
-1-                     CATALYST REGENERATION         This invention
relates to the oxo process and, in  particular, to the catalyst cycle of
the oxo process.  That is, it relates to a method for removing metal-
containing catalyst residues, for example, cobalt- 



containing residues, from crude oxo products and  recovering
therefrom.catalyst residues in a form suitable  for recycle to the oxo
reaction.       Oxo reactions (also referred to as hydroformylation
reactions) involve the preparation of oxygenated organic  compounds by the
reaction of a carbon monoxide and  hydrogen mixture ("syn gas") with carbon
compounds  containing olefinic unsaturation. The reaction is  performed in
the presence of a hydroformylation catalyst 



and results in the formation of a compound, for example,  an aldehyde,
which has one more carbon atom in its  molecular structure than the
starting olefinic feedstock.  By way of example, higher alcohols may be
produced by  hydroformylation of commercial C5 to C12 olefin fractions  to
a C[err] to C[err] aldehyde-containing oxonation product,  which on
hydrogenation and distillation yields the  corresponding alcohol. The crude
product of the  hydroformylation reaction will contain catalyst, 



aldehydes, alcohols, unreacted feedstock, syn gas and by-  products.
Before further processing of the crude product is
- 2-  



possible, it is necessary to remove the catalyst there-  from. One
conventional method of removing cobalt values  (that is, cobalt in any one
of its possible oxidation  states) from such a crude product is to treat
the product  with an alkali or acid wash technique; however, this  uses
expensive raw materials and, moreover, it is  difficult to remove
essentially all traces of cobalt from  the resulting water wash streams
before those may be dis-  charged into water courses. Another such
conventional 



method involves the oxidation of the cobalt catalytic  species followed by
extraction as a salt in aqueous  solution.       U.S. Patent No. 3725534
describes a method for  recovery of cobalt values from crude oxo product in
which the liquid oxo product containing substantially all  the cobalt
values in the form of dissolved cobalt  compounds is mixed with an aqueous
acid, the cobalt  materials being converted to water-soluble salts of the 



acid.  After it has been combined with a promotor, for  example, an alkali
or alkaline earth metal salt of a weak  acid, the separated aqueous phase
is introduced into a  preformer containing a preforming catalyst, for
example,  a noble metal catalyst. The effluent is then treated,  preferably
with a strong mineral acid, to convert complex  cobalt carbonyl compounds
to volatile hydrocobalt  carbonyl, which is stripped out of the acidified
effluent by an inert gas or syn gas, absorbed in an 



organic solvent and fed to the oxonation reactor.       In DE-A-2244373 and
U.S. Patent No. 3957684, there  are described methods in which aqueous
solutions of 



cobalt salts are treated with syn gas in the presence of  a substantially
immiscible organic solvent containing  cobalt carbonyl and/or hydrocobalt
carbonyl under  conditions ensuring turbulent flow.   The preferred
solvent is n-butanol.       In GB-A-2055371 there is described a two-stage
method for recovering cobalt from an oxo product, the  first stage
comprising contacting the oxo product with an  aqueous cobalt salt to form
a Co[Co(CO)[err]][err]-containing 



product which is recycled via a preformer to the oxo  reactor, and
completing removal of cobalt in a second  stage using oxygen and an aqueous
acid, the aqueous  reaction product being used as the aqueous cobalt salt
in  the first stage.   Preforming may be effected in the  presence of syn
gas and an organic solvent.       In U.S. Patent No. 4625067 there is
disclosed a  method of removing cobalt values from the crude product  of a
cobalt-catalysed hydroformylation reaction by 



contacting the crude product with a stream of stripping  gas to entrain
volatile cobalt compounds, said contacting  being performed in the presence
of water or an aqueous  acid to dissolve those cobalt values not entrained
in the  gas under the conditions of temperature and pressure  employed for
said contacting, the aqueous phase sub-       



-4-    sequently being separated from the organic hydroformyla-  tion
reaction product.   The separated cobalt-containing  aqueous phase is
concentrated in a flash unit, and the  concentrate recycled either directly
to the oxo reactor  or passed to a preformer unit where volatile cobalt
carbonyls are removed by means of a flow of gas, prefer- 



ably syn gas, injected into the product leaving the oxo  reactor and
recycled with unreacted syn gas indirectly to  the reactor.       In
principle, all cobalt values are removed from the  aqueous treatment phase
by the procedures described in  the above-mentioned patents and recycled to
the oxonation  reactor. In practice, however, some cobalt remains in  the
aqueous phase and presents disposal problems.  Further, the aqueous phase
is acidic, usually containing 



organic contaminants, formic acid, and possibly formates,  and disposal of
such aqueous material presents problems  whether or not it contains cobalt
values.       Additionally, when the olefin being hydroformylated  is of
lower molecular weight, more especially from C5 to  C[err], any saturated,
and therefore unreactive, hydrocarbons  contained in the feedstock as
impurity have a sufficient  similarity in volatility to be entrained
together with  the volatile cobalt carbonyls recycled to the hydro- 



formylation reactor.   The same is true of any less  reactive lower
molecular weight olefinic species,  especially C5 to C8 materials, and
hence, as reaction             



proceeds, the concentration of unreactive species in the  feedstock builds
up to unacceptable proportions.       In general, in the above described
procedures and  in many others, stripping is carried out as an integrated
part of the oxonation, in the presence of a reactant  or reaction product
of the process. Any changes in  procedure for recovery of the cobalt values
have an  effect on, and may require change in, the manufacturing  process
itself, which is undesirable. 



