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Esters of phthalic acid are used in large amounts as
plasticizers, in particular for polyvinyl chloride. The

alcohol component used is predominantly primary alcohols

10 having 8 to 10 carbon atoms, 2-ethylhexanol currently

‘being the most important of such alcohols. Phthalates

P formed from shorter-chain alcohols provide plasticizers
having a good gelling strength. However, a disadvantage

compared to longer-chained compounds is their greater

15 wvolatility. Longer-chain esters on the other hand gel

more slowly and have a lower low-temperature resistance.

The properties of phthalate plasticizers are influenced

by the size of the alcohol moclecule and also by the

branching of the carbon chain. For example, alcohols with

20 few branches produce ester plasticizers that are

particularly valued despite their high low-temperature

flexibility. Predominantly linear alcochols having 9 to 10

carbon atoms in the molecule are therefore becoming

-~ increasingly important as alcohel component. A precon-—

25 dition for their use is that they are available in large
amounts and are relatively inexpensive.

According to German Patent 2 855 421, the plasticizers
used are phthalates of Cy~alcchols, which are obtained by
oxo reaction of Cy-olefins, hydrogenation of the reaction
30 product and esterification of the Cy,~alcohols with
phthalic anhydride. From 3 to 20 % by weight of the
starting olefins should have an isobutane skeleton in
each molecular chain, less than 3 % by weight of the
olefins contain quaternary carbon, and more than 90 % by
35 weight of the total amount of the olefins are present as
n-octenes, monomethylheptenes and dimethylhexenes.
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2 855 421, the gheslidChbéhore Senam @ Phthal ates of [err]- aI cohol s, which
are obtai ned by ozo reaction of [err]-olef ins, hydrogenation of the

reaction 30 product and esterification of the [err]-alcohols wth
pht hal i ¢ anhydrpPhthakates 3 hase) @nbyCyeadtoholst harst e ngudijekitnsofhoul d

‘have an isoput apg-SkEhRt BAtbAt Application 0 366 089. The C,-alcohols
are used in the form of a mixture that is obtained by
hydroformylation of a butene fraction, aldol condensation
of the resultant aldehyde mixture, and subseguent
hydrogenation.

10 Another route for obtaining di-decyl phthalate mixtures
is described in European Patent Application 0 424 767.
The esters are prepared by a multistage process involving
dimerization of butene mixtures, hydroformylation and
hydrogenation of the resulting octene mixture to form a

15 nonanol mixture, dehydration of the nonanol mixture with
the formation of a nonene mixture, and hydroformylation
and hydrogenation of the nonene mixture with the forma-
tion of a decanol mixture.

The known processes still do not satisfy, as regayds
20 economic and technical aspects, all requirements that are

placed on a process employed on a large scale, whether it

is the fact that the starting substances are not avail-

able in sufficient amounts and/or not inexpensively, or

that the conversion of the starting materials into the
25 alcohols involves processes that are too complicated.

The object was therefore to develop a process that starts
from raw materials that are available at a reasonable
price and that can be converted into the desired alcohols
in a technically simple manner.

30 The invention consists in mixtures of isomeric decyl
alcohols. These decyl alcohols are obtained by
oligomerization of propylene in the presence of
deactivated zeolitees as cataljrsts, separation of the
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condensati on of ttﬁ&%é@nt al dehyde, m xture, and subsequent
hydr ogenat i on.

The Cg,~olefins used as starting material for the prepara~-
"5  tion of the novel mixtures of isomeric decyl alcohols are
contained in the product of the oligomerization of
propylene in the presence of deactivated zeolites. The
oligomerization of low molecular weight olefins such as
propylene, n-butene, i-butene, n-pentene under the action
10 of special zeolites is a known reaction, and is described
for example in US Patent ¢ 982 031. The catalytically
active zeolites are preferably of the 2ZSM-5 type, whose
surface has been deactivated with a sterically hindered
base, e.g. a trialkylated pyrxidine. Propylene as the
15 olefin produces, for example, an oligomer mixture
essentially comprising monoolefins haviag 6, 9, 12, 15,
18 and 21 carbon atoms. It is particularly significant
that these olefins are largely unbranched. Based on the
compounds of different molecular size in the oligomer
20 mixture, there are only about cne to two methyl branches
for every 15 carbon atoms arranged in an unbranched
chain. Due to the low degree of branching, the Cs-oclefins
obtained as described hereinbefore differ recognizably
~ from the propyléne oligomer texrmed tripropylene, which is
25 prepared from propylene in the presence of acid
catalysts, in particular phosphoric acid or sulfuric
acid, and which comprises a mixture of highly branched

nonenes.

In order to isolate the C;,~olefins that are intended to be
30 processed further, the oligomexization product is separa-
ted in a conventional way by distillation into individual
fractions. The nonene fraction that .is obtained can be

hydroformylated without additional purification stages.

The hydroformylation of the C,-olefin mixture used as
35 starting material according to the invention is carried
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are too compli R eéien be carried out in heterogeneous reaction systems
with catalysts that are dissolved in water. The last-
mentioned reaction procedure has been found to be suit-
able particularly in conjunction with rhodium catalysts.

10 In the case of hydroformylation in homogeneous reaction
systems, the conventional process with cobalt catalysts
is used. Temperatures of from 90 to 150°C, pressures of
from 10 to 30 MPa and catalyst concentrations of from 0.1
to 1.5 % by weight of cobalt, based on the olefin

15 employed, are the standard reaction conditions. Instead
of cobalt, the hydroformylation catalyst may also be
rhodium, which is substantially more active than cobalt
and ig therefore used in a lower concentration. The
reaction is normally carried out at temperatures of from

20 80 to 200°C and pressures of from 10 to 60 MPa using from
0.1 to 50 mg, preferably from 2 to 10 mg, of rhodium per
kg of olefin. An effective catalyst compound in both
cases is the hydridocarbonyl HMe(CO), where Me = Co,Rh.

