
0019 296 -        Process for removing triorganophosphine from a liquid
composition This invention relates to a process for removing
triorganophosphine from a rhodium containing composition or a rhodium
containing concentrate thereof. More particularly this invention relates to
a process for removing triorganophosphine from a rhodium containing
hydroformylation reaction medium or a rhodium containing concentrate
thereof. Processes for forming an aldehyde by the reaction of an olefin
with carbon monoxide and hydrogen in the presence of a solubilized solution
of a Group Vil metaltrihydrocarbyl ligand complex catalyst are well known
in the art. In more recent developments the preferred Group VIII metal has
been rhodium, while the preferred trihydrocarbyl ligand has been
triarylphosphine such as triphenylphosphine. o     For instance. USP
3,527,809, the entire disclosure of which is incorporated herein, discloses
a hydroformylation process whereby alpha-olefins are hydroformylated with
carbon monoxide and hydrogen to produce aldehydes in high yields at low
temperatures and pressures, where the normal to iso-(or branched-chain)
aldehyde isomer ratio of the product aldehydes is high. This process
employs certain rhodium complex catalysts and operates under defined
reaction conditions to accomplish the 5 olefin hydroformylation and since
this process operates at significantly low pressures, substantial
advantages were realized including lower initial capital investment and
lower operating costs. Further. the more desirable straight chain aldehyde
isomer can be produced in high  yields. The hydroformylation process set
forth in said U.S.P. 3,527,809 noted above includes the following essential
reaction conditions: 20     (1) A rhodium complex catalyst which is a
complex combination of rhodium with carbon monoxide and a
triorganophosphorus ligand. The term "complex" means a coordination
compound formed by the union of one or more electronically rich molecules
or atoms capable of independent existence with one or more electronically
poor molecules or atoms, each of which is also capable of independent
existence. Triorganophosphorus ligands whose phosphorus atom has one
available or 2  unshared pair of electrons are capable of forming a
coordinate bond with rhodium. (2) An alpha-olefin feed of alpha-olefinic
compounds characterized by a terminal ethylenic carbon-to-carbon bond such
as a vinyl group CH2=CH-. They may be straight chain or branched chain and
may contain groups or substituents which do not essentially interfere with
the hydroformylation reaction, and they may also contain more than one
ethylenic bond. Propylene is an example of a 3  preferred alpha-olefin. (3)
A triorganophosphorus ligand such as a triarylphosphine. Desirably each
organo moiety in the ligand does not exceed 18 carbon atoms. The
triarylphosphines are the preferred ligands, an example of which is
triphenylphosphine. (4) A concentration of the triorganophosphorus ligand
in the reaction mixture which is sufficient 35 to provide at least two, and
preferably at least 5, moles of free ligand per mole of rhodium metal, over
and above the ligand complexed with or tied to the rhodium atom. (5) A
temperature of from about 50 to about 145[err], preferably from about 60 to
about 125[err]. (6) A total hydrogen and carbon monoxide pressure which is
less than 31 bar preferably less than 24 bar. (7) A maximum partial
pressure exerted by carbon monoxide no greater than about 75 percent based
on the total pressure of carbon monoxide and hydrogen, preferably less than
50 percent of this total gas pressure. It is also known that, under
hydroformylation conditions, some of the product aldehydes may condense to
form by-product, high boiling aldehyde condensation products such as
aldehyde dimers or 45 trimers. Commonly-assigned U.S. Patent 4,148,830, the
entire disclosure of which is incorporated herein by reference thereto,
discloses the use of these high boiling liquid aldehyde condensation
products as a reaction solvent for the catalyst. In this process, solvent
removal from the catalyst, which may cause catalyst losses, is unnecessary
and, in fact, a liquid recycle containing the solvent high boiling aldehyde
condensation products and catalyst is fed to the reaction zone from a
product recovery 50  zone. More specifically, as pointed out in said U.S.P.
4,148,830, some of the aldehyde product is involved in various reactions as
depicted below using n-butyraldehyde as an illustration: 2  



0019296 [err] aldol (I)                        substituted acrolein (II)
[err] heat [err] [err] (dimer V)                    (tetramer VI) In
addition. aldol I can undergo the following reaction OH [err] (tetramer
VII)    0019296 The names in parentheses in the afore-illustrated
equations. aldol 1, substituted acrolein I. trimer III, trimer IV. dimer V,
tetramer VI, and tetramer VII. are for convenience only. Aldol I is formed
by an aldol condensation; trimer III and tetramer VII are formed via
Tischenko reactions : trimer IV by a transesterification reaction: dimer V
and tetramer VI by a dismutation reaction. Principal condensation 5
products are trimer III,  trimer IV, and tetramer VII, with lesser amounts
of the other products being present. Such condensation products, therefore.
contain substantial quantities of hydroxylic compounds as witnessed, for
example, by trimers Ill and IV and tetramer VII. Similar condensation
products are produced by self-condensation of iso-butyraldehyde and a
further range of compounds is formed by condensation of one molecule of
normal butyraldehyde with one molecule of iso-butyraldehyde. Since a
molecule of normal butyraldehyde can aldolize by reaction with a molecule
of iso-butyraldehyde in two different whys to form two different aldols
VIII and IX, a total of four possible aidols can be produced by
condensation reactions of a normal/iso mixture of butyraldehydes. [err]
Aldol I can undergo further condensation with iso-butyraldehyde to form a
trimer isomeric with trimer III and aldols VIII and IX and the
corresponding aldol X produced by self-condensation of two 35  molecules of
isobutyraldehyde can undergo further reactions with either normal or
isobutyraldehyde to form corresponding isomeric trimers. These trimers can
react further analogously to trimer III so that a complex mixture of
condensation products is formed. In addition U.S.P.-4 247 486 (see also
DE-A-27 15 685), the entire disclosure of which is incorporated herein by
reference thereto, discloses a liquid phase hydroformylation reaction using
a 40  rhodium complex catalyst, wherein the aldehyde reaction products and
some of their higher boiling condensation products are removed in vapor
form from the catalyst containing liquid body (or solution) at the reaction
temperature and pressure. The aldehyde reaction products and the
condensation products are condensed out of the off gas from the reaction
vessel in a product recovery zone and the unreacted starting materials
(eg., carbon monoxide, hydrogen and/or alpha-olefin) in the vapor phase 45
from the product recovery zone are recycled to the reaction zone.
Furthermore, by recycling gas from the product recovery zone coupled with
make-up starling materials to the reaction zone in sufficient amounts. it
is possible, using a C2 to Cs olefin as the alpha-olefin starting material,
to achieve a mass balance in the liquid body in the reactor and thereby
remove from the reaction zone at a rate at least as great as their rate of
formation essentially all the higher boiling condensation products
resulting from 50  self-condensation of the aldehyde product. More
specifically, according to said US.P. 4 247 486, a process for the
production of an aldehyde containing from 3 to 6 carbon atoms is disclosed
which comprises passing an alpha-olefin containing from 2 to 5 carbon atoms
together with hydrogen and carbon monoxide at a prescribed temperature and
pressure through a reaction zone containing the rhodium complex catalyst
dissolved in a liquid 55  body, continuously removing a vapor phase from
the reaction zone, passing the vapor phase' to a 



product separation zone, separating a liquid aldehyde containing product in
the product separation zone by condensation from the gaseous unreated
starting materials, and recycling the gaseous unreacted starting' materials
from the product separation zone to the reaction zone. It is also known in
the prior art that even in the absence of intrinsic poisons there may be 60
deactivation of rhodium  hydroforrmylation catalysts under hydroformylation
conditions. DE-A 28 02 923, the entire disclosure of which is Incorporated
herein by reference thereto, indicates that the deactivation of rhodium
hydroformylation catalysts under hydroformylation conditions in the sub-
stantial absence of extrinsic poisons is due to the combination of the
effects of temperature, phosphine ligand:rhodium mole ratio, and the
partial pressures ofhydrogen and carbon monoxide and is termed an 65
intrinsic deactivation. It is further disclosed therein that this intrinsic
deactivation can be reduced or 4    0019 296 substantially prevented by
establishing and controlling and correlating the hydroformylation reaction
conditions to a low temperature, low carbon monoxide partial pressure and
high free triarylphosphine ligand:catalytically-active rhodium mole ratio.
More specifically, this application discloses a rhodium- catalyzed
hydroformylation process for producing.aldehydes from alpha-olefins
including the steps of 5 reacting the olefin with hydrogen and carbon
monoxide in the presence of a rhodium complex catalyst consisting
essentially of rhodium complexed with carbon monoxide and a
triarylphosphine, under certain defined reaction conditions, as follows:
(1) a temperature of from about 90 to about 130C; (2) a total gas pressure
of hydrogen, carbon monoxide and alpha-olefin of less than about 27.5 10
bar; (3) a carbon' monoxide partial pressure of less than about 3.78 bar;
(4) a hydrogen partial pressure of less than about 13.7 bar: (5) at least
about 100 moles of free triarylphosphine ligand for each mole of
catalytically active rhodium metal present in the rhodium complex catalyst;
and controlling and correlating the partial 15 pressure of carbon monoxide,
the temperature and the free triarylphosphine catalytically active rhodium
mole ratio to limit the rhodium complex catalyst deactivation to a maximum
determined percent loss in activity per day., based on the initial activity
of the fresh catalyst. By "catalytically active rhodium" is meant the
rhodium metal in the rhodium complex catalyst which has not been
deactivated. The amount of rhodium in the reaction zone which is
catalytically active may be determined at any given time during 20 the
reaction by comparing the conversion rate to product based on such catalyst
to the conversion rate obtained using fresh  cataylst. The manner in which
the carbon monoxide partial pressure, temperature and free triarylphos-
phine:catalytically active rhodium mole ratio should be controlled and
correlated to thus limit the deactivation of the catalyst is illustrated as
follows. As an example, for the triarylphosphine ligand triphenylphosphine,
the specific relationship between these three parameters and catalyst
stability is defined by the formula: 1000 F= where F = stability factor e =
Naperian log base (Le.. 2,718281828) y = K,+ [err] + [err] + [err] T =
reaction temperature [err] P = partial pressure of CO (psia) L/Rh = free
triarylphosphine:catalytically active rhodium mole ratio K[err] =-8.1126
[err] =0.07919 K[err]= 0.0278 K[err]=-0.01 155 As pointed out in said DE-A
2802923, an olefin response factor must be employed to obtain 



the stability factor under actual hydroformylation conditions. Olefins
generally enhance the stability of the catalyst and their effect on
catalyst stability is more fully explained in said application. The above'
relationship is substantially the same for other triarylphosphines, except
that the constants [err] and [err] may be different. Those skilled in the
art can determine the specific constants for other trialylphosphines with a
minimum amount of experimentation as explained more fully in said
application. It is further taught in said DE-A 28 02 923 that it is
generally desirable that the maximum loss of activity of the rhodium
complex catalyst should be 0.75 percent per day, and highly advantageous
results are achieved where the maximum rate of loss of catalyst activity is
0.3 percent per day, both --being based upon the activity of the fresh
catalyst. By the term "activity" is meant, for example, the anmount of
product produced' expressed as grammoles/liter-hour. Of course, any other
standard technique can be employed to determine the relative activity of
the catalyst at any given time. It should be understood, however, that the
maximum acceptable rate of loss of catalyst activity would depend on many
different factors, as pointed out above. The technique disclosed in' said
DE-A 28 02 923 provides a mechanism for obtaining any maximum rate of loss
of catalyst activity by the control and correlation of the hydroformylation
reaction conditions. Stated conversely, once a maximum acceptable rate of
loss of catalyst activity is determined, the invention disclosed therein
provides one skilled in the art with the tools to control and correlate the
reaction conditions necessary to obtain catalyst stability. Therefore, the
values given above for the maximum rate of loss of catalyst activity are
provided merely teach those skilled in the art how to practice that
invention. It has also been observed that the presence of an
alkyldiarylphosphine (for example, propyl- diphenylphosphine or
ethyldiphenylphosphine) in the rhodium-catalyzed hydroformylation of the
alpha-    0019 296 oiefin propylene inhibits catalyst productivity: i.e..
the rate at which the desired product aldehydes are formed. Specifically,
the addition of small amounts of propyldiphenylphosphine or ethyldiphenyl-
phosphine to rhodium hydroformylation solutions markedly reduced the rate
of production of butyral- dehydes from propylene, compared to the rate
obtained in the absence of the alkyldiarylphosphines. s This is shown by
the data in Table A below: TABLE A PDPP[err] or 10                TPP[err]
EDPP[err]     PDPP or                              Compara- Amount
Amount       EDPP/    Aldehyde Production Rate    tive Rate (weight %
(weight %     TPP        (gram-moles/liter-hour)  of Produc- Entry  of
solution)   of solution)  Ratio   Observed     Predicted"'   tion (5) 15
1      4        PDPP  (0)       0           1.03          1.02        100 2
1.89           (2.0)    1.05        0.36          1.06          34 3
3.74       ,,   (0.67)  0.18         0.53          1.02         53 20 4
4.06       ,    ( 1.33)   0.33     0.79          1.87          42 5
3.61       ,,   (1.33)  0.37        1.51          3.51          43 25
6      4.0        ,,   (0.05)  0.013       0.62             1.02         60
7      9          ,,   (1.0)   0.11        0.60          0.69          87 8
6          ,,   (1.0)   0.17        0.54          0.63          85 30 9
9         ,,    (3.0)    0.33         0.54          0.72          75 10
6          ,,   (3.0)    0.5        0.47          0.68          68 35
11      9           ,,   (1.0)   0.11        0.55          0.69         80
12      6          ,,    (1.0)    0.17       0.58          0.63          92
13      9          ,,   (3.0)   0.33         0.39          0.72          54
40 14      6          ,,   (3.0)    0.5        0.52          0.68
77 greater than 