In one aspect of the present invention, there is  provided a cobalt value
recovery process with no inherent  aqueous effluent stream and in which any
intermittent or  optional aqueous effluent may be substantially free from
cobalt.       In a second aspect of the invention, there is  provided an
oxonation process in which cobalt catalyst  regeneration may be carried out
largely independently of  the main oxonation process. 



In an advantageous embodiment of the second aspect,  catalyst regeneration
is carried out in the absence both  of olefinic feedstock to the oxonation
process and of the  oxonation product.       In a third aspect, there is
provided a cobalt-  catalysed oxonation process in which the regeneration
of  catalyst is effected using only reactants that may be,  and preferably
are, used in the oxonation process itself.       The present invention
provides a method for recover- 



-6-   ing cobalt values from a liquid organic phase containing  them, the
method comprising contacting the organic phase  with an aqueous phase
having a pH of at most 7 that is 



substantially immiscible with the liquid organic phase  and capable of
extracting cobalt values from the organic  phase, and separating the
resulting cobalt-containing  aqueous phase and cobalt-depleted organic
phase,       contacting the separated cobalt-containing aqueous  phase with
syn gas and an organic solvent for dicobalt  carbonyl and hydrocobalt
carbonyl, the organic solvent  being substantially immiscible with the
cobalt-containing  aqueous phase, and recovering from the aqueous phase and



the organic phase so obtained volatile cobalt compounds,       separating
the resulting organic and aqueous phases,  and returning the resulting
organic phase to form the  said organic solvent,       and returning the
resulting aqueous phase to form  the said aqueous phase having a pH of at
most 7.       (For the sake of clarity, organic phases that are in  liquid
form are referred to throughout the specification  as "liquid organic
phases". It will be appreciated that 



the aqueous phases referred to herein are all in the  liquid phase.)
The liquid organic phase containing cobalt values  may be the crude product
of a cobalt-catalysed oxo  reaction, and will be referred to as such for
simplicity  in the following description.       



-7-         The contact between the crude oxo product and the  aqueous
phase may be carried out in the presence or the  absence of air.   If this
step in the method, the  "demetalling" step, is carried out in the presence
of  air, it is preferred to concentrate the separated cobalt-  containing
aqueous phase before contacting it with syn 



gas and organic solvent, yielding a concentrate and a  substantially
cobalt-free aqueous phase. (Preferred  concentration procedures are
described in more detail  below).       Advantageously, the cobalt-depleted
organic phase  resulting from contact of the organic phase containing
cobalt values and the aqueous phase of pH at most 7 is  washed with a
substantially cobalt-free aqueous phase  and, if it is or comprises an
oxonation product, may 



preferably be fed to a hydrogenation reactor.   The  substantially
cobalt-free aqueous phase used for this  purpose is advantageously the
substantially cobalt-free  product of concentrating the separated
cobalt-containing  aqueous phase.       If demetalling is carried out in
the presence of  air, initial contact of the cobalt-containing aqueous
phase, preferably after concentration, with syn gas and  organic solvent
preferably takes place in a preformer 



reactor, to be described in more detail below, and  recovery of the
resulting volatile cobalt compounds from  the aqueous phase is
advantageously effected by passing                                     -8-



the reaction mixture from the preformer to a stripping  zone into which
additional stripping gas, advantageously  syn gas, is fed, the volatile
cobalt compounds being  taken off as overhead with the liquid organic and
aqueous  phases recovered as bottoms product for subsequent  separation.
If airless demetalling is employed, the preferred  procedure differs
slightly.   In this case the cobalt-  containing aqueous phase is
preferably not concentrated 



before its first contact with the organic solvent but  instead is passed
first to a stripping zone, into which a  composition including organic
solvent is also being  passed, as well as stripping gas, advantageously syn
gas.  As before, volatile cobalt compounds are taken off as  overhead from
the stripper and liquid organic and aqueous  phases, now substantially
depleted of volatile cobalt  compounds, recovered as bottoms for
separation, the  resulting separated organic phase then being recycled to 



form the organic solvent.       After separation of aqueous and organic
phases, the  aqueous phase is advantageously divided, a part
advantageously being concentrated, and another part used  as the source of
the aqueous phase having a pH of at most  7 for the demetalling step.
After concentration, if  employed, the cobalt-containing aqueous phase is
passed  to a preforming reactor, together with syn gas and  organic solvent
from the separator, the resulting 



-9-   product forming the composition passed to the stripping  zone.
The aqueous phase contacted with the crude oxo  product for demetalling may
be water or an aqueous acid, 



which may already contain cobalt salts. Cobalt in the  crude oxo product is
taken up in the form of salts in the  aqueous phase.       In the case
where the aqueous phase is water (rather  than aqueous acid), then cobalt
may be transformed into  Co[Co(CO)[err]][err] but, because of the presence
of formic  acid, produced in the oxo reaction and present in the  oxo
product, in the presence of air all cobalt present  will be transformed
into cobalt formate. 



In the absence of air, but in the presence of Co2+,  hydrocobalt carbonyl
will be transformed into  Co[Co(CO)[err]][err].   Because of the presence
of formic acid, a  proportion of the Co[Co(CO)[err]][err] is transformed
into cobalt  formate or hydrocobalt carbonyl.       Preferably, however,
rather than water, both in the  presence or absence of air, a solution of a
light organic  acid is used as the aqueous phase in demetalling, for
example, an acetic or formic acid solution. It is 



especially preferred that the aqueous phase should  comprise dilute formic
acid, for example, at concentra-  tions of from 1 to 5, especially from 1
to 2, wt %.  Preferably, the water or aqueous acid is used in an  amount of
from 5 to 20 wt. % based on the amount of crude         



