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(57) The invention leads to an acidic waste water stream of reduced volume containing 

cobalt species generally below 20 ppm Co, and does not require further expensive end-of- 

pipe treatment for cobalt removal. Furthermore the invention produces cobalt solids, 

which can be recycled back to the oxonation section via the catalyst makeup step

The present invention therefore provides a process for the recovery of cobalt 

from the oil/water mixed reaction product of cobalt catalysed oxonation by increasing the 

carbon dioxide level by leaving 1 to 3 volume % carbon dioxide in the fresh synthesis gas 

fed to oxonation and/or recycling hydrogen containing 10-15 volume % carbon dioxide to 

the oxonation section to enhance the carbon dioxide level in the oil water phase to promote 

the formation of cobalt carbonate and allowing the cobalt carbonate to settle for removal.

The process is applicable to the production of alcohols from any olefines which 

may be subjected to hydroformylation, but is particularly suited to the hydroformylation 

of C4 to C16, preferably C4 to C12 olefines for the production of C5 to C13 alcohols.

Claim

1. A process for the recovery of cobalt from the oil/water mixed reaction product of 

cobalt catalysed oxonation by increasing the carbon dioxide level by leaving 1 to 3 volume 

% carbon dioxide in the fresh synthesis gas fed to oxonation and/or recycling hydrogen 

containing 10-15 volume % carbon dioxide to the oxonation section to enhance the carbon 

dioxide level in the oil water phase to promote the formation of cobalt carbonate and 

allowing the cobalt carbonate to settle for removal.
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2. A process according to claim 1 in which the product of oxonation is that of 

hydroformylation of C4 to C16 branched or linear olefines.

3. A process according to claim 1 or claim 2 in which the settled cobalt carbonate is 

recycled for use in the oxonation catalyst.
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MINIMISING CATALYST LOSS IN
THE PRODUCTION OF ALCOHOLS

This invention relates to the production of alcohols by
hydroformylation processes and in particular the production of 
alcohols with cobalt catalysed hydroformylation in which the 
amount of waste cobalt is reduced. This brings an economic 
benefit and also reduces the amount of cobalt in the waste water 
stream leading to significant environmental benefits.

The hydroformylation process, in general terms, is a process 
involving the preparation of oxygenated organic compounds by the 
reaction of carbon monoxide and hydrogen (synthesis gas) with 
carbon compounds containing olefinic unsaturation. The reaction 
is performed under hydroformylation conditions in the presence 
of a carbonylation catalyst or catalyst precursor such as 
dicobalt octacarbonyl, and results in the formation of a 
compound, e.g., an aldehyde which has one more carbon atom in 
its molecular structure than the feedstock. Subsequent
hydrogenation of the primary product leads to higher alcohols 
which may be used for example for conversion into plasticisers.

Typically in higher alcohol production the feedstock for a 
hydroformylation process is a commercial c4-c12 olefine 
fraction and the desired end product is the respective 
C5-C13 saturated alcohol or derived mixed alcohol product, 
produced by hydrogenation of the aldehyde oxonation product. By 
virtue of the nature of the feedstock commonly available to 
industry, and indeed of the catalyst and reaction parameters 
employed, the oxonation reaction yields a range of products due 
to the numerous secondary reactions which take place. The main 
commercial products of the hydroformylation reaction are aide-
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hydes and alcohols, with side reactions in the oxonation, 
demetalling and hydrogenation sections of the process system 
producing some 5 to 20 wt.% of high boiling materials by 
condensation, esterification and dehydration reactions.
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In a conventional higher oxo alcohol process, the feedstock 
as described above is fed together with synthesis gas into an 
oxonation unit where catalytic hydroformylation takes place 
using, e.g., hydro cobaltcarbonyl as the active catalyst 
species.

After oxonation the product goes through a hydrogenation step 
to convert aldehydes into alcohols.

