Process for preparing polyol esters The invention relates to a process for preparing polyol esters from
linear or branched aliphatic monocarboxylic 5 acids having 3 to 20 carbon atoms and polyols by
converting the starting compounds in the presence of a Lewis acid containing at least one element of
groups 4 to 14 of thBP&e3dié ofaad &f the Elements as a catalyst. 1(PES#EFE A BARRIFRSalcohols, also
known as polyol esters, find a variety of uses on a large scale in industry, for example as plasticizers or
lubricants. The selection of suitable starting materials allows the 15 phyS|caI properties, for example
boiling point or viscosity, to be catitRsiees a AL ‘ e 3s hydrolysis resistance or
stability to oxidative degradation, to be taken |nto account. PonoI esters can also be tailored to the

solution of specific 2@ performance problems. SD@@llgd@/@gg@gvsfggthgﬂé%ggleygg%gqs can be found,
for example, in UIIma n's Eng clop edia of Indu §trlal |s£r¥65th edition 198

Verlagsgesellschaft ol AS\I a es 305-319 Of9 0,3Vl A €S 438- ﬁf}ograln I%r%]dlﬁmer 25
Encyclopaedia vf CRenfical JFé(YHrWIog% 3rd edifion! %}Q?Wnéﬁgmgon@%?@o%‘l’lf patjes 778-787;
1981, Vol. 14, pagesA#96:498nTF he huse Of polyole sterscas: ubricantstiseof greate30 éndustraal significance,
and they are used pasticulady far thesedfields of use inwhichominerakei-based lupricanis meet the
requirements set only mgqlmpé%tel¥hPolyJ_pé;f%g{fcarer%gg especially as;turbine enging and instrument
oils. Polyol esters for lubricant 35 applications are based frequently on 1,3-propanediol, 1,3-butanediol,
1,4-butanediol, 1,2-fg%&nédiol, 1,6-hexanediol, neopenty! glycol, trimethylolpropane, pentaerythritol,
2,2,4-trimethylgentane-1,3-diol, gly- cerol or 3(4)-8(9)-dihydroxymethyltricyclo[5.2.1.02,6]- decane, also
known as TCD alcohet BM, asthecalcphgbeamparienthb Rglyok esterskarewalscadseddoyaoeonsiderable
degree as plasticizers Blasticizers,fingd ayg;_rge&af uses i plastics, goating fpatetials, segling materials
and rubber articles. Thcﬁ}/ mteractfor}ysmall% ]![ a%h mﬁlecylar welght thermlolﬂoastlc sgbstances without
10 reacting chemlca]ﬂR/ preire¥ébl By virtie of their sw ng y and dissolution capacfty “Fhis forms a
homogeneous systéprlhetlfeeﬂ?ecrﬁfdiﬂaﬁfc NGO RhithAs sHiffed i fower e migeratifres’ Compared to the
original polymebrs, opevesat beiny tratrtheanechdical £5propertiesdhérfest areoptimized, for example
deformation capacity; elasticity and streagtbareripereasedaand bakdness:is seducegs b prder to open up

the widest possible {lggqjs of ggg}go 1o plgl%gg%ss geyrrgggsfg,gfllll Caeseg]g_es th%@[' hey, should ideally

be odourless, colourless, and light-, cold-"and heat-resistant. Moreover, it is expected that they are

insensitive to water, 5&%%5?’5&?\/&3? AORFAmM RIS AndS nOtVEr) voiHitile 2557 3?5 hot @%W%rmful to health.
Furthermore, the pro@tétién et the pritieizers shoaRPbé simpR avd;lhiordepfo Akt Ecblogical
requirements,2avoicbwaste substaneessuchsas byqroduatsavkich icannos be thiized &urther and

wastewaters Comprﬁéﬁ%q@@”@%éﬁ:s can be found, for example, in Ullmann’s
Encyclopaedia of 1Industrial Chemistry, 5th edition,
1985, VCH Verlagsgesellschaft, Vol. Al, pages 305-319;
1990, Vol. Al5, pages 438-440, or in Kirk Othmer,

25 Encyclopaedia of Chemical Technology, 3rd edition, John
Wiley & Sons, 1978, Vol. 1, pages 778-787; 1981, Vol.
14, pages 496-498.

The use of polyol esters as lubricants is of great
30 industrial significance, and they are used particularly
for those fields of wuse in which mineral oil-based
lubricants meet the requirements set only incompletely.
Polyol esters are used especially as turbine engine and
instrument oils. Polyol esters for lubricant
35 applications are based frequently on 1,3-propanediol,
1, 3-butanediol, 1,4-butanediol, 1, 2-hexanediol,
1, 6-hexanediol, neopentyl glycol, trimethylolpropane,
pentaerythritol, 2,2,4-trimethylpentane-1,3-diol, gly-



30 A specific class of polyol esters (they are referred to as G esters for short) contains diols or ether diols
as the alcohol component, for example ethylene glycol, diethylene glycol, triethylene glycol, tetraethylene
35 glycaol, 1,2-propylene glycol or higher propylene glycols. They can be prepared in different ways. In
addition to the reacHén 3 blodH? Bheél acid, optionally iA the presenc®6FAERIROEAANRI 2Rirther
processes are employed in practice to obtain G esters, including the reaction of diol with acid halide, the
transesterification of g carboxylic esigr with )a_gipllyy@ﬁ%%}gnggggip&qfc%y@f@_ oxidepntp_carboxylic 5
acids (ethoxylation). In industri manlgfacture, onl tBe 'rechrelac%ion of diolt%nd cairbo ic acid and the
ethoxylation of carbo§<§ﬁ€ 36idS have batbme Established a3 ﬁroducw{lonapsroceseseg, f):roe efence usually
being given to the eS8 tOR-of diol and acid. 10 This is because this process can be performed with
no particular complexity in conventional chemical apparatus, and it affords chemically homogeneous

products. Compared 4a $his, ethaxylatiorereguires exgnsive andeesthetechnical egeipment. Ethylene

oxide is a very 15 regctive; chemical substance., . can polymerize explosjvely.gnd forms gxplosive
mixtures with air within very wide mixing ranges. Ethylene oxide irritates the eyes and respiratory

pathways, leads to Bhémidaiburn§ aha'diveF ahdrKiandy danfage, shd f&¢&rtirbgenié @b The handling
thereof therefore entaiPextersive safesty méastires. Merecver, Sersgulobs Cleanlires$ éfbtorage
apparatus and reactioneppesatushasgiode ensuiedyinomder to sulesauitbeformatiametiundesired
impurities as g Fesultof side feactions ot the, ethylene oxide, 25 with extrapggus substances. Finally, the
reaction with ethylene oxjde is not very selective, since it leads tqgl, ixtures of compounds of different
chain length. The ditéct estenfication of a coﬁofso%itﬁa(%arﬁéx%ib éséidfsoigmosneao the 1asic operations in
organic chemistry. RESrder t6 Viidrease thBTeakliaTate! 15é tonversien is dfpicily perfotmed in the
presence of catalystsh ifheedse of e of theergaotantsrinsexcessanetlorthe removali of tirelwater formed in
the course of 35 thergagtionsensurgsthatthe equilibsium s shifted in acgerdanee wth the law of mass

action to the sige othe Jeactign pradyct,e-fIhe, ssigy, which means Migthighyields are achieved
[ [ ‘s of pol r [

Comprehensive information regarding the preparation of esters o p%ge ydric alcohols, also including
i

esters of ethylene glyctis &A& T4ty Heid§ Tad tEdariing the Sropeiesdiseldtiéd Féffsentatives of
these compound classesheanibesfound inGaldsmith, Polyhydric Alcohol Esters of Fatty Acids, Chem.
Rev. 33, 257 ff. (1943). For example, esters of diethylene glycol, of triethylene glycol and of polyethylene

glycol are 10 prepargd aftgmperatures.af 130 10,2300 gver reaction times of 2.5 1,8 hours. To remove

the water of r%%ctlortl, carPoQtdlomde IS ustelia. Swtab%e %%?pﬁts mentioned qu tge .etsterlflcatlon of

. (@] a lclzers, < S a, Ser riteria,. .
polyhydric alcohols are ]?norganlc 4Cids! acidic sals, organic sulphonlcllqésamds, acetyfcﬁlorlde, metals or

amphoteric metal oXidg%. TReWater of feactionh istemavE withthe aid ot anrertfdining?agent, for
example toluene or Xytgre; or byoihtrodueing inedsgasesssuciras carbiom elioxide or hitrogen. 20 The
production and the prgperties ot fatty acid gsters ofitheralyethyleneglycols are disepssed by Johnson

(edit), Fatty Acids i Idusiry (1989).chapter 9, Rolyoxyefhylons Bsters o Fatty Agids, and a series of 25

preparative hints are given. Higher diester concentrations are achieved by the increase in the molar ratio

of carboxylic dcid td'gfye61 Sult8blBFAeA8ure 16F RSB thé Watl 6F1Eaklioh afe az&Gtropic
dBﬁ"aﬁoninthenggbﬁ%ngk;gkﬁepshould. be simple and, in order to meet
ecological requirements, avoid waste substances, such

as by-products which cannot be utilized further and
wastewaters comprising pollutants.
30
A specific class of polyol esters (they are referred to
as G esters for short) contains diols or ether diols as
the alcohol component, for example ethylene glycol,
diethylene glycol, triethylene glycol, tetraethylene
35 glycol, 1l,2-propylene glycol or higher ©propylene
glycols. They can be prepared in different ways. 1In
addition to the reaction of alcohol and acid, option-

ally 1in the presence of acidic catalysts, further



30 immiscible solvent, heating while passing through an inert gas, or performing the reaction under
reduced pressure in the presence of a desiccant. When the addition of catalysts is dispensed with, longer

reaction times and higher reaction temperatures are 35 required. Both reaction conditions can be made
milder by the use of¥atafAtd. Ah2dddition to sulphuric acid, organic a&i6S &RRUELAABRIEHEsulphonic acid
and cation exchangers of the polystyrene type are the preferred catalysts. The use of metal powders,

such as tin or iron, ilgr_acjgg described. %g&qgﬁgjtoitpe};gggyggefrogg L{j%gaqgﬁ,y%sctcgggr, problems in the
case of catalysis with stilgguric ag@eor sulphanic acid ¢ n 5ibe allle;lviatg%/vq? v,lvggkingc'n the presence of

activated carbon. Furthier metdllic cata@%?s%%& tooprepaPe povf)}o esfersare also alkoxy ates,

carboxylates or cheldtds Avestahitint zit€orfiiimeor 4t Forexamprsaceordihg oS 59324,853 Al. Such
metal catalysts candedconsidered@sthigh-teniperature eatalysts] sinceothtsy achigvestheirdull activity only
at high esterification, teraperatrgsxgenerally)above 1806w Iheyare frequently added not at 15 the start of
the esterification re%%tieond llz)ruet gtfte£ é@% {‘E%Cti%r%mé)ﬁtgl[e Qrall aclgerq%lxt%(ﬁr& hggtlead up anghhas reacted
partly with elimination of water. In spite of the relatively high reaction temperatures and re?atively long
reaction times requiréd ¥oWIgared o the 26%dnvehtionhal SGighurid'add czﬁ'fféﬁ?, cfutfeBsters with a
comparatively low cblgretumber are eBtaiiiédin the ease of eatalysis Wittesgeh metakédmpounds.
Common esterificatign eatalystscare tfor example ttetrafisoptopyl) asthotitamates tetraflautyl) orthotitanate,

25tetra(butyl) ziycongte or tin(Ik) gégggghe@@pga@ Jhe catalytic }ggteﬁgigigggggégagy@p{hof%olyols with
carboxylic acids achiev%s, b?sed on thei comé)onent present itn defi(iien Yy, a hiaglh conversion within a 30
comparatively shorttime; bu S%o%opr(é?aﬁ\%y}ionlgnre%l%%ﬁrhrﬁé) Has to eemalc(::ceptéac? o' the remaining
conversion to the désifed pBlol ésterst MFGHgr aF0lF6esterisBhEaneaYWithR? aE€éptable residual
content of partly esterifiedproducts, Expressedioyx the 85 diydroxyh huasbee 1t angs KGH/g 1{tb DIN 53240) or

by the content of pastly esterified produats detarsringd by gaschromatography; dong reaction times are
econonﬂca"y15 reactive chemical substance. It can polymerize explo-
sively and forms explosive mixtures with air within
very wide mixing ranges. Ethylene oxide irritates the
eyes and respiratory pathways, leads to chemical burns
and to liver and kidney damage, and is carcinogenic.
20 The handling thereof therefore entails extensive safety
measures. Moreover, scrupulous cleanliness of storage
apparatus and reaction apparatus has to be ensured, in
order to rule out the formation of undesired impurities
as a result of side reactions of the ethylene oxide
25 with extraneous substances. Finally, the reaction with
ethylene oxide is not very selective, since it leads to

mixtures of compounds of different chain length.