1 5     9               (0)      0          0.80          0.60         100
16    0          ,,   (9)     -            0.273         0.60         46 17
0          ,,   (4.5)    -          0.213          0.47        45 50
18     3.89       EDPP  (0.67)               0.42          1.02         42
: 19      3.69      ,,   (0.67)               0.42          1.02
42 20      3.88      ,,   (1.33)               0.33          .1.02
33 21      6.95      ,,   (0.67)               0.32          0.82
39 22   6.85    ,,   (1.33)                    0.24          0.82
29 (1) TPP = triphenylphosphine (2) PDPP = propyldiphenylphosphine (3) EDPP
= ethyldiphenylphosphine 6    0019 296 (4) Predicted rate determined from a
kinetic rate expression observed rate (5) Comparative Rate of Production =
-----------------  x 100 predicted rate for same con- ditions with same
total phos- phine but all TPP Although the presence of
alkyldiarylphosphines in rhodium-catalyzed hydroformylation processes 10
reduces the catalyst productivity, the stability of such rhodium complex
catalysts can be enhanced by providing an alkyldiarylphosphine in the
reaction medium and DE-A 28 02 922, the entire disclosure of which is
incorporated herein by. reference thereto, teaches that the reaction
conditions can be adjusted to be more severe in order to regain this
apparent loss of catalyst productivity while retaining the enhanced
catalyst stability. 15       The invention in said DE-A 28 02 922 relates
to an improvement in a rhodium-catalyzed process for hydroformylating an
alpha-olefin to produce aldehydes having one more carbon atom than the
alpha-olefin, which process includes the steps of reacting the alpha-olefin
with hydrogen and carbon monoxide, in a liquid reaction medium which
contains a soluble rhodium complex catalyst consisting essentially of
rhodium complexed with carbon monoxide and a triarylphosphine ligand. 20
wherein the improvement comprises improving the stability of the catalyst
by providing in the liquid reaction medium containing the catalyst an
amount of an alkyldiarylphosphine ligand; and controlling the
hydroformylation reaction conditions as follows: (1) a temperature of from
about 100 to about 140[err]: (2) a total gas pressure of hydrogen, carbon
monoxide and alpha-olefin of less than about 31 bar; 25      (3) a carbon
monoxide partial pressure of less than about 3.78 bar: (4) a hydrogen
partial pressure of less than about 13.7 bar; (5) at least about 75 moles
of total free phosphine ligand for each mole of catalytically-active'
rhodium metal present in the rhodium complex catalyst. DE-A 2.802 922
further teaches that generally, the amount of the alkyldiarylphosphine
ligand 30    present in the liquid reaction medium can be from about 0.1 to
about 20 percent by weight, based     - upon the total weight of the liquid
reaction medium. When a triarylphosphine ligand is employed in the
hydroformylation of an alpha-olefin, some alkyldiarylphosphine is produced
in situ, the "alkyl" group thereof being derived from the alpha-olefin
undergoing hydroformylation and the "aryl" groups thereof being the same as
the aryl of the triarylphosphine. Therefore, it may not be necessary to add
additional ' alkyldiarylphosphine to the reaction medium to provide a
sufficient amount of the same therein. The particular amount of
alkyldiarylphosphine in the reaction medium will depend on several factors
such as the particular alpha-olefin reacted, the reaction conditions, the
desired rate of reaction, etc. DE-A 28 02 922 further discloses that when
an alkyldiarylphosphine ligand is present in a liquid reaction medium
containing a rhodium complex catalyst consisting essentially of rhodium
complexed with carbon monoxide and a triarylphosphine ligand, the resulting
rhodium complex catalyst consists 



essentially of rhodium complexed with carbon monoxide and either one or
both of the triarylphosphine ligand and the alkyldiarylphosphine ligand and
that the terminology "consists essentially of' is not meant to exclude, but
rather to include, hydrogen complexed with the rhodium, in addition to
carbon monoxide and triarylphosphine and/or alkyldiarylphosphine. However,
this language is meant to exclude other materials in amounts which poison
or deactivate the catalyst. DE-A 28 OZ922 goes on to disclose that
particularly advantageous results are achieved when the amount of total
free phosphine ligand in the liquid reaction medium is at least about 100
moles per mole of catalytically-active rhodium metal present in the rhodium
complex catalyst. The upper limit of the amount of total free phosphine
ligand is not particularly critical and would be dictated largely by
commercial and economic considerations. Higher mole ratios of total free
phosphine:catalytically-active rhodium metal favor the stability of the
catalyst. By "total free phosphine" is meant the triaryl- phosphine and/or
alkyldiarylphosphine that is not tied to or complexed with the rhodium atom
in the active complex catalyst. The theory of how such ligands complex with
the rhodium is given in said U.S. Patent No. 3,527,809. Despite the obvious
advantages of the inventions discussed above the continued build-up of
alkyl substituted phosphine over a period of time in a continuous
hydroformylation reaction of alphy-olefins to produce aldehydes rich in the
normal isomer eventually leads to an unacceptable decrease in the rate of
reaction and activity of the rhodium complex catalyst due to the affinity
of said alkyl substituted phosphine for the rhodium catalyst. Thus it would
be clearly beneficial to the state of the art if one .     could
selectively remove undesireable alkyl substituted phosphine from the liquid
reaction medium of the hydroformylation reaction without adversely
affecting the beneficial triarylphosphine and complex catalyst present
therein. However, even after enhancing the activity of the rhodium complex
catalyst by removal of alkyl substituted phosphine from the
hydroformylation reaction medium, eventually the rhodium complex 65
catalyst will become spent that is to say such enhancing procedures cannot
be repeated indefinitely 7    0019 296 since eventually the activity of the
catalyst will have decreased to such a point that it is no longer
economically desireable to operate the hydroformylation process) and the
catalyst will have to be replaced. Moreover, improper procedures and/or
contaminates, and the like at the initial start-up of a hydroformylation
process could result in an early undesirable hydroformylation medium that
must also 5    be replaced. Upon such occurrences it becomes important to
recover the rhodium values of the complex catalyst due to the inordinately
high cost of rhodium. Such recovery methods will obviously entail the
removal and/or destruction of the organic compounds of the hydroformylation
composition, and such poses the problem of what to do with the large excess
of triarylphosphine employed or the small to  amount of such
triarylphosphine that may remain after classical removal means, such as
distillation. Accordingly, it would clearly be beneficial to the state of
the art if such large or small amounts of triaryl- phosphine could be
easily removed from such compositions or concentrates thereof, and
ecologically disposed of without unduly and adversely affecting the
environment. It has now been discovered that triorganophosphine selected
from the class consisting of alkyl 15  substituted phosphine and
triarylphosphine can be easily removed from a 'rhodium containing
composition or rhodium containing concentration thereof. Thus it is an
object of this invention to provide a process for removing
triorganophosphine selected from the class consisting of alkyl substituted
phosphine and triarylphosphine from a rhodium containing composition or
rhodium containing concentrate of said composition. It is another object of
20  this invention to provide a process for selectively removing alkyl
substituted phosphine from a liquid rhodium containing composition which
also contains a rhodium complex catalyst and triarylphosphine. It is a
further object of this invention to provide a method for rejuvenating the
activity of a rhodium complex catalyst of a hydroformylation reaction by
removing alkyl substituted phosphine from the liquid reaction medium of
said hydroformylation reaction. Other objects and advantages of this
invention will 25  become readily apparent from the following description
and appended claims. 



Accordingly, the generic aspect of this invention can be described as a
process for removing triorganophosphine selected' from the class consisting
of triarylphosphine and alkyl substituted phosphine of the formula [err]
wherein R is an alkyl radical containing 2 to 20 carbon atoms, R' is an
alkyl radical containing 2 to 20 35  carbon atoms or an aryl radical and R"
is an aryl radical from a liquid rhodium containing composition or a
rhodium containing concentrate of said composition, said process comprising
(1) mixing (a) a rhodium containing composition comprising a rhodium
complex hydroformylation catalyst, triarylphosphine and alkyl substituted
phosphine of formula (I) above, or (b) a rhodium containing concentrate of
said corn- position, with an [err]-unsaturated compound with 2 to 18 carbon
atoms selected from the group 40  consisting of compounds having the
formula [err] wherein X is a radical selected from the group consisting of
0 -CN  -Cl --Br, -l -NO[err] and -OR[err]; R  is a radical selected from
the group consisting of hydrogen, alkyl, aryl, hydroxy, alkoxy, amino and
halogen; R[err] is an alkyl or aryl radical; and R[err] and R[err] are each
individually radicals selected from the group consisting of hydrogen alkyl,
aryl, X radicals as 65  defined above and [err] radicals wherein X is the
same as defined above; and wherein [err] and [err] taken together can form
an alkylene group having from 2 to 8 carbon atoms; and anhydrides of the
carboxylic acids of said [err]-unsaturated formula compounds; (2) allowing
an aqueous mixture of said step (1) to settle into two distinct liquid
phases, and (3) separating the aqueous phase which contains the solubilized
reaction products of the alkyl substituted phosphine and/or
triarylphosphine present in said composition or concentrate with said
[err]-unsaturated compound from the non-aqueous liquid phase resulting from
said steps (1) and 12); and wherein the molar ratio of the amount of said
[err]- unsaturated compound employed to the total amount of the alkyl
substituted phosphine and/or triaryl- phosphine present in said composition
or concentrate is at least 0.1 to 1; and wherein the amount of water
employed is at least sufficient to solubilize that amount of the reaction
products of said phosphines with [err]-unsaturated compound resulting from
said steps (1) and (2).    00.19 296 The liquid rhodium containing
composition from which the triorganophosphines are removed by the present
invention can be prepared in any manner and may contain, if desired,
additional ingredients, such as solvents for the rhodium complex
hydroformylation catalyst, which do not essentially interfere with the
course of the novel process ofthis invention. More preferably, said liquid
rhodium containing 5 composition is derived from a hydroformylation process
for the production of aldehydes from an alpha olefin. As pointed out by the
above prior art, methods for hydroformylating olefins to produce aldehydes
with a rhodium complex catalyst in the presence of triarylphosphine are
well known in the art and such . methods can result in the in situ
formation of an alkyl substituted phosphine of Formula (I) above, the
."alkyl" group thereof being derived primarily from the olefin undergoing
hydroformylation and the 10  "aryl" group thereof being the same as the
aryl radical of the triarylphosphine employed. Of course. it is to be
understood that while the alkyl substituted phosphine present in the liquid
rhodium containing composition of this invention is primarily that derived
from its in situ formation as explained above, the definition of the
present invention is not meant to exclude, but rather includes the possible
presence of any deliberately added, if such was desired,alkyl substituted
phosphine, such as that discussed and 15  explained in DE-A 28 02 922
above. Thus, it should be clear that the particular hydroformylation.
process for producing aldehydes from an olefin from which the liquid
rhodium containing composition employed in the present invention may be
derived, as well as the reaction conditions and ingredients of said
hydroformylation process are not critical features of the present
invention, since such serves only as a means for furnishing the liquid 20
rhodium containing composition employed as a starting material of the
present invention. In general, .    however, the preferred liquid rhodium
containing compositions employed in the present invention are :..   - those
hydroformylation reaction mediums derived from the preferred operational
features taught in U.S. Patent 3,527,809 and 4,247,486 as well as DE-A 28
02 922 discussed above. 



