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1. : CATALYST RECENER & This i nvention

rglates to the 0X0 process and, i 1 he catalyst cycle of
the oxo process. That is, it rel & )
cont ai ni ng cat al yst reS|dues,_for

1

This invéntion-relateé £to the oxo process énd, in
~ particular, to éhe'cétalyst chie of the oxo process.
That is, it relates to a_methéd for removing metal-
containing catalyst residuas, forjexample, cobalt-
. containing residues, from'crude'oxo'prOAucts and
recayeriné therefronm datalyst residues in a form suitabie
‘ - for recycle to the oxo raact_ion. |
oxo réacﬁiéns (also:reterréd to as hydrofbrmylat;qn
reactions) involve the preparation of_oxygeﬁated qrgahic{
compounds by the reaﬁtibﬁ'of a cgrbdn monoxide gnd
hyd;ogen mixturei(“Syn gas") with carbon compoundé
__containiﬁg olefinic unsaturation. The'reaction'is
performed in the presencé_of'a hydroformylation catalyst-
and.reéulté in the formation of a compound{_for_exaﬁple,
an aldehyde,'which has one more carbon atom in its
molecular structure than the starting olefinic feedstock.
=Byiﬁay of example, highar alcohols'may be produced by

hydroforwylation of cohmercial Cs Lo C olefin fracticns

12

to a c, to C,4 aldehyde- contaxning oxonation product,

6
which on hydrogenation and distillation yields the
corresponding alcohol. The crude product qf the
hydroformylation reactiodlwili contain catalyst,
aldehydes, alcohols, unreacted feedstock, syn gas and by-

'products.

Before further processing of the crude product is
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contalnlng resi dues, from crude oxo products and recovering
-therefromcatal yst residues in a f lgﬁnssslﬁErEa%@, BEEN {recycle to the oxo
Keacti on. Oxo reactions (al 4o Tefgepegbdrp as ydrofornyl ation
reactions) involve the preparati on—ef—exygenated of gani ¢ conpounds by the
reacti on of a carbon nonoxi de and hydro%en m xture ("syn gas") with carbon
conpounds containing ol efinic unsaturati‘on. The reaction is perfornmed in
t he presence .of a hydrofornyl ation catal yst ' .

possibie, it is neoessary to.:emove the cataiyst thera-
'froq. Oone convcntiooal ﬁethod_of removing cobalt values
(that'is, coba}t in anqunc of its possible oxidation -
'states) from sﬁch a-crude product is to treat tpe 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 froﬁ

 the resulting wate: wash streanms before those may be'dis?
charged into water courses. Another such conventlonal
method involves the oxidation of the cobalt catalytic
species followed by extraction as a salt in aoueous

” solution. |

U. s..Patent'No. 3725534 deeoritee a.method.for
recoVery of cobalt values from crude oxo product in
whlch the lxquad oxo product contain;ng substantially all
the cobalt values in the torm of dissolved cobalt
compoundS-as mixed with an aqueous acid, the cobalt
materials being convetted to water-Soluble saits of the
acid. After it has been combzned with a promotor, for
example, an alkali or alkaline earth metal salt of a weak

"acid, the separated agueous phase is introduced into a
preformer contaiﬁing a preforming catalyst, for example,

: a noble metal catalyst. The_cttluentdie.then treated, -
preferaoly:with'a'etrong mineral acid, to convert:oomplex
‘cobalt carbonyl compounds to Qolatile hydrocobalt
carbonyl, which is stripped out of the acidified |

effluent by an inert gas or syn gas, absorbed in an
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an&-ﬁé@%lts n the formation of a conpound, for exanple, an aldehyde,
whi ch has one nore carbon atomin Fot-e ooy nucture than the
§tart|ng ol efinic feedstock. By fVHEﬁsﬂgﬁi' i gher al cohols nay be
produced by hydrofornylation of cpmer &5 +0—€12 olefin fractions to
a Cerr] to (Jerr] al dehyde-contai ni ng o;Pnatlon product; which on =
hydr ogenati on and distillation yields the Torrespondi ng al cohol. The crude
_ product of the hydrofornylatlon reactlon wil | contaln catal yst,

organlc solvent and fed to the oxonatlon reactor.'
In DE-A-2244373 and U.S. Patent No. 3957684, there
.are descrxbed methods in which agueous solut1ons of
_ obalt salLs are treated w;th syn gas in the prasence of
'.a substantially immiscxble organic so’vent containing
"cobalt carbonyl and/or hydrocoba;t carbonyl under
- oonditioné ensuring turbulen:'flow; The proferred
f.solvent is n-butanol. | | |
- - In GB~A-2055371 there is described a two-staqe
| o method for recovering cobalt from an oxo product, the
first stage comprlszng contacting the oxo product thh an
agqueous cobalt salt To form a CD[CO(CO) ]?-containing
product which is recycled via a preformer to the oxo
reactor, and completing removal of cobalt in a second
'stage usxng oxygen and an aqueous acid, the aqueous
reaction product bezng used as the- aqueous cobalt ‘salt in
the flrst stage. 7reform1ng may be affected in the '
presence of syn gas and an orqanlc solvent.
| In U.S. Patent No. 4625067 there is dlsclosed &
method of :eﬁoving cobalt values from the crude product
of a cobalt-catalyséd”hydroformylation reaction by
conﬁactinq the crude produot wiﬁh a stream of stfipping'
gas to entrain volatile cobalt compounds, said contacting
obelng performed in the ptasance of water or an aqueous
- acid to dissolve those cobalt-values:not entrained in the
gas un_q.er' the conditions _o'f temperatu;—e_’ and pressure |

- enployed for said contaCting, the aqueous_phase sub-__
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.eﬂﬁﬁhydes al cohol's, unreacted feedstock, syn gas and by- products.

Before further processing of.trfﬁﬁﬁggmﬁﬁmﬁﬁﬁﬁgﬁ;]

§.2-
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'-sequently being separated from the'o;ganic hydroformyla-

_ ion reaction product. The separated cobalt-containinq

aqueous phase is concentrated in a flash unit and the

concentrate recycled either dxrectly to the oxo reactor

or passed to a preformer unit where volatlle cobalt

'ca*bonyls are removed by means of a fiow of gas, prefer-:
: ably syn gas, injected into the product leaving the oxo -
-_reactor'and recycled with unreaoted syn gas 1ndirect1y to

_the reactor.'

In princxple, all cobalt values are removed from the

aquecus treatment phase by the procedures described in

| the abova~mentloned patents and recycled to the oxonatlon

reactor. In practice, however, some cobalt remains in
the aquecus phese and preeents disposal problems.

Further, the aqueous phase is acidic,'uéually containing

" organic contaminants, formic acid, and possibly formates,

and disposal of such aqueous material presents probliems

~whether or not it contains .cobalt values.

Additionally, when the olefln being hvdroformylated
is of lower molecular welght more especially from c to'

c any saturated, and therefore unreactlve, hydrocarbons

sf
contalned in the feedstock as xmpurlty have a suffzclent

'sxmllarzty in volatility to be entrained together with

the volatile cobalt carbonyls recycled to the hydro-
formylatxon reactor. The same is true of any less.
reactive lower molecular weight olefznxc specxes,

especially C to g materials, and hence, as reaction
5 8
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i (2479 necessary to renove the catalyst there- from- One .
- .t is, cobalt in any one

nmet hod of renoving cobalt va
bl e oxidation states 1nggchA§ product is to treat
with an al kali or acid masﬁanedﬁ i que~t however, this uses

expensive raw materials and, noredwe “Ts difficult to renove

essential ly.

all traces of cobalt fronl'TﬁE“resultlng water wash streams

before-those may be.dis- charged into mater cour ses. Anot her such

_ conventlonal

proceeds, the concentratlon of unreactlve species in the
feedstock builds up to unacceptable proportions. |

In general, in the above descrxbed procedures and

s

~ in many others, strippihg is carrxed out as an integrated

part of the oxonation, in the prosence of”a reaccant
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

pfovided_a cobalt value recovery process with no inherent

aqueous effluent stream and in which any intermittent or |

optional agqueous effluént may be substantialiy free from

In a second_éspect of the invention, there.is
provided an oxonation.process in which cobalt oatalyst
regeneration may be carrxed out largely independently of
the main oxonation process.

In an advantageous embodimenc of the'seoond'aspect,

catalyst regeneration is carried out in the absence both.

of olefinic feedstock to the oxonation process and of the

oxonatlon product.
" In a third aspect, there is provided a cobalt-
catalysed oxonation process in which the_regeheration of

catalyst is effected using only:reactants that may be,

‘and praferably ate,'used'in the oxonaticn process itself.

‘The present invention provides a method for recover-~
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ne;hadflnvérves the oxidation of the cobalt catalytic species followed by

extraction as a salt in aqueous _solution. U S. Patent No. 3725534
zdescribes a nmethod for recovery| GHISCSHERT HASBE®S |f r om crude oxo product in

“which the | i qui d oxo. product contai ni REPEACED ant i Iy all. the cobalt ' :
val ues in the formof dissolved cobalt_~gompounds—is mxed with an aqueous

-aci d,

the cobalt materials being converted to water-soluble salts of t he

ing - cobalt values from. a lquld orqanic phase containlng
them, the method comprising contacting the organic phase
with an agusous phasge hayinq'a.pﬂ of at most 7 that is
substantially immiscibie with the liquie ergah#c ﬁhase-
and capable of extfactlnq cobalt values.from.the.organie
phase, and separatinq the.resulting cobalt-coﬁtaiﬁing '
aqueous phase and cobalt-depleted organic phase,

contac 1ng the separated cobalt-contalnlng agueous

l nhase with syn gas and an organlc solvent fox dxcobalt

carbenyl and hydrocobalt carbonyl, the,organxc solvent
being substantially imﬁiscible with the cobalt-cbntaininé
aqueous_pnase, and-reeovering frém-the aqueoes.phase and
the organic phase so obtaiﬁed'voietile cobalt cbmpouhds,
separating the resultingferganie'and agueous phases,
and returning the reeulting-orqanic phaee to form the
said ordanie sdlvent, | | | |
' and returning the resulting aqueoﬁs phase to form
the said aqueous phaee-havinq_a_pa'of at most 7. _ _
(For the'sake_ofﬂclafity, Orgenie phases that are in
liguid form are referred te.througheut the specification
as "liquid organic phases". It will be appreciated that
the aqueous phases referred to herein are ell in the |
llquld phase.) | | '_ |
The liguid organic phase conta;n;nq cobalt values
may be the crude product of a cobalt-catalysed oxo

reaction, and will be referred to as such for szmp]:c:t.y

in the followlng descrxptxon.
This Sheet Has Been Replaced .

i




~U1S5-0%54

e 14:36 XON CHEM  ~ EATE - - ~ea _
hcizee/ % t er* T has Heen o AEF 0P I pr Giot or "t 6r  exanpl e, an alkal i

or alkaline earth metal salt of a weak acid, the separated aqueous phase

is introduced into a preforner ¢
a noble netal catalyst.
with a strong mneral acid, toc

exanpl e,

'Iglsﬁ Hc’;\smm*lo mng catal yst, for .
RESiACEDL iS then treated, preferably
€X cobalt carbonyl conpounds

to vol atil e hydrocobalt carbonyl, ~Which 1s stripped out of the:acidified
effluent by an inert gas or syn gas absorbed in an : _

The contact between the c:ude 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

”"demgtAILing" step, is carriad out in the presence of

'air,'i: is preferred te_concentrate'the separated cdbal;-

‘containing aguecus phase before contacting it with syn

gas and organic solveﬁt, yielding a concentrate and a
substantially cobalt-free aqueous phase. (Preferred

concentration procedures are described in more detail

below) .

- Advantageously, the eobélt-depleted organic phase
fesulting from contact bf the organic phase containing
cobalt values end the agueous phase of pH at most 7 is
washed with a substantially cobalt-free agueous phase
_and; if it is cr'compriSes an oxonation product, may
preferably be fed to a hydragenation reactor.  The
substantially cobalt—free agueous phase used tor this
purpose is advantageously the substantially cobalt—free
product of concentrating the separated cobqlt;con;eininq
aqueous phase. ' _ | |

If demetalling is carried out in the presence of

air, initial contact of the cobalt—conta1n1ng agueous

' phase, preferably after concentration, with sYn gas and

 organic solvent preferably takes place in a.pfeformér

reactor, to be described in more detail below, and

recovery of the resultzng volatxle cobalt compounds from

‘the aqueous phase is advantageously effected by passan
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gagm&aéolvent and fed to the oxonation reactor. I'n DE- A-2244373 and -
. S. Patent No. 3957684 there ar }ﬂSSHEE 5 | n whi ch aqueous
olutlons of - EPLACED 7 o

..a_-

the reaotion-mixture from the preformer to a stripping
- zone into which additlonal stripping gas, advantageously
| gyn gas, is fed, the volatile cabalt compounds being
~ taken off as.overhead_with_the liquxd organxc and aqueous
ohases.recovered as pottoms product for subseQuent'
: separation. |
- If axrless demetallxng is employeq, tne preferred
procedure differs slightly. - In this case the cobalt-
‘ _ | .containinq aqoeoﬁs phase 'is pr’eferabiy not. ooncentrated.
o ‘before its first-contact'with'the'organio solvent but
xnstead is passed first to a sarlpplng zone, into which a
composition including organic solvent is also beinq
passed, as well as stripplng gas, advantageously Eyn gas.
. As before, volatlle cobalt compounds are taken off as
-oVerhead from the strxpper and llquxd organic and agueous
phasss,_now substantially depleted of volatile cobalt
compounds, recovered aS‘bottoms for separation, the |
resultinq separated organio'phase then beinq.rec§c1ed'to
form the organic.solveht, -

Atter separation of aqueous and organxc phases, the
aqueous phase is advantageously dxvxded a part
‘advantageously beinq concentrated, ‘and another part used
as the source of the aqueous phase having a‘pH of at most
7 for the denetalling steo' - Atter concentrat;on, 1f
enployed the cobalt-containing aqueous phase is passed
to a preform.nq reactor, together wi!.h syn gas and |

organic solvent from the separator, the resulting
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ob@lzﬁ'ﬁ?al ts1 a?e treated L'VTAEIt h g?/EErgasFRmT[ﬁé“bresence of a substantially
mm sci bl e organi ¢ sol vent contain Reis fiacaebonyl and/ or hydrocobalt
! arbonyl under conditions ensurin turQ@ ‘R¢56|Owl - The preferred
ol vent . i s n-butanol. In GB- t—there 15 described a two- st age
et hod for recovering cobalt froman oxo product, the first stage

conprising.contacting the oxo product vaI? @n aqueous cobalt salt to form.
- a Co[Cb(CI»[err]][err] cont ai ni ng . ' ' ' o

proeduct forming the~cempoeiéioﬁ passed to the stripping

zone. | o |

The aquebus phase centacted with the crude oxo
.predﬁct for deﬁetalling may.be water er en'aqueoue aeid;
which may already contain cobalt salts. Cobalt in the
crude_oxo product is taken up in the form of salts ;n_the
aqueous phase. ' | .. | . |

In the case whers the aqueous phase is uater (rather

:!." 'than agueous acid), then cobalt may be transformed into |
'CQ[CO(CO)4]2 but, becausejef the presence of formic
acid, pfoduced in the oxe reection'aﬁd present in the
oxo ptoduet, in the presence of air all cobalt present
will be transformed lnto cobalt formate.

In the absence of air, but in the presence of Co2*,
hydfocobelt_carbonyl will be traﬁsformed into
Co[éo(c0)4]2. Because of the presence of formlc acid, al
propcrtion of the CO[Co(COj4]2 is transfo*med into cobalt'
formate or hydrocobalt carbonyl.

Preferably, however, rather than water, both in the
presence or absence of air, a solution of a lzght organzc
acid is used as the aqueous ‘phase in demetalllng, for
‘example, an acetic or formic acid_se;ution, It‘is

' especially preferred that the aqueoaS'phase'should

'-coﬁprise dildte formic.acid, for exaﬁple,'et concentra-
tions of from 1 to 5, especialiy from 1 tolz wt s,
'Preferably, the water or aqueou; acid is used in an

amount of from 5 to ZO-wt{ % based on the amount of crude
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rq&ﬁﬂeﬁmlch Is recycled via a pre?orner to the oxo reactor, and

conpl'eting renoval of cobalt in a ng oxygen and an aqueous
cid, the aqueous reaction produ¢tTHSHEETIHAS BEENt he aqueous cobalt salt
in the first stage. = Preforning{may DREPEACERted ih the presence of syn

gas and an organi c sol vent. : In U.S. Patent No. 4625067 there is .
di sclosed a method of renoving cobalt «walQes fromthe crude product of a
'cobalt catalysed hydrofornylatlon reactlon by - :

product. It ie particularly preferred to use aqﬁeous _
| forqic acid as the aquaous phése required to be present.
in the demetailing'étep,'as formic acid.is one of the
orgaﬁic compdu;ds p:odudéd_in'the hydroformylat;on_
‘reaction and its associatéd secondafy reactions to which
this invention primarily-ralatee. | ”
: The ccntact:between_the.ccbalt-containing aqueous
phase, syn gas, and organic solvent to form cobalt '
“' carbonyls may ﬁe garried Qu{:'in the preformer in ﬁhe
presence or absence.qf a.shitable cataiyst.

