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The prior art includes phthalate plasticizers whose alcohol units

25 are C;; alcohols (decanols) or C;; alcohols (tridecanols):

JP-A 07 179 699 and JP-A 08 283 510 describe PVC-film
plasticizers which are diesters of phthalic acid with a mixture
composed of the C;p alcohols 2-propylheptanol and

30 4-methyl-2-propylhexanol in a ratio by weight of from 88:12 to
70:30. JP-A 08 301 295 describes the use of esters of this type
as plasticizers for PVC, in which the ratio by weight of
2-propylheptancl and 4-methyl-2-propylhexancl is from .100:0 to
50:50. JP-A 08 034 891 also discloses a PVC-film plasticizer

35 based on Z2-propylheptanol and 4-methyl-2-propylhexanol, and, in
addition, a plasticizer of this type which contains
2-propylheptanol as sole alcohol unit.

JB 73/35705 and JA 81/47443 disclose the use of the diester of
40 phthalic acid with tridecanol as a plasticizer for vinyl chloride
polymers, such as PVC.

The skilled worker in the sector of PVC plastics, especially one
concerned with the production of films, cables or lines made from
45 this material, is increasingly frequently faced with the task of
using plasticizers which on the one hand improve the plastic
properties of these materials, primarily their low-temperature
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25
The plasticizers of the invention bring about high
low-temperature flexibility and have low volatility, superior to
those of phthalic esters made from decanols alone or from
tridecanols alone,

30
Preferred decanols are aliphatic monoalcohols having 10 carbon
atoms, in particular the primary alkanols, the alkyl groups of
which may be straight-chain or branched, for example n-decancl,
methylnonanols, such as l-methylnonanol, ethyl oc¢tanols, such as

35 l-ethyloctanol, propylheptanols, such as l-propylheptanocl, or
methylpropylhexanols, in each case individually or in a mixture,
and especially 2-propylheptancl on its own or
4-methyl-2-propylhexanol on its own. Particular preference is
given to mixtures of the alcohols mentioned (”isodecanols”),

40 particularly those with the CAS numbers 25339-17-7 and
93821-11-5. Very particular preference is given to mixtures in
which 2-propylheptanol and 4-methyl-2-propylhexanol are present
jointly and predominantly, éreferably making up 80% by weight,
especially 90% by weight, and in particular 95% by weight, and

45 specifically in a ratio of from 99:1 to 1:99% by weight,
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specific defined parameters are complied with at least during the
butene dimerization, and preferably during the butene
dimerization and the hydroformylation.

30 It is therefore preferable to obtain the mixture of isomeric
dodecenes by bringing a hydrocarbon mixture comprising butenes
into contact with a heterogeneous catalyst which comprises nickel
oxide. The iscbutene content of the hydrocarbon mixture is
preferably 5% by weight or less, in particular 3% by weight or

35 less, particularly preferably 2% by weight or below, and most
preferably 1.5% by weight or less, based in each/ case on the
total butene content. A suitable hydrocarbon stream is what is
known as the C; cut, a mixture composed of butenes and butanes,
which is available in large amounts from FCC plants or steam

40 crackers. Particular preference is given to the use of raffinate
I1 as starting material, this being an isobutene-impoverished C,
cut.

One preferred starting material comprises from 50 to 100% by
45 weight, preferably from 80 to 95% by weight, of butenes, and from
0 to 50% by weight, preferably from 5 to 20% by weight, of
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composed of NiQ, Si0;, TiO; and/or Zr0;, and also, where
appropriate, Al;0;. Most preference is given to a catalyst whose
active substantial constituents are from 10 to 70% by weight of
nickel oxide, from 5 to 30% by weight of titanium dioxide and/or

25 zirconium dioxide, and from 0 to 20% by weight of aluminum oxide,
the remainder, to give 100% by weight, being silicon dioxide. A
catalyst of this type is obtainable by precipitating the catalyst
composition at a pH of from 5 to 9 by adding an aqueous solution
comprising nickel nitrate to an alkali metal water glass solution

30 which comprises titanium dioxide and/or zirconium dioxide,
filtering, drying and annealing at from 350 to 650°C. Reference is
made to DE-A 43 39 713 for details of the preparation of these
catalysts. Reference is made to the entire disclosure of that
publication.

