
------------·-·· ··--···--·----·· 
-·--22.FEB.1996 13: 15 HOECHST A~ WERK RUHRCA~EMIE FPR 

WERK RUHRCHEMIE FPR 
NR.419 

J -

\ . ._,,. 

, . ~ 

5 

' ' . 

Mixtur~s of is0meri~ nonafiols and decanols, 
their er1paration, phthalic esters obtained therefrom 

and the use of these esters as plasticizers 

The invention· relates to mixtures of isomeric nonanols 
and decanols, a process for their preparation, the 
phthalic esters obtained from these alcohol mixtures and 
the use of these esters as plastici~ers. 

Esters cf phthalic acid have wide application as plasti­
cizers, in particular for polyvinyl chloride. The alcohol 

10 components used are :ma.inly primar¥ alc~hols having from 
8 to 10 carbon atoms, most important mnons them presently 
being 2-ethylhexanol. Phthalic esters of short-chain 
alcohols give plasticizers with good gelling power. A 

disadvantage however is their higher volatility. In 

15 comparison, long-chain esters qel more slowly and have a 
poorer cold resistance, · 

The properties of the phthalic ester plasticizers are 
affected not only by the size of the alcohol molecule but 
also by the branching of the hydrocarbon chain. 'rhus 

20 alcohols with little branching give ester plasticizers of 
high cold flexibility. Largely linear alcohols having 
from 9 to 10 carbon atoms in the molecule are therefore 
becoming increasingly important as alcohol components. A 

25 
prerequisite for their use is that they are available in 
larqe quantities and at advantageous prices. 

In German Patent 2 855 421, the plasticizers used are 
phthalates of C9-alcohols which are obtained by the oxo­
reaction of C8-olefins, hydrogenation of the reaction 
product and esterification of the C9-aloohols with 

30 phthalic anhydride. From 3 to 20% by weight of the 

starting olef ins are said to have an isobutane skeleton 
in each molecnlar chain, less than 3i by weight of the 
olef ins should contain Cil1J&ternary carbon and more than 

35 
90i by weight of the total amount of olefins are said to 
be ·· present as n-octenes, monomethylhepte;nes and 

dimethylhexenes. Furthermore, the ,,eigpt•"'·ratici"' or the:;":. 
:f. :. 
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·total amount of the n-octenes and monomethylheptenes to 
the dimethylhexenes is said to be more than 0.8. 

Phtha.lic esters based on C10-alcohols are the subject of 

the Eu:ropean Patent Application 03 66 089. 'I'he c,.0-

5 alcohols are used in the form of a mixture which is 
obtained by hydroformylation of a butene fraction, aldol 
condensation of the aldehyde mixture thus obtained and 
subsequent hydrogenation. According to the process 
description the hydroformylation step is not subject to 

10 

15 

any limitations. Catalysts used may be cobalt as well as 
rhodium; the addition of an organic compound of trivalent 
phosphorus is not excluded. 

An.other route to obtaining didecylphthalate mixtures is 
described in European Patent Application 04 24 767. The 

preparation of the esters is carried out in a multistage 
process by dimer!~ation of butene mixtures, hydro­
£ ormyla.tion and hydrogenation of the resulting- octene 
mixture to give a nonanol mixture, ·dehydration of the 
nona.nol mixture to form a nonene mixture and hyd.rof ormy-

20 lation and hydrogenation of the nonene mixture to form a 
decanol mixture. 

According to EP-B•O 052 999, plasticizer alcohols are 
prepa:t"ed f.rom a mixture of propylene and butenes in a 
molar ratio of from 2:1 to 1:3. The olefins are together 

25 converted by o:Ko reaction into a mixture of butyl and 
amyl . aldehydes which is subjected to an aldol conden­
sation. The resulting condensation products are subse­
quently hydrogenated to saturated alcohols. 

The known alcohols or alcohol mixtures used for the 
30 preparation of plasticizers do not meet all economic and 

technica1 requirements which are demanded of . products 
produced on an industrial sea.le, whether because the 
starting materials are not available in sufficient 
quantity and/ or not at advantageous prioeto, or because 

35 the conversion of the starting materials;: i_nto·>·_ the 
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I 
alcohols necessitates extremely costly processes or 
because the Quality of the plasticizers prepared from the 
alcohols leaves much to be desired. 