The direct esterification of alcohols with carboxylic
30 acids 1is one of the Dbasic operations 1in organic
chemistry. In order to increase the reaction rate, the
conversion 1s typically performed in the presence of
catalysts. The use of one of the reactants in excess
and/or the removal of the water formed in the course of
35 the reaction ensures that the equilibrium is shifted in
accordance with the law of mass action to the side of
the reaction product, i.e. of the ester, which means

that high yields are achieved.



disadvantageous since they limit the performance of the industrial production plant. In order also to
accelerate the residual conversion, US 5,324,853 Al proposes intensive mixing of the reaction mixture. 5
After the esterification reaction has ended, sufficient removal of the metal catalyst has to be ensured,
since metal traces iH@h& G¥ifieé3difol esters can impairthe use theRH /APBIRLAL2REI 88 lubricants by,
for example, influencing the electrical conductivity or the 10 stability to atmospheric oxygen. According to
the procedure from US 5,324,853 Al, the crude esterification mixture is admixed with an aqueous sodium
carbonate solution %nd optionally with activated carbon. This grocedllque h)édrol rsets.the ng%tal compounds

t
to insol- 15 uble solidS, W elgﬁ%séhvt?e m?er%ﬁmgf%g?oré?ﬁglﬂ?r At Workup ofthe Crade eSter compound.

According to US 4,304,925 A ftherdriiecesterificaidrr product SBefore additivh 6Fafkaf, i8ffirst admixed
with water and treatednuriderchot tenditions: Thisfconverts: thiel20 hydrolysed aretahgompeunds to readily
filterable precipitates. §peqriarart fgrpreparationef polyol estars wndeydnetal catalysis requires either a
special reactor 25 dcegri[%n inngrdg[ 1 gggnpé%tg tlgg egtoeurgi&atlion é%q%iorrpi\é/}ilthinp% %oagrincically
acceptable time, or an additional treatment with water under hot con(fitions,'in ordér to substantially

completely remove fHERRAIIE TatdlystHitet T estefititatiort féattionNas ertded™3d with formation of
hydrolysis products WHiéRcan berfilteredhpifreadilyt #trwasctherdferean object o thel presént invention to
improve the known praeessgs-anrd ta;optigize theiprocess@hl by adjusting ard suvplifyingthe successive

component steps o Querall QEO(@%QPQJF}QI%@DJJ%/ the preductin-ef polyol esters inhigh quality,
such that WO 2011/04 116PC‘£/ 20 Oé0%5728 pol¥ol esterscan hhave a maximgm variety of
. . . times f . to Qurs. O _remove the water oI reac-—
applications. The invéntion theréfore cOnsistsina process for
tion, carbon dioxide is used. Suitable catalysts

mentioned for the esterification of polyhydric alcohols
are 1inorganic acids, acidic salts, organic sulphonic
15 acids, acetyl chloride, metals or amphoteric metal
oxides. The water of reaction is removed with the aid
of an entraining agent, for example toluene or xylene,
or by introducing inert gases such as carbon dioxide or
nitrogen.
20
The production and the properties of fatty acid esters
of the polyethylene glycols are discussed by Johnson
(edit.), Fatty Acids in Industry (1989) Chapter 9,
Polyoxyethylene Esters of Fatty Acids, and a series of
25 preparative hints are given. Higher diester
concentrations are achieved by the increase in the
molar ratio of carboxylic acid to glycol. Suitable
measures for removing the water of reaction are
azeotropic distillation in the presence of a water-—
30 immiscible solvent, heating while passing through an
inert gas, or performing the reaction under reduced
pressure 1in the presence of a desiccant. When the
addition of catalysts is dispensed with, longer reac-
tion times and higher reaction temperatures are
35 required. Both reaction conditions can be made milder
by the use of catalysts. In addition to sulphuric acid,
organic acids such as p-toluenesulphonic acid and

cation exchangers of the polystyrene type are the



5 preparing polyol esters by reacting polyols with linear or branched aliphatic monocarboxylic acids
having 3 to 20 carbon atoms, characterized in that a mixture of the starting compounds is allowed to react
in the presence of a Lewis acid containing at least one element of 10 groups 4 to 14 of the Periodic Table
of the Elements as Hea22%37 @ARkEmoval of the watesformed, and tRER AEBRAHP (@@8MAt is performed.
The reaction between the polyol and aliphatic monocar- 15 boxylic acid starting compounds, depending
on the starting mat%ﬁaé%e%%téan within the tangg,from-abaut 120,10,180C, and can supsequently be
conducted to comp tetion in different ways. 20 H‘] one&onfigugatéon of the process atccorgLneg to the
invention, the mixture is first heated broégedi%g Yom room %en%pi—zratz?fr:eC %0 altré%per%ture uptoa
maximum of 280C, prefefably up f8"256C2 ahd the pressireislonerdd staelBy styecpriiteeding from
standard 25 pressuref withthé ternperdtune kepbbomstant il @rder te facilitaté the rémovalhof the water of
reaction. The selection of the,prassyre stages, whether anentwe oL saorethan tworstagesgand of the
pressure to be estaQ@k&dﬂqt a particular stage, can be varied over a 30 wide range and matched to the
particular conditions. For example, in a first stage, the pressure can be lowered proceeding from standard
pressure first down to 600 hPa, and then the reaction can be conducted to completion at a pressure of
300 hPa. These pressurd 35 figures bre guide valiestwhichs@m@ appropHataty comptlietvwith. In addition
to the variation of thespressure; d islikewise adso,passible toaltesthe deamperaturera ones 4wo or more
Ehan twot stages proggeggf@aggq}ngoo}{'@ggtg}pﬁ%tugg dyﬂ?g tggresé%;m%)ry@@fpggn gueh 5 that the
emperature is incregse e 1o stage at constant pressure, typically up to a maximum
temperature of 280C. H%ng\ge]’r?ag%a%%ee%r% f:olhn%et%ak?e %%E‘F‘;&“T’att% té)%nea 0 @ maximum of 280C with
rising temperature fiom'stage 16 8bage fad alkd ®livWer the 1055res8Gie fRE6M Stagetdstage. For
example, the esterificationareactionycarmbe condudigd proceeding-fronrroometemperatuze in a first stage
at a temperature up,tont9QG 1A redyced pressuredwn 1o 608 hRa ds likewiserpplies: in erder to
accelerate the driving: 15 put of (e water ol seaction. On gltainmant of the, (emperalpre glage of 190C,
the pressure is lowered once again down to 3001hPa, and the esterification reaction is conducted to

completion at a tempeF&turé tip 15 250€S ThaSe tehivératur® and predsure figire$afe 26*uide values
which are appropriatelycorfipliedrwith. Thé teraperatore-and pressure eondifionsstolbe established at the
particular stages, thenrumberf stages anththe padictiantemperaiuese incseaseral pressyre reduction rate

per unit time can be.vafied ovgsa,wide range and 2p.adjusted accarding to.the physical properties of the

starting comp%nds %%qz of %k]l% rr]ea}ctiosnd?r duurc.t%, thaect{ecrinp%%agurle %riwé pressur ecoréditiggs of the first
stage being eétablished proceeﬁng ffom Standard pressure and room temperature. [t Hasbeen found to

be particularly 30 appropriate@inefease’ fhe'tehtierafiretin thostagesafd 26 tédice thepressure in two
stages. The lower linfitof-thespressure tol be establishesidéperdsaon thephysital pfoperties, such as

boiling 35 points andmapour pressures.efthesiading compeynds angofdhe reactionipreducts formed,
and is also determined by the plant equipment, Proceeding oM. 1) orthotitanate,

25 tetra(butyl) zirconate or tin(II) 2-ethylhexanoate.

The catalytic esterification reaction of polyols with
carboxylic acids achieves, based on the component
present 1in deficiency, a high conversion within a
30 comparatively short time, but a comparatively long
reaction time has to be accepted for the remaining
conversion to the desired polyol esters. Although a
polyol ester is obtained with an acceptable residual
content of partly esterified products, expressed by the
35 hydroxyl number in mg KOH/g (to DIN 53240) or by the
content of partly esterified products determined by gas
chromatography, long reaction times are economically

disadvantageous since they limit the performance of the



standard pressure, it is possible to work stage by stage within these limits with pressures decreasing
from stage to stage. The upper temperature limit, typically 280C, should be complied with in order to
avoid the formation of decomposition products, some of 5 which have a damaging effect on colour. The

lower limit of the tefPefRlle 8&RfekSis determined by the-reaction raRETWERRAGHALOSHIBE sufficiently
high to conclude the esterification reaction within an acceptable time. Within these limits, it is possible to

work Sta_lge by 10 St@BQﬂLU}E%mp%’@éﬁﬁ?&ﬂ%Hg H?Q}@t_agfﬁo 5@% also to accele-
ThepartlcuIarreactloncond|t|1§)ns,such§s tgm erature,,reactlgg tlgne3 ﬂegggre t? be applied or catalyst to

be used, should be tailored 16 the 15 puaar cuiar Xpﬁgl‘%}r((Deréfer, ih order td force the formation of colouring

components into thé bagkgidithdrand s faf as'sodsiblettboavdid Hegradation reactions of the polyol ester
with a sufficient reaction rate. Especially in the case of polyol esters based on ether 20 diols, for example

triethylene glycel orfetragthylene ghycol sanhanced degradation:ofdhe ether, skaletonzmay:set in when the
_reactlon cond|t|ons,rseuncl:(pv%s1 teor@pecr}%éurﬁé regcti arlmttgpgs nq{%/gej%%ndb%mg}%ng (r)fe 8atalsysrtl,c%r.e not adjusted
in a controlled manner to 25 the particular polyol ester. Theesteri |cat|oncan%eund'e,rtaf(enWlth

stoichiometric amodHts Bf pblyafand b alfpFatit ThohdEArbBRy NS aciS Bréfererite id R, however, to 30
allowing the polyol tehreattwith excess mohoearboxilié aeid whichliggerrerally the lowerboiling
component and whichzati be removedray distilakor: inca simplae mannet it tke subsequent workup of the

crude ester. Thg aliphatic mq@pcaggoxygmggk{%y%d ig}@y%ggq 502(3&51@9@ excess, preferably in a 20

to 40% molar excess, per mole of hydroxyl group to esterified in the polyol. WO 2011/042116- 10
T P00/ B o D Tt EUF o S Ea B Cdaditn the course of

the esterification reactivh BgEtHET Wit theBXces nondeatboxdlit HeiF and passed fitBa downstream
phase separator in wiich Ssmonocarboxylit acidtanchwater sepatateaaccordingito theibsolubility
properties. In some gasgspthe-monacarhaxydic.acid used alse farms apazeoirope with water under the
reaction condifions gpd is capaple of remoying the water of reaction,as a1 entrajning agent. 10 The
occurrence of water can be used to monitor the progress of the reaction. The water separated out is

removed from the pfECesE whiiBthBimdHochRSoxFiic AtidFowe ot BIRB Shase Separatyt back into the
reaction vessel. Thé addifiort of afufther érganichsolventdsuchsts ashesaner 1 -mexetes toyclohexane,
toluene, xylene or xylenerisoamel Mixdures fwhicheassumes the-task ofthe azeotropingaagent, is not ruled

out, but it is restricteg to g few exgeptignal casgs. The,azeqtreping agent cap he.added.as early as at the

start of the 20 hydrolysed metal <compounds to readily filterable

precipitates.

The prior art for preparation of polyol esters under
metal catalysis requires either a special reactor

25 design in order to complete the esterification reaction
within an economically acceptable time, or an addi-
tional treatment with water under hot conditions, in
order to substantially completely remove the metallic
catalyst after the esterification reaction has ended

30 with formation of hydrolysis products which can be
filtered off readily.

It was therefore an object of the present invention to
improve the known processes and to optimize the process
35 Dby adjusting and simplifying the successive component
steps of the overall process, and to simplify the

production of polyol esters in high quality, such that



20 esterification reaction or after the attainment of relatively high temperatures. When the theoretically
expected amount of water has been obtained or the hydroxyl number, for example determined to DIN

53240, has fallen below a set value, the reaction is ended by 25 allowing the reaction mixture to cool. The
catalysts used for the3®¥#it8A8A T the polyol withthé monocarbox8#& AERE 84O ! BAAT a8ids containing
at least one element of groups 4 to 14 of the Periodic 30 Table of the Elements, which may be used in

solid or liquid form. The tefm “Lewis acid” in,the context of the iguention is upderstood togpean the

generally customary definition.of those elements or compounds which have an electron vacancy, as
explained, for 35 ex%]%?p é??ntﬂ?%rﬁ%pp's Chemie-Lexikon, 8th edition, Franck'sche Verlagshandlung 1983,
Volume 3, H-L. The particularly suitable Lewis acids which can be used as catalysts in the esterification
reaction include W0Oh2011/042116011 RCTHER2@10/0057 28tianium, zircomiansdron, zimc, boron,
?Iuminfium or tim, ;VQJ%'%@&% lmgdﬂeltb@goga@g@e @iemelatei@i%elys@i%ﬂbgtevdiftgmgheea_feragly inl the
orm of compounds,_ Suita ompayn e, for exam tin(ll) 5 oxide, tin(lV) oxide, tin carboxylates
such as tin(Il) 2-ethOlﬂe%arlﬁﬁacﬁée,r%na%lgéa%t%? tiﬁ%l Oz;lccge]i%jtoezxcl);rH tzir?(l\%cégesta%lé\#}]%ﬁ/ gall%o?(ides such as

tetra(methyl)stannafe tetrHBY IR t&ATate RFEPrEpyIT SthniHats, RlrafisBpropyifsahnaté or 10
tetra(isobutyl) stanndterériogapetincorpourrdsaductrad bugyltire ardledte oritibutyRivedifturate. The
suitable titanium coppoundsdnclside:atkoxides such asietrameathyherthottanatetetra(etbyl)

orthotitanate, tefya(propyhrthotitgnate, I stetralisopropyharthgiitanate tetra(bpivd) e ne s as
orthot|tanate,tetra(lsobut)élgqrtggtltan%e, tetra eﬁlntglgprggomangteorgetrag%-et%ge@g)egrtgotltanate;
ate

acylatessuchashydra(‘)xf/ﬁtanl&]m acet ,%ey/%oro%y itanium %uwyara?eror ﬁ%nroxyti anium
steam treatment is performed.

