
EP 0 429 963 B1 Description The present Invention relates to a method for
economically and efficiently recover a Group Vil metal solid complex from
an organic compound-containing solution containing a Group VIII metal
complex. The present 5   invention also relates to an industrially
advantageous hydroformylation method wherein the above recovery of the
Group VIII metal solid complex is employed. Heretofore, a soluble complex
of a compound of a metal of Group VIII of the Periodic Table and an organic
phosphorus compound has been used as a catalyst for various reactions such
as a hydrogenation reaction, a carbonyl-modification reaction and
oligomerization. Further, It is common to employ a soluble complex of a 10
Group VIII metal compound and an organic phosphorus compound in a
hydroformylation method forproducing an aldehyde or an alcohol as its
hydrogenated product, by reacting an olefinic compound with water gas In
the presence of a catalyst In these reactions, the catalyst is in a state
uniformly dissolved in the reaction sol- ution. Therefore, it is important
economically and from the viewpoint of preventing environmental pollution
to separate and recover the catalyst efficiently from the solution
withdrawn after the reaction. It is common to 15  employ distillation
separation as a method for separating and recovering a Group VIII metal
complex from the reaction solutions obtained by the above-mentioned
respective reactions. The distillation Is effective partic- ularly when the
reaction product has a low boiling point, and after separating the reaction
product and the catalyst solution, the catalyst can be recycled for reuse
to the next reaction in an active form. However, when the heat resistance
of the reaction product is poor, the distollation  for separation can not
be employed. 20      Further, the above-mentioned complex isusually
notstableagainst high temperature heating. Accordingly, when the catalyst
Is distilled and separated from the high boiling point reaction product, it
undergoes thermal degradation, whereby the catalytic activities tend to
deteriorate. Therefore, an additional step including a spe- cial apparatus
or a treatment is required for its regeneration. More specifically, for
example, if the reaction product obtained by the hydroformylation reaction
is of a 25  relatively low boiling point, it is usually possible to
separate the reaction product from the catalyst solution by distillation,
and the catalyst solution can be recycled to the reaction system for reuse.
However, in the hydro- formylation reaction, various high boiling point
substances are produced as byproducts. Accordingly, by the recycling of the
catalyst solution, such high boiling point byproducts tend to accumulate In
the reaction system, whereby it becomes difficult to continue the operation
under a stabilized condition. Therefore, it is necessary 30  to remove the
high boiling point byproducts from the catalyst solution by e.g.
distillation. However, if the dis- tillation.is conducted at a high
temperature, the above complex undergoes thermal degradation, and the ac-
tivities of the recycled catalyst tend to deteriorate. When the
hydroformylation product has a high boiling point, the activities of the
recycled catalyst tend to deteriorate in the same manner as described
above. Accordingly, In order to solve these problems, it becomes 35
necessary to recover the Group VIII metal complex by a method such as
adsorption or extraction. For this purpose, the following methods have
been, for example, proposed. (1) Japanese Examined Patent Publication No.
4321911971 discloses a method which comprises adding a strong acid to a
catalyst solution containing a rhodium metal complex to extract the rhodium
complex with the strong acid, conducting phase separation to obtain an acid
solution containing the rhodium com- 40      plex, diluting the acid
solution with water, whereupon the rhodium complex precipitates, extracting
the rho- dium complex with a solvent to recover the rhodium complex from
said aqueous acid solution. (2) Japanese Examined Patent Publication No.
399411978 discloses a method which comprises adding an organic solution
containing a Group VIII metal complex to active carbon treated with nitric
acid and per- mitting the active carbon to adsorb the Group VIII metal
complex In the presence of methanol, followed 45      by calcining to
recover the Group Vil metal. (3) Journal of the American Oil Chemical
Society, 54,278-278 (1977) discloses a method of using an aqu- 



eous HCN solution containing triethanolamine as an extracting agent for
extracting a rhodium metal com- plex from the hydroformylation reaction
solution obtained by the hydroformylatlon of e.g. methyl oleate. (4) A
reaction product solution obtained by hydroformylating methyl oleate in the
presence of triphenyl 50      phosphite and a rhodium catalyst supported on
an alumina carrier, is separated by an filtration operation into an alumina
carrier and a filtrate, and the filtrate Is separated by distillation into
the product and the soluble rhodium catalyst The separated soluble rhodium
catalyst is supported on the alumina carrier and activated by baking, and
then it is reused for the hydroformylation reaction. (Journal of American
Oil chem- ical Society, 50, 455-458 (1973)) 55     (5) An unsaturated fatty
acid compound is hydroformylated in the presence of a catalyst comprising a
Group VIII metal-organic phosphorus compound complex, and the obtained
reaction solution is contacted with an active carbon adsorbent carrying an
organic phosphorus compound to adsorb the complex. Then, the complex
adsorbed on the adsorbent is eluted by contact with an eluting liquid. On
the other hand, the freed 2    EP 0 429 963 81 organic phosphorus compound
is recovered by distillation from the reaction solution after the adsorbing
treatment, and it is combined with the complex eluted as mentioned above
for reuse in the hydroformy- lation reaction. (Japanese Unexamined Patent
Publication No. 196537/1988) However, the extraction method by means of a
strong acid as described in above item (1), has a problem 5   of corrosion
of the apparatus, since the acid (e.g. sulfuric acid of at least 60% by
weight) is used. Further, the recovered rhodium complex contains sulfuric
acid ions [err] chlorine ions [err] This sulfur (S) or chlorine (Cl) acts
as a catalyst poison to the rhodium complex catalyst and is required to be
removed by alkali treatment. The method of adsorbing on active carbon as
disclosed in above item (2) requires a calcination step as a post treating
step, whereby a loss of the Group VIII metal to some extent is unavoidable,
thus leading to an 10  increase of the production cost. The extraction
method as disclosed in above item (3) is disadvantages in that the
extraction rate of the complex is not high and that a toxic extracting
agent is used, thus leading to a problem for safety. The method of above
item (4) is hardly applicable on an industrial scale, since the organic
phosphorus compound added as a ligand can not be recovered, the recovery
operation is cumbersome and with respect 15  to the hydroformylation
reaction itself, In order to conduct the hydroformylation reaction at a
proper reaction rate and yield, a large amount of rhodium is required, such
being industrially disadvantageous. In the method of above item (5), the
freed organic phosphorus compound is required to be recovered by
distillation, whereby the operation is cumbersome and uneconomical.
Further, Japanese Unexamined Patent Publications No. 121793/1974, No.
63388/1976, No. 3995/1978 20  and No. 26218/1979 propose methods for
recovery of a Group VIII metal complex. However, they are hardly applicable
on an industrial scale in view of the inadequate recovery rate or the
cumbersomeness of the proc- ess. The present inventors have conducted
extensive researches for a method of a recovering a Group VIII met- al
complex in an organic compound-containing solution efficiently by a simple
operation as a complex active 25  for the above-mentioned reaction, and as
a result, have arrived at the present invention. They have further found
that the above recovery of the Group VIII metal solid complex can be
applied to a hydroformylation re- action solution, whereby the
hydroformylation reaction can be conducted industrially advantageously.
Thus, In the broadest sense, the present invention provides a method for
recovering a Group VIII metal solid complex from an organic
compound-containing solution containing a Group VIII metal complex, wherein