10    product. It is particularly preferred to use aqueous  formic acid as
the aqueous phase required to be present  in the demetalling step, as
formic acid is one of the  organic compounds produced in the
hydroformylation  reaction and its associated secondary reactions to which
this invention primarily relates.       The contact between the
cobalt-containing aqueous 



phase, syn gas, and organic solvent to form cobalt  carbonyls may be
carried out in the preformer in the  presence or absence of a suitable
catalyst.       If a catalyst is present, it is advantageously a  noble
metal, especially gold, platinum or, preferably,  palladium, either in the
form of a slurry or, prefer-  ably, in a fixed bed. Advantageously, the
active  catalyst is embedded on a solid support, e.g., carbon or  alumina.
A 1 to 2% palladium-carbon fixed bed catalyst 



is preferred.       If no catalyst is present, the preformer is  preferably
one designed to maximize contact between the  two liquid phases and the
gas. As an example of a  suitable preformer, there may be mentioned a
tubular  reactor having a high length: diameter ratio, for  example from
100 to 100 000, advantageously from 1000 to  100 000, under conditions that
result in at least  partially turbulent flow, advantageously with a
Reynolds 



Number much higher than 1600, and preferably above 3000.  Optionally, but
advantageously, at least one of the                                   -11-
phases contains cobalt carbonyl and/or hydrocobalt  



carbonyl as initiator, thereby minimizing or avoiding an  induction period
for reaction.      As indicated above, the volatile cobalt carbonyls  are
advantageously recovered from the aqueous phase and  the organic liquid
phase in a stripping step in which the  said phases are contacted with a
stripping gas, the  volatile cobalt compounds being entrained in the
stripping gas.      As the stripping gas in the stripping step there is  



preferably used syn gas, the particular proportions of  the carbon monoxide
and hydrogen in the syn gas being  adjusted to suit the reaction system.
The stripping gas  may, in principle, be any gas that does not react in an
undesired manner with the cobalt compounds to be  entrained therein, for
example, nitrogen or a light  saturated hydrocarbon such as propane or
butane, but syn  gas is preferred.      Advantageously the volume ratio of
stripping gas to  



liquid phases at the applied conditions is from 20:1 to  250:1, preferably
from 50:1 to 125:1. Higher ratios may  be used, with good effect, but high
ratios may be detri-  mental economically. The limiting lower value of the
ratio, it will be appreciated, will be reached when there  is insufficient
stripping gas flow to achieve the desired  degree of cobalt volatiles
removal. Similarly any flow  rate of stripping gas may be used, provided
that it is    



-12-    sufficient to give the desired entrainment of cobalt  volatiles.
The liquid (organic and aqueous) phases are  preferably well dispersed to
give good contact between  the liquids. It is preferred, too, that the
stripper  



unit in which the stripping step is performed should  include inert solid
surfaces, for example, trays or  packing material, to facilitate contact
between the  liquid and gas phases.       The volatile cobalt compounds
recovered by the  process of the invention are advantageously utilized in
the oxonation reaction.  Preferably, the stripping gas  containing the
volatile compounds is contacted with  olefin being fed to the oxo reactor,
the stripping gas  



advantageously being passed in countercurrent to the  olefinic feed.  The
volatile cobalt compounds entrained  in the stripping gas dissolve in the
olefinic feed and  are thus returned to the oxo reaction zone. The stripp-
ing gas may then either be purged or recycled. It will  be appreciated
therefore that syn gas is the preferred  stripping gas because its
subsequent recycle contact with  the olefinic feedstock, or use in the
preformer or  stripper, will not cause the introduction of undesirable  



materials into the oxo reactor. Under the conditions  employed,
substantially all volatile cobalt compounds  will be entrained by the
stripping gas and none retained  in the bottoms product.  Similarly,
substantially no  water or organic solvent will be carried over by the



-13 -    stripping gas (syn gas) and introduced into the olefinic  feed. If
necessary the cobalt-containing stripping gas  may be cooled prior to
contact with the olefinic feed,  and condensed water refluxed into the
stripper, or fed to  the preformer as a source of volatile cobalt as
initiator.       As indicated above, the aqueous phase containing 



cobalt values is advantageously concentrated, and is  preferably
concentrated to an extent such that the cobalt  level is at or near
saturation.   The aqueous concentrate  advantageously contains the maximum
possible amount of  cobalt in solution for the particular operating
tempera-  ture and for the particular cobalt salt employed. If, as  is
preferred, formic acid has been employed in the  demetalling step, the
aqueous phase is preferably con-  centrated to give a cobalt concentration
of from 0.5 to 2 



wt %, based on the total concentrate, expressed as  elementary cobalt,
before it is fed to the preformer.  Advantageously, the concentration of
free formic acid in  the concentrate is from 2 to 8 wt % based on the total
concentrate.       To ensure as far as possible the absence of volatile
cobalt compounds from the aqueous phase sent for con-  centration,
especially when this is effected by  evaporation as is preferred, the
aqueous phase is 



contacted with oxygen, conveniently in the form of air.  If demetalling is
carried out in the presence of air,                                    -14-
this step is normally sufficient to oxidize the volatile 



cobalt compounds to non-volatile cobalt species. If,  however, airless
demetalling is employed, then a separate  oxidation step, for example
injecting air into the  aqueous phase, may desirably be employed before
con-  centration.      The concentrate may be produced by flashing the
aqueous phase in an evaporator or by using any other  convenient means, for
example, a membrane, to yield the  concentrate, for example, a cobalt
formate/formic acid 



aqueous solution, and an aqueous effluent which is  substantially free from
cobalt provided all volatile  cobalt compounds have previously been
oxidized. This  aqueous effluent may, as indicated above, accordingly be
recycled for use in removing any traces of cobalt from  the oxo product
after the demetalling step, for example  in a wash tower as described in
U.S. Patent No. 4625067.  Preferably, the water stream fed to the wash
tower is  exclusively  aqueous effluent from the evaporator.   If 



desired, fresh water make-up, for example, in an amount  of 1 to 3% by
volume, based on the oxo product, may be  added to the aqueous effluent
from the evaporator that is  fed to the wash tower. In that manner, water
from the  evaporator may be retained within a substantially closed  cycle,
it being possible substantially to avoid the need  to purge water from the
evaporator. If it is necessary,  for example, in order to remove undesired
impurities,   



