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0050/ 51555 og’wgigggi on of m xtures of diesters of phthalic acid with
decanol s and tridecanols 5 The present |mﬁmm ljpt es to a process for
‘preparing nixtures of diesters of phtha M"W”F decanol s and
tridecanols. The present invention further rglates to mxtures of this type

and to their use as plasticizers for nolding conpositions, and 10 also to
m xtures of _isoneri.c tridecanols sgi%gble for preparing the m xtures of

diesters. LBRERTIRHIM aPEORbIWITeE. §T Eu95tasp1 of PRAMRLICARIAsVith e wi del y
used for pRePARqLRy apras¥idecancds To this end, the al cohols are reacted 15
wi t h pol ycarboxylic acids, such as in particular phthalic acid, to give

the corresponglipig:seatel fvertiy ralht&B LIS pebeb i St iphabat eng liisquets
plast | Cl 2€T §¢ A fostdrkS8HHMnANNAL2E 65 A BBhhSPL TP Xl qBRLLG g es. They

are 20 mainly fromp constr used 1 n producing cab e I'ng, and lines
or pipes nmade vi nyl .chl oride (PVC%’,”Z for exanple in autonotive ction. The
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prior art ing§ o5t AT SRS P L8F FRE rs ARG EC aMbBsIesuRft Shingvkee C10
al cohol s (deR@rs! $hedr 38 af ¢dhasticizeisddoanppiding RoOAPOFiL¥ONHIAngnd JP- A
08 283 510 dbszricdvaiRV@rés |ofi isbasticitzeidecehbls suiatilesEer Sprdpditingal i c

acid with athe iktRregospossbteirsthe CLO al cohol s 2-propyl heptanol and 30
4- met hyl - 2- propyl hexanol in a ratio by weight of from88:12 to 70:30. JP-A

08 301 295 gdescrihes the use of esters of this type as plasticizers for
PVC, in whi ’g%n%ceharl&t_f“ SOV §ne 'o$1°’2-8b1r,c9§yf%h33|§t §RBP§§ndare widely used
4- et hyl - 2- BPHRASKEX 2R8I Pf%stf%ﬁﬁiae:@ ttyissgndg. thep.adcgBods 4218 rearsed

di scl osedSawvPJCHAlysapbexylis Acidsh $umedsonn2paroinyulagpphhidl Bndeid,

4- et hyl - 2- po opitehehancbrresmbnding askbrs.on, a plasticizer of this type
whi ch contains 2-propyl heptanol as sole alcohol unit. JB 73/35705 and JA
81/ 47443 di sl Hs@ N RetEr Ofod hE1di otk o#0s PG 261 Lo L)
tridecanol as. ad%Icaat | ﬁg%el(r)tfor vi,nyl. chl ar.i de otay q:s, SUCH as PVC. The
skilled rglelfscf e hePREl HteSt 2RO Hary ilggcif%s‘%é Bit§S onEPeX Giter ned
with the2Priaindy (g5t inipraducigg) eably sheashingdand dines ohiminest efle| |

i s increasi figpy fodeyient | ghlfcerdidd WPY®) + Hort esampfe in automotive

construction.

The prior art includes phthalate plasticizers whose alcohol units
25 are Cjo alcohols (decanols) or C;3 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-propylheptanocl 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-propylheptanol and 4-methyl-2-propylhexanol is from 100:0 to
50:50. JP-A 08 034 891 also discloses a PVC-film plasticizer

35 based on 2-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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usi ng pl ast 085@46358Ai ch on the one hand inprove the plastic properties of
these materials, primarily their |lowtenperature 0050/ 51555 2
flexibility; but which on the other hand have only low volatility.

