Stabilization of polyols The invention relates to a method of stabilizing polyols and also mixtures
containing polyols and stabilizers. Polyols, in particulgr aliphatic dihydroxy, trinydroxy or tetrahydroxy
compounds, have great 5importance in industry because of their many possible uses. They are

oxidation-resisiap Wagef, r&@@%g‘sonditions and are therefore typically stored under air. If such

polyalcohols are then used Tor subsequent reactions in which acidic conditions are created, e.g. with

he objecti formation, discol [ hich. h d I
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need for a metaldlizgrish reduces such undesirable discolouration. We have now found a method of
stabilizing polyols, which is characterized in that one or more compounds of the formula (1) or (11), OH

(1) 15 where isolyots, 3@ ghricair aiyha s %iH?&o&;@rﬁ_h&ﬁ}%@h%%f%fd?@y@lsc%n%%iﬁj§,wm @feat
C1-C4-alkylene, preferably C1-C4-alkylene, and the radicals R1 are each, independently of any other
radical® R1 priSetaeseCs- iysEy ég%i%%B&Welrz‘U%}ﬁa%ﬂﬁﬁéﬁsF BRY B%B%Q%HBﬁeéﬁﬁé‘%HBder
phenyl rings imthm#boondéidhs anthere iesrgforegyipichiyfalmedier(Bimust be substituted by a secondary
or tertiary radical, are added to the polyols.

If such polyalcohols are then used for subsequeattions in which acidic conditions are created,
e.g. with the objective of ester formation, disewhiion which makes the downstream product

unusable or unsalable frequently occurs despitéyfieally high purity of the polyol used.
10 There is therefore a need for a method which reslaaeh undesirable discolouration.

We have now found a method of stabilizing polye¥ich is characterized in that one or more

compounds of the formula (1) or (),
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where
n is 1, 2, 3 or4, preferably 2 or 3,

m is 1, 2 or 3, preferably 1 or 2,
p is 2,
20 Q is sulphur or ¢Cy-alkylene, preferably £C,-alkylene, and

the radicals R are each, independently of any other radicals fResent, @Cg-alkyl or

C:-Cs-al koxy,



Alkyl or alkylene or alkoxy is in each case independently a straight-chain, branched or Sunbranched,
optionally cyclic, alkyl or alkylene or alkoxy radical. C1-C8-Alkyl is, for example, methyl, ethyl, n-propyl,
isopropyl, n-butyl, sec-butyl and tert-butyl, n-pentyl, 1-mgethylbutyl, 2-methylbutyl, 3-methylbutyl,
neopentyl, 1-ethylpropyl, cyclohexyl or 2-methylcyclohexyl, preferably methyl, tert-butyl or cyclohexyl.

Ci-C8-Alkoxy ignéoe exasaBte B IRRS h N6 b GRS BheigR! PPGEYoRnRHEOHY siesrbiRAyIaMeY in

10tert-butoxy, negpentoxy, cyclohexoxy, cyclopentoxy and n-hexoxy. Ci-C4-Alkylene is, for example,
methylene, etﬁ'&‘ané%fwli,é)-;5'3/%%a%?wégﬁgﬁﬁﬁ%%dﬁ%%ﬁf&ﬁgﬂ'ﬁl’2,3-butanediy1 or

1,3-butanediyl, preferably methylene. Preferred compounds of the formula () are:
2,6-bisltert-busg-adeedryl freep@V¢BHT), 2,4,6-tri-t-butylphenol; 2- and 3-tert-butylhydroxyanisole and
mixtures thereof (BHA). 15Preferred compounds of the formula (ll) are:
2,2'-methyleneglighd-sneayinéa-sretmdsyciehexydiitereke indegently a straight-chain, branched or

2,2'-methylenebi44-methyl-6-cyclohexyl)phenoll (Z|C :
2,2'-me%hylenéﬁ%@%ﬁgﬁiyﬁfg@éﬁtﬁﬁﬁ%eaﬁ&&o ékﬁéﬁﬁ%%k{%%c-%rtbutyl-4-ethy|phenoII,
2,2'-methylenebis|6-tert-butyl-4-methylphenoll (BTU), 4,4' -methylenebis[2,6-di-tert-butylphenol] ,
4,4'-methylenébiSle AL R itjRr2e RN AR eSTBUL. \oHIY s peRIaPZOpRETRY b ritBUiKingegibetyk@nd tert-butyl,

2,2'-methy|en@bb%tw,eﬁlkﬂeﬁw}fﬁlﬂmeéyﬂﬁehﬁmﬂﬁ,ﬂ@-ﬂ@i:@ s RsriejOriet A-EyeibeRheapll.