The product mixture after hydrogenation comprising the higher 
alcohol, the high boiling materials mentioned above and a low 
boiling fraction is then passed to a distillation unit where 
low boiling materials, high boiling materials and the desired 
alcohol product are separated. The low boiling material 
passing off overhead is a low value product, typically 
containing unreacted olefine feed and paraffins. The high 
boiling material usually contains dimers such as ethers and 
ether-alcohols, (e.g., C2q compounds in C10 alcohol
production) and trimers such as acetals, (e.g., C30
compounds in C10 alcohol production), and heavier.
Although substantially alcohol free (apart from the heavy 
ether alcohols), it may contain a minor amount of alcohol 
which has not been removed in the distillation stage where 
the higher alcohol product of the hydroformylation process is 
separated. In our European patent publication 0183545 we 
describe a process for upgrading these heavy fractions to 
more useful alcohol.
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In the production of higher alcohols cobalt catalyst is used for 
the reaction of the olefins with synthesis gas. After 
completion of the oxonation reaction the cobalt catalyst has to 
be removed from the reaction products and is recycled back to 
the feed for the oxonation reaction section.
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Several technologies to remove the cobalt catalyst from the 
oxonation reaction products are being practised. Examples are 
the oxidation of the cobalt catalyst with air/acetic acid to 
form cobalt acetate, thermal decobaiting to form cobalt metal or 
treatment with dilute caustic to produce sodium cobaltcarbonyl. 
The last method is called the Kuhlmann catalyst cycle technology 
and involves two main process steps: first recovery of the 
sodium cobaltcarbonyl and second the regeneration of the hydro 
cobaltcarbonyl.

The first step of this Kuhlmann Cycle consists of high pressure 
decobaiting in which oil soluble hydro cobaltcarbonyl is 
converted into the water soluble sodium cobaltcarbonyl. This is 
typically done at high temperature (100-180°C) and high pressure 
180-300 barg) by thoroughly mixing the oxonation products with a 
dilute caustic solution. After cooling and depressuring the 
sodium cobaltcarbonyl water is separated from the oil, and after 
washing the oil with water for removal of cobalt traces, both 
water phases are combined and stored.

I
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In the second step, the water soluble sodium cobaltcarbonyl is 
converted back into the oxonation catalyst hydro cobaltcarbonyl 
by acidification of the cobalt water with dilute sulphuric 
acid. The volatile hydro cobaltcarbonyl is stripped from the 
water by a countercurrent flow of absorbing gas, frequently 
syngas, which is subsequently passed through an absorber column 
to recover the hydro cobaltcarbonyl from the stripping gas.

In the first step of this decobaiting, the reaction of hydro 
cobaltcarbonyl with caustic is the main reaction. However, a 
minor part of the cobalt catalyst is converted into cobalt (II) 
salts which cannot be recycled back to the olefin feed stream 
and is lost via the acidic waste water stream into the 
environment. In the conventional Kuhlmann technology, the 
possibilities of excessive precipitation of these cobalt salts 
are deliberately minimised by maintaining a low partial pressure 
of carbon dioxide in the oxo off-gas streams and by avoiding 
large excesses of caustic. This avoids solids formation and 
plugging of the process piping and control valves. Furthermore, 
by avoiding major water holdups and maximising fluid velocities, 
solids settling is prevented. This leaves the cobalt salts 
mainly dissolved in the water stream, which is then acidified 
and stripped to produce a cobalt containing acidic waste water 
stream. Typically the waste water contains 60-200 ppm of 
cobalt.

β «
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In a typical industrial process, cobalt losses via this waste 
water stream are significant (15-30 kg/Co/day), and cause 
environmental problems. An end-of-pipe treatment process, which 
changes the pH of the water from acidic to alkaline by caustic 
addition, has been developed so that the cobalt hydroxide is 
formed and is removed from the water by flocculation and 
centrifuging. This process, although effective, is very costly, 
it requires significant investment, high operating cost and a 
lot of operator attention.
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We have now developed a process which effectively removes cobalt salts, such as 

cobalt carbonate and cobalt hydroxide, from the aqueous sodium cobaltcarbonyl stream 

prior to contacting with sulphuric acid and stripping, without incurring additional cobalt 

losses or experiencing operating problems. This is accomplished by precipitation of 

5 solid cobalt carbonate with carbon dioxide which is then settled and filtered from the

sodir.m cobaltcarbonyl water stream.

The invention leads to an acidic waste water stream of reduced volume containing 

cobalt species generally below 20 ppm Co, and does not require further expensive end-of- 

pipe treatment for cobalt removal. Furthermore the invention produces cobalt solids,

1 0 which can be recycled back to the oxonation section via the catalyst makeup step.

The present invention therefore provides a process for the recovery of cobalt 

from the oil/water mixed reaction product of cobalt catalysed oxonation by increasing the 

carbon dioxide level by leaving 1 to 3 volume % carbon dioxide in the fresh synthesis gas 

fed to oxonation and/or recycling hydrogen containing 10-15 volume % carbon dioxide to

1 5 the oxonation section to enhance the carbon dioxide level in the oil water phase to promote 

the formation of cobalt carbonate and allowing the cobalt carbonate to settle for removal.