30  the Group Vil metal complex is precipitated in the presence of a
trialkyl phosphine of the following formula (I): [err] 40  wherein each of
[err]  and R3 is an alkyl group and they may be the same or different from
one another, and the sum of the carbon numbers of [err]  and [err] is at
least 42. Now, the present invention will be described In detail with
reference to the preferred embodiments. The Group VIII metal complex to be
recovered by the method of the present invention Is a complex con- taining
at least one metal selected from the group consisting of iron, cobalt,
nickel, ruthenium, rhodium, pal- 45  ladium, osmium, iridium and platinum
and being soluble in an organic compound-conaning solution. As will be
described herenafter, this complex can be precipitated and separated from
the organic compound-contain- ing solution by forming a complex with a
specific trialkylphosphine used in the present invention. Accordingly, it
is preferred that at least one exchangeable ligand is coordinated on the
complex, so that it can readily form a complex with the specific
trialkylphosphine, whereby the present invention can effectively be
conducted. 50      Such ligands include, for example, phosphines such as
triphenylphosphine, tri-p-tolylphosphine, tris-(m- methoxyphenyl)phosphine,
tris(m-chlorophenyl)phosphine, tris(4-dimethylaminophenyl)phosphine,
diphenyli- sopropyiphosphine, triethylphosphine, tributylphosphine,
tricyclohexylphosphine, tribernylphosphine and tri- alkylphosphines of the
formula (I), phosphates such as triphenylphosphite, tricyclohexylphosphite,
triethylphos- phite, trioctylphosphite and
tris(2-dimethylaminoethyl)phosphite, olef ins such as 1,5-cyclooctadlene,
norbor- 55  nadiene and cyclopentadiene, nitries such as benzonitrile,
acetonitrile and acrylonitrile, isonitriles such as t- butyilsonitrile,
cycloalkyllsonitriles (such as cyclohexylisonitrile) and phenylisonitrile,
nitrogen-containing com- pounds such as ethylene diamine, [err]-bipyridyl,
1 ,10-phenanthroline and pyridine, [err]-diketones such as acetyl acetone
and benzoyl acetone, [err]-ketoesters such as acetoacetate and
trifluoroacetoacetate, and carbon mon- 3    EP 0 429 963 B1 oxide. Specific
examples of the Group VIII metal complex Include, for example, [err] [err]
[err]  and [err] where Ph represents a phenyl group, acac represents an
acetyl acet- 5   onate group, Ac represents an acetyl group and COD
represents 1,5-cyclooctadiene. However, the Group VIII metal complex is not
limited to such specific examples. Particularly, the present invention is
directed also to a treatment of a soluble complex formed by the re- action
using a Group Vill metal complex as a catalyst, and it is advantageously
applicable to the recovery of the Group Vill metal complex from the
solution withdrawn from the reaction system or from a catalyst solution 10
obtained by further concentrating such withdrawn solution by e.g.
distillation. There is no particular restriction as to the concentration of
the Group VIII metal complex dissolved in the organic compound-containing
solution, so long as it is uniformly dissolved. However, the concentration
Is usu- ally selected within a range of from 1 mg to 100 g, preferably from
10 mg to 10 g, per litre of the solution, as calculated by weight of the
metal atoms. 15      As mentioned above, the present invention comprises
precipitating the solid complex of the Group Vill metal in the presence of
a specific trialkylphosphine in the organic compound-containing solution
containing the Group VIII metal complex. As such a trialkylphosphine, a
trialkyiphosphine of the formula (I): 20 



[err] wherein each of [err]  and [err] is an alkyl group and they may be
the same or different from one another, and the sum of the carbon numbers
of [err]  and [err] is at least 42, is employed. Among them, a
trialkylphosphine wherein each of the three alkyl groups for [err]  and
[err] has at least 10 30  carbon atoms, Is preferred. More preferred is a
trialkylphosphine wherein each of the three alkyl groups has the same
carbon number. Further, it is particularly preferred that each of the three
alkyl groups has at least 16 carbon atoms. If the total carbon number of
the alkyl groups is less 42, the recovery rate of the solid complex of the
Group VIII metal tends to be poor. The upper limit of the sum of the carbon
numbers of the three alkyl groups for [err]  and [err] Is not par- 35
ticularly limited. However, it is unnecessary to increase the carbon
numbers beyond the levels where the pres- ent invention can be conducted
efficiently. Usually, the sum of the carbon numbers Is at most 90,
preferably at most 70. Specific examples of the trialkyiphosphine compound
to be used in the present invention includes tri-n- tetradecylphosphine,
tri-n-pentadecylphosphine, tri-n-hexadecylphosphine,
tri-n-octadecylphosphine, tri-n-ei- 40  cosylphosphine,
tri-n-docosylphosphine, di-n-dodecyl-n-octadecylphosphine,
di-n-tetradecyl-n-octadecyl- phosphine and di-n-hexadecyl-n-decylphosphine.
Preferably, tri-n-hexadecylphosphine, tri-n-octadecylphos- phine or
tri-n-eicosylphosphine is used. There is no particular restriction as to
the amount of the trialkylphosphine to be used, and the amount may
optionally be determined so that the Group VIII metal complex can be
recovered at a high recovery rate. Usu- 45  ally, the amount is at least
about 1 mol, preferably at least 3 mole, per gram atom of the Group VIII
metal. For the precipitation operation, it is not essential to use a poor
solvent However, in order to increase the precipitation rate of the Group
VIII metal solid complex, it Is preferred to use a solvent inert to the
complex. Preferred examples of such poor solvent include methanol, ethanol,
propanol, n-butyl alcohol, acetonitnile and dimethylformamide. 50      The
precipitation treatment can be conducted properly by using a known
precipitation apparatus and em- ploying one step precipitation or mult-step
precipitation. The precipitation temperature is not particularly lim- ited
so long as the Group VIII metal complex and the organic compound-containing
solution can be separated, but the precipitation is operated usually within
a range of from -78 to [err] preferably from [err] to [err] The
precipitated Group VIII metal solid complex is usually subjected to
solid-liquid separation by a usual 55  solid-liquid separation method such
as filtration, centrifugal filtration or centrifugal separation to obtain
the Group Vil metal solid complex. The recovered Group VIII metal solid
complex may be by itself or after subjecting it to proper regeneration
treatment, reused as an active soluble complex catalyst for the
above-mentioned various reactions. 4    EP 0 429 963 B1 For example, when
the reaction zone is the one wherein the specific trialkylphosphine of the
formula (I) is employed, the solution withdrawn from the reaction system is
subjected to the above-mentioned precipita- tion treatment, and the Group
VIII metal solid complex thereby separated and recovered is recycled for
reuse for the subsequent reaction. 5      When the reaction is conducted by
means of the Group VIII metal alone, as will be described in the Ex- amples
given hereinafter, a specifictrialkylphosphine of the formula (I) is added
to the solution withdrawn from the reaction system, followed by
precipitation treatment to recover the Group VIII metal solid complex,
which Is further subjected to known oxidation treatment such as air
oxidation or oxidation by an organic peroxide In 



order to return the complex to a form active for the reaction, and then the
complex is recycled for use for the 10  subsequent reaction. Further, when
the reaction zone is the one wherein a triarylphosphine such as
triphenylphosphine Is em- ployed, a specific trialkylphosphine of the
formula (I) is added to the solution withdrawn from the reaction sys- tem,
to form a Group VIII metal-trialkylphosphine complex by the ligand
exchange, and the Group VIII metal solid complex is recovered by
precipitation treatment and then subjected to an oxidation treatment as
descri- 15  bed above. The triarylphosphine recovered separately by a known
method is added thereto, and the mixture is recycled for use for the
subsequent reaction. Further, in the present invention, the above described
recovery of the Group VIII metal solid complex is applied to a
hydroformylation reaction solution, so that the hydroformylation reaction
of an olefinic compound can advantageously be conducted on an industrial
scale. 20      Namely, the present invention provides a hydroformylation
method for producing a hydroformylated prod- uct by reacting an olefinic
compound with carbon monoxide and hydrogen in the presence of a Group VIII
metal complex catalyst, wherein at least a part of the hydroformylation
reaction solution is withdrawn and subjected to precipitation treatment in
the presence of a trialkylphosphine with the sum of the carbon numbers of
the alkyl groups being at least 42, to precipitate, separate and recover
the Group VIII metal complex catalyst, which 25  is recycled to the
hydroformylation reaction zone. The olefinic compound Is not particularly
limited so long as it Is an organic compound having at least one olefinic
double bond in its molecule. Specifically, olefinic hydrocarbons such as
ethylene, propylene, butene, butadiene, pentene, hexene, hexadiene, octene,
octadiene, decene, hexadecene, octadecene, elcosene, do- cosene, styrene,
a-methylstyrene, cyclohexene as well as olefin oligomer isomer mixtures of
dimers to tetra- 30  mersof lowerolefinssuch as propylene, n-butene and
isobutylene, and substituted olefins such as acrylonitrile, allyl alcohol,
1-hydroxy-2,7-octadlene, 3-hydroxy-1,7-octadlene, oleyl alcohol,
1-methoxy-2,7-octadiene, 7-oc- tene-1-al, vinyl acetate,
1-acetoxy-2,7-octadiene, methyl acrylate, methyl methacrylate, methyl
oleate and 3- methyl-3-buten-1-ol, may be mentioned. It is a feature of the
present invention that the present invention Is applicable even when the
hydroformylation reaction product obtained by using the above olefin will
have a 35  high boning point as high as at least 160C or even when the
olefin starting material is poor in the heat stability. At least a part of
the hydroformylation reaction solution is withdrawn and subjected to
precipitation treat- ment in the presence of a trialkylphosphine. As the
trialkylphosphine, the trialkylphosphine of the above formula (I) is
employed. Preferred is a trialk- ylphosphine wherein each of the three
alkyl groups for [err]  and [err] has at least 10 carbon atoms, and par- 40
ticularly preferred is the one wherein each of the three alkyl groups has
at least 16 carbon atoms. If the total carbon number of the three alkyl
groups for [err]  and [err] is less than 42, the recovery rate of the solid
complex of the Group VIII metal tends to be poor. The upper limit of the
carbon number is not particularly limited. However, it is unnecessary to
increase the carbon number beyond a level where the present invention can
efficiently be conducted. If the carbon num- 45  ber is too large, the
solubility under the hydroformylation reaction condition tends to be low,
and it is properly selected so that the reaction solution will be a uniform
solution under the hydroformylation reaction condition. The upper limit is
usually at most 90, more preferably at most 70. Specific examples of the
organic phosphorus compound include, for example,
tri-n-tetradecylphosphine, tri-n-pentadecylphosphine,
tri-n-hexadecylphosphine, tri-n-octadecylphosphine, tri-n-eicosylphosphine,
tri-n- 50  docosylphosphine, di-n-dodecyl-n-octadecylphosphine,
di-n-tetradecyl-n-octadecylphosphine and di-n-hexa- decyl-n-decylphosphine.
Preferably, tri-n-hexadecylphosphine, tri-n-octadecylphosphine or
tri-n-eicosylphos- phine is used. There is no particular restriction as to
the amount of the trialkylphosphine to be used. As described here- inafter,
when used in a hydroformylation reaction system, the amount is optionally
determined in consideration 