If a catalyst-is'present, it is advantageously a
hbble metal;'eSpeciélly éold, platinunm or,_preferably,
palladium,-either-in the form or'a slurry or, prefer-
ablﬁ, in a fixed bed. ihdvantageOusly, the active
catalyst is embedded on a solid support, e.q., carbon or
aluming_. A '1 to 2% pqlladihm-carbon fixed bed cataiyst
is preferred. | B | '

If no catalyst is present, the preformer is
preferably one desiqned to maximxze contact between the
two l;quid phases andathe,gas. As an example of a
'suitable preformer, theré may be mentianéd a tubular
reactor having a high length: diameter ratio, for
exanﬁle from 100 to 100 000, advantagecusly ffom 1000 to
100 000, under conditions that result in at least
partially turbulent flow, advantaqeously with a Reynolds
‘Number much higher than 1600, and p;eferably above 3000,

°ptiona11y, but advantageously, at least one. of the

T‘ms Sheet Has Been R lace
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: 9ﬁm]the crude product with a streamof stripping gas to entrain
vOI%tlle cobalt conmpounds, said

bl

‘gas under the conditions lof-te pressure enployed for -
said contacting, the aqueous phase sub : : : -

11 -

phases contains cobalt carbonyl and/or hydrocobalt.

cerbonyl as initiator, thereby mlnzmxzing or avoiding an

'1nductxon period for reaction.

As indicated above, the volatzle cobalt carbonyls

are advantageously recovered from the aqueous phase and

‘the organic lxquzd phase in a strippinq step in which ‘the

said phases are contacted with a. strlppxng gas, the

'volatlle cobalt compounds being entraxned xn the

stripping gas.
As the'etripping gaslin the strippinq'step there is

preferably'used'syn gas, the particular prdportions ef

: the carbon monoxide and hydrogen 1n the syn gas ‘being

adjusted to suit the reactxon system. The stripping gas
may, in prxnc1ple, be any gas that does het react-in_anf'
undesired manner with the cobalt compounds to be

entra;ned therein, for example, nxtrogen or a lxght

'saturated hydrocarbon such as propane or butane, but syn

gas is preferred.

AdvantaéeouSly'the voelume ratio of stripping gas to

liguid phases at the applied conditions is from 20:1 to

’250¥i preferably from 50:1 to 125:1. Higher ratios may

 be used with good effect but high ratios may be detri-

mental economicelly, .The_lzmiting_lower value of the

- ratio, it will ba appreciated, will be reached when there

is insufficient stripping gas flow to'achieVe the desired.
dagree of cobalt volatiles removal. Similarly any £low

rate of stripping gas may be used, provided that it is

This.Sheet Has Been Replaced
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~ 4-55-957 sequently being separated fromthe organic hydrofornyla-- tion
reacti on product. The separated cobal t-containing aqueous phase is :
goncentrated in a flash unit, and the concentrate recycled either directly
to the oxo reactor or passed to a preformer unit where vol a FMﬂSSHbETFASBEEN

{carbonyls are renoved by neans of a:flqwigf;gas,'prefer-

REPLACED

sufficieﬁt'to give the désiredfentrainment of cobalt
volgtiles. The liquid (organic and,aqueous) phasés afe_
_prEEerably well dispersed to giQe gcod-dontact between
the iiquids."it is'prgferred, too, that_the st;ipper_
unit in which the stripping step is.performed should
'include ihart solid surfaces,'for.example,-trays or
packinq material, to facilitate contact between the
.11quid and gas phases. |
The volatile cobalt compounds recovered by the
process of the invention are advant#qedusly utiliied in
the oxonation reaction. . Preferably, the stripping gas
.contaxning the volatlle compcunds is contacted with
plefxn being fed to nhe oxo reactor, the stripping gaé
advantaqéously being passed in countercﬁrrenﬁ to the
.61efihié Teed. The volatile cobalL compounds entrained
in the strzpplng gas dissolve in the olefinic feed and
are thus returned to the oxo reactioéon zone. The strlpp—'
ing gas may then either be purged or recycied. It will
'be-app:eciated therefore that synfgaé is the preferréd
' stripping gas bacause its SubseqUent'recyéle contact with
‘the olefinic feedstock, or use in the preformer or

. stfipper; will not cause ﬁhe introduction of undesirable
'ﬁaterials'into thé“oxo_reactor, Undér_theiconditions
emplo?ed, substan#ially éil_VOlatile cobalt compounds
will be entrained by the stripﬁing gas and ndne_retained
in thglbottoms.ptoduct.' fsimi;arly,'substantially no

water or organic solvent will be carried over by the

. This Sheet I-ns Been Replaced

Hillll'ﬂllll

110




EASGhe C=EM - paTENTS F3 NQ. 724 F32..234

¥.ﬁ¢h gas |nJected into the producf IeaV|ng t he oxo reactor and

ecycled with unreacted syn gas indirectly to the reactor.

Principle, all cobalt values are renoved fromthe aqueous §f$ ““ﬁQQ
by the‘procedures described in the above-nenti oned patents] an %%BEBN
tthe oxonation reactor. In practice, -however, sone cobalt r Chhe

aqueous phase and presents dlsposal prdbl¥§nf . Further, the aqueous phase

is. aC|d|c

usual Iy contai ni ng

~ stripping gae {(syn ges) and-introduced inte thejolefinic
'feeq:- If necessary the_coealt-centaining stripping gas
‘may be cooled prior to contact with the olefinic'ﬁeed,
“and condensed water refluxed into the stripéer,.or fed to

the preformer as a source of volatile cobalt as -

-_initiator.

“As Lndlcated abQVe, the aqueous phase contaxnan

- cobalt values is advantageously concentrated, and is

preferably-concentrated to an extent such that the cobalt
level is at or near satufation. The agueous concentrate
advantaqeously contazns the maximum poss;ble amount of
cobalt in solution for-the partxcular operatlng-eempera-
ture end for the éarticular cobalt salt employed.' I1f, as
is preferred, formic aeid has been employed in the |
_denetellinq'Step,'the agueous phese is preferably con-
_centrated to give a cobalt concentratxon of from O. .5 to 2
wt %, based on the total concentrate, expressed as
elementary cobalt, before it is fea to the preformer,
Advantageeusly, the'concentfation of free formic ecid in
the concentrate_is_frem 2 to 8 wt % based on the total
concentrate. | | N |
To ensure as far as posSible the absence of volatile .

cobalt compognde'from the equeous phase sent for con-
centret;on;lespeeially when_this is effected by_ |
evaporation as is pfeﬁe:red; ﬁhe agueous phase is

contacted with oxygen, conveniently in the form of air.

If demetalling is carried out in the presence of air,

This Sheet Has Been Rep]aced .‘
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~Rower nolecul ar weight, nore especially fromCs to Clerr], &
and therefore unreactive, "hydrocarbons_ ggntained in the fe-- ok
A'mpurity have a sufficient simlarity in volatlllty to be’ entralned
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r g&f°c cont ami nant s, formc acid, and possibly formates, and disposal . of
uch aqueous naterlal presents problens whet her or not - it

ont ai ns cobalt
Addi tional ly, when the olefin being hydrofor Tha) e

together with the volatlle cobalt carbonyls recycled to the hydro-_,'

this step ig normally surficxent to oxzdlze the volat;le
cobalt compounds to ncn~v°1atile cobalt speczes. If,
however,_alrless demetalling is employed, then a separate
oxidation step, fcr example injectinq air into the
aqueous. phase, may desirably be employed before'con-
centrat;on._ | |

~ The conuentrate may be produced by flashing the

aguaous phaee in an evaporator or by uslng any other

.conVenLent means. for example, a membrane, to YIEld the_

concentrate, for example, a cobalt formate/formlc acid

'-aqueous solution, and an equeous effluent which is

substantially free from cobalt provided all volatile
cobalt'compohnde have previously.been oxidized;_ This
agueous effliuent may, as'indicated above, accordingly be
recycled for use in removing any traces of cobalt from |
the oxo product after the demetalllng step, ror example

in a wash tower as descrlbed in U.S. Patent No. 4625067.

Preferably, the water stream fed to the wash tower is

' exclusively agueous 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 aguaous erfluent from the evaporator that is

fed to the wash tower.'In thet'manner, water from the

_evaporator may be retained within a substantially closed

cycle, it beiné possibie substantially to avoid the need

-to_purge water from the evaporataor. If'it'is necessary;'

for example, in order to remove undesired impurities,

I‘hxs Sheet Has Been Rep laced
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oﬂﬁV1at|on react or. The sane is true of any less reactive |ower
nol ecul ar wei ght olefinic speC|es ~ espeC|aIIy C5 to C8 np

and
keénce, as. reactlon '

- 15 =

_i some aqueous effluent ffom the e#aporator may be.puréed'
froo the systém. |
. As already mentioned it is pteferred to use as the
oqueoué phase éontocted Qith the crudeloxo product an
 aqueouB formic acld solution, although other acxds, for
example acetic aoid, may be used. For ease of

. explanation, it i=s assumed in the follow1nq dxscusslon of
the preformlnq step that formio acid is used. -

"' . . The cobalt values contaxned in the agueous phase

will be primarily in the form of cobalt formate, which,.
~in the preformer,.ih;theﬁpreéende'of syn:gas is
converted to co[CQ(C0)4];'in_aocordonce with the

following reaction:

13Co(COOH), + 3M, + 8CO —> co[cd(00)4]2 + GHCOOH

Hydrocobalt carbonyl is liberated from the
Co(Co(CO),1, by the followinq.reaotion, formation ofzthe
hydrocobalt carbonyl beiné enhanoed by the presencé of
tree formic acid, Which.ié produced as a by-product in
" the hydroformylétion'proceés'as well-as in the_coovérsion
of cobait formate t07CD[CO(CO)4j2, and will'normally be -

'present in the agueous phase:

ColCo(CO) 1, + 2Hcoou | > znoo(c0}4 + CO(COOH),

Hydrocobalt carbonyl is relatively insoluble in
water (maximum solubility at 20°C 3000 ppm, expressed as

elemental cobalt). = It is believed ﬁhat as the con-

This Sheet Has Been Replaced
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_rc@eeds the concentration of unreactive species in the feedstock builds

p to unacceptable -praoportions. In genera[ in the above described

rocedures and in nany others, stripping is carried out asj at-egrated

art of tﬁ@sﬁkﬁﬁa% Replagedt he presence of a reactant or re ?W%ﬁ” TOH&EIBEEN

f the pro es in procedure for recovery of t LAGED ues
ave an , Y. reqU|re chané rn, the nanufacturing process

|tself mhlc |s undesi rabl e.

,centration of the hydfocobalt.cérbcnyl in the agueous
phase 5P9r§adhes a concentration correspcndiﬁg to the
said maximum solubility, the carbonyl separates from the
agqueous phase a;d is extracted into the organic_liqﬂiq
phase, Sonme of the hydrocobalt ccrbonYl becomes |
entrained in the syn qas.' Further'hydrocobalt carbonyl
may be transformed into dicobalt octacarbonYi,.which.is'
extracted into the orqanlc liguid phase.
| The organic solvent may be any organlc solvent that
is substant;ally immiscible with the aqueous phase with
'which it comes into contact; The solvent maj, for -
example, be an olefln, decobalted crude oxo product
‘(that is, the product obtained after treatment of crude
‘ox0 pfodﬁCt to_:emoﬁe catalytic residues but before |
hydrogenation or distillation of the orgaﬁic materiali,
hydrogenated oxo product, an o#o alcohol or alcchols, or
a light or heavy oxo fraction. The solvent should |
'geﬁerally be one that is 11qu1d under the condxtlons
'prevazling in the preformer and the strlppet.
‘ Lower molecular welght,_ especially Cg to Cij3,
alcohpls that are subStantiaily immiscible with the
agueous phase under the reaction conditioﬁs'are
'especially'suitable.as cfcanic solvents. . The preferred
alcohols are saturated.éliphctic monohydtic alcohois, for
example a hexanol, heptaﬁol or octanol Convensently |
" the alcohol used is an oo process alccho] and oxo

process heptanol is especxal;y preferred.
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"oné’ aspect of the present invention, there is provided_a cobalt value
overy process With no inherent aqueous effluent st r ean sl shBE T 8
ermittent or optional aqueous effluent may be substan |a||sz[“
alt. In a second aspect of the invention, there Is | —d&d
.oxpnati on process i n which cobalt catalyst17regenerat|on may be carrled out
| akgely independently of the mai n. oxonatlon process. :

Aé indicéted above, however, if is a feature 6f'€he
1nv?ntion that the catalyst regeneration is c@rriéd out.
in'iarqe part'independently of the oxo proCéss itself,'
and that the organic solvent and hence the llquld organic
phase containing cobalt values may ig des;red be, and
preferably are, maintained out of contact wxph-both the
olefin feed td the:oxonaﬁiOn reactor and the oxo product._.
Acccrdiﬁgly, the organiczsolvent may be chosen soleiy.oh

‘I-' _ the basis of its suitabiliéy for.use in facilitating
recovery_of'the cobalt from the aqueoﬁs_phase since
considerations of cOmpatibi}if& of the SOivent with the
oclefin feed, as in U;S;.éatent 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 cataiyst recovery
baing performed in."outboard".uﬁits, leads to further
Qery importantladvancages. The first of these is that a
single caﬁalyét_racove:y s?stgh, employing, for example,
a common evaporator,_prefotﬁer,'and stripper, may be used
fbr two or more bxpnation_trains operéting on differént
starting materials_and/or producihg différenﬁ'oxo. “

'prodhéts.'.This_reSults"in'lowerfinvestmént.costs.
| Secondly, the'remQVal_of_tha catalyét residues from
the crude oxo produét does'NOt_in061ve a stripbing step;
Accordingly, the associated prdblem of build up of
'unreactiVe spec;es in the olefxn feed does not arise when
lighter grades of o]aflns are bexng oxonated the

strzpplng stage of the method accordznq to the lnventlon

ot Has Been Replaced
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ant%@ﬁ%us X |n%nt d?-PRe séghhamﬁkpecpo- cat al yst r%generatlon
) r|ed out in the_absenee both of olefinic feedstock to the oxonatlon

W ocess and_ of the X0 as an pr oduct . - I'n a third aspect—there—is
‘Fovided a $2d oxonation process in which.t 'nﬁﬁﬁgﬁéTﬁﬁﬁdﬁﬁN '
cat al yst MH ing only reactants that nmay be, &F“@Fablv :
e, used in process itselfig - The present i nventi-on

pyovi des a nmethod for recover-

| beinglcarried duﬁ in the ébsenca:of.both feedstock to,
| and.Fhe product.of; the oxonation reactioh; | |
The ratio Pf-the.aolveﬁt chpsen to form the organic
liquid phase to-aéueods phase in the preforminq.step is
advantageously'f:dn 0,2:1 to 5:1 by Qoluﬁe and may,.for.'
exanmple, bé.lzl by volune, The amount of syn gas is"
preférably'so saelected that béth hydrogen and cé:bon
monoxide are present 15,5 stoichiometric excess of at
-9 least 20% over the total cobalt in the preformer feedg'
| The molar ratio of h?droéen to carbon monoxide may be
from 0.5:1 to 2:1, | - | |
If catalytic prgforﬁinq is employed, the agueous
phase is aanntageouély coﬁbined with the organicnso;vent
before entefing the preforﬁer, and the conbined aquequs.'
and organic'liquid phgses.obt&ined are passed to.a Ewo-
ligquid-phase plug flow re&cﬁot having one or more fi#ed
beds of Pd/C, to which gyn gas is also fed. The reactof
comprises means, é«gQ, a'distributipn piaté; for - |
effecting mixing of the two liguid phases and the gas
phase so that the twe liéuid phases'aré well dispérsed
and the interface between'thé liquid phases and the'qas
rphase is suffxc;ently 1arqe that the mass transfar of
material between the lxqu;d phases and the gas phase is
not l;mlted by the slza of the said interface. = The
reactor also comprises means for effectlng qcod.catalyst
_wettxng by both the lzquid phases and the gasequs phases,

this may be ach;eved by Gmployxngﬂa reactor with a hxgh
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_ngftobal t values froma l.iquid organi ¢ phase containing them the
met od’bonpr|3|ng contacting the organlc phase wth an aqueous_phase

havng a pH of at nost- 7 that is

THIS SHEET fpg EEN
REPLA

- 10 -

ey}
o
o .