Instead of catalyzing the conversion of the olefin
25 mixture to aldehydes using simple carbonyl compounds,
modified carbonyl compounds of cobalt or rhodium may also
be successfully used. Modified carbonyl compounds are
taken to mean compounds of the aforementioned metals that
also contain further complex ligands besides carbon
30 monoxide in the molecule. This variant of the hydxro-
formylation reaction also Dbelongs, when cobalt
catalyets and also rhodium catalysts are used, to the
prior art. Preferred complex ligands are oxganic com-
pounds of trivalent phosphorus. Examples of such com-
35 pounds are triarylphosphines such as triphenylphosphine,
trialkylphosphines such as tributylphosphine,
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phosphiteg and Cghglsfahgigs. Also suitable are bidentate

5 ligands, for example diphosphines or diphosphites, which
contain two phosphorus(III) atoms capable of participat-
ing in complex formation, preference being given among
these compounds to those that form chelates with the
metal atoms. Particularly suitable as ligands are

10 sterically hindered phosphites capable of participating
in the chelate formation, which form, with the inclusion
of the central metal atom, rings containing nine atoms.
Such phosphites are described, for example, in EP 0 353
770 A2 and in EP 0 435 071 A2..

15 The ligands are normally used in excess, i.e. in an
amount that is greater than that required for the complex
formation. A ratio of metal atom to ligand molecule (in
moles) of from 1 : 5 to 1 : 100 is chosen in practice. As
is known, this ratio depends on, inter alia, the nature

20 of the ligand. Modified cobalt or rhodium catalysts
permit the use of lower reaction pressures than unmod-
ified catalysts, pressures of from 0.1 to 10 MPa, or from
0.5 to 6§ MPa being usual. The reaction temperatures when

| - modified cobalt catalysts are used are from 140 to 180°C

25 and are thus higher than in the case of the corresponding
rhodium catalysts, which require temperatureas of from 390
to 130°C. The synthesis gas used for the hydroformylation
contains about equal volumes of hydrogen and carbon
monoxide, though deviations from this composition in

30 either direction are not damaging.

Instead of being carried out in a homogeneous phase, the
hydroformylation of the C,-olefins can also be carried out
in a heterogeneous twoe-phase system, an embodiment of the
oxo synthesis, which is described, for example, in German
35 Patent 26 27 354. Such a process is notable for the exis-
tence of two liquid phases, namely an organic phase that
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contained in the product of the oligonerization of propylene in the
presence of deactivated zeolites. The oli gonerl"ﬁlaﬁtshmnHea‘Beleromﬁlmdec

wei'ght - ol efi ns such as propyl ene, a-butene, i-bu under the
action 10 of special zeolites is a knqowg reacti cr| bed for
exanple in US Patent 4 982 031. The catalytically active zeolites are

preferably of the ZSM5 t ﬁ/ 2, Wwhose surface ha en deactlvat ed t
sterical |y hi nRon&pingcthe sgarping; aiﬁégﬁt éﬂ neaction, ﬂ'é?fy g' t he
15 olefin préﬁh’%&ﬁ,a stus Phazel dn whﬂchothgocatalyrwtis cdEsselved) | y
ng 1:3: Q?I ;mglé)ﬂlﬁ‘?lli;?it %&g‘%lsﬁgseaﬁ%gf Ia?}t}ra:sg: m§§|1§ﬁ§ﬁgr an% JzgtseldS
on t he conpoundsompounds evsith mwaser-solyble | pheRPhiNego 28 gai’ﬁlﬁture
there are ogly Wé\@%-%ﬁﬁ tNRosFH {0ds bIFniRs 107 pawetoulde cerbatyhé ons
arranged |n an Lﬁ] 33 nicn965, trialkylphosphines and alkyl-, aryl- or
alkylaryldiphosphines, whose organic radicals have been
gubstituted by sulfonyl groups or cariadxyl groups. The
reaction is carried out at temperatures of from 60 to
10 150°c, preferably from 90 to 120°C, and under pressures
in the ra.nge from 0.4 to 30 MPa, in particular from 1 to
10 MPa. The rhodium concentration is from 20 to 2000 ppm
by weight, preferably from 50 to 500 ppm by weight, based
on the aqueons catalyst solution, and from 4 to 100 mol
15 of water-soluble phosphine are used per mol of rhodium.
The volume ratio of aqueous phase to organic phase is
from 0.1 to 10 s 1.

The olefin conversion is significantly increased if a

phase transfer reagent (solubilizer) is added to the

20 aqueous catalyst solution. Particularly suitable are

 cationic solubiliszers of the formula [A-N(R!R’R')]'E™, in

which A is a straight-chain or branched alkyl radical

. _ having 6 to 25 carbon atoms, R', R?, R’ are identical or

o~ different and are straight-chain or branched alkyl

25 radicals having 1 to 4 carbon atoms, and E is in

particular sulfate, tetrafluorcborate, acetate, metho-

sulfate, benzenesulfonate, alkylbenzenesulfonate,
toluenesulfonate, lactate or citrate.

The hydroformylation of the C,~olefins used according to
30 the invention with cobalt or rhodium as catalyst, which
is carried out either in the one-phase or two-phase
reaction system, yields a mixture of isomeric decanals in
high yield. This mixture contains 80 percent or more of
straight-chain C,;~aldehyde and only minor amounts of
35 methyl-branched and dimethyl-branched aldehydes. The
composition of the aldehyde mixture can be influenced by
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After completion of the hydroformylation, the aldehyde
nmixture is separated from the catalyst, from the uncon=-
verted reaction partlcn.pants, and from the other reaction
products. Distillation is the normal separation process
when carrying out the reaction in a hamogeneous phase. If
the hydroformylation was carried out in a two=-phase
system, the product and catalyst can be separated from
one another by simple phase separation. This process is
substantially simpler in its technical execution and, on
account of the abasence of high temperatures, is also
considerably more gentle than the distillative isolation
of the aldehyde mixture. The hydroformylation of the Cg~
olefin mixture maj be carried out batchwise or contin~
uously, irrespective of the process employed.

