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Dianhydrohexitol diester mixture GC

The present invention concems an ester mixture of dianhydrohexitol, a composition comprising
the ester mixiure and 2 polymer composition comprising the ester mixture or the composltion,

the use thereof, and also a method whereby the ester mixiure is obiainable,

The polymer composition may comprise for example polyvinyl chioride (PYC), poiviactic acid
{PLA), poiyuretnane or polyhydroxyalkanoates.

Potyvinyl chioride (PVC) is commercially one of the most important polymers. It is widely used
both as rigid PVC and as flexible PVC,

Fiexible PVC is produced by additizing the PVC with plasticlzers, predominantly phthalic esters,
in particular di-2-sthylhexyl phthalate (DEHP), disononyl phthalate (DINFP) and dilsodecyl
phthalate (DIDP). Existing and possibly future legisiation regulating the usage of phthalates has
created a need o find novel asters Useful as plasticizers for PVC and other polymers.

US 2,387,842 describes isomannide dibutyrate, isosorbide di{zcetate/butyrate), isosorbide
dinexancate, isosorbide dioctancate and isosorbide di-Z-ethylhexancate as useful PVC
piasticizers. The corresponding flexible PVC test specimens were produced by use of solvents,
ie. under less than ideal industyial conditions. Prafarred isceorbide esiers were those oblained
from mixtures of carboxylic acids. There should be 2 to @ carbon atoms in the first carboxylic
acid and 3 to 10 carbon atoms in the second one subject to the proviso that the sum of the

carbon atoms should be gt least & and nol greatar than 18.

WO Q9/45060 describes inter afia C3-C11 alkanocates of {sosorbide or of iscmannide. Examples
describe the synthesis of an iscsorbide dioctancate (1sDO)} and also of the isosorbide esiers
based on butyric ackd (1sDB), hexancic acid (IsDH) and Z-ethyihexanoic acid (1sDEH) and report

some performance charactaristics in plasticized polymers (PVC and nitrocaliuloss).
p }

WO 2001/083488 describes a method of producing anhydrogiyeiiol esters, for exampe
isosorhide esters, having improved colour, and postulates high conversions (98-100%) by using
macroporous acidic ion exchangers as esterification catalyst. Corresponding diesters based on

C3-C20 carboxylic acids were said to be advantagsous for the process. Esters based on
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C6-C12 carboxylic acids were referred to as suitable for use as plasticizers. The synthesis of

isosorbide di-n-octanoate (IsDO) and isosorbide di-2-ethylhexancate (IsDEH) was exemplified.

W0O2006/103338 describes a method of producing inter alia isosorbide esters by using a
combination of two catalysts, one of which is hypophosphorous acid. This appears to give
esters having better colour numbers and higher purities than described in W02001/083488 for
example. Again, only 2-ethythexanoic acid and n-octanoic acid were explicitly referred to as

carboxylic acids which can be reacted using this method.

WO 2008/095571 describes synthesis and use of mixtures of isosorbide esters obtainable by
esterifying isomeric nonanoic acids (branched and linear} with isosorbide. However, plastisols
hased on this plasticizer have a significantly higher viscosity than that of the current standard
plasticizer diisononyl phthalate (DINP), portending worse processability. Similarly, the glass

fransition temperatures are very significantly inferior to that of DINP.
Tha melting point of the pure isosorbide diester of n-octancic acid is only just below room
temperature, so using the ester at lower temperatures would be uncommercial in many

nrocessing methods of PVC plastisol technology.

The corresponding pure isosorbide di-n-decancate even has a melting point above 35°C, and is

largely incompatible with PVC.

The problem addressed by the present invention was that of finding a dianhydrchexitol-based

diester or diester mixture having improved performance characteristics.

The problem is solved by an ester mixture as defined in Claim 1.

There is provided an ester mixture comprising a compound conforming to formula 1:
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wherein R and R? are each independently selected from: C8-alkyl linear, C8-alkyl branched,
C8-atkene wherein said C8-alkene may be partially or completely epoxidized, C10-alkyi linear,
C10-alkyl branched, Ci0-alkene wherein said C10-alkkene may be partially or completely
epoxidized, and

wherein the carbon atom which binds the particular R' or R® moiety directly to the oxygen in
formuta 1 is linked via a double bond to a further oxygen atom, and

wherein the proportion of C8 based on the sum of C8 and C10 in the entire ester mixiure is in
the range from 45 mol% to 85 mal%.

In a first aspect, there is provided an ester mixture comprising a compound conforming 1o

formuta |
R1
o
H
o H
H 2 H
H ~_ H
H © i
4 H
Rg/

wherein R’ and R® are each independently selected from: C8-alkyt linear, C8-alky! branched,
C10-alky! iinear, C10-alkyl branched, and

wherein the carbon atom which binds the particular R' or R® moiety directly to the oxygen in
formula | is linked via a double bond to a further oxygen atom, and

wherein the proportion of C8 based on the sum of C8 and C10 in the entire ester mixture is in

the range from 45 mol% to 85 mol%.
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n a second aspect, there is provided a compesition comprising:
- an ester mixture as defined above,
- a high boiler and/or a low boiler;
wherein a high boiler is a compound with a boiling point above that of the C4, Cqp-ester, and

wherein a low beiler is a compound with a boiling point beiow that of the Cg, Ce-ester.

In a third aspect, there is provided a polymer composition comprising:
- an ester mixture as defined above,

- a polymer.

in a fourth aspect, there is provided the use of an ester mixture as defined above as a

plasticizer.

In a fifth aspect, there is provided a method comprising the steps of
a) providing a dianhydrohexitol,
b} admixing n-octanoic acid and n-decancic acid,
c) esterifying the acids of b) with the alcohol of a) in the presence of at ieast one
catalysf,
d) terminating the esterifying reaction of ¢) as soon as the proportion of monoester has

fallen below 2.0 area%.
C8 or as the case may be C10 refers to the number of carbon atoms in the carbon chain.

The proportion of C10 in the ester mixture computes as the sum of C8 and C10 in the ester

mixture {corresponds to 100 mot%) minus the proportion of C8.

For example, a mixture consisting to equal parts of pure C8-diester and pure C10-diester has a
50 mof% proportion of C8. But, for example, a pure C8/C10-ester, i.e. an ester wherein one
alcohol group is esterified with C8 and the other alcohol group is esterified with C10, similarly
also has a 50 mol% proportion of C8. The latter is also an ester mixture for the purposes of this

invention.

"In the entire ester mixture" is {0 be undersiood as also comprehending those esters in the
aster mixfure which do not conform to formula |, for example monoesters of dianhydrohexitol
which are present in the ester mixiure. Following saponification of the entire ester mixture, all
the C8-acids and all the C10-acids are captured separately and ratioed.
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The C8/C10 ratio is captured via gas-chromatography anaiyses of the methyl esters of the

corresponding fatty acids.

The number of different esters in the ester mixture is preferably at least two and more

preferably at least three.

The ester midure preferably comprises at least two estars that differ in their total number of

carbon atoms. That is, for example, a C8,C8-ester and a ©8,C10-aster.

in a further embodiment, the proportion of C8 based on the sum of C8 and C10 in the entire

sster mixture is in the range from 45 mol% o 75 mol%.

in & further embodiment, the proportion of C8 based on the sum of C8 and C10 in the entire

ester mixiure is in the range from 45 mol% 1o 85 moi%.

In a further embodiment, the proportion of C8 based on the sum of CB and C10 in the entire

esier mixture is in the range from 50 mol% {o 85 mol%.

In a further embodiment, the sum of C8 and C10 has a proportion of above 50 mol% in the
entire sster mixiure based on all acid chains.

If the entire ester mixture is transsesierified and the methy! esters resulfing therefrom are all
captured analytically, then the C8-acids and C10-acids together comprise an above 50 mol%

nroportion of the mixiure of all acids.

The sum of C8 and C10 preferably has a proporiion of above 80 mol% in the entire ester
mixture based on all acid chains, more preferably above 70 mol% and most preferably above
80 mol%.