iength:diameter ratie se as to eehieve, advantegeeusly, a
tot{l'liquid throughput,'i;e., combined equeoes and
organic phases, of at least 4.1 kgjmzfe. The temperature
in the reaeterfie preferably from S0 to 175°c; more |
praferably from 120 to 140°C.  The pressure in the
_reacter may be from 16 te'ao MPa, and is preferably fromu.
25 to 30 MPa, | | - |

1f a catalyst, e. g.,'2%-PdVOn'carbon is empleYed, a
residence time of 0. 2 to 1.0, preferably o 4 to 0.8, hr
is advantageously enployed. '

N Alternatively, and praferably, the reaqtibn is
carried out in the absenee of a catalyst iﬁ a tubular
'reaeter with a very high.length: diameter ratio with
turbulence, as mentioned.anVe. The :eactiOn_is
advantageously assisted to'coﬁmanee by“incorporatinq en 
initiator in one or both'of the'liquid phasee, either
'HCO[C0)4 or COz(CO)g in the organic phase or Co[Co(CO0)41,
in the agueous phase, at a concentratlon of up to 3000 '
- Wppm, advantageouely from 1000 to 3000 wppm, measured as
cobalt. | | -

In the tubuiar reactcr Qithout catalyst, reacﬁion
pressures as given above thh reference to catalysed
- preforming are approprlate. . Advantageously, the
reaction is carrzed out at a temperature within the range
of 50 to 200° and preferably from 120 to 175°c. In a
-preferred method of prefcrmzng. a first stage is carried

out at a higher temperature, for example 150 to 175°c

This Sheet Has Been Replaced
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suaﬁilally i mm scible with the liquid organic phase and capable of
racting cobalt values fromthe organic phase, and separating the
ul ting cobalt-containing aqueous phase and cobalt-deple 1 .
se, . contacting the separated cobal t-containing aqyeous o HSRASBERN
syh gas and an organi ¢ solvent for di coba@Q - carbonyl and h CED
carbonyl, the organic solvent being substantially immiscible with the

cobal t - contalnlng agueous phase, and recovering fron1the'aqueous phase and

~and a second stage is carrieq out at a Lower temperature,

for example from 20 to 120°C, preferably from so to'
110°C., By this reductzon in temperature, wh;le -

'_ maintaining a high pressure, more cobalt carbonyl is
ﬁrénsfertéd to the organi@ipbdse,_#llowinq furthef
reaction to. take place_in the aqueous phaéé;

' I: a tubular reactoi, i;e;, one proyiding'a high'lzd
‘ratio is employed, residehce”fiha may be considerabl
ﬁl" shortér than if catalytic preforming is carriéd out. If
this procedure is adopted, the total residence time is
- advantagequsly'from 2 to 16 minutes, includinq.both'
'ﬁirst-and second stages if both are,employed.. The toca1 
residencé_time in'tﬁé'fixst, or the sole, high' |
témperature stage is'Advahtagepust from 90 secénds to 5
minutes, preferably from 2 to 5 minutes. If the second
low temperature stage is employed the residence time is
.advéntageopaly from 30 seconds to 5 minutes.
Because the prefetred-prefotminq cycle described
~above allows essentially §1l 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_m&y be substahtially
avoided. Thus, tne methqd_of the invention énabies |

| envirohmentally clean cobalt recovery to be attaineg.

Further, because the ihvention'provides.an internal

c]osed loap for any cobalt formate in the agueous phase

that remaxns unreacted in the preformer, 1L .is not

Thls Sheet Has Been Rep! laccd
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eQﬁ?ganlc phase so obtained volatile cobalt conpounds, ' separating
he resul ting organi c and aqueous phases, = and returning thg~&e uItlng
@rganic phase to formthe said organic solvent, - and
resulting'aqueous phase to form the said aqueous phase having aRQ
nost 7. (For the sake of clarity, 2arganic phases that are L e

.fornlare referred to throughout the specification as "liquid organic
phases". It will be appreC|ated t hat o o

1mportan“ for complete preforming conversion to be _

obtained._ Cobalt values that have not been preformed

(that is, converted to cooalt in an active form) are
' retained in the’ aqueous phase and recycled.

Also, the process may be operated thhout the

addltzon of chemical reactants other than the reactants
 for use in the oxXo process, because formic acid, vhich
| promotes the conversion of Co[Co(CO)4]2'to h?d:oCobalt
u_ corbonYI,' is pfoduéed in ﬁhe oxo r_ealction'_.' "I‘h_us, after
| an initial introduction'of formic acid, it is possible to
1 make the syétem substantgally cloééd with regard to |
. formic acid. . -

Using a tubular'reactor as preformer, an overall
cobalt tecovery of about 50 % based on the cobait
entering the preformer, may be achieved, with

-fapproximately 70 %, or up to 85 %_including an
equilibration stép. of cobalt values being converted in
the pfeformer.to velatile cobalt corbonyls and about 70 %
of that preformed cobalt belng taken up by the strzppxqg '
gas 1n the strzpping step

Any cobalt loss may be made up by 1ntroducan

* . cobalt, for example, in the form of cobalt soap, 1n£o the
ofeformer with the organiec phése or in thé form of an
organic cobalt salt, fof example, oobalt fofmate, in
'aqueous solution. | | |

Two metheds of cobalt recovery in accordance with

the invention will now be descr;bed_xn qreater_detail by

‘This Sheet Has Been R eplaced
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' hezéé ueous ha to herein are-all in the liquid phase.)

he Iiquid or anlc. de product

e,&antai ning cobal t- val ues may be the e

f a coba.l'ﬂu ' feaction, and will be referred to
|npl|c|ty q ng descrlptlon
. -~ 22 -

way °f_éxamplejdnly with reference to the accempenyinq
._diaw}ngs of which: o h | '
Figure 1 is a flow diagram of a hydrofarmyla;iqﬁ

._reaction system in which.demetalling of the brpducé is
carried out in the preeeqcejef air, end
| FPigure 2 is e'flow'diegram of a hydroformylation
reaction system in which the demetalling is carried out

| in the absence of air. | “
-d "~ 'Referring to Figure 1, a first feed olefin is

delivered via a lxne 1 to a first oxo reactor 5, to which

is also de;lvered syn 93% via a line 3. Hydroformylation
takes place within the_reactor, and a crude product
'containing aldehydee, alcohois; cobait'céﬁaiYSt compounds
-and by-prodgcts islcarried via a'line 7 to a demetailizer
unit 9, air being introduced through a line 10 and an

' equeoue Qashing ﬁhase through elline 11. The aqueous
washing phase is a diiute'formic acid solution. In the
unit.a_the aqueous and o?qanic phases are separated, the o
agueous phasa, which chtSihs the major proportien of the
cobait,.being fed by a;line 13 toc an evaporatot 23, |
while £he organic phase is 1ed by a line 15 te a wash
‘tower 17. In the tower 17, the organic phaée'islwashed
with cobalt-free water delivered'bf a line.19,_and'the _
now sﬁbstantially cobalt-free ofganic‘phaee is fed by a

line 21 to a hydrogenat;on unit, ndt shown. The reactor
§, the unit 9, and the tower 17 and associated lines form

_ a_fifst oxopation train.
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Pl The contact between the crude oxo product and the aqueous

.p se may be—ecarried-out—iTmthe presence or the absence of air. If this

- Stp i.n the qﬁggﬂgﬂﬁ&bgmgqggﬂptalIlng step, is carried out |mHg

BEEN

ofy air, concentrate the separated cobalt- CORER!
pene e RN -

ing it with s%&

The cobé;t-conﬁaininé Qash water'from'the tqwér 17
is fed by the line 13 to the evaporator é3 together with
the. aqueous phase from the unit 9. Also shown in'FiQure
1, and indicated generally by the reference numerals 25
and 35, are second and third onnatlon ‘trains, 1n which

generally similar procedures are carried out as in ths

above-described first oxonation train but, it desi:ed, on

_ 'diffeﬁent olefin feeds'ar under different'operating
- u __cond1t10ns to yield different products. |
| The cobalt-contain;nq aquecus phasa 15 concentrated
in the_evaporator 23, the distillate water being fad by_
the line 19 to thé'Waéh ébwefs of thé'three oxonation
_tfains. The_cobait concentrate is fed by a line 27 to a
 preformer unit 29, into'which.is'also fed'éyn gas through
Ia line 31 and an organic solvenﬁ through'a.;ine 33, the
érqanic solvent being substantially immiscib1e with'water
" and a good solvent fdr'dicobalt octacarbonyiland |
| hydrodobalt éarbonYl. ‘The liguids being fed to the
| pfeformer'unit 29-acco:dingly are an aqﬁaous phase
cohtaiﬁing formic acid and cobalt formate, and an
organic phasé_cdntaininq,'for example, a Cg to Cy3
_aicohol also conﬁaining”formic ac?d and fotmate esters._
~In the prefo:mér, which.may be cata;yst—free or may
contain a catalyst, e;g., pall&dium on charcoal, the
cobalt is converted to dicobalt octacarbonyl and
hydro¢ob§1t carboﬁyi. .fhe reaction product from the

preformer 29 is fed by a line 37 to a stripper 39, to
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gv%nd organi ¢ solvent, yielding a concentrate and a substantially

balt-free aqueous phase (Preferred concentration procedures are

qescribed in nore detail bel ow). ~Advant ageously, the
rgani c. phase resulting from contact of the organi c phase comtas QERE

obal't values and.the aqueous phase af pH at nDst 7 s washgd vmtéi

substantially cobal t-free aqueous phase and, if i's or conprrse

- oxonati on product ‘may . :

obal t - depl et ed

which is also fed Syn gas by a line 41,:the éyn ges_
entraining tbe volatile cobalt'cafbonyls béing taken off
OVerheed and.ledpbY'a line 43 tO'eaCh'of'three abgdrber
units 45, 55 ané'ﬁs, where it meets the feéd'olefin to
the.respactive exonation.train. ' The bottoms product from
'tne stripper 39 zs fed by a line 47 to a separator 49.
The aqueous phase, whzch has now had a substantial
proportion qf_coba;t remeved and comprisespa dilute
formic acidlsolutioh, is fed from the separator 49 by the
line 11 to the'demetaliinq unit 9 or to the eVaporeto:
23, The_ofganic phase, which comprises the Cg to Cjj
Ialcohol-end férmate este;s, is fedlby'the_line 33 to the
preformer 41. |
Referring now to Figrjz, 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;.l.except that the air line to the demetallizér:unit
9 is omitted. The line 13 carrying the agueous phase
conﬁaining cobalt valués:ffom the unit 9 and the wash
tower 17 leads to the stfippef Js.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 advgntageousiy,'a portion of the
’cobalt-containing aguecus phése_fxom line 13 may.be fed
through a line 53 to.the preformer. In this way, ﬁhe
c'oba.llt'. content of the sfreem that is in the 'form of

- hydrocobalt carbonyllassists in initiating'preforming;

This Sheet Has Been Replaced
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prefec%bly be fed to a hydrogenation reactor.
_ -free aqueous phase used for this purpose is advant §Q
Substfantial |y cobalt-free product of concentratlng t he sepa
cobalft- contai ni ng aqueous phase. If denetalling is ®
resence of air, initial contact of the cobalt- contalnlng aqueous™

preferably after concentration,~wWe8sh- syn gas and organic sol vent

cobal

t he
phase,

l-o l? E‘(XC\N : H-—"‘ - f'F!T"i"T:. FURI"p T Ec D -| -'B xg/BSd
The substantlally

preferably t akes place in a preforner

__1'g__m____~;__;_;;@“”

which is ospec1a11y helpful if & non-catalytic preﬂormxng

| step ie used.

The aqueous phase from the eeparator is eplit part

of the formic acxd 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.
'eyaporator is leqd by iine 19 to the Wash_towers. if

" desired, an oxidation'unit (not shown) may be provided to

oxidize any cobalt volatiles remaining in theé agueous

~phase fed to the evaporator through line 51.

In this procedure, in whzch no air is enployed

the demetalling step, Lhe oxo product is demetalled

- using only water, a low molecular weight carboxyllc acid,

and/or a cobalt salt solution of such an acid, binding

‘most of the cobalt catalyst as hydrocobalt carbkonyl,

which, aS'indicated ebove, assists in the preforhing
step, especially if a non-catalytic reactor is used.
Cobalt catalyst is_regenerated by the procedure

according to the invention} and all agqueous phase may be

_ recycl ad, avoiding the need for effluent disposal.

. _ |
In this Example, cetalyst-free batch preforming of

an aqueous cobalt solution was effected in the presence

of a Cy oxo alcohol. he'cobalt was'primarily present as

' formate, but 0.3% by wexght hydrocobalt carbonyl was

present as lnltxator.

The reactor was a’ 4 litre autoclave equipped with a

This Sheet Has Been Replaced
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10 be described in nore detail below, and recovery of the
g volatile cobalt compounds from the aqueous phase is
advant ageously effected by passing - ' '

'-._26 -

thermostatically.ccntrclled heatcr,‘préssurc regulator,
and gas and liquid phase injector lines. Stirring was
carried out by a 6- blade 3000 r.p.m. (max) turbiqe
;mpc;ler in conjunctxcn with removable baffles in the
.vessél. | . |
The aleohol, 820g, containan 3000 ppm cobalt as
hydrocobalt carbonyl, was introduced into the reactor, |
‘the reactor purged with syn gas (mole ratio nz.co of 1:2)
" with stirring é£ Lsdo r;p.m..and the pressuré raised to
_30MPa, and the temperature to 175°c. 1027 g of aqueous -
cobalt formate (pH 3.2; 1.057% Cczf as formate) were
introduced, and the prccresc of the reaction monitcréd

by taking samples from the alcohol and water phasés'and

analysing them for cobalt. The resu;ts are given in

Table ) below.

_—
This Sheet Has Been

T !"I



- gsot buridues o3 w:vxﬁmmuau uotoNpay »

°

C -

= S - . . . ) ’ . ) . . . .

E s 9L "vL | vLZL 1 11°89 - 00°0 _ _ % -'AU0D 50D
£ == eLtrotn o ... .| - oo0°o01 o & ‘soueTeq
= hT o N ; _ : _ _ - : 3[eqod
- gEs) o . _ _ 00 |

O .oc>5a{ S0L1°0 ~ 06LT"0 - TEST 0 0000°0 _ _ 1-00 "I0WD

NT=3T0a e ) : . . :

. o  vooa 8L60°0 668070 £590°0 _ 5602°0 o +2°0 "I0HD
) CuC w0 o o . .

, 2T Ts5 g | soveto VESE'O 058€°0 CLeiett _ ACH R
! o .c Sd @© - . _ . o : : .

Z %m SO eLvE T 9607 " T. - 6882°T . L2121 . 6190°T Is3es UT 0D $3IM
D 65 Bwe_ | 92070 o - - _ | Y (03) 000 TOWD
: 0 oVO O . : o . . | . | |
; 2 cR&c| €00 S ] _ | S 8(00) %00 T0HD
m. ywoew 3 o L : o : . . . ; . . .
§ 00 &7 1 oez0c0 R K . . 8LEO'OD . 8L£0°0 (610) 0 TOWD -
L2 %a.md,n z2o1°0. _ 1 o 8992°0 _ §890£°0 -~ dtuebro
i O Oy = O ®© a : ’ K utr o9 §3IM
. = N0 ] -

! D.m Om o w S . . o : A S ,
o> 8 LEL 6LL = 298 . v06 . LeotT b ‘yxa3em

T O 0 Q o . i .
jleWxcsocy x . . : . : ’ pio
| g — o~ P £v6 £ve EV6 £v6 0z8 b "otuebao
1 () L . o
. |o - L2 . : : . _ :

! f%iga .rm ) . - . .
_ Eemm.m o Mw - Qf : 8 b 0 syetIajen

N w”w“ml » d : _ . puraxess

o sutw ‘SWTy, UOTIORSY J93Ie WNTIGITINDI |

x — = ] . . ) : . .

