TRIPENTYL CITRATES AND THEIR USE BACKGROUND OF THE
INVENTIONS 1. Field of the Invention the present invention relates to
tripentyl citrates having an optionally acylated, preferably acetylated, OH
group, a process for the preparation of the tripentyl citrates and the use of the
tripentyl citrates as plasticizers. 2. Description of the Related Art  Polyvinyl
chloride (PVC) is BERIGHNEY hn CITRARESIANID [FipBIRAIpBlymers. It is
widely used both in the form of rigid PVC and in the form of flexible PVC. To
produce a flexible PB’AZCKI@&(@HHHQ exie BdtdiNdoRNd TS, In the majority of
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for example as DEHP replacement, and which are prepared
from raw materials of which large quantities are available
worldwide.

One concetvable alternative 1s the use of plasticizers based
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
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Alongside these, citrate esters having a free, i.e. non-acylated, OH group
have also been described. By way of example, EP 1 063 257 mentions
trialkyl esters of citric acid where alky1l=C6 to C10, the alkyl chains preferably
being linear. When compared with their carboxylated analogues, these
generally feature improved efficiency and gelling, but also feature poorer

tieomal flebiityle AMvgSidathe bstess sinivie eeﬂtam h@la&ﬂestrhmwl

Iy ? alsr(l) (kan? tszrlls?%s%{ on ﬁéﬁgﬁ ure av gﬁe@r
%lf %BM&I&H@ hargdsctbe ‘fﬁlﬁ}’% iﬁ%ﬂrﬁﬁ Qi'

(&nnlﬁd{é@snmﬂteesﬁnf &“tmes}écsgy@\}itgcﬂcﬂg ledrlEat@adﬁHol-

3‘%%{2 alcohols gdhe ri;Bnlgteé@aa ﬂ%{hﬁg 881?15 w IC t{% a[?})?@"o% al%y

PERREARy AKEOPHbAR #e rddefol P 2BsSAECd4dridds
nibetuidsl of RVi€ etteys WQ&slel@b@wenr&DMdédm a certain

CFIEQ’Q I
Elirvyever %ltﬁ;lcpilejétefcg1 d on %% Ig %‘9 "h
ENBER ORRG Fﬁ ib“dlﬁ eyl i as

gﬁmtmllﬁ@mphmmwﬂ @thhh@emmweeﬁrmdmokhﬁf

TR e
ranaga e RnG AR Lfanmmip& this
adxmfnolsehaaehwwteﬂ/ \quatlmeuoe&ﬂtbm elirghanich dd codhsidsy ftor the

G pstiseliprpegss l-erg‘eorfléEB‘fﬂ RCQAGIAR have
LR RO THE D Do

|®¢eﬂaylhm}dmmawrﬁﬁﬁﬁﬂﬁl)chbnEyr§@ I\tII\II-#rR-h@FyTI-tEtrate

'ﬁgmau@“ %g’%gg t‘%?%@?&%”é‘?%ﬁ?% %Qf&
(3469 nthe SRuRSaRRg

adlablytwamlof weaﬁeeamglatmmhescapphd:atlon
advantpge %%Hé’ﬂ%%%aré‘i‘ti‘h'@ %‘s?éf‘é“lﬁﬁ% g'%iaﬂ‘él%eric@leﬁb?f they-

ovide a ess for citric plasti Itis
K oﬁﬂ T Al 9§ﬁ5}%&53n b acor
eexapiqdiiZeP Il @63.1&6& ohjent to tise ting hastftmudﬁa:m acid
CRIPRGRIISN KYPRUSINgAhecilic eier RIRSIFE/Mains preferably being
linear. When compared with their carboxylated analogues,
these generally feature improved efficiency and gelling, but
also feature poorer thermal stability.

Alongside the esters of citric acid or of acetylated citric
acid with only one alcohol, such as butanol (i.e. ATBC) or
2-cthylhexanol (i.e. ATEHC), there also exist esters based on
alcohol mixtures having different numbers of carbon atoms.
Schér et al. describe, in Ip.com Journal (2004), 4 (8), pp. 15 et
seq., the use of citric esters (having a free or derivatized OH
group) based on alcohol mixtures which are composed of at
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BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 shows the gelling curves
of 7 plastisols. DETAILED DESCRIPTION OF THE INVENTION
Surprisingly, it has been found that pentyl esters of citric acid, in particular
those having an acetylated OH group, meet one or more of the requirements
mentloned above. The present invention therefore prowdes CItI‘IC esters of
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However, citric esters based on linear alcohols (C, 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 ester, 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 Cg alcohols have very low
volatility but exhibit gelling which is too slow for certain
plastisol-processing techniques. The relatively low elficiency
is attended by a need to add relatively large amounts, and this
generally contributes to a further increase in the cost of the
formulation and to an increase in the amount of raw material
consumed.

SUMMARY OF THE INVENTION

It is therefore one object of the invention to provide novel
alternative plasticizers, preferably alternative citric esters,
which preferably exhibit good processing properties, have
good plasticizing action (efficiency), have only low volatility,
and/or whose alcohols can readily and advantageously be
prepared in large quantities.

[t is another object of the invention to provide a process for
making citric ester plasticizers.
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tion 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 include: 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
estefs is thaidby carbjecsestah@ineanpiasticizelst oA idemayomposi-
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The volatility and gelling power of the inventive citrates is at a level similar to
thatlﬁ\h%E P, which cggtlnu to be the most |£?ort nt PVC plasticizer
worltwide. T 9a8%§é’§%1 PHSYSsI B §iise lower
plastisol viscosﬂy even after prolonged storage. When comparison is made
with (INF ] 1Ad blEdtcizgsctijd Feffikieddy) df thd-PEniNCItrRRE BEid ddetyl

pentyl citrates is typically higher or, in the limiting case of pure acetyl
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chis easy to prepare and whose raw material C4 fraction or raffinate, is
available in large quantities.  The invention is described below by way of
example, but there is no intention that the invention, the scope of protection
of which is apparent from the claims and from the description, be restricted I
thereto. The claims themselves aiépart-of i@ sclosure content of the
present invention. Where ranges, geperal formulae or classes of compounds
are stated below, the intentigrds-thrat the-digotordre encompass not only the
corresponding ranges or groups of cq)mpounds explicitly mentioned but also
all of the subranges and subgroups,of-eempourds 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

citrigxehiesh efrbc et HASE FOBR I3thGERRRAdicals R', R?
and R? is an alkyl radical whose number of carbon atoms is 5
and the radical R* is H or a carboxylic acid radical, and
provides a process for preparation of citric esters of the for-
mula I, which is characterized in that citric acid or a citric acid
derivative is reacted with an alcohol which has 5 carbon
atoms.

The present invention also provides the use of the inventive
citric esters as plasticizers.

The present invention also provides a composition com-
prising an inventive citric ester and the use of this composi-
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| 112C-COOR3 is that each of the radicals R', R2 and R3 is an alkyl radical
whose number of carbon atoms is 5 and the radical R4 is H or a carboxylic
acid radical. The radical R4 is preferably a carboxylic acid radical, e.g. a
formic acid radical, an acetic acid radical, a propionic acid radical, a butyric
acid radical or a valeric acid radical. The radical R4 is particularly preferably
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R40 - C -COOR2 112C -COOR3 in which process each of the radicals R', R2
and R3 is an alkyl radical whose number of carbon atoms is 5 and the

radical R4 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 pentanols preferably takes place at a temperature
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atoms per alkyl radical is 5. Particular preference is given here to primary
alcohols. By way of example, mention may be made here of n-pentanol, 2
methylbutanol and 3-methylbutanol and mixtures of these alcohols. The
inventive process preferably uses alcohol mixtures which comprise more thap
60% by weight of n-pentanol basefl pnthe-tgtgweight of the alcohol mixture.
It is preferable to use mixtures com?p sed ofn-pentanol and 2 methylbutanol
in a ratio by weight of from 99 9to 7(5% of n-pentanol to from 0.1 to 30% of
methylbutanol, in particular B-fAetr T@D@éﬂt%cularly preferably of from 98
to 85% of n-pentanol to from 2 to 15% of methylbutanol, in particular
2-methylbutanol. However, as stdbat-a €0R stage above, as a function
of raw material availability and intended use of the corresponding plasticizer it
can also be advantageous to use alcohol mixtures which comprise at least
40% by weight, with preference from 40 to 100% by weight, particularly
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trans). Another raw material for C4 olefins is the C4 cut from FCC plants,
which can be worked up as described gbove. C4 olefins prepared via
Fischer-Tropsch synthesis are another suitable starting material, after
selective hydrogenation of the butadiene present therein to give n-butenes.
Olefin mixtures obtained via dehydrogenation of C4 hydrocarbons or via
metathesis reactions can also be suitable starting materials, as can other
industrial olefin streams. Other precursors for the pentanols alongside