The process is applicable to the production of alcohols from any olefines which 

may be subjected to hydroformylation, but is particularly suited to the hydroformylation 

of C4 to C-|6, preferably C4 to C12 olefines for the production of C5 to C13 alcohols.
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Conventional hydroformylation conditions may be used in the 
process of this invention and the operating temperatures, 
pressures and other conditions, such as synthesis gas 
composition, may be controlled in accordance with the usual 
expertise of the person skilled in the art to maximise yield of 
the desired higher alcohol product. For example, the 
hydroformylation reaction may be carried out at a pressure of 
150-300 atm, and a temperature of from 120’C -190° C.

The catalyst may be used in desired active form for example in a 
concentration of from 0.05-3 wt.% preferably 0.05 and 1 wt.% as 
metal based on the olefinic feed. Typically the synthesis gas 
used might have a H2: CO volume ratio in the range 0.9:1-1.5:1.

I <

/ J The cobalt separation technique of the invention may
t c c

•conveniently be divided into four subsections: (i)
till

Precipitation of cobalt salts (ii) Settling of cobalt salts 
(iii) Physical separation of the cobalt salts (iv) Recycle of 
recovered cobalt salts. Cobalt salts are defined as a mixture

(ttt of mainly cobalt (II) carbonate, cobalt (II) hydroxide and a
< t

·'·* minor amount of cobalt metal.« < » t< ( c * < t
,, ,, The process is illustrated by reference to Figure 1 in which oxo
• eft
• ’ product and dilute caustic containing sodium cobaltcarbonyl are

coming from the decobaiting section and flow into low pressure
„ gas-liquid separator 1. The liquids from separator 1 flow into
0 0

• ··* water-oxo product separator 2. The separated oxo product is
mixed with recycled wash water from tower 6 and .sent to a second 
water-oxo product separator 7.

The oxo product from separator 7 is fed to wash tower 6, while 
the water phase is combined with the one from separator 3 and 
sent to settlers 3 and 4.

In wash tower 6 the oxo product is water washed and after 
separation sent to hydrogenation. The wash water from tower 6 
bottoms is partly recycled over tower 6 itself, partly sent
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to separator 7, while the remaining goes to settlers 3 and 4.

In settlers 3 and 4 entrained oxo product and solids are separated from the sodium

cobalt carbonyl water, which is pumped through cobalt solids filter 8 to stripper column 

5. The cobalt solids which build up in filter 8 which can be a solid/liquid separator, a

5 centrifuge, a cyclone, or a membrane are regularly backflushed into settlers 3 and 4.

In stripper column 5 acid is added to the sodium cobaltcarbonyl water and is

countercurrently stripped with gas. This stripgas containing hydro cobaltcarbonyl is 

contacted with oxo feed to recycle the cobalt catalyst back to ononation. The stripped 

water from column 5 is sent to conventional end-of-pipe treatment or to a sewer.

1 0 Details of the cobait separation technique:

(i) Precipitation of Cobalt Salt

The presence of carbon dioxide in the high pressure oxo offgas promotes the 

formation of cobaltcarbonate. This is accomplished by leaving 1-3 volume % 

carbon dioxide in the fresh synthesis gas as opposed to earlier processes when

1 5 carbon dioxide has been deliberately removed from the syn-gas feed, the carbon

dioxide level may be further enhanced by recycling hydrogen containing 10-15 

volume % carbon dioxide to the oxonation section. We have found that contrary to 

the general belief, the presence of excess carbon dioxide is not harmful to the 

oxonation process and does not create additional cobalt losses. To facilitate the

2 0 formation of cobalt hydroxide, an excess of caustic may be injected into the

decobaiting section in order to reach a pH of 8-8.5 in the water leaving the 

decobaiting section.
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An alternative is to use fresh synthesis gas free of carbon 
dioxide, and to recycle hydrogen containing 10-15 volume % 
carbon dioxide to the oxonation section.

Cobalt carbonate is less water soluble than cobalt hydroxide, 
therefore the presence of carbon dioxide in the high pressure 
oxo offgas is more effective in removing water soluble cobalt 
(II) species than the addition of excessive amounts of 
caustic.