The abovementioned compounds of the formulae (I) and can be used individually or as mixtures.
For the purpo<e@SHeYprisM iIRFERRRY BElMs SFEREHBEIRIEYhich bear at least two,

25preferably two, three or four, hydroxy groups of which at least one, preferably all, is/are bound to an
aliphatic carbdn-&oftkaxseferfedexalyols. arethipkiaath ooty ol rapensasroppiut Bty Secgutitameidl,

1,6-hexg@nediol p¢i@Rgy1 &%@hggﬁm@h@&lﬁﬁlC%ms@t&y&t&r@ﬂgg&ﬁitrimethylolpropane,

pentaerythritol, neopentyl glycol, ethylene glycol, diethylene glycol, triethylene glycol, tetraethylene
glycol, 30polyethyle lycol, 1,3-butylene glycol and 1,4-cyclohexanedjol or mixtures thereof. - 3 -
Particulaty pro O Bis e L6 Mol LML, 6T GV aETORYL, ¢ MAERSRAAFEane.
ditrimethylolprbgangapeaitdc2yBrritinddddayclobbxtarediykprabiytorethyleeof. Very particularly
preferred polyols are hexane-1,6-diol and trimethylolpropane. 5The total amount of compounds of the

formulae (1) angdib)redednpdhaxamplendrom fiQ03 o £@% bﬁ%g%lpmﬁ%ﬁﬁ)hbﬁ@mgo-@ﬂﬁ%m
2.0% by weight, particularly preferably from 0.001 to 1.0%_bé/ wel ht,_veréé\)/articularllgy preferably from

0.001 to 0.1%%5 GEIGRUMBNENA, mtestdreRuly rmss8's /'8 BUSHEEHAgHR" (BHA%e invention

also encompasses mixtures containing polyols and at least one compound of the 10formula (1) or (ll).
15 Preferred compounds of the formula (Il) are:

2,2’-methylenebis[4-methyl-6afmethylcyclohexyl)phenol], 2,2’-methylenebis[4-mgte-cyclo-
hexyl)phenol] (ZKF), 2,2’-methylenebis(4-methyl-&t-butylphenol), 2,2’-methylenebis[6-tert-
butyl-4-ethylphenol], 2,2’-methylenebis[6-tert-blilrmethylphenol] (BKF), 4,4’-methylene-
bis[2,6-di-tert-butylphenol],  4,4’-methylenebis[ért-butyl-2-methylphenol],  with  special

20 preference being given to 2,2’-methylenebis[4-mke@gyclohexyl)phenol] and 2,2’-methylene-
bis[6-tert-butyl-4-methylphenol].

The abovementioned compounds of the formulae (§ @h can be used individually or as

mixtures.

For the purposes of the present invention, polyis compounds which bear at least two,
25 preferably two, three or four, hydroxy groups ofiethat least one, preferably all, is/are bound to

an aliphatic carbon atom.

Preferred polyols are aliphatic polyols such ashltanediol, 1,5-pentanediol, 1,6-hexanediol,

octane-1,8-diol, decane-1,10-diol, trimethylolpropa ditrimethylolpropane, pentaerythritol,

neopentyl glycol, ethylene glycol, diethylene gllyctriethylene glycol, tetraethylene glycol,
30 polyethylene glycol, 1,3-butylene glycol and 1,&lohexanediol or mixtures thereof.



Preference is given to mixtures containing polyols and at least one compound of the formula (1) or (I1)
in which the proportion by weight of the polyols is at least 40%, preferably at least 90%, particularly
preferably at least 95% and very particularly preferably gt least 98%, and the total content of
compounds of the formulae (1) and (Il) in the mixture is from 0.0001 to 60% by weight, 15 preferably

from 0.0001 ta-24%01yyejsbiepadticuaiPresesably irennéQRddiend:ate-Rswright qeepneartioLimily
preferably from 0.001 to 0.1% by weight and even morr%greferably from 0.002 to 0.8% by weight.

