Tripentyl citrates and their use The present invention
relates to tripentyl citrates having an optionally
acyl ated, preferably acetylated, OH group, to a
process for its preparation and to the use of these
conpounds as plasticizers for plastics. Polyvinyl
chloride (PVC) is anpong the nost economcally
i mportant polyners. It is widely applied both in the
formof rigid PVC and in the tormof flexible PVC. To
produce a flexible PVC, plasticizers are added to the
PVC, and.in th n%jority of instances phthalic esters
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therefore has to be assuned that the use of these
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p%qlrfvuafb FlEpide @M Cy srsnong (s mgsh Feosamicaliysimpstiet polygers. It is widely
f 908saafondh nikoRAgkagi e 2Rdh MB 46l napRk beat i ons.
There is therefore a need for plasticizers which are
not subject to identification-marking requirenents and
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attenpts to develop structurally varied citric esters

| Drepuinchivablzedternative adwankagiesadiaivas b&ed on citric acid. In particular, the

best-known member of this class of compound, acetyl tri-n-butyl citrate (ATBC), has been
increasingly used for the production of children’s toys from flexible PVC, not least since
certain phthalates have been subject to the abovementioned restriction on use. Another
suppporting factor here is the view taken by the Scientific Committee for Toxicology, Ecology
and Ecotoxicology (CSTEE), which was an EU committee of toxicology experts, according to

which the use of this plasticizer in flexible PVC {oys is risk-free even for toddlers.

However, it is known that ATBC has higher volatility and migration rate than, for example,



elimnated. In principle, this can be achi eved via use

of longer-chain alcohols for the esterification

reacti on. Exanpl es of conpounds which have | ong been

known and al so nmarketed are therefore acetyl

tri-2-ethyl hexyl citrate (ATEHC) or butyryl

tri-n-hexyl citrate (BTHC). The preparation of ATBC

is described by way of exaan? in WD 03/008369, the

content of which is incorporated by way of reference

into this application Alongside these, citrate esters
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However, citric esters based on linear alcohols (Cg and higher) are generally relatively

expensive, since the alcohols have to be prepared via ethylene oligomerization or by way of
fatty acid hydrogenation or hydrogenation of the fatty acid esters, e. g. methyl esier, whereas
the use of competitively priced alcohols is a precondition for large-scale industrial production
on the multiple-thousand-tonne scale. Longer-chain esters for example with Cy alcohols have
very low volatility but exhibit gelling which is too slow for certain plastisol-processing

techniques. The relatively low efficiency is attended by a need to add relatively large amounts,



It was therefore an object to find novel alternative
pl asticizers, preferably alternative citric esters,
whi ch preferably exhibit good processing properties,
have good pl asticizing action (efficiency), have only
| ow vol atility, and/or whose al cohols can readily and
advant ageously be prepared in large quantities.
Surprisingly, it has been fougd that pentyl esters of
citric acid, in particular those having an acetyl ated
OH group, neet one or nore of these requirenents. The
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The present invention also provides the use of the inventive citric esters as plasticizers,

The present invention also provides a composition comprising an inventive citric ester and the
use of this composition or plasticizer composition in plastics compositions, in adhesives, in
sealing compositions, in coatings, in paints, in plastisols or in inks. Examples of plastics
products produced from the inventive plasticizers can be: profiles, gaskets, food-or-drink
packaging, foils, toys, medical items, roof sheeting, synthetic leather, floorcoverings,

underbody protection, coated textiles, wallpapers, cables and wire sheathing.

An advantage of the inventive citric esters is that they can be used as “primary plasticizers”. A



pht hal ate (DEHP). The volatility and gelling power of
the inventive citrates is at a level simlar to that
of DEHP, which continues to be the nost inportant PVC
pl asticizer worldw de. There are advantages in

pl asti sol processing due to | ower plastisol viscosity,
even after prolonged storage. Wen conparison is made
with DINP, the plasticizing action (efficiency) of
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invention, the scope of protection of which is apparent from the claims and from the
description, be restricted thereto. The claims themselves are part of the disclosure content of
the present invention. Where ranges, general formulae or classes of compounds are stated
below, the intention is that the disclosure encompass not only the corresponding ranges or
groups of compounds explicitly mentioned but also all of the subranges and subgroups of
compounds which could be obtained by omitting individual values (ranges) or compounds,

although these have not been explicitly mentioned for reasons of clarity.

A feature of the inventive citric esters of the formula I



acid radical or a valeric acid radical. The radical R4

is particularly preferably an acetyl radical.

Car boxyl ated pentyl citrates have the advantage, when
conpared with the pentyl citrates having a free OH

group, of being markedly nore thermally stable, and

this is by way of exanple apparent in del ayed

appearance of brown coloration (thus requiring |ess
stabilization) in PVC foils gl asticized therewth.
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particular 2-methylbutyl radicals, and it is particularly preferable that from 85 to 98% of the
alkyl radicals of the citric esters are n-pentyl radicals and that from 15 to 2% are methylbutyl
radicals, in particular 2-methylbutyl radicals, and it is very particularly preferable that from 90

to 96% of the alky! radicals of the citric esters are n-penty! radicals and that from 10 to 4% are

methylbutyl radicals, in particular 2-methylbutyl radicals. It is preferable that more than 50%,




The percentage distribution of the C; -al kyl radicals
can easily be determ ned via saponification of the
esters, isolation of the resultant alcohol, and
gas-chromat ographic (GC) analysis of the resultant
al cohol . By way of exanple, gas-chromatographic
separation can be <carried out on a
pol ydi nmet hyl si | oxane colum (e.g. DB 5) as stationary
phase with length of 60 in, Pnternal dianeter of O.25
mm and filmthickness of 0.25 m As an alternative,
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ca1bon atoms is 5 and the radical R* is H or a carboxylic acid radical, is that citric acid or a
citric acid derivative is reacted with an alcohol which has 5 carbon atoms. The reaction of the

citric acid with the pentenots preferably takes place at a temperature above 120°C, preferably
at from 120 to 160°C.

The citric esters can be prepared from the corresponding alcohols or aleohol mixtures via
reaction with citric acid or with its derivatives. In particular, the citric esters can preferably be
prepared via esterification using citric acid, e.g. using citric acid monohydrate or citric acid
a1ﬂ1ydrat¢, these being the forms in which citric acid is frequently commercially available, or
else via transesterification starting from citric esters having relatively short alcoho! radicals.

Various processes for preparation of trialkyl citrates and of carboxy trialky] citrates are




Al cohol s for preparation of the inventive citric
esters can be any of the saturated al cohols which are
conposed of 5 carbon atons and whi ch have an OH group
It is preferable to use non-cyclic al cohols which
have a | ongest carbon chain of at |east 4 carbon atons
and whose total nunber of carbon atons per al kyl
radical is 5. Particular preference is given here to
primary al cohols. By way of eXanple, nention may be
made here of n-pentanol, 2-nethyl butanol and
3 nethylbutanol and m xtures of these al cohols. The
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primary alcohols or alcohol mixtures such as those obtainable via hydrofermylation of an
alkene with subsequent hydrogenation, By way of example, n-pentanol can be prepared via

hydroformylation of !-butene and subsequent hydrogenation of the valeraldehyde to give n-

pentanc).

Precursors for pentanols are preferably industrial hydrocarbon mixtures which cemprise one

or more olefins having 4 carbon atoms. The most important source for Cy olefins is the C4 cut




synthesis are another suitable starting material,

after sel ective hydrogenation of the butadi ene

present therein to give n-butenes. Aefin mxtures
obt ai ned vi a dehydrogenati on of C4 hydrocarbons or
via netathesis reactions can also be suitable starting
materials, as can other industrial olefin streans.
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ef.ini c compound, i t inth
0ﬂ'he Inventive pr&%ss pamcufaﬂ? p1e§°erfﬂaly uses alcohol which is obtained via a process
comprising the steps of
a) hydroformylation of C4 olefins to give Cs aldchydes and

b) hydrogenation of the aldehydes obtained in step a) to give the corresponding alcohols.