Rel atively Iom1vo|ati|ity is significagt in hel ping to ensure that the
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m xtures of _ _di iclzers o nven i On bri ng about
high | owttérrlrpecﬁas’tau?'gnﬁ%‘?(l S’I‘:gf‘é1 éhd have | ow voI atility, superior to
t hose of phthalic esters made from decanols alone or from tridecanols
al one. 385Pfefavieedodnd avhats tivie abiedtatiisc aghhered dlyomsahavefhip PFocasdon
atons, in pfot ipnelparihgenjturesyofl kbsrxdess bhepminallicgaeu@swiih dekagblsmay
be strai ghtagdairidetahsaechad chf ebmsxeyay @ele et thal.r\.r@t Se'id“Qﬁa'ao' s, such
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opyl Y S,

ropyl he tanol a r.0 noI
gacﬁycasg i P VI (?uaPFy %?C?"E’ pﬁ? ﬁ@e aﬁa e% *2- propyl hept anol on
its own 8P 4-nethyl - 2-propyl hexanol on its own. Partlcul ar preference is
gi ven to mMixhuresopft heisltyweohsveraitscobedn( fowutic@anbhs"$heir use as a
plasticizer for molding compositions, and also mixtures of
isomeric tridecanols suitable for preparing the mixtures of
diesters.

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-decanol,
methylnonanols, such as l-methylnonanol, ethyl octanols, such as

35 l-ethyloctanol, propylheptanols, such as l-propylheptanol, or
methylpropylhexanols, in each case individually or in a mixture,
and especially 2-propylheptanol 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, preferably 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,



40 particul @P6Q/6R5586 with the CAS nunbers 25339-17-7 and 93821-11-5. Very
particular preference is given to mxtures in which 2-propyl heptanol and
‘4- et hyl - 2- propyl hexanol are present jointly and predonminantly, preferably
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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 isobutene 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 C4 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
II 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



known as t h@0%R/%1555a ni xture conposed of butenes and butanes, which is
available in large anobunts from FCC plants or steam 40 crackers. Particular
‘preference is given to the use of raffinate |l as starting material, this
bei ng an isobutene-inpoverished C4 cuf. One preferred starting materi al
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butene fraction nay be given as a general quantitative guideline: 1-butene
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upp e
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support materials being silica, alumna, alumnosilicates,
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pr ef er ent® REECEPIEAL QN FatadypystoRipdded by tmisingubguerns solusnens tant s
are from lonickel08abys vagidglsti ld¢ated clesly . omixlimg fsodiuh § 01 30ebyngei ght of
titani um dimkde Anelste,2Whaire Cappriprdaei fesh Ftthel’ 05 110e20%, by, i ght

of_al um nuBHRdfinwh N 1eMRE NG a1 infl il V1 SOV DYt Iilan 1.0 STT T cON
di oxi de. A catal iL/rletl of this tgpeais (r)lbt aﬁ]a e bénlé?%c%ﬂlgﬁ ng the .
cat al yst osil_;Li on at_ a pHof from5 to 9 by adding an agueous sol ution

CO
conpri si hy Prﬁr%%SP AT (REREeTeBCaNn QYR fRteAtalasss grassaniGiaddyon 30 whi ch
conpri ses tGOMRRFA of dXie SaAd/ Fi0zi prdffwfr@z pxindealséi whemeng, dryi ng and
anneal i ng @&PPrerprid&d), t2d 05000 stRefrefermed ds ghden tid BEcAt4BySO whb3ef Or
details of ddrdvpr spibsadritialobohfteientat aly Strom Ref €6 NEE Hys weBgRL Qe t he
entire di sqliRxdicoRidad NatromPybLd Citfsl %9-w§§ght 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 sélution
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°cC.
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



The hydr ocaPB8R/FiLEBEr e conprising butenes is preferably brought into

contact with the catalyst at from30 to 280C, in particular from30 to
'140C, and particularly preferably from40 to 130C. The pressure here is
preferably from10 to 300 bar, in partigcular 40 from 15 to 100 bar, and
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mnth for ek%ﬁﬁﬂ gbr example. The hydroformylation takes place in the

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 65:35 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 naphthenoate, and also
the cobalt caprolactamate complex. Under the hydroformylation
conditions, the catalytically active cobalt compounds form in

40 situ as cobalt carbonyls. It is also possible to use the carbonyl
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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1st111atlon can be used to separate the desired isotridecanol
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 (Z. Anal. Chem. 181, (1961), p. 351; Adv.
Chromatogr. 1 (1965), p. 229) with the aid of retention indices
and using n-undecanol, n-dodecanol, 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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of the invention génera ave area, preferably from 20
to 45% bé area, particularly greferabl. from30 to 40% by area, and very
parti cul 47195 P EralPYass gietasd desciinedy hhespamificydaply mreficcmed

i soners. 20l3gtirigerarolk®\aic ¢ heetlhvehtienc gehedal hihdayer £rom| artoy 3pfeber r ed
i sotri decanates ofprelieramerfiriomnlgeteray pyhavea f ramtictaBDYogreferably
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 0.9 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°cC.