.    Accordingly, the preferred liquid rhodium containing composition
employed in this invention can be more specifically defined as a liquid
rhodium containing composition comprising (a) a rhodium complex catalyst
consisting essentially of rhodium complexed with carbon monoxide,
triarylphosphine and/or alkyl [err] substituted phosphine of the formula
R--P--R" wherein R , R' and R" are the same as defined above, (b) free
triarylphosphine, and (c) free alkyl substituted phosphine of the formula
[err] wherein R, R' and R" are the same as defined above. Therefore, the
'rhodium complex catalyst present in the liquid rhodium containing
composition of this invention will generally and preferably be one that is
formed under the conditions of a hydro- -  formylation process in the
liquid reaction medium of said process. For example, as seen by the
preferred operational features taught in U.S. Patent 3.527,809 and U.S.P.
4,247,486 and DE-A-28 02 922 discussed above, the preferred
hydroformylation reaction mediums employ a: rhodium complex catalyst
consisting essentially of carbon monoxide and a triarylphosphine ligand and
free triarylphosphine. As the hydroformylation reaction continues alkyl
substituted phosphine of Formula (I) above is formed in situ, the amount of
which continues to build up over the period of time that the continuous
hydro- . . .   formylation process is operational and said alkyl
substituted phosphine ligand having a greater affinity for rhodium than
triarylphoshine also ties or binds itself to the. rhodium thereby resulting
in a rhodium complex catalyst consisting essentially of rhodium complexed
with carbon monoxide, triarylphosphine ligand and/or said alkyl substituted
phosphine ligand (i.e. either one or both of said triarylphosphine ligand
and said alkyl substituted phosphine ligand) in the liquid reaction medium
of said process. which medium also serves as the preferred liquid rhodium
containing composition of this invention. Moreover, it is to be understood
that; while the liquid rhodium containing composition employed In this
invention contains a rhodium complex catalyst consisting essentially of
rhodium complexed with carbon monoxide, triarylphosphine ligand and/or
alkyl substituted phosphine ligand of formula (I) above, the terminology
"consisting essentially of" is not meant to exclude, but rather include,
hydrogen complexed with the rhodium in addition. to carbon monoxide,
triarylphosphine and/or alkyl substituted phosphine, said hydrogen and
carbon monoxide of course being derived from the hydrogen and carbon
monoxide gases which are an integral part of any hydroformylation process.
It is not intended to limit the present invention by the above explanation
as to which phosphine (or relative amount thereof) is tied to or complexed
with the rhodium, nor as to the relative proportions of which phosphine is
free. although it has been determined that, as between triphenylphosphine
and propyldiphenylphosphine, the rhodium exhibits a preference for the
latter over the former as to which it Is tied or bound to. Clearly 9
0019 296 it is sufficient for the purposes of this invention to simply
provide a method for removing said alkyl substituted phosphine and
triarylphosphine from the liquid rhodium containing composition. As pointed
out in the above discussed prior art. the rhodium complex catalyst employed
in hydro- formylation reactions may be formed by methods known in the art.
For example, a preformed stable 5 crystalline solid of rhodium
hydridocarbonyl-tris(triphenylphosphine), may be introduced into the
reaction medium of a hydroformylation process. Such a material may be
formed for example. by a method disclosed in Brown et al. Journal of the
Chemical Soeicty. 1970, pages 2753-2764. Alternatively. and this is
preferred, the rhodium complex catalyst present in the liquid, rhodium
containing composition of this invention is derived from a rhodium catalyst
precursor such as rhodium 10   carbonyl triphenylphosphine acetylacetonate,
[err] or rhodium dicarbonyl acetylacetonate, which have been introduced
into the reaction medium of a hydro- formylation process and form the
rhodium complex catalyst consisting essentially of carbon monoxide and
triarylphosphine of said hydroformylation process which in turn serves as
the basis the in situ formation of the rhodium complex catalyst present in
the liquid rhodium containing composition of this 15 invention. In either
event, an active rhodium complex catalyst is formed in the hydroformylation
reaction medium under the conditions of hydroformylation, wherein said
alkyl substituted phosphine is 



formed in situ or if desired, is added to the reaction medium or both. Of
course, it is also possible to preform a rhodium complex catalyst which
contains both triarylphosphine and said alkyl substituted phosphine
complexed with the rhodium if desired. 20      The triarylphosphine, both
complexed with rhodium and free, present in the liquid rhodium containing
composition of this invention can of course be any triarylphosphine
suitable for use in any hydroformylation reaction such as those
triarylphosphines and reactions taught by the prior art dis- cussed above.
Illustrative triarylphosphine ligands are triphenylphosphine,
trinaphthylphosphine. tritolylphosphine, tri(p-biphenyl) phosphine,
tri(p-methoxyphenyl) phosphine, p-(N, N-dimethyl- 25 amino)phenyl
diphenylphosphine. Triphenylphosphine is presently the preferred
triarylphosphine ligand. The alkyl substituted phosphine, both complexed
with rhodium and free, present in the liquid rhodium containing composition
of this invention can be any phosphine that is more nucleophilic (basic)
than the triarylphosphine in said composition. For example,
propyldiphenylphosphine is more basic (pKa = about 4.5 to 5.5) than
triphenylphosphine (pKa = 2.73). Illustrative Examples of such alkyl 30
substituted phosphines include those encompassed by Formula (I) above.
Moreover, as explained above, such alkyl substituted phosphines are
normally derived from the particular olefin that is hydro- formylated and
the particular triarylphosphine employed in said hydroformylation process.
For example, the hydroformylation of propylene by the preferred procedure
described in U.S.P. 4 247 486 leads to the in situ formation of
propyldiphenylphosphine as well as some detectable butyldiphenyl phosphine.
35 Dialkylarylphosphines, which may be present as a result of in situ
formation or deliberate addition are more nucleophilic than the
triarylphosphine and can also be removed by the process of this invention.
Accordingly, the alkyl radical of said alkyl substituted phosphine is any
alkyl radical containing 2 to 20, preferably 2 to 10, carbon atoms. They
may be straight or branched-chain and may contain groups or substituents
which do not essentially interfere with the course of the process of this
40 invention, such as hydroxyl and alkoxy radicals.. Illustrative of such
alkyl radicals include ethyl, propyl, isopropyl, butyl, pentyl, hexyl,
heptyl, octyl, decyl, dodecyl, octadecyl, 2-ethyl-hexyl, eicosyl, 3-phenyl-
propyl, 3-hydroxypropyl, 4-hydroxyhexyl, 4-hydroxyoctyl, 2-ethoxyethyl,'
2-methoxyethyl or 3- ethoxypropyl. Moreover, since it is generally
preferred to hydroformylate alpha-olefins containing 2 to 5 carbon atoms
the more preferred alkyl radicals of said alkyl substituted phosphines are
ethyl, propyl, butyl and pentyl. Likewise, the aryl radical of said alkyl
substituted phosphines may correspond to the aryl group of the
triarylphosphine ligand employed in the hydroformylation processes as
discussed above, the preferred aryl radical being a phenyl radical derived
from triphenylphosphine. The most preferred alkyl substituted phosphines
are ethyldiphenylphosphine, propyldiphenylphosphine and butyldiphenyl- 0
phosphine, especially propyldiphenylphosphine. Note, however, that It Is
not applicants' intention to be bound by any precise discussion or
explanation of how said alkyl substituted phosphines are formed in situ, it
being sufficient for the purpose of this invention to simply point out that
their in situ formation is possible and that such alkyl substituted
phosphines can be selectively removed when present in the liquid rhodium
containing composition employed in this invention. The various amounts of
rhodium complex catalyst, triarylphosphine and said alkyl substituted
phosphine contained in the liquid rhodium containing composition of this
invention are not critical since the subject invention is directed to a
process for removing all or any portion of said alkyl substituted phosphine
and triarylphosphine present in a liquid rhodium containing composition
which also contains any amount of said rhodium complex catalyst. Moreover,
since the preferred liquid rhodium containing 60   compositions of this
invention cocorrespond to the liquid reaction medium of any
hydroformylation reaction such as discussed above, the amounts of said
rhodium complex catalyst, triarylphosphine and alkyl substituted phosphine
will preferably be those amounts employed and/or obtained in situ in the
liquid reaction medium of said hydroformylation reaction from which it is
desired to remove said alkyl substituted phosphine and triarylphosphine.
Accordingly, the generic and preferred amounts of such ingredients
initially employed in a hydroformylation reaction are well known in the art
and are merely 10    0019 296 dependent upon the particular
hydroformylation reaction employed. It should also be clear that the 



amount of alkyl substituted phosphine present herein will also preferably
be merely dependent upon the amount of alkyl substituted phosphine that has
formed in situ and accumulated as a result of the particular
hydroformylation process employed over the time period that said process
has been operational. Thus, since it is generally desired to employ the
process of this invention to rejuvenate the activity of the rhodium complex
catalyst of a continuous hydroformylation reaction, in general the amount
of the alkyl substituted phosphine ligand present in the liquid rhodium
containing composition employable in this invention may range from 0.1 to
20 percent by weight based on the total weight of the liquid rhodium
containing composition, while the amount of triarylphosphine ligand present
in the 10 liquid rhodium containing composition employable in this
invention may vary from 0.5 percent to 40 percent or higher by weight,
based on the total weight of the liquid rhodium containing composition.
Moreover, in the preferred hydroformylation reactions particularly
advantageous results are achieved when the amount of total free phosphine
ligand (i.e. that amount that is not complexed with the rhodium atom  in
the active complex catalyst) in the liquid reaction medium is at least 100
moles per to mole of catalytically-active rhodium metal present In the
rhodium complex catalyst. The upper limit of the amount of total free
phosphine ligand is not particularly critical and would be dictated largely
by commercial and economic considerations. Likewise the amount of rhodium
complex hydroformylation catalyst present in the liquid rhodium containing
composition of this invention will generally be at least - that minimum
amount (catalytic amount) which is necessary to catalyze the particular
hydro- formylation reaction from which the preferred liquid rhodium
containing composition of this invention is derived. Generally, the rhodium
concentration in the liquid composition may range from 25 ppm to 1200 ppm,
and preferably from 50 ppm to 400 ppm, of catalytically active rhodium
calculated as the free metal. It is further preferred that the liquid
rhodium containing composition of this invention contain at least one
percent by weight of alkyl substituted phosphine based on the total weight
of the 25  liquid rhodium containing composition while the amount of
triarylphosphine present is at least twice as much as that of said alkyl
substituted phosphine. It is of course, also to be understood that since
the rhodium complex catalyst of hydroformylation reactions are soluble
complexes, as are the rhodium complex catalysts defined herein, and since
said hydroformylation reactions are normally conducted in the presence of a
solvent for such catalyst, then 30   the liquid rhodium containing
compositions employed in this invention can also encompass the presence of
such solvents for said catalysts in the same amounts that such solvents are
present in the liquid reaction medium of said hydroformylation reactions.
Such solvents are well known in the art and encompass those described in
U.S.P. 3,527,809 and more preferably the higher boiling liquid aldehyde
condensation products which are described more fully as are methods for
their preparation in U.S.P. 35  4,247,486 and 4,148,830 as discussed above.
Such condensation products can be performed or produced in situ during
hydroformylation and include the complex mixture of high boiling liquid
products which result from the condensation reactions of some of the
aldehyde products of the hydro- formylation process as discussed above. The
rhodium complex catalyst of the initial hydroformylation as well as that
formed in situ is not only soluble in said condensation products but also
exhibit excellent stability over extended periods of continuous
hydroformylation. In a preferred form of hydroformylation the higher
boiling liquid aldehyde condensation products to be used as solvents are
preformed prior to introduction into the reaction zone and the start up of
the hydroformylation process. Accordingly, the amount of solvent present in
the liquid rhodium containing composition of this invention is not critical
to the subject invention and will preferably be those amounts employed
and/or maintained in situ in the liquid reaction medium of said
hydroformylation reaction. Thus, in general, the amount of solvent when
present in the liquid composition of this invention may range from 10 to 95
parts by weight based on the total weight of the liquid composition. Of
course, it should be also understood that since the liquid rhodium
containing composition of this invention is preferably all or any portion
of the liquid reaction medium of a hydroformylation reaction, then said
liquid composition can also encompass the possible presence of minor
amounts of the starting materials, by-products, and/or aldehyde products of
such hydroformylation reactions. While one aspect of this invention is
preferably directed to selectively removing all or any portion of said
alkyl substituted phosphine from said liquid rhodium containing
composition, it is to be understood that this invention can also be
employed to remove all or any portion of said triaryl- phosphine from said
liquid rhodium containing composition if desired. For example, the subject
invention can also be employed to remove the large amounts of free
triarylphosphine found in spent or 