35
The hydrocarbon mixture comprising butenes is preferably brought
into contact with the catalyst at from 30 to 280°C, in particular
from 30 to 140°C, and particularly preferably from 40 to 130°C.
The pressure here is preferably from 10 to 300 bar, in particular

40 from 15 to 100 bar, and particularly preferably from 20 to 80
bar. This pressure is usefully adjusted so that the olefin-rich
hydrocarbon mixture is liquid or in the supercritical state at
the temperature selected. '

45 Examples of suitable apparatuses for bringing the hydrocarbon
mixture comprising butenes into contact with the heterogeneous
catalyst are tube-bundle reactors and shaft furnaces. Shaft
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presence of catalysts dissolved homogeneously in the reaction
medium. The catalysts used here are generally compounds or
complexes of metals of the transition group VIII, especially
30 compounds or, respectively, complexes of Co, Rh, Ir, Pd, Pt or
Ru, these being either unmodified or modified with, for example,
amine- or phosphine-containing compounds.

For the purposes of the present invention, the hydroformylation

35 preferably takes place in the presence of a cobalt catalyst,
preferably at from 120 to 240°C, in particular from 160 to 200°C,
under a synthesis-~gas pressure of from 150 to 400 bar, in
particular from 250 to 350 bar. The hydroformylation preferably
takes place in the presence of water. The mixing ratio of

40 hydrogen to carbon monoxide in the synthesis gas used is
preferably in the range from 70:30 to 50:50% by volume and in
particular from €5:35 to 55:45% by volume.

The cobalt-catalyzed hydroformylation process may be carried out
45 as a multistage process which comprises the following 4 stages:

preparation of the catalyst (precarbonylation), catalyst

extraction, olefin hydroformylation, and catalyst removal from
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fed to the hydrogenation.

The formation of the cobalt catalyst, the extraction of the

30 cobalt catalyst into the organic phase, and the hydroformylation
of the olefins may also be carried out in a single-stage process
in the hydroformylation reactor.

Examples of cobalt compounds which may be used are cobalt(II)

35 chloride, cobalt(II) nitrate, the amine or hydrate complexes of
these, cobalt carboxylates, such as cobalt formate, cobalt
acetate, cobalt ethylhexanoate, or cobalt naphthencate, and also
the cobalt caprolactamate complex. Under the hydroformylation
conditions, the catalytically active cobalt comppunds form in

40 situ as cobalt carbonyls. It is also possible to use the carbhonyl
complexes of cobalt, such as dicobalt octacarbonyl, tetracobalt
dodecacarbonyl, or hexacobalt hexadecacarbonyl.

The aldehyde mixture obtained during the hydroformylation is

45 reduced to give primary alcohols. Some degree of reduction
generally takes place under the hydroformylation conditions, and
the hydroformylation here may also be controlled so that.
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gas or, 20esRafbple/doncukhentindlr egen- sofiaddlived gastie Xydrogah&tfmpsed, for
20 exanpl e ggpgiyrdently, over a fixed bed of the hydrogenation catalyst.
The hydrogenation preferably takes place at from50 to 250C, in particular
from 100 to_150C, . and at a hydrogen pressure of from 25 50 to_350 bar, in
particul ar FRENBYIRPIEHatsnn Rreterably| bakes RISCR| PhtFXAR G8ntBe238%d 1B
separ at e t hpadbs¢ular ifgomr 1@ cendis0°¢ s aand @t fr bydxdgerCRrhgavnoe arhdmemand
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distillation can be used to separate the desired isotridecancl
fraction from the Cg hydrocarbons and higher-boiling products
present in the reaction discharge obtained during the
hydrogenation,

30
The resultant isotridecanols particularly preferred for the
purposes of the present invention have a characteristic
distribution of isomers, which can be defined in more detail by
means of gas chromatography, for example. The gas chromatogram

35 can be divided into three retention regions, for example as
described by Kovacs (2. Anal. Chem. 181, (1961), p. 351; Adv.
Chromatogr. 1 (1965}, p. 229) with the aid of retention indices
and using n-undecanol, n-dodecancl, and n-tridecanol as reference

substances:
40
Region 1: Retention index <1180
Region 2: Retention index from 1180 to 1217
Region 3: Retention index >1217

45 The substances present in region 1 are mainly triply and
more-than-triply branched isotridecanols, those present in region
2 are mainly doubly branched isotridecanols, and those present in
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from 15 to 20% by area, and very particularly preferably from 17
to 19% by area, of singly branched isomers and n-tridecanol.