- 15 -    some aqueous effluent from the evaporator may be purged  from the
system.       As already mentioned it is preferred to use as the  aqueous
phase contacted with the crude oxo product an 



aqueous formic acid solution, although other acids, for  example acetic
acid, may be used.   For ease of  explanation, it is assumed in the
following discussion of  the preforming step that formic acid is used.
The cobalt values contained in the aqueous phase  will be primarily in the
form of cobalt formate, which,  in the preformer, in the presence of syn
gas is  converted to Co[Co(CO)[err]][err] in accordance with the  following
reaction: 



3Co(COOH)[err] + 3H[err] + 8CO  ->   Co(CO(CO)[err]][err] + 6HCOOH
Hydrocobalt carbonyl is liberated from the  Co[Co(CO)[err]][err] by the
following reaction, formation of the  hydrocobalt carbonyl being enhanced
by the presence of  free formic acid, which is produced as a by-product in
the hydroformylation process as well as in the conversion  of cobalt
formate to Co[Co(CO)[err]][err], and will normally be  present in the
aqueous phase: 



Co[Co(CO)[err]][err] + 2HCOOH  - >   2HCo(CO)[err] + Co(COOH)[err]
Hydrocobalt carbonyl is relatively insoluble in  water (maximum solubility
at 20[err]C 3000 ppm, expressed as  elemental cobalt).   It is believed
that as the con-         



-16-    centration of the hydrocobalt carbonyl in the aqueous  phase
approaches a concentration corresponding to the  said maximum solubility,
the carbonyl separates from the  aqueous phase and is extracted into the
organic liquid  phase. Some of the hydrocobalt carbonyl becomes  entrained
in the syn gas. Further hydrocobalt carbonyl  may be transformed into
dicobalt octacarbonyl, which is 



extracted into the organic liquid phase.       The organic solvent may be
any organic solvent that  is substantially immiscible with the aqueous
phase with  which it comes into contact. The solvent may, for  example, be
an olefin, decobalted crude oxo product  (that is, the product obtained
after treatment of crude  oxo product to remove catalytic residues but
before  hydrogenation or distillation of the organic material),
hydrogenated oxo product, an oxo alcohol or alcohols, or 



a light or heavy oxo fraction.   The solvent should  generally be one that
is liquid under the conditions  prevailing in the preformer and the
stripper.       Lower molecular weight, especially C6 to C13,  alcohols
that are substantially immiscible with the  aqueous phase under the
reaction conditions are  especially suitable as organic solvents.   The
preferred  alcohols are saturated aliphatic monohydric alcohols, for
example a hexanol, heptanol or octanol. Conveniently 



the alcohol used is an oxo process alcohol, and oxo  process heptanol is
especially preferred.                                   - 17 -        As
indicated above, however, it is a feature of the 



invention that the catalyst regeneration is carried out  in large part
independently of the oxo process itself,  and that the organic solvent and
hence the liquid organic  phase containing cobalt values may if desired be,
and  preferably are, maintained out of contact with both the  olefin feed
to the oxonation reactor and the oxo product.  Accordingly, the organic
solvent may be chosen solely on  the basis of its suitability for use in
facilitating  recovery of the cobalt from the aqueous phase since 



considerations of compatibility of the solvent with the  olefin feed, as in
U.S. Patent No. 3 725 534, or the oxo  product, as in U.S. Patent No. 4 625
067, do not apply.       This separation, resulting in the catalyst
recovery  being performed in "outboard" units, leads to further  very
important advantages. The first of these is that a  single catalyst
recovery system, employing, for example,  a common evaporator, preformer,
and stripper, may be used  for two or more oxonation trains operating on
different 



starting materials and/or producing different oxo  products. This results
in lower investment costs.       Secondly, the removal of the catalyst
residues from  the crude oxo product does not involve a stripping step.
Accordingly, the associated problem of build up of  unreactive species in
the olefin feed does not arise when  lighter grades of olefins are being
oxonated, the  stripping stage of the method according to the invention   



- 18 -    being carried out in the absence of both feedstock to,  and the
product of, the oxonation reaction.       The ratio of the solvent chosen
to form the organic  liquid phase to aqueous phase in the preforming step
is 



advantageously from 0.2:1 to 5:1 by volume and may, for  example, be 1:1 by
volume.   The amount of syn gas is  preferably so selected that both
hydrogen and carbon  monoxide are present in a stoichiometric excess of at
least 20% over the total cobalt in the preformer feed.  The molar ratio of
hydrogen to carbon monoxide may be  from 0.5:1 to 2:1.       If catalytic
preforming is employed, the aqueous  phase is advantageously combined with
the organic solvent 



before entering the preformer, and the combined aqueous  and organic liquid
phases obtained are passed to a two-  liquid-phase plug flow reactor having
one or more fixed  beds of Pd/C, to which syn gas is also fed. The reactor
comprises means, e.g., a distribution plate, for  effecting mixing of the
two liquid phases and the gas  phase so that the two liquid phases are well
dispersed  and the interface between the liquid phases and the gas  phase
is sufficiently large that the mass transfer of 



material between the liquid phases and the gas phase is  not limited by the
size of the said interface.   The  reactor also comprises means for
effecting good catalyst  wetting by both the liquid phases and the gaseous
phases;  this may be achieved by employing a reactor with a high         



-19-    length:diameter ratio so as to achieve, advantageously, a  total
liquid throughput, i.e., combined aqueous and  organic phases, of at least
4.1 kg/m[err]/s. The temperature  in the reactor is preferably from 50 to
175[err]C, more  preferably from 120 to 140[err]C.   The pressure in the
reactor may be from 10 to 30 MPa, and is preferably from  25 to 30 MPa. 