Since the cost of separating the starting mixtures is often very high, it can be
advantageous not to separate the olefins present in the industrial mixture to
be used as starting mixture, but instead to use the mixtures directly. The
inventive process particularly preferably uses alcohol which is obtained via a
process comprising the steps of a) hydroformylation of C4 olefins to give
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alkyl radicals present in the citric esters. It is preferable that
from 70 to 99.9% of the alkyl radicals of the citric esters are
n-pentyl radicals and that from 30 to 0.1% are methylbutyl
radicals, in particular 2-methylbutyl radicals, and it is particu-
larly 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 1s very particularly preferable that from 90 to 96% of the
alkyl radicals of'the citric esters are n-pentyl radicals and that
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branching as their starting olefins, whereas the degree of branching of the
product produced increases by 1 in the case of non-terminal
hydroformylation, and in many instances this can lead to impairment of the
performance characteristics of the downstream products prepared therefrom.
The olefins present in an industrial mixture differ considerably in their

re%amwlcﬂhmOg4B/draf@metbyl‘mlﬁydsnamﬁog]m;rinnq)aldtiblelamnﬁsme
oIef are 1)(arlﬁ%r(rgaflllﬁi1I§ t([alﬁgso geTha bl%ln'ﬁfg;iﬁ ol |nsI A rule “aﬂ%h
o ESB%?&&W A3 e DR iR more
b %o isob Jettotyrd ermhmé&aareuilemabhy&bmyl rad1-
Zééut@nﬂém&tra@% ﬁﬂf&ﬁﬁ@@ﬁfﬁ%ﬁ&i@h@ﬂ uHlEeEh 19 o
rﬁﬁ%&& (fon of %ﬁ% produced vi termlrﬁlégi/drofor Iatlonl T:b?n
& oup§r‘8 ﬁ@%ﬁé&% 1Ber AR f
1abiﬁamﬁa@qmmth€3 akleasitdbsapreetosally- d"lrmsthﬂ doaﬂaé]()n%p
Wﬁﬁm ..Sf%‘%‘?é.nmm e e e Ay T
A e el R Rl
raﬁléo d}/a) Iy the reactlon of 1-butene but also that of isobutene and of the

2- b“‘PB VeRgEcig R g@’r‘?ﬁ?fr@dﬁé‘ @drg PiafcH1’ can
rerera C

hydrofor on reaction s rre outﬁ st two stages, Jn
S RIS e ?il% o

1dfitaheebueadtanitedenliobe invebtigasradessin atoged ﬂm:m t

S@ﬁﬁﬁ’% %f %R@'%%$§hl£%ﬁ§?ﬂ"?§ﬁrowf ‘”3? é'?ﬁ%?’@%r 2@1
P LR e I RS RARH 1 LG D SRFEL L @&ké‘rﬂ@lﬁ’ -
smthiyésukmmuendelumm(ﬂgmﬁé}B obly aslstimti (lianerehissbutent),

ﬁéﬁg}ﬂ’f%? BUSHESHEHEA i’gﬁﬁl@!’t@éﬂlﬂrﬁ‘{? ?Fﬁﬁﬂﬂ%ﬂﬂd@ﬂ‘ﬁﬁhlck-

1-butene Is

a
iy ﬁ%ﬁﬁuﬁfﬁ%ﬁ&ﬁ%ﬁ K s B LA AH B G dlso
cheerbiawitdriayineay seledRospeethoscopy.

The inventive citric esters can, for example, be prepared by
the inventive process. A feature of this process for preparation
of citric esters of the formula I

H,C—COOR!
R}Q—C—COOR2

IL,C—COOR?

in which process each of the radicals R*, R* and R” is an
alkyl radical whose number of carbon atoms is 5 and the
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ylbutanal. Examples of catalysts that can be used are com- pounds which
contain rhodium and contain triorganic phos- phorus compounds, in particular
phosphines, as ligands. The reaction can be carried out in a homogeneous
phase (analo- gously to the UCC process described in EP 0 562 451) or in a
heterogeneous phase (analogously to the Rhone-Poulenc-Ru- hrchemie

AR IS H o e ai?ﬁyfgﬁqg% sﬁ’§ ilé’@ i'ép',éa%lfd

tmmﬁggcsaﬂyfed@mmﬁ@immﬂ setiivatealeobeda
SEPABB 1 ﬁﬁ%ﬁ{ Eri‘(‘)én-%ﬁ‘;g @W@%ﬁfﬁ%@ﬂ%@%%ﬁeﬁéﬂ”

the process ar pr
tanols prefera kes 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 alcohol mixtures via reaction with citric acid or
with its derivatives. In particular, the citric esters can prefer-
ably be prepared via esterification using citric acid, e.g., using
citric acid monohydrate or citric acid anhydrate, these being
the forms in which citric acid is frequently commercially
available, or else via transesterification starting from citric
esters having relatively short alcohol radicals. Various pro-
cesses for preparation of trialkyl citrates and of carboxy tri-

alkyl citrates are known, and some of these were mentioned
earlier above including WO 03/008369; EP 1063257; EP

1256566; and Ip.com Journal (2004), 468), pp. 15+. These
can also be used for preparation of the inventive tripentyl
citrates. Those publications are therefore expressly incorpo-
rated herein by way of reference. In the case of the transes-
terification reaction, an example of a starting material that can
be used is trimethyl citrate or triethyl citrate.

Alcohols for preparation of the inventive citric esters can
be any of the saturated alcohols which are composed of 5
carbon atoms and which have an OH group. It is preferable to
use non-cyclic alcohols which have a longest carbon chain of
at least 4 carbon atoms and whose total number of carbon
atoms per alkyl radical is 5. Particular preference is given here
to primary alcohols. By way of example, mention may be
made here of n-pentanol, 2 methylbutanol and 3-methylbu-
tanol and mixtures of these alcohols.
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preference from 100 to 130 C. The process pressures are preferably from 2
to 20 MPa, with preference from 3 to 6 MPa. The hydroformylation of the
1-olefins can optionally be carried out using high superficial velocities in a
multiphase system where starting material, product and synthesis gas have
been dispersed in a continuous catalyst phase. Processes of this type are

describbebywgnitexapiiegspEpredambdy Alsad bictdecd7 BRXNIres
eaonlniokhich aip epqeesalyraceinonaied herdy bwwaglqt referanpeeintted]
e”Br&@éd Sﬂ%ﬁx@fafeim%@ﬁmfémﬁé)ﬁfmm% égqloiss Pclpt
ss can be_carried outin one st nthe c sfage
hyafa%rfﬁyﬁ%mx SR R e thy
isdsuiedd R tamiordaeaagighd edcbief4eb tthem&)réa%tbrp@aﬁa;s@l
th(—:t(safnemtﬁlylsts(D Bdiférent caialysd bititismsd macpabistsdeeruBetheth-
caig]Kiig L0 LpWPHEFIHRIPFTERErably of from 98 to 85% of n-pen-
tanol to from 2 to 15% of methylbutanol, 1n particular 2-me-
thylbutanol. However, as stated at an earlier stage above, as a
function of raw material availability and intended use of the
corresponding plasticizer it can also be advantageous to use
alcohol mixtures which comprise at least 40% by weight,
with preference from 40 to 100% by weight, particularly
preferably from 50 to 99% by weight, of 3 methylbutanol.
The inventive process for preparation of citric esters of the
formula I can preferably use primary alcohols or alcohol
mixtures such as those obtainable via hydroformylation of an
alkene with subsequent hydrogenation. By way of example,
n-pentanol can be prepared via hydroformylation of 1-butene
and subsequent hydrogenation of the valeraldehyde to give
n-pentanol.
Precursors for pentanols are preferably industrial hydro-
carbon mixtures which comprise one or more olefins having
4 carbon atoms. The most important source for C, olefins is
the C, cut from steamcrackers. From this, after extraction
(extractive distillation) of the butadiene or selective hydroge-
nation thereof to give a butene mixture, preferably an
n-butene mixture, a hydrocarbon mixture (raffinate 1 or
hydrogenated C, fraction) is prepared, comprising isobutene,
1-butene and the two 2 butenes (cis and trans). Another raw
material for C, olefins is the C, cut from FCC plants, which
can be worked up as described above. C, olefins prepared via
Fischer-Tropsch synthesis are another suitable starting mate-
rial, after selective hydrogenation of the butadiene present
therein to give n-butenes. Olefin mixtures obtained via dehy-
drogenation of C, hydrocarbons or via metathesis reactions
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After the hydroformylation described immediately above of 1 -butene and of
portions of the isobutene in the first stage of step a) of the process, materials
remaining in the starting hydrocarbon mixture comprise, if present, the
2-butenes and, if appropriate, isobutene and at most traces of 1-butene. This
mixture can be hydroformylated as it stands, using another catalyst system,
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Step b) of the Process After catalyst removal, the hydroformylation mixtures
can either be directly used in the hydrogenation reaction or else can be
separated in advance by distillation or by other separation methods into two
or more fractions. In particular, it can be advantageous to work up the
hydroformylatlon mlxture in such a way as to give one or more fractions in
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content of from 0.05 to 10% by weight, in particular from 0.5 to 5% by weight,
very particularly preferably from 1 to 215% by weight based on the total
weight of the reaction mixture. The water content 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



Step c) of the Process: Reaction of Citric Acid or Citric Acid Derivative with
C5 Alcohol to Give Tripentyl Citrate Reaction of the C5 alcohols to give the
corresponding tripentyl citrate can take place via reaction with citric acid,
which by way of example can be used in the form of the monohydrate or in
anhydrous form (anhydrate), or via reaction with a derivative of citric acid, in
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described above, but the reaction time for the esterification reaction of citric
acid monohydrate with, for example, n-butanol is then frequently above 10
hours (WO 03/008369 incorporated herein by reference in its entirety).
Surprisingly, it has now been found that the esterification of citric acid,
preferably anhydrous citric acid and particularly preferably citric acid
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or more methylene groups of this alkylgadical can be substituted by oxygen.
It can be advantageous for the boiling point of the alcohols on which the
starting ester is based to be lower than that of the starting alcohols. A
preferred starting material is triethyl citrate, which is produced industrially and
is therefore available in large quantities.




