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partially inactiv
compound as a ligand and an organophosphorous compound.

Recently, several methods have been developed wherein
soluble complexes of rhodium and organophosphorous
10 compounds are used as catalysts in a homogenous catalytic
reaction. These complexes are useful for various reactions
such as hydrogenation of olefins carbonyl compounds and
aromatic compounds, etc., hydroformylation and
hydrocarboxylation of olefins. Also, since aforesaid
15 complexes are chemically very stable, the catalyst solution
‘can be recycled in the reaction system after separating it
from the reaction products by distillation.
However, since various high boiling by-products are
formed in the aforesaid reaction and also the catalyst used
20 in the reaction is partially inacéivated, a part of the
catalyst-containing residue obtained at the recovery of the
reaction products by distillation must be removed
continuously or intermittently to prevent the accumulation
of high boiling by-products and the inactivated catalyst in
25 the reaction medium.
The catalyst-containing residue contains an expensive
Group VIII noble metal and hence it is necessary to recover
the nobel metal efficiently.
Generally, to recover the nobel metals a wet type
30 recovery method can be used, in which sulfides are added to
an organic solution containing noble metals such as
rhodium, to form sulfides of the noble metals which are
then recovered by precipitation. As an alternative method,
noble metal compoundé are reduced to metal by addition of
35 a reducing agent. As anothevr alternative, the nobel metals
are adsorbed to an adsorbent such as an activated carbon.
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method, it 1is not easy for rhodium complex with

organophosphorous compounds to react with the sulfides or

reducing 'agent; this is because the organophosphorous

compounds are strongly bonded chemically with the nobel

10 metal and the rhodium complexes are stable. And, the

rhodium compounds are not absorbed sufficiently onto the

activated carbon. It thus becomes a practical problem to

recovery rhodium efficiently and effectively. Moreover,

the waste chemicals and exhausted water need to be properly

15 treated as well. And the content of recovered noble metals

is relatively 1low. These are technical drawbacks

associated with the conventional wet~-type recovery methods.

On the other hand, there are also drawbacks in the

dry-type recovery method. The combustion using furnace

20 loses apportion of rhodium, and the obtained ash has a lot

of impurities. Even if an in-water combustion furnace

which demonstrates relatively high efficiency is employed,

a portion of rhodium will be splashed and vaporised during

the combustion process, and another portion of the rhodium

25 will be dissolved in the combustion ligquid (namely,

phosphorous aqueous solution), resulting in a low recovery

percentage.

It is, therefore, an object of the present invention

to overcome the aforementioned problems associated with

30 conventional methods for recovering nobel metal,

particularly rhodium. Namely an object of this invention

is to provide a noble method for recovering rhodium as ash

‘with: high. content from an organic solution containing a
rhodium complex and organophosphorous compound.

35 As a result of continuous and diligent efforts to

achieve the aforementioned objects, the present inventors

¥ have invented a novel method for the recovery of rhodium.
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2 In sti)Jl another method, the dry-type recovery_nethod, an organic
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| ow. These are technica
of rhodium. Moreover, by controlling the ash-firing

temperature so that it is lower than 1,000°C, rhodium can
be recovered with higher efficiency. Furthermore, by
cleaning with a cleaning solution containing a reducing

10 agent, recovery of rhodium as ash with high content can be
achieved without loss of rhodium.

According to the present invention, a basic compound
is added to an organic solution containing an organophorous
compound and a rhodium complex having at least one type of

15 organophosphorous compound as a ligand, the solution is
then combusted and ash-fired under a controlled temperature
of less than 1,000°C, the ash is cleaned using a cleaning
solution containing a reducing agent to remove soluble
salts of elements other than rhodium. By the process

20 rhodium can be recovered at a high efficiency and in high
yield and concentration.

As the method of the present invention may be used to
recover rhodium from organic solution containing an
organophosphorous compound and a rhodium complex having at

25 least one type of organophosphorous compound as a ligand,
it can also be effectively applied to recover rhodium from
a catalyst solution which has been separated, by
distillation, from the reaction products of certain types
of reactions, such as hydroformylation or

30 hydrocarboxylation using a homogeneous catalyst containing
the rhodium complex and organophosphorous compound.

The rhodium complex containing at least one type of
organophosphorous compound as a ligand can easilty be
prepared by the known prior art method from a rhodium

35 compound, such as a hydride, a halide, a carboxylate, a

nitrate or a sulfrate of rhodium and an organophosphorous
compound, such as a'tertiary phosphine or phosphite. As
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hi gh content froma organlc sol ytion_containin hodi um co ex an
organophosphoroug'h@a% ompound such as chl ropentaamlnorhodlum (I1I)

chloride, rhodlum nitrate, rhodium trichloride, rhodium di-~
carbonylchloride, rhodium acetate, rhodium sulfate, etc.
Also, examples of the organophosphorous compound which
10 can be used in the preparation of Rh/organophosphorous
complex are phosphines such as tributylphosphine,
chlorodiethylphosphine, tris-(aminocamyl)phosphine,
tricyclohexylphosphine, triphenylphosphine, | tri(N,N-
dimethylanilino)phosphine, tris(o~tolyl)phosphine,
15 phenyldiisopropylphosphine, pheneyldiamylphosphine,
ethyldiphenylphosphine, chlorodihexylphosphine, tris(N,6N-
diethylaminomethyl) phosphine, ethylene-
bis(diphenylphosphine), trianilinophosphine, dipheyl(N,6N-
dimethylanilinophosphine),
20 triphenylanilinocethylenediphosphine, tris(3,5-
diaminophenyl} phosphine, aminoethyltriisoprophylhexa-
methylenediphosphine, etc. phosphites such as trimethyl
phosphite, triphenyl phosphite, chlorodiphenyl phosphite,
tricyclophexyl phosphite, tetraphenylethylene diphosphite,
25 etc. :
According to the present invention, a basic compound
is added prior to combusting an organic solution containing
a rhodium complex and an organophosphorous compound as

described above. the basic compound can be at least one of
30 the group consisting of oxides, peroxides, hydroxides, and
carbonates of group Ia or IIa elements in the periodic
table; for example sodium oxide, sodium peroxide, caustic
soda, pottassium hydroxide, sodium carbonate, potassium
carbonate, sodium bicarbonate, magnesium oxide, calcium
35 oxie, magnesium hydroxide, calcium hydroxide, magnesium
carbonate or calcium carbonate. Alternative Dbasic
compounds which may be used include sulfides or hydrides of
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Preferably the basic compounds are hydroxides or carbonates
of group Ia elements in the periodic table, or salts
produced by alkali and carboxylic acid; for example caustic

soda, sodium formate or a mixtue of caustic soda and other -

type of basic compounds such as sodium formate.