Forrmula | and its stereocentres preferably have the spatial structure of isosorbide.

In one embodiment, the doubly esterified aicohol is isosorbide.

In one embodiment, R is selected from: C8-alkyl iinear, C10-alky! linear.



In a further embodiment, R” is selacted from: C8-alkyt finsar, C10-alkyl inear.

in a further embodiment, the ssier mixiure comprises a mixture of the following thres
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A composition comprising the ester mixture is claimed as well as the ester mixture.

The composition comprises one of the ester mixtures described above, a high boiler andfor a2

iow boiler.

The composition may aiso include two or more high boilars, L.e. 2 high-hoiler mixture, and also

wo orf more low bailers, .e. a low-boller mixiure.

High boiler in connection with this invention is to be undersiood as meaning a compound with a
beiiing point above that of the C10,C10-ester. For example, high boilers have a higher retention
time on an apolar column than the C1G,C10-ester in a gas-chromatographic analysis of the

compositian.

High boilers can arise for example as a result of corresponding fractions of other carboxylic
acide, for example C12 or C14, being present in the carboxylic acid mixture used for the
reaction and C10.C12-esters or C10,Cl4d-esiers for example being formed as a conseguance.
High boilers can further be formed by partial ring-opening of the feed dianhydrohexitol to the
monoanhydrohexitol with subsequent estarification to the corresponding di-, tri- or ietraesters of

monoanhydrohaxitol with the corresponding carboxylic acids,

Low boiler in connaction with this invention is to be understood as meaning & compound with a

boiling point belaw that of the C8,C8-ester.
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For example, low bollers have a lower reigntion time on an apolar column than the C8,C8-ester

in & gas-chromatographic analysis of the compasition.

Low boilers can be the result for example of corresponding fractions of other, generally shorter-
chain, carboxyiic acids such as, for exampie, C8 or C4 being present In the carboxylic acid
mixture used for the reaction and C8-C8-asters or C4-C8-esters for exampie also being formed
as & consequence.

Low boilers can also be formed as a resull of incompletely converted isosorbide esters
{monoestars) remaining in the product or being formad for exampis by partial hydrolysis during
the work-up after the reaction.

Technical-grads mixiures of fatty acids may contain for axample not only shorter-chain but also
longar-chain carboxylic acids, as is the case for example with so-called forerun fatly acids
which are obtainable from paim kernel ol or coconut off and are commercially available as

Edenor V85 {from Emery) or C-810L (P&G Chemicals) for example,

In a further embodiment, the proportion of high beilers is less than 15 area% based on the asier

signals of the composition.

In a further ambodiment, the proportion of high bellers is jess than 5 area% based on the ssiar

signais of the composition.

in a further embodiment, the proportion of high boilers is less than 2.5 area% based on the

aster signals of the composition.
A fower proportion of high bollers improves certain performance characieristics.

in a further embodiment, the proportion of low boilars s {ess than 4.5 area% based on the ester

signails of the composition.

In a furthar embodiment, the proportion of low bollers s less than 2.

Lo

area’% pasad on the sster
signals of the composition.
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in a further embodiment, the proportion of low boilers is jass than 1 area% basad on the aster

signals of the composition.

The area% proportions ars determined using merely ester signals, Le, low boillers and high
hoilers as per the above definition and the diester mixture itssif; that is, solvent or carboxylic

acid signals are not co-integrated.

A lower proportion of high boilers improves cerfain performance characieristics.

A further claim is to a polymer composition comprising one of the ester mixiures describad
above or one of the compositions described above. This polymer composition, in addition to the

esier mixtures of the present invention, may aiso comprise one or more other plasticizers.

in one embodimant, the polymer composition comprises one of the ester mixtures described
above and also a polymaer,

The polymer preferably comprises polyvinyl chloride (PVE), polvlactic acid (PLA), polyurethans
or polyhydroxyatkanoates, more preferably PVC.

in a further embodiment, the polymer composition comprises one of {he compositions described
ahove and also a polymaer,

The polymer preferably comprises polyvinyt chloride (PVC), polylactic acid (PLA), polyurethane
or poiyhydroxyaltkanoates, more preferably PV,

In addition to the ester mixture itsalf, the use thereof as a plasticizer Is also ciaimed. Preferably

as a plasticizer for a polymer, more praferably as a plasticizer for polyvinyt chioride (PVC).

The use of the composition as a plasticizer is also claimed. Preferably as a piesticizer for a

nolymer, more preferably as a plasticizer for polyvinyl chicride (FVC).

A further problem addressed was that of providing 2 method whereby a dianhydrohexitol-based

diegster or diestar mixiure having improved performance characteristics is obiainable.

This problem is solved by a method as defined in claim 13,
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A method comprising the steps of
a; providing a dianhydrohexitol,
b} admixing n-octanoic acid and n-decancic acid,
c) eslerifying the aclds of b) with the alcohol of a) in the presence of at least one
catalyst,
d} terminating the esterifying reaction of ¢) as soon ag the proportion of monoester has

fallen below 2.0 area%.

It was surprisingly found that controliing the proportion of monoesters in the reaction mixture
provides control over not only the proportion of low bollers but also the proportion of high boilers

in the product mixture.

The proportion of monoesters which are low beilers rises significantly at the start of the
regciion, The monoesters formed then react lo form the diesters. At times the gas-

chromatographically determined fraclion of monoesiers exceeds 28 area%.

The terminating in step d) is thus effected afler the fraction of moncesters has first risen {0
beyond 2.0 area% and then, due to the further conversion (o the diester in the later course of

the reaction, there is a drop in the mcnoester fraction to betow 2.0 area%.

The content level of iow and high bollers can be determined by gas chromatography for
exampie. in gas chromatography, high boilers hava & higher retention time on an apoclar column
than the C10,C10-ester. Low boliers have a lower retention time on an apolar column than the
C& Cg-ester. According to the present invention, the signals in the gas chromaiogram are
gssigned using GC/MS analyses.

The area% propertions are determined using merely esler signals, Le. low boilers and high
hoilers as per the above definition and the diester mixture itself; that is, solvent or carboxylic

acid signals are nof co-intagrated,

Control over the product composition s achieved by terminaling the reaclion as the monosster
conient decreases to balow g limiting value. This ferminating the reaction is {0 bs undersiood

as meaning that the reaction mass is cooled down by more than 20 K from the previous setling
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of the reaction femperature. This cooling down can take the form of actively cocting or else be

passive in that the heating element is switched cff and no further heat is supplied,
This method is useful, for example, for obtaining the ester mixtures described above.,

in ane embodiment of the method, the dianhydrohexitol provided in step a) comprises

isosorbide.

I one embodiment of the methed, the terminating in step d) is effected as soon as the
nroportion of moncester has dropped below 1.6 area%.

This can be used ic mainizin the proportion of low boilars at a low vaiue,

in one embodiment of the method, the terminating in step d) is affected as soon as the
proportion of monoester has dropped below 1.0 area%.

This can be used o mainiain the proportion of low bollers at a particulariy low value.
prop Y

In one embodiment of the method, the catalyst used in step ¢) is hypophosphorous acid.

This provides particularly good conversions, selectivities and colour numbers.

in a further embodiment, step ¢) utllizes a catalyst mixture which, in addition tc
hypophosphorous acid, may additionally also comprise acidic lon exchangers, sulfuric acid,
totuanesulfonic acid, methanesulfonic acid or meial-containing catalysts such as, for example,

tefraalkyt titanates.

in one embodiment of the meathod, the carboxyiic acids in step b) comprise n-octanocic acid and
n-decanoic acid.
The ester mixiures obiained by using these carboxyiic acide have pariicularly good

performance characieristics,

in one embodiment of the method, n-cclanoic acid and n-decanoic acid are admixed in step b)
in a molar ratio in the range from 85:15 and 45:55.
Using the carboxylic acids in this ratio provides ester mixturas having particutarly good

performance characteristics,
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in one embodiment of the method, n-octanoic acid and n-decancic acid are admixed in siep b}
in a molar ratio in the range from 80:20 and 45:55,
Using the carboxylic acids in this ratio provides ester mixtures having particularly good

perfarmance characterisiics,

The ester mixtures obtainable by one of the methods described above are claimed as well as
the method.