The transesterification reaction is preferably carried out at a temperature of
from 100 to 220 C. The temperature selected is particularly preferably
sufficiently high that the alcohol produced from the starting ester can be
removed from the reaction mixture by distillation at the prescribed pressure,
preferably an mcreased pressure. The work-up of the transesterification
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plasticizer. The inventive plasticizers can preferably be used in profiles, in
gaskets, in food-or-drink packaging, in foils, in toys, in medical items, in roof
sheeting, in synthetic leathers, in floorcoverings, in underbody protection, in
coated textiles, in wallpapers, in cables and in wire sheathing, and
particularly preferably in food-or-drink packaging, in toys, in medical items, in
wallpapers and in floorcoverings.
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Use of the inventive citric esters can in particular give inventive compositions
which comprise a citric ester. The compositions of the invention may
comprise the inventive citric ester alone or in a mixture with other plasticizers.
If the inventive compositions comprise the inventive citric esters in a mixture
with other plasticizers, the other Sdkstlmzers can preferably have been
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acrylontftrile-styrene-acrylate (ASA), styrene-acrylonitrile (SAN),
acrylonitrile-butadiene-styrene (ABS), styrene-maleic anhydride copolymer
(SMA), styrene-methacrylic acid copolymer, polyolefins, in particular
polyethylene (PE) or polypropylene (PP), thermoplastic polyolefins (TPO),
polyethylene-vinyl acetate (EVA), poly-carbonates, polyethylene
terephthalate (PET), polybutylene terephthalate (PBT), polyoxymethylene
(POM), polyamide (PA), polyethylene gdycol (PEG), polyurethane (PU),
thermoplastic polyurethane (TPU), polysulphides (PSu), biopolymers, in
particular polylactic acid (PLA), polyhydroxybutyric acid (PHB),
polyhydroxyvaleric acid (PHV), polyesters, starch, cellulose and cellulose
derivatives, in particular nitrocellulose (NC), ethylcellulose (EC), cellulose
acetate (CA), cellulose acetate/butyrate (CAB), rubber or silicones, and also



The inventive compositions can comprise not only the constituents mentioned
but also further constituents, in particular by way of example other
plasticizers, fillers, pigments, stabilizers, co-stabilizers, such as epoxidized
soya bean oil, lubricants, blowing agents, kickers, antioxidants or biocides.
The compositions comprising the polymers mentioned can be used as
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WGt remaining olefins are optionally reacted in the
downstream reactor(s).

Known processes can be used to remove the catalyst from

the hydroformylation mixtures. By way of example, the cata-

lyst can be removed by distillation in the case of processes

where the rhodium catalyst is present homogeneously in the
reaction mixture. Phase separation can, for example, be used
to remove the catalyst in the case of the reaction in a hetero-
geneous phase (two liquid phases) (see Ed. B. Comils, W. A.
Herrmann, Applied Homogeneous Catalysis with Organic
Compounds, Vol. 1, p. 80, VCH-Verlag, 1996 incorporated
herein by reference in its entirety).

17



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. TABLE 1 Alcohols

ori’hﬁp)g%éf‘ TS EAhol eotor Number 1006 006
fter catalyst removal, the hydroformylation mixtures can
elther be directly used in the hydrogenation reaction or else
can be separated in advance by distillation or by other sepa-
ration methods into two or more fractions. In particular, it can
be advantageous to work up the hydroformylation mixture in
such a way as to give one or more fractions in essence com-
prising aldehydes.

The hydroformylation mixtures after catalyst removal or
the aldehydes or fractions comprising aldehyde removed
from these mixtures via a separation process, €.g., distillation,
are hydrogenated according to the invention. The hydro-
formylation mixtures can be hydrogenated separately or
together here. Hydrogenation produces the corresponding
saturated alcohols from the aldehydes. Examples of these are
butanols, n-pentanol, 2-methylbutanol and 3 methylbutanol.

The hydrogenation reaction can use nickel catalysts, cop-
per catalysts, copper/nickel catalysts, copper/chromium cata-
lysts, copper/chromium/nickel catalysts, zinc/chromium
catalysts, or nickel/molybdenum 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 hydroge-
nated comprise in each case from 0.3 to 15% by weight of
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0% Tri-n-pentyl citrate 1 A 100% 0% 0% Acetyl tri-n-pentyl citrate 2A 0% 0%
100%

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 1.2% by weight, of an alkali
metal component on a support material, preferably alu-
minium oxide and silicon dioxide based on the total weight of
the catalyst. The quantities stated are based on the catalyst
prior to reduction. The alkali metal component 1s optional.
The catalysts are advantageously used in a form in which they
have low flow resistance, e.g. in the form of granules, pellets
or mouldings, such as tablets, cylinders, strand extrudates or
rings. Prior to use, they are advantageously activated, e.g. via
heating in a stream of hydrogen.

The hydrogenation reaction can be a gas-phase or liquid-
phase hydrogenation reaction. The hydrogenation reaction 1s
preferably carried out at a total pressure of from 0.5 to 50
MPa, preferably from 1.5 to 10 MPa. A gas-phase hydroge-
nation reaction can also be carried out at lower pressures, the
gas volumes present then being correspondingly large. If a
plurality of hydrogenation reactors 1s used, the total pressures
in the individual reactors can be identical or different within
the pressure limits mentioned. The reaction temperatures dur-
ing the liquid- or gas-phase hydrogenation reaction can gen-
erally be from 120 to 220° C., in particular from 140 to 180°
C. Hydrogenation reactions of this type are described by way
of example in patent applications DE 198 42 369 and DE 198
42 370, each of which are expressly incorporated herein by
reference in their entireties.
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Acetyl tri(3-methylbutyl) citrate 2 B 90% 10% 0% Acetyl tripentyl citrate 2 C
The % data are % by weight based on the total weight of all pentanols Since
isomeric compounds are involved here and require no adaptation of the
stoichiometrically required amounts, the general term pentanols is used
hereinafter for simplicity. Example 1

The hydrogenation reaction is preferably carried out in the
presence of water. The water needed can be present in the
reactor feed. However, it 1s also possible to feed water at a
suitable point into the hydrogenation apparatus. In the case of
gas-phase hydrogenation, water is advantageously intro-
duced in the form of steam. A preferred hydrogenation pro-
cess is liquid-phase hydrogenation with addition of water, this
hydrogenation being described by way of example in DE 100
62 448 incorporated herein by reference in its entirety. The
hydrogenation reaction is particularly preferably carried out
with water content of from 0.05 to 10% by weight, in particu-
lar from 0.5 to 5% by weight, very particularly preferably
from 1 to 2.5% by weight based on the total weight of the
reaction mixture. The water content 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 to work up the hydrogena-
tion mixture in such a way as to give one or more fractions of
alcohols with the same number of carbon atoms. The distil-
lative work-up can preferably be carried out in such a way as
to give substantial separation into the individual constituents.

If the intention is to prepare a citric ester from linear alco-
hols as starting alcohols, linear n pentanol can be separated
out from the branched pentanols.
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Preparation of Tripentyl Citrates 210 g (1 mol) of citric acid monohydrate
(Riedel de Haen, purity >99.5% by weight) and initially 300 g of a total of 352
g of pentanol or pentanol mixture (4 mol) according to Table 1 were used as
initial charge in a 2 litre multiple-neck flask with stirrer, water separator,
dropping funnel, internal thermometer and immersion tube. Nitrogen gas was
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temperature of 145 C. was reached, 0.63 g of methanesulphonic 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 8 hours, the acid
number was <1 mg KOH/g (DIN EN ISO 2114) and the esterification reaction

o was concluded. 21



'the water separator was then-still under nitrogen-re placed by a distillation
bridge and the excess alcohol was removed by distillation at 160 C. under a
slowly increasing vacuum. The water separator was then replaced, under
nitrogen, by a distillation bridge, and the apparatus was again evacuated. 8%
by weight of deionized water, based on the expected amount of crude ester,
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tates). The processes described above have therefore been
operated generally at temperatures below 150° C. There are
therefore also only a few cases where metal-based acids, such
as tetrabutyl orthotitanate, are used for this purpose.