. L t
Mixtures havirtfBeH¥IP PEREAE of LSS HA SRR fornPGIERB R (1)L AYSI28 BETIRAY 28 AREHESEch
in order to achievedhe final concentrations mentioned above in preferred ranges more 20easily, and
these are likewise preferred as raw material for the ready-to-use mixtures. The mixtures of the

invention can be,salichet lihyjchraiae ERKBIVER % 16 NRRPJRe (AR RASHAIRRY0 by weight o less,

preferably 1% by weight or less, of materials which are not polyols or compounds of the formula (I) or
(1. Among the abovementioned mixtures, particular preferepnce.is given to those in which the polyols
00 ate Setectol 1R L REIBRG o e P L A2 e B OO
pentaerythritobetédpensibhty ot ferabbtlisdol I a0Qieop2 Atadrydhtit plantiolyetlyybeele rglly dtom B 00/ lene
glycol.  The pelyolg fichrhave besnaiahilizast druibisvasasche base D WarRVERIR & more
particularly suitable in a fprocess for preparing polyesters, preferably a procesSs cafried out under acidic
30conditions, AEEERhetapmP@%die OrBta iyt which, based on an aqueous comparative scale -
4 - under standard conditions, is less than 7.0. The abovementioned preferred ranges for the contents
of polyols and Tdmmipoeemtits) cdltvechocomitae (¢l anikt(lhe s ppiytaiptigosaarel veaye Stadnprooesseadost the
prepari'Bg polyf%g,ﬁ%%@eo@ ?)guately known to those skilled in the art and comprise, for example, the
preparation of polyesters by reaction of polyols with polycarboxylic 5acids with elimination of water,
optionally in the presence of catalysts. The reaction temperatures here can be, for example, from 200
to 240C, prefPA8i5/ iR BRIIIOEHHEEE SRIFBINRE RIS BHRRMOTH SPERAARIR R Ryt o
surprisingly haug inovadvierse effept@inniheyestagiiicatiaeppoieis Huldaspalyavpidiarnipsisadast 90%,
discolouration even at high process te rafures. According.to the invention, it is all ssiple to
jmit e ciscoa R R TR mbe e R S50 AR Sl 3 S R M e Rl
is illustrated bgahte®xirplesowitinat theifermudatc(ddateiiite migtuexpdidmehH0ol00 §iftdacivelabt of

the mixiure of g GhexRipaholRisb R Bieok 18 RRRRMYASRIMEFERIASGHEhR0.001 to 1.0% by weight,

very particularly preferably from 0.001 to 0.1% Wgight and even more preferably from 0.002 to
0.8% by weight.

Mixtures having a high content of compound of tleenfula (I) or (Il) can also be used as
masterbatch in order to achieve the final concéntra mentioned above in preferred ranges more

20 easily, and these are likewise preferred as ravenmadfor the ready-to-use mixtures.
The mixtures of the invention can be solid or lgjui

The mixtures of the invention preferably contain B§owveight or less, preferably 1% by weight or

less, of materials which are not polyols or comptsuof the formula (1) or (11).

Among the abovementioned mixtures, particular pegfee is given to those in which the polyols

25 are selected from the group consisting of: pretepelyols are 1,6-hexanediol, 1,4-butanediol,
pentaerythritol, neopentyl glycol, trimethylolproga pentaerythritol, polyethylene glycol,
1,3-butylene glycol.

The polyols which have been stabilized in this wayhe mixtures of the invention are particularly
suitable in a process for preparing polyestersfepably a process carried out under acidic

30 conditions, where the term “acidic” refers to a pHich, based on an aqueous comparative scale



11 four-neck flask and heated by means of a heating mantle at 130C for 4 hours while stirring. 100 g of
adipic acid was subsequently introduced into the resulting melt while continually passing 5 nitrogen
over the melt, resulting in the melt cooling to about 80-90C. The mixture was subsequently heated to
175C over a period of 5 minutes and allowed to react at this temperature for 10 minutes. The water

vapour formed, fydheapwiricedianieges Msebsiaad.  ZdterdhesastiohacprerHan M Sher eatottntents

number of the melt was determined at 130C in an 11 mm round cuvette. Calibration was in each case
carried out agQIFVORAEITRESIGEPHIIRARMLGE (1} aARAPPRSI /5 SATRYNMYY before the

measurement. The experimental results are summarized in the following table: Example Amount
Stabilizer APHNEolpIraesasisefol Oraparngopolyestens % € padmidadenss-igideorenrkilgtibenthg @earso0

3** 0.05% Penigapyibeiteh biskyplabesrnmaphrhilonney aeitgQ8 4458 of polyols with polycarboxylic
5 acids with elimination of water, optionally in tipeesence of catalysts. The reaction temperatures
here can be, for example, from 20° to 240°C, pedfigrfrom 40 to 190°C.