Although it is preferable to add these basic compounds
as powder or granular shaped crystals to the organic
solution, it is also possible to add them as either a
solution or suspension. Moreover, the amount of added
basic compounds, depending upon the amount of
organophosphorous compounds contained in in the organic
solution, should be more than 0.1 molar equivalent to
phosphorus atoms. The preferable range is from 0.1 to 20
equivalents. The most favourable range is from 0.3 to 10
equivalents.  For an amount of less than 0.1 equivalent the
expected benefit according to this invention can not be
achieved. On the other hand, at molar equivalencies over
the excess amount, the rhodium recovery'fte woﬁld not be
improved, and the amount of ash formed in the combustion
reaction will increase; thus the use of excess amount of
basic compounds is not practical.

Although it is -normal practice to add the basic
compounds to the organic solution before the combustion
reaction, it is possible to add the basic compounds to the
organic solution during the combustion reaction. In the
case where the combustion reaction is performed by spray
combustion, the spray combustion can be accomplished by
spraying the basic compound solution or suspension into the
organic solution mist.

When combusting the organic solution containing a
rhodium complex and organophosphorous compounds to ash
according to the present inventicn, the evaporating and the

ashing temperature of the organic solution should be

odi Um as a<h

n
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such as hydrofarnylatlo
cooling, mixing non-flammable substance such as water in

the organic solution, mixing an inert gas such as nitrogen
in the supplied air, or combining the aforementioned

10 methods. Although the evaporation and ashing temperature
can be controlled by any one of these methods, the most
effective and economical way to control these temperatures
is by controlling the amount of air supplied to the
combustion reaction.

15 It is appropriate to control the evaporating
temperature of the organic solution so that it is in a
range of from 140 to 400°C during the combustion reaction.
It is preferable to maintain this temperature in a range of
from 160 to 350°C. For the evaporating temperature of

20 lower than 140°C, the combustion reaction would be
unstable; more rhodium will be lost due to evaporation or
splashing if the temperature is higher than 400°cC.

It is appropriate to maintain the ashing temperature
pan at higher than 500°C but lower than 1,000°C during the

25 combustion reaction; preferably it should be in a range of
between 600 and 950°C. If it is lower than 500°C, it would
be difficult to perform a complete ashing, while if it is
higher than 1,000°C, more rhodium will be splashed or
evaporated, resulting in a poor recovery percentage of

30 rhodium.

The combination of the aforementioned temperature
control and the addition of the basic compounds improve the
recovery of rhodium effectively in the process of
evaporation and ashing of the organic solution.

.35 Since large amounts of soluble impurities such as
phosphoric acid or phosphoric salts are present in the

5 >y

fired and recovered ash of an organic solution containing
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t he preparatlorf or‘ganophosphor ous conp ex are r mpoun such
as chl or opent aareawrewa @sh(| un}iec'hrgtaudatnhodpﬁnehtixtxm ©of rhoéllum. and

trichloridg, rhedl urdi sontaining rhodium is separated and recovered as
the insoluble residue, so that rhodium can be recovered

with higher efficiency. Water containing a reducing agent
would be suitable as a cleaning solution. Although it is
not necessary to heat the cleaning solution, the use of

10 solution at a temperature more than 10°C increases the
solubility of the impurities and thus improves the recovery
rate of rhodium. The temperature of cleaning solution is
preferably in the range of from 40 to 100°C; in the most
preferable case, the cleaning solution is warm at the

15 temperature of between 50 and 80°C.

Examples of possible reducing agents are formic acid,
oxalic acid, hydrazine, or sodium borohydride. Sodium
borohydride is the preferred reducing agent. The amount of
the added reducing agent, depending on the presence or

20 absence of the basic compound during the combustion
reaction and the kind of the reducing agent, will be
preferably in the range of from 0.001 mol/l to 0.5 mol/l;
in the more preferable case, in the range of from 0.005
mol/l to 0.1 mol/l.

25 If less than 0.001 mol/l is added, the expected
benefit of this invention can not be realised. On the
other hand, if more than 0.5 mol/l is added the elution
loss of rhodium will be constant and only the operation
cost will increase, which is an undesirable result.

30 It is preferable to add the reducing agent prior to
cleaning the ash, but it can also be added after putting
the ash into the cleaning solution. A flocculant can
aggregate the fine grained (smaller than 0,1 um) type
insoluble residue containing rhodium, so it is beneficial

35 for the control of the loss of rhodium by controlling the

filter leakage if during solid/liquid separation,

especially the filtration operation after cleaning. And

3 >
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carbonyl chl oride, rhodium acetate, rhodiumsulfate, etc. Al so, exanpl es of
{ he organophosphorous conpound whi ch can be used i f7 f

Rh/ or ganophosphor ous conplex are phosphines su EE HAS BEEN
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Ites such as trinethyl phosphite,
tri phenyl phospnpﬂymeGHFbr5&P6ﬁ839ptph6§ﬁh|?%10?%?cy9¥cuﬁﬂ$&ﬂ“kﬂuxﬂﬂ%ﬁﬂ?r
t et raphenyl et hylegpe i1Rnes Ay igrefirred. When a polymeric flocculant is
used, its quantity is decided in such a way that an agqueous
solution prepared with a concentration of 0.01-0.05 wt% can

10 be added to the cleaning solution until a flock is formed.
Preferred quantities of the aforementioned aqueous solution
containing flocculant are in the range of about 0.5-5 cc
per 1 £ cleaning solution. Although the flock can be
formed even if excess solution is added, this is not

15 preferable, since the filtration speed will be reduced.

The amount of cleaning solution needed must be 3-20
times more than the ash weight and an amount of 5-15 times
more than the ash weight is preferable.

After introduction of the cleaning solution to the

20 ash, the soluble salts will be dissolved in more than 10
minutes. The dissolving time can be effectively shorteneed
by stirring the solution. Thereafter the insoluble residue
containing rhodium is recovered by an ordinary filtration
operation.

25 A single cleahing procedure enhances the rhodium
content of ash, but the cleaning operation can also be
repeated. When the cleaning is repeated, the additional
cleaning can be done by the decantation method, not by the
filtration operation. Moreover, if the filtered insoluble

30. residue is ash-fired at 600-800°C for from 3 to 5 hours,
followed by cleaning once at least as described above, the
cleaning effect will be much improved.