- |E& m c

nm Omuadl c

°P_ESn = T FTavy

SR =T O >Q

TO w—__«© _

2583, =0 —3 i e

v = O @ ©C — 0 p : . . )




.13 1d:14 EXXOM CHEM - SRTENTS ~ORMAL [ TIES NO. T4 FE3es IS4

b its first contact with the organic sol vent but instead is passed
fir to a stripping zone, into which a conposition including. organic
solvent is also being passed, as well as stripping gas, advan ageously syn
gas. As before, volatile cobalt conpounds are taken off as o 7
the stripper and liquid organic and aquepus ‘phases, now substfant i a
depl eted .of volatile cobalt conpounds, 7% covered as bottons fo
separation, the resulting separated organic phase then being recycled to

The results indicate that, under the conditions
shown, equilibrium conversion (about 70%) of co2* to co~l
is reached after about 6 minutes. | ”

- Ezgajgg],e 2

The procedure of'Example 1 is repeated,'except th#t

e o by e« o

the réactor temperatdré'was LSO’C, and the-initial wt%
“cobalt in the water was ;Q2682.; The results are given in

Table 2.

This Sheet Has Been Replaced
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y 14:14 EXXON CHEM — PATENTS FORMALITIES NG. 7O T )
oduct forming the conposition passed to the stripping zone.

The aq eous phase contacted with the crude oxo product for tattd e
wat ér or an aqueous acid, . o , 9&H§§ﬂtbﬁﬁxs EEN

REPLACED

- 30'7_

The results show that at 150°c it takes longar for
equllxbrzum to be reached but Lhat the equlllbrium
V'converszon ratio is higher.
The ptdcedure:of Egampia 1 is repeated, éxéept.that
- the concentration of hydrocobalt carbonyl'in the alcohol
was 1000 ppm, and the_initia; wéight % cdbalt in the:
water was 1.1018, Thélt'cdnvérsion is given in Tablé's
below. A longer period than in Example 1 is required for
equilibrium conversion to be reached. .

;EﬂalﬂLéll.

Time, Minutes o
o 2 4 6 8 10 15 30

co?* conversion 8 0 8,73 22.26 74.18 77.26 78.19 79.50 80,67

Example 4

Yn this Example, no hydrocobalt carbonyl was
,initiallyipfesént in.fhe-alcohol, and initially, the
reactor temperature was as in Exéﬁple'l} hfter 20
minutes, however, it was réduced to 120°C, fable 4 shows
that in the first 7 minhtés; when no initiator was
present at'start-up, rééction was rglétively slow.
Between 7 and 10 minutes, however, the.reaction'was much
more rapid, being daﬁaiysed by the initiator prbduced by'.
thé feaction. The equilibrium shift produced by the

reduction in temperature after 20 minutes is also shown.

This Sheet Has Been Rep laced
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We absence of air, but in the presence of Co2+, hydr'ocobalt car bonyl -
w .l be transfornmed |nto Co[Co(CO[err]][err]. Because of. the presence

of formc acid, a proportion of the Co[Co(CO[err]][err] is_t -EEﬁ '
into cobalt formate or hydrocobal t carfaonyl . PreferablynﬂE@W@EEHASB %
rather than-water, both in the presence or absence of air, sol uRERH ST ot

I'i ght organic ‘acid is used as the aqueous phase in denetalling, f.or
exanmple, an acetlc or form-c acid solution. It is- :

The batch procedures of Examples 1 to 4 shcw that

with the good contact.between the_phases obtained by high
speed stir:iné equilibriﬁﬁ cdndiﬁions are reached rapidly
.at high teﬁpera%ures and in the érésence of an auto-
initiato: in a liquid'phasé. jHowéVer, a more favourable
'equilibriu# exists at lower temperatufes,
Ih,this Example,'continuous prefo:miné 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 prov:ding a free space’ of
1.04 dl. The reactor was_ma1ntaxned at_175°c through
_external steam heating. The inlet pressure was
maintained at 30 MPa. The réaCtanﬁé were fed intc the

preformer for 3 hours under the conditions indicated in

Table 5.
TABL
‘.~  oxo process heptanol ' ' . 0.58 litre/h
- containing 0.2537 Wt %
Cobalt as HCo[CO],
Syn gas (HZECO 1:2) ' 1.6 ltitres/h
Cobalt water (containing : 0.519 litre/n

o 9476 We % cobalt as formate)

Reslaence Tire . _' ' 2.34 mains

‘Under these conditions, an outlet pressure of 28.5
'MPa was obtained. The pressuras drop of 1.5 MPa ansures
| intensive contact between the phases,

The reactien_mixture'leavinq the preformer was féd

—_;;__ﬁ_____ﬁ;___qe,
et Has Been Replaced
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e ally preferred that the aqueous phase should conprise dilute formc
aci for exanple, at concentra- tions of from1 to 5 especially froml

to 2, w % Preferably, the water or aqueous acid is used in et
from5 to 20 wt. %based on the amount of crude qﬂns%ggﬁigggBEﬁN
- 33 - ' —

_znto a strlpper operated under the conditions shown, and

‘producing a reaction product as shown, in Table 6.

TABLE 6
: Tempgrhture i o . _ 100°C
'Preséure | _ | _,"'  _ S 80 Xpa
?reformer_Organic Phase . ' . '.-0;557 litre/h
-Preformer.Aqueous Phasé ; : ) o . 0,527 litre/h
| Added water (5% acid) ' 0.25 litre/h
- Syn Gas o - | 148 litre/h.
Product, CDbéLE cdntggg, Wts .gm |
Water at bottom, Co®*  0.418 - 8.55
water at bottom, Co~%} ; 0 | 9
organic at bottom © 0.0027 ~ 0.03
Overhé;d:recovery | | ‘ ' a - 10,06
$ per pass conversion ' - . 41.99
Example 6 |

The percentage éonveﬁsion per pass in Example S,
Y ' about 42%, may be 'imprév'ed: by taking advantage of the
'equilibrium.shift that iakés‘place én reducing the
temperature, as in Example 4. In the present Example, é
reactor maintained at 179°c is provided by three stzrred
autoclaves in series, tha autoclaves being as described
-in Exanple 1. By provzdan reactlon conditions of hzgh
stirring rate and long residence time, equilibrium
conditiohs were assured (and thereby a basis of |
'cohparison for E#ample 5 is prbvided,_giviﬁg éonfirmation

that reaction equilibrium at the prevailinq tenmperature

This Sheet Has Been Ré laced
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10 duct. It is particularly preferred to use aqueous formc acid as
the ad@ggeous phase required to-be present in the denetalling step, as
formcYacid is one of the organic conmpounds produced in the
hydrof ormyl ation reaction and its associated secondary reactifo.
this invention primarily relates. - - -~Tyge contact between tfe
cobal t - cont ai ni ng aqueous o '

_and ﬁressure had begn reached in the tubular rgaétor in
~ that Example). | | " | |

E The reaction mixture from ‘the final autoclave was
. passed to the tubular reactcr_which was mgintained at

107°C. The results are'shpﬁn'in Table 7.

TABLE 7
P rm Zone ree st | Autoclav
Pressure _ . | | 30_M§a
w Syn Gas ratio H,:CO - - 2:2
stirring rate o 1500 RPM
IIOrganic'feed raté (isofheptandlj' 0.461 i/h
Cobalt content : | 0.2404 Wty
Aqueoué.feed rate ) B . o 0.425 1/h
_Cobalt content 2 _ S ' 1.0744 wtk
. Residence Time o | o 163 mins
'odtput ~ cobalt content, aqueous phﬁse_ : 0;3475 wts
chvérsion rate : : : _ 70;8%
| Inlet Pressure .' __ o . 30 MPa
outlet Pressure.. S 28 MPa
Resxdence Time . ) . 5 mins
Output - cobalt content, aqueous phase | 0.23B2 wtk
Conver51on rate | - _ - 78.2% .
Temperature | ._ - : 100°C
Pressure - : - , o L 80 KPa
‘Feed rate - organic phasa ' : 0.443 g/1
' e
‘This Sheet Has Been Rep
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n gas, and organic solvent to form cobalt carbonyls'nay be
carr out in the preformer in the presence or absence of a suitable
If 'a catalyst is present, it is advantageously a noble

nmet al , espeC|aIIy gold pl ati num or, _prqferably, pal | adi u -
formof a slurry or, prefer- ably, in> fixed bed. Advant4g&8§ ET#H@‘“EN
.active catalyst is enbedded on a solid support, e.g., carlon or éhﬁ -

A 1 to 2@6pal|ad|un}carbon fixed bed catal yst

Feed rate - preformer water : _ .425 g/l

- Make up water , .' . o - 0;;74'g/l
_Gas- l_ ' - . 134 g/1
Stripper Product, cobalt content | |
Water.at pottom, Cos* | . 0.4483 wt%
| w;ﬁer at bottom, Co™l : o 0 wtd
Organic at botton ' | 0.0057 wt%
Overhead recovérf S . 1lo.38 g

cﬂ % per pass convérsion S ' 48.4%l
':gxgmgle 7

The érocedure of Example 5 was repeated, uéihg
identical starting matgrials in similar proportions, but
with a residence time in the preformer of 4.8 minutes,
with no cobalt'in thé orqanic'phase,”but with 1054 ppm
Co~1 as initiator iﬁ the aqﬁaoQS phase, other conditidns
rémaining subStantiélly.the same as ih_Exampie 5. The
per cent per pass conversion was 50.1, béséd_bn the

Y ~ cobalt formata.in-the waﬁer féd-to the preformer,
| indicating that an initiaﬁqr.in the aqueous phase is also
effective. o | '
Example &
The prbceduté ofléxamplé'7 was :epeated} using as
the.oréanic ﬁhaéé 1so-heptano;'congaining id’% of
. formates and 1.14 % formic acid. 773 pem Co~l were
'present'in the agueous phase. The per cent per'pass
conversion fell to 41.8. o

‘This example illustra»es that a 14% leve] of

This Sheet Has Been Replac
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gas.

7 ed.
ned to maxim ze contact between the .. two liquid phaxes ‘and-t-he:
As¥an exanple of a suitable preforner there may be ne tlonéﬂﬁﬁlﬂAD
tubul ar reactor having a high length: diraneter ratio, for | RERLAGH

14:1ib =AALN MR - FHENI D FORMA [ TIES Cive - Gt -

If no catalyst is present, the preforher S preferably

AS BEE

o

100 to 10Q 000, ‘advantageously from 1006 t3® -100 000, under condltlons that

result in at
Reynol ds

| east partlally turbulent fl ow, advantageously with a

~ formate in'the.iso-heptanal.cadses a féll'in'conversion'

rate.
Example 9

The procedure of Example 8 was repeated using the

same cobalt-free organic phase but the aquebus phase -

- contained cobtalt'fdrmate and no initiator. The per pass

' conversion fell to 39.6%, indiéatinq that even without
initiator present in eitner iiquid phase conversion takes

‘place, élbeit at a lower raté.

_ 'The'procedure of Example 7 was repeated, but usinq'
1so-decanol as the organzc phase. The per'cent per pass

converszon was 36.0, ind;cating the lower effectiveness

_of the higher molecular weight alcohol.'

This Sheet Has B
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Nunb ch higher than 1600, and preferably above 3000. Optionally, but
advantgeously, at_Ieast one of The - -11-
e -
o s SHEET HAS BEEN |
REPLACED
' _Q.lALm.i
1. A.methcd for recovering cobalt values from a

liq;id organic phésé'cqntaining them, the method
comprising céﬁtacting‘tha liquid organic phase with én
agueous phaée of pH.at ﬁdst 7 that is substgntiglly
‘immiscible with the'liQuid organic phase and capable of
-'ektracting cobalt values from the orgabic phase, and |
separating the resultan cobalt-ccntazning aqueaus phase
from the cobalt-depleteé organic phase,
contacting the sepgrated cqbalt-containiﬁg agueous
phagé with syn gas ahd_aq organic solvent for dicobalt
octacarbonyl and hydrdcobalt Carboﬁyi, the organic
solvent being substantiaily immiscible with the agueous
phasé, and recovering from the agueous phase and the |
organic phase so obtained.voiatile cobélt cpmpéunds,
| 'separatihg the resultant agueous and orqanic ph§ses,f
returning the o?ganic phase to fofm the said
w organic solvent and
| returning the aéuéoué‘pbase to form the said agueous
phase of pH at most 7. | | |
2. A method as claimed in claim 1, wherein the
cobalt-containing agueous phase is concentfated.to form a
concentraﬁed cobalt-containing agueous phase and a
 substantially cobalt-free agueous phase before the
concentrated cobalt—contaxnznq agueous phase is uonLacted
with syn gas and orga’nzc solvent. |

3. : A.méthod as claimed in'claim 2, wherein the
eet Has Been Replaced
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car as initiator, thereby mnimzing or avoiding an induction period
for action. - As indicated above, the volatile cobalt carbonyls are

adVantagggusL¥~Leco¥eLed—#%on1the aqueous phase and -the organic I|qU|d
phase in a n which the said phases are contacted -
stripping E“\mnml&imgn“le cobal t conpgynds being ‘entrai nefis shm'r HAS BEEN_ |
strlpplng st he stripping gas I'n the strlpplng st ép thaﬁ?Lﬁ§

cobaltncontaining agueous phase is concentrated to brxng
the cobalt concentration to a level at or near saturatxon

at ambient temperature.

4. A!method_as claimed in claim é_o: claim 3,
wharein the aqueocus phase is contacted with'oquen_before'
concentration. o

8. . A method aslﬁlaiméd_in‘any one of ciaims 1
to 4, wherein thé'liquid érganic pﬁaaé i the crude
product of a cobalt-catalysad oxo reaction.

6. A method as claimed in claim 5, wherein
contact bétween the crudg product and the agueous phase'
‘of pH.at most 7 takes piace in the presence of oxygen.

7. A method as cigimea.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 co‘balt-contai_ninq 'aqueou_s'phase' is fed to a

.Strippér and contacted therein with a stripping gas and
the product of readtion'ot a cobalt-containihg'aqueous
phasa, sYn_gas; and the organic solvent for dicobalt
carbonyl and hydrocobalt carbonyl; the thus-treated
équeous phase is recovered as bottoms from the stripber
and separated frqm tha liéuid organic phase”before being
contacted.with syn gas and the organic solvent. o

9. A method as claimed in any one of claims 1

" to 8, where;n the aqueous phase of pH at most 7 15 a

This Sheet Has Been Re lace
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pref ey used syn gas; the particular proportions of the carbon nonoxide
and hy r.ogen--r—the—symgas being adjusted to suit the reaction system

The stripping l[mnumlmuml ple, be any gas that does not react in an
undesi red mannm It conpounds to be entrained therein, for -

exanpl e, nitrogeh of & |i"ghf satur at ecr denocarbon such as propane_g :
but ane, but syn gas is preferred_ Advantageously t he pot -@ﬁeﬂaum51ﬁ¥N
strlpplng gas to ' REPLACED

'd;lute formlc ac;d sclutlcn.

10. A method as claimed in any one of'CIaims 1

.to 9, wherein the organxc solvent is a hydrogenated oxo
product. -

12, A method as claimed in any one of claims 1
to 10, wherein the organxc 501Vent is an alcohol havzng
£rom. 6 to 13 carbon atoms. |

12, A method as claxmed in. claim 11, wherein the
organic solvent is a heptanol.

13. A methdd'as claimed in any one of claimé 1
to 12,-wheréih.the contaq} between the cobalt-conﬁaining'
aqueous phase, syn gas, én& organic solvent takes place
in the presence of a catalyst. | |

14, A methbd as ciaimed in cléim-ls, wherein the
catalyst is on a fixed bed. | -

15. A method as claxmed in claim 13 or claim 14,
wherein the catalyst conmprises palladium.

' : 16. . A method as claimedq in any one of claims 1
to 12, wherein the_contadt_between the cobalt-dohtaininq'
aqueous'phasa, syn gas, and a:danic solvent'takeé plaée
in the absence of a ¢ata1ys€'in conditions of tnrbulent'
flow. _ | | _
| 7. A method as claimed in ciaim_;&, wherein the
contact takes place in a tubﬁlar reactor having a high
length.dlameter ratzo. ' B _
18. A method as claxmed in clazm 17, whérein_;he

ratio is at least 100.