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 decanol 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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0Sc, 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 solution, the result
being that the half ester and the catalyst are neutralized (and,
where appropriate, hydrolyzed). It is normal for an aqueous 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 generally 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



unreact ed dsgpsgotiggyl/ or tridecanol. This is preferably achieved by
distilling off the excess al cohol in vacuo. The distillation is generally
carried out "at from 150 to 220C, preferably from 180 25 to 200C, at a
pressure which is generally from 10 tq,100 nbar, preferably from40 to 60
mbar. The crude eater m'xtur(f IS, then“denerally treated and thoroughly
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The ester mixtures of the invention prepared in this way
preferably comprise diesters of phthalic acid having in each case
one decanol unit and one tridecanol unit, and also 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 C;o alcohols, from
35 40 to 48% by weight of diesters with one C;p and one C;; alcohol,
and from 12 to 15% by weight of diesters with two C;; 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



preparing tP@5@4B2B5Ri xtures do not all have the sane reactivity towards
the phthalic acid or the reactive derivative of phthalic 20 acid, .
particularly since the al cohols have different electronic and stearic
features. However, for practical purpogsges the conposition of the ester

m xture gen e C L.cientl t C sition of the al cohol
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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, lubricants, fillers,
pigments, dyes, flame retardants, light stabilizers, antistats,

35 blowing agents, and biostabilizers. This mixture is then
plasticized on a roll mill and roll-milled to give what is known
as a milled sheet. The milled sheet is then pressed 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



130 to 160 60a8/5a885a refractive i ndex nD20 of from 1.475 to 1.495,
preferably from1.48 to 1.49, and in particular from1.482 to 1.484. 20
The diester "m xtures of the invention are suitable as plasticizers for
mol di ng .conpositions, in particular fora PVC based nol ding conpositions.
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mll and r ¥ #34kdd to give what is known as a milled sheet. The milled
sheet isl@hen pressed to give a plasticized PVC film on which the

per f or manceetagiesawel I v beansé® b +40i ThesGQled- Lhexi Midrthi¥%nP \M{]Qpe”' es
of plasticiggdRBYCaeppppunds are preferably characterized using what are
known as the cold-crack tenperature and the torsional rigidity. 45

0050/ 51555 12 The cold-crack tenperature is the tenperature at which a

pl asti ci zedEPPRL €8npound begi ns to show vi si bl e damage under nechani cal

| oad at ®w tenperatures. The cold-crack tenperature was determi ned here
to DI N 53372ampléhe torsional rigidity is the tenperature at which a

pl asticized PVC conpound can be twi sted through a certain angle when a
particul ar r Led. . ternmn here to DI N 53447.
10 Exanpl esﬂﬁdagggéévﬁb(gpudszléﬁ %%chft &%:aﬂﬁﬁgsz? "dflﬁ %}‘ E%ventl on in further
detail:

rTlpocess 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 NiO, 12.5 % by weight of TiO,, 33.5%
by weight of SiO; and 4% by weight of Al,03, 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 IT
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 selectivity was
83.3%, and dodecene selectivity was 12%. Fractional distillation
of the reactor discharge was used to separate the dodecene