It is therefore an object of the present invention to 
5 develop suitable alcohol or alcohol mixtures for the 

preparation of hiqb-quality plapticizers. They should be 
obtained from economically available raw materials in a 
technically simple manner. 

10 

15 

20 

25 

30 

35 

This object is achieved by mixtures of isomeric nonanols 
and decanols which are obtained by joint aldol conden­
sation of n-butanal and pentanals in a molar ratio of 
frOll' 1:2 to 1:10, the pentanal mixtures oomprising from 
60 to 90% by weight of n-pentanal, from 10 to 4D!ti by 

weight of 2-methylbutanal and up to lt by weight of 
3-methylbutanal, hydrogenation of the aldol condensation 
product to the saturated alcohols and removal from the 
reaction mixture of the components boiling at lower 
temperatures than the nonanols and deoanols. 

Preference is given to mixtures of isomeric nonanols and 
decanols which are prepared from n-butanal and pentanals 
which contain from 65 to 80% by weight of n-pentanal, 
frOlll 20 to 3Si by weight of 2-methylbutanal and up to l!ti 

by weight of 3-methylbutanal. The alcohol mixtures are 
obtained by aldol . condensation of mixtures containing 
n-butanal and pentanals in a molar ratio of from 1:2 to 
1:10, subseflUent hydrogenation of the aldol condensation 
product and removal of the 2-ethylhexanol formed. The 
source of the aldehydes is immaterial~ the criterion is 
chiefly economi~. To promote the formation of alcohols 
with litt.le branching they must nevertheless meet the 
condition that the carbonyl group is on the terminal 
carbon atom and, in the case of the pentanals, that they 
are at least aubstantia.lly unbranched. ~herefore the 
pentanals used are mi~tures containing from 60 to 90t by 
weiqht of n-pentaria.1, from 10 to 40t by weight of 2-
metbylbutanal and up to l~ by -eight of 3-methylbutanal. 
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Pref e~red startinq materials are aldehydes prepared by 

hydroformylation (oxo process) of propylene or butenes. 
The required olef ins are available in industri~l quan­
tities. Propylene i$ obtained as byproduct in ethylene 

5 production by pyrolysis of hydrocarbon mixtures in the 
pre~ence of water vapor and also in some refinery pro• 
cesses, particularly the catalytic cracking of petroleum 
fractions. 

10 

15 

Mixtures c:::ontaininq but-1-ene and but-2-ene are also 
necessarily obtained in considerable quantities as 
refinery byproducts in the production of automotive fuels 
and in the production of ethylene by thermal cracking of 
higher hydrocarbons. They are isolated from the C4 

cracking tractions of the pyrolysis product by extraction 
of the buta•l,l•diene with a selective solvent and 
subsequent removal of the isobutene preferably by con­
version into methyl tert-butyl ether. Instead of 
extracting the buta-1,3-dieae, it can also be partly 
hydrogenated to butenes in the C, cracking fraction.· The 

20 pyrolysis product freed of buta-1,3-diene is described as 
raffinate I. If the isobutene has also been removed it is 
referred to as ra.ffina.te II. This but-l•ene/but-2-ene 
mixture is particularly suitable for further processing 
into Ci0-alcohols. 

25 Basically all current industrially practiced hydroformy­
lation processes a.re suitable for converting the olefins 
into aldehydes. It can thus be carried out in the pre­
sence of cobalt or else rhodium catalysts at pressures of 
from 10 to 35 MPa and at temperatures of from 120 to 

30 1B0°C as well as in the presence of cobalt/phosphine 
catalysts at pressures of from 5 to 10 MPa or in the 
presence of rhodium catalysts which are modified by 

phosphine at temperatures of from 60 to 1S0°C and 

pressures of fr.om l to 9 MPa. In the last-described 
35 variant of the hydrof o:cmylation reaction the catalyst may 

be homogeneously dissolved in the reaction mixture or 
form a separate phase from the reaction mixture. 

·. 



_,. 

.. 