Steps a) and b) here can also be carried out simultaneously in a reactor.

It can be advantageous that, after step a) (hydroformylation) and/or b} (hydrogenation), the

product mixtures obtained in these stages of the process are ssparated to give the individual



starting mxture for the hydrofornylation reaction. By

way of exanple, starting mxtures in which the only

ol efin present is 1-butene or isobutene can be

hydrof ornmyl ated in one stage under the conditions

descri bed below for the first stage, using the

cat al yst described there. By way of exanple, starting

m xtures in which the only olefin present is 2-butene

can be hydrofornylated in orfe stage under the

condi tions described below for the second stage, using

the catal yst described there. However, since the
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olefins are generally nore reactive than

If the intention is to obtain starting alcchols, in particular pentanols or pentanol mixtures, with
minimum degree of branching from the hydroformylation products, it is advantageous 1o carry
out the hydroformylation reaction in such a way as to obtain a high proportion of products
produced via terminal hydroformylation, because it is only the terminally hydroformylated
products which have the same degree of branching as their starting olefins, whereas the degree
of branching of the product produced mncreases by 1 in the case of non-terminal

hydroformylation, and in many instances this can lead to impairment of the performance



branched olefins. A rule which applies specifically in

the case of the 4 olefins is that 1-butene is nore

reactive than isobutene and i sobutene is nore reactive

than the two 2- butenes (cis and trans). This

differing reactivity can be utilized to obtain a high
proportion of products produced via term na

hydrof ornyl ation, i.e. the |n{ent|on is to produce

mai nly val eral dehyde rat her han 2 met hyl but anal from
1-butene to produce 3-nethyl butanal rather than
bhm 1.t hg%g @ anal from i sobutene and to naxim ze
pro ucf oh TSP RIS AEE PERYCLBFERER! ) from the two
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converted wrth maximum selectivity to 3-methylbutanal. Examples of catalysts that can be
used are compounds which contain thodium and contain triorganic phosphorus compounds, in
particular phosphines, as ligands. The reaction can be carried out in a homogeneous phase
(analogously to the UCC process described in EP 0 562 451) or in a heterogeneous phase
(analogously to the Rhone-Pouienc-Rulrchemie process described in DE 26 27 354 and EP §

562 451). The first stage of step a) of the process is preferably carried out by the second



The hydrofornylation of the 1-ol efins can optionally

be carried out using high superficial velocities in a

mul ti phase system where starting material, product and
synt hesi s gas have been dispersed in a continuous
cat al yst phase. Processes of this type are described

by way of exanple in DE 199 25 384 Al and DE 199 57

528 Al, which are expressly incorporated herein by

way of reference. The hydrofollnyl ati on of the

l-olefins in the first stage of step a) of the process

can be carried out in one or two stages. In the case
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r sobu .
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The isobutene or the fraction comprising isobutene can be hydroformylated with high
selectivities to give 3-methylbutanal. Suitable catalysts for this purpose are rhodium
complexes which contain mono- or polydentate phosphite ligands. Examples of suitable
monodentate phosphite ligands are triaryl phosphites whose aryl groups have both a bulky
group in ortho-position with respect to the phosphite oxygen and also a substituent in m- or p-

positicn, an example being tris(2,4-di-tert-butylphenyl)phosphite. By way of exampie, the



of rhodi um and of a bi sphosphite. Optionally, the
i sobutene fraction renoved can be entirely or to sone
extent returned to the wupstreamfirst
hydr of ormyl ati on stage. It can be particularly
advant ageous here to renove the saturated
hydr ocarbons fromthe isobutene, and this can take
place thermally, for exanple. After this renoval of
t he saturated hydrocarbons, i} can be particularly
advant ageous to return all of the isobutene to the
stream first droforn%lation stage. The
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As stated above, the olefins present in the starting material can be hydroformylated separately
or together. If the linearity of the final products is not of great importance, it is advantageous
to hydroformylate the olefins together. In contrast, if minimum branching is desired in the
final product, it is preferable to carry out the hydroformylation in at least two stages. In the
case of a Cy olefin mixture, the latter case implies that 1-butene and if appropriate isobutene is

reacted in the first reactor and the remaining clefins are optionally reacted in the downstream



way of exanple, the catal yst can be renoved by
distillation in the case of processes where the
rhodi um catal yst is present honogeneously in the
reacti on m xture. Phase separation can, for exanple,
be used to renove the catalyst in the case of the
reaction in a heterogeneous phase (two |liquid phases)
(Ed. B. Cornils, W A Herrmann, Applied Honbgeneous
Catalysis with Organic Conpolnds, Vol. 1, p. 80,
VCH Verl ag, 1996). Step b) of the process After
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ysts, copper catalysts, copper/nickel catalysts,
copper/chromium catalysts, copper/chromium/nickel catalysts, zinc/chromium catalysts, or
nickel/melybdenum catalysts, for example. The catalysts can be unsupported, or the
substances active in hydrogenation and, respectively, their precursors can have been applied to
supports, e.g. silicon dioxide or aluminium dioxide. Preferred catalysts used in step b) of the
process and on which the hydroformylation mixtures can be hydrogenated comprise in each
case from 0.3 to 15% by weight of copper and nickel and also as activators from 0.05 to 3.5%

by weight of chromium and optionally from 0.01 to 1.6% by weight, preferably from 0.02 to



The al kali netal conponent is optional. The catal ysts
are advantageously used in a formin which they have
| ow fl ow resi stance, e.g. in the formof granul es,
pell ets or noul dings, such as tablets, cylinders,
strand extrudates or rings. Prior to use, they are
advant ageously activated, e.g. via heating in a
stream of hydrogen. The hydrogenatlon reacti on can be
a gas-phase or |iquid-phase hVHrogenatlon reaction.
The hydrogenation reaction is preferably carried out
aﬁ %ﬁ total pressure of fromO0.5 to 50 MPa, preferably
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t9 g eéaiu ¢ HhBE AP0 healeidrogenatigyf reaction is partwuiarly pxefezabiy carried
out with water content of from 0.05 to 10% by weight, in particular from 0.5 to 5% by weight,

very particularly preferably from 1 to 2.5% by weight. The water cantent here is determined in

the material discharged from the hydrogenation reaction,

‘The mixtures obtained from the hydrogenation reaction can either be directly used for the
reaction with citric acid or citric acid derivative or else can be separated by distillation or by

other separation methods to give two or more fractions. In particular, it can be advantageous



al cohol's with the same nunber of carbon atoms. The
distillative work-up can preferably be carried out in
such a way as to give substantial separation into the

i ndi vi dual constituents],c | f }he |ntert|g2|;sago

e acitric ester fromlinear alco
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process: Reaction of citric aélid or citric acid
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S’Q{e%%}%riﬁcg?q%ﬁ g%pgqt ]éﬂg{f aag)ll)f (@fc’rﬂed I?)ut in the presence of an esterification catalyst.