55  of the activities of the catalyst so that a desired result can be
obtained for the recovery of the Group VIII metal complex. The amount is
selected usually within a range of from about 0.5 to 500 mols, preferably
from 1 to 100 mols, more preferably from 3 to 30 mols per gram atom of the
Group Vil metal. As mentioned above, the Group Vil metal complex used as a
catalyst may be any complex containing a 5    EP 0 429 963 B1 Group Vil
metal and being soluble in the hydroformylation reaction medium, and
specific examples may be the same as mentioned above. Such a complex can be
prepared by a known method for forming a complex, or it may be formed in
the hydroformylation reaction zone. Accordingly, even when the Group Vil
metal complex catalyst for the hydroformylation reaction does not 5   have
an organic phosphorus compound of the formula (I) as a ligand, It is
possible that a trialkylphosphine of the formula (I) Is reacted to the
solution withdrawn from the hydroformylation reaction to precipitate,
separate and recover the Group VIII metal solid complex, which can be
recycled to the hydroformylation reaction zone again, If necessary, after
subjecting it to a suitable regeneration treatment. When a Group VIII metal
complex having the above specific trialkylphosphine as a ligand Is to be
employed, 10  such a complex can readily be prepared by a known method
forforming acomplexfrom a compound of a Group VIII metal, such as a
hydride, a halide, an organic salt, an Inorganic salt, an oxide, a carbonyl
compound or an amine compound and the trialkylphosphine. In some cases, the
Group Vil metal compound and the above trialkylphosphine may be supplied to
the hydroformylation reaction zone, so that the complex can be formed In
the reaction zone.                             i 15     The Group VIII
metal compound includes, for example, ruthenium compounds such as ruthenium
trichlor- ide, tetraamine hydroxochlororuthenium chloride and
dichlorotris(triphenylphosphine)ruthenium, palladium compounds such as
palladium acetate and palladium chloride, osmium compounds such as osmium
tetrachlor- ide, iridium compounds such as iridium trichloride and iridium
carbonyl, platinum compounds such as platinic acid, sodium
hexachloroplatinate and potassium platinate, cobalt compounds such as
dicobalt octacarbonyl 20  and cobalt stearate and rhodium compounds such as
rhodium tetrachloride, rhodium nitrate, rhodium acetate, [err]    and [err]
wherein acac repre- sents an acetyl acetonate group, Ac represents an
acetyl group, COD represents 1 ,5-cyclooctadiene, Ph rep- resents a phenyl
group, and tBu represents a tert-butyl group. However, the Group VIII metal
compound is not limited to such specific examples. 25     The amount of the
Group VIII metal compound to be used is not particularly limited. From the
viewpoint of the catalytic activities and economical feasibility, however,
there is a limit. Usually, the concentration in the hydroformylation
reaction zone is selected within a range of from 0.05 mg to 5 g, preferably
from 0.5 mg to 1 g, per litre of the olefinic compound, as calculated by
the metal atoms. For the hydroformylation reaction, use of a solvent for
the reaction is not essential. If necessary, however, 30  the
hydroformylation reaction may be conducted in the presence of an inert
solvent. Specific examples of a preferred solvent include aromatic
hydrocarbon compounds such as toluene, xylene and dodecylbenzene, ke- tones
such as acetone, diethyl ketone and methyl ethyl ketone, ethers such as
tetrahydrofuran and dioxane, and esters such as ethyl acetate and
di-n-octylphthalate. The reaction conditions for the hydroformylation
method may be the same as those commonly used in 35  the conventional
hydroformylation method. Namely, the reaction temperature is selected
usually within a range of from room temperature to [err] preferably from 50
to  [err] The reaction pressure is selected usu- ally within a range of
from atmospheric pressure to 20,26 MPa (200 atm), preferably from 0,5065 to
20,13 MPa 



(5 to 100 atm), more preferably from 0,5065 to 5.065 MPa (5 to 50 atm). The
molar ratio of hydrogen to carbon monoxide [err] Is selected usuallywithin
a range of from 10/1 to 1/10, preferablyfrom 1/1 to 611. The reaction 40
system for the hydroformylation reaction may be a continuous system or a
batch system in a stirring type re- actor or an air bubble tower type
reactor. In the present invention, at least a part of the reaction solution
from the hydroformylation reaction is with- drawn and subjected to
precipitation treatment to precipitate, separate and recover the Group VIII
metal com- plex catalyst, which is then recycled to the hydroformylation
reaction zone. 45      For example, the hydroformylation reaction solution
containing the Group Vil metal complex flowing out of the reactor of the
above-mentioned hydroformylation reaction, or the one having the
concentration of the Group VIII metal complex in the reaction solution
increased by a level of from 1 mg to 100 g, preferably from 10 mg to 10 g,
per litre of the solution, as calculated by weight of the metal atoms, by
removing the formed aldehyde or part of the reaction solvent therefrom by a
known method such as distillation, is subjected to pre- 50  cipftation
treatment. Namely, the Group VIII metal complex catalyst is separated and
recovered by the precipitation treatment utilizing the solubility of the
complex of the trialkylphosphine having the above-mentioned specificcarbon
num- bers and the Group Vil metal in the hydroformylation reaction
solution. At that time, the free trialkylphosphine can be precipitated
along with the precipitation of the Group VIII metal complex, and it can
simultaneously be 55  separated and recovered. For the precipitation
treatment, It Is preferred to use a poor solvent inert to the cat- alyst,
since it is thereby possible to increase the precipitation rate. Suitable
examples of such a poor solvent include methanol, ethanol, propanol,
n-butyl alcohol, acetonitrile and dimethylformamide. The precipitation
treatment can be properly conducted using a known precipitation apparatus
by means 6    EP 0 429 963 B1 of either one step precipitation method or a
multi step precipitation method. The precipitation temperature Is not
particularly limited so long as the separation of the catalystfrom the
reaction solution Is possible. However, the precipitation is conducted
usually within a range of from [err] to [err] preferably from -20 to [err]
The precipitated Group VIII metal complex catalyst can be separated and
recovered from the reaction sol- 5   ution by a usual solid-liquid
separation method such as filtration, centrifugal filtration or centrifugal
separation. The above precipitation treatment and the separation and
recovery of the precipitated solid complex are conducted in an inert gas
atmosphere such as nitrogen or argon to prevent the oxidation of the
trialkyiphos- phine, since the trialkylphosphine is susceptible to
oxidation In the presence of oxygen to a trialkylphosphine oxide. 10
The recovered Group Vil metal complex catalyst is recycled to the
hydroformylation reaction zone and reused as a catalyst, after subjecting
it to purification treatment such as recrystallization, or after subjecting
it to a treatment such as Ilgand exchange, or without subjecting it to any
such special treatment. As described in detall in the foregoing, according
to the method of the present invention, the useful and valuable Group VIII
metal complex catalyst can be separated and recovered selectively and In
good yield by 15  simple treatments such as precipitation treatment and
solid-liquid separation treatment from the hydroformy- lation reaction
solution. At the same time, the free trialkylphosphine can simultaneously
be separated and re- covered. The recovered catalyst can be reused for the
hydroformylation reaction. Thus, the industrial value of the present
invention is significant. Now, the present invention will be described in
further detail with reference to Examples. However, It 20  should be
understood that the present Invention is by no means restricted by such
specific Examples. 