- .. . . .. --- ·- -
--------~· -

22.FEB. !_99~ __ 1:3_:_1:f? ___ HOECHST AG WERK RUHRCl.-IEMIE FPR NR.419 . S.7/10 
WERK RUHRCHEMIE FPR 

I 
- 5 -

To prepare the aldehydes, propylene and the butenes may 
be reacted together~ but preferably separately. It has 
proven particularly valuable to oarry out the hydrof o:cmy­
lation as a heterogeneous reaetion in a two-phase system, 

5 a reaction which is described, for example, in 
DE-C-26 27 354. This embodiment of the oxo process 
ensures that olefins having their double bond at a 
terminal carbon atom form largely n•aldehydes and that 
isomerization of the olef ins by migration of the double 

10 bond du~ing the reaction is essentially avoided. 

15 

20 

The two-phase process is characterized by the presence of 
an organic phase which contains the starting olef ins and 
the reaction product and an aqueoua phase in which the 
catalyst is dissolved. Catalyst~ used are water-soluble 
rhodium complexes which contain water-soluble phosphines 
as liqands. The phosphines include, in particular, 
triarylphosphines, trialkylphospbines and arylated or 
alkylated diphosphines, the organic radicals of which are 
substituted by sulfonic acid groups or carboxyl groups. 
Their preparation is known and desc~ibed, for exa1nple~ in 
DE•PS 26 27 35·4 and DD-PS 259 194. The :reaction of the 
olefins is carried out at temperatures of from 70 to 
lS0°c, preferably from 100 to l30°C, and at pressures in 

J 25 
the range of from 0.4 to 30, in particular from 1 t.o 
10 MPa, with water gas which contains carbon monoxide and 
hydrogen in a volume ratio of from 1: 10 to 10: 1. 'l'he 
rhodiwn concentration is from 20 to 1000 ppm by weight, 
preferably from 50 to 500 ppm by weight, based on the 
aqueous catalyst solution, with from 4 to 100 mol of 

30 water-soluble phosphine being used per male of rhodium. 

35 

The volume x-atio of aqueous to organic phase is from 0.1 
to 10:1. 

The conversion of the butanes is appreciably increased if 
a phase-transfer reagent (solubilizer) is added to the 
aqueous catalyst solution. Materials which have proven 
particularly valuable are cationic solubilizers af the 
general formula [A-N (R1:aiai) ]+JI·, in whic:oh A is a 
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straight-obain or branched alkyl radical having from 6 to 
25 carbon atoms, R:i., R2 , R, are identiaal or different and 
are straight-chain or branched alkyl radicals having from 
l to 4 carbon-atoms and E is, in particular, sulfate, 
tetrafluo:roborate, acetate, methosulfate, benzene• 
sulfonate, alkylben.zenesulfonate, toluenesulfonate, 

lactate or citrate. 

In the described process propylene is up to 99' con­
verted, the butanal mixture obtained comprising over 95t 
by weight of the n-compound. When but-l•ene/but-2-ene 
mixtures are used, it is preferably the but-l•ene which 

reacts. Depending on the selected reaction parameters, 

more than 95% of but-1-ene or but-2-ene is con"9'erted. 
Prom 60 to 90% by weight of n-pentanal are fonned, the 

remainder comprising 2-methylbutanal with or without 3-

methylbutanal, 

After completion of the separate or joint 
hydroformylation, the aldehydes are separated from the 
catalyst, from the unreacted reaction components and from 

20 the other reaction products. In the case of the hetero­
~eneous reaction this is by simple phase separation. For 
reaction in the homogeneous phase distillation is the 

usual separation process. 

In the subsequent aldol condensation mixtures are used 
25 which contain, per mo1e of n-butanal, from 2 to 10 mol, 

in particular from 7 to 10 mol, of pentanals. The 
reaation of the aldehyde mixture is carried out in the 
conventional way using basic catalysts. Pretreatment of 
the aldehydes, for example a special purification, is not 

JO necessary. It is however advisable in the ease of the 
butanals to remove i•butanal from the C4-aldehyde mixture 
by distillation, if the proportion thereof in the mixture 
exceeds approximat~ly 2' by weight. Suitable catalysts 
are ~lkali metal c~rbonates or alkali metal hydroxides, 

35 in particular compounds of sodium or potasaium and 
amines, pref er ably tertiary amines, such as 

S.8/10 
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triethylamine, tri-n-propylamine and tri-n-butylamine. 
The reaction is carried out at temperatures of from 60 to 
160°C, in particular from BO to l30°C and at atmospheric 
pressure or at a superatmosphe.ric pressure of up to 