Esterification catalysts that can be used are in principle acids, such as sulphuric acid,
sulphonic acids, e.g. methanesulphonic acid or p-toluenesulphonic acid, mineral acids, or
metals or their compounds. Examples of those suitable are tin, titanium, zirconium, which can
be used in the form of finely divided metals or advantageously in the form of their salts or
oxides or in the form of soluble organic compounds. However, in comparison with the
catalysts based on proton acids, the metal catalysts are high-temperature catalysts which often

do not achieve their full activity until temperatures above 180°C have been reached. It is



use net hanesul phoni c acid. The catal yst concentration

can be varied wdely as a function of the nature of

the catalyst. Concentrations of fromO0.05 to 2% by

wei ght are advant ageous for proton acids, preferably

fromO.1 to 1% by weight, particularly preferably from

0.15 to 0.5% by wei ght. Although higher

concentrations increase the reaction rate, they can

al so, however, contribute to ¥n increased |evel of

by- product formation, for exanple via elimnation of
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citric acid nonohydrate with, for exanple, n-butanol

[ r l. 10. hours. (VWO Q3/00836
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tit.ativel fter as little as 8 hours at
Ao Fae e B A T & B o et ed for wi
anmees- whi ch particular preference is given to
met hanesul phoni c acid, and that the resultant product
had, after conventional work-up, purity levels

oot et o 1 V0 DAL 00860, e piot Bl Michorions wsin
tho .at in . The jdeal tenperatures
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i ndi vi dual case can readily be determ ned via sinple
%{lglrigimlnq{% exg{ riﬁntqs Use of _higher tenperatures

CAN T hePeass TPHEPeRud B tegfsigrifigstion &f dieic acid, preferably anhydrous
citric acid and particularly preferably citric acid monohydrate, with the pentanols or pentanol
mixtures prepared in step b of the process had proceeded almost quantitatively after as little
as & hours at from 155 to 165°C, with catalysis by proton acids, among which particular
preference is given to methanesulphonic acid, and that the resultant product had, after

conventional work-up, purity levels comparable with the prior art, in particular with those
stated in WO 03/008369.

The ideal temperatures for carrying out the esterification of the starting materials are generally

dependent on the progress of the reaction and on the catalyst concentration and type of



reactions are favoured, an exanple being elimnation

of water from al cohols or formation of col oured
by-products. In the case of the inventive pentyl

citrates, the reaction tenperature is preferably from

120 to 180C, with preference from 130 to 170C and
particularly preferably from 155 to 165C. The desired
reaction tenperature or the desired tenperature range

can be set via appropriate ddjustnment of the pressure

in the reaction vessel. The esterification reaction is
prefer PI. carried out for the purposes of the
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and, if appropriate, by-products, can be worked up by

met hods known per se. The work-up here preferably
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if appropriate after neutralization of the
This can be advantageous particularly in the case of
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notper en?odl nt. of the jnventive process,
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ﬁs&tt ®hutiah, SiettSE6kation of the unreacted acids, optionally a steam distillation, conversion

of the catalyst to a readily filterable residue, removal of the solids and, if appropriate, drying.

The sequence of these steps can differ as a function of the work-up method used.

Optionally, the desired ester can be separated by distillation from the reaction mixture, if
appropriate after neutralization of the batch. This can be advantageous particularly in the case

of preducts which are solid at room temperature.




conprise citric esters whose al kyl radical bonded to
the O atomof the ester group preferably has from1l
to 3 carbon atons. This radical can be aliphatic,
strai ght-chain or branched, alicyclic or aromatic.
One or nore nethylene groups of this al kyl radical can
be substituted by oxygen. It can be advantageous for
the boiling point of the al cohols on which the
starting ester is based to b¥ |ower than that of the
starting al cohols. A preferred starting material is
triethyl citrate, which is produced industrially and
is therefore available in |arge quantities The
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p ter t react | preferably after
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usepoefcribal kanot, pra@iidsan iBit€Be@ses@tet | C acid, propionic
acid or butyric acid, or particularly preferably
usi ng acetic anhydride. By way of exanple, the process

ofhecaaelt- y;b attthOanedstetifatiéh inlxnGesQ8t Bke QAR in LAKS B AGS AR scribed
in DE-B 10 99 523. The acetyl ation

pﬁ%&%?%%t?mgaﬁﬁﬁw§%s the steps of acetylation with an
excess of acetic anhydrlde renoval of excess acetic
%gqﬁggiqﬁ, and al so, ppropriate, of acetic acid
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citric acid or of the citric acid derivative with the alcohol. The reaction carried out can be a
simple esterification reaction. The esterification reaction preferably takes place with use of
alkanoic acids, such as acetic acid, propionic acid or butyric acid, or particularly preferably
using acetic anhydride. By way of example, the process of acetylation of the citric ester can
take place as described in DE-B 10 99 523. The acetylation preferably comprises the steps of
acetylation with an excess of acetic anhydride, removal of excess acetic anhydride, and also, if

appropriate, of acetic acid formed, by distillation, neutralization with a base (e.g. soda



menti oned here are nmerely optional. The carboxyl ati on,
preferably the acetylation, of the OH group of the
citric acid or of the citric ester preferably takes
pl ace after the renoval of the excess al cohol via
distillation wwth subsequent steamtreatnent of the
citric ester prepared. |If necessary, further
purification steps can be carried out prior to the
acetylation reaction, but thi® is preferably not
necessary. In the case of the acetylation reaction,
this is preferably carried out via addition of a nol ar
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Use of the inventive citric esters can in particular give inventive compositions which comprise

4 citric ester.




of the dialkyl esters of phthalic acid, preferably
having from4 to 13 carbon atons in the al kyl chain;
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The inventive conpositions which conprise a citric
ester can conprise a polyner selected from polyvinyl
chl oride (PVC), polyvinylidene chloride (PVDO,

pol yacrylates, in particular polynethyl nethacrylate
(PMWR), polyal kyl nethacrylate (PAMA), fl uoropolyners,
in particular polyvinylidene fluoride (PVDF),
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The PYC grade preferably present in the inventive composition comprises suspension PVC,
bulk PVC, microsuspension PVC or emulsion PVC. The inventive compositions preferably
comprise, based on 100 parts by weight of polymer, from 5 to 200 parts by weight of
plasticizer, preferably from 10 to 150 parts by weight.

The inventive compositions can comprise not only the constituents mentioned but also further




constituents, in particular by way of exanple other

pl asticizers, fillers, pignments, stabilizers,
co-stabilizers, such as epoxidized soya bean oil
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application apparent from the description and from the patent claims.

Examples

The syntheses described in Examples 1 and 2 for the citric esters were carried out starting
from pentanols commercially available (FLUKA), namely n-pentanol (GC purity > 99% by
weight), 2-methylbutanol (> 98% by weight) and 3-methylbutanol (> 98.5% by weight). The

alcohols or alcohol mixtures stated in Table 1 were used to prepare the various esters.



n- Pent anol 2- Met hyl but anol 3- Met hyl but anol
Correspondi ng ester Nunber 100 % T '/T C O%
Tri-n-pentyl citrate I A 100 %0 %0 % Acetyl
tri-n-pentyl 2 A citrate 0 %0 % 100 % Acetyl
tri(3-methylbutyl) 2 Bcitrate 90 %10 % 0 % Acetyl
tripentyl citrate 2 C Since isoneric conpounds are

i nvol ved here and require no adaptation of the
stoichionmetrically required afounts, the general term
pentanols is used hereinafter for sinplicity. Exanple
1: Preparation of tripentyl citrates 210 g (I nol) of
citric acid nonohydrate (Ri edel de Haen, purity >
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was added by way of the dr oppi ng f unnel (under
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Afhgilcitgbout 8 hours, the acid nunber was < 1 ng KOH g
(DIN EN |1 SO 2114) and the esterification reaction was
concluded. The water separator was then - still wi der

Mok QEEN preﬂa@mo%@%mtﬁc L,gki | lation bridge and the
excess al cohol was renoved by distillation at 160C
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&chopmg funnel, internal thermometer and immersion tube. Nitrogen gas was first introduced
for 30 minutes for flushing by way of the immersion tube, and then the system was slowly
heated. Starting at about 115°C, the water of erystallization from the acid was initially
produced, and was removed by way of the water separator. When a temperature of 145°C was
reached, 0.63 g of methanesulphonic acid dissolved in the remaining 52 g of pentancl or
pentancl mixture was added by way of the dropping funnel (under nitrogen). When the
reaction temperature of 160°C was reached, a constant return of the pentanol/water mixture
was set via successive reduction of pressure. After about 8 hours, the acid number was < 1 mg

KOH/g (DINENISO 2114) and the esterification reaction was concluded.