15 Exanpl e Q0909¢épa656i on of a mixture of isonmeric tridecanols 20 Process
step 1 (butene dinerization) The butene dinerization was carried out
continuously in an adiabatic reactor conposed of two subsidiary reactors
(length:. each 4 m dianeter: each 801:31) vv}th I nt er medi athe COOl}nﬁ at 30
25 bar. The tin terial $8 ara te Il wt t ol | owi ng
conposition fﬁ Ut Qr '%conve A bu? %\e OS5 erGht Zt%‘?yvxm ght
1- buteneSZ%W\lk eFFans 2 butene37°/dnyvve| ght cis-2-but enel7%ywei ght 35
The catal yst used conprised a material as in DE-A 43 39 713, conposed of
50% by wei gbtoassNis®ep 12( iy dtdfprmel ghtoroffolil 6@ed 33: Fdrbyenet (Bi) of Si 02
and 4% byswei ght of A1203, in the formof 5 x 5 mmtablets. The reaction

ras oLl cOrsul e hnd ASSEUIPL(O0re ity o ol hnae ] Fieeh ebiter of

catal yst a 0 t rec or di reed
from %/he oln‘ige]'tc])errg:;es?cfa’or Rt hto % ﬁ%ﬁ lPa‘l”l’ cf‘urté’E BV8dV it i él% Bhd
raffinate IYS*G¥ 8 i"EPW]tth °&ﬁa§ﬁ¥?‘§f13t1erfﬁ@2 Qs B8F RISty hwithr st
subsi di ary ¢@cﬁ1@tﬂ o&nd5 vg taf aaten: rat tidFperandinmdet 60§y mthestis-gaecond
subsi di al9 pescture. oE028@ QN wibASLhikinghea bl afleandScPrEs &t 4bd bye
raffinate I4oluMRS 88eldonAfiRABnSEE esﬁ}dt‘ﬁ'e%)(sv‘@és &3t apld glpdecene
selectivity, i’@s%ul%%fa {a&ff qrﬂaisggoﬁwség% nw.?é)f Q[tngj%nre achqr, di scharge was
ac

used to separ at odecene PI’ om uynconverted

raffinate 1T, ’:tqnélcé@ enes” A7 PREST RIGTSHEPT P2C° PG BEES Sy in the

2( hydr of or ARG 1aTer BRd Resn BFaRget o fPBRTon disghgree. twikthid@&cene

m xture pPeprea@thnbgtepightofoft heepivcesd, vwes efrepsic baddévivel yhduos the
bat chwi se icolmltactosl pste by tihtBodidhry aivei ghd e dirgahad tprasfureaphesy |
(Co2(CO) 8) vass Giyldabyehated t&slagdnaﬁéw fkké? 8t of2568t gha @fthl%SQx %}é&{‘def

synt hesi s- g}\gllsﬁssjagep#ﬁ%w & 9f §016J6}¥ F‘éﬂa%;glé‘nﬂ Ql@%lgi‘%gf?rgﬁq

60: 40% by e _consunption

pressure_fal1o% g‘Pfr PRSTRRF 95,88 afed Rﬁa?eEBFrﬁE?ls%{"tee&s%rl‘i’?ﬁ"‘l"lﬂiuéirﬁ@th‘iﬁe
gas undefO pFralls the Con@erphEing euslthei highdoilers.
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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 was 36.8%, and the
proportion of singly branched isotridecanols together with
n-tridecanol was determined at 17.4%. The procedure here was as
follows:

30 A specimen of the isotridecanol was trimethylsilylated using 1 ml
of N-methyl-N-trimethylsilyltrifluoroacetamide per 100 ul 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 carrier gas was
nitrogen. The inlet pressure was set to 2 bar. 1 ul of the

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

45



aut ocl ave h@@850€84568duced, the reactor discharge, with 10% 15 strength by
wei ght of acetic acid, was freed oxidatively fromthe cobalt catal yst by
i ntroducing'air, and the organi c product phase was hydrogenat ed using
Raney ni.ckel at 125C and with a hydrogefy pressure of 280-bar for 10 h.

Fractional gistill,ation of the t.Qr dischar S used to separate the
I'sotridecan %é);drrla 1tion 20 fron#?e‘ﬁegltgfﬂ !”?a?% f%ﬁs?\ggnd t he hi gh boilers.