This Sheet Has Been Re placed
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hases at the applied condltlons is from20:1 to 250: 1, preferably
N 1 te 125t —H-gher—rati os may be used, with good effect but high
rafi os ¥may b conomi cal ly. The limting | oper—yelmre g
ratio, it wl E““ﬂl] Imulmmnmr will -be reached when t here W
stripping gas ¥1éw to Bchteve the. desrré& <degree of cobal { _vol af

renmoval. Simlarly any flow rate of strlpplng gas may be used, prOV|ded |
that it is- :

18, A method as claimed in claim-ls wherein the
ratxo is within the ranqe of irom 1, 000 to 100,000,
20. A method as. claimed in any one of clains 1
:to 19, wherein the contact of the separated cobalt-
centeining agqueous phase with syn gas and the organic.
solvent is carried eut in two.etagee, the first at a
higher temperature and the second at a lower temperature.
21. A method as clalmed in claxm 20, whereln the .
4 .llligh'.er temperature is within the range of from 150 to .
-175°c, and the lower temperature is within the rehge of
from 20 to 1zo°c. |
22. - A method as clazmed 1n any one of claims 1
~to 21, wherein an initiator is present for the reaction
 between the cobalt-conteining'equedus phase, syn gas, and
organic solvent. | ' _'
23. A method.ae'claimeq.in claim 22, wherein the
“ initiator is hydroeobelt'carbonyi'er dicobalt octacar-
‘ bonyl in the 'organic solvent. |
24. A method as claimed in claim 22 or claim 23,
wherein the initiator is cobelt=carbonyllin the_aqueous
phase, | |
' 25. A method as claimed in'eny-cne'of claims 1
to 21, wherein no'initiator.is'presentlfor the reactioh
between the cobalt-coneéininq aqﬁeous phese, syn gas, end
erganic solvent. “ |
- 26. A method as'claimed in any one of claims 1

as Been Replaced
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-12- sufficient to give the desired’ entralnnent of cobalt volatiles.

The+l i %ui d (organic and aqueous) phases are .preferably wel| dispersed to

gr[\rllepgre)(r)d cont mllimlnximm““rfm iquids. It |s preferred t oo,

to 25, wherein volatile cobalt compounds are recovered by
strippiné. | | '
.'27}__- A-method as claimed in claim 26, wherein
stripping is carried out uszng syn gas.
| 28. A method as clalmed in claim 27 wherein the
cobélﬁ—cpntazning syn gas ;; contacted with olefin feed
to an oxo reactor, cobalt values in the gaS'dissolving in
or become entrained in the olefin feed. . _ 
e . 28. - A method as claimed in any one of claims 1
 to 28, which is carriediout on a liqﬁid organic phase
' that is the p;oddct of a;plurality of cocbalt-catalysed
oXo reactions. . |
30. | A method for recovering cobalt values from a
liquid.orgénic'phasefeontaining a product of a cobalt-
cataiysed OXO pfocese. £heemethod.comprising contacting
the liqu;d organic phase in the presénce of oxygen with
an aqueoﬁs acid solutioh'cap#ble of extracting cobalt
]l|‘ ~ values from the organic phase, and sepafating the
| resulting cobalt—containihg agueous pﬁase from'the
resulting cebalt-depletad organic phase,
concentrating the.cobalt-contgininq agueocus phase to
form a phase of'incfeased.cobalt centent and a substan-
ﬁially'cobélt—free agueous phase,
| | contact1ng the lncreased cobalt content-contalnlnq
aqueous phase with syn gas and an orqanxc solvant for
dicobalt octacarbonyl and hydrocobalt carbonyl, the

' organic'solven; peing substantially immiscible with the

This Sheet Has Been Rep laced

T it I




-] 14:18 EXXON CHEM - PATENTS FORMFL[TISS NG, Tde = e

uni. t MhICh t

he stripping step is perfornedi.should include inert solid

surfaces, for exanple, trays or packing material, to facilitate contact

bet ween the [

Tqui d and gas phases. . The vol atile cobal t conpounds

recovered by tthHmﬂmﬂmm i'nvention are advant ageousl STopEeq HAS BEEN
t he oxonation r ly, .the stapppi ng gas contdi ni.NggEMEACED

vol atile conpounds is tonfacted*with olefin being fed to thelexe—teactor,

the stripping gas : : :

agueous phase,

recoverinq from the resultant aqueous and arganic

'phases volatile cobalt’ compounds, combinlng the volatile

'cobalt compounds with feedstchk to an oxo process, and

separating the aqueous and organic phases from which
volatile cobalt compounds have been removed,

returning the rasultant separated organic phase to
form the said organic solvent,

returning the resultant separated aqueous phase to

form the said'aqueous'acid solution,

and contacting the;gubstantially cobalt-free'aqueoﬁs
phase with a cobalt—depfetéd oxo product-containing |
organic phase to reduce further the cobalt content of the
organic phase. |

31. " A methed for recovering cobalt values from a

‘liquid organic phase resulting f{rom a cobalt-catalysed

oxo process, the method comprising contacting the ligquid
organic pﬁase in the subSténtiél absence of oxygen with |

an agueous acid solution capable of extracting cobalt

~ values from the organic 9hase,'and separating the

resulting cobalt-containing agueous phase from the '
resulting cobalt-depleted organic phase,

'bassing the resulting agueous phase to r stripping
zone to wpich.is also being fed syn gas, a secpnd agqueous
phase and a second liquid organic-phase; the second

liguid organic phase bainq a solvent for dicobaltl'

_octacarbonyl and hydrocobalt carbonyl and'optionaliy

- ~This Sheet Has Been Replaced
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advantagebusly bei ng passed in countercurrent to the olefinic feed. The
vol atil'e cobal t conpounds entrained in the stripping gas dissolve in
obefinic feed and are thus returned to the oxo reaction zofe :

i ng gas rraythHwH,wut"lEm]m"Hed or recycled. It will be 4
t herefore that referred .sihipping gas beca .
subsequent recycle contact *with the olefinic feedstock, or use in the
preformer or . stripper, will not cause the i ntroduction of undesirable

containing.one or both of them, ‘and being substantially
_immiSciSla.with the second agueous phase, and taking from
the-;tripping zone volatile cobalt compodnds_and combin=~
.1ng them with feedstock to an oxo process,
separating the resultant liquid organzc and
aquéous phases, |
returning a first bart'of the resultant agueous
.phése to'fofﬁ the said agueous ﬁcid solution, contacting.
. another pért of the resultant aéuaous phase with_ oxygen
H and concentrating iﬁlta form a phase'of increased cobalt
content and a substaﬁtia{ly cobalt-free agueous phaée,
céntactihg the iﬁcféased cobalt content-containing
phase with syn gas”and the said resultant liguid orgahic
phase to form the second agueous phase and the second
organic phase and feeding them to the stripping zone, and
contacting tne substantially cobalt-free agueous
phase with the cobélt—depleted organic phase to reduce
) _ fu_rthér the cobalt content of the said organic phase.
32, Any new and novel feature herein described

. or any new and novel combination of features described

. ‘herein.

This Sheet Has Been Replaced
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material s ¥nto the oxo reactor. Under the condltlons enpl oyed,
substantially all volatile cobalt conpounds Will be entrained by the
stripping gas and none retained in the bottons product. Simlarly,
substantially no water or organic solvent will be carried e

- 44 - .

A cobalt value re¢o§ery mathod, especially for use
.in_recbvering cobalt caﬁalyst from an agueous medium |
‘i). obtained ih purifying the product of_an'oxo reaction, in
which recovery is'effected in a closed cycle using an
Othoard unit, the aqueous ﬁedium baing treatéd with an
organic solvent and.syn q;s to convert the cobalt to

volatile carbonyls for re-use.

U )  This Sheet Has Beeri Replaced.
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stripping.gas (syn gas) and introduced into the olefinic
necessary the cobalt-containing stripping gas nmay be cool ed prio

contact with the olefinic feed,
stripper, or fed to

. Tiso

Cid.

and condensed water

the preforner as

initiator:
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cobal ¥9%al uéé‘} ously concentrated, and is preferably
conceptr+ared to an extent such that the cobalt level is at_or-pee

sat uratj on. ‘The aqueous concentrate advantageously ClFﬁﬁéSﬂE&ﬂﬂyﬁ§gXI
possi Rl e amount of cobalt in solution for the particul ar op RERLPHG
tenpera- ture and for the particular c t salt enpl oyed: [
preferred, formi c acid has been enployed'in the denetall
aqueous phase—is- by

= centrated to give a cob&lt coneenttation
' - o v .

A
of from0.5 t Ol'h% Sheet Has Been Repiaced S _
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w % based onh the total concentrate, expressed as elenentary cobalt,
_before.!t Is fed to the preforner. 'AiManLageous+¥7-+hﬁ concentration of
firee fornﬁ'hsziettdIastean!pthﬂoncentrate SHIS SAEET HAS BERR b fetel
concentrat ure as far af posHBLACEBe ahdefc Méﬁl§
cobal t co aqueous phase sent for con- ¢ ntrat|0ﬁ
especially effected by -evapor g nlas IS P eflert (Zd Mh@w
aqueous phase |s CL o}'}%u
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"Cata;xst_gggege;atign"

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 organié
compounds by the_reactioh of a carbon monoxide and
hydrogen mixture ("syn gas")lwith carbon compounds

~containing olefinic unsaturation. The reaction is
performed in the presence of a hydroformylation cétalyst
and results in the formation of a compound, for example,
an aldehyde, which has one more carbon atom in its
molecular structure than.tne starting olefinic feedstock.
By way of example, higher alcohols may be produced by

hydroformylation of commercial Cg to C olefin fractions

12
to a C, to C,, aldehyde-containing oxonation product,
which on hydrogeﬁatibn and distillation yields the
éorresponding alcohol. The crude produdt of the
hydroformylation reaction wiil contain catalyst,
aldehydes, alcohols, unreacted.fegdstock, syn gas and by-

products.

Before further processing of the crude product is

L,
o Mt
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carried out in the presence of air, 1
thi s —tep s normal |y sufficient to M %ﬁﬁ‘?gg’“a‘” | ¢ REPLACEMENT SHEET

Sheet Has Been Replaced
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contacted with oxygen, conveniently inthe formof air. |If demetalling is

| -

poésible, it is necessary to remove the catalyst there-
froﬁ. One conventional method of removing cobalt values
(that is, cobalt in any one of its pbssihle oxidation
states) f:om such a crnde'pfbduct is to treat tpe 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 re;ulting 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
recbvery 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-prombtor, for
example, an alkali or alkaline earth metal salt of a weak
acid, the separated agueous phasé is introduced into a
preformer containing a pfeforming catalyst, for example,
a noble metal catalyst. The effluent is then treated,
preferably with a strong mine;&l acid, to convert complex
cobélt carbonyi compounds to volatile hydrocobalt
carbonyl, which is stripped out 6f the acidified

effluent by an inert gas or syn gas, absorbed in an

A e 420

R



cobalt conpounds to non-volatile cobalt species. If, however, airless

i*nj ecti ng am&smﬁh&sh&ﬁ Jugous phase

dernet al | ing 1S enmptoyed;—then a Separatiﬁgfx;d“flnn step. for exanple
con- centr

concentrate heREfLo§6Bed by} f

IS SHEERBIAS HEENE ﬁQEMENWSHEET

aqueous pha
exanpl e, a

concentrate, for exanpje
formate/formc aC|d '

ator or by using any other conjeni en .
o5 the oncant il
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organic solvent and fed to the oxonation reactor.
. In DE-A-2244373 and U.S. Patent No. 3957684, there
are described methods in'whiéh aquebus solutions of
cobalt salts are treated with syn gas in the presence of
a substantially immiscible organic solvent containing
cobalt carbonyl and/or hydrocobalt carbonyi‘pnder
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
aquéous cobalt salt to form a CO[CO(C0)4]2-c6ntaining
product wﬁich is recycled vié a preformer to the oxo

| reactor, and coﬁpleting 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. Preforning may be effected in the
presence of syn gas and an.organic solvent.

In U.S. Patent No. 4625067 there is disclosed a
methéq of removing éobalt values from the crude product
of a cobalt-catalyséd hydroformylation reaction by
contacting the crude product with a stream of stripping
gas to entrain volatile cobalt compounds, said contacting
being performed in the presen;e of water or an agueous
acid to dissolve those cobalt values not entrained in the

gas under the conditions of temperature and pressure

employed for said contacting, the agqueous phase sub-




aqueous 'sol ution, and an aqueous effl uent which is substantially free from—
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U S Patent '
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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_reactbr

or passed to a preformer unit where volatile cobalt

carbonyls are remoﬁed 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 agquecus material presents problems

whether or not it contains cobalt valnes.

Additionally, when the olefin being hydroformylated

is of lower molecular weight, more especially from Cg to

C

gr 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 Cg to Cg materials, and hence, as reaction




desired, fresh water make-up, for exanple, in an amount “of 1 to 3% by

vol une, _based on the oxo-product, nay he-_added to the aqyeeus—eri+tent
ffrom t he evaporat o t at ai s fed to the THESSHERTWEAS BEEN t h!tt REHrk&EMENNaSBEET

fromthe _ 78 retained withi nREPEAGED anti gl Ily e+eoset—cyTte,
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evaporator

ially to avoid the need 1o purde maﬁgg 1997 he
i mpurities,

ssary, for exagmple, in order tolre ndesi r eq
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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, etripping is carried out as an integfated.
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 manufacﬁurinq
process itself, which is undesirable.

In one aspect of the present invention, there is
provided e'cobalt value recovery process with no inherent
aqueous effluent stream end in which any intermittent or
_bptional 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 emﬁodiment 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-
catalyeed oxonation process i; 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-
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ing éobalt values from a liquid organic phase containing
them, the method comprising contacting the organic phase
with an agueous phase having a pH of at most 7 that is
substantially immiscible with the liquid 6rganip phase
ahd capable of extfacﬁing cobalt values from the organic
phase, and separating the resulting cobalt=containing
agqueous phase and cohalt-depleted ofganic phase,

contacting the separated cobalt-containing aqueous

‘phase with syn gas and an'brganic solvent for dicobalt

carbonyl and hydrocobalt'carbonyl, the organic solvent
being substantially immiscible with the cobalt-containing
agqueous phase, and recov;ring from the aqueous phase and
the organic phase so obtaihed 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 agqueous 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 throughdut the specification
as "liguid organic phases". It will be appreciated that
the aqueous phases referred to herein are all in the
liquid phase.)

The liquid organic pha;; containing cobalt values
méy be the crude pro&uct of a cobalt-catalysed oxo

reaction, and will be referred to as such for simplicity

in the fOllOer_\g description. This Sheet Has Been Ret la*ecl
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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,_thq
“demetalling" step, is carried out in the presence of
air, it is preferred to concéntrate the separated cobalt-
containing Aqueous phase.before contacting ‘it with syn
gas and organic solvent, yielding a cdncentrate and a
substantially cobalt-free agqueous 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 valﬁes and the agqueous phase of pH at most 7 is
washed with a substantially cobalt-free agueous phase
and, if it is or comprises an oxonatidn product, may
preferably be fed to a hydrogenation reactor. The
substantially cobalt-free aqueous phaée used for this
purpose is advaﬁtageously the substantially cobalt-free
product of concentrating the séparated cobalt-containing
agueous phase. .

if demetalling is carried out in the presence of
air, initial contact of the cobalt-containing aqueous
phaée, preferably after concentration, with syn gas and
organic solvent preferably taies placé 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



3Co(COOH)[err] + 3Herr] + 8CO -> Co e9) err]][errT &
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t he hydrof orr s as well as in the conversro of cobalt

formate to err], and wild nornmally be pgesent In the
aqueous. phase:

the reaction mixture from the preformer to a. stripping
.zone into which additional stripping gas, advantageously
syn gas, is fed, the volétiie 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 agqueous bhase is preferably not concentrated
before its first contact with the organic solvent but
instead is passed first to a stripping zone, into which é
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 agqueous
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 concentréted, and another part used
as the source of the agueous phase havihg a pH of at most
7 for the demetalling step. .-After concentration, if
employed, the cobalt-containing aqueous phasé is passed
to a'preforming-reactor, together with syn gas and

organic solvent from the separator, the resulting
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product forming the composition passed to the stripping
zone.

The agueous phase cbh@acted with the crude oxo
product for demetalling may be water or an aqueoﬁs aciqd,
wvhich may already contain cobalt salts. Cobalt in the
crude oxo pfoduct is taken up in the form of salts in the
aqueous phase.

In the case where the agqueous phase is water (rather
than aqueous acid)., then cobalt may be transformed into
CO[CO(CO)4]2 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 pfesent
will be transformed into cobalt formate.

In the absence of air, but in the presence of'¢oz+,
hydrocobalt carbonyllwill be transformed into.
Co[Co(CO)4)2- Because of the presence of formic acid, a
proportion of the Co{Co(CO)4) is transformed into cobalt
formate or hydrocobalt carbonyl.