The reaction between the polyol and aliphatic monocar-—
15 boxylic acid starting compounds, depending on the
starting materials, sets in within the range from about
120 to 180°C, and can subsequently be conducted to

completion in different ways.

20 In one configuration of the process according to the
invention, the mixture is first heated proceeding from
room temperature to a temperature up to a maximum of
280°C, preferably up to 250°C, and the pressure 1is
lowered stage by stage proceeding from standard

25 pressure with the temperature kept constant, in order
to facilitate the removal of the water of reaction. The
selection of the pressure stages, whether one, two or
more than two stages, and of the pressure to be
established at a particular stage, can be varied over a

30 wide range and matched to the particular conditions.
For example, in a first stage, the pressure can be
lowered proceeding from standard pressure first down to
600 hPa, and then the reaction can be conducted to
completion at a pressure of 300 hPa. These pressure

35 figures are guide wvalues which are appropriately

complied with.



20 pentanoate, or chelates such as tetraethylene glycol titanate or tetrapropylene glycol titanate. It is also
possible to successfully use the corresponding zirconiumcompounds,suchastetra(methyl)

orthozirconate,tetra(ethyl)orthozirconate, 25tetra(propyl)orthozirconate,tetra (isopropyl)
orthozirconate, tetrafBudAfektiffRicbhate, tetra(isobutyBorthozirconatBIEHERZIY GHBrconate or
tetra(2-ethylhexyl) orthozirconate. 30 Likewise suitable are boric acid and boric esters, such as trimethyl

borate, triethyl boratg, tripygpyl, horate, triisppropyl porats, tribetyl harats gt trijsabutyl borate. 35 Likewise
suitable are aluminigﬂgéiggé a&nginiurg héyiqor%idgé aILﬁrggnguryhcargo§§lg]tf%stsgceh grs{ allrjlrginium acetate or
aluminium stearate, or aluminium alkdXidés Such a3 atuminium tributo ide, alumintumris€ec- WO

2011/042116- 12 -PCPEPZ010/0057 28 5utoxide, aldimisitm trRi&Eptidxie dratiminion
triisopropoxide. It istalsppossibie todiseizinc oxide, ziresulphate bcaand zérc-carboxylateshsuch as zinc
acetate dihydraje ok zine sterrate andHsen(t acetate er rondH) hydrexidexdde as satalysts. The
catalyst can be added (o Ine, feagfion miure,s 10 eayly as At fne gfart, pr only subseguently with
observation of safet{ measures at elevated temperature, when, for examp?e, the removal of the water of

reaction has set in. 187F7é AhTgunt F tHe Bsterifitaticn TatalySt atfded IS X 13*8% 20 M61%, preferably
0.01 to 5 mol%, espEiallro. DAt Xmol%abased on thesstartingeéormpBud added it défisiency,
appropriately based-enthe polyal. Inthe caseef higherameuntsnaf catalyst, 201cl@avage eeactions of the

polyol esters arg to be.expected. Rajticulagly in the.caseQfthe preparation o 16,  the
polyestersbasedonetherdiolfs,forexample 25 trietr}}llene {gly%ol or tetrg\ethtylgne lycol, i(g\.the case of use of
Lterl cal = ugte é%%cee

high catalyst concentrations toward the end of the reacfion and inthe phase of the conversion of last

residues of free hydr6syl grotiPs HBrE s 5Hisk éferhdnicet cleavdge df thie BEEISARAR Such that the
up to 190°C. A reduced pressure down to 600 hPa 1is

likewise applied, in order to accelerate the driving-
15 out of the water of reaction. On attainment of the
temperature stage of 190°C, the pressure is lowered
once again down to 300 hPa, and the esterification
reaction is conducted to completion at a temperature up
to 250°C. These temperature and pressure figures are
20 guide values which are appropriately complied with. The
temperature and pressure conditions to be established
at the particular stages, the number of stages and the
particular temperature increase or pressure reduction
rate per unit time can be varied over a wide range and
25 adjusted according to the physical properties of the
starting compounds and of the reaction products, the
temperature and pressure conditions of the first stage
being established proceeding from standard pressure and
room temperature. It has been found to be particularly
30 appropriate to increase the temperature in two stages

and to reduce the pressure in two stages.

The lower 1limit of the pressure to be established
depends on the physical properties, such as boiling
35 points and vapour pressures, of the starting compounds
and of the reaction products formed, and is also
determined by the plant equipment. Proceeding from

standard pressure, it 1is possible to work stage by



30 reaction temperature or the pressure to be applied should be adjusted in this case. The higher the
catalyst concentration selected is, the lower the reaction temperature or the pressure to be applied should

generally be selected, and an optimized 35 temperature and pressure profile should be employed. In the

case of excessivelyWew2OkAK@E2bheentrations, the esterification rat®BECERRRIY AP 17& an WO
2011/042116- 13 -PCT/EP2010/005728 acceptable conversion is not observed within an acceptable

reaction time. The esterificatjon tatalyst.can be added inliguid of 5 solid darmy Solid catalysts, for

example tin(Il) oxide, zinc oxide or iron(lll hg/droxide oxide are filtered off after the esterification reaction
has ended, before t 5oé?ud3tpaoq§ol &ster |stsglz?jécteT(§1 fo the’ Puerfhertv?/gﬁ?urpa}Wﬁgn the"estérification
catalysts are addedSHPEC thefgrniStfiqtidcsiipbuAd L reeitRpesetraisdprépyl) Biistitdrate Or
tetra(butyl) orthotitamate,dvhitk afe stilk present dissoived irsthel reactiondnixture afterdhe £sterification
reaction has grgjedwﬁh%@ mgogn%ﬁg%gggvgﬁ__tgg&@ the, cegli_s&@f, lfzme_mggp pragess, in the steam
treatment, to m_solulglg pCreglggtéar%epse. ¥VahCIC|‘]1f can tb§,’ fellge@g onf (—:‘earqulljyhéréaﬂaa}rg lé|a£ gggg%%atlon of the
process according 20 to ¥he invention, the esterification wﬂ? e performe,oy in the presence of an

adsorbent. In this case; 5or8us CRigh Sirfade aredSolit rfatEriaistare dsed: wifich @& typically used in
chemical practice bbtrrinahédabdrateniand ireidusaial plants NExamplessoftsiche2s: metterials are
high-surface area pwlysilicic acids suah astsilicagelsi(siliaxeregels); kieselguhgthigh-sukface area
aluminium oxidgs and aluminium oxidehydrates; mineral materials:such as clays Qr carbonates, or

activated carbon. Activated carbon has 30 been found to be particularly useful. In general, the adsorbent
is suspended in finely divided form in the reaction solution, which is agitated by intensive stirring or by
introducing an inert 3. ThisachiéVestintimaté& @6htatt betvwiediithe: fgdid phase @hd thé 35 adsorbent.
The amount of the adsorbeat car beagjustedrsubstantialhy freelyrand hence aggording tothe individual
requirements. Based-0n, 10Qparisby weight of dhe liguighreactien mixture it isjusefyl touse 0.1 WO

20;1/042116-1354 :PP%H;E;E?;% Ja(yOO%?o%Sy 5%5 aggt%rglferaglly 0.1 19, 1.5 parts by weight Qgﬁge adsorbent.
Owing to the quality criteria described at the outset 5 for polyol esters, the process steps in the
esterification stage Wit Yem&¥al 8f thEWALET Ot fe iR AT P thdWorkap of the &R Eter are very
important process featiress sirce thé adpstrient of-these prdcebsssteps tinfirencesthézehsory and

optical 10 properties of thieecendoprasiuctsdoa-significant degiee. Mere: partieglatlyn an @ptimized process
regime affords pob’@'s%%‘@ﬁ%?%eqQ”tﬁ!\r@erc‘li%s’ for example triethylene glycel gy tetraethylene glycol,
with high puritgO anddgos low colour numPgr %nd hg%rg/folour

s, for examp rie ene glycol or tetraethylene
glycol, enhanced degradation of the ether skeleton may
set in when the reaction conditions, such as
temperature, reaction time and type and amount of
catalyst, are not adjusted in a controlled manner to

25 the particular polyol ester.

The esterification can be undertaken with
stoichiometric amounts of polyol and of aliphatic
monocarboxylic acid. Preference is given, however, to

30 allowing the polyol to react with excess monocarboxylic
acid, which is generally the lower-boiling component
and which can be removed by distillation in a simple
manner in the subsequent workup of the crude ester. The
aliphatic monocarboxylic acid is used in a 10 to 50%

35 molar excess, preferably in a 20 to 40% molar excess,
per mole of hydroxyl group to be esterified in the
polyol.



15 stability. The structure of the starting materials, of the polyhydric alcohols and of the aliphatic
monocarboxylic acids is, in contrast, crucial for the mechanical and thermal properties of the polymer
materials plasticized with the polyol esters, and 20 influences the hydrolysis and oxidation stability of

lubricants. The readf®n2b&iR48bilned after the readfion has ende®@ €BAFRZXL0 A20RER & s the polyester

as the 25 desired reaction product, any unconverted starting materials, more particularly aliphatic
monocarboxylic acidstill ipexcesswhen the prefeedconfiguratian of the pracess acgayding to the
invention with a monocarb,oxX[Iic acid excess ist mplg ed. Typically, 30 unconverted starting compounds

. reacti . ves n [ rse’.of. ‘th esterification
present IN eXCess are ﬁrstt CﬁS |IIe§ O?f? appropriately wi H appllca on o?a re(}uce pressure. Subsequently,

the crude ester is stiSjeetecPto & 35ttdetmenit ivith Steantxfkiech cRAasRe *fof examplé€ in simple form
by introducing steamndtorthescrade product. Omne sidvaatagencfssteartreatnoent is that catalyst still

present is destroyeehim He cguiser WO 2014/042116+,18-PCEMER201W005/<8. thergof apd converted to
hydrolysis products A @igg can Obleugial'&elrgzgyoff r&ggg)lgr ¥\/iheesn thglensterif%:%gon (r:%aslcet.isp,n 5 %géformed in the
presence of an adsorbent, the adsorbent already present facilitates the 5 deposition of the catalyst

conversion productS OHERSE 4L rfay Be fouRd o b ativahtigibudto 448 hE FfSorbertt at the start of
the steam treatmentaltife prezepce ofian aeisoriem duringithecsteamfeatmentlikéwise dfas an
advantageous effect endtherepleweanc t60nthecolouri stabiity afthepatyalaster. H4ewever, it is also

possible to filtep off the. adsorhent.afier the esferification reagtion hag ended and; exgcess starting
compounds have been removeoég.e.t efogaegerforman%%of the steam distillation. 15 The steam treatment

is generally perforn%apgff Stahdard presesure, acﬁifhlooungh t eeemw%fr%er?te&a a E§ﬁgeﬁtlyorlét(_’:iuclesd pressure,

appropriately down ¥6A909P 4 s hot taledFQe The StBanftréafinEnis Geretally effedtetFat 20
temperatures of 100 ie250Qy preferably ofl1b-tos220C and-espedially:0b 17040 200G, iand is also guided
by the physical properties of the polyel esters te bespreparedin sagh.cases25Jathe prgeess step of
steam treatmeny, it is_foynd %o e aeg&p&giearg% to %rog%g Jn.avery gentl Jnanngr during the heating
period until the attainment of the working temperature, in order to heat the ¢rude ester to the required

ot
temperature for the S{egmtreatffert, dprxtures, which assumes the task of the
azeotroping agent, is not ruled out, but it is

restricted to a few exceptional cases. The azeotroping
agent can be added as early as at the start of the
20 esterification reaction or after the attainment of
relatively high temperatures. When the theoretically
expected amount of water has been obtained or the
hydroxyl number, for example determined to DIN 53240,
has fallen below a set value, the reaction is ended by

25 allowing the reaction mixture to cool.