The compounds of the formulae (I) and (Il) whick added surprisingly have no adverse effect on

the esterification process but largely avoid undéde discolouration even at high process

temperatures. According to the invention, it ismally possible to limit the discolouration to a
10 colour number of less 100 APHA, preferably to 60ess.

The invention is illustrated by the Examples withbaing restricted thereto.



2,6-Bisltert-butyl]-4-methylphenoll 15 5* 0.1% 2,6-Bisltert-butyl]-4-methylphenoll 18 6 0.05%
2,6-Bisltert-butyl]-4-methylphenoll 9 7 0.025% 2,6-Bisltert-butyl]-4-methylphenoll 23 8 0.01%
2,6-Bisltert-butyl]-4-methylphenoll 56 9 0.025% 2,2'-Methylenebisl|6-tert-butyl-4-methylphenoll 50 10

0.025%

10

15

Experiments:

100 g in each case of the mixture of 1,6-hexanexhdl stabilizer to be examined were placed in a
11| four-neck flask and heated by means of a hgatiantle at 130°C for 4 hours while stirring.
100 g of adipic acid was subsequently introducéa tine resulting melt while continually passing
nitrogen over the melt, resulting in the melt coglito about 80-90°C. The mixture was
subsequently heated to 175°C over a period of ut@sand allowed to react at this temperature
for 10 minutes. The water vapour formed in therégtation was discharged. After the end of the
reaction time, the colour number of the melt waterined at 130°C in an 11 mm round cuvette.
Calibration was in each case carried out againg¢gm@PHA colour number = 0), in each case

immediately before the measurement.

The experimental results are summarized in theviotlg table:

Example | Amount | Stabilizer APHA colour
number
1 0 none 700
2%* 0.05% Cyclohexen-3-ylidenemethyl benzyl ether 005
3** 0.05% Pentaerythritol bis[cyclohexen-3-yl-1-foyl]acetal 100
4 1% 2,6-Bis[tert-butyl]-4-methylphenol] 15
5* 0.1% 2,6-Bis[tert-butyl]-4-methylphenol] 18
6 0.05% 2,6-Bis|[tert-butyl]-4-methylphenol] 9
7 0.025% | 2,6-Bis[tert-butyl]-4-methylphenol] 23
8 0.01% 2,6-Bis][tert-butyl]-4-methylphenol] 56
9 0.025% | 2,2'-Methylenebis[6-tert-butyl-4-methylplod] 50
10 0.025% | 2,2’-Methylenebis[4-methyl-6-cyclohexydpiol] 60
11** 0.025% | Mixture of alkylated styrylphenols 500
12** 0.025% | Mixture of styrylphenols 700
13 0.025% | Mixture of 2- and 3-tert-butylhydroxyaoies 60
* use of caproic acid instead of adipic acid

*x examples for comparison



2,2'-Methylenebi44-methyl-6-cyclohexylphenoll 60 11** 0.025% Mixture of alkylated styrylphenols 500
12** 0.025% Mixture of styrylphenols 700 13 0.025% Mixture of 2- and 3-tert-butylhydroxyanisole 60
15use of caproic acid instead of adipic acid **examplesgor comparison - 6 - Antioxidants used for
examples which are not according to the invention: Cyclohexen-3-ylidenemethyl benzyl

etherPentaeryi(ioliQisiey Glelre a:@nviptds iR aesidt adofytb the invention:
Cyclohexen-3-ylidenemethyl benzyl ether Pentaerythritol bis[cyclohexen-3-yl-1-formyl]acetal
Mixture of styrylphenols Mixture of alkylated styrylphenols