As described above, in recoverlng rhodium from an
organic solution containing a rhodium complex having at

35 least one type of organophosphorous compound as a ligand

and organophosphorous compound, any of the techniques of 1)
adding the basic compound to an organlc solutlon, 2)
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Accbrding-tb the present ‘invention, a basic conpound is added prior .to
eonbusting an organic solution containing a rhodiun1§ﬁ

or ganoephosphor ous conpound as descri bed above the ba

| easf_pne of the group consisting of oxides, peroxiles, @ﬁ& _
carbonates of group la or Ila elenments in the’ periodic table; Tor—exdnpl e
sodi um oxi de, sodju r,0X1 ca | c_soda oftassium hydroxide, sqdi um
car bonat e, pot asscﬁoﬁ{grgc’;?%ri&e}?eso TRPR DY L b%hé\t%s,shhﬁ%ngé?ﬁﬁﬁgﬁlﬁg,gur ing
cal ci um oxi e, nadiesiaambyskion deeactlon unand d¥ oxisiEng ragoteaning asbbutien
or calcium carQQgﬁ% iy LV SLhG . C I.eh e used

I ncl ude sul fides or a?'cf‘rllnc?eg*%(?ﬁa%g g?ggg %geeﬁ%%%amﬁee%?ghv?hﬁ%;
for instance, sodWwemodulthrge ofodh@sebSechpidgnds aresabmbipeddutbed bgsults

combining s are even better.
The invention is explained more specifically by

reference to the following.
Example 1
An organic solution <containing spent catalyst
10 resulting from the hydroformylation of olefin with a
rhodium triphenylphosphine complex, triphenylphosphine,
triphenylphosphineoxide and high boilding by-products was
used. A sample 20.00 g of organic solution containing 9.42
mg of rhodium (as calculated as a rhodium atom) and 0.72 g
15 of phosphorus (as calculated as a phosphorus atom) was
piaced in a 60 ml alumina crucible. A 0.25 g (which is
0.27 equivalent to phosphorus) of granular caustic soda
(NaOH) was added. After the generated vapour was ignited
with heating the crucible up to 150-300°C by using a gas
20 burner, the combustion was continued by blowing air into
the crucible for about 10 minutes until the flame
disappeared. The ash was collected and was burned further
in an electric furnace at 800°C for 1 hour to obtain 0.72
g of ash. The ashing percentage was 2.6%. Rhodium
25 contained in the ash was dissolved in potassium
pyrosulfite. Result of absorptionmetry indicates that 8.57
mg of rhodium was obtained. the calculated percentage of

rhodium recovered was 90.98%.

Example 2
30 Rhodium was recovered by procedures similar to those

of Example 1, except that the amount of caustic soda added

was changed to 0.35 g (which was 0.38 equivalent to

phosphorus). The ashing percentage was 3.5% and 8.97 mg of

rhodium was recovered. The recovered percentage of rhodium
35 was 95.22%.
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al kal't and organic acids; for exanple sodiumformte, sodium acetate,
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0.1 equivalent the expected benefit according to fhis invention can not be
ﬁxamdie 4 _

Rhodium was recovered by procedures similar to Example

1 except that the amount of caustic soda added was changed

10 to 0.75 g (which was 0.81 equivalent to phosphorus). The

ashing percentage was 5.9% and 9.41 mg of rhodium was

recovered. The percentage of rhodium recovered was 99.89%.
Example S5

Adding 1.0 g of caustic soda (which was 1.08

15 equivalent to phosphorus), procedures similar to those of

Example 1 were performed. The ashing percentage was 7.3%

and 9.32 mg of rhodium was collected. The recovered
percentage of rhodium was 98.94%.
Example 6

20 Similar procedures were carried out to recover rhodium

as in Example 1 except that the added amount of caustic

soda was changed to 1.5 g (which was 1.62 equivalent to

phosphorus). The ashing percentage was 9.7% and 9.31 mg of

rhodium was recovered. The recovery percentage of rhodium
25 was 98.83%.

Exanmple 7

Except that the added amount of the caustic soda was
changed to 4.0 g (which was 4.31 equivalent to phosphorus),
similar procedures were performed to recover rhodium as in

30 Example 1. The ashing percentagé was 26.6% and 9.40 mg of
rhodium was recovered. The recovery percentage was 99.79%.

xample 8 _
Instead of granular caustic soda, potassium carbonate

(K,CO;) 2.0 g (which was 1.22 equivalent to phosphorus) was
35 added. The rest of procedures was similar to those
employed for Example 1. Rhodium in the amount of 9.09 mg
was obtained. The recovery percentage was 96.50%.
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achi eved. On the other hand, at nol ar equival enci es .

the rhodiumrecovery rte would not be inproved, anc S .-.udUEbBEE% .
formed in the conmbustion reaction will increase; tHu t hBERISACESS excess
‘amdunt of basic conpounds is not practical .; Al though it s norm
to add the basic conpounds to the organic solution before the conbustion
reaction, it ispp ﬁéﬂgl to add the basic conpounds to the organic sol ution
durlng t he conb reaction. In the case where the conbustlon reaction
i s performed by spra§iBdhBEst PEACeEnEeS pr &9 cEhBESt i 86 cEXaBRl&ccarpWRERed

by spraying theg\%ﬁ?b?méaﬁp@&n&'&ﬂv@ﬁ ORheH iGwmSPeagtepti n&roatﬁ hel i@ Cof
sol ution m st

onbust i t he.organjc solution co ni ng.a rhodi um
conpl ex and orgSFBBHggﬁhﬁ?Bﬁggﬁdﬁﬁgﬁhgﬁ 4(9;ﬁﬁpﬁﬁﬁxﬁQﬁ %F ﬂé B#@génﬁ°
|nYent|on hshﬁdpuaaphatuag aod tpewdshi ngodtuper aulfédaf (hsgnmggooc was
sol uti on shou

?llsed. Rhodium in the amount of 8.98 mg was recovered.
The recovery percentage was 95.33%.
Example 10
Instead of granular caustic soda, 25 wt.$% caustic soda
10 aqueous solution of 2.0 g (which was 0.54 equivalent to
phosphorus) was added. The procedures used were the same
as for Example 1. Rhodium in the amount of 9.18 mg was
recovered. The recovery percentage was 97.45%.
Exanple 11
15 A 40 wt.% potassium carbonate agqueous solution 4.2 g
(which was 1.05 equivalent to phosphorus) was used instead
of granular caustic soda, in procedures otherwise the same
as those performed to in Example 1. A recovery of 9.11 mg
was obtained. The recovery percentage was 96.71%.
20 Example 12
Instead of caustic soda, a mixture of 40 wt.3%
potassium carbonate (1.4 g) and 1.2 wt.% sodium borohydride
(SBH) (2.0 g), for a total of 0.46 equivalent to
phosphorus) was added. Procedures used were similar to
25 those of Example 1. Rhodium in the amount of 9.14 mg was
recovered. The recovery percentage was 97.03%.
Example 13
Procedures similar to those of the Example 1 were
performed, except that 1.0 g of powdered calcium hydroxide
30 (which was 1.16 equivalent to phosphorus) was used,
resulting in a yield of 8.80 mg of rhodium. The recovery
percentage was 93.42%.

Example 14
Except that 12 wt.% SBH (1.5 g which was 0.87
35 equivalent to phosphorus) was used instead of caustic soda,

procedures similar to those of Example 1 were used.