The catalysts used for the esterification of the polyol
with the monocarboxylic acid are Lewis acids containing
at least one element of groups 4 to 14 of the Periodic
30 Table of the Elements, which may be used in solid or
liquid form. The term “Lewis acid” in the context of
the invention 1s wunderstood to mean the generally
customary definition of those elements or compounds
which have an electron vacancy, as explained, for

gth edition,

35 example, in ROmpp’s Chemie-Lexikon,
Franck’sche Verlagshandlung 1983, Volume 3, H-L. The
particularly suitable Lewis acids which can be used as

catalysts in the esterification reaction include



The duration of the steam treatment can be determined by routine tests and it is generally performed over
a period of 0.5 to 5 hours. Too long a steam treatment leads to an undesired increase in the colour
number of 35 the polyol ester and should therefore be avoided. An increased degradation reaction of the
polyol ester to acidi¥@oaMduitd2kldiso observed, theléontent of whiBR T BRRAN S8 31 A8ise in the
neutralization number or WO 2011/042116- 16 -PCT/EP2010/005728 acid number, for example
determined to DIN EN{S0Q 3682/A5TM,D 1613. In the case,of tog short a trgaiment time, the removal of
residual acid and water is in uffiﬁientrly effectlge, and the degired poliyoltehster Slstill has too high an
undesired acid number and (60 igﬁ1 a waler content. t;'B{lneothe?roT)seorvationeln fhie"Case of 0o short a
treatment time is onfy 2Shihof' advantigetilis EFfeRt Gif the ®istPRGbérof theé pdyelestér. 10 The
conditions in the steamreatnrent ssuctnas ¢emperatune sduration fand pressoie (o bérapplied, also have to
be adjusted preciselytosthe particukay p@k@@,stecr,im Q_rg_%@%apg]@@ aj,eptimal rteﬁukt_j@)lS relation to
the colour number cg_tgg}pyollyéol estggggd mcgrrgzeﬁg molgilgl%%ﬁr(,es@{%l (cloi‘n)tentscggggaertlncgfcompounds,

eXan . . .
water and catalyst traces as far as possible, and simultaneously to suppress degradation reactions.

t

Especially in the cabé 'df €Mploymiéfit 6150 highér-drhblhts of%%alfzﬂ%fjﬁﬁd in tfid Case of'Greparation of
polyol esters basedtoit ethercdibls! for examplentziethylene giyicot 6 tétraethylengtglyeel ¢he conditions in
the steam treatment bave tphestailpred exaaty &9 the particulabpolyel esterst unaeder to2s5 suppress the
undesired deglr@datmgfathpsgmﬁ;pginsg hesteam trgatmentiseptionally folloyed by the addition of a
solid alkaline substanc% fgr example Pasitc s.ilicog1 (%m%id?[,tbasig ,glluminiltjm oxide or sodium 30
carbonate, sodium ﬁﬁdrolée%ca%ﬁoﬁnaate,e%aﬁ:iﬁrﬁ carbonate, of soc |ﬁrlﬁrﬁy(frbxide in solid form, and also
basic minerals, in ofd¥t t6 fhtRer-feduteaneé HeufralPation huiibettthe poRidbt &fersuch

as tetra (methyl) orthotitanate, tetra(ethyl)

orthotitanate,

tetra(propyl)

orthotitanate,

15 tetra(isopropyl) orthotitanate, tetra (butyl)
orthotitanate, tetra (isobutyl) orthotitanate,
tetra(pentyl) orthotitanate or tetra(2-ethylhexyl)
orthotitanate; acylates such as hydroxytitanium
acetate, hydroxytitanium butyrate or hydroxytitanium

20 pentanoate, or chelates such as tetraethylene glycol
titanate or tetrapropylene glycol titanate. It is also
possible to successfully use the corresponding
zirconium compounds, such as tetra(methyl)
orthozirconate, tetra(ethyl) orthozirconate,

25 tetra(propyl) orthozirconate, tetra(isopropyl)
orthozirconate, tetra (butyl) orthozirconate,
tetra (isobutyl) orthozirconate, tetra (pentyl)
orthozirconate or tetra(2-ethylhexyl) orthozirconate.

30 Likewise suitable are boric acid and boric esters, such
as trimethyl borate, triethyl borate, tripropyl borate,
triisopropyl borate, tributyl borate or triisobutyl
borate.

35 Likewise suitable are aluminium oxide, aluminium
hydroxide, aluminium carboxylates such as aluminium
acetate or aluminium stearate, or aluminium alkoxides
such as aluminium tributoxide, aluminium tri-sec-



35 The steam treatment is followed, optionally after filtration of the adsorbent, of any solid alkaline
substances added and of further solids obtained, by the drying of the polyol ester, for example by passing
an WO 2011/042116- 17 -PCT/EP2010/005728 inert gas through the product at elevated temperature. It

is also possible to sAuRAAAAA43EDly a reduced prebsure at elevatBETEERAIARMB U E8ptionally to
pass an inert gas through the product. Even without the 5 action of an inert gas, it is possible to work only

at elevated temperajyre, ot goly underreduced pressure. The pagticular drying congitions,such as

temperature, press%re.aré%tlme,ocan te)e determined by simple preliminary tests. In general, temperatures
in the 10 range from 8010 PH0E, f){rlecflerably 100 to 180C, are employed at pressures of 0.2 to 500 hPa,
preferably 1 to 200 hPa and especially 1 to 20 hPa. Then the crude ester is filtered, if this has not already

been done, in orderTo free itfrem the solids canyosolidalkaline 1&sulystancescadsiedy tlre diydrolysis
products of the=catalyst andhthe-adserbentdtaddedin the estesification stage pyhefare the steam
treatment. The fiItra%igrqcis efsfg%yae:g ipeconvgrqgonall rfgtrge(iflg) apparatus at sta@dargrtgmqqgure or at
temperatures up 20 to 120C. The filtration can be supported by common filtration aids such as cellulose,

silica gel, kieselguhF¥766d fotr CRORRVRT, thetdse tHeteof is restricted to exceptional cases. 25 On

completion of the filtration, light-coloured polyol esters are obtained, which also satisfy the other
specifications, suchmaswatet Lopgent crasidual acideontent, tesiduakearitent eficatalyst econstituents and

residual conteny of mopoestey, 30, The polyhydric alcohgls ot pelyols;used as-starting materials for the
process according to the inv%;]tion g%tissfggge eneral formula (Ié'ngé%_' () WO 20C11/042116- 18

-PCT/EP201O/0057%]§51G6 ¢arbon afoms, and B is %%sllﬁfeegserao% 210 8, pre era%ﬁj 53,4 5%r6. Suitable

polyols are likewise'ttthpotiRds BF i §enerdt SdiPAGEAH) M- (FO-CRAR2-2 et Hyh which R1 and
R2 are each indepemdently thydregen, an 10 alkyl radical having 1 to 5 carbon atoms, preferably methyl,
ethyl or propyl, or a hydroxyalkyl radical having 1 to 5 carbon atoms, preferably the hydroxymethyl radical,

m is an integey of 11‘&31&0’%8{1%{9“%% to,§ and.especially 1, 2,3 014 18,80 integer of 152 to 15,

preferably 2 to 8 and especially 2, 3, 4 or 5.

1 X'10 to 20 mol%, preferably 0.01 to 5 mol%,
especially 0.01 to 2 mol%, based on the starting
compound added in deficiency, appropriately based on
the polyol. In the case of higher amounts of catalyst,

20 cleavage reactions of the polyol esters are to be

expected.

Particularly in the <case of the preparation of
polyesters based on ether diols, for example
25 triethylene glycol or tetraethylene glycol, in the case
of use of high catalyst concentrations toward the end
of the reaction and in the phase of the conversion of
last residues of free hydroxyl groups, there is a risk
of enhanced cleavage of the ether chain, such that the
30 reaction temperature or the pressure to be applied
should be adjusted in this <case. The higher the
catalyst concentration selected is, the lower the
reaction temperature or the pressure to be applied
should generally be selected, and an optimized
35 temperature and pressure profile should be employed. In
the case of excessively low catalyst concentrations,

the esterification rate becomes so low that an



Suitable polyols which can be converted by the process according to the invention to light-coloured polyol
esters are, for example, 1,3-propanediol, 1,3-butane- 20 diol, 1,4-butanediol, neopentyl glycol,
2,2-dimethylolbutane, trimethylolethane, trimethylolpropane, ditrimethylolpropane, trimethylolbutane,
2,2,4-trimethyl- pent§he213-4fA 312 hexanediol, 1,6=héxanediol, pentBEBABR®N bP HA%SRA8rythritol or
3(4),8(9)- 25dihydroxymethyltricyclo[5.2.1.02Hdecane. Useful further polyols include ethylene glycol and

1,2- p:jopylenle glyc%lc @?Béggl@?omﬁé@%@% espgciau)léghe Qitggglpl{'@r? clii-wqiiﬁé}g tegg:l}ethylelne ?chol
or 30 dipropylene glycol, tripropylene glycol or tetra- propylene glycol. Ethylene and propylene glycols are
industrially produceé/cc%eepn%i%g}s%/ﬁeea gyéé) Yubstince for preparation thereof is ethylene oxide and

propylene oxide, from which 1,2-ethylene glycol and 1,2-propylene 35 glycol are obtained by heating with
water under pressufeDiethwyene ghycol isiobtainetyisy ethoxylatior froma ethyleheqglydol oFriethylene
glycol is obtained, like tetraetiiene; glycol, @s.a bysproduet in thes WO-2011/042116x 18¢,
43CT7EP201{V0057;§DC oxide or diron(III) hydroxide oxide are filtered
off after the esterification reaction has ended, before
the crude polyol ester 1is subjected to the further
workup. When the esterification catalysts are added in
10 the form of liquid compounds, for example
tetra(isopropyl) orthotitanate or tetra (butyl)
orthotitanate, which are still present dissolved in the
reaction mixture after the esterification reaction has
ended, these compounds are converted in the course of
15 the workup process, in the steam treatment, to
insoluble ©precipitates which can be filtered off

readily.

In a particular configuration of the process according
20 to the invention, the esterification will be performed
in the presence of an adsorbent. In this case, porous,
high-surface area solid materials are used, which are
typically wused in chemical ©practice Dboth in the
laboratory and in industrial plants. Examples of such
25 materials are high-surface area polysilicic acids such
as silica gels (silica xerogels), kieselguhr, high-
surface area aluminium oxides and aluminium oxide
hydrates, mineral materials such as clays or
carbonates, or activated carbon. Activated carbon has
30 been found to be particularly useful. In general, the
adsorbent is suspended in finely divided form in the
reaction solution, which 1s agitated by intensive
stirring or by introducing an inert gas. This achieves
intimate contact Dbetween the 1ligquid phase and the
35 adsorbent. The amount of the adsorbent can be adjusted
substantially freely and hence according to the
individual requirements. Based on 100 parts by weight

of the liquid reaction mixture, it is useful to use 0.1



hydrolysis of ethylene oxide to prepare ethylene glycol. Both compounds can also be synthesized by
reacting ethylene glycol with ethylene oxide. Dipropylene glycol, tripropylene glycol, tetrapropylene 5
glycol and higher propoxylation products are obtainable from the multiple addition of propylene oxide onto
1,2- propylene glyc#®0 T9038t4/#R3R6coloured polyol esters by the prBEEIERE BEeHPERGAB the invention,
linear or branched, aliphatic monocarboxylic acids having 3 to 20 carbon atoms in the molecule are used.
Even though preferencesis given.{q. satuated acids inymany cgges..depengingop the pagticular field of
use of the plasticizeafgg(g Jgelgé)rlcants, it is also possible to use unsaturated carboxylic acids as a reaction
component for ester syntlﬁe5|s. Examples of monocarboxylic acids as components of polyol esters are
propionic acid, n-butyric acid, isobutyric acid, n-pentanoic acid, 20 2-methylbutyric acid, 3-methylbutyric
acid, 2-methylpentabwicgcidon-hlexanpie acid, 2=ethydhityriciacsicl; nekeptanoic aeide 2emethylhexanoic
acid, cyclohexanecarboxylig acid,12-ethylhexanoic agid, n-penanqic acidy 2gnethylgctanaje acid,
isononanoic acid, 35 %-e%j?dgrii@ghglhexgg%:eacigi Ppro%rlnhoqpaﬁmoié:facighg-m%r%yl%nd% noic acid,
isoundecanecarboxyﬁc acid, trlcyé]oaecanecarboxy ic acid and Isotridecanecarboxylic acid. The novel
process has been 66 td B FHHicuiarly USefllt Tor-ihePreparation S pdiysic30 &sterd 6f ¥nonoethylene
glycol, or of the oligbmeric-ethylene elycols ditbobr 2spropylene glyes!, crbfthémtigomeric propylene
glycols with 04- to GfkeareCortodE3-mongsarhexylicacids, aitkfos preparatiandf pptyat £sters based on
1,3-butanediol, neopentyl glycol, 35 2,3,4-timethylpgptane-1 3-diok timethylolpropage. .
ditrimethylolpropane, pentaerythrito] or \%:2,8(2)-d|hé/droxymethf¥ltr|cgcloL5.2.1.026% cane. WO
2011/042116- 20 - fE '0160572: eapolf(ﬁ els?elrzsec()jf et y%ﬁesglyceo? and the o(fitgo?ners thereof
are outstandingly siitabié-as piasticizersior afl cofimort i moteciliar weighit thérhidplastic substances.
They have been foundita-be particuldnyeb useful as ansadditive te palyvinyl butyraliwhichyis used admixed
with glycol esters ag apiiatermediate dayey forqroduction.of multjayer of compgsite glasses. They can
ikewise be usedl as.saplgseence agents 1 fim:forming grsisanls In aguggus 10 dispersions of polymers
which find various uses as coating materials. The preparation process according to the invention makes it
possible to prepare fiica sifiple? MATNET, polybf 88ters witliBtstaRding ¢G1Bur propétizswhich also
satisfy further qualitydernands<y3 saclrasdew beouror &fow aeit number e procesdaccording to the
invention is particuladysuitablelfor preparingetriethylene ghweot di-2-etbylhexaroate {3&G8=Ester),
tetrz?]etlhyleneI glylcg_lrpawgbggﬁasnoagq é%@icﬁé@a),trmfmin@@yc?m- dgtzhy@h%ﬁ@ég(fﬂ%@gggtér), )
triethylene gly i-n-heptanoate ster) Or tetraethylene glycol. di-2-ethylhexanoate ster).
The process a%%ordllﬁ]g? %‘? e ?nsve%CJen caf‘r’wgbgé)%ésrflosrmgg 5 %é%gﬁuéﬁgly or %%tﬁ%ge in the reaction
apparatus typical fot ehenfiéaltechnology. Useful apparatus has been found to be stirred tanks or
reaction tubes, the batchwise reaction regime being preferred. 30 The process according to the invention