Preferably, hdwevér, 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 éxample, at concentra-
tions of from 1 to S5, especially from 1 to 2, wt %.
Preferably, the water or agueous acid is used in an

amount of from 5 to 20 wt. % based on the amount-of.crude
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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 hydrofcrmylat@on
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 éold, 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 hiQh.length: diameter ratio, for
example from 100 to 100 000, advantageously from 1000 to
100 000, under éonditions that result in at leéét
partially turbulent flow,.advantageously with a Reynolds '
Number much higher than. 1600, and.preferably above 3000.

Optionally, but advantageously, at least one of the
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phases contains cobalt carbonyl and/or hydrocobalt

carbonyl as initiator, thereby minimizing or avoiding an

induction period for reaétion.

As indicated above, the volatile cobalt carbonyls

are Advantageously recovered from the agueous phase and

the organic liquid phase in a stripping step in which'the

said phases are contécted 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 ﬁydrogen in the syn gas being

adjusted to suit the reaction system. The st:ipping 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 effeét, 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 flbw to achieve the desired
degree of cobalt volatiles removal. Similarly any flow

rate of stripping gas may be used, provided that it is
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sufficient to give the desired entrainment of cobalt
volatiles. The liquid.(organic and agqueous) phases are
preferably well dispersed to give good contact between
the liquids._ It is preferred, too, that the st;ippef
nnit in which the stripping step is performed should
includ; inert solid surfaces, for example, trays or
packing material, to facilitate contact between the
| ligquid and gas phases.

The volatile cobalt compounds recovered by the
process of the invention are advantageously qtilized in
the oxonation reaction. Preferably, the stripping gas'
containing the volatile éompounds is contacted with.
olefin being fed to the oxo reactor, the stripping gaé
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 6xo reaction zone. The stripp-
ing gas may then either be purged or recycled. It will
be appreciated therefofe 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 ;olatile 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
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stripping gas (syn gas) and introduced into the olefinic
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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 abové, the agueous phase containihg
cobalt values is advantageously concentrated, and is
preferably concentrated to an extent such that the cobalt
level is at or near saturation. The agqueous concentrate
advantageously contains the maximum possible amount of .
cobalt in solution for_tﬁe particular-operatipg'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, éxpréssed 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 t;is is effected by
evaporation as is preferred,'the agueous phase is
contacted with oxygen, conveniently in the form of air.

If demetalling is carried out in the presence of air,
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this step is normally sufficient to oxidize fhe volatile
cobalt compounds to non-volatile cobalt species. If,
however, airless deﬁetalling is employed, then a separate.
oxidation step, for example injecting air into ghe
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
agqueous solution, and an aqneoué effluent which is
substantially free from éobalt 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 aemetalling 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
desifed, fresh water make-up, for example, in an-amouht
of 1 to 3% by volume, based on the oxo product, may be
added to the agueous 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
s/ .

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,
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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
explanatién, 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(c0)4]é in accordance with the

following reaction:

3Co(COOH), + 3H, + 8CO

2 > Co[Co(CO) ], + EHCOOH

Hydrocobalt carbonYl is liberated from the
Co[Co(CO)4]2 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)4)2, and will normally be

present in the agueous phase:

Co[Co(CO),], + 2HCOOH > - 2HCO(CO), + Co(COOH),

Hydrocobalt carbonyl is relatively insoluble in
water (maximum solubility at 20°C 3000 ppm, expressed as

elemental'cobalt). It is believed that as the con-‘
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centration of the hydroéobalt 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. Eurther hydrocobalt carbonyl
may be transformed into:dicobalt octacarbonyl, which is
extracted into the organic liquid phase.

The orgahic solvent may be any organic solvent that
is substantially immiscible with the aqueous.phaée with
which it comes into contact. The solvent may, for
example, be an olefin, décobalted crude oxo product
(that is, the product obtained after treatment of crude
oxo product to remove cataIYtic 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 ohe that is liquid under the conditions
prevailing in the preformer and the stripper.

Lower molecular weight, especially Cg to Cy3,
alcohols that are substantially immiscible with the
aqueous phase under the reaction conditions are
especially suitable as organic solvents. The preferred
alcochols 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.
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being carried out in the absence of both. feedst ock to, and the

As indicated above, however, it is a feature of the
invention that the catalyst regeneration is carried out
in large part indepehdenﬁly-of the oxo process i#sélf,
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 orggnic solvent may be chosen solely on
the basis of its suitability for use in facilitating
reéovery of the cobalt from the aqueous phaée since
considerations of compatibility of the solvent with the
olefin feed, as in U.S. fatent No. 3 725 S34, 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 sfripper, may be used
for two or more bxonation trains operating on different
starﬁing materials and/or producing different oxo
products. This results in lower investment costs.

Secondly, thé removal of the catalyst residues from
the crude oxo product does not involve a stripping step.
Accordingly, the associated ;roblem of build up of
unreactive species in the olefin feed does not arise when
lighter grade# of olefins are being oxonated, the

stripping stage of the method according to the invention
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being éarried out in the absence of both'feedstock to,
and the product of, the oxonation reaction.

The ratio of the soivent chosen to form the organic
liquid phase to agueous phase in the preforming'step'is
advantageously from 0.2:1 to S$: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 éxcess.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 thg preformer, and the combined aqueous
and organic liquid phases obtained are passed to a two-
liguid-phase piug 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 ligquid phases and the gas
phase is sufficiehtly large that the mass transfer of
ﬁaterial between the liguid gpases and the g&s phase is
not limited by the size of the said interface. The
reactor also coﬁprises means for effecting good catalyst
wetting by both the ligquid phases and the gaseous phases;

this may be achieved by employing a reactor with a high
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1ength:diameter ratio so as to achieve, advantageously, a
total liquid throughput, i.e., combined aqueous and
organic phases, of at least 4.1 kg/m2/s. The temperature
in the reacter is preferably from 50 to 175°C, more
preferably from 120 to 140°C. The pressure in the
reactor may.be from 10 to 30 MPa, and is preferably ffom
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 empioyed.

Alternatively, and preferably, the reaction is
carried out in the absenee 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 bdth of the liquid phases, either

HCo([CO}4 or COz(CO)s in the organic phase or Co[Co(CO),.])>

in the agueous 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
éreforming are appropriate. _Advantageously, the
reaction is carried out af a temperature within the range
of 50 to 200°, and preferably from 120 fo 175°C. In a
preferred method of preforming, a first stage is carried

out at a higher temperature, for example 150 to 175°C,
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and a second stage is carried out at a lower témperature,
for example from 20 to 120°C, preferably from 50 to

110°C. By this reduction in temperature, while

maintaining a high pressure, more cobalt carbonyl is -
transferred to the organic phase, allowing further

reactlon to take place in the aqueous phase.

If a tubular reactor, i.e., one providing a high 1: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 staées”if both are employed. The total
residence time in the.first,jor the sole, high |
temperature stage is advantageously from 90 seconds.to S
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 substantielly
avoided. Thus, the method of the invention enables
.environmentally clean cobalt ;ecovery to be attained.

Further, because the invention provides an internal
closed loop for any cobalt formate in the aqueoﬁs phase

that remains unreacted in the preformer, it is not
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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 operhted 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)a]z to hydrocobalt |
carbonyl, is produced in the oxo reaction. Thus, after
an initial introduction of formic acid, it is possible to
make the system substant%?lly closed with regard to ‘
formic acid.’ | .

Using a tubular reactof 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 aboﬁt 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
§reformer with the organic phase or in the form of an
organic cobalt salt, for exagﬁle) cobalt forméte, in
agqueous solution. |

Two methods of cobalt recovery in accordance with

the invention will now be described in greater detail by
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way of example only with reference to the accompanying
drawings of which: _

Figure 1 is a fldw diagram of a hydroformyla;ion
reaction system in which demetalling of .the product is
carried out in the preéence 6f air, and

Figure 2 is a flow diagranm qf 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. Hydroformylatioh
takes élace within the réactor, 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
agueous washing phase through a line 11. The aqueous
washing phase is a dilute formic acid solution. In the
unit 9 the agueous and organic phases are separated, the
agueous 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. 1In the tower 17, the organic phase is washed
Qith cobalt-free water delivered by a ;iﬁe 19, and the
now substantially cobalt—free-organic phase is fed by a
line 21 to a hydrogenation unit, not shown. The reactor
S, the unit 9, and the tower 17 and associated lines form

a first oxonation train.
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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 olefiﬁ 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 organlc solvent through a line 33, the
organic solvent being substantlally 1mm15c1ble with water
and a good solvent for dicobalt octacarbonyl and
hydrocobalt carbonyl. The liquids being fed to the
preformer unit 29 accbrdingly are an agueous phase
containing formic acid and cobalt formate, and an
organic phase containing, for example, a Cg to Cjj3
alcohol also containing formic acid and formate esters.

In the preformer, which may be catalyst-free or may
contain a catalyst, e.qg., paiiadium 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
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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 eaéh of three absorber
units 45, 55 and 65, where it meets the feed olgfin_tb
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 cobélt removed and comprises a dilute
formic acid solution, is fed from thé separator 49 by the
line 11 to the demetalling unit 9 or to the evaporator
.23. The organic phase, which comprise# the Cg to C;i3
alcohol and formate estefs, is fed by the line 33 to the
preformer 41.

Réferring now to Fig. 2, in which units and lines
identical to those in Fig. 1 are given the same reference
numgrals, 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 agueous 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 produét and syn gas line 41 also
iead. Optionally, bui 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 férm of

hydrocobalt carbonyl assists in initiating preforming,
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which is especially helpful if a non-catalytic preforming
step is used.

.The agueous phase frqm 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 hefore, the cobalt-free hroduct 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, %p which no air is employed in
the demetalling step, the oxo'product.is demetalled.
using only water, a low molecular weight carboxylic acidq,:
and/or a cobalt salt solution of such an acid, binding
most of the cobalt catalyst as hydrocobélt carbonyl,
which, as indicated above, assists in the preforming
step, especially if a non-catalytic reactor is used.

Cobalt catilyst 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 agueous cobalt solution was effected in the presence
of a C7 oxo alcohol. The coﬂélt was primarily present as
formate, but 0.3% by weight hydrocobalt carbonyl was
present as initiator. | |

The reactor was a 4 litre autoclave équipped with a
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thermostatically controlled heater, pressure regulaﬁor,
and gas and liquid phase injector lines.  Stirring was
carried out by a 6-b1adé'3ooo'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 Hy:CO0 of 1:2)
with stirring at 1800 r.p.m. and the pressure raised to
30MPa, and the temperature to 175°C. 1027 g of aqueous
cobalt formate (pH 3.2; 1.067% Co?t as formate) were
introduced, and the progiess of the reaction monitored
by taking samples from the alcohol end water phases and
analysing them for cobalt. _rhelrésults are given in

Table 1 below.
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The results indicate that, under the conditions

shown, equilibrium conversion (about 70%) of co?t to co™1

is reached after about s‘minutgs.

Example 2

The procedure of Example 1 is repeated, except that

~ the reactor temperature was 150°C, and the-initial wtt -

cobalt in the water was 1.2682.

Table 2.

The results are given in
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Using a tubul ar reactor as prefornmer, an overall cobalt gﬁﬁigggMgﬂTqﬁﬁgﬂ

50 % based on the cobalt entering the preforner may be-

approximately 70 % or.up to 85 % i ncliugin ""“"'hra n ste
cobal t vahﬂs&eﬁﬁsﬁinMMted in the T ?ﬁ?@? *{‘%Wﬂ e {cdbd |ﬁAR%97

car bonyl s of that preflorned®EHGED pei alen
stripping ripping step 30 Any cobal t Iq S may be made up

by introdu i

The resuits show that at 150°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
(] 2 4 6 8 10 15 30

Cco?t Conversion ¥ 0 8.73 '22.26 74.18 77.26 78.19 79.50 80.67

Example 4

In this Exampie, 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°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 eguilibrium shift produced by the

reduction in temperature after 20 minutes is also shown.
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The batch procedures of Examples 1 to 4 sth 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 autd-
initiator in a liquid phase. 'However, a more favourable
equilibrium exists at lower temperaturés.

Example 5

- In this Example, continuous preforming is
illustrated. The process was carried out in a stainless
steel (Type 316t) tubular reactor, of iength 110 m,
internal diameter 1.1 mm, and providing a free space of
1.04 dl. The reactor was maintained at 175°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[CO]4
Syn gas (Hp: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



reactlon systemin which the denmetalling is carried out in the absence of
air. Referri e 1, a. flrst feed olefin is gdetTVvE

tine 1to afhfslSh&tHéaB@enrmgg 5, to whi is also deliverleRER é\g@ﬁ/%g%g

line 3. Hydr takes pl ace wilt FHIS SHEET 2Q¢ By e cr ude
pr oduct con !%’,ﬂdes al cohol s,! ¢ obaREMmoqrwst&m7
by- products i aline 7 to ggdeneta [ air being

i nt roduced through a line 10 and an ’

\

into a stripper operated under the conditions shown, and

producing a reaction product as shown, in Table 6.

‘TABLE 6
Temperature ' - 100°C
' Pressure | 80 KPa
Preformer Organic Phase 0.557 litre/h
Preformer Aqueous Phase _ 0.527 litre/h
Added water (5% aciad) . 0.25 litre/h
Syn Gas 148 litre/h
Product, Cobalt content, wts Gm
Water at bottom, Co2?% 0.418 8.55
Water at bottom, Co~1 0 o
Organic at bottom o 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°C is provided by three stirred
autoclaves in series, the autoclaves being as described
in Eiample 1. By providing.reaction conditions of high
stirring rate and long reside;ce time, equilibrium
conditions wére assured (and thereby a basis of

comparison for Example 5 is provided, giving confirmation

that reaction equilibrium at the prevailing temperature



aqueous washi ng phase through a line 11. The aqueous washing phase iS—a——

dilute formc acid_solutjo n the wunit 9 the aqueous dn e EE
aLe sepgr at edhis 3|‘E§ “BE@ : dhase whi ch '%o%‘i F‘ END Shie
the cobalt, ' line 13 to an SHEEDHAZ |Ie t c
phase is | ed “l a wash tomeL_thJE%E%QE%LEE' ' ﬂgkgﬁggn c
phase is mashed with cobalt-free waterggelivered Dy and—the
now substantially cobalt-free organic phase is fed by a

and pressure had been reached in the tubular reactor in
that Example).

The reaction mixture.from'the final autoclave was
passed to the tﬁbular reactor which was maintained at
107°C. The results are shown in Table 7.

TABLE 7
Preforming Zone 1 (Three stirred Autoclaves)

Pressure . _ 30 MPa
Syn Gas ratio H5:CO 1:2
Stirring rate 1500 RPM
Ofganic feed rate (iso-heptanol) 0.461 1/h
Cobalt content ' . 0.2404 wtd
Aqueous feed rate 0.425 1/h
Cobalt content 1.0744 wt%
Residence Time ' | 163 miﬂs
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%
Cbnversion rate _ _ 78.2%

Stripper Zone
Temperature . ~ 100°C
Pressnre. . 80 KPa

Feed rate - organic phase - 0.443 g/l




line 21 to a hydrogenation unit, not shown. The reactor 5, the unit 9, and

the tower 17 and associ at ed. I|nes form a first oxonationJdrain
23 - Tﬂ im ai ni ng wasgouaier fromthe OREPLA’CEMENT SHEET
| IlITﬁrd THIS SHEET HAS BEEN [
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Feed rate - preformer water ' 0.425 g/l
Make-up water ' 0.174 g/l
Gas R 134 g/1
trippe oduct, cobalt éo tent
Water at bottom, Co2* | 0.4483 wt$
Water at bottom, Co~1 _ 0wt
Organic at bottom ' '0.0057 wts
Overhead recovery _ R | 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'lhas initiator in the aqueous phase, other conditions
remaining substantially the same as in Example 5. The
per cent per pass conversién 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. | |

.'Examgle 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~l were
present in the agqueous phase. The;per cent per pass
conversion fell to 41.8. -

This example illustrates that a 14% level of
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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 oréahic phase but the aqueous phase'
contained cobtalt fbrﬁate and no initiatorv 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-decﬁnol as the organic phase. The per cent per pass
conversion was 36.0,'indicating the lower effectiveness

of the higher molecular weight alcohol.



| in the evaporator 23, the distillate water being fed by the line 19 to the

ﬁash | oxonation trains. The cobalt concentrate is fed
29, i '
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1. A ﬁethod for recovering cobalt values from a

liquid organic phase containing them, the method
comprising contactinglthe liquid organic phase with an
aqueous phase of pH at most 7 that is substaﬂtiglly
immiscible with the liquid organic phase and capable of
extracting cobalt values from the organic phase, and
sepafating the-resulting cobalt-containing agqueous phase
from the cobalt-depleted organic phase,

contacting the separated cobalt-containing aqueous
phase with syn gas and_ag organid solvent for dicobalt
octacarbonyl and hydrocobalt carbonyl, the organic

solvent being substantially immiscible with the aqueous

‘phase, and recovering from the agueous phase and the

organic phase so obtained voiatile cobalt compounds,
separating the resultant agueous and organic phases,
returning the organic phase to form the said
organic solvent and

returning the aqueoué 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
éoncentrated cobalt—-containing aqueous phase and a
substantially cobalt-free aq;eous phase before the
concentrated cobalt-containing agueous phase is contacted
with syn gas and organié solvent.