If a catalyst, e.g., 2% Pd on carbon is employed, a  residence time of 0.2
to 1.0, preferably 0.4 to 0.8, hr  is advantageously employed.
Alternatively, and preferably, the reaction is  carried out in the absence
of a catalyst in a tubular  reactor with a very high length: diameter ratio
with  turbulence, as mentioned above. The reaction is  advantageously
assisted to commence by incorporating an  initiator in one or both of the
liquid phases, either 



HCo[CO][err] or C0[err](CO)[err] in the organic phase or
Co[Co(CO)[err]][err]  in the aqueous phase, at a concentration of up to
3000  wppm, advantageously from 1000 to 3000 wppm, measured as  cobalt.
In the tubular reactor without catalyst, reaction  pressures as given above
with reference to catalysed  preforming are appropriate.   Advantageously,
the  reaction is carried out at a temperature within the range  of 50 to
200[err], and preferably from 120 to 175[err]C.   In a 



preferred method of preforming, a first stage is carried  out at a higher
temperature, for example 150 to 175[err]C,
- 20 -    



and a second stage is carried out at a lower temperature,  for example from
20 to 120[err]C, preferably from 50 to  110[err]C.   By this reduction in
temperature, while  maintaining a high pressure, more cobalt carbonyl is
transferred to the organic phase, allowing further  reaction to take place
in the aqueous phase.       If a tubular reactor, i.e., one providing a
high l:d  ratio is employed, residence time may be considerably  shorter
than if catalytic preforming is carried out. If  



this procedure is adopted, the total residence time is  advantageously from
2 to 10 minutes, including both  first and second stages if both are
employed. The total  residence time in the first, or the sole, high
temperature stage is advantageously from 90 seconds to 5  minutes,
preferably from 2 to 5 minutes. If the second  low temperature stage is
employed the residence time is  advantageously from 30 seconds to 5
minutes.       Because the preferred preforming cycle described  



above allows essentially all the water to be in a closed  loop, the waste
water from the evaporator being recycled,  preferably via a wash tower, to
the stripping step, the  need to dispose of waste water may be
substantially  avoided. Thus, the method of the invention enables
environmentally clean cobalt recovery to be attained.       Further,
because the invention provides an internal  closed loop for any cobalt
formate in the aqueous phase  that remains unreacted in the preformer, it
is not  



- 21 -    important for complete preforming conversion to be  obtained.
Cobalt values that have not been preformed  (that is, converted to cobalt
in an active form) are  



retained in the aqueous phase and recycled.       Also, the process may be
operated without the  addition of chemical reactants, other than the
reactants  for use in the oxo process, because formic acid, which  promotes
the conversion of Co[Co(CO)[err]][err] to hydrocobalt  carbonyl, is
produced in the oxo reaction. Thus, after  an initial introduction of
formic acid, it is possible to  make the system substantially closed with
regard to  formic acid.  



Using a tubular reactor as preformer, an overall  cobalt recovery of about
50 % based on the cobalt  entering the preformer, may be achieved, with
approximately 70 %, or up to 85 % including an  equilibration step, of
cobalt values being converted in  the preformer to volatile cobalt
carbonyls and about 70 %  of that preformed cobalt being taken up by the
stripping  gas in the stripping step.       Any cobalt loss may be made up
by introducing  



cobalt, for example, in the form of cobalt soap, into the  preformer with
the organic phase or in the form of an  organic cobalt salt, for example,
cobalt formate, in  aqueous solution.       Two methods of cobalt recovery
in accordance with  the invention will now be described in greater detail
by        



- 22 -    way of example only with reference to the accompanying  drawings
of which:       Figure 1 is a flow diagram of a hydroformylation  reaction
system in which demetalling of the product is  carried out in the presence
of air, and       Figure 2 is a flow diagram of a hydroformylation  



reaction system in which the demetalling is carried out  in the absence of
air.       Referring to Figure 1, a first feed olefin is  delivered via a
line 1 to a first oxo reactor 5, to which  is also delivered syn gas via a
line 3. Hydroformylation  takes place within the reactor, and a crude
product  containing aldehydes, alcohols, cobalt catalyst compounds  and
by-products is carried via a line 7 to a demetallizer  unit 9, air being
introduced through a line 10 and an  



aqueous washing phase through a line 11. The aqueous  washing phase is a
dilute formic acid solution. In the  unit 9 the aqueous and organic phases
are separated, the  aqueous phase, which contains the major proportion of
the  cobalt, being fed by a line 13 to an evaporator 23,  while the organic
phase is led by a line 15 to a wash  tower 17. In the tower 17, the organic
phase is washed  with cobalt-free water delivered by a line 19, and the
now substantially cobalt-free organic phase is fed by a  



line 21 to a hydrogenation unit, not shown. The reactor  5, the unit 9, and
the tower 17 and associated lines form  a first oxonation train.
- 23 -         The cobalt-containing wash water from the tower 17 