EXAMPLE 1 Into a glass test tube having an Internal capacity of 50 ml, 10
ml of benzene, 9.6 mg of [err] 25  and 198.0 mg of [err] were charged under
an argon atmosphere, heated and stirred to obtain a uniform solution. Then,
to this solution, 40 ml of deaerated methanol was added, and the mixture
was cooled to a tem- perature of from 5 to [err] whereby a rhodium complex
started to precipitate. The mixture was maintained In this state for 2
hours, whereupon the precipitate was subjected to filtration under the
reduced pressure by means of a 0.8 [err] membrane filterfor solid-liquid
separation. The precipitate was further dried under vacuum 30  at room
temperature to obtain a beige solid complex. With respect to the filtrate
after the precipitation, rhodium analysis was conducted by means of a
Zeeman type atomic absorption measuring device, whereby the amount of
dissolved rhodium was found to be 1.0% relative to the amount of charged
rhodium. Namely, 99% of rhodium was found to be recovered as the solid
complex. 35 EXAMPLE 2 The operation was conducted in the same manner as in
Example 1 except that instead of [err] an equimolar amount of [err] was
used, whereby 98.1% of rhodium was recovered as the solid com- 40  plex.
COMPARATIVE EXAMPLE 1 The operation was conducted In the same as in Example
1 except that Instead of [err] an equi- 45   molar amount of [err] was
used, whereby no rhodium complex precipitated even after precipitation
treatment for 2 hours. EXAMPLES 3 to 6 50      The operation was conducted
In the same manner as in Example 1 except that instead of Rh(acac)(CO)2,
the Group VIII metal complex as identified in Table 1 was used in the
amount as identified in Table 1. The re- covery rate of each metal obtained
as the solid complex after the precipitation operation Is shown in Table 1.
COMPARATIVE EXAMPLES 2 to 5 55 The operation was conducted in the same
manner as in Example 1 except that instead of [err] complex, the Group VIII
metal complex as identified In Table 1 was used in the amount as identified
in Table 1, and Instead of [err] an equimolar amount of [err] was used. 7
EP 0 429 963 B1 As shown in Table 1, In each case, no complex precipitated.
5 [err] Into a stainless steel spinner agitation type microautoclave having
an internal capacity of 70ml 27ml or
N    v methyl oleate crude raw material (86.34 wt5 of methyl oleate 11.29
wt% of methyl stearate 0.17wt% of methyl    EP 0 429 963 B1 hexadecanoate,
2.66 wt% of methyl palmitate, and not more than 0.2 wt% of methyl
linolate), 3 ml of n-tetra- decane, 14.7 mg of [err] and 6 mols, per mol of
rhodium, of [err] were charged under an 



argon atmosphere, and then the autoclave was closed. Further, argon gas was
injected to a pressure of 5 kg/ [err] followed by returning the pressure to
atmospheric pressure, and this operation was repeated three 5   times.
Then, the temperature was raised to 130C. After the temperature reached
[err] water gas ([err]/CO = 1) was immediately Injected toa pressure of 7.5
kg/ [err] to initiate the reaction, and the reaction was continued for 5
hours. During the reaction, consumed water gas was supplemented from a
pressure container via a secondary pressure controlling device, so that the
reaction pressure was maintained at a constant level of 7.5 kg/ [err] 10
After the reaction, the reaction solution was withdrawn to a Schlenk tube
under an. argon atmosphere, and a part thereof was subjected to gas
chromatography (column: Thermon-3000 capillary: 0.25[err] x 50 m) to
measure the concentrations of the products. The conversion ofthe methyl
oleate (hereinafterreferred tosimply as "MO") and methyl linolate
(hereinafter referred to simply as "ML") were 88.2 mol%, and the yield of
methyl- formyl stearate (hereinafter referred to simply as " MFS") was 86.3
mol%, and the yield of methyl stearate 15  (hereinafter referred to simply
as "MS") was 1.1 mol%. Then, to the reaction solution thus obtained,
methanol deaerated with argon was added in an amount of four times by
volume relative to the reaction solution, and the mixture was cooled to a
temperature of from 4 to [err] whereby a rhodium complex started to
precipitate. The mixture was maintained in this state for 2 hours, and then
precipitate was subjected to filtration under reduced pressure by means of
a 0.2 [err] membrane filter 20  for solid-liquid separation. With respect
to the filtrate after the precipitation treatment, the rhodium analysis was
conducted by means of a Zeeman type atomic absorption measuring device,
whereby dissolved rhodium was found to be 0.06% relative to the charged
rhodium. This means that 99.9% of rhodium was recovered as the solid
complex. On the other hand, the recovered solid complex was vacuum-dried at
room temperature, and then 27 ml of the above-mentioned methyl oleate raw
material and 3 ml of n-tetradecane were added 25  thereto under an argon
atmosphere. Then, the second reaction was conducted in the same manner as
the above-mentioned firstreaction. The results of the gas chromatography
analysis ofthe solution withdrawn from the reaction system were as follows:
(MO + ML) conversion: 91.3%, MFS yield: 89.6%, and MS yield: 1.2%. The
reaction solution was subjected to solid-liquid separation In the same
manner as the above-mentioned precipitation treatment, and then the rhodium
analysiswas conducted with respecttothefiltrate, wherebydis- 30  solved
rhodium was found to be 0.59% relative to the charged rhodium. This means
that 99.4% of rhodium was recovered as the solid complex. COMPARATIVE
EXAMPLE 6 35      The first hydroformylation reaction was conducted in the
same manneras in Example 7 exceptthatinstead of [err]  was used. The
results of the gas chromatography analysis of the solution with- drawn
after the reaction were as follows: (MO + ML) conversion: 90.3 mol%, MFS
yield: 88.5 mol%, and MS yield: 1.3 mol%. In the same manner in Example 1,
precipitation and separation of the rhodium complex were attempted by the
same precipitation treatment as in Example 1, but the complex did not
precipitate at all. 40 EXAMPLE 8 The hydroformylation reaction and the
precipitation treatment were conducted In the same manner as in Example 7
exceptthatthe hydroformylation reaction was conductedforthree hours by
using, Instead of methyl 45  oleate, the same amount by volume of 1-octene
(purity: at least 99%) and acetonitrile was used as the solvent added for
the precipitation operation. The results of the first hydroformylation
reaction were as follows: octene conversion: 94.7 mol%, and nonylaldehyde
yield: 94.1 mol%. The recovery rate of rhodium after the precipi- tation
treatment was 99.6% relative to the amount of charged rhodium. Further, the
result of the second hy- droformylation reaction using the above recovered
rhodium complex were as follows: octene conversion: 94.0 50  mol%, and
nonylaldehyde yield: 93.5 mol%. Further, the recovery rate of rhodium by
the precipitation treat- ment was 99.8% relative to the charged rhodium. 