25
The density of the particularly preferred isotridecanols is
generally from 0.8 to 0.% g/cm3, preferably from 0.82 to
0.86 g/cm3, and particularly preferably from 0.84 to 0.845 g/cm3.
Their refractive index np2° is generally from 1.4 to 1.5,

30 preferably from 1.44 to 1.46, and particularly preferably from
1.446 to 1.45. Their viscosity is generally from 30 to 40 mPas,
preferably from 32 to 38 mPas, and particularly preferably from
34 to 35.5 mPas. Their boiling range is generally from 240 to
280°C, preferably from 250 to 275°C, and particularly preferably

35 from 260 to 270°C.

The inventive diesters of phthalic acid are prepared in a manner
known per se, by esterifying phthalic acid or a reactive phthalic
acid derivative, such as phthalic anhydride or phthalic

40 dichloride, using a mixture composed of at least one decanocl and
at least one tridecanol. It is preferable for the phthalic acid
or the reactive phthalic acid derivative to be reacted with a
molar excess of the alcoholé, in particular a molar excess of
from 5 to 30%, preferably in the presence of a Lewis acid as

45 esterification catalyst, for example a dialkyl titanate, e.g.
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25 to 200°C, at a pressure which is generally from 10 to 100 mbar,

preferably from 40 to 60 mbar.

The crude ester mixture is then generally treated and thoroughly
mixed with an aqueous alkali metal hydroxide solution, e.g. 1

30 percent strength by weight sodium hydroxide solut#on, the result
being that the half ester and the catalyst are neutralized (and,
where appropriate, hydrolyzed). It is normal for #n agueous phase
and an organic phase to be formed here, the aqueuos phase being
removed. A water wash of the organic phase may follow.

35
For further purification, the acid-free and washed ester mixture
is preferably freed from organic contaminants and residual
alcohols by stripping, using inert gas or steam. In a typical
embodiment of this stripping procedure, the crude product is fed

40 to the head, or to the vicinity of the head, of the stripping
column, and nitrogen or steam is conducted in countercurrent
through the column. The stripping procedure is geherally carried
out with a starting temperature for the crude product of from 130
to 220°C, preferably from 170 to 190°C, and at a pressure of from

45 10 to 100 mbar, preferably from 20 to 40 mbar. If the stripping
time exceeds 2 hours in batchwise conduct of the process in the
presence of water within the reaction mixture, the acid value of
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the composition of the alcohol mixture used for preparing the
ester mixture.
25
The ester mixtures of the invention prepared in this way
preferably comprise diesters of phthalic acid having in each case
one decancl unit and one tridecancl unit, and alsd diesters
having two decanol units or having two tridecanol units. If use
30 is made of an alcohol mixture which is composed of from 60 to 70%
by weight of decanols and from 30 to 40% by weight of
tridecanols, the products obtained generally have the following
composition:
from 38 to 45% by weight of diesters with two Cj;p alcohols, from
35 40 to 48% by weight of diesters with one Ci¢ and one Ci3 alcohol,
and from 12 to 15% by weight of diesters with two C;3 alcohols.

The process of the invention and the purification operations
described can generally prepare ester mixtures with ester
40 contents of more than 99.5% by weight.

If use is made of mixtures made from isomeric decanols and from

isomeric tridecanols, a wide variety of ester mixtures is

accessible. All of these ester mixtures are encompassed by the
45 present invention. They are composed of phthalic esters which
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nD20 of fro 1ng compositions. They are partlcularly suitable

for preparing plasticized PVC compounds intended to have low

25 plasticizer volatility together with very good cold-flexibility
properties. The following method is preferably employed for
preparing and testing the plasticized PVC compounds prepared
using the diesters of the invention: |

30 A mixture is prepared composed of PVC powder, preferably of a PVC
powder prepared by the suspension process, and of an inventive
diester of phthalic acid as plasticizer. Other additives may be
added if desired, for example stabilizers, lubri¢ants, fillers,
pigments, dyes, flame retardants, light stabilizérs, antistats,

35 blowing agents, and biostabilizers. This mixture}is then
plasticized on a roll mill and roll-milled to gi#e what is known
as a milled sheet. The milled sheet is then preséed to give a
plasticized PVC film, on which the performance tests are then
carried out.

40
The cold-flexibility properties of plasticized PVC compounds are
preferably characterized using what are known as the cold-crack
temperature and the torsional rigidity.