The ester mixtures obtained according to one of the methods described above are further

claimed.

The use as plasticizers of the ester mixturas obtained or oblainabie by this meithod is also

slaimed.

The invantion will now be more particularly elucidated with working exampiles.

Prenarng the ester mixiure:

The method usad can be used to esterify a dianhydrohexitol or a product comprising at least
95% by welght of dianhydrohexitol with the corresponding carboxylic acids in the presence or
absence of a catalyst, preferably in the presence of hypophosphorous acid. The carboxylic
acids or carboxylic acid mixture used to form the ester are preferably used in excess, preferably
at a molar excess of 5 to 50 mol%, in particular 10 to 30 mol%, of the molar amount needed fo
form the diester.

The dianhydrohexitol compound used as starling material can be in parlicular an isosorbide.
The isosorbide may comprise solid isosarbide or agusous solutions of isosorbide.

Tao remove the water of reaction formed in the course of Ihe esterification, the water of reaction
can advantageously be distified out of the reaction mixturs togsether with the carboxylic acid{s}.
The carboxylic acid!{s) thus serve as entrainer,

A possibie method of esterification is described for exampie in W02008/103338.

The comparative sampie ISDIN-IS {io prepare recipe 2 in Table 2} was obiained as described in
Examples 1 and 2 of WO2008/008571.

Ester mbxiures 3 {o 10, as discussad hersinbaiow {cf. Table 1), were obiained as follows:
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1.2 mol of isoserbide (from Cerestar), 2.8 mol of a defined C8/C10 falty acid mixture {each from
Sigma Aldrich) having a composition as per Table 1 and 0.015 mol of hypophosphorous acid
(50% agusous solution, from Sigma Aldrich) were initially charged to an esterification apparatus
consisting of & 1 1 multi-neck flask eguipped with a slirrer, an immersion tube, a sampling stud,
a thermometer and 2 waler separator mounted with an infensive condenser (baiches 3o 10},

The apparatus was flushed with 6 | of No/hour per hour via the immersion tube before the start
of the reaction. The reaction itself ook place with nirogen sparging. The reaction mixiure was
gradually temperature-regulated to 240°C with sfirring. A temperafure of about 200°C marked
the onset of bolling. By-produced water at the onset of boilling was continuously removed from
the reaction via the water separator. The esterification generated about 43 mi (2.4 mol) of waier

of reaction. The reaction time was about 4.5 hours.

The reaction was tracked by gas chromalography. The batch was disconiinued as soon as the

proportion of monoester had dropped below 2.0 area%.

For afierfreatment, the reaction effluent from the esterification was transferred info a 1| flask
which, following admixture of 2% by waight of activated carbon {CAP Super from Norit), was
connected to a Claisen brioge with vacuum divider. An immersion tube with pitrogen terminus
and a thermomster were fitted. Then, starling at 210°C in vacuc (< 40 mbar), the bulk of the
axcess acid was distilied off while the remaining acid was subsequently removed by stripping
with nitrogen at 190 to 200°C (in the course of about Z hours). The reaction mass was
subsaquently cooled down fo < 90°C and the flask was venied with nilrogen. The ester was
fitered through a Biichner funne! with filter paper and precompacied filier cake of filtsr aid (D14

Parlite) vie a suction bottle, The filtrate was subjected to a GC analysis.
Product 11 (cf. Table 1} was synthesized according fo the following protocol:

2.5 mol of isosorbide (from Cerestar), 6.0 mol of a defined C8/C10 fatty acid mixture (each from
Sigma Aldrich} as per number 11 in Table 1 and 0.034 mol of hypophosphorous acid (80%
aquecus solution, from Sigma Aldrich) weare initially charged 1o an esterification apparatus
consisting of 2 4 1 multi-neck fiask equipped with a stirrer, an immersion tubeg, & sampling stud,
a thermometer and a water separator mounted with an intensive condensar.

The apparatus wes flushed with 6 1 of Ny/hour per hour via the immersion fube before the start

of the reaction. The reaction itself tock place with nitrogen sparging. The reaction mixture was
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gradually temperature-regulated to 240°C with stiring. A fempersture of about 192°C marked
the onsel of bolling. By-produced water at the onset of bolling was continuously removed from
the reaction via the water separator. The esterification generated about 90 m! (5.0 mol) of water
of reaction. The reaction time was about 7 hours,

The reaction was ifracked by gas chromatography. The batch was discontinued before the
proportion of monoester had dropped below 2.0 area®%.

For afiertfreatment, the reaction effiuent from the esterification was transferred into s 21 flask
which, following admixture of 2% by weight of aclivated carbon (CAP Super from Norit), was
connected 1o a Claisen bridge with vacuum divider. An immersion tube with nifrogen terminus
and a thermometer were fitted. Then, starting at 210°C in vacuo {< 40 mbar), the bulk of the
axcess acld was distilled off. The batch was cooled down 1o 100°C in a stream of nitrogen by
injection of water. The batch was dried in vacuo (< 40 mbar) for 20 min and then ventad with
nitrogen.

The 4 tmes molar excess of 10% NaOH sclution was added at 80°C, and siirring was
continued under nitrogen sparging for a further 15 min. The bafch was than heated o 180°C in
vacuo and mixed with a further 5% by weight of water to keep the steam distiling going. Further
water was injected o recuce the rsaction temperature to 130°C. The reaction mixiure was
subsequently dried in vacuo in a temperature range of 130-80°C. The ester was filtered through
a Blchrer funnet with filter paper and precompacted filter caks of filter aid (D14 Perlite) by

vacuum in a suction bottle. The filtrate was subjected to & GC analysis.
Product 12 (¢, Tabls 1) was synthesized according fo the following protocs!:

1.5 mot of iscsorbide (from Ceresiar), 3.8 mol of a defined C8/C10 fatty acid mixturs {each from
Sigma Aldrich) as per number 12 in Table 1 and 0.020 mo! of hypophosphorous acid (50%
aaqueous solution, frem Sigma Aldrich) were inifially charged to an esterification apparafus
consisting of a 2 | multi-neck flask equipped with a stirrer, an immersion tube, a sampling sfud,
a thermomeler ang & water separator mouniad with an intensive condansar.

The apparatus was flushed with 8 1 of Nofhour per hour via the immersion lube before the start
of the reaction. The reaction itsell ook place with nitrogen sparging. The reaction mixture was
gradually femperature-regulated to 240°C with stirring. A temperaturs of about 200°C markad
the onset of boiling. By-produced water at the onsat of boiling was confinuously removed from
the reaction via the water separator. The esterification generated about 53 ml (2.9 mol) of water

of reaction. Tha reaction time was about 2.5 hours,
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The reaction was tracked by gas chromatography, The reactien was disconfinuad before the
proportion of monosster had dropped below 2.0 area%.

For afterfreatment, the reaction effluent from the ssierification was fransferred info a 21 flask
which, following admixture of 2% by weight of activated carbon (CAP Super frem Norit), was
connested to a Claisen bridge with vacuum divider. An immaersion tube with nitrogen tarminus
and a thermometer were fitted, Then, starting at 210°C in vacue (< 43 mbar), the bulk of the
axcess acid was distilied off while the remaining acid was subssqguently removed by siripping
with nifrogen at 180 fo 200°C (in the course of about 2 hours). The reaction mass was
subssguently cooled down to < 80°C and the flask was vented with nitrogen. 2% by weight of
AlLOs was then added o the reaction mixture which was stirred for 80 min at around 80°C. The
ester was filterad through a Blichner funnel with filler paper and precompacted filter cake of

filtar aid (D14 Perlite) via a suction bottle. The filtrate was subjected fo a GC analysis.
Product 13 (cf. Table 1) was synthesized according {0 the following protocol:

1.5 mol of isosorbide (from Cerestar), 6.0 mol of a defined C8/C10 fatly acid mixture {each from
Sigma Aldrich) as per number 13 in Tabie 1 and ¢.011 mol of sulfuric acid (85-87% strength,
from Sigma Aidrich} were initially charged to an asterification apparatus consisting of 2 2 { muiti-
neck flask equipped with & stirrer, an immersion fubs, a sampling stud, a thermometer and a
watar separator mounted with an intensiva condensar (bateh 13).