The isomeric decanals separated from the remaining
constituents of the reaction mixture are then hydro-
genated to a decyl alcohol mixture. The addition of
hydrogen is effected in a known manner in the presence of
catalysts. Suitable catalysts are, for example, hydro-
genation catalysts based on nickel, chromium or copper.
The hydrogenation temperature is generally from 100 to
180°C and the pressure is from 1 to 10 MPa. The decyl
alacohol mixture ie purified by distillation. The mixture
is highly suitable as alcohol component in phthalates
that are to be used as plasticizers. The preparation of
the phthalates is known [cf. Ullmann, Encycloplddie der
Technischen Chemie (1979), vol. 18, p. 536 ff]. Phthalic
anhydride is expediently reacted with the decyl alcochol
mixture in one stage in a molar ratic of 1: 2. The
reaction rate can be increased by using catalysts and/or
raising the reaction temperature. In order to displace
the equilibrium in the direction of ester formation, the
water formed must be removed from the reaction mixture.
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out by the prior art processes customarily used for oI ef i ns Cobalt as well
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0 a

pressures of f and catal yst concentrations of fromO0.1 to -
1.5 % by weight of cobalt, based on the olefin 15 enpl oyed, are the

standard react ifHe Cﬁ.hdbhlt&ba isstiddchstrated in more detail in the
5 following example, but is not restricted to this specific
embodiment.

’ a

Example
1. Starting o)efin

An oligomeric propylene is used that has been obtained by

10 reacting propylene on a deactivated zeolite as catalyst
and that comprises about 87.3 $ by weight of tripropylene
and 12.7 % by weight of tetrapropylene. A high proportion
of the olefins is linear, a very small amount being
slightly branched.

15 2. Hydroformylation

500 g of the olefin mixture are reacted in a 1 litre
capacity autoclave with water gas (H;:CO = 1:1) at 170°C
and 27 MPa for 4 hours, and in the presence of 10 g of
CoCO; and 15 g of water. The autoclave contents are

20 decompressed and cooled, and 52 g of water are added. The
autoclave is re-closed and heated at 190°C for 2 hours
while stirring. The contents are cooled and the organic
and aqueous phases are separated from one another. 549 g
of crude aldehyde are obtained.

25 3. HBydrogenation of the crude aldehvde

The crude aldehyde is treated with hydrogen in a 2.8 1
capacity autoclave at 150°C and under a pressure of
10 MPa in the presence of a nickel catalyst (10 %
by vol., based on the starting product). The contents are
30 then cooled, the pressure is relecased, and the contents
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of, cobalt, the hydrofornylation catal yst may. a.bﬁo be r dIH ichis
subgtantially nore active than cobalt and is th PECE | over
copcentration. The reaction is nornmally carried + tures of from
200 80 to 200[err]C and pressures of from 10 to rom0.1to
50 ng, preferably from2 to 10 ag, of rhodium per kg of ol af in.
effective catal yst .coppound .in, both cas t he dr|d arbo
HVe(CO) [err] %w{%%ﬂaﬁ%@ ag eﬁﬁs fts?}ﬁ ﬁSaF °Eo‘ﬁ #éﬁﬁnﬁf t he
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Modi fi ed carbony ounds are taken to mean corrpou 0 e
af or ement i oned -'ﬁ%l-%ﬂl%e‘ihaﬁnﬁl Shec FEYVRt! 8 IRAPAZEHede ET9m R Bickeds

carbon 30 5rmr@.-xtglpygﬂ Wefmmgm This variant of the hydro-
fornyl ation reaction al so bel ongs, when cobal t

4 mmmmmggmm

825.5 g of crude alcohol are then distilled in a 1 m

column containing glass rings 5 mm in diameter. A first

running is removed at an overhead temperature of 100°C
10 and 13.3 kPa pressure, and an intermediate cut is removed

~ at 135°C and 6.7 kPa pressure. The main fraction is -

obtained at an overhead temperature of 147°C and 6.7 kPa.

Gas chromatography analysis shows an alcohol content of

95.7 % by weight. The yield of Cy=alcohol, based on the
15 feedstock olefin, is 72 % of theory.

5. Bt ation o e e alco

380.4 g (2.3 mol) of C,~alcohol and 148.1 g (1 mol) of
phthalic anhydride are reacted in the presence of 0.59 g
of concentrated sulfuric acid at 135°C, the water formed
20 in the reaction being removed. The reaction is complete
& P after 6 hours, and the reaction product is neutz_:alized
with 5 % strength sodium hydroxide solution. A steam
distillation is then carried out at 135°C and 15 kPa. The
distillate is washed with water and then dried for
25 5 hours in a stream of nitrogen at 135°C and 2 to 3 kPa.
After filtration a clear liquid is obtained having the
following characteristic data:s

Ester content _ 99.41 % by weight
Alcohol content 0.22 % by weight
30 Pt/Co coloxr index | 5 - 10
Density (g/ml; 20°C) 0.9655
Viscosity (mPa.s; 20°C) 108
Acid number (mg KOH/g) 0.06
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catal ysts and al so rhodium catal ysts are used, to the prlor art . Preferred
conpl ex ligands are organic com pounds of tri Vel . Exanpl es
of ,such com 35 pounds are triaryl phosphi nes s ﬁ | phosphi ne,
trd al Kyl phosphi nes such = as tribuyl phos ri
(al kyl /aryl) phosphi nes such as diethylphenylphosphlne trlaryl phosphi t es

h triph LK t
.Bﬁéspﬁ?tef'm 54}%}%9 85 e daedE O FohEIqpiaBIG LbbeE Pllan cthe
bi dentate 5 fpareity HL ccu¥mently plﬂipfubi@mo dngit PAKadt On \EPRh
contain two ph%ﬁﬁéﬁi"bﬂﬂﬁ:ﬁapaﬁbmrﬂﬁ”'vﬂiﬂﬁi 180 | 1200NPEEX

formation, prefle:;éar}é‘fa )2;1‘9-@' Vgﬂ'ze esq'.er is thus notable for its
5 outstanding proceseing properties.
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t hese tonpounds to those that formchelates with the netal atons.
Particularly suitable as |ligands are 10 sterically hindered phosphites
capabl e of "participating in the chelate formation, which form wth the
i icl usion of the central metal atom rings4containing niAg
e

phosphites are described, for exanple, in™EP 0 353 770 HMW’!@@UM

071 A2. 15 The ligands are normally used in excess, i.e. in an dnofint*
that is greater than that required fwx formation. A ratio of
nmetal atomto ligand nolecule (in noles) of from1l : 5to 1 : 100 is chosen
in practice. As,is o] LS rAti d ' [ tyre 20
of the Iigand. Mdif eﬁgﬁégh °£ *ﬂ%n%]cé?gﬂjs?gEgéP%t %%J}'S'séyo | ower
reaction pressures tohigememizationdofatpropykandr éos khe ereseneen. ofto 10
MPa, or fromO0.5 to SedERivetdd 26013ltecThE &LRET ¥ %%Hibﬁsomﬂe
5 C,~0lefins from the oligomer mixture, hydroformyl-
' ation of the Cg-olefins to C;-aldehydes, and
hydrogenation of the cm-aldehydes; ’