contaminated rhodium catalyzed hydroformylation mediums as discussed above
in order to facilitate recovery of the rhodium values of said mediums if
such is desired. Moreover, this invention can further be employed to remove
said alkyl substituted phosphine and/or triarylphosphine from any rhodium
containing concentrate derived from the liquid rhodium containing
composition employable in this invention. The term "rhodium containing
concentrate" as employed herein encompasses any distillation residue
containing rhodium and free triarylphosphine obtained upon concentrating
the rhodium containing compositions employable in this invention which have
been defined herein above. Accordingly said rhodium containing concentrates
may be derived by distilling said rhodium containing compositions in any
manner such that the distillation residue or    0019 296 concentrate so
obtained contains rhodium and at least some free triarylphosphine. Thus the
particular distillation procedure for producing the rhodium containing
concentrates employable in this invention is merely dependent upon the
concentrate that may be desired. Accordingly, the rhodium containing
concentrates employable in this invention encompass any distillation
residue of the rhodium containing 5 compositions employable in this
invention from which any amount of one or more of the above defined
ingredients of said rhodium containing compositions have been removed via
distillation, provided that said concentrates still contain at least some
rhodium and some free triarylphosphine. For instance, the rhodium
containing concentrates employable in this invention can be those rhodium
complex concentrates that have been produced by a process which comprises
concentrating a 10 spent hydroformylation reaction medium, i.e. a liquid
rhodium containing composition as defined herein above which contains a
partially deactivated rhodium complex catalyst and free triarylphosphine,
by means of distillation at temperatures of 20[err] to 350[err] and at
pressures of 1333 mbar to 1.33 x 10mbar to obtain a distillation residue
containing a major amount of the rhodium of said catalyst and free
triarylphosphine and which has been concentrated to 0.1 to 30 percent by
weight of 15  said spent hydroformylation reaction medium. The preferred
rhodium containing concentrates are brownish, highly viscous rhodium
complex mediums consisting of rhodium and minor amounts of free
triarylphosphine (generally less than 1 0 percent by weight based on the
total weight of the concentrate), the remainder consisting essentially of
highly boiling aldehyde condensation products and phosphine oxides, said
condensation products and 20 oxides having been derived in situ during the
hydroformylation process from whence the spent hydro- formylation reaction
medium is obtained. The distillation procedure which may be employed to
prepare such preferred rhodium containing concentrates can be found more
fully discussed in E.P.C. Application 80 101 665.0 (see also U.S.P. 4 297
239). the entire disclosure of which is incorporated herein by reference
thereto. For instance. 25 said above mentioned application discloses
preparing rhodium containing concentrates that have been concentrated to
about 0.1 to about 30 percent by weight of said spent hydroformylation
reaction medium. More preferably the spent hydroformylation reaction medium
is distilled to form a rhodium complex concentrate which has been
concentrated to from about 1 to about 10 percent by weight and most
preferably to from about 2 to about 6 percent by weight of said spent
medium. 30      Such a distillation procedure preferably takes place in two
stages, the first stage being conducted at temperatures of 20 to 250C,
preferably from 20. to 1900C, and pressures of 1333 mbar to 0.133 mbar,
preferably 200 to 0.67 mbar, which may effect up to about a threefold
concentration of the spent hydroformylation reaction medium; the second
stage of the distillation being conducted at temperatures of 25 to
350[err], preferably from 150 to 300[err], and pressures of 133 to 1.33 x
10-6 mbar, 35 preferably 26.7 to 0.133 mbar, so as to further concentrate
the bottom or residue product of the first stage to the finally desired
rhodium complex concentrate which may contain from 1000 to 50,000 ppm, more
preferably from 2000 to 15,000 ppm, and most preferably from 4,000 to
12,000 ppm, of rhodium calculated as free metal. The first distillation
stage is employed to distill off and remove the most volatile components.
e.g. the aldehyde products, that are present in the spent hydroformylation
medium since such low boiling volatile components interfere with obtaining
the desired low pressures employed in the second distillation stage and
needed for the most effective removal of the less volatile (i.e. higher
boiling) 



components. Of course it is obvious that the most volatile components (e.g.
the aldehyde products) so removed may be recovered from said distillate
stream in any conventional manner or discarded as 45 desired. The second
distillation stage involves taking the liquid residue or bottoms of said
first distillation stage containing the partially deactivated rhodium
complex catalyst and less volatile components, such as the solvent and
phosphine ligands, of the spent hydroformylation reaction medium and
subjecting it to further distillation at the reduced pressures given above
so as to distill off and remove said remaining 50 high boiling volatile
materials. The rhodium containing complex concentrate employable in this
invention is thus recovered as the distillation residue of said second
stage distillation and contains a major amount of the rhodium of said
partially deactivated catalyst (i.e. more than 50 percent by weight,
preferably more than 90 percent by weight, of the total amount of rhodium
of said catalyst). For obvious economic reasons it is most desirable that
the rhodium complex concentrate contain essentially (i.e. greater than 97
percent by weight) all of the rhodium of said partially deactivated
catalyst. The distillation of each separation stage can be carried out by
using any suitable distillation system and can take place on a continuous
and/or discontinuous (batch) basis. However, care should be taken to avoid
overheating the rhodium complex. it is also important to maintain a high
vacuum in the 60 second distillation stage so that the temperature required
for concentration can be minimized. Thus, the distillation is preferably
carried out at the lowest temperature and shortest residence time required
to achieve the desired rhodium concentration. Because the components of the
spent hydroformylation reaction mediums which are to be distilled can vary,
both in terms of their nature and concentrations, as well as from
hydroformylation process to hydroformylation process, it is apparent that
no specific residence time can be arbitrarily given as either a maximum or
minimum in order to practice said 12    0019 296 distillation.Accordingly,
it is preferred to. employ a thin-film evaporator, such as a wiped-film
evaporator, since in such systems residence times at elevated temperatures
of less than 10 minutes would be suitable in most instances, and preferably
such residence times will be less than about three minutes, whereas in a
kettle-type batch distillation the residence time for the second stage of 5
distillation can be hours. However, batch systems are readily suitable for
the first stage of distillation, since such is concerned with only removing
the most volatile flower boiling) components of the spent medium and thus
the distillation can be carried out at rather mild temperatures and at much
higher pressures than those pressures employed in the second distillation
stage. In general, it is preferred to carry out both distillation stages in
a thin-film evaporator, especially a wiped-film evaporator. Such 10
evaporators are well known in the art and thus need not be further
discussed- herein. As pointed out above a broad range of [err]-unsaturated
compounds can be employed herein to remove said triorganophosphines from
said rhodium containing compositions or rhodium containing - concentrates
thereof. Such [err]-unsaturated compounds are those containing from 2 to 18
carbon atoms, preferably from 3 to 10 carbon atoms, selected from the group
consisting of compounds of the 15  formula R[err]-C-X - wherein X Is an
electron withdrawing radical selected from the group consisting of 25
[err] [err] is a radical selected from the group consisting of H. alkyl,
aryl. hydroxy, alkoxy, amino and halogen; [err] is an alkyl or aryl
radical, and [err] and [err] are each individually selected from the group
consisting of hydrogen, alkyl, aryl, -X  radicals as defined above and
-CH2X radicals wherein X is the same 30    as defined above; and wherein
[err] and [err] taken together can form an alkylene group having from
- 2'to 8 carbon atoms; and anhydrides of the carboxylic acids of said
formula compounds. Of course it is understood that mixtures of two or more
[err]-unsaturated compounds can be employed if desired. The ipreferred
[err]-unsaturated compounds are those containing more than one electron
withdrawing radical and wherein at least one of said [err] and [err] groups
is hydrogen, since they are the most reactive towards 



35  said triorganophosphines, the more preferred electron withdrawing
radical being -COOH. Illustrative examples of such [err]-unsaturated
compounds include maleic acid, maleic anhydride, acrylic acid, itaconic
acid, crotonic acid, ethyl acrylate, acrylonitrile, acrotein,
crotonaldehyde, methacrolein, ethylpropyl-acrolein, cyclohex-1-ene
carboxylic acid, acrylic acid chloride, ethylvinylether, fumaric acid. The
most preferred [err]-unsaturated compounds are maleic acid and maleic
anhydride, *    especially maleic acid. Theprocess of this invention
comprises mixing the rhodium containing composition or rhodium ::containing
concentrate thereof, as defined above, with the [err]-unsaturated compound,
allowing an aqueous mixture thereof to settle into two distinct liquid
phases and separating the aqueous (bottom)    ' phase which contains the
solubilized products of the alkyl substituted phosphine and/or 45
triarylphosphine from the other liquid (i.e. non-aqueous, top) phase
containing the remainder of the starting rhodium containing composition or
concentrate thereof. The process of this invention may be described as one
in which the phosphine compounds of the rhodium containing composition
and/or rhodium containing concentrate thereof react quickly with the
[err]-unsaturated compound to form phosphorous ylides which in the presence
of the water hydrolyze to 50 form a water soluble phosphonium'salt as seen
by the following illustrated general reaction. H            H 55
[err] Furthermore, while it is not intended to limit the present Invention
by the above explanation as to the precise order of reaction involved it
has been found that the alkyl substituted phosphines are more reactive
towards the [err]-unsaturated compound than triarylphosphine and thus
provide the basis for selective removal of the alkyl substituted phosphine
from the rhodium containing composition or concentrate thereof in the form
of water solubilized reaction products of said. alkyl substituted
phosphines with said [err]-unsaturated compound. Furthermore, it is not
intended to be bound by any 13    0019 296 discussion of the particular
structure of the solubilized reaction product, although it is believed to
be a phosphonium salt, since it is sufficient for the purposes of the
present invention to simply provide a means for removing the alkyl
substituted phosphine and/or triarylphosphine. Nor is it intended to limit
the present invention by any discussion as to the order of removal of the
phosphine complexed with the 5  rhodium catalyst and the free phosphine,
since it is sufficient for the purpose of this invention to simply
understand that all or any portion of the free phosphine can be removed
from the rhodium containing compositions or concentrates thereof by the
process of this invention. The reaction of the process of this invention is
exothermic and can be carried out at any suitable temperature. Moreover,
the process can be carried out at sub, atmospheric, or elevated pressures.
as to desired. In general, the temperature may range from 0C to 1 50[err].
Temperatures of 1 00[err] and above. of course, require elevated pressures.
Preferably, the process is performed at about atmospheric pressure and at
less than 100[err]. the more preferred temperature being from 25[err] to
80[err]. It is important to thoroughly mix the reactants involved, and such
can be effected by an conventional means such as stirring and the like. The
general reaction is quite rapid and will normally be completed within 15 an
hour and more preferably within one-half hour depending on the reactants,
temperature and efficiency of mixing involved. In general, one mole of
triorganophosphine compound will react with one mole of  [err]- unsaturated
compound. Accordingly, the molar ratio of the amount of said
[err]-unsaturated compound employed in relation to the total amount of
triorganophosphine desired to be removed from the start- 20 ing rhodium
containing composition and/or rhodium containing concentrate thereof is at
least 0.1 to 1. The upper limit of the amount of said [err]-unsaturated
compound is not critical. Thus the use of 0.1 to 100 mole equivalents,
preferably 0.1 to 25 mole equivalents of said [err]-unsaturated compound
per mole equivalent of the total amount of said triorganophosphine desired
to be removed should be satisfactory in most instances. Further, when the
process of this invention is designed for the selective 25 removal of
alkyl-substituted phosphine and not triarylphosphine from  the
rhodium-containing composition and/or concentrate thereof, some
triarylphosphine may be and undoubtedly is also 



removed from the rhodium-containing starting material in the same manner as
described above (i.e., as a solubilized reaction product with the
[err]-unsaturated compound) and thus the molar ratio of the amount of said
[err]-unsaturated compound employed in relation to the total amount of said
triaryl-. 30 phosphine present in said starting rhodium containing
composition and/or concentrate thereof should be less than 1 to 1 to ensure
retention of the triarylphosphine in the starting composition and/or
concentrate. Thus it is preferred to employ about one to about five mole
equivalents of said [err]- unsaturated compound per mole equivalents of
alkyl-substituted phosphine when desiring to selectively remove said
alkyl-substituted phosphine to ensure sufficient removal of said alkyl- 35
substituted phosphine without incurring large triarylphosphine losses. On
the other hand, when it is desired to remove all detectable
triarylphosphine from said starting rhodium-containing compositions and/or
concentrate thereof, the process also removes alkyl-substituted phosphine,
if present, in the same manner as described above (i.e., as a
water-solubilized reaction product with the [err]-unsaturated compound). In
such instances it is thus preferred that the molar ratio of said
[err]-unsaturated compound 40 in relation to the total amount of said
triarylphosphine and said alkyl-substituted phosphine present in. said
starting rhodium containing compositions and/or concentrates thereof be at
least 1 to 1 and preferably from 1 to 25:1. While it is normally preferred
to conduct the mixing of the rhodium containing composition or rhodium
containing concentrate thereof with the [err]-unsaturated compound in the
presence of water, 45 if desired, very viscous rhodium containing
concentrates, such as the preferred concentrates described above, can be
mixed with the [err]-unsaturated compound in the absence of water and the
aqueous mixture formed by a later addition of water.' However, even in the
case of very viscous concentrates, it is more convenient to form a
solubilized solution of the very viscous concentrate and then mix said
concentrate solution with the [err]- 50 unsaturated compound in the
presence of water. Suitable solvents for said viscous concentrates include
alcohols, e.g. butanol. aldehyde condensation products, e.g., Texanol[err].
Of course, it is obvious that any amount of solvent may be employed. In
general, amounts of solvent ranging from 0.5 to 50 parts by volume per
volume part of said concentrate should be sufficient for most purposes. The
amount of water employed in the process of this invention Is not narrowly
critical and need 55  only be that amount which is at least sufficient to
solubilize that amount of the reaction products of said phosphines and said
[err]-unsaturated compounds resulting from the process of this invention.
In general, from 0.05 to 2.0 volume equivalents of water based on the
amount of rhodium containing starting material to be treated should be
sufficient in most instances, although lower or higher amounts may be
employed, if desired. Normally, 0.3 parts by volume of water should be
suitable for selectively 60 removing the alkyldiarylphosphine from most
hydroformylation reaction mediums. Moreover, while the water may be
provided in any suitable manner, it is preferred to employ aqueous
solutions of the [err]- unsaturated compound, generally on the order of 0.1
to 75 percent and more preferably 1 to 40 percent by weight of said
[err]-unsaturated compound in water. When desiring only to selectively
remove alkyldiarylphosphine 1 to 10 percent by weight of said
[err]-unsaturated compound in water is most preferred, while 10 to 40
percent by weight of said [err]-unsaturated compound in water is most 14
0019 296 preferred when triarylphosphine is desired to be removed. Further,
the process of this invention can be carried out in any suitable vessel or
container and' does not require any special equipment. Upon completion of
the phosphine [err]-unsaturated compound reaction of the process of this
invention, an aqueous mixture is allowed to settle into two distinct liquid
; . phases, the bottom phase being the aqueous phase containing the
solubilized reaction products of said triorganophosphines with said
[err]-unsaturated compounds, which can be separated from the other (
i.e.non-aqueous, top) liquid phase which contains the rhodium and any
unreacted triorgano- phosphine by any suitable method, such as by draining
off the bottom layer or decanting off the top layer. 10        The process
of this invention is especially suitable in the hydroformylation field of
producing aldehydes, since it provides for the selective removal of alkyl
substituted phosphine from hydra 