is fed by the line 13 to the evaporator 23 together with  the aqueous phase
from the unit 9. Also shown in Figure  1, and indicated generally by the
reference numerals 25  and 35, are second and third oxonation trains, in
which  generally similar procedures are carried out as in the
above-described first oxonation train but, if desired, on  different olefin
feeds or under different operating  conditions to yield different products.
The cobalt-containing aqueous phase is concentrated 



in the evaporator 23, the distillate water being fed by  the line 19 to the
wash towers of the three oxonation  trains. The cobalt concentrate is fed
by a line 27 to a  preformer unit 29, into which is also fed syn gas
through  a line 31 and an organic solvent through a line 33, the  organic
solvent being substantially immiscible with water  and a good solvent for
dicobalt octacarbonyl and  hydrocobalt carbonyl. The liquids being fed to
the  preformer unit 29 accordingly are an aqueous phase 



containing formic acid and cobalt formate, and an  organic phase
containing, for example, a C6 to C13  alcohol also containing formic acid
and formate esters.       In the preformer, which may be catalyst-free or
may  contain a catalyst, e.g., palladium on charcoal, the  cobalt is
converted to dicobalt octacarbonyl and  hydrocobalt carbonyl. The reaction
product from the  preformer 29 is fed by a line 37 to a stripper 39, to   



- 24 -   which is also fed syn gas by a line 41, the syn gas  entraining
the volatile cobalt carbonyls being taken off  overhead and led by a line
43 to each of three absorber  units 45, 55 and 65, where it meets the feed
olefin to 



the respective oxonation train. The bottoms product from  the stripper 39
is fed by a line 47 to a separator 49.  The aqueous phase, which has now
had a substantial  proportion of cobalt removed and comprises a dilute
formic acid solution, is fed from the separator 49 by the  line 11 to the
demetalling unit 9 or to the evaporator  23. The organic phase, which
comprises the C6 to C13  alcohol and formate esters, is fed by the line 33
to the  preformer 41. 



Referring now to Fig. 2, in which units and lines  identical to those in
Fig. 1 are given the same reference  numerals, the oxonation trains are
similar to those of  Fig. 1 except that the air line to the demetallizer
unit  9 is omitted.  The line 13 carrying the aqueous phase  containing
cobalt values from the unit 9 and the wash  tower 17 leads to the stripper
39 rather than to the  evaporator 23, to which, as in Fig. 1, the line 37
carrying the preformer product and syn gas line 41 also 



lead. Optionally, but advantageously, a portion of the  cobalt-containing
aqueous phase from line 13 may be fed  through a line 53 to the preformer.
In this way, the  cobalt content of the stream that is in the form of
hydrocobalt carbonyl assists in initiating preforming,         



- 25 -    which is especially helpful if a non-catalytic preforming  step
is used.       The aqueous phase from the separator is split, part  of the
formic acid solution being led by line 11 to the  demetallizer unit 9 and
part by line 51 to the evaporator  23.  As before, the cobalt-free product
from the  evaporator is led by line 19 to the wash towers.  If 



desired, an oxidation unit (not shown) may be provided to  oxidize any
cobalt volatiles remaining in the aqueous  phase fed to the evaporator
through line 51.       In this procedure, in which no air is employed in
the demetalling step, the oxo product is demetalled  using only water, a
low molecular weight carboxylic acid,  and/or a cobalt salt solution of
such an acid, binding  most of the cobalt catalyst as hydrocobalt carbonyl,
which, as indicated above, assists in the preforming 



step, especially if a non-catalytic reactor is used.       Cobalt catalyst
is regenerated by the procedure  according to the invention, and all
aqueous phase may be  recycled, avoiding the need for effluent disposal.
Example 1       In this Example, catalyst-free batch preforming of  an
aqueous cobalt solution was effected in the presence  of a C7 oxo alcohol.
The cobalt was primarily present as  formate, but 0.3% by weight
hydrocobalt carbonyl was 



present as initiator.      The reactor was a 4 litre autoclave equipped
with a                                     - 26 -    



thermostatically controlled heater, pressure regulator,  and gas and liquid
phase injector lines. Stirring was  carried out by a 6-blade 3000 r.p.m.
(max) turbine  impeller in conjunction with removable baffles in the
vessel.       The alcohol, 820g, containing 3000 ppm cobalt as  hydrocobalt
carbonyl, was introduced into the reactor,  the reactor purged with syn gas
(mole ratio H[err]:CO of 1:2)  with stirring at 1800 r.p.m. and the
pressure raised to  



3OMPa, and the temperature to 175[err]C. 1027 g of aqueous  cobalt formate
(pH 3.2; 1.067% Co[err] as formate) were  introduced, and the progress of
the reaction monitored  by taking samples from the alcohol and water phases
and  analysing them for cobalt. The results are given in  Table 1 below.



-  27  -    [err]          



- 28 -         The results indicate that, under the conditions  shown,
equilibrium conversion (about 70%) of Co2+ to Co[err]  is reached after
about 6 minutes.                          Example 2       The procedure of
Example 1 is repeated, except that  the reactor temperature was 150[err]C,
and the initial wt%  



cobalt in the water was 1.2682. The results are given in  Table 2.
REPLACEMENT SHEET         -29-      



[err]                                      - 30 -         The results show
that at 150[err]C it takes longer for 



equilibrium to be reached but that the equilibrium  conversion ratio is
higher.                          Example 3       The procedure of Example 1
is repeated, except that  the concentration of hydrocobalt carbonyl in the
alcohol  was 1000 ppm, and the initial weight % cobalt in the  water was
1.1018. The % conversion is given in Table 3  below. A longer period than
in Example 1 is required for  equilibrium conversion to be reached. 