2. A mixture of isomeric decyl alcohols as claimed in

claim 1, wherein the hydroformylation of the

10 Cy~olefins is carried out in the presence of cobalt
catalysts.

3. A mixture of isomeric decyl alcohols as claimed in

. claim 1, wherein the hydroformylation of the

cee ' C,—olefins is carried out in the presence of rhodium
15 catalysts.

4., A mixture of isomeric decyl alcohols as claimed in

claim 1 or 3, wherein the hydroformylation of the

Cs=clefine is carried out in the presence of rhodium

P complex compounds as catalysts, which contain
’ 20 organic phosphines as ligands.

5. A mixture of isomeric decyl alcchols as claimed in
one or more of claims 1, 3 and 4, wherein the hydro-
formylation is carried out in the presence of
rhodium complex compounds as catalysts, which

25 contain water-soluble organic phosphines as ligands.

6. A mixture of isomeric decyl alcohols as claimed in
claim 1 or 3, wherein the hydroformylation of the
Co~olefins is carried out in the presence of rhodium
complex compounds as catalyste, which contain

30 organic phosphites as ligands. —
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nodi f4 ed cobalt catalysts are used are from 140 to 180C 25 and are_ thus
hi gher than in the case of the correspondi ng rhodi umg sts, which

regui re tenperatures of from90 to 130[err]C. The syn mﬂuuﬂjﬁ'ILor

t he hydrof onyl ati on contains about equal. el ures of h
nmonoxi de, though devi at ions fromthis conposition in 30 either dirtction

are not damagin d of bepng carrjed,out, in a.h gene se the
L 13 e En

hydr of or ny| atlog t!‘i‘?? 3* 'g? ’é}a decyrt LRicohq Ofodi'%u? 3

het er ogeneous t wo- phene oy qicre ofncdatimdi kend mfdtshewheceﬁ.ymthoshydrohl ch

I's described, for exggph flatfbﬁf'siha"”% i Eiﬁ& 28 ¢4ri2da Sbehid Eﬁecess

I s notable for the exis-“tenc ases, narre an or C

phase t hat presence of rhodium compl x componnds hat co ta

5 sterically hindered organic phoephites as ligands.

8. A mixture of isomeric decyl phthalates cobtained by
esterifying phthalic acid or phthalic anhydride with
mixtures of isomeric decyl alcohols as claimed in
cne or more of claimg 1 to 7.

10 9. The use of the mixtures of 4isomeric di-decyl
| phthalates as claimed in claim 9 as plasticizers.
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contagns the starting clef in and the reaction product, and an aqueous
pha§e I n which the catalyst is dissolved. Suitable catalysts are
ma?er-soluble r hodi um conpl ex conpounds wi th wat er-sol ubl e phosphi nes as
lé'gands. 5 Water-sol ubl e phosphi nes i ncl udeg2 50 PEEdRICENSE, 129 0611992
phosphi nes, trial kyl phosphi nes and al kyl -, psnytchitddbh Hoe92/Y012
al kyl aryl di phosphi nes, whose organic radi cals have been substituted by
sul fonyl groups or carboxyl groups The reactlon is carried out at
tmmaanﬂesoffwmbmjbi,- BaE - ankfu ”‘“f*-”ZWEH]C
and under pressures in the range fron10 4 to 30 MPa, in particular froml
to 10 MPa. The rhodlun1concentr’ |s fron1‘0 t072000 ppm by wei ght,
preferably from50 to 500 pprrERAse-gH RR-SAAEBGRARBIES$q 1e0us cat al yst
solution, and from4 to 100 nol 15 of mater sol ubl e phosphi ne are used

per ol of rhogiiyp. e 49 Wkoheti® YecddUcRUSoRUESC di ObBRALReANAF | S
oligqmérization of propyleme in the presence of de-
activated zeolites as catalysts, separation of the
Cgy-0lefins from the oligomer mixture, hydroformylation of
the Cy-olefins to C;;~aldehydes, and hydrogenation of the
Cy;-aldehydes. The mixtures, when esterified with phthalic
acid, provide a mixture of isomeric di-decyl phthalates
that can be used as plasticizers.

T
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mxture of iseREr ipredentndrnvdntion relates to mixturee of isomeric
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decyl alcohols, to a process for their preparation, to

the phthalates obtained from these alcohols, and to their
use as plasticizers.

Estexs of phthalic acid are used in large amounts as
plasticizers, in particular for polyvinyl chloride. The
alcohol component used is predominantly primary alcohols
having 8 to 10 carbon atoms, 2-ethylhexanol currently
being the most important of such alcohols. Phthalates
formed from shorter-chain alcchols provide plasticizers
having a good gelling strength. However, a disadvantage
compared to longer-chained compounds is their greater
volatility. Longer-chain esters on the other hand gel
more slowly and have a lower low-temperature resistance.

The properties of phthalate plasticizers are influenced
by the size of the alcohol molecule and also by the
branching of the carbon chain. For example, alcohols with
few branches produce ester plasticizers <that are
particularly valued despite their high low-temperature
flexibility. Predominantly linear alcohols having 9 to 10
carbon atoms jin the molecule are therefore becoming
increasingly important as alcohol component. A precon-
dition for their use is that they are available in large
amounts and are relatively inexpensive.