Usi ng the KOVEEY ffethod (see abvetHORderFhiitepétBentudedreas from gas
chr omat ogr aRRJL°R Be proporti on RAtantignyinger mdd7than triply branched

I sotridecanols in the resultant isotridecanol was 25 45.8% that of doubly
branched BsDhé iriefeaentes ¥atsst3Hnc8¥) usdd Hdie wpkeportion of singly branched

i sotridecanols together with n-tridecanol was determned at 17.4% The

procedure her follows:, 30 A.specimen qf the isotridecanol was
trimet hyl si yf“ﬁga%‘“%z %%’entl% Ehdéx! 1o

tng 1 m . .
N- et hyi - l\l—????ﬂéfel‘r'?lnghl Eﬂﬂ f I RFSREEPRN e H 2000828 of specinen for 60
m nut es at BOEE1ldssi@r8épar ati on Bgregadonchrdaimtld§faphy use was nade of a
Hewl ett RQckard Utra 1 separating colum of 50 min |Iength, based on

100% et hy| shechr¥assbli epaecdidebanol Wddksahekrat 88halo dipdnNpéeedtf By 32 MM
with a filmdhickness of 0.33 m Injector tenperature and detector

tenperature were 250C and the oven tenperature was 160C (isothernmal). The
split was 80 mf{m n. The carrier gas was nitrogen. The inlet pressure was

set to 2 bar?® P9ns3fYt Ak WE JFOLFAERCARR MAFeRt ¥4P i91c8° 1 hehgyaefractive

chr omat odPaprdernin?t s depsl attde voacesitiemas wér 8 mRasscteed bie niwaiis ngf

FID. For evagmtwiasnfpoanpdslesot B67¢@as chromat ogram was subdi vi ded into the

foll owi ng regions: 45 0050/ 51555 14 Regi onlRet enti oni ndex<1180

Regi onZ2Ret egfdgniendexfrom 1180 to 1217 Regi on3Ret enti oni ndex>1217. 5 The

ref erence subst'ances used here were n-undecanol Retention index 1100

n-tri decggol%r sic] .Retention index_ 1200 and  n-tridecanol Retention index
h

1300. 10 PALIGR PR 195%4EGanbl ahdaWsnhitye didstes b0t ridwienthgn
area. The d8¥dg tfrosf phikalimiacideendiofromas 0igusre/afngecanels gfndacti ve

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, in a 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.q.
incompletely esterified phthalic acid. A two-phase mixture
formed, with an upper organic phase and a lower aqueous phase
(washings with hydrolyzed catalyst). The aqueous 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



15 i ndex nDRO5QAB155848, the viscosity was 34.8 nPas, and the boiling
range was from 261 to 267C. Exanple 2 20 Preparation and testing of an
i nventive diester of the invention made fromphthalic acid and froma
m xt ure -of decanol s and tridecanols igyga nolar ratio of 70:30 307.81 g of

the isotridgg 0 fa_ 2 re

2- propy! hepfa "?1{(;5] a % gbfé( OEggipropy]]i%g—xgﬁg ?nusalnrgagp?) %ﬁ/ﬂ%—ﬁtdﬁf’ 3tdgo: 11
(20% al cohol 3‘ 85%% on phthalic anhydride) were reacted with 316.98
g of phthalic anhydr| de and 0.41 g of isopropyl butyl titanate as

cat al yst, iBhey reshltantovishee pfodivstarsNBadas drtiltgdof 10. 49h)g /a3 2300C
using a 36 sisadding bat E3OMRER) Bpefddia ivat ehdéd deacdd an kel ned wasy

conti nuousl yanemeted, vhf Mind h@uMg, St ream.f e Lthe 6@%0%93 Q%Y\Hiquxt gﬁ'
reaction ti stglggogg, %3%Tq%ogécohol excess was then IS off at a
re

reduced pres g of the crude phthalate were
neutralized with 150 m of 0.5%strength by 35 wei ght sodi um hydroxide

sol uti on byl2} % GfngVaroBRICSt L1410 syApemséon| Vo r(delvio) r ehiv e aci dhe
monomner é@nplmwese efgthe iimyenpliet clande st er of i ‘ahrXirohakk cLzgid37ABa/zn