-'I ‘—‘
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contrdl | ed so as to inprove the percentage of rhodiumrecovery. There are
several methods for controlling the aforesaid tenpénﬂhpsﬁE %%%ﬁﬂﬁik nt

supply amount of the organic solution. For ekanpl hods
are ‘control ling the anount of air to be supphped f BF—eouiil )
controlling tenperature by water- or air- cooling, mxing non-flamrabl e

substance such aphediam i int ltheor gasuntSPUt §003 MK Resared NFdLARS SUGe

as nitrogen int onbl t he af orenmenti oned net hods.

Al t hough the evag§F§?§%k'§%E ggﬁa%% ggag%ﬁé can be controlled by any

one of these net BEzdmplehdsSnost effectlve and economical way to control

these tenperatures is tr I f sypplied to t

conmbusti on reaction. F?ﬁt%gaaﬁyr r|a %;& tr%#a’tﬁ g 8v§ﬁbﬁ§ﬁ ed

t enper at ur e »f tﬁedéﬂganf@r%t%lt|(éﬁ\H§@Q)haI(Whn-Chs was a0.50 equivalent to
phosphorus) was used, in procedures similar to those of
Example 1. Rhodium in the amount of 8.82 mg was recovered.
The recovery percentage was 93.63%.

Example 16
10 Procedure similar to those of Example 1 was employed
to recover rhodium, except that 1.1 g of powdered sodium
formate (which was 0.69 equivalent to phosphorus) was used.
Rhodium in the amount of 9.39 mg was recovered. The
recovery percentage was 99.68%.
15 Example 17
Instead of granular caustic soda, 0.4 g of powdered
sodium formate and 0.4 g of granular caustic soda (total
molar equivalent of 0.68 to phosphorus) was added. The
remaining procedures were similar to those of Example 1.
20 Rhodium in the amount of 9.27 mg was recovered. The
recovery percentage was 98.14%.
Comparative Example 1
As in Example 1, 20.00 g of organic soluiton was
measured into a 60 cc alumina crucible. However, granular
25 caustic soda was not added. Rhodium recovery was 7.80 mg.

The recovery percentage was 82.80%.

Comparative Example 2
Similar procedures were performed as in Example 1,

except that 1.5 g of sodium chloride (NaCl, which was 1.10
30 equivalent to phosphorus) was used to recover rhodium.
Recovery of 7.87 mg of rhodium was obtained. The recovery

percentage was 83.55%.
As clearly shown in the aforementioned examples and

comparative examples, rhodium was recovered at a recovery
35 percentage of greater than 90%; this compares with rhodium
recovery of only about 80% using prior art methods.

N ,,e
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range*of . from 140 to 400[err] C during the conbustion reactlon Lt i
preferable to maintain this tenperature in a range %l‘fﬁ St%EN
|

350ferr] C For the evaporating tenperature of | o\ Jerr] gq the

coffgusti on reacti on woul d be unstabl e; norg,r hodi umwil St to

evaporation or splashing if the tenperature is higher than 400[err]C IS

appropriate to mai ntpdta tHe 8681 RGndBIPESAL ¥ amadli ohi r]jc
nﬁ 88e@2Badli cNidHifo Jr*li’é'abxﬁy I{-

but | ower than 1,000 err Cdurln t he conbustion reaction; “prefe

shoul d be in a $¥hy QTN ONE € FEFOYRry Permentaganct
500[err]C, it m@me atd f]umﬂédtxh PR{BEdN B L3 ete ashing, while if it
is higher than 1,000[err]C, nore rhodiumw || be spl ashed or evaporat ed,

resulting in a poor recovery percentage of rhodium The conbination of the
af orenenti oned tenperature control and the addition of the basic conpounds
i nprove the recovery of rhodium effectively in the process of
evaporation and ashing of the organic solution.
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Si'nce l'arge anounts of soluble inpurities such as phosphoric acid or

phosphoric salts are present

sol ution containing

conpound,

i nvention,

under

7 a rhodi um conpl ex and an org
it is desirable to renove these iygourities.
soluble inpurities are dissol ved: by cl eani
retardation of elution of

- rhodlun113§g3%n
separated and recovered as the insol uble residu

recovered with
be suitable as
the cleaning s

in the fired and recovergd ash of an organic

hmlsrsmmﬂm%ﬁfm
N REPEARES !
khg—the—trecovered 4

sh,

e ash contai ni ng rhodlun1|s

e, so that

rhodlun1can be

10[err] C incregses the

recovery

5

10

15

20

25

nrgne TTICIGQC ontaln a re C ent ul,d
§xgpﬁéﬁ 0P ug%&ﬁchlth Egu c ?gmt gfium
bl uti on, FPRERAS: sol utli 9 a eratur i Covery
solubility of tHe i‘Hpuri{PBSrXsd tr PHﬁKBg erfgnt ()
1 CPRAUNLARCNEOHZ 0.25 0.27 8.57 90.9§
2 GRANULAR NaOH 0.35 0.38 8.97 95.22
3 GRANULAR NaOF 6.5 c.54 9.16 97.24
4 GRANULAR NaOQOH 0.75 - 0.81 9,41 99.89
s GRANULAR NaOB 1.0 1.08 9.32 98.94
6 GRANULAR NaOH 1.5 1.62 9.31 98.83
7 GRANUL2R NaOH 4.8 4,21 9.40 99.79
8 POWDERED K2C03 2.0 1.22 9.09 96.50
9 POWDERED 3.0 1.06 8.98 95.33
10 25 wt % 2.0 .54 9.18 97.45
NaOH sol'n
11 40 wt % 4.2 1.05 9.11 %6.71
1
K2C03 sol'n
12 40 wt % 1.4 0.46 9.14 97.03
¥
K2C03 sol'n 2.0
+
1,2 wt % SBH
13 POWDERED 1.0 1.16 8.80 93.42
14 12 wt % SBH 1.5 0.87 2.03 95.86
15 POWDERED 0.8 0.50 8.82 92.63
NaEC00
16 POWDERED 1.1 0.69 9.39 99.68
NaHCOO
117 POWDEPED 0.4 0.68 9.27 gg.41
NaHCOO 0.4
+
GRANULAR
- NaOH
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rat e of

+ange of from40 to 100[err]C
solution is warmat the tenperature of between 50 and

possi bl e reducing

rhodium The tenperature of cleaning solution is preferably in the

in the nost preferable ggre
er

h\/rir

oxalic acid

kA

agents are form c acid,

bor ohydri de. Sodi um borohydride is the prefée¥?ed r educi ng agent The
anount of the added reduci ng agent, dependlng gg the presence or absence of
t he basi ¢ conpound during the conbustlon re 2and the klnd of t he

reduci ng agent, wi pe P S s ~
mol/1; in the nore §‘P “é‘ﬁab T%g%g | [NAMQUNT |5 I%HODﬁ@i& o
mol /1. If less thaps mpl M ""addé‘qm"% ERY of gﬁg RY
i nvention can not foe realised. On tHe o?her -Qgg an q. qu?I
i's added the utifon Tass ol rhodi um[w TT _Dd constant apd onl e
operation cost® w | PR~ HS—a Rt s34 °“'*8 82.80

- NacCl 1 1.10 7.87 83.55

10

15

20

25

30

35

% J-‘

As seen from the results of Examples 1 through 17 and
comparative example 1 and 2, when combusting and ash-firing
an organic solution containing rhodium complex having at
least one type of organophosphorous compound as a ligand
and organophosphorous compound to recover rhodium, it was
found that the of

significéntly-improved by adding basic compounds to said

recovery percentage rhodium was

organic solution. The procedure used was easily performed.