S 1 MPa. The reaction time is from a few minutes to several 
hours and is in particular dependent on catalyst type and 
reaction temperature. Because cf their higher reactivity 
the straight-chain aldehydes react preferentially. Self­
condensation of n•butana.l or n-pentanal forms C8 or Clo• 

10 enals and the mixed condensation of n-butanal and n­
pentanal · qives C9-enals. The reactions between n-hutanal 
or n-pentanal and branched-chain pentanals proceed at 
appreciably lower rates, the reaction between branched• 
chain pentanals is largely insignificant. 

15 The mixture of unsaturated aldehydes obtained by conden­
sation is subsequently hyd,rogenated to a mixture contain-' 
inq nonyl and decyl alcohols together with 2-ethylhexanol 
and any butanols and pentanols arising from c,- and C5-

aldehydes which may not have been converted by aldol 
20 condensation. The addition of hydrogen is carr~ed out in 

J 25 

. a known manner in the presence of catalysts. Suitable 
catalysts are, for example / hydrogenation catalysts based 
on nickel, chromium or co~per. The hydrogenation tempe­
rature is usually between 100 and l80°C and the pressure 
between 1 and 10 MPa. According to the invention, the 
alcohol mixture obtained is subjected to distillation at 
from 100 to 125°C and at a pressure of from l to 4 kPa 
(from 10 to 40 mbar) to remove 2-etbylhexanol and further 
alcohols and also impurities which boil at lower tempe• 

30 ratures than the nonanols and decanols. 

The remaining mixture of nonanols and deca.nols is espe­
cially suitable as the alcohol component in phthalic 
esters which are to be used as plasticizers. The pre­
paration of phthalic esters is known [cf. Ullmann, 

35 Encyclopidie der Technisohen Chemie ( 1979) , Vol. 18, page 
536 ff). Pbthalic anhydride is advantageously reacted 
with the c,-, C10-alcohol mixtux-e in a molar ratio of from 

S.9/10 
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1:2 to 1:3 in a single stage. The reaction rate can be 

increased by catalysts and/or by raising the reaction 

temperature. To shift the equilibrium in the direction of 

ester fol:ll\ation it is necessary to remove the water of 

S reaction from the reaction mixture. 

10 

The phthalates obtained· from the nonanol/decanol mixture 

of the invention are remarkable for their low volatility 

and good gelling ability. 

Example 1. 

980.0 g of 2.St strength NaOH (0.61 mol) are heated to 

60°C under nitrogen and a mixture of 272.8 g (3.17 mol) 

of n•valeraldehyde, 181.8 g (2.11 mol) of 2-methylbutanal 

and 45.5 g (0.63 mol) of n-butyraldehyde is added over a 

period of 20 min. The mixture is heated to from 88 to 

15 90°C under reflux for one .. !lour. After cooling to 30°C the 

organic and aqueous.phases separate • 

'!'he aldol condensation product is hydrogenated in the 

presence of a nickel catalyst at a pressure of 10 MPa and 

140°C. After filtering off the ~atalyst, a crude alcohol 

20 mixture is obtained which has the following composition 

(% by weight) determined by gas chromatography: 

25 

30 

First fraction 
2-lllethylbutano.l 
n-pentanol 
2-ethylhexanol 
2-ethyl-4-methylhexanol 
2-propylhexanol 
2-ethylheptanol 
2-propyl-4-methylhexanol 
2-propylheptanol 
Final fraction 

0.2 
30.2 

0.3 
1.6 
2.1 
6.4 
6.2 

14.7 
35.4 
2.9 

The distillative removal of the pentanols and 2-ethyl­

hexanol gives an alcohol mixtu:re with the fellowing 

composition(% by weight): 

5.10/10 
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2-ethyl-4-methylhexanol J.2 
2-propylhexanol . 9. 9 

2-ethylheptanol 9 .. 6 

2•propyl-4•methylhexanol 22.6 
2-propylheptanol 54.7 

The esterification with phthalic anhydride is carried out 
in the presence of sulfuric . acid as catalyst and of 
cyclohexane for the azeotropic removal of the water of 
reaction. Neutralization, alcohol removal and drying 
results in a mixture of phthalio esters of isomeric 
nonanols and decanols which has a density of 0.967 q/ml 

at 20°C and a viscosity of 138. m.Pa.s .. 