formylation catalyst solutions without unduly adversely affecting the
triarylphosphine and rhodium concentrations or in any other way harming the
catalyst solution. Such is indeed surprising as is the fact that It has
been found that the process of this invention also provides a simple means
for rejuvenating 15  the activity and increasing the life-span of the
rhodium  complex catalyst of a continuous hydroformylation reaction by
removing all or any part of the undesirable alkyl substituted phosphine
that might be present in the hydroformylation reaction medium and whose in
situ build-up during said process has eventually caused an unacceptable
decrease in the reactivity of said catalyst. For example, it has been found
that the rate of hydroformylation, measured in terms of gram-moles per
liter-hour of 20 product produced of an alpha-olefin using a
hydroformylation reaction medium which has been treated by the process of
this invention is dramatically increased above that rate of
hydroformylation obtained *   when using the corresponding hydroformylation
reaction medium which has not been treated by the process of this
invention. Thus, by the process of this invention the concentration level
of alkyl substituted phosphine in such hydroformylation reaction mediums
can be monitored and maintained at any desired limit. In general, when
rejuvenating said hydroformylation catalyst, it is preferred to lower the
amount of alkyl substituted phosphine present in said reaction mediums to
less than 1 percent by weight based on the total weight of the liquid
rhodium containing composition, and more particularly to less than 0.1
percent. Moreover, the process of this invention can be performed right in
the hydroformylation reactor vessel without removing the hydroformylation
reaction medium from the reactor. Alternatively, the process of this
invention can be carried out continuously or more preferably in a
batch-type continuous manner which comprises removing all or a portion of
the hydroformylation reaction medium comprising a rhodium complex catalyst,
triarylphosphine, alkyl substituted phosphine and solvent for said
catalyst, from the hydroformylation reactor to a separate chamber or
vessel, and treating said reaction medium 55  by the process of this
invention as described above to separate and remove all or a portion of
said alkyl substituted phosphine from said medium and returning the
remaining non-aqueous liquid phase of said separation procedure back to
said reactor. Finally, if desired, and such is recommended for commercial
operations, the non-aqueous liquid phase produced by the process of this
invention may be washed with any suitable aqueous alkaline solution such as
a sodium bicarbonate solution to remove any 40 excess [err]-unsaturated
acidic compound that might be present, and after the alkaline solution is
removed, further washed with water several times to remove any excess
amount of the basic compound employed in the iinitial wash. After removing
all of the water, the non-aqueous containing rejuvenated catalyst solution
can then be reemployed in the hydroformylation process. The process of this
invention is also suitable for removing large or small amounts of 45
triarylphosphine that may be present in said rhodium-containing
compositions and/or said rhodium- containing concentrates thereof. For
instance, large amounts of triarylphosphine are generally employed in'
continuous hydroformylation reactions designed to produce aldehydes rich in
their normal isomers. However, as pointed out above, such continuous
process will eventually become spent (i.e., reach a point in which the
catalyst has become so inactive that operation of the hydroformylation
process is no longer economical) and the catalyst will have to be replaced.
Moreover, the high cost of rhodium dictates an economical necessity to
recover as much of the rhodium values as possible from such spent
hydroformylation reaction mediums and any such recovery procedure will
obviously require the removal of said triarylphosphine. Accordingly, as
seen described herein, the removal of such large amounts of
triarylphosphine can be easily accomplished by the process of this
invention without any unduly large attendant loss of the rhodium present in
the liquid rhodium containing composition from which said triarylphosphine
is removed. Indeed, the process of this invention can be performed right in
the hydroformylation reactor vessel without removing the hydroformylation
reaction medium from the reactor. Of course, the process of this invention
can also be carried out in any suitable chamber or vessel other than the
hydroformylation reactor. Alternatively, if desired, the spent
hydroformylation reaction medium  can first be concentrated via
distillation to very viscous rhodium  complexed containing only a small
amount of free triarylphosphine as described hereinabove and then said
small amount of triarylphosphine removed by the process of this invention.
Since the triarylphosphine is removed in the form of an aqueous solution,
it can be easily disposed of without adversely affecting the environment
and such is an obvious benefit to any ultimate rhodium recovery procedure.
The following examples are illustrative of the present invention and are
not to be regarded as 15 



0019 296 limitative. It is to be understood that all of the parts,
percentages and proportions referred to herein and in the appended claims
are by weight unless otherwise indicated. Example 1 5       A variety of
[err]-unsaturated compounds were used to separate mixtures of
propyldiphenyl- phosphine and triphenylphosphine. In each case the solution
mixture of the phosphines was thoroughly stirred with an equal volume of a
two percent by weight aqueous solution of the [err]-unsaturated compound at
about 25[err]. At various time periods, the resultant mixtures were allowed
to settle into two distinct liquid phase layers so that the non-aqueous
liquid phase (top layer) could be sampled 10    periodically and analyzed
by gas chromatography for phosphine. The results are given in Table I
below. 35 30 . 45 [err]    0019 296 [err] 17    0019 296 Example 2 A
mixture of six different phosphines was prepared by dissolving 0.2 grams
each of (11 diphenyl- phosphine, (2) iso-propyldiphenylphosphine. (3)
propyldiphenylphosphine. 14) butyldiphenylphosphine. and (5)
dipropylphenylphosphine and 1.0 gram of (6) triphenylphosphine in
Texanol[err] solvent, a mixture 5  of butyraldehyde trimers. The mixture
was then stirred for about 16 minutes with an equal volume of a two percent
by weight aqueous solution of maleic acid and the mixture allowed to settle
into two distinct liquid phases. The bottom aqueous phase was then
separated from the non-aqueous phase and the non-aqueous phase analyzed for
phosphines by gas chromatography The amount of each phosphine extracted
from the initial mixture is given in Table 11 below in terms of millimoles
extracted. TABLE II Phosphine            MMoles Initial    MMoles Final   %
Extracted 15           Dipropylphenyl            1.03           0.06
94.3 Propyldiphenyl           0.88            0.55          37.5
Iso-Propyldiphenyl       0.88            0.66          25.0 20
Butyldiphenyl            0.83            0.50           39.8 Triphenyl
3.82           3.74            2.1 25         Diphenyl
1.08           1.05            2.8 . From the table, it can be seen that
the extraction corresponds to basicity of the phosphines, that is
dipropylphenylphosphine>propyldiphenylphosphine~isopropyldiphenylphosphine~
butyldiphenyl- 30 phosphine>diphenylphosphine-triphenylphosphine. Example 3
A solution mixture containing about 2 weight percent
propyldiphenylphosphine and about 1 C weight percent triphenylphosphine was
treated with a series of aqueous maleic acid solutions 35 containing 1 to 5
mole equivalents of maleic acid per mole equivalent of
propyldiphenylphosphine. The concentration of maleic acid in each solution
was 2.0 weight percent. Each extraction involved stirring 



the phosphine mixture with an aqueous maleic acid solution for five minutes
at 25[err], allowing the resultant mixture to settle into two distinct
liquid phases, separating the bottom aqueous phase from the non-aqueous
phase and analyzing said non-aqueous phase by gas chromatography for
propyl- 40 diphenylphosphine. TABLE III Mole Ratio of. Vol. Equivalent
Relative       Relative 45                      PDPPto        Ratio of
Water    Wt.% PDPP    Wt % TPP Run No.  Maleic Acid  to Phosphine Mixt.
Extracted   Extracted 1               1 :1        1 :2           64.3
4.9 50              2         2:1             1:1             84.7
5.5 3         3:1            1.5:1           90.5           6.8 4    4:1
2:1          92.3            7.3 5        5:1         2.5:1            94.5
9.2 PDPP = Propyldiphenylphosphine TPP = Triphenylphosphine Example 4 A
phosphine solution containing 4.4 millimoles of both
propyldiphenylphosphine and. triphenyl- phosphine was stirred at about
25[err] with about 0.5 parts by volume of an aqueous solution containing
0.4 mole equivalents of maleic acid per mole equivalent of
propyldiphenylphosphine until all of the 'maleic acid was consumed. The
resultant mixture was allowed to settle into two distinct liquid layers 18
0019 296 and the bottom aqueous layer was separated from the non-aqueous
layer. Gas chromatographic analysis of the non-aqueous layer showed that
1.6 millimoles of propylphenylphosphine and 0.3 millimoles of
triphenylphosphine had been extracted. Thus the selectivity ratio toward
propyldiphenyl- phosphine extraction over triphenylphosphine was 5.3 to 1.
Example 5 A hydroformylation reaction medium, which contained a mole ratio
of triphenylphosphine to propyldiphenylphosphine of 5.7 to I and which had
a catalyst activity measured in terms of the amount of product produced of
0.40 gram-moles per liter-hour and which was derived from a continuous 10
hydroformylation process to produce butyraldehyde rich in its normal isomer
by hydroformylating propylene with carbon monoxide and hydrogen said
hydroformylation medium further comprising a rhodium complex catalyst
consisting essentially of rhodium  complexed with carbon monoxide,
triphenylphosphine and/or  propyldiphenylphosphine, free
triphenylphosphine, free propyldiphenyl- phosphine and as the solvent for
said catalyst the liquid high boiling condensation products of said
butyraldehyde, was treated with a series of equal volume aqueous maleic
acid solutions containing various amounts of maleic acid for various
contact time periods at about 25[err] to extract propyl- diphenylphosphine,
said variables being set forth in Table IV below. Each extraction consisted
of thoroughly mixing (i.e. stirring) the hydroformylation medium with the
aqueous maleic acid solution for the prescribed period of time. allowing
the resultant mixture to separate into two distinct liquid phase layers and
removing  the bottom aqueous phase layer from the non-aqueous phase layer.
Each recovered non-aqueous liquid phase was then analyzed for rhodium by
atomic absorption  and for triphenylphosphine and propyldiphenylphosphine
by gas chromatography and then used to hydroformylate propylene to
determine catalyst reactivity. The results are summarized in Table IV
below. TABLE IV Catalyst[err] Maleic Acid    Contact Time    TPP/PDP
Rhodium       Reactivity Concentration[err]    (Minutes)    Ratio[err]
Lost[err]    (g-moles/1-hr) 0.5              5            7.4:1        0.2
0.45 0.5 .           10           10.6: 1     .0.2            0.52 1.0
1    16.9:1  0.2           0.55 



