1 Method for producing plastics using 1, 6-hexanediol with an al dehyde
content of less than 500 ppm 5Description The present invention
relates to a process for preparing plastics using 1, 6-hexanedi ol
havi ng an al dehyde content of |ess than1500 ppm a process for
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presen®in 36 YJfiehydes can be present in free form but also as hemiacetals or acetals and as
such likewise have an adverse effect on the color number of products, for example
polyesters. In addition, such compounds are also undesirable in terms of uses since
they are not diols and, for example in the preparation of polyasters, lead to chain
termination or to branches.

30  Polyesters and in particular polyester alcohols are usually prepared by
polycondensation reactions of polybasic carboxylic acids/carboxylic acid derivatives
with polyhydric alcohols or polyols at temiperatures of, in particular, 150-280°C under
atmospheric pressure and/or a slightly reduced pressure in the presence of catalysts.
In the present case, the following components based on B-hydroxyhexanal or 6-

35  hydroxyhexanal itself are relevant as undesirable impurities and are subsumed under
the generic term “aldehyde” for the purposes of the present invention:



A further conponent which can be formed from hydroxyhexanal and is

| i kew se Sundesirable in relatively large anmounts is the

1, 6- hexanedi ol ester of 6-hydroxycaproic acid, shown bel ow. HO- N7N") (
0 10 This ester can be formed from 1, 6- exanedi ol under the same
undesi rabl e conditions as 6-hydroxyhexanal. This ester can be
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conprising 1, 6- hexanedi optiornigl |y renoval of catalytically
active conponents to a residual cont Q?t of 5 ppm [11)
distillation of the m xture obtained fromstep | or Il, where the

mol ar ratio of oxygen to 1,6-hexanediol during the distillation is
| ess t Héh 100s asier candbetfornarioTane m6-rekarsaiiah Liydar ¢ $aynGidevitaiOeaReRBRs S

i's s 5 ppmas 8-hydroxyhexanal. This ester can be measured by means of a base number and is
determined by titration with KOH. If the base number is, for example, 8 and is due
solely to the abovementioned ester, the ester content is about 33 ppm. The ester can in
principle be measured as diol and at contents below 500 ppm, in particular below

15 50 ppm, generally does not interfere in polyester applications and also does not impart
a color.

It is therefore an object of the present patent application to provide a process for
preparing plastics, which makes it possible to prepare these with color numbers of less

20  than 150 APHA-Hazen in accordance with ISO 6271. A further object of the present
invention is fo provide a process by means of which 1,6-hexanediol which itself has a
color number of less than 30 APHA-Hazen and at the same time has a purity of greater
than 87% with an aldehyde content of less than 500 pPpm can be prepared.

25  This object is achieved by a process for preparing a plastic, which comprises reacting
1,6-hexanediol with dicarboxylic acids or diisocyanates in the presence of at least one
catalyst, where the 1,6-hexanediol is a 1,8-hexanedio] which has, after its preparation
by hydrogenation, been subjected to at least one distillation in which the molar ratio of
oxygen to 1,6-hexanediol is less than 1:100 and £ 5 ppm of catalytically active



V) collection of the 1, 6-hexanedi ol having an al dehyde content of
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dual -flow trays, colums wth bubble cap trays or rectification

col umms eqd{ ﬁ??cprﬁ?etsﬁ of Kevivention for pegpaiing mastigalilis pesessary taowset hin film
evapor at or sl,ehexsnetiol wigjc! isl distidechipeiorahandwittvduibefantil exauadestalRyyen and
oper at ed ungéipris@leseaR 5@eaLERataliigdIg efieein! p%rt%}éf Hel’é@rdg;%hg'tﬂreﬁrtacﬁve

| east IS ' I & ThiSHi S general 'y a ast one cqolum
sel ect e fﬁggﬁ{pltohéaérﬂtdpg Mgodﬁ%lllajslg@b'ﬁgﬂeol?@@a‘%ﬁ%edp%glf%%@?m?q QEFF%‘SI?'QHW§ 40
with sieve f?'ﬁb?é',de%éﬂ tenis I theamornts f satalytisallycastivernempdnentsihabl e
cap trays deendeteithinedby gas clubmaiography bppeare imthisiprastnyeaténtapplicadoryi ded