Table 3                                    Time, Minutes                  0
2     4     6     8    20    15   30   CO[err] Conversion %  0  8.73 22.26
74.18 77.26 78.19 79.50 80.67                            Example 4       In
this Example, no hydrocobalt carbonyl was  initially present in the
alcohol, and initially, the  



reactor temperature was as in Example 1. After 20  minutes, however, it was
reduced to 120[err]C. Table 4 shows  that in the first 7 minutes, when no
initiator was  present at start-up, reaction was relatively slow.  Between
7 and 10 minutes, however, the reaction was much  more rapid, being
catalysed by the initiator produced by  the reaction.   The equilibrium
shift produced by the  reduction in temperature after 20 minutes is also
shown.    



-  3 1  -     [err]   



-32-         The batch procedures of Examples 1 to 4 show that  with the
good contact between the phases obtained by high  speed stirring
equilibrium conditions are reached rapidly  at high temperatures and in the
presence of an auto- 



initiator in a liquid phase.  However, a more favourable  equilibrium
exists at lower temperatures.                          Example 5       In
this Example, continuous preforming is  illustrated. The process was
carried out in a stainless  steel (Type 316L) tubular reactor, of length
110 m,  internal diameter 1.1 mm, and providing a free space of  1.04 dl.
The reactor was maintained at 175[err]C through  external steam heating.
The inlet pressure was 



maintained at 30 MPa. The reactants were fed into the  preformer for 3
hours under the conditions indicated in  Table 5.
TABLE 5  Oxo process heptanol                       0.58 litre/h containing
0.2537 Wt % Cobalt as HCo[C0][err]  Syn gas (H2:Co 1:2)
1.6 litres/h  Cobalt water (containing                   0.519 litre/h
0.9476 Wt % cobalt as formate)  



Residence Time                             2.34 mins        Under these
conditions, an outlet pressure of 28.5  MPa was obtained. The pressure drop
of 1.5 MPa ensures  intensive contact between the phases.      The reaction
mixture leaving the preformer was fed         



- 33 -    into a stripper operated under the conditions shown, and
producing a reaction product as shown, in Table 6.
TABLE 6  Temperature                                  100[err]C  Pressure
80 KPa  Preformer Organic Phase                      0.557 litre/h
Preformer Aqueous Phase                      0.527 litre/h 



Added water (5% acid)                        0.25 litre/h  Syn Gas
148 litre/h  Product, Cobalt content,         Wt%            Gm  Water at
bottom, Co[err]        0.418           8.55  Water at bottom, Co[err]
0               0  Organic at bottom               0.0027          0.03
Overhead recovery                               10.06  % per pass
conversion                           41.99
Example 6 



The percentage conversion per pass in Example 5,  about 42%, may be
improved by taking advantage of the  equilibrium shift that takes place on
reducing the  temperature, as in Example 4. In the present Example, a
reactor maintained at 175[err]C is provided by three stirred  autoclaves in
series, the autoclaves being as described  in Example 1. By providing
reaction conditions of high  stirring rate and long residence time,
equilibrium  conditions were assured (and thereby a basis of 



comparison for Example 5 is provided, giving confirmation  that reaction
equilibrium at the prevailing temperature
- 34 -    and pressure had been reached in the tubular reactor in 



that Example).       The reaction mixture from the final autoclave was
passed to the tubular reactor which was maintained at  107[err]C. The
results are shown in Table 7.                            TABLE 7
Preforming Zone 1 (Three stirred Autoclaves)  Pressure
30 MPa  Syn Gas ratio.H2:CO                          1:2  Stirring rate
1500 RPM 



Organic feed rate (iso-heptanol)             0.461 1/h  Cobalt content
0.2404 wt%  Aqueous feed rate                            0.425 1/h  Cobalt
content                               1.0744 wt%  Residence Time
163 mins  Output - cobalt content, aqueous phase       0.3475 wt%
Conversion rate                              70.8%  Preforming Zone 2
(Tubular Reactor)  Inlet Pressure                               30 MPa 



Outlet Pressure                              28 MPa  Residence Time
5 mins  Output - cobalt content, aqueous phase       0.2382 wt%  Conversion
rate                              78.2%  Stripper Zone  Temperature
100[err]C  Pressure                                     80 KPa  Feed rate -
organic phase                    0.443 g/l   



-35 -    Feed rate - preformer water                0.425 g/l  Make up
water                              0.174 g/l  Gas
134 g/l  Stripper Product, cobalt content 



Water at bottom, Co[err]                   0.4483 wt%  Water at bottom,
Co[err]                   0 wt%  Organic at bottom
0.0057 wt%  Overhead recovery                          10.38 g  % per pass
conversion                      48.4%                           Example 7
The procedure of Example 5 was repeated, using  identical starting
materials in similar proportions, but  



with a residence time in the preformer of 4.8 minutes,  with no cobalt in
the organic phase, but with 1054 ppm  Co[err] as initiator in the aqueous
phase, other conditions  remaining substantially the same as in Example 5.
The  per cent per pass conversion was 50.1, based on the  cobalt formate in
the water fed to the preformer,  indicating that an initiator in the
aqueous phase is also  effective.                          Example 8  



The procedure of Example 7 was repeated, using as  the organic phase
iso-heptanol containing 14 % of  formates and 1.14 % formic acid.   773 ppm
Co[err] were  present in the aqueous phase. The per cent per pass
conversion fell to 41.8.       This example illustrates that a 14% level of



- 36 -    formate in the iso-heptanol causes a fall in conversion  rate.
Example 9      The procedure of Example 8 was repeated using the  same
cobalt-free organic phase but the aqueous phase  



contained cobtalt formate and no initiator. The per pass  conversion fell
to 39.6%, indicating that even without  initiator present in either liquid
phase conversion takes  place, albeit at a lower rate.
Example 10      The procedure of Example 7 was repeated, but using
iso-decanol as the organic phase.   The per cent per pass  conversion was
36.0, indicating the lower effectiveness  of the higher molecular weight
alcohol.  