Al temperatures below 150° C. it is possible by way of
example to carry out operations using the proton acids
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The starting weights used of the components for the various plastisols are
found in Table 2 below. TABLE 2 Mixing specifications according to Example
3 (all data in phr (= parts by weight per 100 parts by weight of PVC))

Plastisol mixing specification 123456

described above, but the reaction time for the esterification
reaction of citric acid monohydrate with, for example, n-bu-
tanol 1s then frequently above 10 hours (WO 03/008369
incorporated herein by reference in its entirety).
Surprisingly, it has now been found that the esterification
of citric acid, preferably anhydrous citric acid and particu-
larly 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 8 hours at
from 155 to 165° C., with catalysis by proton acids, among
which particular preference 1s given to methanesulphonic
acid, and that the resultant product had, after conventional
work-up, purity levels comparable with the prior art, in par-

ticular with those stated in WO 03/008369.
The 1deal 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
catalyst. The ideal temperatures for each individual case can
readily be determined via simple preliminary experiments.
Use of higher temperatures can increase the reaction rate, but
side reactions are favoured, an example being elimination of
water from alcohols or formation of coloured by-products.

In the case of the mventive pentyl citrates, the reaction
temperature 1s preferably from 120 to 180° C., with prefer-
ence from 130 to 170° C. and particularly preferably from 155
to 165° C.
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7 Vestolit B 7021 (Vestolit GmbH) 100 100 100 100 100 100 100 Vestinol 9
(DINP from OXENO 50

The desired reaction temperature or the desired tempera-
ture range can be set via appropriate adjustment of the pres-
sure in the reaction vessel. The esterification reaction 1s pref-
erably carried out for the purposes of the present invention at
a pressure of from 0.1 MPa to 1 hPa.

In order to remove the water of reaction, 1t can be advan-
tageous to remove the water from the reaction mixture by
distillation in the form of a mixture, e.g. in the form of an
azeotropic mixture with the alcohol. The amount of liquid to
be returned to the reaction can be composed to some extent or
entirely of alcohol obtained via work-up of the distillate. It is
also possible to carry out the work-up at a later juncture and
to replace the amount of liquid removed entirely or to some
extent by fresh alcohol, 1.¢., alcohol provided in a feed vessel.
It 1s preferable that the amount of liquid removed from the
reaction mixture is replaced by alcohol.

The crude ester mixtures, which comprise not only the
ester(s) but also alcohol, catalyst or its downstream products
and, if appropriate, by-products, can be worked up by meth-
ods known per se. The work-up here preferably comprises
one or more of the following steps: removal of excess alcohol
and, if appropriate, low boilers, washing of the crude product
with water or with an aqueous salt solution, neutralization of
the unreacted acids, optionally a steam distillation, conver-

sion 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.
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Olefmchemie)

Optionally, the desired ester can be separated by distilla-
tion from the reaction mixture, if appropriate after neutral-
ization of the batch. This can be advantageous particularly in

the case of products which are solid at room temperature.
In another embodiment of the inventive process, the inven-

tive tripentyl citrates can be obtained via transesterification of
a citric ester with a starting alcohol selected from isomeri-
cally pure pentanols or a suitable pentanol isomer mixture.
The starting materials used comprise citric esters whose alkyl
radical bonded to the O atom of the ester group preferably has
from 1 to 3 carbon atoms. This radical can be aliphatic,
straight-chain or branched, alicyclic or aromatic. One or more
methylene groups of this alkyl radical can be substituted by
oxygen. It can be advantageous for the boiling point of the
alcohols on which the starting ester is based to be lower than
that of the starting alcohols. A preferred starting material 1s
triethyl citrate, which is produced industrially and is therefore

available in large quantities.
The transesterification reaction is preferably carried out at

a temperature of from 100 to 220° C. The temperature
selected 1s particularly preferably sufficiently high that the
alcohol produced from the starting ester can be removed from
the reaction mixture by distillation at the prescribed pressure,
preferably an increased pressure.

The work-up of the transesterification mixtures can take
place in exactly the manner described for the esterification
mixtures.
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DEHP (OXENO Olefulchemie 50  GmbH)

Step d) of the Process: Optional Carboxylation of the OH
Group of the Citric Acid or of the Citric Ester

If the intention in the inventive process is to prepare esters
having a radical R* which is not H, the reaction of the OH
group of the citric acid with another carboxylic acid or with an
anhydride can take place prior to or after the reaction, pref-
erably after the reaction, of the 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 1n DE-B 10 99 523 incorporated herein by refer-
ence 1n its entirety. 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 solution, sodium hydroxide solution or potas-
sium hydroxide solution, milk of lime, etc.), washing, drying,
decolorizing (e.g. via treatment with bleaching earth, ozone
or hydrogen peroxide) and filtration. As a function of the
method and sequence used, some of the steps mentioned here
are merely optional.

The carboxylation, preferably the acetylation, of the OH
group of the citric acid or of the citric ester preferably takes
place after the removal of the excess alcohol via distillation
with subsequent steam treatment of the citric ester prepared.
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Acetyl tri-n-butyl citrate 50

If necessary, further purification steps can be carried out prior
to the acetylation reaction, but this is preferably not neces-
sary.

In the case of the acetylation reaction, this is preferably
carried out via addition of a molar excess of from 10 to 80%,
preferably from 20 to 50%, of acetic acid or preferably acetic
anhydride at temperatures of from 90 to 120° C., preferably
from 100 to 115° C. At the same time as, or after, addition of
the carboxylating agent, a proton acid is preferably added as
catalyst, and the reaction mixture is stirred at this temperature
for a certain time, preferably from 30 minutes to 2 hours, in
particular 1 hour. A very wide variety of acids can be used
here as catalyst. Sulphuric acid or methanesulphonic acid 1s
preferably used as catalyst. The excess acid or the anhydride

is then removed and products can be worked up convention-
ally (neutralization, if appropriate washing, steam distilla-
tion, drying, filtration).

The ventive citric esters can be used as plasticizers, in
particular in plastics compositions, in adhesives, in sealing
compositions, in coatings, in paints, in plastisols, in synthetic
leathers, in floorcoverings, in underbody protection, in coated
textiles, in wallpapers, or in inks, as plasticizer. The inventive
plasticizers can preferably be used in profiles, in gaskets, in
food-or-drink packaging, in foils, in toys, in medical items, in
roof sheeting, in synthetic leathers, in floorcoverings, in
underbody protection, in coated textiles, in wallpapers, in
cables and in wire sheathing, and particularly preferably in
food-or-drink packaging, in toys, in medical items, in wall-
papers and in floorcoverings.
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(Jungbtmzlauer) Tri-n-pentyl citrate (according to the invention, 1 A)

Use of the inventive citric esters can in particular give

inventive compositions which comprise a citric ester.
The compositions of the invention may comprise the inven-

tive citric ester alone or in a mixture with other plasticizers. If
the inventive compositions comprise the inventive citric
esters in a mixture with other plasticizers, the other plasticiz-
ers can preferably have been selected from the group of the
dialkyl esters of phthalic acid, preferably having from 4 to 13
carbon atoms in the alkyl chain; trialkyl esters of trimellitic
acid, preferably having from 6 to 10 carbon atoms in the side
chain; dialkyl esters of adipic acid, and preferably dialkyl
esters of terephthalic acid, in each case preferably having
from 4 to 10 carbon atoms in the side chain; alkyl esters of
1,2-cyclohexanedioic acid, alkyl esters of 1,3-cyclohex-
anedioic acid and alkyl esters of 1,4-cyclohexanedioic acid,
and preferably alkyl esters of 1,2-cyclohexanedioic acid, in
each case preferably where alkyl=alkyl radical having from 7
to 10 carbon atoms in the side chain; dibenzoic esters of
glycols; alkylsulphonic esters of phenol preferably having an

alkyl radical which contains from 8 to 22 carbon atoms;
polymeric plasticizers; glycerol esters and very particularly

preferably trialkyl esters of citric acid having a free or car-
boxylated OH group and having an alkyl radical of 4 or from
6 to 10 carbon atoms, and alkyl esters of benzoic acid, pref-
erably having from 7 to 13 carbon atoms in the alkyl chain. In
all cases, the alkyl radicals can be linear or branched and
identical or different. The composition particularly prefer-
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50 Acetyl tri-n-pentyl citrate (according to the invention, 2 A) 50

ably comprises not only esters of citric acid but in particular
an alkyl ester of benzoic acid where alkyl=alkyl radical hav-
ing from 7 to 13 carbon atoms, preferably isononyl benzoate,
nonyl benzoate, 1sodecyl benzoate or decyl benzoate. The
proportion of inventive citric esters in the mixture with other
plasticizers 1s preferably from 15 to 90%, particularly pref-
erably from 20 to 80% and very particularly preferably from
30 to 70%, where the proportions by weight of all of the
plasticizers present give a total of 100%.