wal | col umepditedtaBipardentades BRaREM ShsuldPEaken bé Bigknf 1 | m evapor at or s,
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group 1:10 000. The distillation can be carried out in one or more distiilation units. Preference
is given to one distillation unit. Suitable columns for the distillation are all columns
known to those skilled in the art. Preference is given to packed columns, tray columns
35 with sieve trays, columns with dual-flow trays, columns with bubble cap trays or
rectification columns equipped with valve trays, dividing wall columns or thin film
evaporators and falling film evaporators, which are preferably operated under reduced
pressure. Preference is given to using at least one distillation unit. This is generally at
least one column selected from the group consisting of packed columns, tray columns
40  with sieve trays, columns with dual-flow trays, columns with bubble cap frays or
rectification columns equipped with valve trays, divided walt columns or thin film
evaporators and falling film evaporators, which are preferably operated under reduced
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However , t logides and/or halides andfor carboxylates such adipates and/or 6-hydroxycaproate and
mixtures comprising the pure metals, alloys, oxides and/or halides of Cu, Co, Ni, Pd,
Fe and Ru. Calculated as metal, both as individual component and as a mixture, the
content of catalytically active components in the feed stream to the 1,6-hexanediol
35  column and in particular to the 1,6-hexanediol column shouid be < 5 ppm, preferably
= 3 ppm, particularly preferably s 1 ppm. Preference is given fo discharging a
corresponding amount of metal and/or mixture of metals from the column together with
the bottom stream in order to avoid accumulation in the 1,6-hexanedio! column, so that
when an amount of, for example, 1 g/hour of metal is present in the feed, 1 g/hour of
40 metal is also discharged in the bottom stream from the column.
To keep the influence of traces of metal in the feed to the 1,6-hexanediol column very
small, preference is given to having the feed point, where possible, at a low height of




5 separation task can require the feed point to be positioned at a
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catalytically active conponents are catal yst residues which are
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o The or oc SN ANRctye ddhdanen oRR Helkde Biabaea ki rBssiiemoan o
1, 6- hexanedF¥AMPI8, keavejded by manuiacturiey heessniremsluin Wijltintsgetsmada of
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t he 1, 6- hexditlation shawd bryless Hen 10ppreferabhiestothan 6rpatfiipuiany pfaferably tessof
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prepar ati onpRiroddiatidn SithFeRRAPLatayd residues can also be comprised in the end
product obtained. Although the development of chemically and mechanically stable
35  catalysts has made great progress, these catalysts cannot avoid catalyst discharge
residues being entrained in the 1,6-hexanediol during start-up or shutdown or during
flushing of the parts of the plant in which the catalyst is comprised. It is therefore
advantageous for the 1,6-hexanediol used in the process of the invention to be freed of
catalyst discharge residues before the distillation so that these are not introduced at all
40  into the distillation column. Catalyst constituents can be entrained heterogeneously or
else homogeneously in the product stream from the preparation of the 1,6-hexanediol.



One possi bl e measure for reducing the heterogeneous catal yst
constituents is a filter upstreamof the distillation of the

1, 6-hexanediol in step IIl of the process of the invention.
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35
A 1,6-hexanediol which has been pretreated in this way can subsequently be distilled in
a distillation column as per step lil of the process of the invention at an oxygen/diol
ratio of less than 1:100, so that the 1,6-hexanediol has an aldehyde content of less
than 500 ppm.

40

Should, in the preparation of 1,6-hexanediol, catalytically active components have got
info the distillation column of step IIl of the process in sufficient amounts for the



7 al dehyde content to have becone greater than 500 ppm despite the

use of appropriate filters, the colum should be cleaned. This can be
effected by intensive flushing with, for, exanple, water and/or acids,
preferably by flushing with 1-1NO3. Traces of, for exanple, Cu and/or
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APHA- Hazen. cadent of less than 500ppm. A 1,6-hexanediol prepared in this way not only has the
low proportion of aldehyde but also a color number determined in accordance with
30 180 6271 of less than 30 APHA-Hazen. Such a 1,6-hexanediol thus leads in the
reaction with, for example, carboxylic acids in the presence of catalysts to polyesters
which have a color number (Hazen color number) determined in accordance with
[SO 6271 of less than 150 APHA-Hazen, preferably less than 120 APHA-Hazen, very
particularly preferably less than 100 APHA-Hazen.
35
To prepare the polyesters, the 1,6-hexanediol prepared in this way is reacted with
carboxylic acids selected from the group consisting of succinic acid, maleic acid,
fumaric acid, glutaric acid, adipic acid, dodecanedioic acid, ferephthalic acid,
isophthalic acid and phthalic acid, particularly preferably succinic acid and adipic acid.
40  For the preparation of polyurethanes, the 1,6-hexanediol is reacted with isocyanates
selected from the group consisting of hexamethylene diisocyanate, tolylene
2,4-diisocyanate, diphenyimethane diisocyanate, isophorone diisocyanate and