Claims        1.      A method for recovering cobalt values from a   liquid
organic phase containing them, the method  



comprising contacting the liquid organic phase with an   aqueous phase of
pH at most 7 that is substantially   immiscible with the liquid organic
phase and capable of   extracting cobalt values from the organic phase, and
separating the resulting cobalt-containing aqueous phase   from the
cobalt-depleted organic phase,       contacting the separated
cobalt-containing aqueous  phase with syn gas and an organic solvent for
dicobalt  octacarbonyl and hydrocobalt carbonyl, the organic  



solvent being substantially immiscible with the aqueous  phase, and
recovering from the aqueous phase and the  organic phase so obtained
volatile cobalt compounds,       separating the resultant aqueous and
organic phases,       returning the organic phase to form the said  organic
solvent and       returning the aqueous phase to form the said aqueous
phase of pH at most 7.       2.      A method as claimed in claim 1,
wherein the  



cobalt-containing aqueous phase is concentrated to form a  concentrated
cobalt-containing aqueous phase and a  substantially cobalt-free aqueous
phase before the  concentrated cobalt-containing aqueous phase is contacted
with syn gas and organic solvent.       3.      A method as claimed in
claim 2, wherein the        



-38-   cobalt-containing aqueous phase is concentrated to bring  the cobalt
concentration to a level at or near saturation  at ambient temperature.
4.      A method as claimed in claim 2 or claim 3,  wherein the aqueous
phase is contacted with oxygen before  concentration.       5.      A
method as claimed in any one of claims 1 



to 4, wherein the liquid organic phase is the crude  product of a
cobalt-catalysed oxo reaction.       6.     A method as claimed in claim 5,
wherein  contact between the crude product and the aqueous phase  of pH at
most 7 takes place in the presence of oxygen.       7.      A method as
claimed in claim 5, wherein  contact between the crude product and the
aqueous phase  of pH at most 7 takes place in the substantial absence of
oxygen. 



8.      A method as claimed in claim 7, wherein the  separated
cobalt-containing aqueous phase is fed to a  stripper and contacted therein
with a stripping gas and  the product of reaction of a cobalt-containing
aqueous  phase, syn gas, and the organic solvent for dicobalt  carbonyl and
hydrocobalt carbonyl; the thus-treated  aqueous phase is recovered as
bottoms from the stripper  and separated from the liquid organic phase
before being  contacted with syn gas and the organic solvent. 



9.      A method as claimed in any one of claims 1  to 8, wherein the
aqueous phase of pH at most 7 is a                                     -39
-    



dilute formic acid solution.       10.    A method as claimed in any one of
claims 1  to 9, wherein the organic solvent is a hydrogenated oxo  product.
11.    A method as claimed in any one of claims 1  to 10, wherein the
organic solvent is an alcohol having  from 6 to 13 carbon atoms.       12.
A method as claimed in claim 11, wherein the  organic solvent is a
heptanol.  



13.     A method as claimed in any one of claims 1  to 12, wherein the
contact between the cobalt-containing  aqueous phase, syn gas, and organic
solvent takes place  in the presence of a catalyst.       14.    A method
as claimed in claim 13, wherein the  catalyst is on a fixed bed.       15.
A method as claimed in claim 13 or claim 14,  wherein the catalyst
comprises palladium.       16.     A method as claimed in any one of claims
1  



to 12, wherein the contact between the cobalt-containing  aqueous phase,
syn gas, and organic solvent takes place  in the absence of a catalyst in
conditions of turbulent  flow.       17.     A method as claimed in claim
16, wherein the  contact takes place in a tubular reactor having a high
length:diameter ratio.       18.    A method as claimed in claim 17,
wherein the  ratio is at least 100.  



-40 -         19.     A method as claimed in claim 18, wherein the  ratio
is within the range of from 1,000 to 100,000.  



20.     A method as claimed in any one of claims 1  to 19, wherein the
contact of the separated cobalt-  containing aqueous phase with syn gas and
the organic  solvent is carried out in two stages, the first at a  higher
temperature and the second at a lower temperature.       21.     A method
as claimed in claim 20, wherein the  higher temperature is within the range
of from 150 to  175[err]C, and the lower temperature is within the range of
from 20 to 120[err]C.  



22.     A method as claimed in any one of claims 1  to 21, wherein an
initiator is present for the reaction  between the cobalt-containing
aqueous phase, syn gas, and  organic solvent.       23.     A method as
claimed in claim 22, wherein the  initiator is hydrocobalt carbonyl or
dicobalt octacar-  bonyl in the organic solvent.       24.     A method as
claimed in claim 22 or claim 23,  wherein the initiator is cobalt carbonyl
in the aqueous  



phase.       25.     A method as claimed in any one of claims 1  to 21,
wherein no initiator is present for the reaction  between the
cobalt-containing aqueous phase, syn gas, and  organic solvent.       26.
A method as claimed in any one of claims 1        



-41-   to 25, wherein volatile cobalt compounds are recovered by
stripping.       27.     A method as claimed in claim 26, wherein
stripping is carried out using syn gas.       28.     A method as claimed
in claim 27 wherein the  cobalt-containing syn gas is contacted with olefin
feed 



to an oxo reactor, cobalt values in the gas dissolving in  or become
entrained in the olefin feed.       29.     A method as claimed in any one
of claims 1  to 28, which is carried out on a liquid organic phase  that is
the product of a plurality of cobalt-catalysed  oxo reactions.    