The water separator was then — stifl under nitrogen — replaced by a distillation bridge and the

excess alcohol was removed by distillation at 160°C under a slowly increasing vacuum.




for 15 m nutes. The aqueous phase was then renoved and
the m xture was again washed with the sane anount of
sodi um chl ori de solution and the phases were again
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2bcrmometer and immersion tube. Nitrogen gas was first introduced for 30 minutes for
flushing by way of the immersion tube, and then the system was slowly heated. Starting at
about 115°C, the water of crystallization from the acid was initiaily produced, and was
removed by way of the water separator. When a temperature of 145°C was reached, 0,63 g of
methanesulphomc acid dissolved in the remaining 52 g of pentanol or pentanol mixture was
added by way of the dropping funnel (under nitrogen}, When the reaction temperature of
160°C was reached, a constant return of the pentanol/water mixture was set via successive

reduction of pressure. After about § hours, the acid number was < 1 mg KOH/g (DIN EN ISO

2114) and the esterification reaction was concluded.



The water separator was then - still under nitrogen -
replaced by a distillation bridge and the excess

al cohol was renoved by distillation at 160C under a
slowy increasing vacuum The water separator was then
repl aced, under nitrogen, by a distillation bridge,
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J}guﬁ?oﬂrﬂ E188,.89 ]ﬁtlz? ﬁ%%gwwﬁgn the same anmount of

|un1ch oride 'so phases were again
separ at ed. ﬁ#ter the second washi ng procedure, the

b d to DIN EN. 1SOQ 2114 d
Ak SR SR BREETT JRSmohes di SUistiFargeie B hoshid it

wetrtghtt fos 5)mlm&shmtéra@edcd&h}ﬁﬂhdﬂfas@Iﬁ)vﬂyedfcﬁed M&@QJ Jr e dropping funnel.
[Fﬁiué rtametFanesu?%of;or Q amﬂlgugc?% ﬁ? g/ T wthostinrl ng

UEOUS  PRSE *HAL™E HER 249G Son ﬁéﬁ’“ah@ Sdp 1 @r@g@ Bfirring
byes mmghﬁd fsodfuuﬁ&rd]hbzo lgbfdle af81@ latt & é)@ﬂss \Aekstic %ﬂ@dﬁd&ﬁ&g then removed
t above for washi ng. ter phase
t&%gfgﬁm%ﬁﬂ%? mg?%ﬂemgﬁﬁé?ﬁﬁﬁ&FWP@ d¥a@dgai n heat ed
to 160C and 8% by wei ght of deionized water, based on

5%rwo§P ed annunt of . crude_ester, were sIomA added
ropw S& mwm{l\gfﬁ ! efciﬁ% e 16‘}1 of siestraneth Ry gveight sodium

tcb]m)ﬁ satutioewkid thed @iRd 1CaE RaMRS rlidH8 Nl 8Lk hat wﬁs@ﬁrred at 80°C
eraturghdld not rise above 160C., The system wa

f%r yingtes, fheaquppus Pleals%ﬂ%sﬁ?enz%%vdm @ﬁpuxture was again washed with

the same amount of sodium chloride solution and the phases were again separated. After the
second washing procedure, the acid number was determined to DIN EN ISO 2114 and nine
times the stoichiometric amount of 5% strength by weight sodium hydroxide solution were
used for neutralization for 30 minutes at 80°C, with stirring. The aqusous phase was then
discharged and 5% strength by weight sodium chloride solution was again used twice as

described above for washing.

After phase separation, the crude ester mixture was again heated to 160°C and 8% by weight

of deionized water, based on the expected amount of crude ester, were slowly added dropwise



of powdered activated charcoal were added, and the
system was coal ed under renewed vacuum (extending to
5 hPa) to 80C, and the material was stirred at this
tenperature for about 30 minutes with 2% by weight of
hydrogen peroxi de and then dried at 120C and then
again cooled and filtered. Exanple 3. Preparation of
plastisols The starting weights used of the conponents
for the various plastisols ar® found in Table 2

bel ow. Table 2: M xing specifications according to
Exanple 3 (all data in phr (= parts by weight per 100
par 14y oy theeiingtetsiof tuRV@) this PEragddtee lin Miosb NGare was taken here that the

SQ%&&&%%SJ}%%% n%%%) %bg&) gl'hg 6}d¥%gv%a%lﬂ|§?é§'ﬁp%gf%} 1%/%?1}\#%2 Ib)tf weight
f plony OXENC Gl 2dd pichent eare 5QdOEHR] (HXENSnGV &S LIS renewed

Jungbunz|
ST A5 L PR Bt BB PR e o
1250t BOAr)linAteewh 2 by-weighe bt Wldrogéid pead:@de(-a8 GRR &iBPat190d N8 4 then

5 A) Acetyl-tri(3-methylbutyl) citrate
Qégngeymi kFﬁe 50 invention, 2 B) Acetyl tripentyl

C|trate (accordlng to the invention, 50 2 C

EB q SO abe n 0|I (EXapex 39, Cronpton) 3 3 3 3
¥ kP Wpton) 1.5 1.5 1.5 1.5 1.5 1.5

1T]@ stal gy tr@ppenal ur ﬁlle)mE(tlﬁntE’ kshd Qa!n%%r ﬁlaéf\@(ﬁs BE Q48R Table 2
25C prior to addition. First, the liquid
ﬁ§¥|tuents were wei ghed into a PE beaker and then
the pul verul ent constituents were 27 melghedlln IhF
d nual ]y with a paste spatula un
arq[‘q)}(a eﬁq 341%%%&}5% eaboll’lr?accordm)g/ to Example 3p(all data 1npphr (= parts by weight per

100 parts by weight of PVC))

Plastisol mixing specification 1 2 3 4 5 6 7

Vestolit B 7021 (Vestolit GmbH) 100 |100 {100 | 100 [100 | 100 {100
Vestinol 9 (DINP from OXENO Olefinchemie ) 50
DEHP (OXENO Olefinchemie GmbH) 50

Acetyl tri-n-butyl citrate (Jungbunzlauer) 50

Tri-n-pentyl citrate (according to the invention, 1 50
A)

Acetyl tri-n-pentyl citrate (according to the 50

invention, 2 A)

Acetyl-tri(3-methylbutyl) citrate {according to the 50

invention, 2 B)

Acetyl tripentyl citrate (according to the invention, 50
2C)

Epoxidized soyabean oil (Drapex 39, Crompton) 3 3 3 3 3 3 3

Mark CZ 140 (Crompton) 15 115 115 (1.5 {15 (1.5 |15

The temperature of the plasticizers was brought to 25°C prior to addition. First, the liquid

constituents were weighed intc a PE beaker and then the pulverulent copstituents were




been wetted. The m xi ng beaker was then clanped into

t he cl anpi ng equi pnent of a dissolver mxer. Prior to
imrersing the stirrer into the mxture, the rotation
rate was set at 1800 revolutions per mnute. Once the
stirrer had been switched on, stirring was conti nued
until the tenperature on the digital display of the
tenperature sensor reached 30.0C. This ensured that

t he plastisol was honogeni zed2w th defined energy

i nput. The tenperature of the plastisol was then

i mredi atel y brought to 25C. Exanple 4: Viscosity
negEliremehtsmitue sromageé nshadly |vithi eeﬁasﬂ?hﬁatt‘y’lh SEDSAIL h&Bowder had

Ofbeé:nh;?ettpd qﬁ ln‘r:'x%llgsbe %ﬂe gsr 191 I%fnlgeﬁ i1 meg m@meilrgeeﬂﬂgﬁg%ll#rafe 59 dissolver

pﬁy)seir c]%‘élCIDESR uzm@x@@mg ho Reirtee nnt() RBA Fri Y S1he @dtatioMabNwhSset at 1800

C sspci ated US 200 software.
"Bf“ﬁ ??rslg “‘t@sﬂcg th&ﬁﬂ”@?’ﬁ? Ef‘eea sYiitahed on siyapa as ontinyed until the

S tempalgwr ccaprtheadigiet dﬁ;ﬁiﬁiy dfesd ©flpdriut R@sE3edeBST30.05Y SHEM nsured that
E@%a%% accordlgg ﬁﬁlhi op eratln i nstructi ons.