To prepare the polyesters, the 1, 6-hexanediol prepared in this way is
reacted wth carboxylic acids selected fromthe group consisting of
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t he prepar atidodiisstygratogioyeloheyiesethdrieeTd pod hexssie teQlolyestersaa@tigsl Wit h
| Socyan at es p§l9bf%ﬁfaﬂé|s,ﬂ‘|§rﬂ@ EA1EIyEL5 @uPbe 08 ThidihrOLa DAEAHER W §6p

di i socyanat g?nsqi@o%hgébgdn%b |egsf6%§§é§€%a%%loew'§ PASES.

4,4' -di i socyanat odi cycl ohexyl met hane. To produce both the pol yesters
and the @oléﬁ@@@hanes, further catalysts can be used. These are
selected fromthe group consisting of acids, bases, Lewis acids and

Lew s basess : ] ion of the al dehyde conte IS
carried out T%édég@ﬁf@ ﬂr%g'rcr)gt earlgeﬁ'-&ﬁé %%ht'%ag?ﬁﬁﬂ%ﬁg i rj-}r IB?"BWDBBQJ or
having a | eWQ’%/ BY5%68 Cﬂ?“’&%ﬂ%ﬂﬁa leggth /RSN, @ interrep digmetanef 8. 3Rimm
t hi ckness ofnda fin thickuessdr 1 Ror istused. Feathemesastement, haappsratury srofiledh i | e
|b n 10 y\mpraic%eﬁmp@:hmé?o@b@@)éléisblﬁbﬁina'll at iﬁ@rbgﬁih}tniﬁgﬁ'}rstnm utes, a ol
egi nni n . nute |'s subsequent|y
se'? unt i Ig 1%%% ﬁ?&%%%@ﬁg&@ﬁ@%g@%i@gg i ntlfﬁogbggvi@% "ht 88ij% t hen
set up to 1RGTNIPHIERT L CUBRIE Measet 6t 06D oarea heatise fale ot FeuTnalvds
subsequent | §et40 RAAEiang stbsesuently0i@ating tete of 20°€amindte is3RH 6, 3000C ) foleekdy
a 20 mi nut eby s@0 henuidisoleans phascERMYSE. Tﬁaﬁ‘%’]éétbﬁéﬁqﬁérahﬁ@%é ab4Hce

was 250 1 ' LEIPe he flaures
reported fo?ﬁéfﬁimgggg%ggnt ent bﬁ'q{hﬁéﬁq’?g? %)%gcrjl;éﬁ% al%flj"é'ge content of
det er mi ned 3§ PeReRGIIal s deiErined abh Bl bk Arean aretasaklewhemthe content of

1, 6- hexanedi.8thexanediod gy Fffe and themonteshof aldfehpdialio kytHE0ipsm< 1000 ppm

Tlhg L Olj | ovm;)'gg@ fegmm rg?;mﬂlésﬁlmﬂﬂ@tﬁmw-@@néb%ﬂﬁﬁ '&Haﬁi@rw'tde%fo nt of
al dehyde c : a ct an
i ncrea al c&ﬁygg%ontgﬁ%l %@g@%& %g%%tgrgg% ?‘\(jrécq‘g%aera}pafd%h%e @Pgeﬂéﬁaﬁ'i on
of hexanediol: Dinethyl adipate is hydrogenated in the gas phase at
60 bar and G@BpPratie e@ewleal:25 copper-conprising catal yst. The

col | ected out puts (about 36% of nethanol, about 67% of

ﬁ, 6- heiganeqb,@bara[imﬁéq%e%edom nantly 6-hydr oxycap][ o: c est ﬁr s, 500

xan nd-; . . n r I n an n t han

oo i ncl acP 0 RS B R EEReRed R 450 Eose e DY APIASOIPES AWt y

due to %nt r PRAEFRTRSISING ¢atajyshTbe wollekisd auppuls(ativ 36 ciniatiranckiabeyt 67%