is illustrated in detaiti thecexamples which, fQllow,s byt itdg natsrestrictad-to the embedimgpt described.
Vvondngexanuﬂesended comprises, as well as the polyester as the
25 desired reaction product, any unconverted starting
materials, more particularly aliphatic monocarboxylic
acid still in excess, when the preferred configuration
of the process according to the invention with a
monocarboxylic acid excess is employed. Typically,
30 unconverted starting compounds present 1n excess are
first distilled off, appropriately with application of

a reduced pressure.

Subsequently, the crude ester is subjected to a
35 treatment with steam, which can be done, for example,
in simple form by introducing steam into the crude
product. One advantage of steam treatment is that

catalyst still present 1s destroyed in the course



35 Example 1: Preparation of triethylene glycol di-2-ethylhexanoate (3G8 Ester) WO 2011/042116- 21
-PCT/EP2010/005728 The esterification of triethylene glycol with 2- ethylhexanoic acid was performed in
a heatable 2 1 four-neck flask equipped with stirrer,internal 5 thermometer and a water separator. The
flask was initially cH¥Pgéd WitPértBfene glycol and 21&thylhexanoic BeRY BPa PPt /@%cess, based on

the hydroxyl group to be esterified, and 1.8 mol% of 10 tetra(isopropyl) orthotitanate, based on triethylene

glycol. While stirring and with application-of.a reduced pressyre; down ta 600-hRa,;the mixture was heated

to 190C and water %f reatf‘tjqn forn&ed was removgd on the \A/ater separator. In th%s. examgle and 15 those
e 11t e 1 When terificati

which follow, the ocCurrence of the first water 6f reaction Wasesele(t:etkg% asef.T’weestart:anga pomrf for the

determination of the" FEECtibPtimé. RREF L TSt oM timeof ' REGR AL this stagéthepredsure was lowered
to 400 hPa and the témperatdre wasnincreasedc:tod220Cp26 Jde courseasflitheaeastion was monitored by
continuously weighingdbewatsx of reactionrdischarged yia-the wateeseparator aagdibysampling and gas
chromatography anglysis.of the sajpples, Atia.coptent,(% by weight) of triethylgoe glycal,
di-2-ethylhexanoate, 25 determined b;%ggas chromatography, of at least 97‘%, and at a residual hydroxyl

H

number of not morethan®'6 th KOHA (16 T5IN°58240)° the fsactibfitiad 8RaEE DY cooling the mixture.
The esterification tiieasas &choafs. 30 Exanpleo2nPreparatich of tetiens glycsldicZethylhexanoate
(3G8 Ester), additioniofeactivatathearban dutingitheesierificationt3Sonxanple owasrcagied out in the

same way as E@‘amB}? 1nwith.the sole exception h%@-%%ebyp‘é!ﬂﬂﬁ of activateg carbon, based on the
overall reaction mlxture,ivga% ?dded at th% ftart 0 th esterlflcg%lort] h\éVO 5011 042116- 22

-PCTVEPZOﬂyOO57é so possible to filter o adsorbent after

the esterification reaction has ended and excess
starting compounds have been removed, i.e. Dbefore
performance of the steam distillation.
15
The steam treatment is generally performed at standard
pressure, although the employment of a slightly reduced
pressure, appropriately down to 400 hPa, is not ruled
out. The steam treatment 1is generally effected at
20 temperatures of 100 to 250°C, preferably of 150 to
220°C and especially of 170 to 200°C, and is also
guided by the physical properties of the polyol esters

to be prepared in each case.

25 In the process step of steam treatment, it is found to
be appropriate to proceed 1in a very gentle manner
during the heating period until the attainment of the
working temperature, in order to heat the crude ester
to the required temperature for the steam treatment.

30
The duration of the steam treatment can be determined
by routine tests and it 1s generally performed over a
period of 0.5 to 5 hours. Too long a steam treatment
leads to an undesired increase in the colour number of

35 the polyol ester and should therefore be avoided. An
increased degradation reaction of the polyol ester to
acidic compounds is also observed, the content of which

is manifested in a rise in the neutralization number or



reaction. On attainment of the indices reported in Example 1,whichcharacterizethedegreeof
esterification,thereactionwasended.The esterification time was 6 hours. 5 Example 3: Preparation of

triethylene glycol di-2-ethylhexanoate (3G8 Ester), addition of activated carbon during the esterification 10
A heatable 2 1 fourJ#RckGlekO%dlided with stirrer, intePnal thermom&&F AFRRABKI QG4 Btor was initially
charged with triethylene glycol and 2-ethylhexanoic acid in a 30 mol% excess, based on the hydroxyl

group 15 to be esterified, ang,0.018 mQl% of tetra(isoprepyl) Qrthtitanate, baged on triefpylene glycol,

which were admixeq] i? 1% by wejght of activated carbon, hased on.the overall reaction mixture. While
stirring and with app %(/:\éa ion of a re l%:%%'prérs]s%%edo%ﬁ?o 600 a, the 20 n%ix%urr%avtvgg%%ated to 220C
and water of reaction-fe?med-Was réfivedon tHe waterSepdratcrc After feactidhtime ot 1 hour at this
stage, the pressure wwas: fowereehtol40C:hPacnid - the temperaturelasiscleft at @ROC. Afterear further 3 hours

of reaction time; thes25 pressuite was reduped further e 300Pa: The course of thedeaction was

monitored by continﬁggglyawevggrﬁigg trc‘% r\{\éaetg% c_)f %ggygnrdiso@saerggg t\/{% %he%/ryatgkrl separator and by

sampling and gas chromatography analysis of the samples. At a content (% by weight ofetriethylene 30

glycol di-2-ethylhex8hoate® detettiiingd by gas irohTatbgrapHys of 4flealt §7%, And'dt'% fesidual
hydroxyl number of &t #r¢recthanss.0 fhig KOHMY (b DINC3I2Z40)n theoreractibn Was erded by cooling the
mixture. The esterification time was 8 hours. 35 Example 4. WO 2011/042116- 23 -PCT/EP2010/005728
Preparation of triethylene glycol di-2-ethylhexanoate (3G8 Ester), addition of activated carbon during the
esterification; tin cafalysis 5 A heatable 2 1 four-neck flask provided with stirrer, internal thermometer and
water separator was wﬁtialﬁloéhdalrgéanﬁith tlrlnethytrer?e gl%gf%nnd Ee?ﬁ);m%%hoic %%fg] in & 30 mol%
excess, based on tHERYEFRH §foutor Bé Edteritied, BR8P 3631% SFtIMAY 21 96 etRylhexanoate,
based on triethylenaglhecot,avhieh avieie stdrdixedawiths 01390 thy weikghtef adtivated cachom,lbased on the
overall reaction mixtuyes While; stirringand with application of a.redysed-pressurg down to,600 hPa, the
mixture was heated t0,220C and water of reaction 15 formed was removed on ghsecﬁ/gteg Separator. After
a reaction time of 2 hours at this stage, the pressure was lowere 4%0 APa and the temperature was

: to
left at 220C. After a firther %houf of Fedctor ime, e PréssureRasTeducel futfifer o800 hPa. The

course of compounds, water and <catalyst traces as far as
possible, and simultaneously to suppress degradation

reactions. Especially in the case of employment of

20 higher amounts of —catalyst and in the case of
preparation of polyol esters based on ether diols, for

example triethylene glycol or tetraethylene glycol, the

conditions in the steam treatment have to be tailored

exactly to the particular polyol esters, in order to

25 suppress the undesired degradation of the ether chain.

The steam treatment is optionally followed Dby the
addition of a solid alkaline substance, for example
basic silicon dioxide, basic aluminium oxide or sodium
30 carbonate, sodium hydrogencarbonate, calcium carbonate,
or sodium hydroxide in solid form, and also Dbasic
minerals, in order to further reduce the neutralization

number of the polyol ester.

35 The steam treatment is followed, optionally after
filtration of the adsorbent, of any solid alkaline
substances added and of further solids obtained, by the
drying of the polyol ester, for example by passing an



20 the reaction was monitored by continuously weighing the water of reaction discharged via the water
separator and by sampling and gas chromatography analysis of the samples. At a content (% by weight)
of triethylene glycol di-2-ethylhexanoate, determined by gas 25 chromatography, of at least 97%, and at a

residual hydroxyl nifab@P &L ABART¥E than 5.0 mg KOHIg(to DIN 532487/ BF2 PdLARRPARAS ended by
cooling the mixture. The esterification time was 6 hours. 30 Example 5: Preparation of triethylene glycol

di-2-ethylhexanoate; (368 Ester),.addition of activated carbon during the. gstesificatian, zinc catalysis. 35 A
heatable 2 1 four-nectk flask provided wit ﬁtirretr, internai Ehermomfter and water se%[aratgr was initially

charged with triethyFenelgslyco %l%dpﬁ%ﬁ%y hexanoic acid in a 3095 excéss, baséd on (éanydroxyl group
to WO 2011/0421 18t 225 PCET AP Z010/005728 Parsstafified, aier0.38 el of zind(I IRicstate dihydrate,

based on triethyleneglydolewhich avere- admixéd witlke 1.0%w By ewveight of activatédsarbohecbased on the

overall reactionsmixture: ¥vhilesstirring ane-5 with application of aireduced pressuredown to 600 hPa, the
mixture was heatedetQGZVZOCC c?n(% \e/\r/naggr ng {Jeraectl%r} fogrg% was %(epmr/g @get(gme WaetgrS g(gga}rator. After a

. . a (S]
reaction time of 2 hours at t?ns.sta , t]F] ressure was lowered to 400 hPa anthrhe temperature was left

€, the pr .
at 10 220C. The codf¥e &?ﬁ@%éagﬁﬁn A5 Menitored by eBhtinubtEly RRighily tié Wakér of reaction
discharged via the wattSeparatonand bysamplingrandegas clvopratogeaphytanalysisef the samples.
The esterification tippeanas 7rheyrs. 45Workup of the xeaction mixtusres aceoedingita Exarples 1 to 5 with

the distillative ggethy%?gnqig&ﬁ:idgr@npyalg the steap) distillation, thg drying ard subseguent filtration
A)Distillative removal of the excess 2-ethylhexanoi i%d vgnd%%g rel§iadual %cigec%rg(fnt iT the cruqle .
ester of <1 mg Koﬁ?lgp&ﬁﬁ\?gl\lalgoﬁggg}fﬁMﬁfgcl ) Crude esPer dccquelngﬁo ex%mple Distillation
temperature() to 200 hPa and especially 1 to 20 hPa. Then the crude
ester is filtered, if this has not already been done,
in order to free it from the solids, any solid alkaline
15 substances added, the hydrolysis products of the
catalyst and the adsorbent, if added in the
esterification stage or before the steam treatment. The
filtration is effected in conventional filtering
apparatus at standard temperature or at temperatures up
20 to 120°C. The filtration can be supported by common
filtration aids such as cellulose, silica gel,
kieselguhr, wood flour. However, the use thereof 1is

restricted to exceptional cases.

25 On completion of the filtration, light-coloured polyol
esters are obtained, which also satisfy the other
specifications, such as water content, residual acid
content, residual content of catalyst constituents and

residual content of monoester.