Example 18
An organic solution containing spent catalyst
resulting from the hydroformylation of olefins with

rhodium~triphenylphosphine tripenylphosphine,

triphenylphosphineoxide and high boiling by-products, where

complex,

10.00 kg of organic solution contained 4.75 g of rhodium
(as calculated as a rhodium atom) and 359 g of phosphorous
(as calculated as a phosphorous atom) was examined. Four
identical examples were prepared. A stainless steel
combustion container with a 20 cm diameter and 10 cm depth
was placed on the heater. Each sample was injected to the
container with a flow rate of about 40-50 g/min by using a
pump.
amount of air blown

The evaporating temperature was controlled by the
into the heater and combustion
container through a pipe with a 50 mm inner diameter from
the blower, 200~
250°C, 250-300°C and 300-350°C, were used, followed by ash-

A percentage of rhodium

evaporation temperatures of 160-200°C,

firing at at 700°C for 4 hours.
recovery corresponding to the evaporating temperature of
the organic solution was obtained by analysis of rhodium in

the fired ash. Results are shown in Table 3.

Sheet Has Been Reﬁaced

TR,



it can also be added after putting the ash into the ¢IIHRNBRE SHKSIEREN. A
'flocrulant can aggregate the fine grained (smaller than OREPLARC ﬁ@”) t vipe
i nsokubl e residue containing rhodium so it kg benef Ferat—Fer—the—eondlr ol
of the loss of rhodiumby controlling the filter |eakage if during
solid/liquid separation especially the f'Ag gt4 on operation after

It i's preferable to add the reducing agent prior to Fleaning the_ash,  but

cl eaning. And h 0 .l-i.es n.and enhance fhe
filtration speed .; of ot '

limted as |ong ssffr‘i Shlive é’" f ' B
residue in parti (e UL S A

ef fective polyne(rc flqeoub@nt and an|0n|o4£452at|on|c pol ynep3{foccul an
S preferred Vﬂen a golyn%Brc tl¢gcculant 1S

4.437 93.4
" 250-300 4.413 92.9
u 300-350 4.380 92.2
Example 19
10 Four samples were combusted under procedures similar

to those of Example 18, except for the evaporating
temperature and the ashing temperature. The evaporating
temperature of the organic solution was maintained at 200-.
250°C, and the ash-firing temperature was 800°C, 850°C,
15 900°C, or 950°C for 4 hours. The recovery percentage of
rhodium was obtained from the analysis of the rhodium
content of the ashes. Results are shown in Table 4.

TABLE 4
ASHING TEMP (°C) RHODIUM AMOUNT RHODIUM RECOVERY
RECOVERED (9) PERCENTAGE (%)
20 800 4.432 93.3
850 . 4.431 93.3
960 4.375 92.1
950 4.372 92.0

25 Comparative Example 3
Except that the evaporation temperatures were

controlled at 400-450°C, 450-500°C, and 500-600°C,
procedures similar to those of Example 18 were performed.
The recovery percentage of rhodium was obtained from the

30 analysis of rhodium content in ash. The results are listed
in Table 5.

.'-__.,4
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used,* |ts quantity Tsdecidéd in such a way that an aqueous solutlon

prepared with g q&g&ﬁgﬁk&hl Bcedf 0.01-0.05 w % can b cani ng

solution untll d. Preferred quantitig
af or nent i oned E n containing flocculant_a of
about 0.5-5 cc. ani ng sol ution. 17 Although the be

formed even if excess solutlon Is added, this is not preferable, since the
filtration speed will be reduced. The anoudﬂﬂﬂﬂidieaning sol ution needed
nmust be 3-20 ti Mef=tBTe Tt t1Te . aSiT Jer gt ot ot oD ot O ot T e
nore than the ashj
sol ution to the ajhoF tSEL I (M) salt >RHdDIU!B di ssol veg pgnmama(rg

m nutes. The diss§l ving tine can be efRBOGWERBD sty t enged by stirring the

sol ution. Thereaffer the bns L ybl e regi due contai.ning rhodiumi1S_recovere
by an ordinary fi op—P—singl8:283ani ng drocedur® edhances |
the rhodium s 450-500 4.204 88.5

500-600 4.147 87.3

Comparative Example 4
Procedures similar to Example 19 were used except that

10 an ash-firing temperature of 1,000°C, 1,100°C, or 1,200°C
for 4 hours was used. The recovery percentages of rhodium
are listed in Table 6.

TABLE 6
ASHING TEMP. (°C) AMOUNT OF RHODIUM | RHODIUM RECOVERY
RECOVERED (g) PERCENTAGE (%)
15 100 4.189 88.2
1100 4.166 87.7
1200 4.114 86.6 i}
Example 20
20 500 g of powdered sodium formate (NaHCOO which was
0.63 equivalent to phosphorous) was added to 10.00 kg of
the organic solution. The remaining procedures were

similar to those employed for Example 18. The recovery
percentages of rhodium are presented in Table 7.

25 TABLE 7
EVAPORATION TEMP. AMOUNT OF RHODIUM RHODIUM RECOVERY
OF SOL‘N (°C) RECOVERED (g) PERCENTAGE (%)
160-200 4.745 99.9
200-250 4.741 99.8
30 250-300 4.693 98.8
300-350 4.679 _ _ 98.5
Example 21

Except that 500 g of powdered sodium formate (NaHCOO
35 which was 0.63 equivalent to phosphorous) was added to

ey



conteht of - ash, but the cleaning operation can al so betrepeated \hen the
¢leaning is repeated, the additional cleaning can be Jdhds SHEENSIAS BEEN
decantation nethod, not by the filtration operation. NoreovgERLACEDt he
filteréd insoluble residue is ash-fired at 600-800[ er rrf€—for—from3—te~5
hours, followed by cl eaning once at |east as dé8cribed above, the cl eani ng
effect wll be nuch | nprqved. descri bed above, ,in recovering rhaodi um
froman organic soﬁﬂ%&ﬁf&%n?gﬁ%ﬁﬁ;Q¥94ﬂﬁﬁlﬁﬁ%ﬁﬁ&ﬁ%x REPFRGUEES| Sddilage to
type of organophosmimsaisofoBgampdeasis wesendsadd Or JREORIRETRINEGES rhodium
conpound, any of the fechni L ng the basic¢.conmpound.to an ]
BV ELUED BprAlneRc iR s o e SBanyAgs of Thodiun