1.0             5          19.2:1         0.2           0.5 7 1.0
10          20.6:1         0.2        :0.62 1          28.1 :1        0.2
0.65 2.0              5          36.3:1         0.2           0.69 1 0
39.8:1         0.2          0.74 (a) = wt.% of maleic acid in aqueous
solution. (b) = molar ratio of triphenylphosphine to
propyldiphenylphosphine. (c) = wt.% of rhodium values lost (d) = amount of
product produced in terms of gram-moles per liter-hour with the treated
hydroformylation medium. As seen by the  above results in every case
rhodium  losses were minimal, while the hydroformylation rate (catalyst
activity) increased as the triphenylphosphine to propyldiphenyl- phosphine
ratio increased thereby demonstrating the beneficial results obtained upon
removing propyl- diphenylphosphine from the starting hydroformylation
medium. Example 6 A hydroformylation reaction medium,  which contained a
mole ratio of triphenylphosphine to propyidiphenylphosphine of 8.7 to 1 and
which had a catalyst activity measured in terms of the amount of product
produced of 0.245 gram-moles per liter-hour and which was derived from a
continuous hydroformylation process to produce butyraldehyde rich in its
normal isomer by hydroformylating Propylene with carbon monoxide and
hydrogen, said hydroformylation further comprising a rhodium 19    0019 296
complex catalyst consisting essentially of rhodium complexed with carbon
monoxide. triphenvl- phosphine andior said propyldiphenylphosphine. free
triphenylphosphine. free propyldiphenyl- phosphine, and as the solvent for
said catalyst the liquid high boiling condensation products of said
butyraldehyde, was stirred (mixed) with about 0.5 parts by volume of about
a 3.7 percent by weight s aqueous solution of maleic acid (about 3 moles
equivalent of maleic acid per mole equivalent of propyl- diphenylphosphine
in said hydroformylation medium was used). Said mixing took place right in
the hydroformylation reactor and was carried out for thirty minutes at
about 60[err]. The resultant mixture was then allowed to settle into two
distinct liquid layers and the aqueous bottom layer was removed. The
remaining non-aqueous layer was then washed in the reactor with an aqueous
sodium bicarbonate 10  solution and then with water to remove any residual
maleic acid and sodium bicarbonate. Upon removal of the aqueous wash phases
the remaining non-aqueous solution was analyzed by gas chromatography and
found to contain a triphenylphosphine to propyldiphenylphosphine molar
ratio of about 83.5 to 1 and was further used to hydroformylate propylene
to determine catalyst reactivity. The rate of hydroformylation using said
treated and recovered non-aqueous hydroformylation medium was 15 0.400
gram-moles per liter-hour of product produced which corresponded to a rate
enhancement of 63 percent above the lower rate of 0.245 gram-moles per
liter-hour of product produced for the initial untreated hydroformylation
reaction medium. Example 7 20     Ten milliliters of a solution containing
10.0 weight percent triphenylphosphine and 2.0 weight percent
propyldiphenylphosphine in Texanol[err] solvent (a mixture of butyraldehyde
trimers) was contacted and stirred for thirty minutes under nitrogen with
ten milliliters of a 40 percent by weight aqueous maleic acid solution.
Then the mixture was allowed to settle into two distinct liquid phases and
the bottom aqueous phase layer separated from the non-aqueous top-phase
layer. Gas 25 chromatographic analysis of the non-aqueous liquid phase show
it to contain no propyldiphenyl- phosphine and less than about 0.5 percent
by weight of triphenylphosphine. Example 8 A hydroformylation reaction
medium which was derived from a continuous hydroformylation 30 process to
produce butyraldehyde rich in its normal isomer by hydroformylating
propylene with carbon monoxide and hydrogen in the presence of a
solubilized rhodium hydroformylation complex catalyst and which medium
contained about 9.9 grams of propyldiphenylphosphine and about 86.6 grams
of 



triphenylphosphine was distilled up to 1 60[err] at 5.3 m bar to remove the
volatile compounds of said medium. Under these conditions, no phosphines
were distilled from said medium. The remaining 35 hydroformylation medium
was then cooled to 60[err] under atmospheric pressure and then was
contacted and stirred with about 0.5 parts by volume of a 30 percent by
weight aqueous maleic acid solution for one hour, and the reaction mixture
allowed to settle into two distinct liquid phase layers. The bottom aqueous
phase was then separated from the non-aqueous liquid top phase and said
non- aqueous liquid phase was shown by gas chromatography to contain no
propyldiphenylphosphine and 40 only 2.4 grams of triphenylphosphine. A
second treatment of the non-aqueous liquid phase obtained from the first
treatment with a second 30 percent by weight aqueous maleic acid solution
in the same manner as given above reduced the triphenylphosphine content of
the non-aqueous phase to only 0.2 grams or 0.2 percent of the amount of
triphenylphosphine present initially in the hydroformylation reaction
medium. 45     Various modifications and variations of this invention will
be obvious to a worker skilled in the art and it is to be understood that
such modifications and variations are to be included within the purview of
this application and the spirit and scope of the appended claims. Claims 50
1. A process for removing triorganophosphine selected from the class
consisting of triarylphosphine and alkyl substituted phosphine of the
formula R--P--R" wherein R is an alkyl radical containing 2 to 20 carbon
atoms, R' is an alkyl radical containing 2 to 20 carbon atoms or an aryl
radical and R" is an aryl radical from a liquid rhodium containing
composition or 60 a rhodium containing concentrate of said composition,
said process comprising (1) mixing (a) a rhodium containing composition
comprising a rhodium complex hydroformylation catalyst, triarylphosphine
and alkyl substituted phosphine of formula (I) above, or (b) a rhodium
containing concentrate of said composition, with an [err]-unsaturated
compound with 2 to 18 carbon atoms selected from the group consisting of
compounds having the formula 20    0019 296 complex catalyst consisting
essentially of rhodium complexed   with   carbon   monoxide,  triphenyl-
phosphine and/or said propyldiphenylphosphine free triphenylphosp free
propyldiphenyl phosphine , and  as the solvent for said catalyst the liquid
high boiling condensation   products  of said butyraldehyde was stirred
(mixed)with about 0.5 parts by volume of  about a 3.7 percent by weight 5
aqueous  solution  of maleic  acid  (about 3  moles equivalent of maleic
acid per mole equivalent of propyl- diphenylphosphine in said
hydroformylation medium    was used). Said mixing took  place  right in
the hydroformylation reactor and was carried out for thirty minutes at
about 60[err].The resultant mixture was  then  allowed  to  settle  into
two  distinct liqiud layers and the aqueous bottom layer was removed. The
remaining non-aqueous layer was then washed in the reactor with an aqueous
sodium bbicarbonate solution and then with water to remove any residual
maleic acid and sodium bicarbonate . Upon removal of the aqueous wash
phases the remaining non-aqueous solution was analysed by gas
chromatography and found to contain a trihenylphosphine to
propyldiphenylphosphine  molar ratio of about 83.5 to 1 and was further
used to hydroformylate propylene to determine catalyst reactivity. The rate
of hydroformylation using said treated arid recovered  non-aqueous
hydroformylation medium was 0.400 gram-mole per liter-hour of product
produced which corresponded to a rate enhancement of 63 percent above the
lower rate of 0.245 gram-moles per liter-hour of product produced for the
initial untreated hydroformylation reaction medium. 20      Ten milliliters
of a solution  containing 10.0 weight percent triphenylphosphine and 2.0
weight percent propyldiphenylphosphine in Texanol[err]  solvent (a mixture
of  butyraldehyde trimers ) was contacted and stirred for thirty minutes
under nitrogen  with ten milliliters of a 40 percent by weight aqueous
maleic acid solution .Then the mixture was allowed to settle  in to   tw o
d istin ct     liq uid   p h ases and the bottom aqueous phase layer
separated from  the non-aqueous top-phase layer. Gas 25   chromatographic
analysis   of  the    non-aqueous  liquid  phase show it to contain no
propyldiphenyl- 



phosphine and less than about 0.5 percent by weight of triphenylphosphine.
A hydroformylation reaction medium which was derived from a continuous
hydroformylation 30    process to produce butyraldehyde rich in its normal
isomer by hydroformylating propylene with carbon monoxide and hydrogen in
the presence of a solubilized rhodium hydroformylation complex catalyst and
which medium contained about 9.9  grams of propyldiphenylphosphine and
about 86.6 grams of triphenylphosphine was distilled up to 160[err] at 5.3
m bar to remove the volatile compounds of said medium. Under these
conditions, no   phosphines   were   distilled from said medium. The
remaining 35  hydroformylation medium  was then cooled to 60[err] under
atmospheric pressure and then was contacted and stirred with about 0.5
parts by volume of a 30 percent by weight aqueous maleic acid solution for
one hour, and the reaction mixture allowed to settle into two distinct
liquid phase layers. The bottom aqueous phase wasthen seperated from the
non-aqueous liquid top phase and said non- aqueous liquid phase was shown
by gas chromatography to contain no propyldiphenylphosphine and 40 only 2.4
grams of triphenylphosphine. A second  treatment of the non-aqueous liquid
phase obtained from the first treatment with a second 30 percent by weight
aqueous maleic acid solution in the same manner as given above reduced
the'triphenylphosphine content of the non-aqueous phase to only 0.2 grams
or 0.2 percent of the amount of triphenylphosphine present initially in the
hydroformylation 45    Various modifications and variations of this
invention  will be obvious, to a worker skilled in the art and it is to be
understood that such modification and variations are to be included within
the purview of this application and the spirit and scope of the appended
claims. Claims 50 1. A process for  removing triorganophine  selected from
the class consisting of triaylposphine and alkyl substituted phosphine of
the formula. [err] wherein R is an alkyl radical containing 2 to 20 carbon
atoms. R' is an redical containing 2 to 20 carbon atoms or an aryl radical
and R" is an aryl radical from a liquid rhodium containing composition a
rhodium containing concentrate of said composition, said process comprising
(1) mixing (a) a rhodium containing composition comprising a rhodium
complex hydroformylation catalyst,triarylphosphine and alkyl substituted
phosphine of formula (I) above , or (B) a rhodium containing concentrates
of said composition,with an [err]-unsaturated compound with 2 to 18 carbon
atoms selected from the group consisting of compounds having  the formula
0019 296 [err] wherein X is a radical selected from the group consisting of
0 [err] -CN, -Cl, -Br, -I,-NO, and -OR[err]; R[err]is a  radical selected
from the group consisting of -. hydrogen, alkyl aryl hydroxy, alkoxy, amino
and halogen; R' is an alkyl or aryl radical: and [err] are each
individually radicals selected from the group consisting of hydrogen, alkyl
, aryl, X radicals as defined above and [err] radicals wherein X is the
same as defined above: and wherein [err] and [err] taken together can form
an alkylene group having from 2 to 8 carbon atoms: and anhydrides of the
carboxylic acids of said [err]-unsaturated formula compounds; (2) allowing
an aqueous mixture of said step (1) to settle into two distinct liquid
phases, and (3) separating the aqueous phase which contains the solubilized
reaction products of the alkyl substituted phosphine and/or
triarylphosphine present in said composition or concentrate with said 20
[err]-unsaturated compound from the non-aqueous liquid phase resulting from
said steps (1) and 2): and wherein the molar ratio of the amount of said
[err]-unsaturated compound employed to the total : amount of the' alkyl
substituted phosphine and/or triarylphosphine present in said composition
or concentrate is at least 0.1 to 1; and wherein the amount of water
employed is at least sufficient to solubilize that amount of the reaction
products of said phosphines with said [err]-unsaturated compound 25.
resulting from said steps (1) and (2)... 2. A process as defined in claim 1
wherein: a rhodium containing composition comprising a 



rhodium complex hydroformylation catalyst, triarylphosphine and alkyl
substituted phosphine of formula (I) is mixed, in the presence. of water,
with said [err]-unsaturated compound. i3. A process as defined in claim 2,
wherein the molar ratio of the amount of said [err]-unsaturated compound
employed to the total amount of said alkyl substituted phosphine present in
said rhodium containing composition is at least 0.1 to 1, while the molar
ratio of said [err]-unsaturated compound employed to the total amount of
said triarylphosphine present in said rhodium containing composition is
less than 1 to 1. -       4. A process as defined in claim  2, wherein' the
molar ratio of [err]-unsaturated compound employed to the total amount of
the alkyl substituted phosphine and triarylphosphine present in said
composition is at least 1 to 1. 5. A process as defined In claim 3 or 4,
wherein the rhodium containing' composition comprises a rhodium complex
catalyst consisting essentially of rhodium complexed with carbon monoxide,
triaryl- .  phosphine, and/or alkyl substituted phosphine of the formula
[err] wherein R, R' and R" are the same as defined above, free
triarylphosphine and free alkyl substituted phosphine of the formula.
R-P-R" [err] wherein R, R' and R" are' the same as defined above. Aprocess
as defined in 'claim 5. wherein the triarylphosphine is triphenylphosphine
and wherein said step (1) is conducted at a temperature of 0C to 150[err].
.    7. A process as. defined in claim 6. wherein said liquid composition
also contains an organic solvent for said catalyst. 8. A process as defined
In claim 7, wherein the [err]-unsaturated compound is maleic acid or maleic
anhydride. 9. A process as defined in claim 8, wherein the alkyl
substituted phosphine is selected from the group consisting of
ethyldiphenylphosphine, propyldiphenylphosphine and butyldiphenylphosphine.
10. A process as defined In claim 9, wherein said step (1) is conducted at
a temperature of 25[err] 11. A process as defined in claim 6, wherein the
[err]-unsaturated compound is employed in the of an aqueous solution
containing from 0.1 to 75 percent by weight of said ([err]-unsaturated
compound. 21    40 0019296 12. A process as defined in claim 11. wherein
0.5 to 2.0 volume equivalent of water are employed based on the amount of
said liquid composition employed. 13. A process as defined in any one of
the claims 3, 5, 6, 1 1 or 12. wherein the aqueous solution contains 1 to
10 percent by weight of said [err]-unsaturated compound. and wherein the
amount of said [err]-unsaturated compound employed is 1 to 5 mole
equivalents per mole equivalent of the total amount of said alkyl
substituted phosphine present in said liquid composition. .14. A process
as' defined in any one of the claims 4, 5, 6 or 1 1, wherein the aqueous
solution contains 10 to 40 percent by weight of said [err]-unsaturated
compound and wherein the amount of said [err]-unsaturated compound employed
is 1 to 5 mole equivalents per mole equivalent of the total o amount of
said alkyl substituted phosphine and said triarylphosphine present in said
liquid composition. 15. A  process as defined in claim 13 or 14, wherein
the [err]-unsaturated compound is a carboxylic acid and wherein at least
[err] and [err] is hydrogen. 16. A process as defined in claim 13 or 14,
wherein the [err]-unsaturated compound is an anhydride of a carboxylic acid
and [err] is hydrogen. 17. A process as defined in claim 12 wherein the
[err]-unsaturated compound is maleic acid or maleic anhydride and wherein
step (1) is conducted at a temperature of 25[err] to 80[err]. 18. A process
as defined in claim 17, wherein said liquid composition also contains an
organic solvent for  said catalyst 