COMPARATIVE EXAMPLE 7 55      The first hydroformylation reaction was
conducted in the same manner as in Example 8 except that instead of [err]
was used. The results of the reaction were as follows: octane conversion:
92.9 mol%, and nonylaidehyde yield: 92.0 mol%. Precipitation and separation
of the rhodium complex was attempt- ed by the same precipitation treatment
as in Example 8, but the complex did not precipitate at all. 9    EP 0 429
963 B1 EXAMPLE 9 Into a stainless steel top and bottom agitation type
autoclave having an Internal capacity of 200 ml, 50 ml of
3-methyl-3-buten-1-ol (hereinafter referred to simply as "IPEA"), 5 ml of
toluene, 13.2 mg of Rh- 5   [err] and 4 mols, per mol of rhodium atom, of
[err] were charged under a nitrogen atmosphere. The interior of the
autoclave was substituted three times with 10 [err] of nitrogen gas. Then,
the pressure was returned to atmospheric pressure, and the temperature was
raised to [err] After the temperature reached [err] water gas (H2/CO = 1)
was injected to a total pressure of 30 [err] to Initiate the reaction, and
the reaction was continued for 4 hours while maintaining the reaction
pressure at a level of 30 [err] 10  The results of the gas chromatography
analysis (column: Thermon-3000 capillary: 0.25[err] x 50 m) after the re-
action are shown in Table 2. Then, to the total amount of this reaction
solution, the precipitation treatment was conducted in the same manner as
in Example 1 except that 200 ml of acetonitrile was added instead of me-
thanol as a poor solvent, and the mixture was cooled to 0C and maintained
at that temperature for 3 hours. The recovery rate of rhodium is shown In
Table 2. 15      Then, using the total amounts of the rhodium complex and
free [err] recovered by the precipitation, the hydroformylation reaction of
IPEA and the precipitation treatment were conducted under the same condi-
tions as the above described first reaction. The results are shown in Table
2. 20 25 30 35 40 46 50 55 10    EP 0429 963 B1 [err] Into an autoclave, 60
ml of 1-elcosene, 60 ml of toluene, 28.6 mg of [err] and 6 mole, per mol 55
of rhodium atom, of [err] were charged, and the hydroformylation reaction
was conducted under the same reaction pressure and reaction temperature as
in Example 9 for 2 hours. The results of the gas chroma- tography analysis
of this reaction solution were as follows: conversion of 1-eicosene: 97.7
mol%, and yield of formed aldehyde: 95.5 mol%. 11 



EP 0 429 963 B1 Then, to the reaction solution thus obtained, 500 me of
acetonitrile deaerated with argon was added under stirring, whereby a
rhodium complex and free [err] started to precipitation together with a
part of the formed product. The mixture was left to stand in this state for
2 hours, and then subjected to solid-liquid sep- aration by means of a 0.2
[err] membrane filter. The amount of rhodium recovered as the solid complex
after 5   the separation were 99.2% relative to the charged rhodium. Then,
using the entire amounts of the recovered rhodium complex and free [err]
the hydroformy- lation reaction and precipitation treatment were conducted
under the same conditions as the first reaction, whereby the conversion of
1-eicosene was 97.5 mol%, the yield of aldehyde was 95.7 mol%, and the
recovery rate of rhodium by precipitation was 99.1%. 10 EXAMPLE 11 Into a
200 ml autoclave, 60 ml of 1-hydroxy-2,7-octadlene (hereinafter referred to
simple as "1-HOD"), 5 ml of n-tetradecane, 15.6 mg of [err] and 6
equivalent, relative to rhodium, of [err] were 15  charged, and then the
reaction was conducted under a pressure of 8 [err] of [err]/CO (1/1) at a
temperature of [err] for 3 hours. With respect to the reaction solution
thereby obtained, the concentration of the product was measured by gas
chromatography (column: CBPl capillary: 0.25[err] x 50 m, manufactured by
Shimazu corporation), where- by the conversion of 1-HOD was 89.2 mol%, and
the yield of the total formed aldehyde was 81.0 mol%. To 20  the entire
amount of this reaction solution, the precipitation treatment was conducted
in the same manner as in Example 1 except that 200 ml of acetonitrile was
added as a poor solvent, and the mixture was cooled to [err] and left to
stand for one day, whereby 99.3% of rhodium relative to the charged rhodium
was recovered as the solid complex. Then, using the entire amounts of the
recovered complex and free [err] the hydroformylation re- 25  action and
precipitation treatment were conducted under the same conditions as in the
first reaction, whereby the conversion of 1-HOD was 89.3 mol%, the yield of
the total formed aldehyde was 81.9 mol%, and 99.1% of rhodium relative to
the charged rhodium was recovered as the solid complex. EXAMPLE 12 30 Into
a stainless steel top and bottom agitation type autoclave having an
internal capacity of 200 ml, 55 ml of 1-octene, 5 ml of toluene and 14.3 mg
of [err] were charged under a nitrogen atmosphere. Further, the interior of
the autoclave was substituted three times with 10 [err] of nitrogen gas,
and the pressure was returned to atmospheric pressure. Then, the
temperature was raised to [err] After the tem- 35  perature reached [err]
(1/1) gas was injected into the autoclave so that the total pressure became
100 [err] to Initiate the reaction, and the reaction was continued for one
hour. The water gas consumed during the reaction was supplemented from the
reservoir via a secondary pressure controlling valve so that the pressure
was maintained at a level of 100 [err] After the reaction, the reaction
solution was withdrawn under an argon atmosphere, and 5 mols, per mol 40
of rhodium atom, of [err] was added thereto to form a complex. Further, a
part of the reaction solutlon was analyzed by gas chromatography (column:
Thermon-3000 capillary: 0.25[err] x 50m) to measure the con- centration of
the product Then, to the above reaction solution, 200 ml of acetonitrile
deaerated with argon was added, and the mix- ture was cooled to a
temperature of from 4 to [err] and maintained in this state for about 3
hours. The precipi- 



45  tated rhodium complex and free [err] were subjected to f iltration
under reduced pressure by means of a 0.2 [err] membrane filter for
solid-liquid separation. With respect to rhodium dissolved in the filtrate
after the precipitation treatment, the rhodium analysis was conducted by
means of a Zeeman type atomic absorption measuring device. On the other
hand, the recovered solid complex was further vacuum-dried at room
temperature, and then 50 55 ml of I -octene containing I -octene peroxide,
was added and the mixture was stirred at room temperature for 30 minutes.
Then, the mixture was cooled to a temperature of [err] to [err] whereupon
precipitated (n- [err] was separated by filtration. Then, 5 ml of toluene
was added and charged again into an autoclave. The above series of
operations was repeated three times, and the results are shown in Table 3.
55 12    EP 0 429 963 B1 Table 3 5 Number of         Conversion    Yield of
Recovery  rate times of  the  of 1-octene  aldehyde
precipitation reaction          (mol%)            (mol%)           (%) 10
First  time             97.8             97.2              99.7 15
2nd time                97.0              96.1              99.2 3rd time
97.0              96.3              99.6 20 According to the present
invention, Group Vil metal solid complex can efficiently be recovered from
an organlccompound-containing solution containing a GroupVIII metal
complex. Its value for industrial application is particularly high in that
it is thereby possible to efficiently recoveravaluable Group VIII noble
metal complex 25  as a solid complex. Further, the catalyst for a
hydroformylation reaction can be recovered efficiently and in an active
state by a simple operation and can be recycled to the reaction system,
whereby the hydroformylation reaction can advantageously be conducted on an
industrial scale. The industrial value of the present invention is very
high particularly when a valuable Group VIII noble metal complex catalyst
is employed. 30 Claims 1. A method for recovering a Group VIII metal solid
complex from an organic compound-containing solution containing a Group Vil
metal complex, wherein the Group Vil metal complex is precipitated in the
pres- 35      ence of a trialkyl phosphine of the following formula (I):
[err] wherein each of [err]  and [err] Is an alkyl group and they may be
the same or different from one another, 45      and the sum of the carbon
numbers of [err]  and [err] is at least 42. 2. The method according to
Claim 1, wherein the Group VIII metal complex is a complex containing a
metal selected from the group consisting of Fe, Co, Ni, Ru, Rh, Pd, Os, Ir
and Pt, having at least one exchange- able ligand coordinated on the metal
and being soluble in the organic compound-containing solution. 50 3. The
method according to Claim 2, wherein the ligand is selected from the group
consisting of phosphines, phosphites, olefins, nitriles, isonitriles,
nitrogen-containing compounds, [err]-diketones, [err]-ketoesters and 



carbon monoxide. 55  4. The method according to Claim 1, wherein the
concentration of the Group VIII metal complex in the or- ganic
compound-containing solution Is from 1 mg to 100 g per litre of the
solution, as calculated by weight of the metal atoms. 13    EP 0 429 963 B1
Table 3 Number  of         Conversion    Yield of            of Rh by times
of  the  of 1-octene   aldehyde               precipitation reaction
(mol%)            (mol%)          (%) 10 First  time             97.8
97.2               99.7 15         2nd time                97.0
96.1               99.2 3rd  time               97.0             96.3
99.6 20 According to the present invention, Group Vill metal solid complex
can efficiently be recovered from an organiccompound-containing solution
containing a GroupVIII metal complex. It valuefor industrial application is
particularly high in that it is thereby possible to efficiently recovera
valuable Group Vil noble metal complex 25  as a solid complex. Further, the
catalyst for a hydroformylation reaction can be recovered efficiently and
In an active state by a simple operation and can be recycled to the
reaction system, whereby the hydroformylation reaction can advantageously
be conducted on an industrial scale. The industrial value of the present
invention is very high particularly when a valuable Group Vill noble metal
complex catalyst Is employed. 30 Claims 1. A method for recovering a Group
Vll metal solid complex from an organic compound-containing solution
containing a Group VIII metal complex, wherein the Group VIII metal complex
is precipitated in the pres- 35      ence of a trialkyl phosphine of the
following formula (I): [err] wherein each of [err]  and R3 is an alkyl
group and they may be the same or different from one another, 45      and
the sum of the carbon numbers of [err]  and R3 is at least 42. 2. The
method according to Claim 1, wherein the Group VIII metal complex is a
complex containing a metal selected from the group consisting of Fe, Co,
Ni, Ru, Rh, Pd, Os, Ir and Pt, having at least one exchange- able ligand
coordinated on the metal and being soluble in the organic
compound-containing solution. 50 3. The method according to Claim 2,
wherein the ligand is selected from the group consisting of phosphines,
phosphites, olefins, nitriles, isonitriles, nitrogen-containing compounds,
[err]-diketones, [err]-ketoesters and carbon monoxide. 55  4.  The method
according to Claim 1, wherein the concentration of the Group VIII metal
complex in the or- ganic compound-containing solution is from 1 mg to 100 g
per litre of the solution, as calculated by weight of the metal atoms. 13