organi ¢ solution,
t enper at ure duri ng candendniimst@isin r Resnilds, axed 1i)stesd nin Lablearg.ng

sol ution 5 TABLE 8
S
ASHING TEMP. (°C) AMOUNT OF RHODIUM | RHODIUM RECOVERY
RECOVERED (qg) PERCENTAGE (%)
800 4.736 99.7
850 4.726 99.5
900 4.724 99.5
10 950 4.712 99.2
Comparative Example 5
Procedures similar to Example 20 were used, except
that the evaporation temperature was maintained at 400-
15 450°C, 450-500°C. The percentage of rhodium recovered was
obtained from the analysis of rhodium content in ash.
Results are listed in Table 9.
TABLE S
_—
EVAPORATION TEMP. AMOUNT OF RHODIUM RHODIUM RECOVERY
20 || OF SOL‘N (°C) RECOVERED (g) PERCENTAGE (%)
B 400-450 4.522 95.2
450-500 4.479 94.3
500~600 4.441 93.5
25  Comparative Example 6
The procedures similar to those of Example 21 were
used except that the ash-firing temperature of 1,000°C,
1,100°C or 1,200°C for 4 hours was used. The percentage of
rhodium recovered was obtained from the analysis of rhodium
30 content in ash. Results are listed in Table 10.

.'.)_e
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contalﬂlng reduci ng agent are ind
i hese techniques are conbined, th

i s-expl ained nore speC|f|caIIy by reference to the fpllo

ividual ly effective

e results are even

organic solution containing spent catalg/st resul
hydr of ornmyl ation of olefin with a rhodlun1tr|phenylphosph|ne conpl ex,

trlphenylphosphlne
was used. A s3g
rhodi um (as ¢

trlphenylphos

[Icul ﬁhodl
cal cul ated as fa pH‘ sp aton)

phlneo s

!"l 2x%

Ul ?”ﬂ 8 Z
égﬁﬁzﬁﬂ kgxo

BHISCSHEE

ERCENTABEC/ (4! D!

0.25 g (which frs 0.27 qu.va.cut
(NaOH) was added. Aftexoade gener

to—phosphorus—of

ated vapodg4was ign

d.llul al caustnroc S

two or three of

hlgh boi | di ng by- products
hiopRONMPRRCUYERYS

Ited W t9#% .Heati ng tjhe

crucible up tq 150-300[err] C by |
cont i nued dy ' 1309 ni o

sing a 9@242urner,

t he com%gggon mas"

1200 4.422 93.1 "

From the above Example 18 through 21 the Comparative
Example 3 through 6, in which the rhodium was recovered by
combusting and ash-firing organic solutions containing
rhodium complex having at least one type of
organophosphorous compound as a ligand and
organophosphorous compound, it was found that the recovery
percentage of rhodium was significantly improved by
controlling the evaporation temperature and ashing
temperature during the combustion reaction with an easily

An organic solution containing spent catalyst
resulting from the hydroformylation reaction of olefins
with rhodium-triphenylphosphine complex triphenylphosphine,
triphenylphosphineoxide and high boiling by-product was
prepared. Such an organic solution of 1,000 g contained
475 mg of rhodium (as calculated as a rhodium atom) and
35.9 g of phosphorus (as calculated as a phosphorus).
Samples were placed in an AISI type 304 stainless steel
combustion container with a capacity of 3.1¢ (having 20 cm
diameter and 10 cm depth) and the burner fired for about 30
minutes to produce ash. The evaporation temperature of the
organic solution was maintained at 200-250°C, and the
ashing temperature was maintained at 700-800°C.
Furthermore, the un-combusted tar-like substance was burned
at 650°C for 4 hours in the electric furnace. The recovery

10
15
performed procedure.
Example 22
20
25
30
percentage at this step was 94-95%.
35

g

In the next step, a cleaning solution was prepared by
mixing an original cleaning solution, which is a mixture of
1 ¢ of about 70°C warm water and sodium borohydride (SBH)
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the érucible for about 10 minutes until the flane dis The ash was
cbl lected and was burned further in an electric furnacelRt SHEF A4 1
hour to obtain 0.72 g of ash. The ashi ng percent age jwas ZREP@ACEDRﬁg rgm
contained in the ash was dissolved in t assi um pyrost-+te—Resil t
of absorptionnetry indicates that 8.57 ng of

rhodi um was obt ai ned t he

cal cul ated percenpags gol,nadiguererc wrpdo 168 W0 £53¢ ByauBLEe gomiRdim

was recovered by procedures siimlar to those of Exanp except "that tﬁg
anount of causti ctB8daPRAYBETEs ERQRGEdans 0azonglockhi dA-A8d ;0. FRa-Gosei

equi val ent to phognBaieal coThetashi 90cOET GOEATLAMhP 1tk Akh &rY WAkhIhg

rhodi um was recovgred. LG oR5VSishels CSRITES DI UMD S8t vea
[

5 residues were filtered. The filtrate was combusted and

ash-fired along with the filtration paper at 650°C for 4

hours (the second ashing). Except that the concentration

of the sodium borohydride was maintained at 0.01, 0.05 and

0.1 mol/l, respectively, the ashing, cleaning and burning

10 were performed on three other samples, using similar

procedures as in the previous example. Rhodium content and

elution loss of rhodium were obtained from analysis of the

ash before and after the cleaning process and the cleaning

solution. Results are tabulated in Table 11.
15 TABLE 11
"CONCENTRATION OF BEFORE THE AFTER THE ELUTION LOSS
REDUCING AGENT CLEANING CLEANING $ OF Rh
ll SBH Rh CONTENT Rh CONTENT
IN ASH IN ASH
l mol/¢ mol/e wt % wt % %
20 0.01 2.43 0.59 12.12 3.01
0.05 12.15 0.60 13.32 0.64
it 0.1 24.29 0.60 13.25 0.57
Example 23
25 Using hydrazine bydrate instead of sodium borohydride

(SBH) as a reducing agent, the amount used was 0.01, 0.05,
0.1, and 0.5 mol/l respectively in four experiments. An
ashing, cleaning using
procedures similar to those of Example 22.
30 of the ash before and after the cleaning,
cleaning solution, rhodium content and cleaning, elution
Results are listed in Table

and burning were performed
From analysis

and in the

loss of rhodium was obtained.
12.