Er te?grrg nantdfy! Ijztéeﬁaagm‘b!, resndindes bie?omeﬁﬁwh?droiy%ggﬂﬁi’c%bwﬁ%efénoﬁé?i?)& he

o] u

nbar . Thg rfgj i i(:‘ﬁq'is uﬁseﬁ%gﬁ a%farﬂa{:uﬁ?gi%ghgﬁé%% %ﬁg@ﬂ@gpcﬁgfaggx% n a

disti 11 ati dExandl A a?’f“ gHcy mf?ﬁﬂmabﬁfél"wéda eptginens of distiare aoekegs

air) at 50 Yt digiatian Herea peedpwinssthamaihesol i firsyremovedahtarhparbngs at

180C. A erthe eottorabip bf1 1D amDpress BeSHEHRMAR 38R WBLOITB tETAhbEN Fhe

ggé anolj’ 11@?1!&%%%%93 atSrbAAIR bty Fhrdiwile! ih aHdifflion Slusnh R2bout

oand a pp%ckéc}/ column, reflux ratio 5, no access of air) at 50 mbar absolute and temperatures

at the bottom of about 180°C. After removal of low boilers such as residual methanol
and hexanol, 1,6-hexanediol is obtained in a distillation yield of about 90% and a purity

35  of 99.9%. The 6-hydroxyhexanal cantent was 500 ppr.

Preparation of polyester:
1325.3 g of adipic acid, 396.6 g of 1,6-hexanedicl having a 6-hydroxyhexanal content
of 500 ppm, 623.0 g of 1,4-butanediol and 10 ppm of tin octoate were placed in a

40 round-bottom flask having a volume of 4 liters. The mixture was heated o 180°C while

stirring and maintained at this temperature for 3 hours. The water formed was removed
by distillation during this process.



35 of 99.9% The 6-hydroxyhexanal content was 500 ppm Preparation of
pol yester: 1325.3 g of adipic acid, 396.6 g of 1,6-hexanediol having
a 6- hydroxyhexanal content of 500 ppm 623.0 g of 1, 4-butanediol and
10 ppmof tin octoate were placed in a 40 round- bottom flask having a
volume of 4 liters. The m xture was heated to 180C while stirring and
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pressure of nbar until an acid nunber below 1 ng KOH g had been
reached. Th&N? figid Roletsredaobp! famasiiad thofollewingatpeties: ol I owi ng
properti®s: 5 Hydroxyl nunber:54.1 ng KOH g Acid nunber: 0.1 ng KOH g

Vi scosi ty: 68Qdmiska.namakr: 75C Wat gajcrﬁ?kgppg' 0.01% 10 Col or nunber 210

APHA- Hazen EX . Preparat i,gn xanedi ol : 15 Conparative _
exanple 1 iﬁ.étgcraﬁellgﬁfeéd W th theoglimggdgﬁ%e that the product streamis,

after net hadBF°H¥s been separ af@lMERss at76&ed of hi gh- boi | i ng
conponent s Wateregntenbf a t hi n D018 evapor at or (Sanmbay) at 50 nbar.

The 1, 61hexaviedhohbabt ai ned af bes APRinsH4kesti | | ation had a purity of
over 99.9% and the 6-hydroxyhexanal content was bel ow 50 ppm

Example 1:

Preparation of hexanediol:

15 Comparative example 1 is repeated with the difference that the product stream is, after
methanol has been separated off, freed of high-boiling components by means of a thin
film evaporator (Sambay) at 50 mbar. The 1,6-hexanediol obtained after this distillation
had a purity of over 99.9%, and the 6-hydroxyhexanal content was below 50 ppm.

20  Preparation of polyester:
1325.3 g of adipic acid, 396.6 g of 1,6-hexanediol having a 6-hydroxyhexanal content
of less than 50 ppm, 623.0 g of 1,4-butanediol and 10 ppm of tin octoate were placed in
& round-bottom flask having a volume of 4 liters. This mixture was heated to 180°C
while stirring and maintained at this temperature for 3 hours, The water formed was

25  removed by distillation during this process.
The mixture was then heated to 240°C and maintained at this temperature under a
reduced pressure of 40 mbar until an acid number below 1 mg KOH/g had been

reached.