5. The method according to Claim 1, wherein each of the three alkyl groups
for [err]  and [err] of the trialk- ylphosphlne of the formula (I) has at
least 10 carbon atoms. 6.  The method according to Claim 1, wherein each of
the three alkyl groups for [err]  and [err] of the trialk- 5
ylphosphine of the formula (I) has at least 16 carbon atoms. 7.  The method
according to Claim 1, wherein the trialkylphosphine of the formula (I) is
selected from the group consisting of tri-n-tetradecylphosphine,
tri-n-pentadecylphosphine, tri-n-hexadecylphosphine, tri-n-
octadecyiphosphine, trl-n-eicosylphosphine, tri-n-elcosylphosphine,
di-n-dodecyl-n-octadecylphosphine, 10
di-n-tetradecyl-n-octadecylphosphine and di-n-hexadecyl-n-decylphosphine.
8.  The method according to Claim 1, wherein the Group VIII metal complex
is precipitated in the presence of at least 1 mol of the thialkylphosphine
of the formula (I) per gram atom of the Group VIII metal dissolved In the
organic compound-containing solution. 15  9.  The method according to Claim
1, wherein the precipitation is conducted In the presence of a solvent
inert to the Group VIII metal complex. 10. The method according to Claim 9,
wherein the solvent is selected from the group consisting of methanol,
ethanol, propanol, n-butyl alcohol, acetonitrile and dimethylformamide. 20
11. The method according to Claim 1, wherein the sprecipitation treatment
Is conducted at a temperature of from -78 to [err] 12. The method according
to Claim 1, wherein the precipitated Group Vil metal solid complex is
separated 25      and recovered by solid-liquid separation. 13. A
hydroformylation method for producing a hydroformylated product by reacting
an olefinic compound with carbon monoxide and hydrogen in the presence of a
Group VIII metal complex catalyst, wherein at least a part of the
hydroformylation reaction solution is withdrawn and subjected to
precipitation treatment in the presence of a trialkylphosphine of the
following formula (I): [err] wherein each of [err]  and [err] Is an alkyl
group and they may be the same or different from one another, and the sum
of the carbon numbers of [err]  and [err] is at least 42, to precipitate,
separate and recover the Group VIII metal complex catalyst, which is
recycled to the hydroformylation reaction zone. 14. The method according to
Claim 13, wherein the hydroformylation reaction is conducted in the
presence of a solvent inert to the hydroformylation reaction. 45   15. The
method according to Claim 14, wherein the solvent is selected from the
group consisting of aromatic hydrocarbon compounds, ketones, ethers and
esters. 16. The method according to Claim 13, wherein each of the three
alkyl groups for [err]  and [err] of the trialk- ylphosphine of the formula
(I) has at least 10 carbon atoms. 50 17. The method according to Claim 13,
wherein each of the three alkyl groups for [err]  and [err] of the trialk-
ylphosphine of the formula (I) has at least 16 carbon atoms. 18. The method
according to Claim 13, wherein the trialkylphosphine of the formula (I) is
selected from the 55       group consisting of tri-n-tetradecylphosphine,
tri-n-pentadecylphosphine, tri-n-hexadecylphosphine, tri-n-
octadecylphosphine, tri-n-eicosylphosphine, tri-n-eicosylphosphine,
di-n-dodecyl-n-octadecylphosphine, di-n-tetradecyl-n-octadecyiphosphine and
di-n-hexadecyl-n-decylphosphine. 14    



EP 0 429 963 B1 19. The method according to Claim 13, wherein the Group Vil
metal complex catalyst is precipitated in the presence of from 0.5 to 500
mols of the trialkylphosphine of the formula (I) per gram atom of the Group
VIII metal dissolved in the solution. 5   20. The method according to Claim
13, wherein the Group VIII metal complex catalyst is precipitated in the
presence of from 1 to 100 mols of the trialkylphosphine of the formula (I)
per gram atom of the Group VIII metal dissolved in the solution. 21. The
method according to Claim 13, wherein the precipitation treatment Is
conducted in the presence of a solvent inert to the Group VIII metal
complex catalyst. 22. The method according to Claim 21, wherein the solvent
is selected from the group consisting of methanol, ethanol, propanol,
n-butyl alcohol, acetonitile and dimethylformamide. 23. The method
according to Claim 13, wherein the precipitation treatment is conducted at
a temperature of 15     from -78 to [err] 24. The method according to Claim
13, wherein the precipitation treatment is conducted at a temperature of
from -20 to [err] 20  25. The method according to Claim 13, wherein the
reaction temperature for the hydroformylation reaction is within a range of
from room temperature to [err] 26. The method according to Claim 13,
wherein the reaction pressure for the hydroformylation reaction is within a
range of from atmospheric pressure to 20,26 MPa 200 atm. 25 27. A
hydroformylation method for producing a hydroformylated product by reacting
an olefinic compound with carbon monoxide and hydrogen in the presence of a
Group Vill metal complex catalyst having an organic compound as a ligand,
wherein as the organic phosphorus compound, a trialkyiphosphine of the
following formula (I): 30 [err] 35 wherein each of [err]  and R3 Is an
alkyl group and they may be the same or different from one another, and the
sum of the carbon numbers of [err]  and [err] Is at least 42, Is used, and
at least a part of the 40      hydroformylation reaction solution is
withdrawn and subjected to precipitation treatment to precipitate, separate
and recover the Group Vil metal complex catalyst, which is recycled to the
hydroformylation reaction zone. 45 Patentanspr~che 1. Verfahren zum
Gewinnen eines festen Komplexes sines Metalles der Gruppe Vill aus elner
eine organi- sche Verbindung enthaltenden Losung, die elnen Komplex des
Metalies der Gruppe Vill enthfilt, wobel der Komplex des Metalles der
Gruppe Vill ausgeffilit wird in Gegenwart sines Trialkylphosphins der fol-
so      genden Formel (l): R1 / P -R2 15    worin jedes von RI, R2 und R3
eine Alkylgruppe ist, die gleich oder verschieden von den anderen sein kann
und die Summe der Kohlonstoffatome von RI, R2 und R3 mindestens 42 betragt.