LY
v
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10 Exanpl e

my'. of

Exanpl e 4 Rhodi um was recovered by procedurdds
that the amount of caustic soda added
equi valent to phosphorus)
rhodi um was redoverea.
Exanpl e 5 Addi

phosphor us),

ashi ng percent

recover ed
5

10

15

20

25

The ashi ng perceg e : _
b of _rRgdiAGRPwas 9f. 24%

Sg8

3 Procedures-simlar to those of Exanple 1 were perforned
except that the anount of caustic soda added was chd
was 0. 54 equival ent to phosphorus).
rhodi um was obt ai ned. The recovered percent agq

1 ch
H 9. 16

simlar to Exanple 1 except

The ashlno

anged to 0.75 g (which was 0.81
pgigig%ég% was 5.9% and 9. 41 ng of
IT UM ] eCOVeEr eo

O odl un c J
|V£M3§H?IQN)
N e g ned.  TH
gexmszﬂmS%msz 32 My Raf coNTEMTUN RASCONOENTECY ed. he
IN ASH IN ASH
mol/2 mol/2 wt % wt % Y
0.01 0.6 0.60 11.95 7.25
0.05 3.1 0.60 12.78 0.90

0.1 6.3 0.60 13.40 0.86

0.5 31.3 0.60 13.13 0.86
Comparative Example 7 _

Except that the reducing agent was not added
procedures similar to Example 22 were carried out. Results
are shown in Table 13.

TABLE 13
COMPARATIVE CONCENTRATION BEFORE AFTER THE | ELUTION
EXAMPLE OF REDUCING THE CLEANING LOSS
AGENT CLEANING % OF
Rh
Rh Rh CONTENT
CONTENT IN ASH
IN ASH
No. mol/¢ { mol/¢ wt % wt % 2
7 0 0 | 0.60 8.84 14.63
Exanple 24

The first combusting was done after adding the 50 g of
sodium formate (which was 0.63 équivalent to phosphorous
and the amount of sodium borohydride (SBH) added to teh
0.005, 0.01, 0.05,
The

remaining procedures used were similar to those employed
The recovery percentage for rhodium before

cleaning solution was changed to 0.001,
and 0.01 mol/l respectively in five experiments.

for Example 22.

cleaning was 99-9.8%. Results are seen in Table 14.
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per ¢cent age of rhodiumwas 98.94% Exanple 6 Similar procedures were carried
out to recover rhodiumas in Exanple 1 except that theg
caustic soda was changed to 1.5 g (which was 1.62 equ VHISeSwERTO
phosphorus). The ashing percentage was 9. 7% and 9. 31 jng ofREpp
recovered. The recovery percentage of rhodi untwas 98. 83% B
that the added ampunt of the caustic sod.
4.31 equival ent

recover rhodi um an .
ng of rhodi um . ; E&%ﬁ%@%
| nst ead of gran ! e¥9i§ ord g
(which was 1.22 . rRn ConTEaEt 0 Rh
procedures was IN ASH IN ASH
5 ﬂ mol/é¢ mol/& wt % wt % %
0.001 0.24 0.58 25.55 1.43
u 0.005 1.21 0.58 28.39 0.63
i
0.01 2.43 0.59 27.04 0.25
0.05 12.15 0.58 27.23 0.10
10 0.1 24.29 0.58 27.55 0.10
Example 25

The reducing agent was changed from sodium borohydride
(SBH) to hydrazine hydrate and the amount of hydrazine
15 hydrate added was also changed to 0.005, 0.01, 0.05, 0.1
and 0.5 mol/l respectively in five ekperiments. The rest
of procedures were similar to those used for Example 24.
The results are listed in Table 15. |

TABLE 15

20 CONCENTRATION OF BEFORE THE | AFTER THE ELUTION

REDUCING AGENT CLEANING CLEANING LOSS
| HYDRAZINE HYDRATE | Rh CONTENT | Rh CONTENT ¥ OF Rn

IN ASH IN ASH

mol/2L mol/L wt % wt % %
0.005 0.3 0.58 25.88 1.25
25 0.01 0.6 0.59 26.90 0.75
0.05 3.1 0.58 27.18 0.30
0.1 6.3 0.58 27.49 0.30
0.5 31.3 0.58 26.27 0.30

30 Example 26

The sodium borohydride (SBH) was added in the amount
of 0.05 mol/2, and 1.73 mol of caustic soda was added to
the cleaning solution. Otherwise procedures were similar

g
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enployed for Exanple 1. Rhodiumin the anount of 9.09

Jecovery percentage was 96. 50%

of - Exanple 1 were performed to recover
granular caustic soda, 3.0 g
sodi um sul fide

FP dedesec

powder

anount of 8.98

11 Exanple 9 Simlp
rhodlun1 excep

was utili

g%%%@l? pérce

WL RR

The
hose

(whi ch was 1. 083equi val ent to phosphorus
(hb err S, 9H
Tﬁ%rr

of

ed. Rhodiumin the
tiaue Lisged

in

Exanpl e 10 | nst emgh 1 1Hjm1ular caustic soda, 25 wt . % causti ¢ soda agueous

solution of 2.0
procedures used

9.18 ng was
5

10

15

20

3 émhich was 0.54 equival ent to phosphorus) was added. The
Lanme as for Exanpl e 1. Rhodiumin the anmount of

Except that the sodium borohydride (SBH) was rej;aced
by hydrazine hydrate for the cleaning operation, the same
procedures were performed as in Example 26. Results are

listed in Table 16.

TABLE 16
e S e e
EXAMPLE BASIC BEFORE THE AFTER THE ELUTION
COMPOUNDS CLEANING CLEANING LOSS
% OF Rh
NaOH Rh CONTENT Rh CONTENT
IN ASH IN ASH
No. mol/2 wt % wt % %
26 1.73 0.59 9.19 0.33
27 1.73 0.60 9.95 0.54
Example 28

Ash which was obtained through the procedures of
Example 24 was further subjected to a second cleaning using
a celaning solution which was a mixture of 0.001 mol/¢ of
sodium borohydride (SBH) and 1.0 £ of 70°C warm water and
5 ml of
polymeric flocculant Aronflock.

0.02% by weight of aqueous solution of the
This was followed by a

second burning.

Example 29
Changing the amount of sodium borochydride (SBH) used

“ﬁﬁ'ﬁiﬂ‘fii‘ifﬁﬁi" iTiu




redevered; The recovery pércentage was 97.45% Exanple 11 A 40 wt. %

_potassi um carbonate aqueous solution 4.2 g (which was_1. 05 equivalen
phosphorus) was used instead of granular caustic SOdTHKJ

ot hetwi se the sane as those perforned to . %?
ng was obtai ned. The recovery percentage

to

FHTORAY BEER
ry of

égsEggvghs__ExaagEgﬁggylnst

9.11

aad of

caustic soda, a mxture of 40 w. % potassi um carbonate (1.4 g) and 1.2 wt. %

sodi um bor ohydride (SBH) (2.0 ),

f or

a total

of 0.46 equivalent to

phosphorus) was afledthe $ezemdiuckeaning ter@.80hi mal/k o thesvestimkngypl e
1. Rhodiumin the amount of 9.14 ng was recovered. The recovery percentage
was 97.03% Exanpprodd&dires cderessiihianr to othnsecusedt fior ER¥apPLe 12%er e

per f or med,

except that 1.0 g

of powdered cal ci um hydroxi de

(which was 1.16

equi val ent to phoBesielts)oficExample 28 and 29 are listed in Table 17.