30
The polyhydric alcohols or polyols used as starting
materials for the process according to the invention
satisfy the general formula (I)

35 R (OH) p (I)

in which R is an aliphatic or cycloaliphatic

hydrocarbon radical having 2 to 20 and preferably 2 to



Distillation pressure(hPa) 1 180 2 2 180 2 3 180 Beginning at 300 hPa with pressure reduction to 2 hPa
over 2 hours 200 Beginning at 300 hPa with pressure reduction to 2 hPa over 2 hours 5 200

WO 2011/042116 - 18 - PCT/EP2010/005728

10 carbon atoms, and n 1is an integer of 2 to 8,

preferably 2, 3, 4, 5 or 6.

Suitable polyols are likewise compounds of the general

5 formula (II)
H— (-0-[-CR'R?-],._) o.—OH (I1)

in which R' and R? are each independently hydrogen, an
10 alkyl radical having 1 to 5 carbon atoms, preferably
methyl, ethyl or propyl, or a hydroxyalkyl radical
having 1 to 5 carbon atoms, preferably the hydroxy-
methyl radical, m is an integer of 1 to 10, preferably
1 to 8 and especially 1, 2, 3 or 4, o is an integer of

15 2 to 15, preferably 2 to 8 and especially 2, 3, 4 or 5.

Suitable polyols which can be converted by the process
according to the invention to light-coloured polyol
esters are, for example, 1,3-propanediol, 1,3-butane-
20 diol, 1,4-butanediol, neopentyl glycol, 2,2-dimethylol-
butane, trimethylolethane, trimethylolpropane, ditri-
methylolpropane, trimethylolbutane, 2,2,4-trimethyl-
pentane-1, 3-diol, 1, 2-hexanediol, 1, 6-hexanediol,
pentaerythritol or dipentaerythritol or 3(4),8(9)-
25 dihydroxymethyltricyclo[5.2.1.OL6]decane.

Useful further polyols include ethylene glycol and 1,2-
propylene glycol, and the oligomers thereof, especially
the ether diols di-, tri- and tetraethylene glycol or
30 dipropylene glycol, tripropylene glycol or tetra-
propylene glycol. Ethylene and propylene glycols are
industrially produced chemicals. The base substance for
preparation thereof 1is ethylene oxide and propylene
oxide, from which 1,2-ethylene glycol and 1,2-propylene
35 glycol are obtained Dby heating with water under
pressure. Diethylene glycol is obtained by ethoxylation
from ethylene glycol. Triethylene glycol is obtained,
like tetraethylene glycol, as a Dby-product in the



2 WO 2011/042116- 25 -PCT/EP2010/005728 Crude ester according to example  Bottom
temperature() Distillation pressure(hPa) 1 180 Standard pressure 2 180 Standard pressure 3 180

Standard pressure 200 Standard pressure 5
WO 2011/042116 - 19 - PCT/EP2010/005728

hydrolysis of ethylene oxide to ©prepare ethylene
glycol. Both compounds can also be synthesized by
reacting ethylene glycol with ethylene oxide.
Dipropylene glycol, tripropylene glycol, tetrapropylene
5 glycol and higher propoxylation products are obtainable
from the multiple addition of propylene oxide onto 1,2-

propylene glycol.

To obtain light-coloured polyol esters by the process
10 according to the invention, linear or branched,
aliphatic monocarboxylic acids having 3 to 20 carbon
atoms in the molecule are used. Even though preference
is given to saturated acids in many cases, depending on
the particular field of use of the plasticizers or
15 lubricants, it 1is also possible to wuse unsaturated
carboxylic acids as a reaction component for ester
synthesis. Examples of monocarboxylic acids as
components of polyol esters are propionic acid,
n-butyric acid, isobutyric acid, n-pentanoic acid,
20 2-methylbutyric acid, 3-methylbutyric acid, 2-methyl-
pentanoic acid, n-hexanoic acid, 2-ethylbutyric acid,
n-heptanoic acid, 2-methylhexanoic acid, cyclohexane-
carboxylic acid, 2-ethylhexanoic acid, n-nonanoic acid,
2-methyloctanoic acid, isononanoic acid, 3,5,5-
25 trimethylhexanoic acid, 2-propylheptanoic acid,
2-methylundecanoic acid, isoundecanecarboxylic acid,
tricyclodecanecarboxylic acid and isotridecane-—
carboxylic acid. The novel process has been found to be
particularly useful for the preparation of polyol
30 esters of monoethylene glycol, or of the oligomeric
ethylene glycols and of 1,2-propylene glycol, or of the
oligomeric propylene glycols with Cy— to Cij3— or Cs— to
Cio—monocarboxylic acids, and for preparation of polyol
esters based on 1,3-butanediol, neopentyl glycol,
35 2,2,4-trimethylpentane-1,3-diol, trimethylolpropane,
ditrimethylolpropane, pentaerythritol or 3(4),8(9)-di-
hydroxymethyltricyclo[5.2.1.OL6]decane.



180 Standard pressure/ duration:1.5 hours C)Drying (duration in each case 0.5 hour) Crude ester
according to example  Bottom temperature() Pressure(hPa) 1 140 2 2 140 2 3 140 10 160

WO 2011/042116 - 20 - PCT/EP2010/005728

The polyol esters of ethylene glycol and the oligomers
thereof are outstandingly suitable as plasticizers for
all common high molecular weight thermoplastic
substances. They have been found to be particularly
5 useful as an additive to polyvinyl butyral which is
used admixed with glycol esters as an intermediate
layer for production of multilayer or composite
glasses. They <can likewise be wused as coalescence
agents or film-forming assistants in agueous
10 dispersions of polymers which find wvarious uses as
coating materials. The preparation process according to
the invention makes it possible to prepare, in a simple
manner, polyol esters with outstanding colour
properties which also satisfy further quality demands,
15 such as low odour or a low acid number. The process
according to the invention is particularly suitable for
preparing triethylene glycol di-2-ethylhexanoate (3G8
Ester), tetraethylene glycol di-n-heptanocate (4G7
Ester), triethylene glycol di-2-ethylbutyrate (3G6
20 Ester), triethylene glycol di-n-heptancate (3G7 Ester)
or tetraethylene glycol di-2-ethylhexanoate (4G8
Ester).

The process according to the invention can be performed
25 continuously or batchwise 1in the reaction apparatus
typical for chemical technology. Useful apparatus has
been found to be stirred tanks or reaction tubes, the

batchwise reaction regime being preferred.

30 The process according to the invention 1is illustrated
in detail in the examples which follow, but it is not

restricted to the embodiment described.

Working examples
35
Example 1:
Preparation of triethylene glycol di-2-ethylhexanocate
(3G8 Ester)



10/duration: 1.5 hours 5 160 10/duration: 1.5 hours D)After filtration of the solids separated out and of the
activated carbon added at standard pressure and room temperature, the residue obtained is a

light-coloured polyol ester with the following indices: Gas chromatography analysis (% by weight): WO
2011/042116- 26 -FOTARAYPHBBEF28 Example Exdrhpte ExampleBSTHBPROEQARTPIE 28 2

The esterification of triethylene glycol with 2-
ethylhexanoic acid was performed in a heatable 2 1
four—-neck flask equipped with stirrer, internal

5 thermometer and a water separator.

The flask was initially charged with triethylene glycol
and 2-ethylhexanoic acid in a 20 mol% excess, based on
the hydroxyl group to be esterified, and 1.8 mol% of
10 tetra(isopropyl) orthotitanate, based on triethylene
glycol. While stirring and with application of a
reduced pressure down to 600 hPa, the mixture was
heated to 190°C and water of reaction formed was
removed on the water separator. In this example and
15 those which follow, the occurrence of the first water
of reaction was selected as the starting point for the
determination of the reaction time. After a reaction
time of 2 hours at this stage, the pressure was lowered
to 400 hPa and the temperature was increased to 220°C.
20 The course of the reaction was monitored by
continuously weighing the water of reaction discharged
via the water separator, and Dby sampling and gas
chromatography analysis of the samples. At a content (%
by weight) of triethylene glycol di-2-ethylhexanoate,
25 determined by gas chromatography, of at least 97%, and
at a residual hydroxyl number of not more than 5.0 mg
KOH/g (to DIN 53240), the reaction was ended by cooling

the mixture. The esterification time was 6 hours.

30 Example 2:
Preparation of triethylene glycol di-2-ethylhexanocate
(3G8 Ester), addition of activated carbon during the

esterification

35 Example 2 was carried out in the same way as Example 1,
with the sole exception that 0.3% by weight of
activated carbon, based on the overall reaction

mixture, was added at the start of the esterification



3 4 5 Triethylene glycol di-2- ethylhexanoate 97.4 97.6 98.2 98.2 95.5 Triethylene glycol mono-2-
ethylhexanoate 0.9 0.8 0.4 0.8 2.0 Diethylene glycol di-2- ethylhexanoate 0.4 0.5 0.4 0.3 0.6

WO 2011/042116 - 22 - PCT/EP2010/005728

reaction. On attainment of the indices reported in
Example 1, which characterize the degree of
esterification, the reaction was ended. The

esterification time was 6 hours.

5
Example 3:
Preparation of triethylene glycol di-2-ethylhexanocate
(3G8 Ester), addition of activated carbon during the
esterification

10

A heatable 2 1 four-neck flask provided with stirrer,
internal thermometer and water separator was initially
charged with triethylene glycol and 2-ethylhexanoic
acid in a 30 mol% excess, based on the hydroxyl group
15 to be esterified, and 0.018 mol% of tetra(isopropyl)
orthotitanate, based on triethylene glycol, which were
admixed with 1% by weight of activated carbon, based on
the overall reaction mixture. While stirring and with
application of a reduced pressure down to 600 hPa, the
20 mixture was heated to 220°C and water of reaction
formed was removed on the water separator. After a
reaction time of 1 hour at this stage, the pressure was
lowered to 400 hPa and the temperature was left at
220°C. After a further 3 hours of reaction time, the
25 pressure was reduced further to 300 hPa. The course of
the reaction was monitored by continuously weighing the
water of reaction discharged wvia the water separator
and by sampling and gas chromatography analysis of the
samples. At a content (% by weight) of triethylene
30 glycol di-2-ethylhexanoate, determined by gas
chromatography, of at least 97%, and at a residual
hydroxyl number of not more than 5.0 mg KOH/g (to
DIN 53240), the reaction was ended by cooling the
mixture. The esterification time was 8 hours.
35
Example 4:



Remainder 1.3 1.1 1.0 0.7 1.9 Indices: Example 1 Example 2 Example 3 Example 4 Example 5 Hazen
colour number (DIN ISO6271)

WO 2011/042116 - 23 - PCT/EP2010/005728

Preparation of triethylene glycol di-2-ethylhexanoate
(3G8 Ester), addition of activated carbon during the

esterification; tin catalysis

5 A heatable 2 1 four—-neck flask provided with stirrer,
internal thermometer and water separator was initially
charged with triethylene glycol and 2-ethylhexanoic
acid in a 30 mol% excess, based on the hydroxyl group
to be esterified, and 0.36 mol% of tin(IT) 2—

10 ethylhexanoate, based on triethylene glycol, which were
admixed with 0.3% by weight of activated carbon, based
on the overall reaction mixture. While stirring and
with application of a reduced pressure down to 600 hPa,
the mixture was heated to 220°C and water of reaction

15 formed was removed on the water separator. After a
reaction time of 2 hours at this stage, the pressure
was lowered to 400 hPa and the temperature was left at
220°C. After a further 4 hours of reaction time, the
pressure was reduced further to 300 hPa. The course of

20 the reaction was monitored by continuously weighing the
water of reaction discharged wvia the water separator
and by sampling and gas chromatography analysis of the
samples. At a content (% by weight) of triethylene
glycol di-2-ethylhexanoate, determined by gas

25 chromatography, of at least 97%, and at a residual
hydroxyl number of not more than 5.0 mg KOH/g (to
DIN 53240), the reaction was ended by cooling the

mixture. The esterification time was 6 hours.

30 Example 5:
Preparation of triethylene glycol di-2-ethylhexanocate
(3G8 Ester), addition of activated carbon during the

esterification, zinc catalysis.

35 A heatable 2 1 four-neck flask provided with stirrer,
internal thermometer and water separator was initially
charged with triethylene glycol and 2-ethylhexanoic

o)

acid in a 30 % excess, based on the hydroxyl group to



28 23 16 27 89 Neutralization number(mg KOH/g,DIN EN I1SO 3682/ASTM D1613) 0.07 0.09 0.10 0.08
0.29 Water content (96 by weight, DIN 51777 Part 1) 0.01 0.03 0.02 0.02 0.25

WO 2011/042116 - 24 - PCT/EP2010/005728

be esterified, and 0.36 mol% of zinc (II) acetate
dihydrate, based on triethylene glycol, which were
admixed with 1.0% by weight of activated carbon, based
on the overall reaction mixture. While stirring and
5 with application of a reduced pressure down to 600 hPa,
the mixture was heated to 220°C and water of reaction
formed was removed on the water separator. After a
reaction time of 2 hours at this stage, the pressure
was lowered to 400 hPa and the temperature was left at
10 220°C. The course of the reaction was monitored by
continuously weighing the water of reaction discharged
via the water separator and by sampling and gas
chromatography analysis of the samples. The

esterification time was 7 hours.