Compositions containing the citric ester of the invention
and of other plasticizers may be used as plasticizers in plastics
compositions, in adhesives, in coatings, in paints, in sealing
compositions, in plastisols, or in inks. Examples of plastics
products produced from the inventive plasticizer composi-
tions can be: profiles, gaskets, food-or-drink packaging, foils,
toys, medical items, roof sheeting, synthetic leather, floor-
coverings, underbody protection, coated textiles, wallpapers,
cables and wire sheathing. Among this group, products which
may be given preferred mention are food-or-drink packaging,

toys, medical items, wallpapers and floorcoverings.
The inventive compositions may further comprise one or

more polymers selected from polyvinyl chloride (PVC),
polyvinylidene chloride (PVDC), polyacrylates, in particular
polymethyl methacrylate (PMMA), polyalkyl methacrylate
(PAMA), fluoropolymers, in particular polyvinylidene fluo-
ride (PVDF), polytetrafluorooethylene (PTFE), polyvinyl
acetate (PVAc), polyvinyl alcohol (PVA), polyvinyl acetals,
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Acetyl-tri(3-methylbutyl) citrate (according to the invention, 2 B) 50 Acetyl
tripentyl citrate (according to the invention, 2 C)

in particular polyvinyl butyral (PVB), polystyrene polymers,
in particular polystyrene (PS), expandable polystyrene
(EPS), acrylonitrile-styrene-acrylate (ASA), styrene-acry-
lonitrile (SAN), acrylonitrile-butadiene-styrene (ABS), sty-
rene-maleic anhydride copolymer (SMA), styrene-meth-
acrylic acid copolymer, polyolefins, in particular
polyethylene (PE) or polypropylene (PP), thermoplastic
polyolefins (TPO), polyethylene-vinyl acetate (EVA), poly-
carbonates, polyethylene terephthalate (PET), polybutylene
terephthalate (PBT), polyoxymethylene (POM), polyamide
(PA), polyethylene glycol (PEG), polyurethane (PU), ther-
moplastic polyurethane (TPU), polysulphides (PSu),
biopolymers, in particular polylactic acid (PLA), polyhy-
droxybutyric acid (PHB), polyhydroxyvaleric acid (PHV),
polyesters, starch, cellulose and cellulose derivatives, 1n par-
ticular nitrocellulose (NC), ethylcellulose (EC), cellulose
acetate (CA), cellulose acetate/butyrate (CAB), rubber or
silicones, and also mixtures or copolymers of the polymers
mentioned or of their monomeric units. The inventive com-
positions preferably comprise PVC and/or homo- and/or
copolymers based on ethylene, and/or propylene, and/or
butadiene, and/or vinyl acetate, and/or glycidyl acrylate, and/
or glycidyl methacrylate, and/or methacrylates, and/or acry-
lates, and/or acrylates or methacrylates having, bonded to the
oxygen atom of the ester group, alkyl radicals of branched or
unbranched alcohols having from 1 to 10 carbon atoms, and/
or styrene, and/or acrylonitrile or and/or cyclic olefins.
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50 Epoxidized soyabean oil (Drapex 39,3 3333

The PVC grade preferably present in the inventive compo-
sition comprises suspension PVC, bulk PVC, microsuspen-
sion PVC oremulsion PVC. The inventive compositions pref-
erably 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 con-
stituents mentioned but also further constituents, in particular
by way of example other plasticizers, fillers, pigments, stabi-
lizers, co-stabilizers, such as epoxidized soya bean oil, lubri-
cants, blowing agents, kickers, antioxidants or biocides.

The compositions comprising the polymers mentioned can
be used as plastics compositions, adhesives, sealing compo-
sitions, coatings, paints, plastisols, synthetic leather, floor-
coverings, underbody protection, textile coatings or wallpa-
pers, or inks, or for their production. The compositions
mentioned can in particular 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. The
compositions are preferably food-or-drink packaging, toys,
medical items, wallpapers and floorcoverings.

FIG. 1 provides further illustration of the invention, but
there is no intention that the invention be restricted to the
types of embodiment shown by way of example in that figure.

FIG. 1 shows gelling curves for the 7 plastisols tested in
example 8. Complex viscosity is plotted as a function of
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3 3 Crompton) Mark CZ 140 (Crompton) 1.5

temperature. The values measured for plastisol 1 are charac-
terized by diamonds, the values measured for plastisol 2 are
characterized by squares, the values measured for plastisol 3
are characterized by triangles, the values measured for plas-
tisol 4 are characterized as X, the values measured for plas-
tisol 5 are characterized as open circles, the values measured
for plastisol 6 are characterized as filled circles and the values
measured for plastisol 7 are characterized as crosses.

The examples below are intended to 1llustrate the invention
without restricting the breadth of application apparent from
the description and from the patent claims.
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151515151515 The temperature of the plasticizers was brought to
25 C. prior to addition. First, the liquid constituents were weighed into a PE
beaker and then the pulverulent constituents were weighed in. The mixture
was mixed manually with a paste spatula until all the powder had been
wetted. The mixing beaker was then clamped into the clamping equipment of
a dissolver mixer. Prior to imm@@gMpErgsinto the mixture, the rotation
rate was set at 1800 revolutions per minute. Once the stirrer had been
switched on, stirring was continued until the temperature on the digital display

SJJQi%@n@;‘éi’r%%%ﬁ%ﬁ%ﬁﬁi‘i&“?n%?%%ﬁ?é%&é@%%%ﬁ@%ﬁ?&%
waSTRER WetsueaskiecbogH: sbauting Fkambpe Aol CoBa8es

e e A R a%ﬁ?ﬁ@’?%ﬁ‘é‘@é‘ﬁ%‘yﬁ?gﬁg o>

P SIS 5r 008 YA oL PRy, st haddhu-

theaarsbinto8 39200 sofwigrht). The alcohols or alcohol mixtures
stated in Table 1 were used to prepare the various esters.

TABLE 1

Alcohols or alcohol mixtures used in Examples 1 and 2.

2- 3- Corresponding
n-Pentanol Methylbutanol Methylbutanol ester Number
100% 0% 0% Tri-n-pentyl 1A
citrate
100% 0% 0% Acetyl 2A
tri-n-pentyl
citrate
0% 0% 100% Acetyl 2B
tri(3-methylbutyl)
citrate
90% 10% 0% Acetyl tripentyl 2C
citrate

The % data are % by weight based on the total weight of all pentanols.
Since 1someric compounds are involved here and require

no adaptation of the stoichiometrically required amounts, the

general term pentanols 1s used hereinafter for simplicity.
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The plastisol was again stirred with a spatula in the storage container and
tested in the Z3 test system (DIN 25 mm) according to the operating
instructions. The test proceeded automatically by way of the abovementioned
software at 25 C. The following conditions were applied: pre-shear of 100 s-1
for a period of 60 s without recording any test values a downward gradient
starting at 200 5-1 extending domﬁwampiéal as 0.1 s-1, divided into a
logarithmic series with 30 steps with in each case a measurement point
duration of 5s. The test data, Were automatlcall processed by the software
after the test. VlscoBﬂgﬁpaé‘&H@m lflla )[) {(sHgateste. The tests were
carried out after each of 2 h, 4 h, 24 h and 28 days. The paste was stored at
25C. between t ;I;g]functures Table 3 below lists by way of example for the

shear2d@ gf (b rodacitemsadhd comesphydirg tesdisiededides Haen,
@(‘:%ﬁi t?;g[]e @‘ifﬁgl rlsaﬁﬁ%]&%@m;é O[Q?tfearlz(gif 352

spgcﬂs. :pentala cﬁu:ep /olCCOI'CﬁIlg to Table
1 were used as initial charge in a 2 11tre multiple-neck flask
with stirrer, water separator, dropping funnel, internal ther-
mometer and immersion tube. Nitrogen gas was first intro-
duced 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 initially
produced, and was removed by way of the water separator.
When a temperature of 145° C. was reached, 0.63 g of meth-
anesulphonic 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 8
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—re-
placed by a distillation bridge and the excess alcohol was
removed by distillation at 160° C. under a slowly increasing
vacuum.
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1DINP3.59 3.68 6.518.22129 (Vestinol 9) 2DEHP4.04 4.13 7.44 11.2177
3Acetyl tri-n-2.84 2.87 5.678.58202 butyl citrate (Jungbunzlauer)
4Tri-n-pentyl2.49 2.69 5.24 11.3354 citrate (according to the invention, 1 A)
5Acetyl2.63 2.70 4.806.63152 tri-n-pentyl

For work-up, the mixture was cooled to 100° C. 200 ml of
5% strength by weight sodium chloride solution were then
added to the reaction mixture, and the mixture was stirred at
80° C. for 15 minutes. The aqueous phase was then removed
and the mixture was again washed with the same amount of
sodium chloride solution and the phases were again sepa-
rated. 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 min-
utes at 80° C., with stirring. The aqueous phase was then
discharged and 5% strength by weight sodium chloride solu-
tion 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 by way of the immersion tube at this temperature in
vacuo. Care was taken here that the temperature did not rise
above 160° C. The system was then filled with nitrogen, 2%
by weight of powdered activated charcoal were added, and
the system was cooled under renewed vacuum (extending to
5 hPa) to 80° C. and the product was then filtered.