1 '■ To maximise the cobaltcarbonyl recovery the oxo product is
; washed with a water stream in a wash tower 6. Carbon dioxide

' ‘ « may then be injected into the water stream preferably as it
; « r'-'( leaves the wash tower and passing to the cobalt water storage
i t < v e

j ,,,,- drums 3 and 4 to further promote the formation of cobalt 
’carbonate. A flocculant, for instance a poly methyl

methacrylate, amy be injected to facilitate the cobalt 
j carbonate particle growth and the settling in the cobalt
j / water storage drums. Another method of stimulating cobalt

, carbonate particle growth is the recycle of wash tower 6
bottoms water back to the decobalters or to the product

,■ 5 settlers 2 and 7, since the cobalt species present in this 
recycle stream enhance the formation of larger cobalt 
carbonate particles.

J £
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ii. Settling of Cobalt Salts

The addition of a flocculant to sodium cobaltcarbonyl 
water steams helps the settling of the cobalt carbonate 
and is not harmful to the subsequent volatilization step 
in stripper column 5. The flocculant does not cause 
foaming or other process problems during the stripping 
of the acidified water stream.

After the formation of the cobalt salts as much as 
possible of the solids shall be allowed to settle from 
the sodium cobalt carbonyl water stream prior to pumping 
it to the stripper column 5. This may be accomplished 
by leading the water from the product separation step to 
the two parallel and/or run in series settlers 3 and 4, 
which also act as sodium cobalt carbonyl water storage 
drums. These two drums are designed for maximum 
settling performance by creating a residence time of 
5-10 hours. Internals, such as floating suctions, may 
be installed to prevent cobalt particles entraining from 
the drums and to avoid stirring up of the already 
settled particles. Another important aspect of 
maximising settling times is the reduction of the water 
flows entering the settlers. This may be achieved by

U r
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minimising the net water flow going to the wash column 
6, which also proceeds via partly recycling over wash 
column 6 itself. The wash bottoms stream is also used 
for prewashing the oxo product going to the oxo product 
separator 7.

iii. Physical Separation of Cobalt Salts

The settled water containing sodium cobaltcarbonyl is 
pumped from settlers 3 and 4 to the volatilization 
column 5 to liberate hydro cobaltcarbonyl. To minimise 
the risk of cobalt salts entering this tower, the water

t t f
,,. stream is preferably first passed through filter 8 to
‘ remove any entrained solids. The flush water from the.
' filter is sent back to the settler drums. An important

t > c
,,,ί aspect of filter operation is the stability of the

water flow to the volatilization tower 5, which is not 
affected by the filter operation.

J t t ί

‘An alternate way of removing entrained cobalt particles
< « f <

*tt* I is to pass the water stream via a centrifuge, while
avoiding air contact to prevent oxidation of the cobalt

* ' carbonyls. The addition of a flocculant is required
for centrifuging, but does not harm the volatilization

ίβ operation.
0 0
Ο β 3 ί

iv. Recycle of Cobalt Sludge

The cobalt salts, which settle out in the drums 3 and 
4, build up as sludge and require periodical removal. 
During this removal the watery sludge is centrifuged or 
filtered to concentrate the sludge, the water with 
sodium cobalt carbonyl is fed back to the process.
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The recovered cobalt salts, mainly cobalt carbonate, can be 
recycled back to the oxonation process as make up catalyst. 
This is done via the conventional process route by returning 
it to the cobalt supplier, who reworks it into cobalt oxide. 
Another method of recycling is to first wash the sludge with 
a carbon dioxide and/or carbonate containing water stream to 
remove sodium salts from the sludge and then pump it to the

«·<< so-called preforming reactors to convert cobalt carbonate
into hydro cobaltcarbonyl. Normally these reactors preform» < t

''' 5 cobalt oxide into hydro cobaltcarbonyl. The recycle of the
'1 cobalt sludge would not be possible in the conventional

process, since caustic treatment of the acidic waste water 
( stream leads to the formation of a mixture of cobalt

I hydroxide/sulphate, which is very difficult to convert into
1ϊ hydro cobaltcarbonyl.

cttt
p The process described above has led to a significant
): = reduction of the cobalt losses into the acidic waste water

stream. Historically they have been in the order of 15-3Okg 
Co/day (based on a monthly average) , while after
implementation of the invention they hpve been reduced to 
below 7-8kg Co/day. In the meantime the average cobalt 
circulation rate has been increased from 30 kg Co/hr to 100kg 
Co/hr, which would otherwise have caused a significant 
increase of cobalt losses

$ β 0
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Example 1

ί In this example the role of carbon dioxide on the cobalt removal
t* process is demonstrated.