45
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are thenlOcarri ed out. 40 The cold-flexibility properties of plasticized PVC
conpounds agsampleef RLabInowt bar asée bR 4o N1 YR At €hKNONWERS dhhén

col d-crack fﬁxﬁgmq:rggggﬁand the torsional rigidity. I 45 0 4 JAN 2005 12 1
The cold-crack tenperature is the tenperature at which a plasticized PVC
conpound bgg( ns to show vi si bl e damage under nechanical |oad at |ow

t enper at ur e%* Scol d-crack tenperature was determned here to DIN 53372.
5 The todSional rigidity is the tenperature at which a plasticized PVC
conpound caexdmpliewilsted through a certain angle when a particul ar defined
force is applied, and was determ ned here to DI N 53447. 10 Exanples will

now be use%p%a%tggnl JJ% ust rl@:tt%r%hgfl{]svoei‘nrtletrlz.?:ntrzr.]degaunr tlher detail : Exanpl es
20 Process step 1 (butene dimerization)

The butene dimerization was carried out continuously in an
adiabatic reactor composed of two subsidiary reactors (length:
each 4 m, diameter: each 80 cm) with intermediate cooling at 30

25 bar. The starting material used was a raffinate II with the
following composition: |

i-butane 2% by weight
n-butane 10% by weight
30 i-butene 2% by weight
l-butene 32% by weight
trans-2-butene 37% by weight
cis-2-butene 17% by weight

35 The catalyst used comprised a material as in DE-A 43 39 713,
composed of 50% by weight of NiQ, 12.5 % by weigﬁt of TiO,;, 33.5%
by weight of S5i0; and 4% by weight of Al,;0;, in the form of 5 x
5 mm tablets. The reaction was carried out with a throughput of
0.375 kg of raffinate II per liter of catalyst and hour, and with

40 recycling of the reactor discharge freed from the oligomers
formed, with a recycling ratio recycled material and raffinate II
of 3, and with an entry temperature of 38°C at the first
subsidiary reactor, and with an entry temperature of 60°C at the
second subsidiary reactor. Conversion, based on the butenes

45 present in the raffinate II, was 83.1%, octene sélectivity was
83.3%, and dodecene selectivity was 12%. Fractional distillation
of the reactor discharge was used to separate thé dodecene
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step 1 (butene dinerization) The butene dinerization was| carried out

" continuously in an adiabatic reactor conposed of two subsidiary reactors
(length: each 4 in, dianmeter: each B®3cm with internediate cooling at 30

25 bar. Thesrslcaibhngrémtdidoaleed MaFinakal f1pale Xetvhéd ddie tnkol | owi ng
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17% by wei ght 35 The catal yst used conprised a material as in DE-A 43 39

713, conpdyagess Bber RR(hwsirgfieraylayion folbowedpwdivyghegetatiom), 33.5% by
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por 11 ter of ok otyche Modptent hixCuidiitodEsh 1 sybe ooy SRl sigcepart© !
di schar ge f‘?ee]fgd r%?%?’r?? h%orolsl 3‘8}%?5 %ocmﬁ%(?? W A ae}/ur%é’(?ggf'h‘éﬁr tol_‘gage}@{/cl ed
material artfiHRs PhadacehaltypciacarRpiyl HCan( EMtey 26 chdet itSireWdEh 38C at t he
first subsadiiigipnr eicidrg cfnwaverh an 1&3PCyandnpeieat ar eynfheiG-gast he
second swbsprisdute BACLO0 -bdFQNWEEET i AgCFaOlo LHE ahll epest 4D :R08SEPL i N
the raffinafg e, by 86nulfiptdBheHE éﬁt%%ts'i\é' 5 )Natﬁete%%aﬁ?(% @%da dodecene
selectivity was 12% E ac%%ecg)nal drstillation 2o’ the reacto I schar ge was
used to sepRF&tWnéa 5)'6% & FPE VN 605%18 CIMRESAERT PBm unconvert ed
raf finate |3}ntEqcisgeRese Laf URder pYARIVGE. ePRCE Fhsr @YessuEp in the

2( hydr of or nyhtaddlavel bbd obeseh Inedoydd pgehatrieanyob dibdr-hprefe,t hetilodcene

Bﬁi(t Er? REePeF dttih byt ﬁ@ié-h’@{oft B@eﬁ%@cﬁzﬁiﬁi, %Eeff@@cﬁcﬁﬁdﬁQ?vé’;’lﬁq‘ﬂo‘ﬁ\ theI
atchw se i ; BY<Y r

(Co2( ) &) ﬁzﬁﬂ%@éﬁgﬁm% Hefoidid o X 9“%““‘-‘ Rt E%E T
synt hes! 5. gHe® INASEGERREEFQ Witsadanay KA} At 3Yory Atk POtRCA JATCBFB1
60: 40% by PRBEIAHIE PHe280rBamfioroAlob - Exratdongl gdistiddiaddoabPe Hie a
pressure fareaoidr idischergeitwed ased tassepayatrsahedidntridecanol fraction

20 from the C;; paraffins and the high boilers.