T £ ProcdaeBhut bt aIersy iy Tiaymetratise! the plastisol was
abor emenliitonedugofhtaar e at 25C. The fol | owi ng

conditions were applied: pre-shear of 100 s" for a
period of 60 s without recording any test values a

dﬁmﬁd ‘@E@dll'}exﬂﬁasﬁfeﬂfehtsrﬁgd@Iorz?g@@taﬁﬂiﬁ@g(t endi ng
as .far divided into a

| gléea‘?scPﬁ?ﬁs or g Pi@?%ﬂeﬁﬂs@ms%ﬁgieﬁmerﬁ epseadts fobee by 2 method
nrmw & NBIN 5300 Nhsighu b abiyeia Of
Lo Lcal | 1o occsse "oy 1 Lol Uare i Far dhee ik o
SRR 0048ftvard. unct i on of shear
r W@IasﬂﬁewE%E§ s%@é@w@@%@a@ﬂa iRt sRELE R a‘%%;paocf tﬁéfél Hother3 test

g ﬂD? d 28 days T aste was store
é’f*\%é e“s“é) ?Cﬁ?fé’t“a f%ise oPRaHing ingtrsE browl lei tsst srobedanamtontatically

ebsanylog thk @bovt Renrsheab ik at & Bfc 190 chscase
correspondi ng yi Scosi ty val ues obﬁgF%égggFgmmswﬁﬁamﬂwg

st aPEdlet ¢frlQfe for ppgiod 2860 Taishest Beor@heay tesatzusi 00 S- '

(4 somsi gAYy By EAPLERRL LR £ i

aft é](OgQBh@la)?@iei; Withe0 gemotithiicath one & mhi‘d&e@kﬁ@binﬂ&lrat%}l of 5s.
3.59 3.68 6.51 8.22 129 2 DEHP 4.04 t.13 7.44 11.
The test data were automatically processed by the software aftef the test. Viscosity was shown
as a function of shear rate. The tests were carried out after each of 2 h,4h, 24 h and 28 days.

The paste was stored at 25°C between these Jjunctures,

Table 3 below lists by way of example for the shear rate of 10057 in each case the

corresponding viscosity values obtained after the stated storage times.




3 Acetyl tri-n-butyl citrate .84 2.87 5.67 8.58 202
(Jungbunzl auer) 4 ri-n-pentyl citrate (according2.49
2,69 5.24 11.3 354 to the invention, 1 A) 5 Acetyl
tri-n-pentyl citrate .63 2.70 4.80 6.63 152
(according to the invention, 2 A) 6 -Acetyl
tri-3-nmethylbutyl citrated.47 4.47 7.96 9.72 117
(according to the invention, 2 B) 7 cetyl tripentyl
citrate2.81 2.83 4.93 6.81 142 (according to the
invention, 2 C) Exanple 5: Preparation of castings for
Shor e hardness tests Shore A hardness is a neasure of
t hablagfShers sae B0 3 (V@Sﬂtsﬁspﬁﬂiedmﬁa*s]'he greater the
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specimerm {not—n—the—edge—regi-er)—ahdin—each case

the average was noted. The test val ues obtained are
| Bxgmptt 5: Brépabdtivndf castings for Shore hardness tests

Shore A hardness is a measure of the sofiness of a test specimen. The greater the possible
penetration of a standardized needle into the test specimen during a test of a certain duratibn,
the lower the test value. The plasticizer with the highest efficiency gives the lowest Shore
hardness value, for an identical amount of plasticizer. Conversely, in the case of very efficient
plasticizers it is possible to save a certain preportion in the mixing specification, and in many

cases this means lower costs for processors.

To determine Shore hardness values, the plastisols prepared according to Example 3 were
poured into circular casting moulds whose diameter was 50 num. Thé plastisols in the moulds
were then gelled at 200°C for 10 min in a drying cabinet with air circulation, and were
removed after cooling and stored under standard conditions of temperature and humidity

(23°C; 50% relative humidity) for at feast 16 hours prior to testing. The thickness of the sheets

was about § mm.




Table 4: Results of Shore A hardness determ nation
Pl astisol Plasticizer used Shore A m xing hardness
specification 1 Vestinol 9 83 2 DEHP 81 3 Acetyl
tri-n-butyl citrate (Jungbunzlauer) 79 4 Tri n-pentyl
citrate (according to the invention, 1 A) 76 5 Acetyl
tri-n-pentyl citrate (according to the invention, 2 A
79 6 Acetyl tri(3-nmethylbutyl) citrate (according to
the invention, 2 83 B) 7 Acetyl tripentyl citrate
(according to the invention, 2 C) 79 Exanple 6:
Determ nation of thermal stability In this test, the
test specinmens were exposed to el evated tenperatures
[ pracessin eratures. The t
o o1 E AT REE L e B0 R R G GROEW DIAET o Sorsbinas A tste
afrom@axstk Eoed)lf the het ‘tfdill&:rkmiﬂg istab |chslet1 MadQfff 47RE3 m:&‘)htﬂg'rhree different
S %%u31e§; on. Col our aﬁ‘spe0|nens di scol our way
VEIrToW A HPsancyt ﬁt i POERY PO RRGT oI sarainen @ot in the edge
ekgmmﬁaﬁmoﬂm@&mhmdﬁﬂﬂgﬁw@ﬂhﬂﬁrﬂ@taﬁbﬁh%Og@gm§9£ &8ﬁhbe4
of polyene segnents. Production of foils: To pro
the test specinmens, foils of thickness 1 mmwere flrst
pradus @dsflobr SRe RirkiddiesR@&id cation. For this,
i-ah .n! oss-tr-elease paper (Qr-mnl . Lt al V) was_first cut
S5t ;o GPlastgrizer used cm and was t hen pl aced in thedShore A
ln@igia ng frame of the LTSV coating equi pment for a
bt hi s oven. The clanping frame was then placed on fHERess
PEHicrtiodg, the Mathis oven (LTF) 30 was set to
Q0C, and opggL i s tenperature tradbeenreached tf§3
rane was preheated for 15 seconds. The doctor was
Ken pIacedDEHPthe cl anpi ng appar at us and the doct gg]
wWas a mfaty C/\H\,I’i mrent-s—i-n
S?Eh a_way AﬂﬁﬁﬁPﬁ%x?-EW'e §EHFMF% foil after 7
déncl usi on BmngaﬁﬁwHQEWaSmﬂmjumh£mbmmenQSUWW) An 176

—

= O

Ih . I‘\
agriesTves Ace‘[ﬂrl - per{‘f}ﬁ c1trate (accoramg to the 1nvent10n 24A) 79
8 Acetyl tri(3-methylbutyl) citrate (according to the invention, 2|83
B)
7 Acetyl tripenty! citrate (according to the invention, 2 ) 79

Example 6: Determination of thermal stability

In this test, the test specimens were exposed to elevated temperatures in the region of
processing temperatures, The time prior o occurrence of marked discoloration SErves as a
measure of the thermal stability of the mixing specification. Colourless specimens discolour

by way of yellow and brown in the direction of black via elimination of hydrogen chloride

(HCI) and formation of polyene segments.

Production of foils:

To produce the test specimens, foils of thickness 1 mm were first produced for each mixing
specification. For this, high-gloss release paper (Sappi, Italy) was first cut to a size of 30 *
44 cm and was then placed in the clamping frame of the LTSV coating equipment for a

Mathis oven. The clamping frame was then placed on the guide framme, the Mathis oven (LTF)




edge of the paper in order to intercept excess paste.