t wo- phase nsﬁdblrle.zef:oﬁéﬁd,ml\MeHhaﬁnrétﬁDQﬂan%éQ@ﬂhﬁe RIXA%E Qnﬂalﬁlélo‘ﬁﬁ&ef‘queous
phase (wasfhdGs Mt HyrGlen? 68asef & A h&@a%’%%ﬁ%eg ﬁ?r?ox)%%r¥oo H of

ator For fop 3 gur.ﬁ%‘i?ﬁ%ﬁ” S el i heh BiFbithsFat e vas

t F
\tN?eg{ ed \?mrt“%P"stt@é{WP PrYERRE 2Ach fE bBdthtedvopretttim@soft 788 nisad tBe 2 h, |ow -

boi | ers LReFRAFLo8 Hateeiared 15 The (finant edlbhtm dRerpms(tdran rddiled for
30 min at 150C/5e mbaiimd tiwepaasi Hgnimutesearhtd dire( 2 mibhled heeghwith

then ni xed avigHickaebh Vet aﬂscsafnlaonmw ddoleti g1 T&d sheltNywad ok Hdy tp%gge@ff
with 0050/ SJ59%08 asuft &@sesfe ﬁzaraaghf 8 14dd 81 ¢ guyrv?olf US! 09pben

densi ty of 75 Bhe % s&r—g% ofiiaghind thirEreanasd-Phaer noo

of 1.483%%an acid vaI ue of 0. 027 KOH g, a water content of 0.029% by

wei ght , andThey viedat i ity 0§9t33%b§'51@@12250wgs ofhenvidetbrpinesl Byl 4he

suspensi on fBiQow3Iohvmehodl @ ghoé plestitQzpdtivad atiemef the invention, and 3
g of "Lankromark LZB 753" Bal/Zn stabili zer Were m xed at room tenperature

using a marW@pe@liﬁgﬁ hoiﬁﬁ' 'fbﬂ‘.:[' 5&% é@g.@l safsyg GliB§ds PﬂnaSp%tﬁ gy peat ed
| abor at 0% wd attnged to the 1nr]1'e510 Qop sur?gge ec;s a comm :Icc\:/faﬂy aval aglheeet
Heraeus T 5042 E laboratory drying cabinet of interior 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. They were weighed

30 before the experiment and then suspended from the specimen holder
using a perforation on the short side of each specimen. 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 plasticizer. The
experiment lasted 24 hours, after which the four specimens of
film were weighed and the average percentage weight loss
calculated.

45



The tenper a005@/9i5%%ch of the two rolls was 170C, and the 15 rotation
rates were 15 rpm (front roll) and 12 rpm (rear roll), and the mlling
time was 5 mnutes. This gave a mlled sheet with a thickness of 0.55 mMm
The cool.ed m || ed sheet was then presggd at 180C at a pressure of 220 bar
for 400 s | I . " P tiGl.Z VCf|I with a
t hi ckness fhé’ﬂ‘ cgng ':Pa %Q%theraF{lﬁi? dgkgfﬂfn&} }Z’t |D§|hzg?35va atnﬁi ghe
det er ni ned ’b‘;Fstlr?é‘a fﬁf?b%tl"}'g tRePHd %4n ttherT' 4i%s 228 W?l’ianaﬂle
speci men holder for four vertically suspended film speci mens 25 was
attached to the inner top surface of a comercially available Heraeus T
5042 E | aboradnlye dryi ng cabinet of interior dinensions 42 (width) x 35
(height) x 32 (depth) cm The axis of this sanple hol der was driven by an

| ect t 100
i5gcxr6C5nngfg§§§étgoﬁp§“d-gg%tthegékgggfgg%ﬁ QP ﬂe 1n%gﬁgigﬁnsc%ﬁggagpenéed
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speci men. TRRLaFppeEioeleV:E0 the filns here were 70 mmdistant fromthe
top i nnel0 surface of the cabinet. Arranged on the floor of the cabinet
there was asnI0N- g bEULIRE QlsR@A de EOVEN EFaow Ehaxﬁpi'eSilkanB 109.883% sicnper ed