Using the Kovacs method (see above) to determine percentage areas
from gas chromatography, the proportion of triply and more-than
triply branched isotridecanols in the resultant isotridecanol was

25 45.8%, that of doubly branched isotridecanols waé 36.8%, and the
proportion of singly branched isotridecanols together with
n-tridecanol was determined at 17.4%. The procedure here was as
fellows:

30 A specimen of the isotridecancl was trimethylsilylated using 1 ml
of N-methyl-N-trimethylsilyltrifluorocacetamide per 100 pl of
specimen for 60 minutes at 80°C. For separation by gas
chromatography use was made of a Hewlett Packard Ultra 1
separating column of 50 m in length, based on 100%-methylated

35 silicone rubber, with an internal diameter of 0.32 mm, with a
film thickness of 0.33 um. Injector temperature and detector
temperature were 250°C and the oven temperature was 160°C
{(isothermal). The split was 80 ml/min. The carriér gas was
nitrogen. The inlet pressure was set to 2 bar. 1 pul of the

40 specimen was injected into the gas chromatograph, and the
separated constituents were detected by means ofiFID. For
evaluation purposes the gas chromatogram was subdivided into the
following regions: '

45



I ntroduci ng nore gas under pressure. Once the pressure i% the aut ﬁdﬁ\f\?\l I?ﬁ[ﬂi
~ been reduced, the reactor discharge, with 10% 15 strength by weigh lb
acetic acid, was freed oxidatively fromthe cobalt catal yst by introducing
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chromat ogr aphng@Rths! BeomSEPRIA) 9@76€NSt i tuents were detected by nmeans of
FID. For evalUuation purposes the gas chronmatogram was subdivided into the

followi ng regions: 45 0 4 JAN 2005 14 Regi onlRet enti oni ndex<1180

Regi on2Ret eﬁg?%ﬁ’llr‘?\(?exf rom 1180 to 1217 Regi on3Ret enti oni ndex>1217. 5 The

ref erence substances used here were n-undecanol Retention index 1100
n-tridecaoobrépardtiidel andi oest indewflaR0ircht ivret Bideean @t Bakefivant ibRdex
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tridecanols in a molar ratio of 70:30

307.81 g of the isotridecanol from Example 1 and |569.09 g of a

25 mixture of 2-propylheptanol and 4-methyl-2-propylhexanol in a
ratio by weight of 89:11 (20% alcohol excess, based on phthalic
anhydride) were reacted with 316.98 g of phthalic anhydride and
0.41 g of isopropyl butyl titanate as catalyst, ina 2 1
autoclave into which N; was bubbled (10 1/h) at 230°C using a

30 stirring rate of 500 rpm. The water of reaction formed was
continuously removed with the N; stream from the reaction mixture.
The reaction time was 180 min. The alcohol excess was then
distilled off at a reduced pressure of 50 mbar. 1000 g of the
crude phthalate were neutralized with 150 ml of 0.5% strength by

35 weight sodium hydroxide solution by stirring at 80°C for 10
minutes in order to remove acidic monomer components, e.g.
incompletely esterified phthalic acid. A two-phase mixture
formed, with an upper organic¢ phase and a lower hqueous phase
(washings with hydrolyzed catalyst). The aqueousi phase was

40 separated off, and the organic phase was washed again twice with
200 ml of water. For further purification, the neutralized and
washed phthalate was treated with steam at 180°C at a reduced
pressure of 50 mbar for 2 h, low boilers thereby being removed.
The purified phthalate was then dried for 30 min at 150°C/50 mbar

45 by passing a stream of N; (2 1/h) through it, then mixed with
activated carbon by stirring for 5 min and filtered off with