Example 2 

980.0 g of 2.St strenqth NaOB (0.61 mol) are heated to 
60°c under nitroqen and a mixtu~e of 214.3 9 (2.49 mol) 
of n•valeraldehyde, 143 .. 0 g (1.66 mol) of 2-methylbutanal 
and 142. 8 9 ( 1. 98 mol) of n-butyraldehyde is added. 

dropwise over a period of 20 min. ~he mixture is heated 
to · froIR -99 to 92°C ·under reflux for one hour. After 
cooling to 30°C the organic and aqueous phases separate. 

Hydrogenation as in Example 1 of the condensation product 
gives a crude alcohol mixture with the following com­

. position (% by weight) determined by gas chromatography: 

First fraction 0.2 

2-methylbuta.nol 20.9 

n•pentanol 0.2 
2-ethylhexanol 10.9 

2-ethyl-4-methylhexanol 5.2 
2-propylhexanol 13.9 
2-ethylheptanol 13.5 
2-propyl-4-Di.ethylhexanol 10.0 
2-propylheptanol 22.3 
Final fraction 2.9 

The distillative removal of the penta.nols and 

S.1 
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2-ethylhexanol gives an alcohol mixture with the 
followin9 composition (\by weight): 

2-ethyl-4-methylhexanol 
2-propylbexanol 
2-ethylheptanol 

B.O 
21.4 

20.8 

2-propyl-4-methylhexanol lS.4 
2-propylheptanol 34.4 

Esterification with phthalic anhydride as in Example l 
results in an ester mixture which has a viscosity of 

llB mPa.s and a density of 0.969 q/ml. 

jxample 3 
A mixture of 280. 0 9 ( 3 .. 25 mol) of n-valeraldehyde, 
120.0 q (l.39 mol) of 2-methylbutanal and 120.0 g 

(1.66 mol) of n•butyraldehyde was converted to aldols in 
the presence of 1016 g of 2.5% strength NaOB (0.63 mol) 
a.s in Example l • 

Hydrogenation as in Example 1 of the condensation product 
gives a crude alcohol mixture with the following com­
position(% by weight): 

First fraction 0.7 
2-methylbutanol 17.9 
n-pentanol 0.3 

2-ethylhe.xanol 7.0 
2-ethyl-4-methylhexanol 3.6 

2-propylhexanol 13.8 
2-ethylheptanol 13.5 
2-propyl-4-methylhexanol 9.5 
2-propylheptanol 31.7 
Final f ract:lon 2 .. 0 

30 The distillative workup qiv~s an alcohol mixture with the 
following composition (t by weight): 

2-ethyl-4-methylhexanol 5.1 

S.2 

! -
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2-propylhexanol 19.2 
2-ethylheptanol 18.7 
2-propyl-4-methylhexanol 13.1 
2-propylheptanol 43.9 

Esterification with phthalic anhydride as in Example 1 
results in an ester mixture· which has a viscosity of 
123 mPa.s and a density of 0.969 q/ml. 

Examgles 4 to 7 
The Examples 4 to 7 are carried out similarly to 
Example lJ data relating· to the composition of. the 
starting mixture, the crude alcohol mixture and the 

alcohol mixture suitable for plasticizer production are 
shown in the table below • 

. I 
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Ex. :tx. BX. Ex. 
4 s 6 7 

starting mixture 
n-va.leraldehyde 

(g) 156.7 208.9 139.3 234.8 

(mol) 1.82 2.43 1.62 2.73 

5 2-metbylbutanal 
(IJ) 17 .4 52.0 34 .. 8 26.1 

(mol) 0.20 0.60 0.40 0.30 

n-butyraldebyde 
(g) 74.3 22.3 74.3 22.3 

10 (mol) l.03 0.31 l.03 o.:u 

2.5'5 strength NaOB 
(g) 480.S 528.0 480.0 528.5 

(mol) 0.30 0.33 0.30 0.33 

Crude alcohol mixture 
15 (in % by weight): 