metal sheetpand Aar e@u%%& 1Ih@5w@<51 aldy lauend 1 LB §1n Aldely, The air
throughput sce&_a%go ,1 rres a%l’_tl__dl ng_to 3 $1 al ée an‘%&lﬁr ate of from
17 to 18 aif ge ho jr I SFétfﬁ*erb tored by a
t enper at ur e Jsler‘?éo R,Fno%}é hat]1 ﬁ&ﬁy‘%’éjr? 398 Pt bhetl afn 1BARTPR GRS tEE t he

cabi net , 1300LtrAnate BélW%Wétt op inner surface. An exhaust tube led from
the cabinet interior to a condensation apparatus for the plasticizer. The
experiment testre@udafiouiixtuabt of dddsderkhaad curdesaeymenso pds3 fy bmw

wei ghed andvig&sa\e‘;ragelmrocwhégeawﬁl%theésl&?é:&w 2 ed 1,483 OOaﬁ.p a21g°o
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Exanpl e o ey of a diester of the invention rrade from
phthalic acid and froma m xture of decanols and tridecanols in a nolar
rati o of 50Ukihgl ebhdd9Isignidfart he tissde iodfeEaampld r2gmaEpdapt scilkzeain@dv898. 89 ¢

of a 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 invention 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 250.73 g of a
mixture of 2-propylheptanol and 4-methyl-2-propylhexanol in a
weight ratio of 89:11 were reacted, as in Example 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 np20 of 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.



m xture of QO0pPEPYBREPt anol and 4- et hyl - 2- propyl hexanol in a weight ratio
of 89:11 were reacted, as in Exanple 2, with 311.05 g of phthalic anhydride
and 0.41 g of isopropyl butyl 15 titanate as catalyst. The resultant

m xture -of diesters had a density of P53 g cnB, a viscosity of 146.0
nmPas, a refg A f, acid value of 0.027 ng KOH g, a
wat er conten'ﬁfel&;l %823% &%gﬁag'ﬁf’% ﬁ)@%np]%% a purity of 99.77% by GC. Using
met hods sinmilar to those of Exanple 2, a plasticized PVC conpound was
prepar ed usPHtPq MethRARas Bl ast tohshess et EsAMPher] 2 ttestedplastiqigsd ts are
given in TabVe fli, 1n@5 wExanpt epat-cBr epanqtthen cantlet @41 1yg a0hidapliest er of the
I nvent i onsnpligsf iciFerpht BR4F @a2Gitd@ndN e f (00 asHh&d I éﬁ?}h@ha@SE‘@ﬂmB@\s@‘nd

tridecanol Spéﬂa@moio 1601>a(a "0 pPbpthefft yi4BnbRa thid) R4l 804 | decanol
from Exarrpl tano and

of a xt re of

4- et hyl - ghr] ‘yr}‘nexg g & dlls‘g l‘?a io %hgga én?e‘éﬂﬁseed fimsy
Exanpl e 2, 0JFtIIETREOY td’l‘e BAf EWche&nW?ariiﬂ*ee%‘Hd‘eG BY BhMetdesr opyl
butyl tit aﬁ%%%ﬁé@dcapavelstthqﬁ@lﬂe@mqlamempﬁxawme ofasdidesermindsadoaDIN
density 8P B3YBD apdciBe worsdadsriyidiftyl WasOdeRaminzedr €br aoh i 35 4i7ndeKe ND20
of 1.483, anes\(iths 4@evgiven ofn @836 1y KOH g, a water content of 0.027% by
wei ght, and a purity of 99. 81%by GC. Using nethods simlar to those of
Exanmpl e 2, ticgize ound was prepar usi n t he pht hal ate of
t he |nvent|g?1tpi $nd ﬁ%“?t%t%d PERRRIPRGR (855P " R?]eaﬁ bfe 1. 0050/ 51555
17 Exarrpl es 5-7: Corrparatlve Exarrpl es Usi ng rret hods 5| mlar to those in