The density of the isotridecanol was 0.843 g/cn8, the refractive §% iJAie2005
- nD20 was 1.448, the viscosity was 34.8 nPas, and the boiling range was from
261 to 267C. Exanple 2 20 Preparation and testing of an |nventive diester of
the invention made from phthalic acid%nd froma nixture of decanols and
t ri decanol ssugtimnmataBotatthaoabh 78: £ t3Q7 £8Ang1 ofs iflge the of 11 degangl afd om
Exanpl e 1 anghi6>-@8e8rof ©, 25 m xture of 2-propyl heptanol and
4-met hyl - 2- propyi hexanol in a ratio by weight of 89:11 (20% al cohol excess,
based on phthalic _anhydrjde) were reacted with 316.98 g of phthalic ’
anhydri de ahtf r(ﬁ?&itangfmr Cop¥| dBERYATS hadnat densityaPsl §s957 igfca’s a
aut ocl aveSi Vit ¥Fogityh oR21 ifisnBashbhede fndrtlive) iate? IR0 ust rig 48330astaaid ng
rate of 500vajm oEh@.0a afig GOH/GRChi WitdOoTRteNBSof ANIRIYRUBYShei dhRTO¥RE Wi th
the N2 stregmiFQRp LiReoseqpd igngpi xture. The reaction time was 180 min. The
al cohol excess was then distilled off at a reduced pressure of 50 nbar.
1000 g of the - crude phthalate were neutralized with 150 ml of 0.5%
strength by!>%5% \Rf GNEOSBIRMIM HydAOXxPUPIHION BNC b(Saskviiny i ng0&itg 8FCther 10
m nutes iR phthalate oénbhe kvieditdonpnamerd owfonbaissomary. L2B NTSATPIRAY ehy
esterified phitalizeranede miiatDaRh2s6m Merpsr@tuberiBthg W hnaM WARRL ,Or gani ¢
phase and arhoViRlaaueRHs DD B1a6ERS LAV B Dydlal g SRl AlSL) - The
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50 nbar fl&r rotatidrowales| eexe tiferphy ( feomg modilyvend 1T hempyredt ecbliht hal at e
ﬁﬁ)thﬁn dr 'gﬁd tioy rdQ14hg gime_lﬁﬁl §0miB@testS ThY sPg&wd @rﬁl&éﬂe@?@éﬁ wilgh( 2 d
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using the; FrItrac oy 3 dres=dis 85 e 6r L 5 2 SRELHR X14R0 P4t
di esters haB¥85%evikidlyeotr PlasFicjrefgPve fiolm withsatthistkness aPal, 50 mm.
refracti v® i ndex nd20 of 11.483, an acid value of 0.027 Wg KOH g, a water
content of @h82edPathiyliwgi ghttheadas@ipuzést Ywadf tﬁ@n%éﬁﬂTi@@d B0 of
"Vinof | ex Sgdlidwiriy!$ieeASH 08N RYE o %thizéBcP%g& @é.lrhhe 10 phthal ate of the
al Zn s

i nvention, and 3 g of "Lankromark LZB 753" abi lizer were nmixed at

roomtenperature using A manual mxer. The mxture was fhen plasticized on
a st eam hea eap?%ﬁﬁyhggﬁger or four vertically suspended ﬁllm specimens

25 was attached to the inner top surface of a commercially available
Heraeus T 5042 E laboratory drying cabinet of inﬁerior dimensions
42 (width) x 35 (height) x 32 (depth) cm. The axis of this sample
holder was driven by an electric motor at 2 rpm. The dimensions
of the film specimens were 100 x 150 x 0.5 mm. Tﬁey were weighed

30 before the experiment and then suspended from the specimen holder
using a perforation on the short side of each spécimen. The upper
edges of the films here were 70 mm distant from the top inner
surface of the cabinet. Arranged on the floor of the cabinet
there was an air-circulator box, covered with a #Sika B 100¢

35 sintered metal sheet and producing a laminar air flow within the
cabinet. The air throughput was set to 800 1/h, corresponding to
an air change rate of from 17 to 18 air changes per hour. The
temperature of 130°C was monitored by a temperature sensor whose
tip had been positioned in the middle of the cabinet, 100 mm

40 below the top inner surface. An exhaust tube led from the cabinet
interior to a condensation apparatus for the pla#ticizer. The
experiment lasted 24 hours, after which the four specimens of
film were weighed and the a#erage percentage weibht loss
calculated. '