According to German Patent 2 855 421, the plasticizers
used are phthalates of C;-alcchols, which are obtained by
oxo reaction of C,-olefins, hydrogenetion of the reaction
product and esterification of <the (g ~alcohols with
phthalic enhydride. From 3 to 20 & by weight of the
starting olefins tghould have an iscbutane skeleton in
each molecular chain, less than 3 & by weight of the
olefing contain quaternary carbon, and more than 90 & by
weight of the total amount of the olefins are present as

n-octenes, monomethylheptenes and _, dimethylhexenes .

e g
i

+Aparticutar—sut f ate, tetrafl uo)r&ﬁﬁaﬂﬁs Rmej&at.m-
crirate. The-h ~ —

according to 30 the+
carried out either

feDNat e,

ST or which is
in the one- phase or two- phase reactlon system yields a
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hi.gh yi el d. Iis m xture c 'ntai ns 80 percent or nore of straight-chain

¢ C10- al dehyde ang?gM'ﬁg gnounts of 35 nethyl-branched and

di et hyl - br e . |The conposition of the al dehyde m xture can be
i nfl uenced jy Tty reacti on-c@diti ons and/or the catalyst, in
particul ar jy the choice of | |gand when using nmodi f ied carbonyls. After

conpl etion o ek tcmam iniurit sePpanat ed
fromthe catal

S e uncon 'gverte reactjon t&é@ a‘r; f%‘l and from
t he ot her reacﬂc@l@%dﬁaﬂs nonomethylheptenes; (ko %5 FHreR=PPBcess
when carryi ng eHoulld® bee adredPthah @./8anpgeneous phase. |f

Phthalates based on C,,-alcohols are the subject of

5 European Patent Application 0 366 083. The Cy-alcohols
are used in the form of a mixture that is obtained by
hydroformylation of a butene fraction, aldol condensation
of the resultant aldehyde mixture, and subsequent
hydrogenation.

10 Another route for obtaining di-decyl phthalate mixtuxes
§s described in European Patent Application 0 424 767.
The esters are prepared by a multistage process involving
dimerization of butene mixtures, hydroformylation and
hydrogenation of the resulting octene mixture to foxm a

15 nonanol mixture, dehydration of the nonanol mixture with
the formation of a nonene mixture, and hydroformylation
and hydrogenation of the nonene mixture with the forma-
tion of a decanol mixture.

The known processes still do not satisfy, as regards
20 economic and technical aspects, all requirements that are

placed on a process employed on a large scale, whether it

is the fact that the starting substances are not avail=-

able in sufficient amounts and/or not inexpensively, or

that the conversion of the starting materials into the
25 ~alcohols involves processes that are too complicated.

The object was therefore to develop a process that starts
from raw materials that are available at a reasonable
price and that can be converted into the desired alcohols
in a technically simple manner. '

30 The jinvention consists in mixtures of isomeric decyl
alcohols. These decyl alcohols are obtained by
oligomerization of propylene in the presence of
deactivated zeolites as catalysts, separation of the
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~the hydrofornyl ftTon was carrjed out in a two-phase 10 system the product

“and catal yst §ap @W"ﬂﬂed rom one anot her by sinple phase separation.
This process fsisubstantiallyjsynpler in its technical execution and, on

account of th bsenece—of—hrgh | enperatur®ss is al so considerably nore
gentle than the distillative isplation 15 of t he al dehyde m xture. The

nydrof ornyl al idofbekig £f tu&'@ﬁ}&{@ém RYAEREbLfif 18k oiALENN Se
or contin- uoudly, iT1Tespective process e ISOEE%
decanal s sepa@%&sﬁpéﬁﬁ-ﬁé tenkisteddebydesit aBA: Y§F°9ﬁ§aF 8t Pén ture

are then hydrgq, &dewa@éed to a decyl al cohol m xture. The addition of
hydr ogen is eff%ct ed 1'n a known manner in the presence of catal ysts.

Sui tabl e catal ysts are, for exanple, hydro- genation catal ysts based on
ni ckel , chronithe @~olpfiins isedhyerotErting matemialatfior the peepaxa« from

100 t0 ‘g  tjon of the novel mixtures of isomeric decyl alcohols are
contained in the product of the oligomerization of

propylene in the presence of deactivated zeolites. The
oligomerization of low molecular weight olefine such as

propylene, n-butene, i-butene, n-pentene under the action

10 of special zeolites is & known reaction, and is described

for example in US Patent ¢ 982 031. The catalytically

active zeolites are preferably.of the ZSM-5 type, whose

surface has been deactivated with a sterically hindered

base, e.g. a trialkylated pyxidine. Propylene as the

15 olefin produces, for example, an oligomer mixture
essentially comprising monoolefins having 6, 8, 12, 15,

18 and 21 carbon atoms. It is particularly significant

that these olefins are largely unbranched. Based on the

compoundes of different molecular size in the oligomer

20 mixture, there are only about cne to two methyl branches

. for every 15 carbon atoms arranged in an unbranched

chain. Due to the low degree of branching, the Cg-clefins

obtained as described hereinbefore differ recognizably

from the propylene oligomer termed tripropylene, which is

25 ©prepared from propylene in the presence of acid
catalysts, in particular phosphoric acid oxr sulfuric

acid, and which comprises a mixture of highly branched
nonenes.

—h

In order to isolate the C,~olefins that are intended to be
30 processed further, the oligomerization product is separa-
ted in a conventional way by distillation into individual
fractions. The nonene fraction that .is obtained can be
hydroformylated without additional purification stages.

The hydroformylation of the Cy,-olefin mixture used as
35 starting material according to the invention is carried
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25 180[err] Cjand the pressurg
‘mxture is puriffijed(iByMARSIHT! 4

s from1 to 10 MPa. The decyl al cohol

on. The mxture is highly suitable as
al cohol conponent} i n pht hal ateg tthat are to be used as pl asticizers. The

preparation of fh 's tknown ['Cf‘." T I mann, Encycl op&di e der 30
Techni schen Chejpmie (1979), Vol. 18, p. 536 ff]. Phthalic anhydri-de is

expedi ePt ly reanitedpyl tthé hprdeyy| astcgimcessder eustomarilyagwsed £oxl ar
ti 1 2. T (i t - . N
aising the re PO roapah, B¢ Melt I ERGRLuRY ey, e ©Redd AR AT T
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InOorder to eﬁgw i brium
in the directi GPRRReRsKROWROPRR & 2B hEaRALYEtSsr T® RRACHAPR GBBePS r om
the reaction nmgdx¥fed outhamhthel Rbmogeheohscdigudd tplaskecyinalotiex

mxture 5 words with catalysts that are soluble in organic media,
or can be carried out in heterogeneous reaction systems
with catalysts that are dissolved in water. The last-
mentioned reaction procedure has been found to be suit-
able particularly in conjunction with rhodium catalysts.