2.  Des Verfahren nach Anspruch 1, worin der Komplex des Metalles der
Gruppe Vill ein Komplex lst, der eln Metall enthalt, ausgewihit aus der
Gruppe bestehend aus Fe, Co, Ni ,Ru, Rh, Pd, Os, Ir und Pt. das mindestens
einen austauschbaren Liganden, der dem Metall koordinativ zugeordnet lst,
aufweist und in der die organische Verbindung enthaltenden Losung Isilch
ist. 3.  Das Verfahren nach Anspruch 2, worin der Ligand ausgewihit ist aus
der Gruppe bestehend aus Phos- 10      phinen, Phosphiten, Olefinen,
Nitrilen, Isonitrilen, stickstoffhaltlgen Verbindungen, P-Diketonen,
O-Ketoe- stern und Kohlenmonoxid. 4.  Das Verfahren nach Anspruch 1, worin
die Konzentration des Komplexes des Metalles der Gruppe Vill, In der die
organlsche Verbindung enthaltenden Losung Im Berelch von I mg bis 1Og/I der
Losung Ilegt, errechnet auf der Grundlage des Gewichtes der Metallatome. 1S
5. Das Verfahren nach Anspruch 1, worin jede der drel Aikyigruppen ffir RI,
R2 und R3 des Trialkylposphins der Formel (I) mindestens 10
Kohlenstoffatome hat. 6 Das Verfahren nach Anspruch 1, worin jede der drel
Alkyigruppen fOr RI, R2 und R3 des Trialkylposphins .    20     der Formel
(I) mindestens 16 Kohlenstoffatome hat. 7. Das Verfahren nach Anspruch 1,
worin das Trialkylphosphin der Formel (I) ausgewahIt ist aus der Gruppe
bestshend aus Tr-n-tetradecylphosphin, Trl-n-pentadecylphosphin,
Tri-n-hexadecylphosphin, Tri-n-octa- decyiphosphin, Tri-n-eicosylphosphin,
TrI-n-dosylphosphin, Di-n-dodecyl-n-octadecylphosphin, DI-n-te- 25
tradecyl-n-octadecylphosphin und Di-n-hexadecyl-n-decylphosphin. 8. Das
Verfahren nach Anspruch 1, worln der Komplex des Metalles der Gruppe Vil In
Gegenwart von min- destens einem Mol des Trialkylphosphins der Formel (I)
pro Grammatom des Metalles der Gruppe VilI, das in der die organische
Verbindung enthaltenden Losung gelost Ist, ausgefllt wird. 30 9. Das
Verfahren nach Anspruch 1, worin die Ausfillung In Gegenwart eines
Losungsmmels erfolgt, das Inert gegenfiber dem Komplex des Metallas der
Gruppe Vil let. 10. Das Verfahren nach Anspruch 9, worin des Losungsmiftel
ausgewihit ist aus der Gruppe bestehend aus 96      Methanol, Ethanol,
Propanol, n-Butylalkohol, Acetonitril und Dimethylformamid. 11. Das
Verfahren nach Anspruch 1, worn die Ausfallungsbehandlung bel
elnerTemperatur von -78 bWs 80C ausgefflhrt wird. 12. Das Verfahren nach
Anspruch 1, worin der ausgefallte feste Komplex des Metalles der Gruppe Vil
ab- 40      getrennt und durch Fest-FlOssig-Trennung gewonnen wird. 13.
Hydroformylierungsverfahren zur Herstallung elnes formyllerten Produktes
durch Umsetzen einer olefI- niechen Verbindung mit Kohlenmonoxid und
Wasserstoff in Gegenwart eines Komplexkatalysators elnes Metalles der
Gruppe Vil, worin mindestens ein Tell der Reaktionsilsung der
Hydroformylierung abgezo- 45      gen und einer Ausfallungsbehandlung In
Gegenwart eines Trlalkylphosphins derfolgenden Formel (I) un- terworfen
wird: R1 50                             ~~~~~~~~~~~P -R2 R3 65      worn
jedes von RI, R2 und R3 elne Alkylgruppe Ist, die glelch oder verschieden
voneinander sein konnen und die Summe der KohlenstoFfzahlen von RI, R2 und
R3 mindestens 42 betrigt, urn den Komplexkata- lysator des Metalles der
Gruppe Vill auszufalIlen, abzutrennen und zu gewmnnen, der In die
Reaktionszone der Hydroformylierung zurflckgefflhrt wird. 16   



EP 0 429 963 Bi                       c   L   1  S1   * 14. Verfahren nach
Anspruch 13, worin die Hydroformylierungsreaktion in Gegenwart sines
L8sungsmittels ausgeffhrt wird, das gegenilber der
Hydroformyllerungsreaktion inert lst. 15. Verfahren nach Anspruch 14,
dadurch gekennzeichnet, daa das L8sungsmittel aus derGruppe bestehend 6
aus aromatischen Kohlenwasserstoffverbindungen, Ketonen, Ethern und Estern
ausgewahit let. 16. Das verfahren nach Anspruch 13, worin jede der drei
Aikyigruppen fir RI, R2 und R3 des Trialkylposphins der Formel (I)
mindestens 10 Kohlenstoffatome hat. 17. Das Verfahren nach Anspruch 13,
worin jede derdrel Alkyigruppen fflrRI, R2 und R3 des Trialkylposphins der
Formel (t) mindestens 16 Kohlenstoffatome hat. &18 Das Verfahren nach
Anspruch 13, worin das Trialkyiphosphin derFormel (I) ausgewahit ist aus
derGrup- pe bestehend aus Tri-n-tetradecylphosphin,
Tri-n-pentadecyiphosphin, Tri-n-hexadecylphosphin, Tr-n- octadecyiphosphin,
Tri-n-eicosylphosphin, Tri-n-dosylphosphin,
Di-n-dodecyl-n-octadecylphosphin, Di-n- 15
tetradecyl-n-octadecylphosphin und Di-n-hexadecyl-n-decylphosphinf. 19. Das
Verfahren nach Anspruch 13, worin der Komplexkatalysator des Metalles der
Gruppe Vill In Gegen- wart von 0,5 bis 500 Moien des Trialkylphosphins der
Formel (I) pro Grammatom des Metalles der Gruppe Vill, das in der Losung
gelost ist, ausgefallt wird. > 20 20. D0s Verfahren nach Anspruch 13, worin
der Komplexkatalysator des Metalles der Gruppe Vill In Gegen- wart von I
bis 100 Molen des Trialkyiphosphins der Formel (I) pro Grammatom des
Metalles der Gruppe Vil, das in der L8sung gelost !st, ausgefalit wird. 25
21. Verfahren nach Anspruch 13, worin die Ausfallungsbehandlung In
Gegenwart sines LWsungsmittels aus- gefuhrt wird, des gegenfiber dem
Komplexkatalysator des Metalles der Gruppe Vil Inert ist. 22. Verfahren
nach Anspruch 21, wofin das Losungsmittel ausgewihit ist aus der Gruppe
bestehend aus Me- thanol, Ethanol, Propanol, n-Butyialkohol, Acetonitril
und Dimethylformamid. 30 23. Verfahren nach Anspruch 13, worin die
Ausfallungsbehandlung ausgefflhrtwird bel einerTemperatur von -78 bis 80GC.
24. Verfahren nachAnspruch 13, worin dieAusfaIllungsbehandlung
belelnerTemperaturvon -20 bis 500C aus- gefulhrt wird. 35 25. Verfahren
nach Anspruch 13, worin die Reaktionstemperatur fflr die
Hydroformylierungsreaktbon Im Be- relch von Raumtemperatur bis 2000C liegt.
J..-'    26. Verfahren nach Anspruch 13, worin der Reaktlonsdruck for die
Hydroformylierungsreaktion In elnem Be- 40      reich von Atmosphirendruck
bis 20,26 MPa (200 atm) llegt 27. Hydroformylierungsverfahren zum
Herstellen sines hydroformylierten Produktes durch Umsetzen elner
olefinischen Verbindung mit Kohlenmonoxid und Wasserstoff In Gegenwart
elnes Komplexkatalysators eines Metalles der Gruppe Vill, der sine
organische Verbindung als einen Lganden aufwelst, worin als 46      die
organische Phosphorverbindung sin Trialkyiphosphin der folgenden Formel (I)
benutzt wird: R1 P -  2 50 R3 worin jedes von R1, R2 und R3 sine
Alkylgruppe ist, die gloich oder verschieden voneinander sein konnen und
die Summe der Kohlenstoffzahlen von RI, R2 und R3 mindestens 42 betragt,
und mindestens sin Tell der Reaktionslosung der Hydroformylierung abgezogen
und einer Ausfallungsbehandlung unterworfen wird, um den Komplexkatalysator
des Metalles der Gruppe ViII auszufallen, abzutrennen und zu gewin- 