45 )



roll mill (Collin "150") and processed to give a mlled sheet. Thﬁ‘l rlég 1005
_tenperature of each of the two rolls was 170C, and the 15 rotation“ra

were 15 rpm (front roll) and 12 rpm (rear roll), and the mlling tine was 5
minutes. This gave a mlled sheet with® a thickness of 0.55 nm The cool ed
m | | ed sheethaxgaldearprieswamperatut8§O@satdezepmessdire OIN2803Day andr t400 s in
a Collin "4ffkrsdonapr esgidxygiteenan P ped7.CiTRdr EMA dd laFeWsi e itmiz«alsgsss of
0.50 mm 20 The volatility of the plasticizer was then determ ned by the
follow ng nmethod on this plasticized PVC film A specinmen holder for four
vertically suspended filmspecimens 25 was attached to the inner top surface
of a co r%‘F"ﬁ‘!Hlf dvailable Heraeus T 5042 E | aboratory drying cabinet of
interior dinensions 42 (width) x 35 (height) x 32 (depth) c¢cm The axis of
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per f or at i on™Or% F&t4RoPE WP of each specinen. The upper edges of the
films hel® were 70 mmdistant fromhe top inner surface of the cabinet.

Arrangeg onsgk?n.e)u&llfégoof ag: idrﬁéﬁgwwf frichr @kaﬁpli@%grran%gmacw %Q with a 35
sintered meppkehesl 2DFroBAHGRLLR .ﬁ%ﬁ@tﬁg-é- oE33haRkno > 105 100"
fl th et t was, set t0.800 11,

SATR R ey i L

correspondigig an_aif change rate
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The tenper3ttn® & ©f3BBEPaLS ABAYEBIGRI A &-fénprfatigoprepybdrutatiose tip
had beenlPotitanated asncebrlyftddl e of the cabinet, 100 nm 40 bel ow the top
i nner surface. An exhaust tube led; fromthe cabinet interior to a

condensat i oph@pRAAlEsLf Alxidie Bragiésiass -haghg_dﬁﬁ%etg nb,sapted,24 hours,
af ter whi chylRedQy (3PogEPIHA of LLALYRLS VOLONG b, egggeqfea,ge a
per cent age mggg t S5.cal cul'ated. 245 04 1XR 28 % C fc? &
t enper at ur e’ Ha%® | B2 APE (ROHAIN 25water comterheof (b0283nkY Yeighti-t gndo DI N
53447. TRO ARk &fc9PveTi ihy B8ble 1. 5 Exanple 3 Preparation and testing
of a diester of the invention nmade from |
. Using methods similar to those of Example 2, a pﬂasticized PVC
compound was prepared using the phthalate of the invention, and’
tested. The results are given in Table 1.
25

Example 4

Preparation and testing of a diester of the inveﬂtion made from

phthalic acid and from a mixture of decanols and tridecanols in a
30 molar ratio of 30:70

740.68 g of the isotridecanol from Example 1 and§250.?3 g of a
mixture of 2-propylheptanol and 4—methyl-2—propy1hexanol in a
weight ratio of 89:11 were reacted, as in Examplé 2, with
35 325.86 g of phthalic anhydride and 0.41 g of isopropyl butyl
titanate as catalyst.
The resultant mixture of diesters had a density of 0.950 g cm3, a
viscosity of 157.0 mPas, a refractive index np29 bf 1.483, an acid
40 value of 0.035 mg KOH/g, a water content of 0.027% by weight, and
a purity of 99.81% by GC.

Using methods similar to those of Example 2, a plasticized PVC
compound was prepared using the phthalate of the|invention, and
45 tested. The results are given in Table 1.




. phthalic acid and froma m xture of decanols and tridecanols in a ﬂgq 2085
-ratio of 50:50 10 505.01 g of the isotridecanol from Exanple 1 and 3 8. 89

of a mxture of 2--propyl heptanol and_4-nethyl-2-propyl hexanol in a wei ght
ratio of 89:11 wire reacted, as in Exanple! 2, with 311.05 g of phthalic
anhydri de ar 8S P of: |C§6‘BPB®SAV%®XW°1Q5 titanate as catal yst. The
resultant m xture of diesters had a density of 0.953 g cn8, a vi scosity of
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the |nvent| n, and 45 tested. Inavglea%ill JCL Sl 02 paAc LMW DY s e AN
2005 17 Exanples 5-7: Conparati v, g bs o"& 9 EE TOTE; Pnﬂ) trose
in Exanpl es|2 to 4, plasticized Pﬂgu{ tlh vvere iig,re QE
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Pal ati nolydCE (a'dl i sotridecy ‘pq‘Ft haI ate). dlng these [4lns, the
vol at i I|ty pf the plasticizer was|deternined byj the nethod | described gbove,
the col d- cr fERVeHH#Yer ature was defernined to DIN |
Example 3, 0.54 -42 - |-43
Inventive
2 ‘
5 lExample 4, 0.38 —43 T |-44
Inventive ‘
Example 5, 0.9 _36 f _35
30 Comparison:
BASF Palatinol 2 :
Example 6, 1.2 ~35 i -38
\
45 |Comparison: |
BASF Palatinol 10-P
Example 7, 0.5 -30 - |-37
\
Comparison: |
20 BASF Palatinol CE 5455 1
I