Purity: 99% by area (determined via gas chromatography)

Example 2

Preparation of Acetyl Tripentyl Citrates
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citrate (according to the TABLE 3-continued Shear rate 100 s-1 (Viscosities
stated in Pa * s) Total rise Plastisolfrom 2 h mixingafter 28 specification
Plasticizer used2 h4 h24 h 28 d days in %

210 g (1 mol) of citric acid monohydrate (Riedel de Haen)
and initially 300 g of a total of 352 g of pentanol or pentanol
mixture (4 mol) according to Table 1 were used as initial
charge in a 2 litre multiple-neck flask with stirrer, water
separator, dropping funnel, internal thermometer and immer-
sion 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 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 pentanol or pentanol mix-
ture was added by way of the dropping funnel (under nitro-
gen). 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 (DIN EN ISO 2114) and the

esterification reaction was concluded. '
The water separator was then—still under nitrogen—re-

placed by a distillation bridge and the excess alcohol was
removed by distillation at 160° C. under a slowly increasing
vacuumn.

The water separator was then replaced, under nitrogen, by
a distillation bridge, and the apparatus was again evacuated.
8% by weight of deionized water, based on the expected
amount of crude ester, were then added dropwise by way of
the dropping funnel and the immersion tube. Once all of the
water had been added, the system was cooled to 110° C. in
vacuo (<5 mbar).
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Example 5 Preparation of Castings for Shore Hardness Tests Shore A
hardness is a measure of the softness of a test specimen. The greater the
possible penetration of a standardized needle into the test specimen during a
test of a certain duration, the lower the test value. The plasticizer with the
highest efficiency gives the lowest Shore hardness value, for an identical
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For work-up, the mixture was cooled to 100° C. 200 ml of
5% strength by weight sodium chloride solution were then
added to the reaction mixture, and the mixture was stirred at
80° C. for 15 minutes. The aqueous phase was then removed
and the mixture was again washed with the same amount of
sodium chloride solution and the phases were again sepa-
rated. 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 min-

utes at 80° C., with stirring. The aqueous phase was then
discharged and 5% strength by weight sodium chloride solu-
tion was agaln used twice as described above for washmg

After phase separatlon the crude ester mixture was agam
heated to 160° C. and 8% by weight of deionized water, based
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mixing specification Plasticizer used Shore A hardness 1 Vestinol 9 83 2
DEHP 81 3 Acetyl tri-n-butyl citrate (Jungbunzlauer)

on the expected amount of crude ester, were slowly added
dropwise by way of the immersion tube at this temperature in
vacuo. Care was taken here that the temperature did not rise
above 160° C. The system was then filled with nitrogen, 2%
by weight of powdered activated charcoal were added, and
the system was cooled under renewed vacuum (extending to
5 hPa) to 80° C., and the material was stirred at this tempera-
ture for about 30 minutes with 2% by weight of hydrogen
peroxide and then dried at 120° C. and then again cooled and
filtered.

Example 3
Preparation of Plastisols

The starting weights used of the components for the vari-
ous plastisols are found in Table 2 below.
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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-methylbutyl) citrate (according to the invention, 2 B) 83 7 Acetyl tripentyl
citrate (according to the invention, 2 C)

TABLE 2

Mixing specifications according to Example 3 (all data in phr
(= 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 50

Olefinchemie)

DEHP {OXENO Olefinchemie 50

GmbH)

Acetyl tri-n-butyl citrate 50

(Jungbunzlauer)

Tri-n-pentyl citrate (according to the 50

invention, 1 A)

Acetyl tri-n-pentyl citrate (according 50

to the invention, 2 A)

Acetyl-tri(3-methylbutyl) citrate 50
(according to the invention, 2 B)

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

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

Mark CZ 140 (Crompton) 5 15 15 15 15 15 15

The temperature of the plasticizers was brought to 25° C.
prior to addition. First, the liquid constituents were weighed
into a PE beaker and then the pulverulent constituents were
weighed in. The mixture was mixed manually with a paste
spatula until all the powder had been wetted. The mixing
beaker was then clamped into the clamping equipment of a
dissolver mixer. Prior to immersing the stirrer into the mix-
ture, the rotation rate was set at 1800 revolutions per minute.
Once the stirrer had been switched on, stirring was continued
until the temperature on the digital display of the temperature
sensor reached 30.0° C. This ensured that the plastisol was
homogenized with defined energy input. The temperature of

the plastisol was then immediately brought to 25° C.
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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 to 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 eliminafjoR fisogen chloride (HC1) and
formation of polyene segments. Production of Foils: To produce the test
specimens, foils of thickness 1 mm were first produced for each mixing
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a downward gradient starting at 200 s~ extending down-
ward as far as 0.1 s7*, divided into a logarithmic series
with 30 steps with in each case a measurement point
duration of 5 s.

The test data were automatically processed by the software
after the test. Viscosity was shown as a function of shear rate.
The tests were carried out after each of 2 h, 4 h, 24 h and 28
days. The paste was stored at 25° C. between these junctures.

Table 3 below lists by way of example for the shear rate of

100 s~! in each case the corresponding viscosity values
obtained after the stated storage times.
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C., and the test frame was run in and run back out of the oven at a constant
velocity. In this way, each of the test specimens could be run out from the
oven at an interval of 15 minutes, thus permitting 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 (including
the control specimen). The test specimens, as defined according to mixing
specification and residence time i ABbEn3were mounted on card and

thermal stability tggting.|a eagh-case;theJHNStUre iy 1o, intense black
coloration is stamm%mmmwrg#ninaﬁon
Juncture prior to black coloration in Plastisolminutes mixing(residen[ce .

specification Plasticizer usedtime in oven) otal rise

Plastisol from 2 h
mixing after 28
specification Plasticizer used 2h 4h 24h 28d daysin%
1 DINP 359 3.68 651 822 129
(Vestinol 9)
2 DEHP 404 413 744 112 177
3 Acetyl tri-n- 2.84 287 5.67 8.58 202
butyl citrate
(Jungbunzlauer)
4 Tri-n-pentyl 249 2,69 524 113 354
citrate

(according to the
invention, 1 A)
5 Acetyl 263 2770 4.80 6.63 152
tri-n-pentyl
citrate
(according to the
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1 Vestinol 9 16.5 2 DEHP 16.5 3 Acetyl tri-n-butyl citrate (Jungbunzlauer)
16.5 4 Tri-n-pentyl citrate (according to the invention, 1 A) 12

TABLE 3-continued

Shear rate 100 s™! (Viscosities stated in Pa * s)

Total rise
Plastisol from2 h
mixing after 28

specification Plasticizer used 2h 4h 24h 28d daysin%

invention, 2 A)
6 Acetyl 447 447 796 9.72 117
tri-3-methylbutyl
citrate (according
to the invention,
2 B)
7 Acetyl tripentyl 2.81 2.83 493 6.81 142
citrate (according
to the invention,
20)

Example 5

Preparation of Castings for Shore Hardness Tests

Shore A hardness is a measure of the softness of a test
specimen. The greater the possible penetration of a standard-
ized needle into the test specimen during a test of a certain
duration, the lower the test value. The plasticizer with the
highest efficiency gives the lowest Shore hardness value, for
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TABLE 5-continued Results of thermal stability determination Juncture prior
to black coloration in Plastisolminutes mixing(residence specification
Plasticizer usedtime in oven) 5Acetyl tri-n-pentyl citrate (according to thel6.5
invention, 2 A) 6Acetyl tri-3-methylbutyl citrate (accordingl16.5

an identical amount of plasticizer. Conversely, in the case of
very efficient plasticizers it is possible to save a certain pro-
portion in the mixing specification, and in many cases this

means lower costs for processors.
To determine Shore hardness values, the plastisols pre-

pared according to Example 3 were poured into circular cast-
ing moulds whose diameter was 50 mm. The plastisols in the
moulds were then gelled at 200° C. for 10 min 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 least 16 hours
prior to testing. The thickness of the sheets was about 8 mm.