The apparatus was flushad with 6 | of Nofhour per hour vie the immaersion tubs hafore the start
of the reaction. The reaction itself took place with nitrogen sparging, The reaction mixiure was
gradually temperature-reguiated fo 180°C with stirring. By-produced water at the onssat of
boiling was confinuousty removed from the reaction via the water separator. The esterification
generated about 58 ml {3.2 mol) of water of reaction,

The reaction was tracked by gas chromatography. The batch was nol discontinued when tha
properion of monosester had dropped below 2.0 area%, and not even when the proportion of
monoester had dropped o below 1.0 ares®%.

Ths reaction time was about 15 hours, Thereafier, the reaclion was terminated and iha

proportion of high and iow boilers was again determined (see Table 1).

For aftertreatment, the reaction effluent from the esterification was {ransferred into a 2| flask
which, following admixiure of 2% by weight of activated carbon (CAP Super from Norit}, was

connecied to a Claisen bridge with vacuum divider. An immersion tube with nitregen ferminus
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and a thermometer were fitted. Then, starting at 210°C in vacuo {< 40 mbar), the buik of the
excess acid was distilied off while the remaining acid was subsequently removed by stripping
with nitrogen af 180 to 200°C (in the course of about 2 hours). The reaction mass was
subsequently covled down to < 80°C and the flask was vented with nitrogen.

The aster was filtered through a Blchner funnel with filter paper and precompacted filter caks
of filter aid (D14 Perlite) via a suction bottie. The filtrate was subiected to a GC analysis.
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Product 14 (¢f. Table 1) was synthesized according to the following protocol

1.5 mol of sorbitol (from Cerestar), 3.8 mol of a defined C8/C10 fatty acid mixture {(each from
Sigma Aldrich} as per number 14 in Table 1 and 46.25 g of Amberlyst 46 {from Sigma Rohm &
Haas) were initially charged to an esterification apparatus consisting of a 2 | mulii-neck flask
aguipped with 2 stirrer, an immersion tube, a sampling stud, & thermometser and a water
separator mounted with an intensive condenser.

The apparaius was flushed with 81 of Ny/hour per hour via the immersion fube before the start
of the reaction. The reaction iself took place with nitrogen sparging. The reaction mixture was
gradually temperature-regulated o 145°C with stiming. By-produced water at the onset of
boiliing was continuously remaved from the reaction via the water separator. Esterification and
ring closure generated about 110 mi{(6.1 mal) of water of reaction.

The reaction was fracked by gas chromalography. The batch was not discontinued when the
proportion of monoester had dropped below 2.0 area%, and not even when the oroportion of
monoester had dropped to below 1.0 area%.

The reaction time was about 8 hours. The aim of this synithesis was {o generatz a large
proportion of high boilers.

For aflertreatment, the reaction effluent from the esterification was transferred info a 21 flask
which, following admixture of 2% by weight of activated carbon (CAP Super from Norit), was
connected fo a Claisen bridge with vacuum divider, An immersion fube with nitrogen terminus
and a thermometsr were fified. Than, starfing at 210°C in vacuo {< 40 mbar}, the buli of the
sxcess acid was distilied off while the remaining acid was subseguently removed by stripping
with nitrogen at 180 to 200°C (n the course of about 2 hours), The rsaction mass was
subseguently cooled down 1o < 80°C and the flask was vented with nitrogen.

The ester was filterad through a Bichner funnel with filter paper and precompactad filter caks

of filter aid (D14 Perlite) via a suction bottle. The filtrate was subjected to 8 GC analysis.

Characierizing the ester mixture as recards the C8/C10 ratio (analysisi:

Procedure for fatty acid analysis after ransesierification to the methyl ester
The C8/C10 ratio of the fatly acids in dianhydrohexitol di-fatty acld esters can be determined by

transesterification to the methyl esters and subseguent gas-chromatographic measurements.
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The sampies were worked up in accordance with Ph.Eur. §1/2008:20422 correcied 6.8
Method C {fatty acid assay in polysorbate) and comparad with the test mixtures described
thera. Sample preparation procedure was as nliows:

0.1 g of sample was admixed with 2.0 mi of NaOH solution (20 g of NaCH/l of anhydrous
methanol} and refluxed for 30 minutes. Then, 2.0 mi of methanclic boron tifluoride soiution
{140 mg/ml) were added before rafluxing for a further 30 minutes,

Foliowing admixture of 4.0 ml of n-heptane the reaction solution was refiuxed for a further
& minutes and then cooled down o room temperature. The organic phase was exiracted once
with 70 ml of saturaled sodium chloride solution and then a furthsr three fimes with 2.0 ml of
Milli-Q) water. The organic phase was dried over about 0.2 g of anhydrous sodium sulfate. The

upper clear phase was used for analysis.

GC analysis was parformed with the parameters as follows:

capiltary columa: 36 m DB-WAX, .32 mm 1D, §.5 pm film
catrier gas: helium

column head pressure: 100 kPa

spht: about 100 miimin

oven iemparature: 80°C - 10°Cimin - 220°C (40 min}
injector: 260°C

detecior (FID}, 2560°C

injection volume: 1.0 i

The componeants in the sample chromalogram were identified using a comparative solution of
the relevant fatty acid methy! esters. in this case, the methyl esters here are thoss of caproic
acid, caprvlic acid, capric acid, lauric acid and myristic acid. The signals in the sampie
chromatogram were subseguently standardized to 100 area%.

The mass ratio was compuied using a computed response {aclor between the C8 and C10 fatty
acld methyl ester and standardization of the two componenis 1o 100%. This gives the C8/C10
ratio as standardized % by mass,

The standardized mass percent rafio was éubsequenily arithmetically converied into a

standardized mol% ratio.
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The method described above was used to obtain ester mixtures wherein n-octanoic acid and n-
decanoic acid were used as reactants In the following molar ratios: 85:15, 75:25, 65:35, 58:42,
57:43, 50:50, 40:60, 25:75.

The producis obtained from the synthesis and aise the pure isosorbide 2 5-dioctancate ester
and the pure isosorbide 2,B-didecancate ester weare each analysad by the procedurs described

above lo determine the fatty acid distribution. The resulls are summarized below in Table 1,
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Table 1: Feed ratio and product composition of recited isosorbide diesters.

No. | C8pro- | C10 pro- Low Diesters High CB8/C10 C8/C10 C8/C10
portion | portion of | bollers boilers | ratic by GC | ratio by GC | ratio by GC
of feed feed [area%] | [area%] | {area%] after after after
[mol%] [mol%] saponi- saponi- saponi-

fication fication fication
[area%)] [standard- [standard-
ized % by | ized mol%)]

mass]

- 100 0 0.20 98.74 1.06 99.9/0.0 100.0/0.0 | 100.0/0.0
3* 85 15 0.38 98.90 0.71 79.9/19.8 | 83.0M17.0 | 85.4/14.6
4% 75 25 0.26 08.92 0.81 68.0/31.8 | 72.1/27.9 | 75.5/245
5* 65 35 0.26 99.18 0.52 58.0/142.0 | 62.6/374 | 66.7/33.3
6* 58 42 0.23 09.08 0.69 48.3/51.5 | 53.2/46.8 | 57.6/42.4
7* 57 43 0.18 98.67 1.04 47.9/51.8 | 52.8/47.2 | 57.2/42.8
8* 50 50 0.26 99.33 0.40 42.8/56.9 | 47.6/52.4 @ 52.0/48.0
9 40 60 0.38 90.28 0.34 32.9/86.9 | 37.3/62.7 | 41.5/585
10 25 75 0.29 99.56 0.14 18.9/79.6 | 23.2/76.8 | 28.5/73.5
- 0 100 0.38 99.53 (.08 0.2/99.4 0.0/100 0.0/100.0

11* 57 43 2.2 97.3 0.5 53.0/46.2 | 58.1/41.8 | 62.4/37.6

12* 57 43 4.6 95.0 0.4 B52.7/46.2 | 58.0/42.0 | 62.3/37.7

13* 57 43 0.1 94.8 5.0 53.4/45.2 | 58.9/41.1 | 63.1/36.9

14* 57 43 0.3 74.3 255 53.8/45.0 | 59.1/40.9 | 63.3/38.7

*Polymer compositions according to the invention
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All samples were also measured for thelr Razen colour number (APHA), it was found fc be
below 40 for the samples up o 12 inclusiva. It was 180 for sampie 13 and 433 for sample 14,

The vaiues above 80 are undssirable, since they delivar significantly discolourad products.