ι At the start of the experiment, the oxonation unit was operated
J? with a synthesis gas stream free of carbon dioxide, while no
ί

ij . hydrogen containing 10-15 volume % carbon dioxide was recycled
t to the oxo section. A fairly high proportion of the cobalt (II)

remaining dissolved in the liquid going via filter 8 to
, ' stripping column 5. Although cobalt circulation rate was low

(30 kg/hr) typically 10 kg Co/day were lost to the sewer.
! j ' t

, t
. tt < t

By addition of carbon dioxide to the fresh synthesis gas (about
■ 2 volume %), cobalt losses dropped to 7 kg Co/day. Start-up of

the recycle compressor and feeding hydrogen/carbon dioxide 
reduced the losses even further down to 6 kg Co/day.

• β * (
Q f t 

t t t

In another comparative example, the fresh syngas was left free
ell»

, ζ ‘ , of carbon dioxide, but by recycling hydrogen/carbon dioxide the
cobalt losses were reduced in the same manner down to 6 kg

; Co/day.
; I « «

5 « 6
ι >' α o e β■·,τ
j Example 2

■! This example shows the effectiveness of the filter 8 in removing
solids from the water stream which is fed to stripping column
5.

Using the process of Example 1, liquid was pumped from drum 4 to 
column 5, while by-passing filter 8. Under these circumstances, 
a constant 10-12 kg Co/day was lost to the environment via the 
sewer. These losses could not be attributed to malperformance 
of stripping column 5.
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Without changing any of the operating parameters, filter 8 was 
taken in service with the backflush liquid of the filter 8 going 
to drum 3. In the improved operation losses decreased to an 
average of 6-8 kg Co/day, which demonstrates that the filter is 
capable of removing 4-6 kg/day cobalt solids from the aqueous 
feed going to column 5.

At a lower cobalt circulation than above, the same test was 
repeated. Without the filter, 5 kg Co/day emitted via the 
discharge of column 5, startup of the filter reduced the losses 
down to 2-3 kg Co/day.t 4 < 4

I < <
tit< t 4 4
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A process for the recovery of cobalt from the oil/water mixed reaction product of 

cobalt catalysed oxonation by increasing the carbon dioxide level by leaving 1 to 3 volume 

% carbon dioxide in the fresh synthesis gas fed to oxonation and/or recycling hydrogen 

containing 10-15 volume % carbon dioxide to the oxonation section to enhance the carbon 

dioxide level in the oil water phase to promote the formation of cobalt carbonate and 

allowing the cobalt carbonate to settle for removal.

2. A process according to claim 1 in which the product of oxonation is that of 

hydroformylation of C4 to Ci6 branched or linear olefines.

3. A process according to claim 1 or claim 2 in which the settled cobalt carbonate is 

recycled for use in the oxonation catalyst.
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: 4. A process according to any one of the preceding claims in which the pH of the» ( c
,,' water leaving the decobalting section is adjusted to 8-8.5.
t *c t <lit

'<'■ 5. A process according to any one of the preceding claims in which the product of

oxonation is washed with water and carbon dioxide injected into the wash water.

6. A process according to any one of the preceding claims in which a flocculant is 

added to promote the settling of the cobalt carbonate.

7. A process according to any one of the preceding claims in which the water from
t t o
'«J the product separation is fed to settling drums.
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8. A process according to any one of the preceding claims in which after separation of 

the settled cobalt salts the water is passed to volatilisation tc liberate hydro 

cobaltcarbonyl for subsequent catalyst use.

9. A process according to any one of the preceding claims in which after separation of 

the settled cobait salt the water is filtered.



1 5

10. A process according to claim 9 in which the filter is a solid/liquid separator, a 

centrifuge, a cyclone, or a memberane.

11. A process according to any one of the preceding claims in which the settled cobalt 

salts are recycled to the oxonation process as make up catalyst.

12. A process according to claim 11 in which the sludge of settled cobalt salts is 

washed with a water stream containing carbon dioxide and/or carbonates.

DATED this 19th day of February, 1991.

EXXON CHEMICAL PATENTS INC.

WATERMARK PATENT & TRADEMARK ATTORNEYS
THE ATRIUM
290 BURWOOD ROAD
HAWTHORN VICTORIA 3122
AUSTRALIA
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