P'ng to the invention,

| osses of or conplex recycling of materials of value are avoided. The
pr ocessinaresrdamgf the préress avendingie thelivéntionahé g-capromsone tsopuaifiedfurtaemby
degr ee, diefiafdr BorAtheldistMbte from step (d) (step ().

30 The processes according fo the invention allow economically viable preparation of 1,6-
hexanediol and very pure e-caprolactone (purity of at least 99%, preferably of at least 99.9%)
from DCS, a waste product of cyclohexane oxidation.

Since the bottom product of every process step is uséd as the starting material for the next siep
35 in the processes according fo the invention, losses of or complex recycling of materials of value
are avoided.

The process according to the invention additionally allows, to a certain degree, by alteration of
the hydrogenation conversion, modulation of the product ratio between e-caprolacione and

40 1,6-hexanediol.

Description of the'ﬁgure



t he hydrogenation conversion, nodul ati on of the product ratio between
z-caprol actone and 401, 6- hexanedi ol . Description of the figure 18
Fig. 1 illustrates the process according to the invention. The

di car boxyl ic acid solution (DCS) usedigs esterified together with
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after f pur| tlon be used for the esterification of the DCS
in step (a). 15 V‘brkl ng exarrpl es Exanple 1: 1. Blending of a

di cthr bokpfking e¥eimglenexanedi ol mi xture 20 The dicarboxylic acid

sol ution (DCS) used was obtai ned by aqueous extraction of a reaction
di scharge {I%é ﬁh originated fromthe oxidation of cyclohexane with

air. The )exanedi ol -containing diol nixture used for the
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ed co r
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vvat er afbd [ 3vwype @@H@d‘ﬁdwgﬁgie Ao by lﬁ')e The bottons output was

subsequently transferred to a 5- stage sti rred tank cascade (180 g/ h,
220C, 1-1. 4 bar abs.), in which esterification was brought to virtual
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40 cascade, low-boiling components were likewise distilled off (14 g/h), and were recycled into the
dewatering stage. The botioms output obtained was an oligomeric mixture comprising
principally esters of the originally supplied carboxylic acid derivatives and dicls (156 g/h, 57%
yield by weight, based on the overall feed, ester number: 348 mg KOH/g).



19 3. Hydrogenation of the oligomeric ester m xture (process step
(b)) The oligoneric esters of stage 2 were adm.xed with 60 ppm of
sodi um net hoxi de and then hydrogenated conti nuously over a copper
catal yst. The catal yst was prepared atgd activated 5 according to WO
2007/ 6719 exanple 3. The reactor system consisted of a main reactor
(tubul ar reactor, 400 nL, 600 St n postreact or
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Additionally obtained were 6 kg of bottom product which, according to gas chromatography,

comprises 33% by weight of 1,6-hexanediol, and also adipic and hydroxycaproic esters (not

quantified).

35
4b. High boiler concentration
In a distillation still with attached column (DN5Q, internals 1 m, fabric packing 750 m2/m?), the
bottoms outputs (1.7 kg) from stage 4a were concentrated by distillation. This afforded, at
20 mbar and a bottom temperature of 220°C (reflux ratio 17:1), 0.54 kg of top product which had
40 a hexanediol content of > 95%. The bottomn product obtained was 1.16 kg of concentrated high
boilers. According to gas chromatography, this stream also comprised 9% hexanediol.
The composition was determined more accurately by methanolysis of this stream: for this
purpose, 15 g of the bottoms output were admixed with 150 ml of methanol and 0.05 g of tefra-
n-butyl titanate, and heated to 170°C in a 300 mi autoclave for 6 hours. The 1,6~hexanediol
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Example 2;
Comparative example analogous to the process described in EP 883591 A ("variant E"):
cyclization from a DCS stream esterified with hexanediol.

40
707 g of an ester mixture obtained analogously to example 1 stage 2 (according to
methanolysis 0.2% by weight of 1,2-cyclohexanediol, 1.6% by weight of 1,4-cyclohexanediol,
45.4% by weight of hexanediol, 17.7% by weight of 6-hydroxycaproic acid equivalents, 20.0%
by weight of adipic acid equivalents) were introduced info the botioms vessel of a 1 m distillafion
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a) esterification of DCS with an al cohol, b) partial catalytic

hydr ogenation of the ester m xture obtained fromstep (a), c)
distillation of the hydrogenation output obtained fromstep (b) to
renove the 1,6- hexanedi ol -conprising gop product, and 10d)
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range used!. Asratess for ereparieg th-hekansdisl snde-capraactpioss icoinprisingtie Following
conpri ses sugfepal cohol s, said al cohol being in free or el se bound
forngas a constituent of the esters of the bottons fraction. 15 2. The
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performed under condi fions which enabl & di splacenent of the
relatively |lLowboiling esterification alco- 40hol fromstep (a) by
t he 1, 6%hexdABBIAEEST FCREENG th clefie 2 19 drwipseia giperion ef thedydwaeration putput from
step (b) is used as the alcohol-comprising composition for the esterification of the DCS in
25 step {a).

5. The process according to any of claims 2 to 4, wherein a portion of the alcohol-
comprising composition which is obtained as the top product from the distillation in step
(c) is used for the esterification of the DCS in step (a). '
30
B. The pracess according to any of claims 2 to 5, wherein 1,6-hexanediol is used for the
esterification of the DCS in step (a).

7. The process according fo claim 1, wherein the esterification in step (a) is performed with
35 an alcohol having a lower boiling point than e-caprolactone within the pressure range from
10 to 1500 mbar, a mixture of such alcohols or a composition which comprises such al-
cohols, and
wherein the hydrogenation in step (b) and/or the distillation in step (c) are performed un-
der conditions which enable displacement of the relatively low-boiling esterification alco-
40 hol from step (a) by the 1,6-hexanediol formed in the hydrogenation in the manner of a
transesterification,

8. The process according to claim 7, wherein the fransesterification-enabling conditions are
the use of a hydrogenation catalyst having acidic or basic sites in step (b),



transesterification. 23 the presence of acids or bases in step (c)
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step (i) antleqtiPnPfthedistiiatign ohetepio) ispuifiediitherbygligtitationst ep (H) to a
shaped body. 24 17. The process according to any of clainms 1 to 16,
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further from the distillate from step (d) in a subsequent distiliation step ().

14.  The process according to any of claims 1 to 13, wherein the alcohol-comprising composi-
tion consists of the corresponding alcohols in a proportion of at least 30% by weight.
30 -
15.  The process according to any of claims 1 fo 14, wherein the hydrogenation in step (b) of
the esterification mixture from step (a) is hydrogenated in the liquid phase in the presence
of a shaped catalyst body, the precursor of which is obtainable by

35 (i) providing an oxidic material comprising copper oxide, aluminum oxide and at least
one of the oxides of lanthanum, of tungsten, of molybdenum, of titanium, of zirco-
nium or of iron,

(i) adding pulveruient metallic copper, copper fiakes, puiverulent cement, graphite or a
mixture to the oxidic material from step (i) and

40 (iii) shaping the mixture resulting from step (i) to a shaped body.

16.  The process according to any of claims 1 to 15, wherein the esterification in step (a) is
performed without addition of catalyst.



24
17.  The process according to any of claims 1 to 16, wherein 1,2-cyclohexanediolé are re-
moved via the top in step (c).