Table 1 shows that the volatility of the pl‘sticizers of the
invention is comparable with, or can even be sujerior to, that of
the best comparative product, namely BASF Palatinol CE 5455, a
45 diisotridecyl phthalate. In addition, the plasticizers of the
invention have markedly improved, i.e. lbwer, cold-crack



.10 53372 and the torsional rigidity was deternmined to DIN 53447. T@dt JAN 2005
-results are given in Table 1. Table 1. Results of perfornmance tests on
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18" tenperatures and torsional rigidities when ¢ npared with all ﬂﬁrdANo?ﬂﬂﬁ
the conparative products (BASF Pal atinols of grades Z,  10-P, and CE 5455).
If 45 0 4 JAN 2005 19 we claim 1. A process for preparing mxtures of
diesters of phthalic acid 5 with decgpols and tridecanols, which conprise
reacting phthalic acid or a reactive derivative of phthalic acid with a

m xture na% fcigfpn_at | east one decanol and at |east one ; tridecanol. 10 2. A
process as clained in claim1l, wherein the decanol used ! conprises a mxture
of decanol s conposed nmainly of 2-propyl heptanol and | -
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clainmed in clai pl asticizers for nolding 40 conpositions, in
particul ar PVC- based nol di ng conpositions. 9. A m xture of isoneric

tri decanoi st whi’ PTEERPS | 3 S linipad20n tany 6% daing ilpitp 3¢ whmmeinhahetriply
branched tri dectixthse hadenfrbh he bédétofondodblyndl amahgdon ratiaeasel sne and
from5 tp030% tridecanol comprises from 65 to 75 mol% of decanol and from

35 to 25 mol% of tridecanol.

3. A process as claimed in any of claims 1 to 4, wherein the
mixture made from at least one decanol and from at least one

25 tridecanocl is used in a molar excess of from 20 to 30%, based
on phthalic acid or on the reactive derivative of phthalic
acid.

6. A mixture of diesters of phthalic acid, obtainhable by the

30 process as claimed in any of claims 1 to 5.

7. A mixture of diesters of phthalic acid with decanols and
tridecanols, comprising from 38 to 45% by weibht of diesters
with two Cjp alcohols, from 40 to 48% by weight of diesters

35 with one C;p alcohol and one C;3 alcohol, and from 10 to 15%
by weight of diesters with two C;3 alcohols.

8. The use of the mixtures of diesters of phthalic acid as
claimed in claims 6 or 7 as plasticizers for molding
40 compositions, in particular PVC-based molding compositions.

9. A mixture of isomeric tridecanols which comprises from 20 to
60% of triply or more-than-triply branched tridecanols, from
10 to 50% of doubly branched tridecanols, and from 5 to 30%
45 of singly branched tridecanols and/or of n-tridecanol, where
the percentages give the areas determined by}gas
chromatography relative to the total area ovﬂr all of the
\
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catal yst which conprises nickel oxide. 10 11. A m xture of isoneric
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remai nder, to gF9RPIIFEF byckekiagtide.being silicon dioxide. 20 12. A mixture
of isonenobc tridecanols as clainmed in claim9, in the preparation of which

as clainmed 19, agymOfedled®® i ot ikl £ Eggc &%Ofa%r BYLBhd P i RHGFnPs AGE I N the
presence of a CQQéjéreﬁﬁ%%%kXEtéf‘%%i%ﬁ as c aié%d in claim 9 or 10 the
heterogeneous catalyst which comprises nickel oxide
comprises, as substantial active constituents, from 10 to 70%
15 by weight of nickel oxide, from 5 to 30% by weight of
titanium dioxide and/or zirconium dioxide, and from 0 to 20%

by weight of aluminum oxide, the remainder, to give 100% by
weight, being silicon dioxide.

20 12. A mixture of isomeric tridecanols as claimed in claim 9, in
the preparation of which as claimed in any of claims 9 to 11

the hydroformylation takes place in the pres?nce of a cobalt
catalyst. '
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