The liquid polyester alcohol formed had the following properiies:
30

Hydroxyl number: 56.8 mg KOH/g

Acid number: 0.2 mg KOH/g

Viscosity: 530 mPa.s at 75 °C

Water content: 0.01%

35 Color number: 68 APHA-Hazen



20Preparati on of polyester: 1325.3 g of adipic acid, 396.69 of

1, 6- hexanedi ol having a 6-hydroxyhexanal content of |ess than 50 ppm
623.0 g of 1,4-butanediol and 10 ppmof tin octoate were placed in a
round-bottom fl ask having a volune of 41Riters. This m xture was
heated to 180C while stirring and maintained at this tenperature for
3 hours. Th&omgketive exareple®as 25r enoved by distillation during this
process. The m xture was then heated to 240C and nai ntained at this
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col um at 15@* -fretanediobandeatpea pititaliysof abmpbreentzodden in @ﬁo@h@uﬁlesm&%c
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fracti ofgwhi ch corrprlse the major part of the |oI but in
whi ch not o 6- hexanedi ol but al so 5. 6% of

n 1% 0
6- hydr oxyh eﬁ\g aqpeg%pg o ﬁn@é@ﬁrpgeqaﬁoga}g @tq%ﬁ 160pppugfdu catalyst were still present
in the crude hexanediol. In the subsequent distillation of crude hexanediol, the fraction

containing the most hexanediol comprised 99.25% of 1,6-hexanediol together with
2100 ppm of 6-hydroxyhexanal.

20
Example 2:
Comparative example 2 was repeated, with the hydrogenation output being filtered
through a filter (5 ym mesh opening). Only 2 ppm of Cu catalyst were found in the
crude hexanediol. In the subsequent distillation of crude hexanediol, the fraction
25  comprising the most hexanediol comprised 99.64% of 1,6-hexanediol together with
only 450 ppm of 6-hydroxyhexanal.

Example 3:

Example 2 was repeated, but no Cu catalyst could be detected (detection limit 2 ppm)
30 in the crude hexanediol because the hydrogenation output had been filtered through a

filter (0.5 pm mesh opening). In the subsequent distillation of the crude hexanediol, the

fraction comprising the most hexanediol comprised 99.7% of 1,6-hexanediol together

with only 40 ppm of 6-hydroxyhexanal.

35 Comparative example 3

Example 1 was repeated except that some leakage air got into the system during the
hexanediol distillation (molar ratio of oxygen to hexanediol about 1:90). The fraction
comprising the most hexanediol comprised 89.3% of 1,6-hexanediol together with

40 3000 ppm of 6-hydroxyhexanal.
When the molar ratio of oxygen to hexanediol was reduced to 1:1000 under otherwise
identical conditions, the 6-hydroxyhexanal content was only 350 ppm.



1, 5-pentanedi ol and also a plurality of conponents each in anmounts of
| ess than 1000 ppm i ncluding about 500 ppm of 1, 4-cycl ohexanedi ol ,
were present. 15 After operation of the hydrogenation for 2 days, 16
ppm of Cu catal yst were still present in the crude hexanediol. In the
subsequent distillation of crude hexanediol, the fraction containing
t he nost hexanedi ol conprised 99.25% of 1, 6- hexanedi ol together wth
2100 ppm of 6-hydroxyhexanal. 20 Exanple 2: Conparative exanple 2 was
repeated, with the hydrogenation outplit being filtered through a
filter (5 pmnmesh opening). Only 2 ppmof Cu catalyst were found in
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3. The process according to either claim 1 or 2, wherein a

single-stage or multistage vaporization at pressures of =200
mbar and temperatures of =230° C. is carried out before the
distillation.

4. The process according to either claim 1 or 2, wherein the
1,6-hexanediol 1s freed of catalytically active components
before the distillation.

S. The process according to claim 4, wherein the catalyti-
cally active components are selected from the group consist-
ing of metallic Cu, Co, Ni, Pd, Fe and Ru, alloys thereof and
compounds thereof with oxides and/or halides and/or car-
boxylates and mixtures of these components.

6. The process according to claim 4, wherein the catalyti-
cally active components are removed by filtration, precipita-
tion and/or ion exchange.



1. A process for preparing a plastic, which conprises reacting

1, 6- hexanediol with at |east one dicarboxylic acid or at |east one
diisocyanate in the presence of at |east one catal yst, where the

1, 6- hexanediol is a 1, 6-hexanedi ol which has, after its preparation
by hydrogenati on, been subjected to at |east one distillation in
which the nolar ratio of oxygen to 1,6- hexanediol is |less than 1:100
and 5 ppmof catalytically active conponents are present during the
distillation, the 1,6-hexanedi ol having an al dehyde content of |ess

t han 500 PPm 2. The process accord2zng to claim1, wherein the
plastic is selected fromthe group consisting of polyesters,
pol yuret hanes and pol yacryl ates. 3. The process according to
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