3. A method as claimed in claim 2, wherein the




conta|nnﬁﬁS&QﬂﬂkBeﬁG&ﬁh«ﬁl cobalt formate, and an organic phase
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cont ai ni n CB to C13 al cghol al so cont ai nj
and forna “In the preforng VLRE v
cont , ‘e.g., palladiun : ‘.

converted to dlcobalt octacarbonyl and hy apn |
product fromthe prefornmer 29 is fedlnﬁzillne 37 to a stri f gmgqmsp

cobalt-containing aqueous phase is concentrated to bring
the cobalt concentration to a level at or neér saturation
at ambient temperature.

4. A method as claimed in claim 2 or claim 3,
wherein the aqueous phase is contacted with oxyéen before
concentration.

S. 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 pléce in the presence of oxygen.

7. A method as claimed in claim 5,lwherein
.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 cobalﬁ-containing aqueous phase is fed to a
stripper and contacted therein with a strippihg gas and
the product of reaction of a cobalt-containing agueous
phase, syn gas, and the organic solvent for dicobalt
carbonyl and hydrocobalt carbonyl; the thus-treated
aquéous-phase is recovered as bottoms from the stripper
and separated from the liquié.organic phase béfore being.
contacted with syn gas and the organic solvent.

9. A method as élaimed in any one of claims 1

to 8, wherein the aqueous phase of pH at most 7 is a

LR A \!ll%
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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'

agueous phase, syn gas, and organic solvent takes place

in the presence of a catalyst.

14. A method as claimed in claim 13,

catalyst is on a fixed bed.

wherein the

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

agueous 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.

i8. A method as claimed in claim 17,

/
cet Has Been Replaced

T

ratio is at least 100.

wvherein the




the respective oxonation train. The bottons product from ‘the stripper 39

Is fed by a line 47 to a separator 49. The agueous phase whtch—tas

~had a substantial proportion of cobalt |resR com - S&EPbAGEMENTeSHEET
et

formc acid solution —is—{ed fromthe sqparatggp e~ I 10 rne

denetal | i u,\uw m m he evapor at or | h e AR 1997
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to the preforner
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19. A method as claimed in claim 18, wherein the
ratio is within the range of from 1,000 ﬁo 100,000. |

120, ~ 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 élaimed in claim 20, wherein the
higher temperature is within the range of from 150 to
175°C, and the lower temperature is within the range of
from 20 to 120°C.

22. A method as'ciaimed 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 claiﬁed 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 agueous
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-containiné agueous phase, syn gas, and
organic solvent.

26. A method as.claimed in any one of claims 1

This Sheet Has Been R laced




Referring nowto Fig. 2, in which units and lines identical to those in

Fig. 1 are given the sapme—treference nunerals, t he oxonatlau TS T al e
simlar to those 0 L .gxcept that theH®E SHEETGAS H n REPRACEMENT SHEET
unit 9 is oM PatT 13 carrying the gpe H [CoTTarntng.
cobal t val_ues m li 9 and the wash  Tower—%+# .Mdc #he MARi189&r
39 ratherftha rator 23, togawhich, as in Fig. 1, the line 37
carrying the preforner product and syn-gas line 41 al so )

to 25, wherein volatile cobalt compounds are recovered by
stripping.

27. A method as claimed in claim 26, wﬁerein '
stripping is carried out using syn gas.

28. A method as claimed in ciaim 27 wherein the
cobalt-containing syn gas is contacted with olefin feed
to an oxo reactor, cobalﬁ 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. '

30. A method for fecovering cobalt values from a
liguid organic phase containing a product of a cobalt-
catalysed oxo process, the method comprising contacting
the liquid organic phase in the presence of oxygen with
an adueous acid solution capable of extracting cobalt
values from the organic phase,'and separating the
resulting cobalt-containing agueous phase from the
resulting cobalt-depleted prqanic phase,

concentrating the cobalt-containing aqueous phase to
form a phase of increased cobalt content and a substan-
ﬁially cobalt-free agqueous phase,

contacting the increasea cobalt content-containing
aqueous phase with syn gas and an organic solvent for
dicobalt octacarbonyl and hydrocobalt carbonyl, the

organic solvent being substantially immiscible with the

* ¢ L M 8§ % !




| ead. Optionally, but advantageously, a portion of the cobalt-containing

aqueous phase fromline 13 may be fed a line 53 to the preforner.
in this vvay the cobalt content of th¢ Ts8S SHBET RAk BERN!
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- aqueous phase,

ﬂiir%t s in initiafing REpiACBDNG, REPLACEMENT SHEET
I 42 12 MAR 1997

recovering from the resultant aqueous and organic
phases volatile cobalt .compounds, combining the volatile
cobalt compounds with feedstock to an oxo process, and
separating the aqueous and organic phases from which
volatile cobalt compounds have been removed,

returning the resultant separated organic phase to
form the said organic solvent, | |

returning the resultant separated adueons phase to
form the said agqueous acid solution,

and contacting the ;ubstantially cobalt-free aqueoﬁs
phase with a cobalt-depléted oxo product-containing
organic phase to reduce further the cobalt content of the
organic phase.

31. A metho¢ for recovering cobalt values from a
liquid organic phase resulting from a cobalt-catalysed
oxo process, the method comprising contacting the liquid
organic phase in the substahtial absence of oxygen with
an agueous acid solution capable of extracting cobalt
values from the orgénic phése, and séparating the
resulting cobalt-containing agueous phase from the.
resulting cobalt-depleted organic phase,

passing the resulting aqueous phase to a stripping
zone to which is also bei_ng f.ed syn gas, a second agueous
phase and a seéond'liquid organic phase, the seéond
liquid organic phase being a solvént for dicobalt

octacarbonyl and hydrocobalt carbonyl and optionally

|G

Y |II|



- 25 - which is especially helpful if a non-catalytic preforn1ng step

I s used. The aqueous phase fron1 he separator is sptt

form ¢ acid solufjon being ted by t‘l'j:Hts(sHﬁm HAEBERN I|R£8LKQEMEN'© %\Eﬁ*
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fromthe evapor ne 19 ' 4 2 MAR 1997

43

containing éne or both of them, and being subétantially
immiscible with the second.aqueous phase, and taking from
the stripping zone volatile cobalt compounds and combin-
ing them with feedstock to an oxo process,

separating the resultant liquid organic and
aqueous phases,

returning a first part of the resultant aqueous
phase to form the said aqueous acid solution, contacting
another part of the resultant agueous phase'with oxygen
and concentrating it to form a phase of increased cobalt
content and a substantia%}y cobalt-free agqueous phase,

contacting the increased cobalt content-confainihg
phase with syn gas and the said resultant liquid organic .
'phase to form the second aqueous phase and the'second 
organic phase and feeding them to the stripping zone, and

contacting the substantially cobalt-free agueous
phase with the cobalt-depleted organic phase to reduce
further the.cobalt content'of the said organic phase.

32. Any new and nbvel_feature herein described'
or any new and novel combination of features described

herein.

\‘
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de5|red -an OX|dat|on unit (not. shomn) nay be provi ded to oxidize any
cobal t volatlles remaining in the'aqueOUS ‘phase fed to the evaporator

through line 51. In this procedure ich no air % E 1
the denetal ling step, the oxo product is @Hfﬁeﬂmd’feﬁhs HEE I$| 't/’ Q«@{MENT SHEET
| ow nol-ecul ar wei ght carboxylic acid, or REPICAQAE t ggit sprutiTon of

such an acid, binding nost of the co_balt'cat al yst—as—hye# gcopal t2 MAR 18971 |
whi ch, as indicated above, assists in the preformng

ABSTRACT

"catalyst Regeneration"

‘A cobalt value recovery method, especially for use
in reco&ering cobalt catalyst ffom an aqueous medium
obtained in purifying. the product of an oxo reaction, in
which recovery is effected in a closed cycle using an
outboard unit, the aqueous medium being treated with an
organic solvent and syn gas to convert the cobalt to

volatile carbonyls for re-use.
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‘step, especially if a non- catalytlc reactor ié'used' Cobal t cat al yst
is regenerated by the procedure -a&Etording to'the invention, and al
,aqueous phase may be recycled, avoiding the need for

Exanpl e 1 . In this Exanple, . ca G T
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'ther nostatically controll ed heater, preﬁlwdg}’r@g@@or,
i out

phaséklnjector lines. Stirring was carr y a 6-bl g

(max) turbine inpeller in conjunction with re naly e baf f\l

vessel . The al cohol, 820g, containing 300 5 n1coba|v AS
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pressure raised to CATALYST REGENERATION

This invention relates to the oxo §rocess 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
containidg 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 dne more carbon atom in its
molecular structurelthan the starting olefinic feedstock.
By way of example,_higher alcohols may be produced by
hydroformylation of.commercial Cg to Cis olefin fractions
to a Cg to C13 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
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possible, it is necessary-to remove the catalyét there-
from. One conventional method of removing cobalt values
(that is, cobalt in any one of its possible oxidation
states) from such a crude proddct is to treat the product
with an alkali or acid wash technique; however, this
uses expénsive 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 descrlbes 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 anm 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 6r alkaline earth metal salt of a weak
‘acid, the separated aqueous phase is inﬁroduced 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
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organic solvent and fed to the oxonation reactor.

In DE-A-2244373 and U.S. Patent No. 3957684, there
are described methods in which agqueous 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
agueous cobalf salt to férm a Co[Co(CO)4]2—c6n;aining
product which is recycled via a preformer to the 0X0
reactor, and completing removal of cobalt.in a secoﬁd
stage using oxygen and an aqueous acid, the aqueous
reaction product being used as the agueous 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-
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sequently being separated, from the organic hydroformyla-
tion reaction product. The separated cobalt-containing
agqueous 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 synhgas indirectly to
the reactor.

In principle, all cobalt values are removed frdm the
aqueous treatment phase by the procedures described in
the above-mentioned pateﬂts and recycled to the oxonation
reactor. In practice, however, some cobalt remains in
the agueous phase and presents disposal problems.
Further, the aqueous phase is acidic, usually containing
organic contaminants, formic acid, and possibly formates,
and disposal of such aéuedus material presents problems
whether or not it contains cobalt values.

Additionally, when the olefin being hydroformylated
is of lower molecular weight, more_especiaily from CS to
C8' any saturated, and therefore unreactive, hydrocarbons
contained in the feedstoék 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 Cg to Cg materials, and hence, as reaction
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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 usihg'only reactants that may be,
and preferably are, used in the oxonation process itself.

The present invention provides a method for recover-
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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 1i§uid 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 éeparated 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 gﬁd aqueous phases,
and returning the resulting organic phase to form the
said organic solvent,

and returning the resulting agqueous phase to form
the said agueous 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 phasesﬁ. 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 prodﬁct.of a cobalt-catalysed oxo
reaction, and will be referred to as such for simplicity

in the following descriptioh.'



hi gher .. Exanmpl e 3 The prdc
I s repeated, except that the concentration of hydrocob
al cohol was 1000 ppm and the initial weight % cobalt

1.1018. The %conversion is given in Table 3 below. A Ibn
in Exanple 1 is required for equilibriumconversion to

The contact betwéengthe 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 cobalt4free agqueous 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 qobalt-free agueous 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 thé separated cobalt-containing
agueous phase.

1 demetalling is carried out in the presence of
air, initial contact of the cobalt-containing aqueous
phase, preferably after éoncentration, 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



Table 3 Ti me, M nutes OREPA_AQEM’E&]TEMEET

2 4 6 8 20 15 30 Cd err] Conversion %

74.18 77.26 78.19 79.50 80.67 Exafplie {f@ SEP 1897
this Exanple, no hydrocobalt carbonyl was initially presentijint

al cohol, and initially, the -8 -

the reaction mixture from. the preformer to a stripping
zone into which additional stripping gas, advantageodsly
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
agueous phase is advanfageously divided, a part
advantageously being concentrated, and anothef 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
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initiator was present at start-up, reaction was relati elyéfhogﬁp 197
7 and 10 minutes, however, the reaction was nmuch nore fagi d, “béing

catal ysed by the initiator produced by- 2he reaction. The~egurtTBTT UM
shift produced by the reduction in tenperature after 20 mnutes is al so
shown.

product forming the composition passed to the stripping
zone.

The aqueous phase contacted with the crude 6xo
product for demetalling may be water or an agueous acid,
which maf already contain cobalt salts. Cobalt in the
crude oxo ﬁroduct is taken up in the form of salts in the
agqueous phase.

In the case where the aqueous phase is water (rather
than aqueous acid),, then cobalt may be transformed into
Co[Co(CO)4]2 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 cobait 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)4]5- Because of the presence of formic acid, a
proportion of the Co[Co(C0O),4]s 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
espéciallylpreferred that the agueous phase should
comprise dilute formic acid, for example, at concentra-
tions of from 1 to S, especially from 1 to 2, wt %.
Pfeferably, the water or aqueous acid is used in an

amount of from S5 to 20 wt. % based on the amount of crude’
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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 édqgous
phase, syn gas, and 6rganic 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 exampie 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
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phases contains cobalt c;rbonyl and/or hydtggnhaltf
carbonyl as initiator, thereby minimizing or avoiding an
induction period for reaction.

As indicated above, the volatile cobalt ca:bonyls
are advantageously recovered from the agueous 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
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this Exanple, continuous preformng is illustrated. The procesg VWEEF 7
carried out in a stainless steel (Type 316L) tubul ar reactjory - 3] g#ﬁ
110 m internal dianeter 1.1 mm and providi-ng a free space bf —1.-0d4—e}-

The reactor was naintai ned at 175[erﬂ73%4wbugh ext ernal sk eam heati ng.
The inlet pressure was

_suffiéient to give the desired entrainment of cobalt
volatiles. The liquid (organic and aqueous) phases are
preferably well dispersed to éive 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 phase#.

The volatile cobalt compounds recovered by the
process of the invention are advéntageously utilized in
the oxonation reaction. Preferably, the stripping gas
containing the volatile compounds is contacted with
oclefin 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 6xo 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
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mai nt.ai ned at 30 MPa. The reactants were fed into the prief gproerfor—3
hours under the conditions indicated in Table 5.

TABLE 5 Oxo process hept anol 0.58 | i rg/% %ﬁfm‘%ﬁ"m g
0.2537 W % Cobalt as HCo[CO][err] Syn gas (H2:Co 1:2)

1.6 litres/h Cobalt water (containing ,, _ D.519 litre/h
0.9476 W % cobalt as fornate)

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 agueous phase containing
cobalt values is advahtageously concentrated, and is
preferably concentrated to an extent such that the cobalt
level is at or near saturation. The agueous concentrate
advantageously contains the maximum possible amount of
cobalt in'solﬁtion 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.phage 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 agueous phase sent for con-
centration, especially when this is effected by
evaporation as is preferred, the agqueous phase is
contacted with oxygen, conveniently in the form of air.