The paste was then applied in front of the doctor and

was spread (speed about 6 ninmn) by drawi ng the guide
frame with the doctor over the clanped rel ease paper.

The doctor was then renoved and the adhesive strip

Wth the excess paste was taken away. The nelt rol

was then |lowered and the clanping frane was run into

the oven. After gelling (2 mdutes at 200C), the frane

was run back out of the oven and, after cooling, the

foil was peeled fromthe paper. Specinmen preparation:

THEs feoiol 0B, avdhirck héstsmieramie \ved eef tachali tH 86 SHO LR for 15
2 0 IfLe St e wer e needed per

e Mo, S B30 3B S MB b e o 4B e Mocor ap was
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h t est to 200C, and the test
N%“Q “’30‘* o ST bl s T o AR i 2ot ROy esnanatiodto the front

CGﬂEStDéﬂ'llt pm:ef oaGirdey to 1hﬁrcb15tle$ce‘é\@péste eﬂﬁ@a@@f whsi8ert a%ﬁﬁed in front of the
out. fromtheée oven at an

R R Ve PR R il PGB I b A pevitoe dfctorover

t the rcmaipece}(qfoﬁsd.l p@eﬂﬁ“h& Riectbeshs HBE CARES ad i@ adheszve strip with the
defined manner. All of the test

cm&gnolﬁglcall%

S peCSIS VAHCDSEH- LB AEK e thenioverrd apd/&n clampfag f12@e was run

m11m1:t1cec5ve(1| Ao Qéilu[ﬁ]@tnhﬁut@péﬂ b6L), 1R ARG BN un bIAE 88t oven and,
W? 3 ! defined according to m xi ng

%%EVP B thedn! WHperled i eazbame in the oven, were

mounted on card and fastened in a folder to pern1t

cmﬂnmmh$eamrﬁ@hle 5 below lists the results of therma

Sﬁ?b%|lt% gstlng In each case the juncture prior to
i dnobihiskpest bmsh atereotit I“@thﬂ:la‘?to@dto T 20Tabl Bften test specimens

Regtl héeSeber hit@hdBeciBlABL | iy Aol ﬁgl IF ag 19&815) nd® %JI‘.[ %e test frame,

i
n,1.ast|(:|zer used Juncture prior ﬁ
i WP TR ROhthe ddatly dsinensastsr wey Wétq Wiy end the test frame was Tun in

S48 Giuf bd’é@"ohtoéf Mesthnph %orgs@ntsveio%ﬂy[)'%;f'ﬁqi}@%y, e%% oé%he 1¥st specimens

tri-n-butyl citrate (Jungbunzlauer
TP eﬁé}ﬁlqu fresm theatven ehew sradiahgf 16 minwesl Zius permitiing variation of

thermal exposure of the test specimens in a chronologically defined manner. All of the test

specimens had been run back out of the oven after 23 minutes (inciuding the control

specimen),

The test specimens, as defined according to mixing specification and residence time in the

oven, were mounted on card and fastened in a folder to permit comparison.

Table 5 below lists the results of thermal stability testing. In each case the juncture prior to

intense black coloration is stated,




invention, 1 A) 5 Acetyl tri-n-pentyl citrate
(according to 16.5 the invention, 2 A) 6 Acetyl
tri-3-nethyl butyl citrate 16.5 (according to the
invention, 2 B) 7 Acetyl tilpentyl -citrate (according
to the 15 invention, 2 C) As can readily be seen from
the data in Table 5, the plastisol m xing .
specification in which a pentyl citrate having a free
OH group was used as plasticizZler has the poorest
thermal stability. Exanple 7: Measurenent of
volatility fromthe foil by a nethod based on DIN 53
4thgole TI?@SLflﬁlof@erpmbd@m]ﬂﬂdﬂﬁnﬁaawpl e 9 V\/nosefthl ckn:ess
T1. e | n—each—easeusedto—st anp—oul
?ﬁ‘ggp |sc;,PlMt %erd" aneter 50 nm the jé’“ﬁ%‘l"ﬁ@”ﬂ fesblack coloration
stn@lrxmg for 24 1t in standard condit|i@msn@fes (residence time in oven)
&t al re and humdity (23C/50%re|lative hum dity)
ch hen i wei ghed. Using a nmethod based on DI N 53 407,
the di scs [@feetiiohen 1 n each case heatpg a4t 80C inm a

h i retfor—24 hours (Method! A _direct contact
Wiith activg:tﬁéﬂ) charcoal , grai n size |85 mm) . The
dizscs are el kith-bi R LETRYEHLERM 18 heattng
clabi-net- Cnnletgd ]f Qr %41 ﬁngjr:{;gglan eg] st andard _
célndl t i ons 1&F2-Peafihepititter @ccringh dori @etly, and again
wei ghed befgrgid.hey)are again stored in the heating
abinet . The test ends after a heatijng period of 7 *
4 hours. TebVleti-gphitgt @irdth ecteditg val lGSs obt ai neg: 32
able 6: R : latility nmeasurenment E2DEHP
stici 79?{%&%?1&{%%2 d3d4d5d6d7d Vestinol
60. 65 0. 9Atetdle 1. B3-Re@AP@y24 2uihBe 18528 2. 04 % ?g
~884.80 5§ Ace n-butyl citrate3.
29 7.40 éa%gﬁﬁ%ﬁgoztgmﬁe %‘ﬁ%éo (Jungbunzl auer? 4
i - n- pent|yletgl tipattg oftacc@rdidg bahs (43 2. 12 3. 02 4. 09

.18 5.70 givgéign’t?& invention, 1 A

rn_l nl—\(OTl—ll\)O

As can readily be seen from the data in Table 5, the plastisol mixing specification in which a

pentyl cifrate having a free OH group was used as plasticizer has the poorest thermal stability.

Example 7: Measurement of volatility from the foil by a method based on DIN 53 407
The foils produced in Example 6 whose thickness was about 1 mm are in each case used to
stamp out three discs with diameter 50 mm, these being first stored for 24 h in standard

conditions of temperature and humidity (23°C/50% relative humidity) and then weighed.,

Using a method based on DIN 33 407, the discs are then in each case heated at 80°C in a
heating cabinet for 24 hours (Method A, direct contact with activated charcoal, grain size
2.5 mm). The discs are then in turn removed from the heating cabinet, cocled for 24 hours
under standard conditions of temperature and humidity, and again weighed before they are

again stored in the heating cabinet. The test ends after a heating period of 7 * 24 hours. Table

6 lists the test values obtained:




5 Acetyl tri-n-pentyl citratel.26 1.82 2.58 3.54 5.31
5. 69 6¥21 (accgrdiﬁg to the invention, 2 A) 6 Acetyl
tri-3-nmethylbutyl citratel.75 .71 4.25 5.50 7.10 7.74
8.54 (according to the invention, 2 B) 7 cetyl
tripentyl citrate (according to 1.15 1.70 2.53 3.51
1.43 .99 5.56 he invention, 2 C) The volatility of

t he speci mens which conprise the inventive
plasticizers tri-n-pentyl cittate (1A) and acetyl
tripentyl citrate (2A, 2C) is conparable with that of
DEHP, therefore providing a marked advantage in

c orpaf i Reowtswl tHatATBGasExaepl e 8: Deternination of
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e:lflc?%o&e: Tenperature gradient Start |tenperat/ure:

5C End tenpeitature: 180C Heaty §9/Co0li 130 lrs_@} 09 D24 hag

cillati GHy equency: 2 Hz Del ay?8 | 21895 3.8RAi4.80ng5.41 6.11

s
2 .
26Hm-n—TFerperature—after measunenent: 25C
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t
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bme: 15 s Nt T RERURHPSCI T ALIO0 5078 At QBTG 20340
nput of s;hcggr) stress:tygn Stlartlng ?_t?ear stress: 0.3

Ra | nt endBded8FBiRat i on: 0.002|Gapiwidih 0/5 mn

onduct  OfrlESutyl citrate (according t01.43 212 3.02 509 518 5.70 16.35

the invention, I A)

5 Acety] tri-n-pentyl citrate]l 26 1.82 .38 B.54 531 [5.69 521

(according to the invention, 2 A)

6 Acetyl  tri-3-methyibutyl  citratell.75 2.71 [4.25 [5.50 [7.10 [7.74 8.54

(according to the invention, 2 B)

7 Acetyl tripenty! citrate (according tolf.15 [1.70 [2.53 [3.51 W.43 14.99 5.56

the invention, 2 C)

The volatility of the specimens which comprise the inventive plasticizers tri-n-pentyl citrate
(1A) and acetyl tripentyl citrate (24, 2C) is comparable with that of DEHP, thereforc

providing a marked advantage in comparison with ATBC.