D\ L

Exanpl es 13 to=4; prasttctzed rvx; f HSH thC
commerci al I}y available 5 plasti ci g&ggt oSF (I5 i cF' ‘f;af f
pht hal ate),[ BASF  Pal ati nol 10-P @ rsopyl = tblﬁ h¢ ;4}4’ BASF
Pal ati nol (E 5455 (a diisotridecysgi te) ]li' ﬁ the
voIatiIitygi—.t_h-e_pJ_as.t_i_c..i_z_eL_masH nedh 2] scribed
above, the EFeaPee atk tenperat ur ¢owhs determ' ng¢d4to DI N 10|58B72 and the
torsi onaF rigidity was determined to DIN 53447} The resul{s are given|in
Table 1. Tqungettiwesults of perflormance tests|on plasticigers 15
Example 3, 0.54 -42 -43
Inventive
25 IExample 4, 0.38 -43 -44
Inventive
Example 5, 0.9 =36 =35
30 Comparison:
BASF Palatinol 2
Example 6, 1.2 -35 -38
35 Comparison:
BASF Palatinol 10-P
Example 7, 0.5 -30 ~-37
Comparison:
10 BASF Palatinol CE 5455

Table 1 shows that the volatility of the plasticizers of the
invention is comparable with, or can even be superior 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. lower, cold-crack



20 25 30 3500m0X®15851ity (%ol d-crackTorsional wei ght
losstenperaturerigidity to fromtheto DI NDI N 53447 speci nmen) 53372 [OC] [ (]
Exanpl e 2,0.68-41-41 Inventive Exanple 3,0.54-42-43 I nventive Exanple
4,0.38-43-44 Inventive Exanple 5,0.9-3@ 35 Corrparl son: BASF Pal atinol Z

Exarrple6 My S 10PExa le 7.0.5

Conpar i sonlt%",&%g ggf t| n%l Cﬁg?igégf‘ab e‘flld Qﬁ PR p%?ddt |WI1F$ aﬁ“ﬁ t he
pl astici zer® emFé’H'PiaBﬁ teec 2151 é%??hpaéﬁt%%% ‘-b"ea%p@r'l or
to, that oflo'tPneaﬁés'f—'chtﬁpr'idr -ative product, nanely BASF Pal ati nol CE 5455, a
45 diisotridecyl phthalate. In addition, the pl asticizers of the invention
have marksdly inproved, i.e. |ower, col d-crack 0050/ 51555 18 tenperatures
and torsional rigidities when conpared with all three of the conparative
products (BASF Pal atinols of grades Z, 10-P, and CE 5455). 5 10 15 20 25
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45 0050/ 51ggso0l/ M5l aim 1. A process for preparing mxtures of diesters

of phthalic acid 5 with decanols and tridecanols, which conprises reacting

phthalic acid or a reactive derivative of phthalic acid with a m xture

made from at | east one decanol and at beast one tridecanol. 10 2. A

process as claimed in claim1, wher ei A2t he decanol used conprises a

m xture of decanols conposed mainly of 2-propyl heptanol and

4- et hyl - 2Wsr 6pgLRexanol . 3. A process as clained in claim1 or 2, wherein

the tridecanol 15 used conprises a mxture of isoneric tridecanols as

(]:-l tal rrgd Véqu.a_n)A @goﬁés"gk %r7p§:@p5.-9ing4-mi&t9£“'9§®§ d@%segf‘é r@fjlﬂh'%hgﬂ¥c Oici%t al e
o 3, erei g.the I &ngoEs; S ecanql _an roma

| east one 20 trlau% cd%o 3901% g?l S6s. e[c%ﬁogé’t‘g% %’ﬁ%b?esdérfgﬁ&?%nd_ from

35 to 25 mold & E?lﬁcecaacﬁgl OT5d LRt dvEsEentvaliiyentl PRt Corcid it 1 to

4, wherein the? MXtire Midge LFPBAtatlepehsone ieciaednand atd Lepsm ane | east
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5. 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 tridecanol 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, obtainable 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 weight of diesters
with two C;p alcohols, from 40 to 48% by weight of diesters

35 with one C;g alcohol and one Cj;3 alcohol, and from 10 to 15%
by weight of diesters with two C;; 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 over all of the
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11. A mixture of isomeric tridecanols as claimed in claim 9, in
the preparation of which as claimed 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 presence of a cobalt
catalyst.
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