The tests themselves were carried out by analogy with DIN
53 505 using a Shore A tester from Zwick-Roell, the test value
being in each case read off after 3 seconds. Three different
measurements were carried out at different points on each test
specimen (not in the edge region) and in each case the average
was noted. The test values obtained are listed in Table 4.
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to the invention, 2 B) 7Acetyl tripentyl citrate (according to thel5 invention, 2
C) As can readily be seen from the data in Table 5, the plastisol mixing
specification in which a pentyl citrate 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 wag APpL sim are in each case used to

S

in standard conditigns
humidity) and then g b2 Aiet CHBMBIRNS2 407, the discs
are then in each case heated at 80 C ina heatlng cabinet for 24 hours
(MetRldtisodirect contact with activated charcoal, grain size 2.5 mm) The
discsargifien in turn removed from the heating cabinet, cooled for 24 dhy@uss

u i.-_ %t[g P‘Pm fions éﬁmperature and humidity, and again
befo

heating Perlod o{,?* @Jrs Table 6 Ilsts the test values obtalned T%%LE 6
Results 2of volatlllt;é measurement

&1
3 Acetyl tri-n-butyl citrate (Jungbunzlauer) 79
4 Tri n-pentyl citrate (according to the 76
invention, 1 A)
5 Acetyl tri-n-pentyl citrate (according to the 79
invention, 2 A)
6 Acetyl tri(3-methylbutyl) citrate (according to 83
the invention, 2 B)
7 Acetyl tripentyl citrate (according to the 79

invention, 2 C)

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 to 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.
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Plastisol mixing specification Plasticizer usedld2d3d4d5d6d7d 1Vestinol
90.650.91.261.692.092.242.48 2DEHP1.28 2.04 2.89 3.884.80 5.416.11
3Acetyl tri-n-butyl3.175.29 7.409.44 11.20 12.4013.60 citrate
(Jungbunzlauer) 4Tri-n-pentyl citrate1.432.12 3.02 4.095.185.706.35
(according to the invention, 1 A) 5Acetyl

triProenir 36 1R E 683, 545.315.696.21

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 frame, the Mathis oven
(LTF) was set to 200° C., and once this temperature had been
reached the frame was preheated for 15 seconds. The doctor
was then placed in the clamping apparatus and the doctor gap
was adjusted by way of preliminary experiments in such a
way that the thickness of the foil after conclusion of gelling
was 1 mm (+/-0.05 mm). An adhesive strip was applied to the
front 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 m/min) by drawing the guide frame with the
doctor over the clamped release paper. The doctor was then
removed and the adhesive strip with the excess paste was
taken away. The melt roll was then lowered and the clamping
frame was run into the oven. After gelling (2 minutes at 200°
C.), the frame was run back out of the oven and, after cooling,
the foil was peeled from the paper.

Specimen Preparation:

The foils of thickness 1 mm were cut with scissors to 20%20
mm. Fifteen test specimens were needed per mixing specifi-
cation. These were then placed 1n sequence on the test frame.
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citrate (according to the invention, 2 A) 6Acetyl
tri-3-1.752.714.255.507.107.748.54 methylbutyl citrate (according to the
invention, 2 B) 7Acetyl tripentyl1.151.70 2.533.514.434.995.56 citrate
(according to the invention, 2 C)  The volatility of the specimens which
comprise the inventive plasticizers tri-n-pentyl citrate (1A) and acetyl tripentyl

Tﬁéaférﬁ Fﬁﬁ?é%ﬁﬁ@féblﬂmﬂﬁmh@frﬁfé‘t@st@ Qiﬁ%i@ REViEN2@0°
marke in comparison with ATBC. E

o PSR WAS T 1 And run Back dut of the oven
at a constant velocity. In this way, each of the test specimens
could be run out from the oven at an interval of 1.5 minutes,
thus permitting 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
(including the control specimen).

The test specimens, as defined according to mixing speci-
fication 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.

TABLE 5

Results of thermal stability determination

Juncture prior

to black
coloration in
Plastisol minutes
mixing (residence
specification Plasticizer used time in oven)
1 Vestinol 9 16.5
2 DEHP 16.5
3 Acetyl tri-n-butyl citrate (Jungbunzlauer) 16.5
4 Tri-n-pentyl citrate (according to the 12

invention, 1 A)
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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.
Oscillation frequency: 2 HY B¢y Hnfe-doxifiatieadtiime: 15 s Continuous

AV TR I T7aY I AN

Pa Intended deforﬁgasgiﬂg'i %ﬁﬁg&%g %QEEIS %%éﬂn%?ﬁ?&ft of Test: The
spatula was use T ification to be
tested, with no air bubbles, to the lower plate of the test system. Care was
taken here that it was possible for some plastisol to expand odUHSHIHBHAL:
system uniformly (not more than about 6 mm around the peripheF?)t&ﬂ‘ékthe
test system had been closed together The protective covering cahichiigisan

serPésfaothermal insulation, was then applied and the test was startetds

mixing (residence
specification Plasticizer used time in oven)
5 Acetyl tri-n-pentyl citrate (according to the 16.5
invention, 2 A)
6 Acetyl tri-3-methylbutyl citrate (according 16.5
to the invention, 2 B)
7 Acetyl tripentyl citrate (according to the 15

invention, 2 C)

As canreadily be seen from the data in Table 5, the plastisol
mixing specification in which a pentyl citrate having a free
OH group was used as plasticizer has the poorest thermal
stability.
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The variable known as complex viscosity of the plastisol 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 tripentyl
citrate provides the best gellin fﬁﬁ pace. Although this is somewhat
reduced via acetylation, it contlnues to'be comparable with that of DEHP and
better than that of DINP. Replacement of a proportion, 10 mol %, of

n-pefrarel RydretetwiPWasleltitirpofrg priadie gfieq] Bepilitviideaido is
practically the same wi ac%gll‘)@% dgjg]ylggty Lzate as with DINP.
German application D n. 8, 2006 is incorporated
herein by reference in its entirety. Obviously, numerous modifications and

%ﬁog@%hﬂ&gemlaemliﬂms%blm ht of t %H %ﬂﬁés was

abapnérded neare, thedavdniaspaskeelteciady r(eudzutlam@n(hlscs with
S K SIS AR 24 R
conditions of temperature and humidity (23° C./50% relative
humidity) and then weighed. Using a method based on DIN
53 407, 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, cooled 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:
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TABLE 6

Results of volatility measurement

Plastisol
mixing
specification Plasticizer used 1d 2d 3d 4d 5d 6d 7d
1 Vestinol 9 0.65 09 126 1.69 2.09 224 248
2 DEHP .28 2.04 289 3.8 480 541 6.11
3 Acetyl tri-n-butyl 3.17 529 740 944 11.20 1240 13.60
citrate
(Jungbunzlauer)
4 Tri-n-pentyl citrate 143 212 302 409 518 3570 635
(according to the
invention, 1 A)
5 Acetyl tri-n-pentyl .26 1.82 258 354 531 3569 621
citrate (according to
the invention, 2 A)
6 Acetyl tri-3- L.75 271 425 550 7.10 774 R854
methylbutyl citrate
{according to the
invention, 2 B)
7 Acetyl tripentyl .15 170 253 351 443 499 556

citrate (according to
the invention, 2 C)
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11-12C

The volatility of the specimens which comprise the inven-
tive plasticizers tri-n-pentyl citrate (1A) and acetyl tripentyl
citrate (2A, 2C) 1s comparable with that of DEHP, therefore
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 sys-
tem), 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.
Oscillation frequency: 2 Hz

Delay time: 1 s

Waiting time: 15 s

Continuous oscillation: on
Automatic input of shear stress: on
Starting shear stress: 0.3 Pa
Intended deformation: 0.002

Gap width 0.5 mm
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wherein each of the radicals R', R2 and R3 is an alkyl radical whose number
of carbon atoms is 5 and the radical R4 is Fl or a carboxylic acid radical,

wherein more than 60 mol % of R', R2 and R3 are n-pentyl radicals and from
30 to 0.1 mol % of R', R2 and R3 are methylbutyl radicals. 2. The mixture of
citric esters according to claim!, wherein from 70 to 99.9 mol % of RI, R2 and

Cgﬁﬁ[f%rf-tsiﬂpg&dicals and from 30 to 0.1 mol % of R', R2 and R3 are
methylbutyl radi

cals. 3. The mixture of citric esters according to claim 2,

whivespiatmlaswasaisediop Iy2aadngscd eheqelagt taoibam xnagrom
% of R 3 icpls. (4. | f

AR RTINS 6 T Tt
platgendidhe @ﬁ&afsys'@nhe@ﬂﬁﬁré@ﬂ&itf&fé@kr gteoihag ttl chiasy,
D A T e g
upRFEe (ARt RSreR SRO AN crstad dheRerPhERaLid
aften thtdctesdsiestetivh adbheeacwhnedtoedihérg Flearpeo Roecs.

The rocess-accprding to claim 7 further com n&nﬁmfg(ll)immg the alfﬁ:%o'
Mty A Hi AR S iSHaOE JERA 4G o BidsolDidke
apgslridb v thandabewas started.

The variable known as complex viscosity of the plastisol
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 tripentyl 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 pro-
portion, 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.

German application DE 102006026624.2 filed on Jun. 8,
2006 1s incorporated herein by reference 1n its entirety.

Obviously, numerous modifications and variations of the
present invention are possible in light of the above teachings.
It 1s therefore to be understood that within the scope of the
appended claims, the invention may be practiced otherwise
than as specifically described herein.
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b) hydrogenating the C. aldehydes to form the alcohols. 9. The process
according to claim 8, wherein the hydroformylating a) is carried out on a
mixture of olefins comprising one or more of an isobutene, a 1 -butene and a
2-butene. 10. The process according to claim 8, wherein the

hydro-formulating a) is carried out in two stages, (i) hydroformylating at least

m@qﬁ@@%ﬁﬁﬁ@%ﬁlﬁ@?@ and (ii) hydroformylatlng one or more
butenes. e prqcess accordipg.to ¢ eJ[lg:um 7, rein the
ﬁ &o@éﬁéﬂﬂl@a gidblsueriers [@f %ﬂa@ @ﬂ'&&ﬁ comprising from 0.3
to 15% by weight of copper and from 0.3 to 15% by Welght of nickel and, as
an 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.
12. A plasticizer, comprising: as a plasticizer the mixture of citric esters ]
according to claim 1. 13. A from the group consisting of a
plastic composition, an adhesn;eb a seali ng composmon a coating, a paint, a
plastisol, a synthetic leather orcoverlng an underbody protection, a
coated textile, a wallpa —a—ﬁﬂﬁ)@R& gasket, a food-or-drink
package, a foil, a toy, a medlcal tem, a roof sheeting, a cable and a wire
sheathing, said product com g_he@@%iszizer according to claim 12. 14.
A composition comprising as azp asticizer, the mixture of citric esters
according to claim 1 15. The composition according to claim 12, further
comprising at least one additional plasticizer selected from the group

Wittty ekretialy! ehter eidheeric Reld Rfiafirt] R is an alkyl
radical whose number of carbon atoms 1s 5 and the
radical R*is H or a carboxylic acid radical,

wherein more than 60 mol % of R', R* and R* are n-pentyl
radicals and from 30 to 0.1 mol % of R', R* and R* are

methylbutyl radicals.