Example 8; Determination of gelling behaviour
The gelling behaviour of the plastisols was studied in a Bohlin CVO oscillation viscometer

(PP20 measurement system), operated using shear-stress control.

The following parameters were set:

Mode: Temperature gradient
Start temperature: 25°C
End temperature: 180°C
Heating/cooling rate: 2°C/min

Temperature after measurement: 25°C




The spatula was used to apply a drop of the plastiso
m xi ng specification to be tested, with no air

bubbl es, to the |lower plate of the test system Care
was taken here that it was possible for sone

pl astisol to expand out fromthe test systemuniformy
(not nore than about 6 mm around the periphery) after
the test system had been cl osed together. The
protective covering, which allso serves for thernma
insul ation, was then applied and the test was started.
The variabl e known as conpl ex viscosity of the

pl asti sol Wedlapbofregdncas2 dz f unction of the

t enperaturg, }Eeet of the gelling process was

di scernible I'n a sudden sharp rise in conpl ex

vi scosi ty. Wiiieg 8arlliSer the onset of this viscosity
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% II|n |s practically the sane with acetyl
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a carboxylic acid radical. 2. Acitric ester accora
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4 carbon atons and their total nunber of carbon atons

per alkyl radical is 5. 3. Acitric ester according to
chiRivatdblOknodn as complex viscosity of the plastiso! was plotted as a function of the

temperature. Onset of the gelling process was discernible in a sudden sharp rise in complex

viscosity. The earlier the onset of this viscosity rise, the better the gellability of the system,

Fig. 1 presents the gelling curves for the seven plastisols. It can be seen that the inventive
tnpentyl citrate provides the best gelling performance. Although this is somewhat reduced via
acetylation, it continues to be comparable with that of DEHP and better than that of DINP.
Replacement of a proportion, 10 mol%, of n-pentanol by 2-methylbutanol has no significant

effect. Rapidity of gelling is practically the same with acetyl tri(3-methylbutyl) citrate as with
DINP.



characterized in that nore than 60% of the alkyl
radicals R, RZ and R3 are n-pentyl radicals. 4. A
citric ester according to at |east one of clains 1 to
3, characterized in that from70 to 99. 9% of the al kyl
radicals are n-pentyl radicals and from30 to 0. 1% of
the alkyl radicals are nethylbutyl radicals. 5 A
citric ester according to claim4, characterized in
that from85 to 98% of the alkyl radicals are n-pentyl
radicals and from 15 to 2% of the alkyl radicals are
nmet hyl butyl radicals. 35 6. 3 citric ester according
to claim4 or 5, characterized in that the nethyl butyl
radicals are preferably 2- hyl butyl radicals. 7. A
citric ester according to ¢ 1 or 2, characterized
in that at |east 40% of the alkyl radicals Rr, R2 and

rgaétﬁggg%kgg(¥#mgﬁdlcals 8. Acitric ester

accor ng to c Characterized in that from40 to
100% in pgctH-aber'from 50 to 99% of the al kyl
radicals ar¢ 3-nethyl butyl radicals. 9. Acitric

ester or at |l east one of clains 1 to 8,
e é%é@ﬁ | .

chara erlsz at the radical R4 is a carboxylic
acid radi cal citric ester according to claim
9, chara@@@rliaaDRn that the radical R isyan acetyl

radi ca ! rocess for preparation of a citric
ester q@?é DAl a |

each of the radicals RI, R?*and R¥ig an alkyl radical whose number of carbon atoms is5
and the radical R* is H or a carboxylic acid radical,

- 2. Acitric ester according to claim 1,
characterized in that ‘
the alkyl radicals RY, R? and R® have a longest carbon chain of at least 4 carbon atoms

and their total number of carbon atoms per alkyl radical is 5.

-3. A ciiric ester according to claim 1 or 2,
characterized in that
more than 60% of the alkyl radicals R!, R? and R® are n-pentyl radicals.

4. A citric ester according to at least one of claims 1 to 3,
characterized in that _
from 70 to 99.9% of the alkyl radicals are n-pentyl radicals and from 30 to 0.1% of the
alkyl radicals are methylbutyl radicals.

5. A citric ester according to claim 4,
characterized in that

from 85 10 98% of the alkyl radicals are n-pentyl radicals and from 15 to 2% of the alkyl
radicals are methylbutyl radicals.




H2 i -000R1 R4AO- C-000R2 H2C-COORS in which process
each of the radicals Rr, R2 and R3 is an al kyl radical
whose nunber of carbon atons is 5 and the radical R4
is Hor a carboxylic acid radical, characterized in
that citric acid or a citric acid derivative is
reacted with an al cohol which has 5 carbon atons. 36
12. A process according to claim 11, characterized in
that an al cohol is used which is obtained via a
process conprising the steps of a) hydrofornylation
of C4 olefins to give C5 al dehydes and b)

hydr ogenati on of the al dehydes obtained in step a) to
gi ve. the..correspondi ng . al cohols. 13.. A process
accgsr'dlgncbm?eo i rﬁr}Pgltﬁ,%mt%%fﬁacteri zed in that step a)
uses aclmratenimedinghat ol ef i ns whi ch conpri ses i sobutene

d/ = . -b . .
accor altgePyBaR s e RS0 SShambunCalria T

step a) is carried out in tw stages, hydrofornylating

| sobut @ng; QM QbordinW bR &3, one  stage and
hydr of or myl at | _ng 2-butenes in the other stage. 15. A

proces : _ tto at | east one of clains 12 to 14,
char achi@daktzed of e bildAtadRiER, R) s R Se §—u&&g1@£t¥ﬂ£di%ﬂ! ch

conprises in each case fromO0.3 to 15% by wei ght of
copper and ni ckel and also as activator fromO0.05 to
3. 5% by cite egflet acadrdifdts dlaian and optionally from 0. 01
to 1. 63@&3&' (iig ttof an al kali netal conponent on a
support  material. '

from 40 to 100%, in particular from 50 to 99%, of the alkyl radicals are 3-methylbutyl

radicals,

9. A cifric ester according to at least one of claims 1 to 8,
characterized in that

the radical R* is a carboxylic acid radical.

10. A citric ester according to claim 9,
characterized in that
the radical R* is an acetyl radical.

11. A process for preparation of a citric ester of the formula I

H,C—COOR!

R*0O~—C—COOR?2

H,C—COOR?® .

in which process each of the radicals RY, R? and R’ is an alkyl radical whose number of
carbon atoms is 5 and the radical R*is Hor a carboxylic acid radical,

characterized in that

citric acid or a citric acid derivat'm_e is reacted with an alcohol which has 5 carhon atoms.