10 In the case of hydroformylation in homogeneous reaction
systems, the conventional process with cobalt catalysts
s used. Temperatures of from %0 to 150°C, pressures of
from 10 to 30 MPa and catalyst concentrations of from 0.1
to 1.5 &% by weight of cobalt, based on the olefin

15 employed, are the standard reaction conditions. Instead
of cobalt, the hydroformylation catalyst may also be
rhodium, which is substantially more active than cobalt
and is therefore used in a lower concentration. The
reaction is normally carried out at temperatures of from

20 B8O to 200°C and pressures of from 10 to 60 MPa using from
0.1 to 50 mg, preferably from 2 to 10 mg, of rhodium per
kg of olefin. An effective catalyst compound in both
cases is the hydridocarbonyl HMe(CO), where Me = Co,Rh.

Instead of catalyzing the conversion of the olefin
25 mixture to aldehydes using simple carbonyl compounds,
modified carbonyl compounds of cobalt or rhodium may also
be successfully used. Modified carbonyl compounds are
taken to mean compounds of the aforementioned metals that
also contain further complex ligands. besides carbon
30 monoxide in the molecule. This variant of the hydro-
formylation reaction also belongs, when cobalt
catalyets and also xhodium catalysts are used, to the
prior art. Preferred complex ligands are organic com=
pounds of trivalent phosphorus. Examples of such com=-
35 pounds are triarylphosphines such as triphenylphosphine,
trialkylphosphines. such as tributylphosphine,
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according to thg ifiventTon—are gi §ti ngui shed as pl asticizers by outstanding

-l owt enper at ur e {prio ijvention is illustrated in nore detail in
the S followngfe @ﬁp@ﬁ@ﬁ sinot restricted to this specific
enbodi nent . EX&I’]DL-Q—-L—-St@-I’—t—I—D.g_ olfefi n AnSoki goneric propylene is used that

has been obtaingd by 10 reactlnq propylene on a deactivated zeolite as
catal yst and th

$deh ¥€ ]#Hé 4?}3 d 12.7

% by wei ght of "T6 'g? e:E&oportlon ofh@f ol ?)WJ @ | near,

a very smal | aﬁﬁm ePg‘Q‘EN-WI?“ henyl phoaghits 'or"tﬁ;‘i 500

g of the ol ef i )ii.ﬂéﬁ el eft egiethpl 1 phicsphite)adizrif alityd/ syl i t h
hos

water gas [err bhites) adl piUeEHdIes. Also suitable are bidentate

5 1ligands, for example diphosphines or diphosphites, which
contain two phosphorus(III) atoms capable of participat-
ing in complex formation, preference being given among
these compounds to those that form chelates with the
metal atoms. Particularly suitable as ligands are

10 sterically hindered phosphites capable of participating
. in the chelate formation, which form, with the inclusion
of the central metal atom, rings containing nine atoms.

Such phosphites are described, for example, in EP 0 353
770 A2 and in EP 0 435 071 a2.

—_

15 The ligands are normally used in excess, i.e. in an
amount that is greater than that required for the complex
formation. A ratio of metal atom to ligand molecule (in
moles) of from 1 ¢ 5 to 1 : 100 is chosen in practice. As
is known, this ratio depends on, inter alia, the nature

20 of the ligand. Modified cobalt or rhodium catalysts
permit the use of lower reaction pressures than unmod-
ified catalysts, pressures of from 0.1 to 10 MPa, ox from
0.5 to 6 MPa being usual. The re¢action temperatures when

PR modified cobalt catalysts are used are from 140 to 180°C

25 and are thus higher than in the case of the corresponding
rhodium catalysts, which require temperatures of from 90
€0 130°C. The synthesis gaz used for the hydroformylation
contains about equal volumes of hydrogen and carbon
monoxide, though deviations £from this composition in

30 -either direction are not damaging.

Instead of being carried out in a homogeneous phase, the
hydroformylation of the C;-olefins can also be carried out
in a heterogenecus two-phase system, an embodiment of the
oxo synthesisg, which is described, for example, in German
35 Patent 26 27 354. Such a process is notable for the exis-
tence of two liquid phases, namely an organic phase that
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and 27 MPa for 4 HoGrs, and in the presence of 10 g of [err] and 15 g of

“wat er. The aut o¢ Ve S WAL 97 al e 20 deconpressed and cool ed, and 52 g of
wat er are added] the autoclave fsjre-closed and heated at 190C for 2 hours

while stirring. ool ed angl £+he organi c and aqueous phases
are separated from one another. 549 g of crude al dehyde are obtained. 25

nydrogen i n a SOALE JEne, SEAFELAG KiBeL egﬁ“?@éﬁéf"gﬁﬁsgﬂ’me" e of

under,
10 MPa in the andanagieeusiphase dn dhish

r ) g&essure of
GALRLYSE. 18,948804N e
starting producgystaiife CUHRAYEtY a2l (#atesosdPiblé hahudiwaur complex

rel eased, and té‘&ﬁé’é‘ﬁ&é‘ t Swith water-soluble phosphines as ligands.
5 Water-soluble phosphines include in particular triaryl-
phosphines, trialkylphosphines and alkyl-, aryl- or
alkylaryldiphosphines, whose organic radicals have been
substituted by sulfonyl groups or carboxyl groups. The
reaction is carried out at temperatures of from 60 to

10 150°C, preferably from 90 to 120°C, and under pressures
in the range from 0.4 to 30 MPa, in particular from 1 to

10 MPa. The rhodium concentration is from 20 to 2000 ppm

by weight, preferably from 50 to 500 ppm by weight, based

on the agqueouns catalyst solution, and from 4 to 100 mol

15 of water-soluble phosphine are used per mel of rhodium.