Comparafive tesis Tor plastiso] apolication:

1. Production of plastisol

The PVC plastisol produced was of the fype which s used, for example, to fabricale topcoat
10 films for floor coverings. The particulars in the plastisol recipes are each in weight frastions.

The PVC used was Vestolit B 7021-Ulira. The comparative substances used were diisononyl

phthalaie (BINP, VESTINOL 2 from Evonik indusiries) and the isosorbide diester based on

isononanoic acid (ISDIN-1S). The racipes of the polymer compositions are listed in Table 2.

15 Table 2
Recipe: 12 iz le s e i g |0
Additive — Charge: | i ! i £
B 7021 — Ultra 100 | 100 | 100 | 100 | 100 [ 100 | 100 £ 100 | 100 1 100 |
| DINP 80| | L N
| ISDIN-S 50 | | ‘
C8:010 = 85815 50 ;
C8:C10 = 7825 50 ;
'C8.LC10 = 65:35 50 |
[C8-C10 = 58:42 50
C8:C10 = 57:43 |50
C8:C10 = 50:50 50 L
CHCI10 = 40:60 ; ‘ f @ 5D
C8:C10 = 2575 j f 5 50
Drapex 39 (38 3 03 3 3 ]53iz3]z¢
| Mark CZ 149 lz2l2 2 12]2]z2zi2 2021:2

* polymer composition according o the invention

The C&C10 ratic used o synthesize the ester mbture is reported for sampies 3 to 10 in column
20 1 of Tabis 2, The values accordingly correlate with columns 2 and 3 of Table 1. The resultant

composition in the ester mixiure obtained can be seen in the last column of Table 1.
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in addition to the 50 paris by weight of plasticizer, every recipe further contains 3 parts by
weaight of an epoxidized soya bsan oll as co-stabilizer {Drapex 38, from Galata), and also

2 parts by weight of a Ca/Zn-based thermal stabilizer (Mark CZ 148, from Calata).

The piasticizers were conditioned to 25°C prior to addition. The constituents were weighed into

%3]

PE beaker, first the figuid ones and then the pulverulent ones. The mixiure was hand mixed
with a paste spatula until no unwetted powder remained. The mixing beaker was then clamped
into the clamping apparatus of & dissolver stirrer. Prior to immersion of the stirrer info the
mixture, the rotation rate was set to 1800 revoiutions per minute. Once the stirrer had been
swiiched on, stirring was continued uniil the temperature on the digital display of the
tharmosenscr reached 30.0°C. This ensured that homogenization of the plastisol was achieved

with & defined enargy input, The plastiscl was thereafter immediately conditioned at 25.0°C.

z. Measurement of plastisol viscosities
The viscosities of the PVC plastisols were measured using a Physica MCR 101 instrument

{from Antori-Paar) in the rotation mode and with the measurement system "CC27"

The. plastisol was initially homogenized once more in the mixing vesse! by siirring with a
spatuia, then filied into the measurement sysiem and measured iscthermally at 25°C. The
following points were targeted during the measuremant

1. A pre-shear of 100 s for a period of 80 s, during which no measured values were recorded
{to even out any thixotropic effects).

2. A downward shear-rate progression starting at 200 s and ending at 0.1 87, divided intc a

togarithmic series of 30 steps each of 5 seconds duration.

The measurements were as a rule (unless otherwise staled) carried out following a 24 h
storage/ripaning period for the plastisols, The plastisols were storsd at 25°C between the

meaasuraments.

Table 3 bslow shows the viscosity of each PVC pasie at a shear rate of 100 7. Paste number

correlates with the recipe number in Table 2.
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Table 3:

paste number 1 2 3* 4% &* 6* 7 8" 9 10
D ay oo afer24h 1573 | 108 632 | 6.60 6.04 | 6.68 | 677 | 684 | 6.90 | 735
*Polymer compositions according to the invention

Comparing the pastes, the pastes formed from the inventive polymer compositions (3, 4, 5,
6, 7, 8) have a significantly lower paste viscosity than the paste comprising ISDIN-IS (paste
number 2). Using purely ISDIN-IS (non-inventive polymer composition 2) it is virtually
impossible to produce a readily processable PVC paste, since its paste viscosity is very
high.

PVC pastes based on an inventive polymer composition versus a similar paste based on an
isosorbide ester of iscnonancic acid have, irrespective of the shear rate, a lower shear

viscosity and hence an improved processability.

3. Gelling behaviour

The gelling behaviour of the pastes was studied in a Physica MCR 101 in oscillation mode
using a plate-on-plate measurement system (PP25), operated with shear-stress control. An
additional temperature-regulating hood was attached to the equipment in order fo
homogenize heat distribution and achieve a uniform sample temperature.

The settings for the parameters were as follows:

Mode: temperature gradient
starting temperature: 25°C
final temperature: 180°C
heating/cooling rate: 5°C/min
oscillation frequency; 4-0.1 Hz ramp logarithmic
angular frequency omega: 10 1/s
number of measurement points: 63
measurement-point duration: 0.5 min
automatic gap adjustment F : O N
constant measurement-point duration

gap width: 0.5 mm



Measurement procedure:

A spatula was used to apply a drop of the paste to be measured, free from air bubbles, to
the lower plate of the measurement system. Care was taken here {0 ensure that some paste
could exude uniformly out of the measurement system (although not more than about 6 mm
overall) after the measurement system had been closed. The temperature-regulating hood
was then positioned over the specimen and the measurement was started. The so-called
complex viscosity of the paste was determined as a function of the temperature. Since a
certain temperature is attained within a time span (determined by the heating rate of
5°C/min)}, information is obtained about the geliing rate of the measured system as well as
about its gelling temperature. The onset of the gelling process was discernible in a sudden
marked rise in the complex viscosity. The earlier the onset of this viscosity rise, the better
the gellability of the system.

The measured curves obtained were used to determine the cross-over temperature. This
procedure compuies the point of intersection for the two y-variables chosen. The procedure
is used to find the end of the linear viscoelastic region in an amplitude sweep (y: G', G"; x:
gamma) in order to find the crossing frequency in a frequency sweep (y: G, G" xt
frequency) or to ascetfain the gel time or cure temperature {y: G', G"; x: time or
temperature). The cross-over temperature documented here corresponds to the temperature

of the first intersection of G' and G".

The results are shown in Table 4. Paste number correlates with the recipe number in Table
2.

Table 4;

paste number 1 2 3* 4* 5* 6* 7 g” 9 10
cross-over temperature °C | o5 4 |\ 954 | 705 | 712 | 728 | 736 | 727 | 72.6 | 749 | 75.8

*Polymer composiiions according to the invention

Gelling behaviour:

Compared with the pasie which contains ISDIN-IS (paste number 2), the pastes which
contain an inventive polymer compaosition (paste numbers 3 to 8) exhibit significantly faster
geliing. The gelling of pastes 3 to 8 is also faster than the geliing of pastes 9 and 10 and also
of paste 1, which comprises the existing industry standard DINP.
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4. Melting points of purely ester mixtures

Melting points were determined using Differential Scanning Calorimetry (DSC), in each case
on the basis of the signal for the onset of melting. In the case of two or more melting points,
the highest melting point was reported, since the first crystallizations ensue below this

temperature.