16. Use of a citric ester according to any one of
clains 1 to 10 as plasticizer. 17. Use according to
claim 16, characterized in that the citric ester is
used in a plastics conposition, in an adhesive, in a
sealing conposition, in a coating, in a paint, in a
pl astisol, in a synthetic leather, in a 37

fl oorcovering, in underbody protection, in a coated
textile, in a wallpaper, in anink, ina profile, in
a gasket, in a food-or-drink packaging, in a foil, in
atoy, inanedical item in FPoof sheeting, in a
cable or in wire sheathing, as plasticizer. 18. A
conposition conprising a citric ester according to any
one of clainse 1 to 10. 19. A conposition according to
cl ai ff-18PossEsacepediegt zloith §ln that it conprises the
Citric @sh@hizbdinaM Xture W th other plasticizers
selecteda%ron]the roup of the dialkyl esters of

pht hal i & &‘?"H‘,S‘L‘E?Fl“%ﬁblswbﬁmaw 2 Reerpss campiking thi megslof t i C
acid, of bjieofortiyRlidadr CRSEBEH Bfe RAMG Qrﬁihd’ of the

di al kyl ft pht halic acid, o? the al kyl

b)egtd%rsag re ACi d i _
est ers  of I°B8R3H0R: P 6 el B rsopiieingg  ipy stepfa) th sivetheytorresponding
esters of alighglscycl ohexanedi oi ¢ acid, of the alkyl -
esters of 1, 4-cyclohexanedioic acid, of the dibenzoic
esters of glycols, of the alkylsuiphonic esters of

phehbl A prpcegsisecopliigyierelsiind2pl asti ci zers, of the gl ycerol

est er s,chRfcteritddgn #t! @l Kyl esters of citric acid having

a free or carboxylated OH group and having an al kyl

r adi cal*Bf¥ 45§12 Ppdme 6f plsfmsowiic eronprises dwhuterarvaid/of 1-bitene and
‘al kyl eswens, of benzoic acid. 20. A conposition

according to claim19, characterized in that the
proportion of citric esters in this mxture is from 15

t o YO%ayoomeiaghtdngwhesia 11 kei2, proporti ons by wei ght of

al I of fheplasiigi zers present give a total of 100%
21. A conposition according to at | east one of clains

18 to &P aig Pried oty edaden hydweformyktigastptibeaesd/at 1-fue@sh one
one al lsﬁtéeﬁ@ﬁ;@fof@&m@@gé%@ne@ﬂtﬂquﬁﬁ%&a' kyl = al kyl
m on

radi cal having fro to 13 car ons.

15. A process according to at least one of claims 12 to 14, ...
characterized in that
step b) uses a catalyst which comprises in each case from 0.3 to 15% by weight of
copper and nickel and also as activator from 0.05 to 3.5% by weight of chromium and

optionally from 0.01 to 1.6% by weight of an alkali metal component on a support
material,

16.  Use of a citric ester according to any one of claims 1 to 10 as plasticizer.

17.  Use according to claim 16,
characterized in that
the citric ester is used in a plastics composition, in an adhesive, in a sealing

composition, in a coating, in a paint, in a plastisol, in a synthetic leather, in a




22. A conposition according to claim 21,
characterized in that alkyl ester of benzoic acid is
i sononyl benzoate, nonyl benzoate, isodecyl benzoate
or decyl benzoate. 38 23. A conposition according to
at least one of clains 18 to 22, characterized in
that it conprises a polyner selected from pol yvi nyl
chl oride (PVC), polyvinylidene chloride (PVDC),

pol yacryl ates, fluoropolyners, polyvinyl acetate
(PVAc), polyvinyl alcohol (Pg?), pol yvi nyl acetals,
pol ystyrene pol yners, polyolefins, thernoplastic

pol yol efins (TPO), polyethyl ene-vinyl acetate (EVA),

ol ycar : ' er eph lLat e PET) , o
nol Vot e e R %] SRR AU g o
(POV) , BRilsy Hiri sgekey( pA)fgod—opétﬁly@BW@E agfbily &l toyf, PEhedical item, in
pol yur ebdrameridgRLl cablodemWHRLASLE ap,glm«i;e?t hane (TPU)

pol ysul phi des (PSu), biopolynmers, polyesters, starch,
cel lul ose and cel |l ul ose derivatives, rubber,

Si | 1E one@mpbsition cothpisiasa Qric 6P AUMIBE B -af oﬁe'a?d%% YIT5hS
mentioned or of their nononeric units. 24.

conmposition according to claim23, characterized in

t hat9.i tA @oppitios esprdiag toRfM@h o8, ade, suspensi on PVC, bul k
PVC, mfi28HaR%Ne,0n PVC or  emul sion PVC. 25. A
conposLtlon‘acco[ajng to at |east one of clains 18 to

24,  cHerapiserthy duicvterithainixivre witniier slesiciadrh@fected from the group
pl asti gfﬂlerdﬁlkrvféstekse&f R CHIRN |28 S it ai

| ubricants, blow ng zmenfs,‘ E?%igis, %ﬁ?ﬁgiﬁﬁﬁﬁ%§Q$‘f&w
bi oci dE&™VIFEs & W6 olithsriiafatestenion replshalic adidatthe ol esters
of cl abimsiftichecfioc &RAGASS ) 20t b1 S BRlonblios s, o the
conposi quwggﬁq4plqﬁglcs,qo sition, an adhesive,

seal i ng Conpast tI'orcoeaeatss ng of ghelientoic gpter efsglycglsl of the
a synt Métliuiphbeaesteeyof phenfll afuhcmisaieOastitings 6PAE ¥iveerol esters, of
_ Pr ot eCie @hikyPestRHE &ic acid having a free or carboxylated OH group and having an
alkyl radical of 4 or from 6 to 10 carbon atoms, and of the alkyl esters of benzoic acid.

20. A composition according to claim 19,
' characterized in that
the proportion of citric esters in this mixture is from 15 to 90% by weight, where the
proportions by weight of all of the plasticizers present give a total of 100%.

21, A composition according to at least one of claims 18 fo 20,
characterized in that

it comprises at least one alkyl ester of benzoic acid where alkyl = alkyl radical having
from 7 to 13 carbon atoms.

22. A composition according to claim 21,
characterized in that

alkyl ester of benzoic acid is isononyl benzoate, nonyl benzoate, isodecyl benzoate or
decyl benzoate.




textile, a wallpaper, an ink, a profile, a gasket, a
food-or-drink packaging, a foil, a toy, a nedica

item

roof sheeting, a cable or wire sheathing, or is

used as such.

23.

24.

25.

26,

38

A composition according to at least one of claims 18 to 22,

characterized in that

it comprises a polymer selected from polyvinyl chloride (PVC), polyvinylidene chloride
(PVDC), polyacrylates, fluoropolymers, polyvinyl acetate (PVAc), polyvinyl aleohol
(PVA), polyvinyl acetals, polystyrene polymers, polyolefins, thermoplastic polyolefins
(TPO), polyethylene-vinyl acetate (EVA), 'polycarbonates, polyethylene terephthalate
(PET), polybutylene terephthalate (PBT), polyoxymethylene (POM), polyamide (PA),
polyethyle_ne glycol (PEG), polyurethane (PU), thermoplastic polyurethane (TPU),
polysulphides (PSu), biopolymers, polyesters, starch, cellulose and cellulose derivatives,
rubber, silicones and mixtures or copolymers of the polymers mentioned or of their

monomeric units.

A composition according to claim 23,

characterized in that

it comprises, as PVC grade, suspension PVC, bulk PVC, microsuspension PVC or
emulsion PVC, i

A composition according to at Ieast one of claims 18 to 24,
characterized in that
it comprises other plasticizers, fillers, pigments, stabilizers, lubricants, blowing agents,

kickers, antioxidants or biocides.

A composition according to at least one of claims 18 to 25,

characterized in that

the composition is a plastics composition; an adhesive, a sealing composition, a coating,
2 paint; a plastisol, a synthetic leather, a floorcovering, underbody protection, a coated
textile, a wallpaper, an iﬁk, a profile, a gasket, a food-or-drink packaging, a foil, atoy, a

medical item, roof sheeting, a cable or wire sheathing, or is used as such.