19. A process  as defined in claim 18, wherein the alkyl substituted
phosphine is selected from the 20 group consisting of
ethyldiphenylphosphine, propyldiphenylphosphine and butyldiphenylphosphine
20. A process as defined in. claim. 19, wherein the alkyl substituted
phosphine is propyldiphenyl- phosphine and the [err]-unsaturated compound
is maleic acid. 21. A process as defined in claim 1 and/or 5, wherein a
rhodium containing concentrate of said rhodium containing composition is
mixed with said [err]-unsaturated compound. 25     22. A process as defined
in claim 21, wherein said. rhodium containing composition also contains. an
organic solvent for said catalyst.. 23. A process as defined in claim 22,
wherein the concentrate is mixed with said [err]-unsaturated compound in
the presence of water. 24. A process as defined in 'claim  23, wherein the
triarylphosphine is triphenylphosphine and 30 wherein the [err]-unsaturated
compound is maleic acid or maleic anhydride. 25. A process as defined in
claim 22, wherein said concentrate contains from 1000 to 50,000 ppm of
rhodium calculated as free metal: and wherein the molar ratio of said
[err]-unsaturated compound employed to the total. amount of said
triarylphosphine and any said alkyl substituted phosphine present in said
concentrate is at least 1 to 1. 35            26. A process as defined in
claim 25, wherein said concentrate is dissolved in a solvent and then mixed
with said [err]-unsaturated compound in the presence of water. 27. A
process as defined in claim  26, wherein the triarylphosphine is
triphenylphosphine and wherein the [err]-unsaturated compound is employed
in the form of an aqueous solution containing 10. to 40. percent by weight
of said [err]-unsaturated compound and wherein the amount of said [err]- 40
unsaturated compound employed is 1 to 25 mol equivalents per mole
equivalent of the total amount of said triarylphosphine and any said alkyl
substituted phosphine present in said rhodium containing concentrate. 28. A
process as defined in 'claim 2.7, wherein said [err]-unsaturated compound
is maleic acid or '       maleic anhydride. .    Patentans ruche ,
1. Verfahren zur Entfernung von Triorganophosphin. ausgewtilt aus der
Klasse von Tnarylphosp- hin und alkylsubsittuiertem Phosphin der' Formel 50
R-..R-                           . - in welcher R fir einen Alkylrest mit 2
bis 20 Kohienstoffatomen steht, R' WA Alkylrest mit 2 bis 20
-Kohenstoffatomen oder ein AyIrest ist und RI ein Arylrest ist, aus siner
flOssigen, rhodiumholtigen ffPriparat od er eine  rhodiurrhaltioen Koneta
dieses PrAparates, dadurch gskennzoichnet,.dal& man (1) a} ein
rhodiumhaltiges'Praparat, das-einen
Rhodiumkomplexhydroformylierungskatelysator, Triarylphosphin und
alkylsubstituiertes Phosphin der obigen Formel (1) umfalt oder (b ein
rhodiumhal- tiges Konzentrat dieses PrAparates mit einer crp3~ngesittigten
Verbindung mit 2 bis 18 Kohlenstoffa- -tomen, ausgewihlt aus der Gruppe von
Verbindungefl der Formel [err] .22    0019296 in welcher X ein Rest ist,
ausgewihit aus der Gruppe yon 0 6  "           ' .
,-CR,- I''CN, -Cl, -Br -J. -NO, und -OR': R ist ein Rest, ausgewahit aus
der Gruppe von Wasserstoff,. j Akyl Aryl, Hydroxy, Alkoxy, Amino und
Halogen; R' ist ein Alkyl- oder Arylrest: und R3. R4 und Rs sind J;eweis
einzeln Reste, ausgewahit. aus der Gruppe von Wasserstoff, Alkyl, Aryl, X
Resten der obigen De- o finitbon und -CHiX Resten. in welchen X die obige
Definition hat:.und in der R4 und R' zusammen ge- 'nommen sine
Alkylengruppe mit 2 bis 8 Kohlenstoffatomen'bilden konnen: und die
Anhydride von .Car- bonsduren.. die der obigen Formal der
crv/3-ungesittigteon Verbindungen entsprechen, mischt: (2) die wssirige
Mischung aus Stufe (1) sich in zwel getrennteiflOssige Phasen absetzen
la1t.; (:-' 13) die w rige Phase, die die Islich gemachten Reaktbnsprodukte
des im Praparat oder Konzen- !   tret anwesenden alkylsubstituierten
Phosphins und/oder Triarylphosphins mit der genannten q.fI-, 



'ungesittigten Verbindung enthilt, von der nicht-wissrigen flOssigen, aus
Stufe (1f und (2).erhaltenen Phase abtrennt: und wobei das
molare'Verhiltnis der Menge der verwendeten '143-ungesattigten Ver- bindung
iur Gesamtmenge des in dem Praparat oder. Konzentrat anwesenden,
alkylsubstituierten : -Phosphhns und/oder Triarylphosphins -mindestens
0,1:1 betragt. und: wobei 'die verwendete ' Wassermenge mindestens
ausreicht, um diese: Menge; der Reaktionsprodukte der Phosphine mit der
-a-,p-ungesittigten: Verbindung, die aus Stufe (1) und (2) erhalten werden,
loslich zu machen. !2. Verfahren gemiB Anspruch 1. dadurch gekennzeichnet,
daB ain rhodiumhaltiges Praparat usa  ehemn
Rhodiumkomplexhydrdformylierungskata!ysator, Trianyphosphin und
alkylsubstituierem Phosp-' '  j.:hinder Formel ll in Anwesenheit von Wasser
mit der a,f-ungesittigten Verbindung gemischt wird. ' e.r. . : Verfahren
gemiB Anspruch 2. dadurch gekennzeichnet, daB das molare Verhailtnis der
Menge . :'~ d~venwendeten (t,/-unge'sfttigten Verbindung zur Gesamtmnenge
des in dem rhodiumhaltigen Prapa- :  - ;> .     rat anwesenden,
alkylsubstituierten Phosphins mindestens 0,1:1 betrigt. wahrend das molare
Verhalt-m .nb der verwendeten 4,A3-ungesittigten Verbindung zur Gesamtmenge
des im rhodiumhaltigen Praparat :. anwesenden Triarylphosph ins weniger als
1:1 betragt ;'s.'   4. Verfahren nach Anspruch 2, dadurch .gekennzeichnet,
daS das molare Verhaitnis der    '         - * venendeten
a,/3-ungesittigten Verbindung zur Gesarntmenge des im Praparat anwesenden,
alkylsub-- *stituierten Phosphins und Triarylphosphins mindestens 1:1
betrigt. : --;:;:: 5. Verfahren gemiB Anspruch 3 oder 4,'dadurch
gekennzeichnet, dag das rhodiumhaltige Priparat  -* :enen
Rhodlumkomplexkatalysator. der im wesentlichen aus Rhodium in
Komplexbindung mit Kohlen- t S wmnoxld, Triarylphosphin undloder
alkylsubstituiertem Phosphin der Formal * 9!9   '  R--P .4  A
R i l-.nIhwelcherR, R' und Ri wie oben definiert sind, besteht, sowie
freies Triarylphosphin und freies alkyl- subutituiertes Phosphin der Formel
' 1f 1weicher R. R' 'und Rn wbe oben definiert sind, enthilt. .   & S: 1L
Verfahren gemiB Anspruch 5, dadurch gekennzeichnet,:daB das Triarylphosphin
Tripheny!' * ' ::ipin ist und die Stufe (1) bei einer:Temperatur von  0 b
is 150C durchgefuhrt wird. 7. Verfahren gemiB Anspruch 6, dadurch
gekennzeichnet, daB das flussige Praparat noch  n or-. *.:;.'r,^ ganliches
L6sungsimittel fdr den Katalysator enth'alt. : -  !.    8. Verfahren gerniB
Anspruch 7, dadurch gekennzeichnt daB die ri-ungsttigte Verbindung  . :.-
Maleinsiure oder Maleinsiu'reanhydrid ist. -. Verfahren gemrB Anspruch 8,
dadurch gekennzeichnetd daB das alkylsubstituierte Phosphin .'- -
#Yusderuppe von Ethyldiphenylphosphin, Propyidiphenyiphosphin und
Butyldiphenylphosphin ausge- .'.     1  Veorfahren gemaB Anspnuch 9,
dadurch gekennzelchnet, daB die Stufe (1) be! eaner Tsmperatur van 25 bis
80C durchgefhrt wird.' * 7 5w,4 11. Verfahren genmiB Anspruch . dadurch
gekennzeichnet, daB die a4,3-ungesittigte Verbindung IA Fam eiw  vissrigen
6sung venwendet vird, die 0,1 bis 75 Gew.-% derzA4-ungesittigtn Verbin-n *X
<*dun~~~il gen.h1,i; '
-Verbin................................   'm *Wun enthilt. n: Wtg, - 12
Verf hren gemiB Anspruch 11, dadurch.gekennzelchnet, daB 0,5 bis 2.0
Vol.-Aquivalente ' :Wauur, bezogen 'auf die Menge des verwendeten flussigen
Priparates, verwendet werden.: W >7  13. Verfa hren gemiB einem der
Anspruche 3, 5, 6, 11 oder 12, dadurch gekennzeichnet, daB die .23.    0019
296 wassrige Lsunq 1 bis 10 Gew.-% der .i.iS-ungesattigten Verbindung
enthalt und die Menge der >  - .   verwendeten: 1.*;ungesittigten
Verbindung 1 bis 5 Mol-Aquivalente pro Mol-Aquivalent der Ge samtmenge des
alkylsubstituierten, im flussigen Praparat anwesenden Phosphins betragt.
:14. Verfahren gemiB einem der Anspruche 4. 5. 6 oder  1. dadurch
gekennzeichnet. daB& die -     wassrige Losung 10 bis 40 Gew.-% der
o,/i-ungesattigten Verbindung enthalt und die Menge der verwendeten
oA-ungesittigten Verbindung 1 bis 5 Mol-Aquivalente pro Mol-Aquivalent der
Ge- samtmenge des im flussigen Praparat anwesenden, alkylsubstituierten
Phosphins und Triarylphosphins betragi.. 