nen, der In die Reaktionszone der Hydroformyilerung zurfickgefflhrt wird.
17    EP 0 429 963 B1                        *c   L  M   S Rovendicatlons
1. Procede pour rbcuphrer un complexe solide d'un mital du Groupe VIll a
partir d'une solution contbnant un composo organique, laquelle contient un
complexe d'un motal du Groupe Vill, procbdi sulvant lequel 5       le
complexe du m~tal du Groupe Vill est precipitb en presence d'une trialkyl
phosphine de Ia formule sul- vante (1): 10 ~ ~ ~ ~ ~~R 10
p/  R                                   (I) P  - 2 R3 15      dans laquelle
chacun des restes R1, R2 et R3 eat un groups alkyle et ces restes peuvent
etre Identiques ou difffrents lee uns des autres, et la somme des nombres
d'atomes de carbons de R1, R2 et R3 esat au moins egale A 42. 2. Procedo
selon la revendication 1, dans lequel le complexe de metal du Group. Vill
est un complexe conte- 2   20       nant un m~tal choisi dans le groups
constitue par Fe, Co, NI, Ru, Rh, Pd, Os, Ir et Pt, ayant au moins un
ligand 6changeable coordonne au metal etetantsoluble dans la solution
contbnantle composA organique. 3.  Procbd6 selon la revendication 2, dans
lequel le ligand est choisl dans le groupo constltu6 par les phos- phines,
lee phosphibts, lea olbfines, les nitriles, les Isonitriles, les compos6s
contenant de l'azote, les P- 25      dlc6tones, lea -cetooestrs et le
monoxyde de carbons. 4.  Procedb selon la revendication 1, dans lequel la
concentration du complexe de metal du Groups Vill dans la solution
contenant Is composb organique eat de I mg a 100 g par litre de la
solution, calcul6e sn polds des atomes de metal. 30  5. Procode selon la
revendication 1, dans lequel chacun des trois groupes alkyle pour RI, R2 et
R3 de la trialkyl phosphine de la formule (I) a au moins 10 atomes de
carbons. 6.  Proc6d6 selon Ia revendlcation 1, dans loquel chacun des trols
groupes alkyle pour RI, R2 et R3 de la trialkyl phosphine de la formule (I)
a au molns 16 atomes de carbons. 35 7. ProcWdA selon la revendication 1,
dans loquel le trialkyl phosphine de la formule (I) eat cholsie dans le
groups constitu6 par la tri-n-t6trad6cyl phosphine, la tri-n-pentad6cyi
phosphins, la tri-n-hexad6cyl phos- phine, la tri-n-octad6cyl phosphine, la
tri-n-elcosyl phosphine, la tri-n-docosyl phosphine, la di-n-dod6cyi-
n-octad6cyl phosphine, la di-n-t6trad6cyI-n-octadlcyl phosphine at la
di-n-hexad6cyl-n-decyl phosphine. 40 8. Procedo selon Ia revendlcatlon 1,
dans lequei le complexe de metal du Groups Vill eat precIpit6 on prA- sence
d'au moins I mole de Ia trialkyl phosphine de la formuls (I) par
atome-gramme du metal du Groups Vill dissous dans la solution contenant le
compose organique. 46  9.  Procede selon la revendication 1, dans loquel la
precipitation est conduito en presence d'un soivant Inertb vi-a-vis du
complexe de m~tal du Groupo Vill. 10. Procede selon la revendlcatlon 9,
dans lequel le solvant est choisl dans le groupe constitu6 par Is me-
thanol, I'ethanol, ie propanol, I'alcool n-butylique, I'ac6toniltrile et le
dim6thylformamide. 50  11. Prochd6 solon Ia revendication 1, dans lequel le
traitement de precipitation esat conduit A une temperaure de -78 a 80C. 



12. Procedb selon la revendication 1, dans leque le complexe solide de
metal du Groups Vill ayant prbcipiti esat separe et rhcup&r6 par une
s6paration solde-liquidse. 55 13. Procede d'hydroformnylation en vue de la
preparation d'un prodult hydroformyle par r6action d'un compose olefInIque
avec du monoxyde de carbons et de l'hydrogbne en presence d'un catalyseur
formb par un complexe de m~tal du Groupo Vil, procede dans lequdl au moins
une partbe de la solution de reactlon    EP 0 429 963 B1
I    11111  MIIIII 1111 d'hydroformylation est retiree at soumise a un
traitement de precipitation en presence d'une trialkyl phos- phine de la
formula suivante (I): P - R2                                  () R3 10 dans
laquelle chacun des restes RI, R2 et R3 ast un groups alkyle et ces restes
peuvent etre Identiques ou diff6rents les uns des autres, et la somme des
nombres d'atomes de carbone de R1, R2 et R3 ast au moins egale a 42, afIn
de faire pr6cipiter, de separer et de r6cuperer le catalyseur forme par le
complexe de metal du Groups 15      Vill, loquel eat recycl6 dans la zone
de reaction d'hydroformyiatlon. 14. Proced6 selon la revendication 13, dans
laquel la r6action d'hydroformylatlon est conduits en pr6sencoe d'un
solvant inerte viv-&-vis de la reaction d'hydroformylatlon. 20  15. Proc6d6
selon la revendicatlon 14, dans lequel le solvant eat choisi dans le groups
constltu6 par les composes hydrocarbon6s aromatiques, les cetones, leas
6thers et leas esters. 1. Proc6d6 selon la revendication 13, dans loquel
chacun des trois groupes alkyle pour RI, R2 et R3 de la trialkyl phosphine
de la formula (I) a au molns 10 atomes de carbone. 25  17. Proc6de selon la
revendication 13, dans lequel chacun des trois groupes alkyle pour R1, R2
et PR3 de la trialkyl phosphine de la formule (I) a au moins 16 atomes de
carbons. 1&  Proc6d6 selon la revendicatlon 13, dans laquel la trialkyl
phosphine de la formula (I) est cholsle dans le groups constituh par la
tri-n-t6trad6cyl phosphine, la tri-n-pentadecyl phosphine, la
tri-n-hexad6cyl phos- 30      phine, la trl-n-octadecyl phosphine, la
tri-n-oicosyl phosphine, la tri-n-docosyl phosphine, la di-n-dodecyl-
n-octadecyl phosphine, la di-n-tetradecyl-n-octadecyl phosphine et la
di-n-hexadcyl-n-d6cyl phosphine. 19. Proc6de selon la revendication 13,
dans lequel le catalyseurforme par le complexe de metal du Groups Vill est
prhcipitb an presence de 0,5 a 500 moles de la ialkyl phosphine de la
formula (I) par atoma-gram- 35      me du m6tal du Group. Vill dissous dens
la solution. 20. Procede selon la revendlcation 13, dans lequel le
catalyseur form6 par le complexe de m6tal du Groups Vil est precipltM an
presence de 1 a 100 moles de la trialkyl phosphine de la formulo (I) par
atome-gramme K>           du metal du Groups Vill dissous dans la solution.
40 21. Proced6 selon la revendication 13, dans lequel le traibtment de
precipitation est conduit en pr6sence d'un solvent Inerte vis-a-vis du
catalyseur forme per le compiexe de metal du Groupe Vil. 22. Proc6d6 selon
la revendication 21, dans lequel le solvent est cholsi dens le groups
constitue par Is me- thanol, I'6thanol, le propanol, I'alcool n-butylique,
l'actoniltrile et le dimlthylformamide. 45 23. Procede selon la
revendicatlon 13, dens laquel le traitement de precipitation est conduit a
une tbmperature de -78 a 80C. 



24. Proc6d6 selon la revendlcation 13, dens lequel le traltoment de
precipitation est conduit a une tbmperature 5D      de -20 a 500C. 25.
Proc6d6 selon la revendication 13, dens laquel la temperature de r6action
pour la reaction d'hydroformy- lation so situe dans une plage ailant do la
tbmperalure ambianta a 200C. ss  26. Proced6 selon la revendication 13,
dans lequel la pression de r6action pour la reactlon d'hydroformylatlon so
situe dens une plage allant de la presslon atmosph6rique a 20,26 MPa (200
atm). 27. Procede d'hydroformylation en vue de preparer un prodult
hydroformyio par reaction d'un compose ole- 19    I lilllIl   11111 JIl I
111111 EP 0 429 963 B1*   c   L  M   S finique avec du monoxyde de carbone
et de l'hydrogene, en pr6sence d'un catalyseur forme par un complexe de
m6tal du Groups Vill ayant un compos6 organique en tant quo ligand, proocdb
dans lequel, en tant quo composb organique phosphore, une trialkyl
phosphine de la formuls suivants (I): P  -R2
} R3 10                           R dans laquelle chacun des restes R1, R2
et R3 est un groups alkyle et ces restes peuvent tre Identiques ou
differents les uns des autres, et la somme des nombres d'atomes de carbons
de R1, R2 et R3 est au mons egale a 42, 15      est utlisbe, et au mohs une
partie de la solution de rbaction d'hydroformylation est retiree et soumise
A un traltement de precipitatbon, afin de faire prhcipiter, de separer et
de recup~rer le catalyseur form6 du complexe de m~tal du Groups VilI,
lequel eat recydcl dans la zone de rbaction d'hydroformylation. ,'  20 28
30 35 40 45 50 55 20    