15
Workup of the reaction mixtures according to Examples 1
to 5 with the distillative 2-ethylhexanoic acid
removal, the steam distillation, the drying and
subsequent filtration
20
A) Distillative removal of the excess 2-ethylhexanoic
acid down to a residual acid content in the crude ester
of < 1 mg KOH/g (DIN EN ISO 3682/ASTM D 1613)
Crude ester Distillation Distillation
according to example temperature (°) pressure (hPa)
1 180 2
2 180 2
3 180 Beginning at 300 hPa
with pressure
reduction to 2 hPa
over 2 hours
4 200 Beginning at 300 hPa
with pressure
reduction to 2 hPa
over 2 hours
5 200 2
25

B) Steam distillation (duration in each case 1 hour)



Hydroxyl number(mg Koli/g; DIN 53240) 2.3 2.0 1.4 1.3 3.9 Metal content ppm (DIN EN I1SO 11885) <0.08
<0.08 0.27 0.27 7.9 5 Example 6: Preparation of neopentyl glycol di-2-ethylhexanoate, addition of
activated carbon during the esterification WO 2011/042116- 27 -PCT/EP2010/005728 A heatable 2 1
four-neck flask provitfe@ QAt/ & 2arl thternal thermometer and water S&FBRO4 84 MiEAR? charged with
neopentyl glycol and 2-ethylhexanoic acid in a 30 mol% excess, based on the hydroxyl group to be

Crude ester Bottom Distillation
according to example temperature (°) pressure (hPa)
1 180 Standard pressure
2 180 Standard pressure
3 180 Standard pressure
4 200 Standard pressure
5 180 Standard pressure/
duration: 1.5 hours

C) Drying (duration in each case 0.5 hour)
Crude ester Bottom Pressure (hPa)
according to example temperature (°)
1 140 2
2 140 2
3 140 10
4 160 10/duration:
1.5 hours
5 160 10/duration:
1.5 hours
5
D) After filtration of the solids separated out and
of the activated carbon added at standard pressure and
room temperature, the residue obtained is a light-
coloured polyol ester with the following indices:
10

o)

Gas chromatography analysis (% by weight) :



5 esterified, and 0.36 mol% of tetra(isopropyl) orthotitanate, based on neopentyl glycol, which were
admixed with 1% by weight of activated carbon, based on the overall reaction mixture. While stirring and
with application of a reduced pressure down to 600 hPa, the 10 mixture was heated to 200C and water of

reaction formed wa¥PeRdve4H2 b water separator. 2fter a reactio®R GEEBR Y HWA8 Bt 38Bis stage, the
pressure was lowered to 450 hPa and the temperature was left at 200C. The course of the reaction was

monitored by 15 ¢
sampling and gas
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di-2-ethylhexanoa1

addition of activated carbon during the esterification

e than 5.0 mg KOH/g (t& DIN|53240), the reaétion was ehded jy cooling the mixture.
Thegeatter, thesexeess 2-ethythexanaoig.acid was first 2% distilled off at
5‘@)@ %hd at a’pressure of 5 hiPa. This was followed by a steam distillation| at a bottom
168%f 1.5 hours) and then drying at a femperature nd at a
1%?%}639?% of 30 2thours.|After-the splid® séparateddeat and the.adsofbent added
e YESHUE BBtined was a light-coloured polyester with the following indices: WO
lF'YéB‘);"Ir}Qﬁ %' 20 A nl‘}l,rnmnfnﬂrr\ v analvcie (04 hyv we nht- Naane nt I I COI
ene L0 UTUOS Ul Ulllaluulurllly U.IIC{I)’QI \/U lJ_y V'A'AY2 UI IL/ TNCUPC y g y

e ?%tﬂ\f eapentyl glycél fono-2-étylhexandate 2.5 Remainder 192°Indices:
ethylhexanoate

Remainder 1.3 1.1 1.0 0.7 1.9

Indices:

Example | Example | Example | Example | Example
1 2 3 4 5

Hazen colour

number 28 23 16 27 89

(DIN ISO 6271)

Neutralization

number (mg

KOH/g, DIN EN 0.07 0.09 0.10 0.08 0.29

ISO 3682/ASTM

D 1613)

Water content

(% by weight, 0.01 0.03 0.02 0.02 0.25

DIN 51777

Part 1)

Hydroxyl

number - (mg 2.3 2.0 1.4 1.3 3.9

KOH/g;

DIN 53240)

Metal content

ppm (DIN EN < 0.08 | < 0.08 0.27 0.27 7.9

ISO 11885)

Example 6:

Preparation of neopentyl glycol di-2-ethylhexanoate,



5 Hazen colour number(DIN ISO 6271) 32 Neutralization number(mg KOH/g, EN ISO 3682/ASTM D 1613
DIN 1.21 Water content(% by weight,DIN Part 1) 51777 0.1 Hydroxyl number(mg KOH/g; DIN 53240) 4.5
Metal content ppm(DIN EN ISO 11885) 0.64 Theinventivemeasuresofadjusting boththe esterification

stage and the work#® s&je P4 2bherolled manner with’respect to orRCEAERRP HLES 2 possible to
obtain polyol esters with outstanding quality, which enables the use thereof in a multitude of applications.

A heatable 2 1 four-neck flask provided with stirrer,
internal thermometer and water separator was initially
charged with neopentyl glycol and 2-ethylhexanoic acid
in a 30 mol% excess, based on the hydroxyl group to be
5 esterified, and 0.36 mol% of tetra(isopropyl)
orthotitanate, based on neopentyl glycol, which were
admixed with 1% by weight of activated carbon, based on
the overall reaction mixture. While stirring and with
application of a reduced pressure down to 600 hPa, the
10 mixture was heated to 200°C and water of reaction
formed was removed on the water separator. After a
reaction time of 2 hours at this stage, the pressure
was lowered to 450 hPa and the temperature was left at
200°C. The course of the reaction was monitored by
15 continuously weighing the water of reaction discharged
via the water separator and by sampling and gas
chromatography analysis of the samples. At a content (%
by weight) of neopentyl glycol di-2-ethylhexanoate,
determined by gas chromatography, of at least 97%, and
20 at a residual hydroxyl number of not more than 5.0 mg
KOH/g (to DIN 53240), the reaction was ended by cooling

the mixture. The esterification time was 7 hours.

Thereafter, the excess 2-ethylhexanoic acid was first
25 distilled off at a temperature of 150°C and at a
pressure of 5 hPa. This was followed by a steam
distillation at a bottom temperature of 200°C over a
period of 1.5 hours, and then drying at a temperature
of 160°C and at a pressure of 10 hPa over a period of
30 2 hours. After the solids separated out and the
adsorbent added had been filtered, the residue obtained
was a light-coloured polyester with the following

indices:



Example 7 (comparative): 15 Preparation of triethylene glycol di-2-ethylhexanoate (3G8 Ester), tin
catalysis The esterification of triethylene glycol with 2- ethylhexanoic acid was performed in a heatable 2
1 20 four-neckflask equipped with stirrer,internal thermometer and a water separator. The flask was
initially charged witW @il 431&6| and 2-ethylhexaifoic acid in a FEE(EBLBXEL IA&ed on 25 the
hydroxyl group to be esterified, and 1.8 mol% of tin(ll) 2-ethylhexanoate, based on triethylene glycol.
While stirring and with.application Qf.2. feduced pressure go%p %Qgg{ﬁa, the mixture was heated to
220C and water of reaction formed was removed on the WO 2011/042116- 29 -PCT/EP2010/005728
water separator. After-areaction-time-of-2-hours-at this-stage, the-pressure-wastoweredto 400 hPa. The
course of the reactitif W£2 MbhitotEd by contisil hetghiAgthe water of rédctibn discharged via the
water 5 separator,| ancbpysampling,and gaschrpratogiapiysanalysis of the santples. The esterification
was stopped after S:nqurs, i this example, the maximum of triethylene glycol di-;10 2-ethylhexanoate
was attained as early as after 2 hours, and the crude reaction mixture has the following composition
determined by gas chromatography (calculated free of 2-ethylhexanoic acid): Triethylene glycol
di-2-ethylhexanoatetndices:

5
Hazen colour number (DIN ISO 6271) 32
Neutralization number (mg KOH/g, DIN 1.21
EN ISO 3682/ASTM D 1613
Water content (% by weight, DIN 51777 0.1
Part 1)
Hydroxyl number (mg KOH/g; DIN 53240) 4.5
Metal content ppm (DIN EN ISO 11885) 0.64
The inventive measures of adjusting both the

esterification stage and the workup stage 1in a
controlled manner with respect to one another makes it
10 possible to obtain polyol esters with outstanding
quality, which enables the use thereof in a multitude

of applications.

Example 7 (comparative):
15 Preparation of triethylene glycol di-2-ethylhexanocate
(3G8 Ester), tin catalysis

The esterification of triethylene glycol with 2-
ethylhexanoic acid was performed in a heatable 2 1
20 four—-neck flask equipped with stirrer, internal

thermometer and a water separator.

The flask was initially charged with triethylene glycol
and 2-ethylhexanoic acid in a 30 mol% excess, based on
25 the hydroxyl group to be esterified, and 1.8 mol% of
tin(II) 2-ethylhexanoate, based on triethylene glycol.
While stirring and with application of a reduced
pressure down to 600 hPa, the mixture was heated to

220°C and water of reaction formed was removed on the



93.5% by weight Triethylene glycol mono-2-ethylhexanoate 2.3% by weight Diethylene glycol
di-2-ethylhexanoate 0.6% by weight Remainder 3.6% by weight After 5 hours, the reaction was ended.
After removing excess 2-ethylhexanoic acid, the crude polyol ester has the following composition

determined by gas BerofRabiP4gA:6 Triethylene glyca@ldi-2-ethylhexBREAEPSE D04 BR5TERht Triethylene

water separator. After a reaction time of 2 hours at
this stage, the pressure was lowered to 400 hPa. The
course of the reaction was monitored by continuously
weighing the water of reaction discharged via the water
5 separator, and by sampling and gas chromatography
analysis of the samples. The esterification was stopped

after 5 hours.

In this example, the maximum of triethylene glycol di-
10 2—ethylhexanocate was attained as early as after
2 hours, and the crude reaction mixture has the
following composition determined by gas chromatography

(calculated free of 2-ethylhexanoic acid):

Triethylene glycol di-2-ethylhexanoate 93.5% by weight
Triethylene glycol mono-2-ethylhexanoate 2.3% by weight
Diethylene glycol di-2-ethylhexanoate 0.6% by weight
Remainder 3.6% by weight
15
After 5 hours, the reaction was ended. After removing
excess 2-ethylhexanoic acid, the crude polyol ester has
the following composition determined by gas
chromatography:
20
Triethylene glycol di-2-ethylhexanoate 86.2% by weight
Triethylene glycol mono-2-ethylhexanoate 0.6% by weight
Diethylene glycol di-2-ethylhexanoate 3.3% by weight
Remainder 9.9% by weight

The remaining indices were not determined.

As the results of Example 7 show, the maximum of
25 triethylene glycol di-2-ethylhexanocate is attained as
early as after 2 hours of esterification time. In the
residual conversion phase which follows, predominantly
the cleavage of the ether chain occurs with an increase
in the content of diethylene glycol di-2-ethylhexanoate

30 and of residual components.



glycol mono-2-ethylhexanoate 0.6% by weight Diethylene glycol di-2-ethylhexanoate 3.3% by weight
Remainder 9.9% by weight The remaining indices were not determined. As the results of Example 7
show, the maximum of 25 triethylene glycol di-2-ethylhexanoate is attained as early as after 2 hours of
esterification time. IKQh@423iR&2 EbAversion phase-whithfollows, prEE3HER2MRPHROEEAFage of the
ether chain occurs with an increase in the content of diethylene glycol di-2-ethylhexanoate 30 and of
residual components. WO 2011/042116- 30 -PCT/EP2010/005728 Compared to Example 4,this
comparative examp&e derr}()eré%tratgg thaEt ng%qtémhz’ed tetrgg)gratucrgmapnadrgrteis‘;gre pergg!r?pq%sto

. omga
beemployed at hlghcaItnﬁyst
demonstrates that an optimized temperature and pressure

profile has to be employed at high catalyst

5 concentrations in order to obtain polyol esters of

sufficient quality.