The results are shown in Tabie 5. Plasticizer number correlates with the recipe number in
Table 2.

Table 5:

plasticizer number | 1 2 3* 4* 5* 6* 7 8* 9 10
temperature °C nd lnd |7 13 13 |5 |5 175 13 |22

*Polymer compositions according to the invention

n.d. = not determinable

No metfting point could be determined for plasticizer numbers 1 and 2. These substances

merely exhibit a glass transition, since they are amorphous.

All melting points above 10°C fail to satisfy the criteria for a plasticizer o be readily
employable in large-scale industrial processes, since the products otherwise would have o
be excessively heated at cold times of the year, which would lead to very high energy costs
n order to ensure adequate flowability. Excessive heating could also induce premature
geliing of the pastes even during the mixing operation, combined with a pronounced

tendency to thicken, and hence significantly compromised processability.

Isosorbide esters with exclusively C8-acid or C10-acid have a comparatively high melting
point and are accordingly economically unviable for plastisol methods (this corresponds to
about one third of all commercial applications) for the abovementioned reasons. The C8/C10
mixtures all without exception have lower melling points and are accordingly significantly

more suitable.

Avoidance of high boilers

The formation of large proportions of high boilers leads to a significantly comprised
performance of the plasticizer, specifically as regards processability (geliing) and efficiency
(Shore hardness). To reduce the content level of high boilers in the product mixture, the

method
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of the ogresent Invenfion provides thal the esterification reaction be iracked by gas

chromatography.

High bollers can form for exampie at high temperatures combined with long reaction imses or on
using certain mineral acids, for exampie sulfuric acid or sulfonic acids. This can lead to ring
opening on the part of the dianhydrohexitel, or the corresponding mono- or diester, {o form the
monoanhydrohexitel or the corresponding esters. The excess ¢of fally aclds can then lead to
formation of di-, tri- and iefraesters of monoanhydrohexitol. The reaction is accordingly
terminated as soon as the proportion of monoesisrs drops below a certain value in gas-

chrornatographic measurgments,

It was surprisingly found that the proportion of monoesters in the reaction mixiure provides

good conirol of the proportion of high boiters in the product mixture.

Avoidance of low boilers

The formation of iow bollers lzads even at low mass fractions (o a deferioration in plasticizer
performance, specifically ifs exiraction in water and its voialllity. The monoesters are one
exampla of such low boilers.

As noted in connection with high bollers, long reaction times can lead fo the formation of high
bollers. A drasfically reduced reaction time, however, lsads o reduced conversions and hence
to fatly acid monossters of dianhydrohexitol which are low bollers. Temperature and reaciion
Hme therefore have fo be oplimized so as to achieve the highesl possible conversion of
dianhydrosorbitol and menoester while af the same time avoiding the formation of nigh ballers
to any significant extent. This was achiaved by ferminating the reaction as soon as the
proportion of monoesiers had dropped below a cerfain value in gas-chromatographic

measurameants.

Characterizing the ester mixture as regards low and high boller content (analvsis);

The content level of low and high boliers was determined by gas chrematography. High boliers
have a higher retention time on an apolar column than the C10,C10-ester, Low boliers have a
lower retention time on an apolar column than the C8,C8-ester. According to the present

invention, the signals in the gas chromategram are assigned using GC/MS analysas. To record
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the gas-chromatographic spectra, for exampie, 0.1 g of sample was dissoived in 1.5 ml of
acetone and transferred into a GC vial

The gas-chromatographic analyses can in principle be carried oul using any commercially
available GO insfrument equipped with the sultable apolar column. An Agilent instrument of the
8890 N type was used for the present gas-chromatographic analyses. The temperature of the
oven was maintained at 120°C for 1.4 min, then raised 1o 350°C al a healing rate of 12.56 Kimin
and maintained at 350°C for a further 17 min. The gas-chromsatographic specira were racorded
using an Agllent HPS column, via an FID detector, with helium as carrier gas. Other
commercially avallable GC instruments operated with the same operafing paramsters gave
comparable rasults. in this case, oo, the signais have 1o be assighed once vie GCIMS

measurements.

The ratention time range of the dianhydrohexitol fatly acid estars is batween 15 and 22 min in
the example under consideration. The low boilers are detected at between 6 and 15 min and

the high bollers at betwaen 22 and 32 minules.
The area% proportions are detsrmined using merely ester signals, i.e. low boilers and high
boliers as per the above definition and the diester mixiure itsell; that is, solvent or carboxylic

acld signals are not co-integrated.

Comparative tests for plastisol application:

1. Froduction of plastisol

The PVC plastisol produced was of the type which is used, for exampie, o fabricate topcoat

fims for floor coverings. The particulars in the plastisol recines are sach in weight fractions.
The PVC usad was Vestolit B 7021-Ultra. C8:C10 denoctes the n-eotancic acid to n-decanoic
cid ratio in which these reactants were used in the synthesis. The recipes of the polymer
compaositions are listed In Table §. Recipe number corrgiates with the number in the first

column of Table 1.

Table 6: Recipes for plastisol production

Crecipe: 7 | 1 12 1 13 | 14
Additive - Charge: |

B 7021 - Ulira 100 | 100 100 100 100
' C8:C10 = 5743 50
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C8:C10 = 57:43 50 [ |

. C8:C10 = 57:43 50 i
C8:C10=57:43 | 50

£8:C10 = 57:43 ' 50
Drapex 39 3 3 g 5 13
Mark CZ 149 | 2 | 2 2 2 | 2

* polymer composition comprising an ester mixture obtained by a method according fo the

presant nvention

in addition to the 50 parts by weight of plasticizer, every recipe further containg 3 parts by
weight of an spoxidized soya bean oll as co-stabilizer (Drapex 29}, and also 2 paris by weight of
a CalZn-hased thermal stabilizer (Mark CZ 149},

The aster mixiures were congitioned o 25°C prior to addition, The constituents were weighed
into & PE beaker, first the liquid ones and then the pulverulent ones. The mixture was hand
mixed with a paste spatula untii no unwetted powder remained. The mixing beaker was then
clamped into the clamping apparatus of a dissolver stirrer. Prior fo immersion of the stirrer into
the mixturs, the rotation rate was set o 1800 revolutions per minute. Once the sfirer had been
switched on, stirring was continued until the temperature on the digital display of the
thermosensor reachad 30.0°C. This ensured that homogenization of the plastisol was achieved

with a defined energy input. The plastisol was thereafter immeadiately conditioned at 25.0°C.

2. Volatility

Plasticizer volatility was determined using an MB 43-8 halogen arver from Metlier Toledo. An
empty clean aluminium dish was placed in the weighing pan prior to measurement. Theraafter,
the aluminium dish was tared with a fibrous nohwoven web and about five grams of plasticizer
ware pipefiad onfo the fibrous nonwoven wab and weighed.

The heating module was ciosed 10 start the msasurement and the sampla was heated =zt the
maximum heating rate (pre-set) from room temperature to 200°C and every 30 seconds the
loss of mass at that point due io evaporation was auiomaiically determined by weighing. After

10 min the measurement was automatically ended by the instrument.

A duplicate determination was carried cut for svery sample,
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The results are shown in Table 7. Plasticizer number correlates with the recipe number in
Table 6.

Table 7:
Plasticizer | 7* 11* 19* 13* T4+
number
loss of :
mass [%] | >0 3.71 455  |2.69 2.71

*Polymer compositions according to the invention

The polymer composition comprising an ester mixture obtained fromplasticizer No. 12 gives
a significantly higher loss of mass than polymer compositions comprising an ester mixture

obtained from plasticizer numbers 7, 11, 13.