2. The mixture of citric esters according to claim 1, wherein
from 70 t0 99.9 mol % of R*, R* and R are n-pentyl radicals
and from 30 to 0.1 mol % of R', R* and R? are methylbutyl

radicals.

3. The mixture of citric esters according to claim 2, wherein
from 85to 98 mol % of R', R* and R” are n-pentyl radicals and
from 15 to 2 mol % of R', R* and R’ are methylbutyl radicals.



ester of trimellitic acid, a dialkyl ester of adipic acid, a dialkyl ester of
terephthalic acid, an alkyl ester of 1,2-cyclohexanedioic acid, an alkyl ester of
1,3-cyclohexanedioic acid, an alkyl ester of 1,4-cyclohexanedioic acid, a
dibenzoic ester of glycols, an alkylsulphonic ester of a phenol, a polymeric
plasticizer, a glycerol ester, a trialkyl ester of citric acid having a free or

@rﬁphﬂmﬁmgreﬁ@ﬁﬁdﬁesmga@wmﬂggtefcﬂmm &thdfein

g R Rt F AR el o'

90% by weight, Where the proportlon by weight of all of the plasticizers is
180%helmikterenbeditiae e@telcﬁrm:t@c;t@tmg&@cﬂmmidg e leesene
kgl ester fben QiC aa@gw qare he alkyl group of the alkyl ester has from
t position according to claim 17, wherein
the aIkyI ester of ben20|c acid is at least one of isononyl benzoate, nonyl

&rﬁhamﬂomwltbﬁcm?lte estédsrad:berzlhmg tdelﬁnﬁcﬁi)mpimd f

t t least t t

RS FHR s “-po‘iiﬁ?fy”.iﬁé?%i 2 polyvinylidene chioride, a poly-
| %E | i | Icoho lyvinyl
ry atecitguor oymg {Xfl%é ﬁﬁt%el&g%%\un)é}%co ﬁ&ﬁé}lny

1 @@yg yigmﬁﬁmyl acetate, a polycarbonate, a polyethylene terephthalate a

ene.ferephtha te a palyaxymet e, a mi apo thylene
NG ST AL kARG Bt RN A AT 0 -
blo@m)]mﬁq)qg@yﬁggr]ﬁgtgr@amm% pellulose derlvatlve a rubber,

a silicone, mixtures thereof and copolymers thereof 20. The composition

BTSRRI Sy A< C I T T TR b

aMIﬂguthMV@h mm&wbgsmon according to claim 14, further

%Eﬁrls?nﬁleast o e materlal seleﬁi:ét)jdg: Zﬁﬁrou%%jnﬂstmﬁ%s\ﬁha

agemn(atr‘e(:@?sr aidehﬂ}dﬂ&&nanhhtzhenmde 22. The composition according
4 wher?m thet' co osnfa the for of at least pne,of a plastic
C%my rogenating the elydes’to form the alcohofs'

9. The process according to claim 8, wherein the hydro-
formylating a) is carried out on a mixture of olefins compris-
ing one or more of an 1sobutene, a 1-butene and a 2-butene.

10. The process according to claim 8, wherein the hydro-
formulating a) is carried out in two stages,
(1) hydroformylating at least one of isobutene and
1-butene, and
(11) hydroformylating one or more 2-butenes.



sition, an adhesive, a sealing composition, a coating, a paint, a plastisol, a
synthetic leather, a floorcovering, an underbody protection, a coated textile, a
wallpaper, an ink, a profile, a gasket, a food-or-drink packaging, a foil, a toy,
a medical item, a roof sheeting, a cable, and a wire sheathing 23. A mixture
of citric esters of the formula I, 112C R40 [-12C COOR1 COOR2 COOR3

11. The process according to claim 7, wherein the hydro-
genating is carried out in the presence of a catalyst comprising
from 0.3 to 15% by weight of copper and from 0.3 to 15% by
weight of nickel and, as an activator, from 0.05 to 3.5% by
weight of chrommum and optionally from 0.01 to 1.6% by
weight of an alkali metal component, on a support material.

12. A plasticizer, comprising:
as a plasticizer, the mixture of citric esters according to
claim 1.

13. A product selected from the group consisting of a
plastic composition, an adhesive, a sealing composition, a
coating, a paint, a plastisol, a synthetic leather, a floorcover-
ing, an underbody protection, a coated textile, a wallpaper, an
ink, a profile, a gasket, a food-or-drink package, a foil, a toy,
a medical item, a roof sheeting, a cable and a wire sheathing,

said product comprising the plasticizer according to claim 12.

14. A composition comprising as a plasticizer, the mixture
of citric esters according to claim 1.

15. The composition according to claim 12, further com-
prising at least one additional plasticizer selected from the

group consisting of a dialkyl ester of phthalic acid, a trialkyl
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wherein each of the radicals RI, R2 and R3 is an alkyl radical whose number
of carbon atoms is 5 and the radical R4 is H or a carboxylic acid radical,
wherein from 40% to 99% of the alkyl radicals RI-, R2 and R3 are
3-methylbutyl radicals.

ester of trimellitic acid, a dialkyl ester of adipic acid, a dialkyl
ester of terephthalic acid, an alkyl ester of 1,2-cyclohex-
anedioic acid, an alkyl ester of 1,3-cyclohexanedioic acid, an
alkyl ester of 1,4-cyclohexanedioic acid, a dibenzoic ester of
glycols, an alkylsulphonic ester of a phenol, a polymeric
plasticizer, a glycerol ester, a trialkyl ester of citric acid hav-
ing a free or carboxylated OH group and having an alkyl
radical of 4 or from 6 to 10 carbon atoms, and an alkyl ester of

benzoic acid.

16. The composition according to claim 15, wherein the
proportion of citric esters 1s from 15 to 90% by weight, where
the proportion by weight of all of the plasticizers 1s 100%.

17. The composition according to claim 12, comprising at
least one alkyl ester of benzoic acid wherein the alkyl group
of the alkyl ester has from 7 to 13 carbon atoms.

18. The composition according to claim 17, wherein the
alkyl ester of benzoic acid is at least one of isononyl benzoate,
nonyl benzoate, 1sodecyl benzoate and decyl benzoate.

19. The composition according to claim 14, further com-
prising at least one material selected from the group consist-
ing of a polyvinyl chloride, a polyvinylidene chloride, a poly-



acrylate, a fluoropolymer, a polyvinyl acetate, a polyvinyl
alcohol, a polyvinyl acetal, a polystyrene polymer, a polyole-
fin, a thermoplastic polyolefin, a polyethylene-vinyl acetate, a
polycarbonate, a polyethylene terephthalate, a polybutylene
terephthalate, a polyoxymethylene, a polyamide, a polyeth-
ylene glycol, a polyurethane, a thermoplastic polyurethane, a
polysulphide, a biopolymer, a polyester, a starch, a cellulose,
a cellulose derivative, a rubber, a silicone, mixtures thereof
and copolymers thereof.

20. The composition according to claim 19, comprising at
least one material selected from the group consisting of a
suspension PVC, a bulk PVC, a microsuspension PVC and an
emulsion PVC.

21. The composition according to claim 14, further com-
prising at least one material selected from the group consist-
ing of a different plasticizer, a filler, a pigment, a stabilizer, a
lubricant, a blowing agent, a kicker, an antioxidant and a
biocide.

22. The composition according to claim 14, wherein the
composition is in the form of at least one of a plastic compo-

sition, an adhesive, a sealing composition, a coating, a paint,
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a plastisol, a synthetic leather, a floorcovering, an underbody
protection, a coated textile, a wallpaper, an ink, a profile, a
gasket, a food-or-drink packaging, a foil, a toy, a medical

item, a roof sheeting, a cable, and a wire sheathing.

23. A mixture of citric esters of the formula I,

H,C—COOR!

R*O— C—COO0OR?

H,C—COOR?

wherein each of the radicals R, R* and R” is an alkyl

radical whose number of carbon atoms is 5 and the
radical R* is H or a carboxylic acid radical,

wherein from 40% to 99% of the alkyl radicals R', R and
R° are 3-methylbutyl radicals.
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