If demetalling is carried out in the presence of air,
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of 1.5 MPa ensures intensive contact between the phases. The reacti on
m xture | eaving the prefornmer was fed
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this step is normally sufficient to oxidize the volatile
cobalt compounds to non-volatile cobalt species. 1If,
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

agueous phase in an évaporator or by using any_other
convenient means, for example, a membrane, to yield the
concentrate, fof example, a cobalt formate/formic acid
agqueous 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

cf 1 to 3% by volume, based on the'oxo product, may be
-ﬁadded to the aquebus,éffiuent 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,
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prodUC|ng a reaction product as shown, in Table 6. a7
TABLE 6 Tenperature 100[ err] ELF&&SS&Pe‘g

80 KPa Preforner O ganic Phase 0.557 litlrd/ h

Pref ormer Aqueous Phase - 15 - 0.527 litre/h T

| e

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 amn
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 agueous phase
will be primarily in the form of cobalt formate, which,
in the éreformer, in the presence of syn gas is
converted to Co[Co(CO)4]2 in accordance with the

following reaction:

+ 6HCOCH

3CO(COOH)2 + 3H2 + 8CO > Co[Co(CO)4

P

Hydrocobalt carbonyl is liberated from the
Co[Co(C0)4]2 by the following reaction, formatioh 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)4l3, and will normally be

present in the aqueous phase:

Co(Co(CO) + 2HCOOH

4]2 > ZHCo(CO)4 + Co(COOH)2

Hydrocobalt carbonyl is relatively insoluble in
water (maximum solubility at 20°C 3000 ppm, expressed as

elemental cobalt). It is believed that as the con-



Added water (5% aci d) ' 0.25 litrel/h ENT SHEET
148 litre/h Product, Cobalt content, W %

bottom Co[err] 0.418 8.55 Water at bottjo

0 0 Oganic at bottom 0. 0027

Over head recovery - 10.06 % perls

conver si on 71189~

Exanpl e 6

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 oréanic 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 preduct to femove 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 Cg to Cj3,
alcohols that are substantially immiscible with the-
aqueous phase under the reaction conditions are
éspecially suitable as organic solvents. The preferred
alcohols are saturated aliphatic monohydric alcohols, for
example a hexanol, heptanol or octapol. Conveniently
the alcohol used is an oxo process alcohol, and oxo

process heptanol is especially preferred.



The percentage conversion per pass in Exanple 5, about 42%

i nproved by taking advantage of the equilibriumshift that
reducing the tenperature, as in Exanple 4. In the present

reactor maintained at 175[err]C is provided by three stirre
series, the autoclaves being as described - n Exanple 1. By
reaction conditions of high stirring rate and | ong residen
equilibrium conditions were assured (and thereby a basis o
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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 oclefins are being oxonated, the

stripping stage of the method according to the

invention



conparison for Exanple 5 is provided, giving confirmation
equi libriumat the prevailing tenperature
- 34 - and pressure had been reached in the tubular re
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being carried out in the'-absence of both feedstock to,
and thé product of, the oxonation reaction.

The ratio of the solvent chosen to form the organic
ligquid 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 éarbon
monoxide are present.in a sﬁoichiométric 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. |

1f catélytic 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 distfibution 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 sufficiehtly large that the mass transfer of
ﬁaterial 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
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passed-to the tubul ar reactor which was naintained at 107[§ ::F Eﬁ'wgﬁT SHEET
results are shown in Table 7. TABLE 7

Preforming Zone 1 (Three stirred Autoclaves) Pressure 03 SEP 1997
30 MPa Syn Gas ratio. H2: CO - 19 - 1:2 tigring rate

1500 RPM

i

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/mzls. The temperature
in the reactor is preferably from 50 to 175°C, more
preferably from 120 to 140°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 carboh is_employed, a
residence time of 0.2 to 1.0, preferably 0.4 to 0.8, hr
is advantageously émployed.

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)4 or CO,(CO)g in the organic phase or Co[Co(CO),4];
in the agueous phase, at a cbncentration of up to 3660
wppm, advantageously from 1000 to 3000 wppm, measured as
cobalt.

In the tubular reactor without catalyst, reaéﬁion
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°, and preferably from 120 to 175°C. In a
preferred method of prefo;ming, a first stage is carried

out at a higher temperature, for example 150 to 175°C,



Organic feed rate (iso-heptanol) 1 0.461 1/h Cbbalt cOol
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163 mns CQutput - cobalt content, aqueous phase 0.8 97
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and a second stage is carried out at a lower temperature,
for example from 20 to 120°C, preferably from 50 to
1i0°C. By this reduction in temperature, while
maintaining a high pressure, more cobalt carbonyl is
transferred to the organic éhase, alléwing further
reaction to take place in the aqueous phase.

If a tubular reactor, i.e., one providing a high 1l:4d
ratio is employed, résidence 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 employéd. The total
residence time in the first, or the sole, high
temperature stage is advantageously from 90 segonds,to 5
minutes, preferably from 2 to S minutes. If the second
low temperature.stage is employed the residence time is
advantageously from 30 seconds to S 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
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important for complete preforming conversion ﬁo 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),], 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
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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 liﬁe 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 sélution. In the
unit 9 the agueous and organic phases are separated, the
aqueous phase, which contains the major proportion of the
cobalt, being fed by a iine 13 to an evaporator 23,
while the organic phase is led by a line 15 to a wash
tower 17. 1In the tower 17, the organic phase is washed
with cobalt-free wa;er delivered by a.line 19, and the
now substantially cobalt-free organic phase is fed by a
line 21 to a hydrogenétion unit, not shown. The reéctor
S, the unit 9, and the tower 17 and associated lines form

a first oxonation train.
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0. 0057 wt % Overhead recovery 10.
conver si on 48. 4%

The procedure of Exanple 5 was repeatéH,Z%sTng | dent i cal
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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 agqueous 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-éolvent 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 Cg to Cj;

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
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aqueous phase is also effective.
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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 agueous 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 Cg to Cjj3
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
iead. 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,



The procedure of Exanple 7 was repeated, using as the orgaf
1so-heptanol containing 14 %of formates and 1.14 % form d .
Co[err] were present in the aqueous phase. The per cent p as s
conversion fell to 41.8. This exanple illustrates thal & g4§6$%53$g?f
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which is especially helpful if a non-catalytic preforming
step is used. '

The agueous 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 agqueous
phase fed to the evaporator through line 51.

In this procedure, in which no air is employed in
the demetalling step, thé oxo product is demetalled
using only water, a low molecular Qeight carboxylic acid,
and/or a cobalt salt solution of such an acid, binding
most of the cobalt catalyst aé 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 agueous phase may be

recycled, avoiding the need for effluent disposal.

Example 1

In this Example, catalyst-free batch preforming of
an agueous cobalt solution was effected in the presence
of a C3 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
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thermostatically controlled heater, pressure regulator,
and gas and liquid phase injector lines. Stirring was
carried out by a 6-blade 3000 r.p.m. fmax) 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 puréed with syn gas (mole ratio H5:CO of 1:2)
with stirring at 1800 r.p.m. and the pressure raised to
30MPa, and the temperature to 175°C. 1027 g of agqueous
cobalt formate (pH 3.2; 1.067% Co2t 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.
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The results indicate that, under the conditions
shown, equilibrium conversion (about 70%) of Co2* to Co~1
is reached after about 6 minutes. | |

Example 2

The procedure of Example 1 is repeated, except that
the reactor temperature was 150°C, and the initial wt%
cobalt in the water was 1.2682. The results are given in

Table 2.
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recovering fromthe aqueous phase and the organic phase {sofobrained :
vol atile cobalt compounds, separating the resultant| ahuggissEM4ss?

or gani ¢ phases, returning the organic phase to formthe said -organ
sol vent and returning the aqueous phase to formthe| salrd aqueous
phase of pH at nost 7. 2. A netjpod as clainmed [n claim1l
wherein the

The results show that at 150°C it takes longer for
equilibrium.to be reached but that the equilibrium
conversion ratio is higher.

Example 3

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

Table 3

Time, Minutses
0 2 4 6 8 0 15 30

Co®* Conversion ¥ O 8.73 22.26 74.18 77.26 78.3% 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°C. Table 4 shows
that in the first 7 minutes, when no initiatcr 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.
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claim 2,
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phase is contacted with oxygen before concentration. 5. A
method as clainmed in any one of clains L, 03 SEP 1897
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The batch procedures. of Examples 1 to 4 show that

el 1 T AL s

with the good contact bétween 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 S

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 éroviding a free space of
1.04 dl. The reactor was maintained at 175°C through
external éteam 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 S
Oxo process heptanol . 0.58 litre/h
containing 0.2537 Wt % '
Cobalt as HCo{[CO]4
Syn gas (Hy: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



to 4, wherein the liquid organic phase is the crude produiRE@%A

cobalt cat al ysed oxo reaction. 6. A nethod as ¢
wherein contact between the crude product and the aqueous
nost 7 takes place - in the presence of oxygen. 7.

claimed in claim5, wherein contact -bet3meen the crude prdduct..and fhe
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al absence of

aqueous phase of pH at nost 7 takes place in the substantfi

oxygen.

into a stripper operated under the conditions shown, and

producing a reaction product as shown, in Table 6.

TABLE 6
Temperature 100°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,. ut: Gm
Water at bottom, Co2¥ © 0.418 8.55
Water at bottom, co~21 "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

reaétor maintained at 175°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



8. A nethod as clained in claim7, wherein the
stri pper
reacti on of a cobpalft-

cobal t - cont ai ni ng aqueous phase is fed to a
with a stripping gas and the product of
agueous phase, syn gas,
hydr ocobal t carbonyl ;
bottonms fromthe stripper
bef ore bei ng

separa
and

and the organic solvent for dicopal
the thus-treated 3queous phase is eﬁovered
and separated fromthe liquid
contacted with syn gas and the organic sol

tg'tas
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and pressure had been reached in the tubular reactor inp

that Example).

The reaction mixture from the final autoclave wag

passed to the tubular reactor which was maintained at

107°C.

TABLE 7

The results are shown in Table 7.

Preforming Zone 1 (Three stirred Autoclaves)

Pressure

Syn Gas ratio. H,:CO

Stirring rate

Organic feed rate (iso-heptanol)
Cobalt content

Aqueous feed rate
Cobalt content
Residence Time

Output - cobalt content, agqueous phase
Conversion rate

Preforming Zone 2 (Tubular Reactor)
Inlet Pressure

Outlet Pressure
Residence Time

Output - cobalt content, agueous phase
Cbnversion rate

Stripper Zone

Temperature

Pressure

Feed rate - organic phase

30 MPa

1:2

1500 RPM
0.461 1/h
0.2404 wt3
0.425 1/h
1.0744 wtsx
163 mins
0.3475 wtz

70.8%

30 ﬁPa
28 MPa
5 mins
0.2382 wt3

78.2%

100°C
80 KPa

0.443 g/l



9. A method as clained in any one of clains 1
aqueous phase of pH at nost 7 is a
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Feed rate - preformer water 0.425 g/1
Make up water 0.174 g/l
Gas 134 g/l

Stripper Product, cobalt content

Water at bottom, Co2* 0.4483 wt$
Water at bottom, Co~1 0 wt%
Organic at bottom . 0.0057 wt%
errhead 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~l as initiator in the aqueous phase, other conditions
remaining substantially the same as in Example 5. The
per cent per pass conversién 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 procédure of Example 7 was repeated, using as
the organic phase iso~heptanol containing 14 % of
formates and 1.14 % formic acid. 773 ppm Co~1l were
present in the aqueous phase. The per cent per pass
conversion fell to 41.8.

This example illustrates that a 14% level of



dilute formc acid sol ution. 10. A nmet hod as cfat '

.cldins 1 to 9, wherein the organic solvent is a hydrogeR&PeACKMENT GHkdtlic
11. A nmethod as clainmed in any one of clainms 1 to 1P, prwherernm—tie
organi ¢ solvent is an al cohol having from6 to 13 carbjpn apoysgEP 1997 12
A nmethod as clainmed in claim1l, wherein the organic splyent is a

hept anol .
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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.
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A method as clainmed in any one of clainms 1

to 12, wherein the

cont act

A met hod*as® cl'ai fed’in ¢

betweemnm the cobal t-cont ai ni ng

sol vent Hmnaﬁllﬂm lﬂllllg“the presence of a catal yst. _
as clai rhereln the catalyst is on a fixef
a

im13 or claim 14, wherein the ,a agygt ?Piﬁal

aqueous phase, syn gas,—ewm%%%;ﬁnﬁﬂr‘—
1‘REPLACEMEﬁ HREET

conpri ses pall adi um ' 16. A mefhdd as claimed in
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 agueous
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 aqueoué 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



to 12, wherein the contact between the cobalt-containin §Eﬁl ThﬂhﬁﬂEET
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. syn gas__and argani ¢ solvent takes place in the absenc al.yst

‘i‘é“%éﬁ[ﬂ]}lﬁ il Ilm]ﬂi }mi 'aﬁévs place L cuon o roneed T RS

I*anet er r&tio. : A gt hod as cl ai ned | nl claim-1+%

m

mhereln the ratio is at,Jeast 100.

cobalt-containing agueous phase is concentréted 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 oxyéen 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
agqueous phase is recovered as bottoms from the stripper
and separated from the liguid 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 agueous phase of pH at most 7 is a




-40_ - 19. A method as claimed in claim 18, I T
Jis within the range of from 1,000 to 100, 000. ' eRrEPPLACé‘{AENT ﬁéﬁ
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dilute formic acid solution.

10. A method as claimed in any one of claims 1
to 9, wherein the organic solvent is a-hydrogenatgd oxo
product.

11. A method as claimed in any one of élaims 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 heptancl.

13. A method as claimed in any one of claims 1
to 12, wherein the contact between the cobalt-containing
agueous 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
agueous phase, syn gas, and organic solvent takes place
in the absence of a catalyét 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 1l00.



20.

A nmethod as clainmed in any one of clains 1 A :
;contact of the separated cobalt- containing agueous—piiase gqs and

to 19

organi ¢ solvent 1S carri ied out in two st ages,
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ﬂew] and the | ower tenperatureli % wi

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 cocbalt-
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°C, and the lower temperature is within the range of
from 20 to 120°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. agueous 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 éi, wheréin 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




22. OﬁLHELDgg_gg,QLaLnedwin any one of claims 1 to

Sinitiat 'S é reaction between the cob IFEEbﬁﬁ
aqueous ph “ﬁ\ﬁﬁ\gﬁm “a“‘ organi ¢ sol vent. 23,

clained in i rein the initiator is hydrocob
di cobalt octacar- bonyl in ‘the organic sol vent. .
claimed in claim?22 or claim23, wher<eiquthe initiator)is—Tobalt carbonyl
i n the agueous

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.



ENT SHEET
Z10.

L

03 SEP 1997

116

bet wele REPRACEM

or gani ¢ sofvent.

and

A nmethod as clainmed in any one of
syn gas,

is present for the reaction

cobal t - cont ai ni ng aqueous phase,
A method as clainmed in any one of clains 1

25.

0

wherein no initiator

X

phase.

SVONAS
W\ _ 1auag e Ui
dlv 0l :“\
6Y LY
. IS = [>43ud 51— avag
das | ﬁ_m‘ | | |
S 6¢ P [ (6 cuamoL %ﬂ%ﬁum .M
diyls .&|!|._ HSVM 0L Svg |
| NAS
¢ % HSVM 13830, (Y ﬁ
] " 9 LEIRZ 1£0%0
L~
S £ UM o= e a
. £ 4310 Lo
4
¢ N ylv NAS
. SN ! HSYM 13W40, f Y
s - 4ILVAM . 160%0
24370 + Z 04OAH Ol—~—" /m&m\\\\ # SV
‘ _ ' NAS
| / 1 01
- mvms., a_ﬂz\: ﬁ €
300W S8V ey 61 Ll 6 =1 Tox0
14V0S1N0 NI ONIH¥0434d L 4370 — dALVA = ! \ (
o) o « L OYOAH Ol=—<7 St p3waa (7 Sk,




e

b

A etlh

28.

cobal t-containing syn gas is corit
2

A method as clained in claim 26,

27.
stripping is carried out using syn gas.

in claim?27 wherein the

f eed

to 25, wherein volatile cobalt conpounds are recolepgrl AQEMENT SHEET

_ st r ppi ng.

v

-41-

SYONAS
e

Li
dvA3

6t suamoy

HSVM 01

HSYM £
9 d3LVM
€ OUOAH OL—— & »

‘ 510l
NAS
HSVM h_ X
55 -1z 0x0
~ Y3LVM ‘
I | 2 ougan o= /%N.\\ * SYQ

34344 Qyvodino

aNv
13W30 sS3tdlv

¢ 9ld

!

S

E

| OYOAH Ol~—<j7 St |3

much ¢




to an oxo reactor, cobalt values in the gas dissplwng in or beconme
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entrained-in the olefin feed. 29. as clained in any one
of claimse 1 to 28, which is carried out a liquid organic phase that is
the product of a plurality of cobalt-catal yse@%o reacn'Réﬁ.’ACEMENT SHEET
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ABSTRACT

"Catalyst Regeneration"

A cobalt value recovery method) especially for use
in recovering cobalt catalyst from an aqueous medium
obtained in purifying the product of an oxo reaction, in
which recovery is effected in a closed cycle using an
outboard unit, the aqueous medium being treated with an
organic solvent and syn gas to convert the cobalt to

volatile carbonyls for re-use.