5 concentrations in order to obtain polyol esters of sufficient quality. WO 2011/042116- 31
-PCT/EP2010/005728 Claims 1. Process for preparing polyol esters by reacting polyols with linear or
branched aliphatic mono- 5 carboxylic acids having 3 to 20 carbon atoms, characterized in that a mixture
of the starting comp#RIndRL3 AbAkkbto react in the présence of a LeRETAEBZOHEPHRT 8Bleast one
element of groups 4 to 14 of the Periodic Table of the 10Elements as a catalyst with removal of the water
formed, and then a steam treatment is performed. 2 Prpgess according to Claim 1, characterized in that
the mixture of the starting compounds is 15 heatedinthe presence of the catalyst to a temperature up to
a maximum of 280C, preferably up to 250C, and the pressure is lowered from stage to stage with the
temperature kept constant 20°8 Proce’s abEGiiiig 16 CRIMYP charakctérize®n that fiie Atixture of the
starting compounds is heated yo tlse presenceioktine catalyist ahcbrstartlpnessure-fromrstage to stage up

to a maximum temperature 0fZ80G.125 4: Pracess agcording to-Claipy 1, gharacterizednyn that the mixture
of the starting compoundsciﬁahreaag%g in yé% pr§l§enc%eagf tge %altgjcys} at a femperatyre {igiin from stage to
stage to a 30maximum of 280C, and the pressure Is also lowered from stage to stage. 5. Process
according to Claim 4, charatt&izedfh that amitre 6Pt 8ahing coMpothdese %5 Afovied to react in
the presence of the cataly5einta firstcstdgecana émperature ug €81900Gaad atlapeessurefup to 600 hPa,
and the reaction is conducteddp €ompletion inda seconehstagedy INQ: 201440421 16- 32he

-PCT/EP2010{Q05728 increasing the temperature uplo Z2p0G, and at apressure yp 19 300 hPa.

formed, and then a steam treatment is performed.

2. Process according to Claim 1, characterized 1in
that the mixture of the starting compounds 1is

15 heated in the presence of the catalyst to a
temperature up to a maximum of 280°C, preferably

up to 250°C, and the pressure 1s lowered from

stage to stage with the temperature kept constant.

20 3. Process according to Claim 1, characterized 1in
that the mixture of the starting compounds is
heated in the presence of the catalyst at constant
pressure from stage to stage up to a maximum

temperature of 280°C.

25
4., Process according to Claim 1, characterized 1in
that the mixture of the starting compounds 1is
heated in the presence of the catalyst at a
temperature rising from stage to stage to a
30 maximum of 280°C, and the pressure is also lowered
from stage to stage.
5. Process according to Claim 4, characterized in
that a mixture of the starting compounds 1is
35 allowed to react in the presence of the catalyst

in a first stage at a temperature up to 190°C and
at a pressure up to 600 hPa, and the reaction is

conducted to completion in a second stage by



6. Process according to one or more of Claims 1 to 5, 5 characterized in that the catalyst is used in an
amount of 1.0 X 10-5 to 20 mol%, based on the starting compound used in deficiency. 7. Process
according to Claim 6, characterized in 10 that the catalyst is used in an amount of 0.01 to 5 and

preferably 0.01 to 2WRoRB1B494@ bhéthe starting compound used in RFEEFRZ0BO F88d38 according to
one or more of Claims 1 to 7, 15 characterized in that the catalyst used is titanium, zirconium, iron, zinc,

boron, aluminium or tin in the form of elements arin.the form of compounds thereof. 2Q9.Rrocess

according to Claim 8, characé%réz%dein that('gh i %opmpounds used are tin(Il) oxide, tin(Il) oxalate, tin(Il)
carboxylates, tin(IV) alkoxides oruorgaur%tin compounaé. 2510. Process according to Claim 8,

characterized in that the titanium compounds used are alkoxides, acrylates or chelates. 11. Process
according to Claim 8,. chafacterized mc80that tlve borameompounds usedCareiborid acml Or, boric esters.
12. Process aceording to Glaim:8.rcharagterized imthat the aluminiupg compoynds used are aluminium
35o0xide, aluminium hydro>(_j<1|]§;r11g;~l,/1 _JEum(ljryumlg%rt;px%atses or ?Jlé%llrrlr{(? 6§Iko%<5deesd WQ 2(%%14042116- 33
-PCT/EP2010/005728 that the zinc compounds used are zinc oxide, zinc sufphate or zinc carboxylates.

14. Process according to SHE-oF &re G R 185813 cHaracteiZ&d in that the starting compounds

7. Process according to Claim 6, characterized in
10 that the catalyst is used in an amount of 0.01 to
5 and preferably 0.01 to 2 mol%, Dbased on the

starting compound used in deficiency.

8. Process according to one or more of Claims 1 to 7,

15 characterized in that the catalyst used is tita-
nium, zirconium, iron, =zinc, boron, aluminium or

tin in the form of elements or 1in the form of

compounds thereof.

20 9. Process according to Claim 8, characterized 1in
that the tin compounds used are tin(II) oxide,
tin(II) oxalate, tin(II) carboxylates, tin (IV)

alkoxides or organotin compounds.

25 10. Process according to Claim 8, characterized in
that the titanium compounds used are alkoxides,

acrylates or chelates.

11. Process according to Claim 8, characterized 1in
30 that the boron compounds used are boric acid or

boric esters.

12. Process according to Claim 8, characterized in
that the aluminium compounds used are aluminium
35 oxide, aluminium hydroxide, aluminium carboxylates

or aluminium alkoxides.

13. Process according to Claim 8, characterized in



are converted in the presence of an adsorbent. 15. Process according to Claim 14, characterized in that
0.1 to 5 and preferably 0.1 to 1.5 parts by 10weight of adsorbent are used per 100 parts by weight of
reaction mixture. 16. Process according to Claim 14 or 15, characterized in that the adsorbent used is

silica gel, kiesel- 158@h2 0uAfARAA Bxide, aluminium ®xide hydratesPEBYEPEAARASET 88 activated
carbon. 17. Process according to one or more of Claims 1 to 16, characterized in that the steam treatment

is 20 performed at a tempsgrature,of 100,10 @%ﬂg@aggfe@ 15Q.t0,220C @an%s,peﬂq]g/ of 170 to
200C. 18. Process accordi%Claim 17, characterized '&na%Sthat, after the steam treatment, a solid

alkaline substance is added’ 19 Procss %%%%r&%ﬁ%}glalmef& characterized in that the solid alkaline

substance added is basic 30silicon dioxide, basic aluminium oxide, sodium
carbonate,sodiumhydrogercarkorate,catlcivmnecarbonate,esodiunmhyeroxitie o dasic minevals. 20.

Process according to one o masg of Clauns Ate 35 19characterizad inthay the-pglyehester, after the
steam treatment, is dried at temperatures dofi%o g%gS C gé%fceera Iy %910 g%%gogé &nd at pressures of 0.2
to 500 hPa, preferably 1 to WO 2011/042116- 34 -PCT/EP2010/005728 200 hPa and especially of 1 to
20 hPa.

15. Process according to Claim 14, characterized in
that 0.1 to 5 and preferably 0.1 to 1.5 parts by
10 weight of adsorbent are wused per 100 parts by

weight of reaction mixture.

16. Process according to Claim 14 or 15, characterized
in that the adsorbent used is silica gel, kiesel-
15 guhr, aluminium oxide, aluminium oxide hydrates,

clays, carbonates or activated carbon.

17. Process according to one or more of Claims 1 to

16, characterized in that the steam treatment is

20 performed at a temperature of 100 to 250°C,
preferably of 150 to 220°C and especially of 170
to 200°C.

18. Process according to Claim 17, characterized in

25 that, after the steam treatment, a solid alkaline

substance is added.

19. Process according to Claim 18, characterized in
that the solid alkaline substance added is basic

30 silicon dioxide, basic aluminium oxide, sodium
carbonate, sodium hydrogencarbonate, calcium

carbonate, sodium hydroxide or basic minerals.

20. Process according to one or more of Claims 1 to

35 19, characterized in that the polyol ester, after
the steam treatment, is dried at temperatures of

80 to 250°C, preferably 100 to 180°C, and at
pressures of 0.2 to 500 hPa, preferably 1 to



21. Process according to Claim 20, characterized in that the polyol ester is dried in the presence of 5an
inert gas. 22. Process according to one or more of Claims 1 to 21, characterized in that the polyols used

are compounds of the general formula (1) 10 R(OH),(1) in which R is an aliphatic or cycloaliphatic
hydrocarbon radicaWRa@f§Ly &£28%hd preferably 152tb 10 carbon RERYERAULP (P8R TRRger of 2 to 8,
preferably 2, 3, 4, 5 or 6. 23. Process according to one or more of Claims 1 to 21, characterized in that

the polyols used are 20compounsis gfn@eeg;%ecrgﬁqé{)‘ug@ (1) Hs5(-9-GR1R2-1"),-OH(ll) in which R1 and

R2 are each independently hydrogen, 25 an alkyl radical having 1 to 5 carbon atoms, preferably methyl,
ethyl or propyl, or a hydroxyalkyl radical having 1 to 5 carbon atoms, preferably the hydroxymethyl radical,
m is an integer of 140 10, prefetably #4168 andespetiaffy 212, 3B00rhas i€ hRtinfetfér 62 to 15,
preferably 2 to 8 and especially 2,13; 40015024 Rrovess acdording to Claim 22 ccharaeterized in thatthe
polyolsused arel,2-propanedioh351,3-ropanediol,1,3-butanediol,1,4-butanediol,
neopentylglycol,2,2-dimethylolbutane, trimethylolethane,trimethylolpropane,

trimethylolbutane,2,22 4-trimethylpentane-1,3- WOt2011/042116- 35 'PCTE’E(F;’EMO/O%WE(?

2. Process according to one or more o aims
21, characterized in that the polyols used are
compounds of the general formula (I)
10
R(OH) (1)

in which R is an aliphatic or cycloaliphatic
hydrocarbon radical having 2 to 20 and preferably
15 2 to 10 carbon atoms, and n is an integer of 2 to

8, preferably 2, 3, 4, 5 or 6.

23. Process according to one or more of Claims 1 to
21, characterized in that the polyols used are

20 compounds of the general formula (II)
H- (-0-[-CR'R?~] ) c—OH (I1)

in which R' and R? are each independently hydrogen,

25 an alkyl radical having 1 to 5 carbon atoms,
preferably methyl, ethyl or propyl, or a hydroxy-
alkyl radical having 1 to 5 carbon atoms, prefer-
ably the hydroxymethyl radical, m is an integer of
1 to 10, preferably 1 to 8 and especially 1, 2, 3

30 or 4, o is an integer of 2 to 15, preferably 2 to
8 and especially 2, 3, 4 or 5.

24. Process according to Claim 22, characterized in
that the polyols used are 1, 2-propanediol,

35 1,3-propanediol, 1,3-butanediol, 1,4-butanediol,
neopentyl glycol, 2,2-dimethylolbutane,
trimethylolethane, trimethylolpropane,
trimethylolbutane, 2,2,4-trimethylpentane-1, 3—-



diol,1,2-hexanediol,1,6-hexanediol, pentaerythritol, ethylene glycol or 3(4),8(9)-
dihydroxymethyltricyclo[5.2.1.02,6]decane. 5 25. Process according to Claim 23, characterized in that the
polyols used are ditrimethylolpropane, dipentaerythritol, diethylene glycol, triethylene glycol, tetraethylene

glycol, dipropylene §8c8PkipRARA&Se glycol or tetrapfdpytene glycolPEB/ER29ERES ¥2¢dfding to one or
more of Claims 1 to 25, characterized in that the aliphatic monocarboxylic acid converted is propionic

acid, n-butyric acid, isobutyrigacid, n-pentaneic.acid,, 15 gsmethylbutyrig agid, 3;methylbytyric acid,
2-methylpentanoic acid, n- hexan0|c cid, 2- thylbut acid, n hept oic acid hexan0|c acid,
2-ethylhexanoic acid, n- _ndhanoic 2 a%ﬁwzlme hy Ioctaxn%(ilc acid, ?s@fno?i;nom acu%ﬁ%ps g%
20trimethylhexanoic acid @f@%ﬁéﬁi}ﬁ‘f@%@%ﬁ%cﬂﬁ [ﬁro%e%s%ccb‘?@lﬁﬁ% ‘one or more of Claims 1 to
26 for preparing triethylene glycol di-2-ethylhexanoate, tetraethylene glycol di-n-heptanoate, 25

triethylene glycsl disethythutyrate, tdethylene glyeal dicn-heptangate-anteltaethylese glysol
di-2-ethylhexanoate. that the polyols used are ditrimethylolpropane,
dipentaerythritol, diethylene glycol, triethylene
glycol, tetraethylene glycol, dipropylene glycol,
tripropylene glycol or tetrapropylene glycol.
10
26. Process according to one or more of Claims 1 to
25, characterized in that the aliphatic monocar-
boxylic acid converted is propionic acid,
n-butyric acid, isobutyric acid, n-pentanoic acid,
15 2-methylbutyric acid, 3-methylbutyric acid,
2-methylpentanoic acid, n-hexanoic acid, 2-ethyl-
butyric acid, n-heptanoic acid, 2-methylhexanoic
acid, 2—ethylhexanoic acid, n-nonanoic acid,
2-methyloctanoic acid, isononanoic acid, 3,5,5-

20 trimethylhexanoic acid or 2-propylheptanoic acid.

27. Process according to one or more of Claims 1 to 26
for preparing triethylene glycol di-2-ethyl-
hexanoate, tetraethylene glycol di-n-heptanoate,

25 triethylene glycol di-2-ethylbutyrate, triethylene
glycol di-n-heptanocate or tetraethylene glycol
di-2-ethylhexanoate.