OH [CH,

n




Claims 1.Use of mixtures containing polyols which bear at least two, preferably two, three or four,
hydroxy groups of which at least one, preferably all, is/are bound to an aliphatic carbon atom and one
or more compounds of the formula (I) or (Il), Oh whereis 1, 2,3 or 4, mis 1, 2 or 3, is 2, Qis sulphur
or C1-C4-alkylene, and the radicals R1 are each, irtlependently of any other radicals R1 present,
Ci-C8-alkyl or Ci-C8-alkoxy, where at least one ortho position of the two phenyl rings in the formula (II)
or the phemyhtgng in the formula (I) must be substituted by a secondary or tertiary radical, in a process

for prepating polyest. : e | laim 1, c [ i 4-butanediol
1,5-pent6<}:1£hedioI,Uig,%-grﬁ?(%anue%|oﬁgﬁg?iﬁrﬁég%g%%{%@ne%?%%i{(ﬁ,gfrirﬁ%}%t%?/p&vééﬁgg or four,
ditrimethisIFEp SFBINSftaBishaitinasedpe miaarpebisiae ke ¢ ecan aiphajiefarepicalomiany rir
glycol, tegiagdelenmadysris peliethyisna glysolil,3-butylene glycol and 1,4-cyclohexanediol or
mixtures th% of are used as polyols. 3. Use according to Claim 1 or 2, characterized in that
2,6-bisltert-Qutyl]-4-methylphenoll (BHT), 2,4,6-tri-t-butylphenol; 2- and 3-tert-butylhydroxyanisole and
mixtures thereof (BHA), 2,2'- methylenebi44-methyl-6-(a-methylcyclohexyl)phenoll,2,2'

-methyle & e ?(IRS- clo- hexyl)phenoll (ZICF), 2,2'-methylenebis(4-methy1-6-tert-butylphenol),
2,2'-methylénebisl6-tert-buty1- 4-ethylphen@ll, 2,2 Lmethylenebisl6-tert-butyl-4-methylphenoll (BKF),
4,4'-methylenebis[2,6-diTertbutylphenol], 4,4'-methylenebisl6-tert-butyl-2-methylphenoll or mixtures
thereof are used asicompounds of the formula (1) or (Il). 4. Use according to any of Claims 1 to 3,
characterized |in that the total amoynt of compounds of the formulae (I) and (ll) is from 0.0001 to 60%

by weight, ( R’ ]

B

(I

where

n is1,2,3or4,

m is1,2or 3,

p is 2,

Q is sulphur or ¢C,-alkylene, and

the radicals Rare each, independently of any other radicalprBsent, @Cg-alkyl or C,-Cg-alkoxy,
where at least one ortho position of the two phemgs in the formula (ll) or the phenyl ring ineth
formula (1) must be substituted by a secondargurary radical,

in a process for preparing polyesters.

2. Use according to Claim 1, characterized in tha-butanediol, 1,5-pentanediol, 1,6-
hexanediol, octane-1,8-diol, decane-1,10-diol,  etimylolpropane, ditrimethylolpropane,
pentaerythritol, neopentyl glycol, ethylene glyadiethylene glycol, triethylene glycol, tetraethyée
glycol, polyethylene glycol, 1,3-butylene glycoldah,4-cyclohexanediol or mixtures thereof are used
as polyols.

3. Use according to Claim 1 or 2, characterizedhat 2,6-bis[tert-butyl]-4-methylphenol]
(BHT), 2,4,6-tri-t-butylphenol; 2- and 3-tert-butyldroxyanisole and mixtures thereof (BHA), 2,2'-
methylenebis[4-methyl-6-(4-methylcyclohexyl)phenol] 2,2’-methylenebis[4-methyl-6-cyclo-
hexyl)phenol] (ZKF), 2,2’-methylenebis(4-methyl-€t-butylphenol), 2,2’-methylenebis[6-tert-butyl-
4-ethylphenol], 2,2’-methylenebis[6-tert-butyl-4-thglphenol] (BKF), 4,4’-methylenebis[2,6-di-tert-
butylphenol], 4,4’-methylenebis[6-tert-butyl-2-mglibhenol] or mixtures thereof are used as
compounds of the formula (1) or (ll).

4. Use according to any of Claims 1 to 3, charazdrin that the total amount of compounds of
the formulae (1) and (11) is from 0.0001 to 60%\wgight.