E'irst fraction 0.2 0.2 0 .:a 0 .. 2 
2-methyl])ut.anol 4.6 13.l 9.9 6.5 
n-pe:ctanol 0.3 o.3 0.2 0.3 

2-ethy1hexanol 10.2 0.9 l0.9 0~9 

20 2-ethyl-4-metbylbe~anol 1.4 0.9 2.8 o.s 
2-propylheptanol 19.0 6.6 17.6 1.0 
2-ethylheptanol 18.5 6.4 16.9 6.7 

2-propyl-4-methylhexanol 3,3 10.1 6.2 6.1 
2-propylbepcanol 40.6 59.6 33.2 69.8 

25 l'inal fraction 1.9 1.9 2.1 2.0 

Alcohol mixture for 
plasticizer 
(in' by weight): 
2-ethyl-4-methylhe:xanol 1.9 1.0 3.6 0.6 

30 2-propylhexanol 22.9 7.9 23.0 7.B 
2-ethylheptanol 22.3 7.6 22.0 7.4 
2-propyl-4-~ethylhexanol 4.0 12.l 8.2 6.8 

2-propylheptanol 49.0 71.4 43.~ 77.4 

The excellent gelling ability of the phthalic-ester 
35 plasticizers produced from the alcohol mixture of the 

invention is shown by comparison with the established 
di(isodeoyl) phthalate (DIDP) pla~ticizers~ 

······ ············· 
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For assessment of the gelling ability the critical 
solubility temperature was determined in accordance with 
DIN 53 408. 

Phthalic e•ters using alcohol D~D~ 

mix:eures according to 

E~ample 1 Example 2 Example 3 

critical solubility 133 135 140 

S temperature (°C) 

The outstanding gelling ability of the phthalic esters 
obtained from the novel alcohol mixtures is shown by the 
critical solubility temperature, which is lower than for 
DIOP • 
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What is claimed is: 

1. 

2. 

3. 

A mixture of isomeric nonanols and deoanols obtained 
by joint aldol condensation of n-butanal and 
pentanals in a molar ratio of from 1:2 to 1:10, in 
which the pentanal mixtures comprising from 60 to 
90% by weight of n-pentanal, from 10 to 40• by 

weight of 2-methylbutanal and up to 1% by weight of 
3-methyl~utanal, hydrogenat.ion of the · aldol 
condensati~n product to the saturated alcohols and 
removal from the reaction mixture of the components 
boiling at lower temperatures than the nonanols and 
deca.nols. 

A mixture of isomeric nonanols and decanols as 
claimed in claim 1, wherein the pentanals comprise 
mixtures of fr~ 65 to 80% by weight of n~pentanal, 
from 20 to 35% by weight.of 2-methylbutanal and up 
to 1% by weight of 3-methylbutanal • 

A process for preparing mixtures of isomeric nona­
nols and decanols as claimed in claim 1 or 2, 
wherein propylene and the butenes are separately 
hydroformylated, mixtures of the butanals and penta.• 

nals obtained are condensed in the presence of basic 
catalysts, the condensation product is hydrogenated 
to saturated alcohols and the .components boiling at 
lower temperatures tha~ the nonanols and deeanols 
are removed from the reaction mixture. 

4. The process as claimed in claim 3, wherein the 
olef ins are hydrof ormylated in the presence of an 
aqueous solution pf rhodium-phosphine complexes as 
catalyst at from 70 to lS0°c and a pressure of from 
0.4 to 30 MPa. 

s. !I'he process as claimed in claims 3 or 4 , wherein 
mixtures of hutanals and pentanals are condensed at 
from 60 to 160°C in the presence of tertiary amines. 
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6 • ~be process as claimed in one or more of·· claims 3 to 
5, wherein the condensation product is hydrogenated 
in the presence of nickel catalysts at from 100 to 
180°C and a pressure of from 1 to 10 MPa. 

7. The process as claimed in one or more of claims 3 to 
6, wherein the components of the hydrogenation 
product boiling at lower temperatures than the 
nonanols anci the decanols are removed from the 
hydrogenation product by distillation at from 100 to 
125°c and at a pressure of from 1 to 4 kPa (from 10 
to 40 mbar) • 

8. A plasticizer obtained by esterification of alcohol 
mixtures as claimed in claim 1 or 2 with phthalic 
acid or phthalic anhydride. 

I 
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