3. Water resistance

Ageing resistance under various ambient conditions is a further essential qualify criterion for
PVC plasticizers. Especialiy the behaviour with regard to water (water imbibition &
leachability of recipe constituents) and with regard to elevated temperatures (evaporation of
recipe constituents & thermal ageing) offers an insight into ageing resistance.

if a plastic article imbibes water fo a major degree, this changes not only the materials
properties thereof but also its visual appearance {e.g. haze). High water imbibition is
accordingly undesirable in general. Leachability is an additional criferion for sefting the
durability of formulation constituents under service conditions. This holds particularly for
stabilizars, plasticizers and/or constituents thereof, since any reduction in the concentration
of these recipe constituents in the plastic articie can not only worsen the materials properties

but also drastically shorten the useful life.

Water resistance was deiermined using fully gelled 1 mm polymer films of the corresponding
plastisols (gelling conditions in Mathis oven; 200°C/2 min). The test specimens used were
roundels 3 cm in diameter cut out of the films. Before being lodged in water, the test
specimens were stored in a desiccator containing a drier (KC drving beads from BASF SE)
at 25°C for 24 hours. The initial weight was determined with an analytical balance to an
accuracy of 0.1 mg. The test specimens were then stored in a shaker bath {of the WNB 22
type with "CDP" Peltier cooling, from Memmert GmbH) filled with compietely ion-free water
at a temperature of 30°C for 7 days under the water surface with sample holders while being

continuously agitated.
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After lodgement, the roundels were removed from the water bath, dried off and weighed
(= weight after 7 days). The difference from the initial weight was used to compute the water
imbibition. After being reweighed, the test specimens were again stored for 24 hours at 25°C
in a desiccator containing a drier (KC drying beads) and then once more reweighed (final
reweighing = weight after drying). The difference from the initial weight before water
lodgement was used to compute the percentage loss of mass due to water lodgement

(corresponds fo loss by leaching).

The resufts are shown in Table 8. Test specimen number correlates with the recipe number
in Table 6.

Table 8:
test 7" 11* 12* 13* 14*
specimen
number
loss of mass
%] 005 {-055 |-1.08 |-0.02 | -0.19

*Polymer compositions according to the invention

The mass lost by test specimen 11 is slightly up compared with the mass lost by test
specimen 7, while that of test specimen 12 (having a high low-boiler content) is significantly
up.

Significantly increased [osses of mass severely iimit the utility of plasticizers.

4. Plasticizing effect

lis Shore hardness is a measurs of the sofiness of a test specimen. The further a
standardized needle is able fo penetrate into the test specimen during a certain period of
measurement, the lower the measured value obtained. The plasticizer with the highest
efficiency produces the lowest value of Shore hardness for the same amount of plasticizer.
Since formulations/recipes are in practice frequently standardized/optimized to a certain
Shore hardness, accordingly, very efficient plasticizers make it possibie to save a certain
proportion in the recipe, and this represents a cost reduction for the processor.

To determine the Shore hardnesses, the pastes obtained as described above were poured
into round brass moulds 42 mm in diameter (weight poured into mould: 20.0 g). The pastes
in the moulds were then gelied at 200°C in a circulating air drying cabinet for 30 min,

removed after
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cooling and stored for at least 24 hours in a conditioning cabinet (25°C) before
measurement. Disc thickness was about 12 mm.

The hardness measurements were carried out to DIN 53 505 using a Shore A meter from
Zwick-Roell, the measured value being read off after 3 seconds in each case.
Measurements were carried out at three different places on esach test specimen and

averaged,

The resuits are shown in Table 9. Test specimen number correlates with the recipe number
in Tables 2 and/or 6.

Table 9:

test 1 2 3 |4 5 | 6* 7* 8* 9 10
specimen |

number \

ShoreA gy g4 180 |81 |80 |82 |82 |82 |82 | 83

test 11 T2 T3 | 14

specimen

number

Shore A 83 |82 |83 |88
i

*Polymer compositions according to the invention

Compared with test specimen 2, which contains isosorbide esters based on isononanoic
acid (ISDIN-IS) as plasticizer, test specimens 3-10 and 11-13 exhibit a lower Shore A
hardness, i.e. greater "softness". The method of the present invention thus delivers ester
mixiures that have a better efficiency in PVC mixtures than ISDIN-IS has. Plasticizer can
accordingly be thereby saved, which leads fo lower recipe costs. Recipe 14 has a
significantly higher Shore hardness.

Foams

The invention further claims the use in foams of an ester mixture according to the invention.
Many PVC articles are typically made fo include layers of foam in order that the weight of the
products and thus also the costs may be reduced by virtue of the lower material

requirements. Floorings, wall coverings or artificial leathers are exemplary fields of use here.
The user of a
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foamed product can benefit frorn superior struciureborne sound insulation in the case of floor

coverings for example.

The guality of focaming depends on many components within the fermuiation in that the type of
PVC used and the piasticizer play an imporiant part as well as the type and amount of foam
former used. Plasticizers must accordingly defiver foamable compoesitions that are of low

volatility, and aliow faster processing at lower temperatures.

A foamable composition containg in general @ polymer selecied from the group consisting of
polyvinyl chloride, polyvinylidens chloride, polyviny! butyrate, polyalkyl methacryiate and

copolymers, a foam former and/or foam stabilizer and a plasticizer.

-
i

Example F1;

Production of expandableffoamable PVC plastisols (without filler and/or pigmeni)

The advantages of a plastizol aceording o the present invention will now be iilustrated using a
thermally expandable PV plastisol thatl containg no filler and no pigment. The below plastisol
according to the present invention is infer alia exemplary of thermally expandable plastisols
used in the production of floor coverings. More particularly, the below plastisols according to the
prasent invention are exemplary of foam lavers used as back-side foams in PYC floorings of
muititayered consfruction. The formulations presented are couched in gensral terms, and
can/have to be adapted by a person skilled in the art fo the specific processing and service

reguirements applicable in the particular use sector,

Table 10: Composition of expandable PVC plastisais from Example F1,

[All particulars in paris by mass)

plastisol recipe (Example F1) R
Vinnolit MP 8852 100 1100
VESTINOL® 9 50
isosorbide ester (No. 7) : 59
Unifoam AZ Ulira 7043 | 3 3
zZinc oxide 2 2

**comparative example “inventive example



L

30

The materials and subsiances used are more particularly elucidated in what follows:

Vinnolit MP 8852: microsuspension PVC {homopelymer) with K-value (as per DIN EN ISO
1628-2) of 63, from Vinnolit GmbH & Co KG,

VESTINGL® 9: dilsonony! {orthephihalate (DINP), plasticizer; from Evonik Industries AG.
isozorbide ester dianhydrohexitol fatty acid diester with a composition as per compound No, 7
in Tabie 1.

Unifoam AZ Ultra 7043: azodicarbonamide, tharmally aclivatable blowing ageni; from Hebron
S.A _

zinc oxide: ZnQO, decomposition catalyst for thermal blowing agenti, lowers the inherent
decomposition temperature of the blowing agent, aiso acls as stabilizer,

"Zinkoxid akiv®™; from Lanxess AG. The zinc oxide was premixed with a sufficient portion

{1 phr) of the particular plasticizer used and then added.

Liquid and solid constituents of the formulation were weighed separaiely into a suitable PE
beaker for each. The mixture was hand stirred with a paste spatula uniii no unwetted powder
was lefi, The plastisols were mixad using a VDKV30-3 Kreiss dissoiver {(from Niemann). The
mixing beaker was clamped inte the clamping davice of the dissolver stimer. A mixer disg
{toothed disc, finely toothed, &: 50 mm) was used to homogsnize the sample. For this, the
dissoiver speed was raised continuously from 330 rom to 2000 rpm, and stirring was continved
until the temperature on the digital display of the thermosensor reached 30.0°C (temperature
increzse due to friction energy/energy dissipalion; see for example N.P.Cheremisingl. "An
introduction o Polymer Rheology and Progessing”; CRC Prass; London; 1883). it was
accordingly ensured that the plastisol was homogenized with a defined erergy inpul

Thereafter, the plastisol was immaediaiely conditionad at 25.0°C.
Example F2;
Production of foam foils and dsterminafion of expansion/foaming behaviour at 200°C of

thermally sxpandable plastisols cbiained in Exampls F1.