The wvolume ratic of aqueous phase to organic phase is
from 0.1 to 10 : 1.

The olefin conversion is significantly increased if a
phase transfer reagent (solubilizer) is added to the

20 aqueous catalyst solution. Particularly suitable are
cationic solubilicers of the formula [A~N(R'R®R})1E", in
which A is a straight-chain or branched alkyl radical
having 6 to 25 carbon atoms, R', R?, R' are identical or
different and are straight-chain or branched alkyl

25 radicals having 1 to 4 carbon atoms, and E is in
particular sulfate, tetrafluoroborate, acetate, metho-
sulfate, benzenesulfonate, alkylbenzenesulfonate,
toluenesulfonate, lactate or citrate.

The hydroformylation of the Cg~olefins used according to
30 the invention with cobalt or rhodium as catalyst, which
is carried out either in the one-phase or two-phase
reaction system, yields a mixture of isomeric decanals in
high yield. This mixture contains 80 percent or more of
straight-chain C,;~aldehyde and only minor amounts of
35 methyl-branched and dimethyl-branched aldehydes. The
composition of the aldehyde mixture can be influenced by
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9 are hydrogenat ed "agaiAi"Ttnder | the same reaction conditions with the

+addition of a fuft rlgs @A o,?w vbl{ of a nickel catalyst. The reactor is
cool ed, the pr s ur releasedy and the product is separated fromthe
ni ckel 5 cat ' of.

4. Desti#lation of the crude al cohol
825.5 g of cru e aI cohol are thef distilled in a 1 mcolum containing

glass rings 5 Jhas e‘HEI % cis‘i hré&nélﬂﬁﬂbﬁﬁ hﬁd?éfo’t‘.ﬁé elatdl \te.r haad
t enper at ure of

a press an interne is
renoved at 13@%‘4’?*@% BY?tRPa &fg i#i%éwg ¥hen  Bs; “ﬁbﬁaﬁ‘ﬁed at
an overhead t efepeny1e, of 147 C and 6.7 kPa. Gas chromat ography anal ysi s

shows an al cohol content of 95.7 % by weight. The yield of [err]-al cohol,
based on the 15 feedstock olefin, is 72 % of theor

After completion of the hydxofomylatxc}n, the aldehyde
5 mixture is separated from the catalyst, from the uncon=-
verted reaction participants, and from the other reaction
products. Distillation is the normal separation process
when carrying out the reaction in a homogeneous phase. If
the hydroformylation was carried out in a two=-phase
10 system, the product and catalyst can be separated from
_ one another by eimple phase meparation. This process is
) substantially simpler in its technical execution and, on
account of the absence of high temperatures, is also
considerably more gentle than the distillative isolation
15 of the aldehyde mixture. The hydroformylation of the Cg~
olefin mixture may be carried out batchwise or contin-

uouely, irrespective of the process employed.

The isomeric decanals secparated from the remaining
constituente of the reaction mixture are then hydro-
20 genated to a decyl alcohol mixture. The addition of
hydrogen is effected in a known manner in the presence of
catalysts. Suitable catalysts are, for example, hydro-
genation catalysts based on nickel, chromium or copper.
The hydrogenation temperature is generally from 100 to
25 180°C and the pressure is from 1 to 10 MPa. ‘The decyl
alcohol mixture is purified by distillation. The mixture
is highly suitable as alcohol component in phthalates
that are to be used as plasticizers. The preparation of
the phthalates is known (cf. Ullmann, Encycloplidie der
30 Technischen Chemie (1979), Vol. 18, p. 536 £f]. Phthalic
anhydride is expediently reacted with the decyl alcohol
mixture in one stage in a molar ratic of 1: 2. The
reaction rate can be increased by using catalysts and/or
raising the reaction temperature. In order to dieplace
35 the equilibrium in the direction of ester formation, the
water formed must be removed from the reaction mixture.
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5. Esterificatlonrvf”rhe | cjohol 380.4 g (2.3 nol) of [err]-al cohol
-and 148.1 g (1 npl LC lanhydri de axe reacted in the presence of
0.59 g of concenirat iclagid at 135[err]C, the water forned 20 in

the reaction beipg
reaction product
solution. A stegfgd
The distillate Is w

1ed W, t er and then dri fo
stream of ni t r AREPELLY S[E‘Pr] d 2°Ye® gf a% t e &jfgﬁsf %?jl'on cFear
liquid is obt aipbaisticizers rwmmmmmmmmn@um quaﬁ#r &fHnt ent

I actiomi®% Tonplete after 6 hours and the

QD

99. 41 % by wei ght Al cohol content 0.22 % by wei ght 30
Pt/ Co col or index 10 Densi t err]C
0. 9655 The invention is illustrated in more’ ég g:iul Zi.\Jx lJ )
S following example, but is not restricted to this specific
enmbodiment. -
Example

1. Starting olefin

“an oligomeric propylene is used that has been obtained by

10 reacting propylene on a deactivated gzeolite as catalyst
and that comprises about 87.3 % by weight of tripropylene
and 12.7 & by weight of tetrapropylene. A high proportion
of the olefins is linear, a very small amount being
slightly branched.

15 2. Hvdroformylation

500 g of the olefin mixture are reacted in a 1 litre
capacity autoclave with water gas (H;:CO = 1:1) at 170°C
and 27 MPa for 4 hours, and in the presence of 10 g of
CoCO; and 15 g of water. The autoclave contents are

20 decompressed and cooled, and 52 g of water are added. The
autoclave ig re-closed and heated at 190°C for 2 hours
while stirring. The contents are cooled and the orxganic
and aqueous phases are separated from one another. 549 g
of crude aldehyde are obtained.