15. Verfahren gemaB Anspruch 13 oder 14. dadurch gekennzeichnet. daB die
a&fli-ungssttigte 10 Verbindung eine Carbonsiure ist und mindestens R3 und
R4 fur Wasserstoff stehen. 16. Verfahren gemaB Anspruch 13 oder 14. dadurch
gekennzeichnet. daB die *!,Js-ungesittigte. Verbindung ein Anhydrid einer
Carbonsaure it und R' Wasserstoff st. .17. Verfahren gemAB Anspruch 12,
daduirch gekennzeichnet, daB die aiA-ungesAttigte Verbin- dung Maleinsiure
oder Maleinsiureanhydrd ist und Stufe 11) bei einer.Temperatur von 25 bis
80C t16 durchgefuhrt wird.- 18. Verfahren gemiB Anspruch 1 7, dadurch
gekennzeichnet, daB das flussige Praparat noch ein .  organisches
L6sungsmittel fur den Katalysator enthilt. : '   :-' '19. Verfahren gaemAB
Anspruch 1 8, daduich gekennz ichnet, daB dalysbttire Phshi aus der Gruppe
von Ethyldiphenyiphosphin, Propyldiphenylphosphin und Butyldiphenylphosphin
ausge- 20 wahit ist. -:* :-. .20. Verfahrenrgeonall Anspruch 1t9, dadurch
gekennzeichnet, daB das alkylsubstituierte Phosphin . :. ' ~~Propyldipheny
1.hosohin ist uend die tz,,-n   sdtti te VerbiridungB Maleinsaure
ist..:......................................: i **.* '..           21.
Verfahren gemaB Anspruch 1 und/oder 5, dadurch gekennzoichnet, daB ein
rhodiumhaltiges Konzentrat des rhodiumhaltigen Praparates mit der x,
-ungesattigten Verbindung gemischt wird. 25     22. Verfahren gemalB
Anspruch 21, dadurch gekennzeichnet, daB das rhodiumhaltige PrAparat :noch
ein organisches Losungsmittel fur den.Katalysaator enth3lt. 23. Verfahren
gemaB Anspruch 22, dadurch gekennzeichnet, daB das Konzentrat mit der tt,/a
- .ungesattigten Verbindung in Anwesentheit von Wasser gemischt. wird. .
24. Verfahren gamiB Anspruch 23. dadurch gekennzeichnet. daB das
Triarylphosphin Triphenyl- -  phosphin ist und die at,/3-ungesittigto
Verbindung Maleinsiure oder MaleinsAureanhydrid ist. 25. Verfahren gemiB
Anspruch 22. dadurch gekennzeichnet, daB das Konzentrat 1000 bis- 50 000
ppm Rhodium, berechnet als freies Metall, enthAlt und das molare Verhaltnis
der verwendeten a.,,-ungesattigten Verbindung zur Gesamtmenge des im
Konzentrat anwesenden Triarylphosphins und alkylsubstituierten Phosphins
mindestens 1:1 betragt. ...  35    .26. Verfahren gemiB Anspruch 25,
dadurch gekennzeichnet. daB das Konzentrat in einem Lo- [  . .
sungsmittel gel6st und dann in Anwesenheit von Wasser mit der
a43-ungesittigten Verbindung ge- mischt wird. 2 7. Verfahren 'gemiB
Anspruch 26,. dadurch gekennzeichnet, dad das Triarylphosphin Triphenyl-
phosphin ist und die aP -ungesittigte Verbindung in Form einer wissrigen
Lesurg' verwendet wird, die '40. 10 bis 40 Gew.-% der ca,/i-ungesittigten
Verbindung enthilt, und die Menge der verwendeten, a$- unges ttigten
Verbindung 1 bis25 Mol-sqWuivalente pro Mol-Aquivablnt dorGesamtmengedosim
rho- -diumh ltigen Konzentrat anwesenden Triarylphosphins und
alkylsubstituierten Phosphins betrigt. -.28. Verfahren gemB Anspruch 27.
dadurch gekennzoichnet, daB die :,/-ungesittite .Verbin-. dung Maleinsiure
oder Maleinsgureanhydrid ist. 45 Revendications . . t-Proced. pour
-eliminer une trioranophosphinchoisie dans la classe comprenant une ' o.
triarylphosphine at une'phosph'ine   substituant aikyle. do formule:
:~~~~~~~~~i                   .        :k .e, -d,... f. . 6. . R-P-R    .:)
dans laquelle R est un radical alkylo continant 2' 20 atomes do .crbone, R'
est un radical alkyle contenant 2 a 20 atomes de carbone ou un radical
aryfo et R" ast un radical aryle.. d'une .composition li'.-Rquide contenant
du rhodium ou du' concentrn de ladite composition contenant du rhodium,
ledit proc6d6. consistant. . :     (1) a maenger (ai) une composition.
contenant du rhodium comprenant un catalyseur d'hydro- formylation forme
d'un complexe de rhodiumi une triarylphosphine et uneaphosphine a
swbstituant 'alkyled. formule (I) ci-dessus ou: (b) un concentre de ladite
compositi cocontenant du rhodium, avec un compos6 a non-saturation a,/
ayant 2 a 18 atomes de carbone, choisi- dns le groupe comprenant des
composes do formule: 24    



0019 296 R  C- R  -R3 dans laquelle X est un radical choisi entre les
radicaux II0 -. ICN, -Cl. -Br, -I. -NO2 it -OR: RI est un radical choisi
dans le group. comprenant l'hydrogqne. * e - radicaux alkyle. aryle,
hydroxy, alkoxy, amino et un halogdne; RI est un radical alkyle ou aryle;
et R3. R.et R repr6sentent chacun, individuellement. des radicaux. choisis
entre l'hydrogAne, des radicaux a.l.y' arylo, des radicaux X tels que
dMfinis ci-dessus et des radicaux -CH 2X ou X a la meme d6finitionr u& que
ci-dessus; et R4 et R5 peuvent former conjointement un groups alkyline
ayant 2 a 8 atomes de carbone; et des anhydrides des acidesa carboxyliques
desdita compos a  non-saturation v/ reprdeentes par leur formule    . *2) a
laisser un milange. aqueux de ladite etape (1) as sadimenter en deux phises
liquides -.:.diatinctes; et. : .    (n~z--i:. {3) a separer la'phase
aqueuas qul contient lea produits reictionnela solubilises de la
phosphinela  .  ': :'. ' substituant alkyle et/ou de triarylphoaphine
presents dana ladite compoaition ou ledit concentre avec le 'conpose a
non-saturation *x4. de la .phase liquide non aqueuse resultant desdites
etapes (1 ) et 2) etof -. :.- b rapport molaire de la quantite dudit
compos6 a non-saturation a,/ utilise A la quantit' totale de la ~'    p,
u'plphine A substituant alkyle et/ou de la triarylphosphine presente dans
ladite composition ou dans l ledit concentre est d'au moins 0.1:1; Ila
quantite d'eau utilisee est au. moins suffisante pour solubiliser cette
quantite de produits de rdaction desdites phosphines avec ledit composi A
non-saturation erAi 'reultant desdites etapes (1) it (2). 2. Procid6.
suivant la revendication 1, dans lequel une composidion contenant du
rhodium,.            __ *   mi-qrnprenant un catblyseur d'hydroformylation
forme 'un complex. de rhodium, une triarylphosphine et * Ji une phosphine a
substituant alkyle de formule (I), est milangde, en presence d'eau, avec
ledit compose * non-saturation a43. 3.. Procede suivant la-revendication 2.
dans lequel le'rapport molaire de la quantite dudit compose -
noansaturation <r, utilise A la quantit6 total. de ladite phosphine
asubstituant alkyle presente dans  '    * mu ' !adite composition contenant
du rhodium est d'au moins 0,1 A 1, tandis que le rapport molaire dudit *:'
c'copos A non-saturation cr43 utilise A la quantit6 totale de ladite
triarylphosphine prdsente dans ladite composition contenant du rhodium est
inf6rieur A 1:1.                        . .    ' ;4, Procid6 suivant Is
revendication 2. dans lequel la rapport molaire du compos6.a non-saturation
Av eutaI6 A la quantite totals de Ia phosphine A substituant alkyle et de
la triarylphosphine presente dans ladite .composition est d'au moins: 1:1.
-:, .5 Proc6d6-.suivant Ia revendiaton 3 ou 4, dans lequel Ia composition
contenantdu rhodium. ~' " mprend un catalyseur complexe do rhodium
essentiellement form6 de rhodium complexe avec do . roxy~de carbon., une
triarylphosphine etlou une pho'sphine A substituant alkyle de formule:.
dans baquelle R. R' et RW ont les memes dcefinitions que ci-dessus, de la
triarylphosphine libre et de Y      a      o n libre de formule: ~ WoO RI R
et RI ont lea mimes difinitions. que ci-dessus.: .6. Procid6 suivint la
revendication:5, dens lequel b trierylphosphine est la triphonylphosphine
et.. adhae itape (1) est conduits A une tempirature de 0.a 1500C. .'.7..
Procidi suivant: la revendicatlon 6, denslIsquel ladite
c~omrposition'liquide contient aussi un.- Solet' organique pour ledit
catalyseur. .'!'<.M :l'. ' 8. Procide suivant la revendication 7., dans
lequel le compos6 A non-saturation'a43 est l'acide ,m.a~iqu. ou l'anhydride
maleique. 9. Procide suivant la revendication 8, dane lequel Ia phosphine A
substituant alkyle est choisie. Untre rithyldiph6nylphosphin.. la
propyidiph~nylphosphine et la butyldiph6nylphosphine.  ' .  10.. Proc6de
suivarit Ia rfwndlcation 9, dans lequel IItape 11) est conduite A une
temp6rature de 5    25   A 8oc5 25    0019 296 



11. Proced:1suivant la revendication:6. dans lequel le compose A
non-saturation .:; est utilise :    sous la forms d'une solution aqueuse
contenant 0.1 a 75% en poids dudit compose A non-saturation 12. Procede
suivant la revendication 11. dans lequel on utilise 0,5 a2.0 equivalents en
volume s  d'eau sur ia base de la quantite de ladite composition liquide
utilisee. 13.. Procedd suivant Iune quelconque des revendications 3, 5. 6.
1 1, ou 12. dans lequel la solution aqueuse contient 1 A 10%. en poids
dudit compose A non-saturation it.A-et la quantite dudit compose a ':
non-saturation ttS utilise est de 1 A 5 equivalentsemolaires par equivalent
molaire de la quantitl totale :    .de ladite phosphine
d substituant alknle presente dans ladite.composition liquids.  q -   s tO
14. Pro66dik suivant l'une quelconque des'revniaos 4,5 6u I1 tdans lequel
la solution aqueuse contient 10 A 40% en poids dudit compose
a'.non-saturation '43 et la quantite dudit compose a  non-saturation  jJ
utiliskeest d '1 a 5 equivalents moliires par Equivalent molaire de. Ia
quantite' total de 'ladite phosphins a substituant alkyle et do' ladito
triarylphosphins presents dans ladite composition liuid.. un 1cic5.,
Procede suivant Ia revendication 13 ou 14. dans lequel Is compose A
non-saturation (t4/; est . un acidecarboxylique at au. moins R3 et R'
representent de l'hydrogdne. 16. Proc6de suivant la revendication 1:3 ou
14, dans lequel le compose a non-saturation 't.i: est un anhydride d'un
acide carboxylique et R est I'hydrogdne. 1 7. Procede suivant la.
revendication, 12, dans Isquel Is compose A non-saturation ,t,/5 est
l'acide :   . maleique ou lanhydrids maleiqus:,t.l'6tape .1:est conduits a
uno temperature de 25 A 800C. ..18;. Proc~d6 suivant la reveridication 17,.
danI lequel a composition liquide contient. aussi un . solvant organique
pour ledit catalyseur... 19. Procede suivant la revendlcation 18,:dens
lequel la.phosphine a substituant alkyle est choisie dans Is groups
comprenant l'ethyldiph6nylphosphine, la propyldiphinylphosphine et la
butyldiphenyl- 25 phosphine. 20. Procede suivant Ia revendicatbon 19. dans
lequl-'la phosphine A substituant alkyle est la propyidiph6nylphosphino et
Is composE a non-saturation x  est l'acide maleique. 21. Procede'sulvant la
reVendicatbn 1 et/ou la revendication 5. dans a quel un concentre contenant
du rhodium de ladite composition contenent du rhodium est mdlangl avec
ledit compose A :o non-saturation  ri&'. 22. Procede suhvant la
revendication 21, dans lequel Ia composition contenant du rhodium renferme
egalement un solvent organique pour lsdit catalyseur. 23. Procede suvant la
revendication 22. dans lequel le concentre est mElange avec ledit compose A
a non-saturation t,4 en presence: d'eau.. 24. Procede suivant la
revendication 23, dans' lquel la triarylphosphine est la.
triphenylphosphine et le compose A .non-saturation aq, est I'acide mal~ique
ou I'anhydride- maleique. .'25. Procede suhvant I resvndication 22,
danaslequel le concentre contient 1000 a 50 000 parties par million de
rhodium, exprime on. metal libre; et le rapport molairs dudit compose A
non-saturation -S -utilise AUla quantite totale de ladite
triarylphoaphine'st'do toutenphosphine'a'substituant alkyle  - o prdsents
dans'ledit concentre est d'auma~ns1:1. ' .  . .    26. ~Procede suivant la
revendication 25, 'dana isquel le concentre et dissous dana un solvant. :
: puis la solution est melangie avec ledit cornposE a non-saturation ,p en
presence deau. 27. P'rocedesuivant Ia roewndication 26,:dans lequel la
triarylphosphine est Ia triphn'ylphosphine et le compose .anon-saturation
a43 set utilise sous la forme d-une solution aqueuse'contenant: 10 a: ;'
40% en poids dudit compose-A non-saturation 6,4 et Ia quantite dudit
compose a non-saturation vr.13 KJ  :     .utilise'est dse'1 A 25
equivalents molaires par equivalent molaire de la. quantite totalesdo
ladite triagyl- :   phosphine et de toute phosphine a substituant alkyle
presents dans ledit concente'contonant du .:,   - rhodium. 28. Procede
s'uivant 1a:-revendication: 27, dans lequal ledit compose 'A non-saturation
a43 est ;'   I'acide maleique ou'l'anhydride maleiquw.    