1. Production of foam foils and determinalion of expansion rate
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Foaming behaviour was defermined using a thickness gauge suliable for flexible-PVC
measurements (KXL047, from Mitutoye) to an accuracy of 0.01 mm. A Mathis Labcoater (iyps:
LTE-TS, manufacturer: W. Mathis AG) was used for foll production after adjustment of the roil
blade to a blade gap of 1 mm. This blade gap was checked with a fesler gauge and adjusted if
necessary. 1 he plastisols were coated with the roll blade of the Mathis Labcoster onto a releass
paper (Warran Release Paper, from Sappl Lid.} stretched flat in a frame. To be able to
compuis pergemage foaming, first an incipiently gelled and unfoamed foil was produced at
200°C/30 seconds’ residence tims. The thicknass of this foil {= initial thickness) was in all cases
hetwaen 0.74 and .77 mm at the stated blade gap. The thickness was measurad at thres
differant places on the foil.

Foamed foils (foams) ware then lkewise produced with/in the Mathis Labooster at 4 different
oven residence fimes (80s, 80s. 120s and 150s). After the foams had coocled down, the
thicknessas were llkewise measuwred al three different places, The mean thickness and the
initial thickness wers needed io compute the expansicn. (Example: (foam thickness-initial
thicknessyinitial thickness*100% = expansion).

The results are shown in the foliowing table (1)

Table 11:. Expansion of polymer foemsffoam folls produced from thermally expandable

piastisols {as per Example F1} at different oven residencs times in Mathis Labooater {at 200°C).

| '
ipiastisoi recipe {as per Example F1} 1+ ‘ 7

expansion after 80 5 [%] 13 i4

%exaansic}n after 90 s {%] %;353 5 380

axpansion after 120 & (%] 495 1515

axpansion after 150 s [%] Stt |82z

= comparative example = i;wveanti;/e example

Compared with the cument standard plasticizer DINP, significantly  higher  foam
heights/expansion rales are achieved after a residence time of 90, 120 and 150 seconds. The
somplefenass of the decompesition of the biowing agent used and hence the progress of the
expansion process s also svident from the colour of the foam produced. The less the

veliowness of the foam, the further the progress of the expansion process.
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2. Determination of yellowness index

The YD 1825 veliowness index Is a measure of yellow discolouration of & sample speciman,
This yellowness index is of interest in the assessment of foam folis in twoe respects. First, it
indicates the degres of decomposition of the blowing agent azodicarbonamide (= vellow in the
undecomposed state) and, secondly, it is a measure of thermal stability {(discolourations due to
thermal stress). Colour measurement of the feam foils was done using a Spectro Guide from
Byk-Gardner. A {commercially available) white reference tile was used as background for the

solour measuremsnts, The following setlings were used for the parameters:

fluminant: Giz°
number of measuremenis: 3
display: CIE L*a*h~

index measurad: Y1925

The measureaments themselves were carried out at 3 different places on the samples (gt &
plasiisol blade thickness of 200 um for effect and flat foams). The valuss obtained from the

3 measurements were averaged.

The yellowness index determined for the polymer foams/foam foils obtained in Example F2 is

shown in the following Table {12).

Table 12:Y, D1925 veliowness indices of polymer foams obtained In Exampie F1,

|
plastiscl recipe (as per Ex, F1) 1 !7*
yaliowness index afier 60 s [%)] 69 E 70
Tveliowness index after 80 s [%] EZEE
| yellowness index after 120 s [%] 25 ’24‘
yellowness index after 150 & [%] %25 | 24
** = somparative example * = inventive exampis

The yeliowness indices of the foams are close together throughout the enfire residence-time

span. After 120 and 150 seconds, the vellowness index is even at a lower level. The expansion
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rates and the yeliowness indices demonstrate that fast processing is possible with the plastisols

of the prasent invention.

in addition to the presented exampie, foams containing fillers and/or pigments and aiso affest
or flat foams are also for example obtalnable with the esters of the present invention. Effect
foams refers to foams having a speciat texiure on the surface, These foams are frequently also
refarred to as "bouclé” foams afier the appearance patiern known from the textile sector.

Usefu! fillers include, for example, calcium carbonafes, silicales, {alc, kaolin, mica, feldspar,
wollastonite, sulphates, carbon black and microspheres. Filsrs are frequently used at not mors
than 150 parts by mass, preferably at not more than 100 paris by mass, per 100 parts by mass

of polymer.
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Claims:

1. An ester mixiure comprising a compound conforming to formula |

R']
o
H
o H
H T~ H
H H
H
5 H
g2

wherein R' and R? are each independently selected from: C8-alkyl linear, C8-alky!
branched, C10-alkyl linear, C10-alky! branched, and

wherein the carbon atom which binds the particular R' or R? moiety directly to the
oxygen in formula | is linked via a2 double bond to a further oxygen atom, and

wherein the proportion of C8 based on the sum of C8 and C10 in the entire ester mixiure
is in the range from 45 mol% to 85 mol%.

2. An ester mixture according to Claim 1,
wherein the proportion of C8 based on the sum of C8 and C10 in the entire ester mixture
is in the range from 45 mol% to 75 mol%.

3. An ester mixture according to either of Claims 1 and 2,
wherein the proportion of C8 based on the sum of C8 and C10 in the entire ester mixture

is in the range from 45 mol% to 65 mol%.

4. An ester mixture according to any of Claims 1 to 3,
wherein the sum of C8 and C10 has a proportion of ahove 50 mol% in the entire ester

mixture based on all acid chains.



5. An ester mixture according to any of Claims 1 to 4,

wherein R is selected from: C8-alky! linear, C10-alky! linear.

5 6. An esier mixture according fo any of Claims 1 o §,

wherein R* is salected from: CB-alkyl linsar, C10-alky! insar,

7. An ester mixiure according to any of Claims 1 10 6,

wherein said ester mixture comprises a mixture of the following three compounds:

0
11
|
o/\/\/\/\\
oo
Ny —
H / H
R

R NN ©



Q
)JE\A/\/\/\
0
H
o H
H H
H d i
H
H

V\/\/\/YO

G

Ly

8. A composition comprising:.
- an ester mixture according to any of Claims 1to 7,
- a high boiler and/or a low boiler;
wherein a high bailer is a compound with a boiling point above that of the Cy, Cip-ester,
and wherein a low boiler is a compound with a boiling point below that of the Cg, Ce-

10 ester.

G. A composition according o Claim 8,
wherein the proportion of high boilers is less than 15 area% based on the ester signals
of the composition.
15
10. A composition according to either of Claims 8 and 9,
wherein the proportion of low boilers is less than 4.5 area% based on the ester signals of

the composition.

20 11. A polymer compaosition comprising:
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- an aester mixture according to eny of Claims 1te 7,

- a polymer,
12. The use of an ester mixiure according to any of Claims 1 1o 7 as a plasticizer,

13. A method comprising the steps of
&) providing a dianhydrohexiiet,
b} admixing n-octanoic acid and n-decanoic acid,
¢) esterifying the acids of b) with the alcohol of a) in the presence of at least one
catalyst,
d) terminating the esterifying reaction of ¢} as soon as the proportion of moncester has

falten below 2.0 area%.

14. A method according to Claim 13,

whereln the catalyst used in step ¢} s hypophasphorous acid,

15. A method according fo either of Claims 13 and 14,
whersin n-octancic acid and n-decancic acid are admixed in step b) in a molar ratio in

the range from 85:15 and 45:55.

16. A method according to either of Claims 13 and 14,
wherein n-octancic acid and n-decancic acid are admixed in step b) in a motar ratio in
the range from 80:20 ang 45:38,