25 3. ation of the ¢ ehvde

The crude aldehyde is treated with hydrogen in a 2.8 1
capacity autoclave at 150°C and under a pressure of
10 MPa in the presence of a nickel catalyst (10 &
by vol., based on the starting product). The contents are
30 then cooled, the pressure is released, and the contents



Flla t LAALLIFILIN D WFRILG T

Vi scosity (nPa.s;! 20[err]C 108 Acid nunber (mg KOH Q)
'0.06 - 10 - )'ta Or%swgi {9970f tthe ester is considerably | ower than the
viscosity of curriently avail ablie fpr oducts based on con- venti onal

propyl ene polyners, -which is} 120 +d 80 MPa.s/20[err]C. The ester is
thus notable f | processing properties. REPLACEMENT SHEET
Patent clai NS gpe pydrogenated again under the same reaction conditions

with the addition of a further 5 % by vol. of a nickel

catalyst. The xeactor is cooled, the pressure is

released, and the product is separated ‘from the nickel
5 catalyst by filtration.

4. Distillation of the crude alcohol
825.5 g of crude alcohol are then distilled in a 1 m
column containing glass rings 5 mm in diameter. A first
running is removed at an overhead temperature of 100°C
10 and 13.3 kPa pressure, and an intermediate cut is removed
at 135°C and 6.7 kPa pressure. The main fraction is
obtained at an overhead temperature of 147°C and 6.7 kPa.
Gas chromatography @nalysis shows an alcohol content of

95.7 & by weight. The yield of C,;-alcohol, based on the
15 feedstock olefin, is 72 & of theory.

5. Esterification of the pure alcohol

380.4 ¢ (2.3 mol) of Cy~alcohol and 148.1 g (1 mol) of
phthalic anhydride are reacted in the presence of 0.59 g
of concentrated sulfuric acid at 135°C, the water formed

20 in the reaction being removed. The reaction is complete
after 6 hours, and the reaction product is neutralized
with 5 % strength sodium hydroxide solution. A stean
distillation is then carried out at 135°C and 15 kPa. The
distillate is washed with water and then dried for

25 5 houre in a stream of nitrogen at 135°C and 2 to 3 kPa.
After filtration a clear liquid is obtained having the
following characteristic data:

Ester content 99.41 % by weight
Alcohol content 0.22 $ by weight
30 Pt/Co color index 5 - 10
Density (g/ml; 20°C) 0.9655
Viscosity (mPa.s; 20°C) 108

Acid number (mg XOH/g) 0.06
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"propyl ene in the presence of deactivated zeolites as catal ysts, separation

of-the 5 [err]-olefins fromthe oligomer m xture, hydrofornyl- ation
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[err]-ol efins

nythe presence of rhodi um_conpl ex compounds
"as catal ysts, Féﬁ{d@ml gg organi ¢ phosphi nes agpll andrsIp .
m xture of is@mdric decyl alcghgpls as clained in one om“mﬁ gm“m"ﬁ“
and 4, wherei heQ BYMAR - 199D ation isjgarsied out ulﬂ
r hodi um conpl conpounds as ¢agal ysts, mlh. ch 25 tont ai‘n
wat er - sol ubl ejorgantc pnosphineg as Ilgandsa g A m xture of isoneric
decyl alcohol$§ as clained. jn CILI m ns.c [ [

_ in the hydrofornylation of
the C9-olef ins is carried out in the presence of rhodi um conpl ex conpounds

as catalysts, phichy cgniahRe3be 1somePlé2 syl WIGHEEs 28bthgARES by
oligomerization of propylene in the presence of
deactivated zeolitee as catalysts, separation of the
5 C,~olefins from the oligomer mixture, hydroformyl-
ation of the Cy,~olefins to C,-aldehydes, and
hydrogenation of the C,~aldehydes.

2. A mixture of isomeric decyl alcohols as claimed in
claim 1, wherein the hydroformylation of the

10 Ce-olefins is carried out in the presence of cobalt
catalysts.

3. A mixture of isomeric decyl alcohols as claimed in
claim 1, wherein the hydroformylation of the

Lo Cy-olefins is carried out in the presence of rhodium
15 catalyste.
4, A mixture of isomeric decyl alcohols as claimed in

claim 1 or 3, wherein the hydroformylation of the

C,-olefins is carried out in the presence of rhodium

s complex compounds as catalysts, which contain
’ 20 organic phosphines as ligands.

5. A mixture of isomeric decyl alcohols as claimed in
one or more of claims 1, 3 and 4, wherein the hydro-
formylation is carried out in the presence of
rhodium complex compounds as catalysts, which

25 contain water-soluble organic phosphines as ligands.

6. A nixture of isomeric decyl alcchols as c¢laimed in
claim 1 or 3, wherein the hydroformylation of the
C,-olefine is carried out in the presence of rhodium
complex compounds as catalyste, which contain

30 organic phosphites as ligands.



- 12 - 7. A mxture of isoneric decyl alcohols as clalmMn one or nove—

of clains 1, 3 and 6, wherein the hydro- fornylation of m,"lgw#m
5

is carried out in the presence of rhodi um conpl ex conpo
sterically hindered organic phosphites as 12 gands. 8. A m xtufe Bf s
i someric decyl phthalates obtained by esterifying phthallc acid or phthalic
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more of clains 1'to res of 1soneric
di -decyl pht hal at es @R P&iR%e 9f Slaimsolas3d Andif ciwhgxein the hydro-
formylation of the Cy,~0lefins is carxried out in the

presence of rhodium complex compounds that contain
5 sterically hindered organic phosphites as ligands.

8. A mixture of isomeric decyl phthalates obtained by
esterifying phthalic acid or phthaiic anhydride with
mixtures of isomeric decyl alcohols as claimed in
one or more of claims 1 to 7.

10 9. The use of the mixtures of 4isomeric di-decyl
phthalates as claimed in claim 9 as plasticizers.
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MIXTURES OF ISOMERIC DECYL ALCOHOLS, PHTHALATES
OBTAINABLE THEREFROM, AND.: TH_E"IR USE AS PLASTICIZERS"

Abgtract of the disclosure:

Mixtures of isomeric decyl alcohols are obtained by
oligomerization of propylene in the presence of de-
activated gzeolites as catalysts, separation of the
Cg=0lefinsg from the oligomer mixture, hydroformylation of
the C,-olefins to C,,-aldehydes, and hydrogenation of the
Cyy~aldehydes. The mixtures, when esterified with phthalic
acid, provide a mixture of isomeric di-decyl phthalates
that can be used as plasticizers.
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