10

15

20

25

A ]

TABLE 17
EXAMPLE CONCENTRATION | BEFCRE THE | AFTER THE | ELUTION
OF REDUCING CLEANING CLEANING LOSS % OF
AGENT Rh
SBH Rh CONTENT | Rh CONTENT
IN ASH . IN ASH
No. mol/2 | mol/2 wt % wt % %
28 G.00L | 0.24 0.63 67.33 1.73
29 0.005 | 1.21 0.63 51.97 0.82

‘Comparative example 8

Except that the reducing agent was not added the rest

of the procedures were similar to those employed for
Results are listed in Table 18.

Example 24.
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| resutting in a yield of 8.80 ng of
Exanpl e 14 Except

93.42%

t hat

12 wt. %

SBH (1.5

equi val ent to phosphorus) was used instead of causti

~simlar to those of Exanple 1 were used.

9.03 ng was col |l ect ed.

- I'nstead of granul ar caustic soda, 0.8 g of powdered sodlun1fornate ( NaHCOO)
(whi ch was 0.50 equival ent to phosphorus) was used,

to those of

The recovery per

12 Rhodi

Béntage was

rhodi um The recovery percentage was

BHSSHEET SASB
min BégJﬁﬁﬁhnt of

7% Exanpl e 15

in procedures simlar
Rhodi umi.n the anobunt of 8.82 ng was recovered. The
recovery percentage was 93. 63%

O IV | O oaNG | | BEFORE THE | AFTER THE | ELUTION
E LE OF REDU CLEANING CLEANING LOSS %
AGENT .
OF Rh
3 No. mcl/% | mol/% | Rh CONTENT | Rh CONTENT
IN ASH | IN ASH
8 0 0 0.58 b 22.83 4.21
10 [Comparative example 9]
Procedures (namely, the ashing, cleaning, and burning)
were used as in Example 26 except the reducing agent was not
added. The results are presented in Table 19.
TABLE 1¢°
15
: JTTION
- |CCMPARATIVE |BASIC BEFORE TEE AFTER TEE ELL .
" |EXAMPLE COMPQUND CLEANING CI.EANING . LQss OF
- % OF Rh
NMaOH Rh CONTENT Rh CONTENT
IN ASH IN ASH
20 " No. mol wt 3 wi % %
K 1.73 0.60 8.90 6.45
' As seen from above Example 22 through 29 and Comparative
examples 7 and 8, after combusting the organic solution
25 containing a rhodium complex having at least

g
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Exanpl e 16 Procedure simlar to those of Exanple 1 was_enpl oyed to recover

rhodi um except that 1.1 g of powdered sodi um formats q$ns
equi'val ent to phosphorus) was used. Rhodiumin the anmjunt 3?
recovered. The recovery percentage was 9% &8% Exanie-l E
granul ar caustic soda, 0.4 g of powdered sodiumformate and 0.4 g of
~granul ar caust|oneodgpétofabrqahapheephbﬁbQBtc@hp@u@&,%% BhQ§EEﬁWi“9hdM§%
added. The rengkg g grocgduges wer e Si g1 €% those of Exanple 1.
Rhodi umin the PEPSEISTOHE WRBPPREDv TR, 2sh Tﬁ%ﬁr%&ﬁﬁnﬁ§/%ﬁ§h§9ﬂ§ﬂﬁa
was 98.14% Conpheanedewkkhnpl eléaningnsblampbe #hich. @ngaOHLQt@%§<bf a
sol uiton was nt 0 mever ranular
neBetEingl dheh0 FRoBLlThNE U b ey M B f M T 1e

causti ¢ soda was not add diumrecovery mas
per cent age as Sppgpities without the loss of rhodium. Thus rhodium can

be recovered with high content and efficiency.

While this invention has been explained with reference
to the method described herein, it is not confined to the
details as set forth and this application is intended to

10 cover any modifications and changes as may come within the
scope of the following claims.
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\Cbhparatlve Exanple~2-Sim | ar procedures were perfornmed as in Exanple 1,

et e L I,

obt ai ned. The recovery ¢petceht age "'was 83.55% As
-af orenenti oned exanpl es and conparati ve exanpl es, rhodi um was tecovered at

a recovery perggﬂlgse of greater than 90% this conpares with rhodi um
" recovery of only about 8096u5|ng prior art methods. 13 Data on the

amount of added- basPcPESREBUARE, TREPYPTARG Fhodiay £5ophas fidsts orgadiche
recovery percesépgeioh rboflpyikang | ayted | #nbaudS todBlek containing

organophosphorous 1ligand and b) an organophosphorous
5 compound, comprising the steps of:
adding a basic compound to said first solution
producing a resultant organic solution, and
combusting said resultant organic solution to ash.
2. The method for recovering rhodium according to claim

10 1, wherein said basic composition comprises at least one
basic compound selected from a group comprising oxides,
peroxides, hydroxides and carbonates of group Ia and group
IIa elements in the Periodic Table.

3. The method for recovering rhodium according to claim

15 1, wherein the basic compound comprises at least one basic
compound selected from a group comprising sulfides and
hydrides of the group Ia elements in the Periodic Table.
4. The method for recovering rhodium according to claim
1, wherein the basic compound comprises at least one of a

20 group of salts produced by a reaction of alkali with
organic acid.

5. The method for recovering rhodium as according to any
preceding claim, wherein the basic compound is added in an
amount of more than 0.1 molar equivalent but less than 20

25 molar equivalents to phosphorus atoms which are contained
in the resulting organic solution.

6. The method for recovering rhodium according to any
preceding claim, wherein the combustion temperature at
which ash is formed is maintained at less than 1,000°C.

30 7. The method for recovering rhodium according to any
preceding claim, comprising the further step of:

cleaning said ash by wusing a cleaning solution
containing a reducing agent to remove impurities such as
soluble salts of elements other than rhodium.

.35 8. A method for recovering rhodium from a first organic

solution comprising a) a rhodium complex containing an

organophosphorous 1ligand and b) an organophosphorous

A ‘-4
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14jEXanp+e:Type of Basic - Anount---Equiv. to Rhodi um Rhodi um Conpounds

pdded | oz CRAUNLA@QMHiﬁﬂmm(@ R [PEHS e

2 “.GRANULAR NaCH '8.97 |
GRANULAR NaCH 0.54 286 97.24 4  GRANULAR

_ IIIa(C)H 0.75 é.gompour% Séh?feln sgjidg§l§it6°rgaéﬂiﬁNﬁlEAg§i\ggllf§ clz\lgr?b_'tssted

1. 62 9. 31 to ash, IhesIAmprovegRANIITNPEIding: 4 . 0 4. 31
9.40 - 99.79 8 . PMDERERKkAL! .22 :
9 09 96. 50 9. c PQ/\DEREDd< file J:gﬂ:ﬁég;an gelgperaﬁ:%e a]t w%:.cg. agh is
95. 33 Na[ err] S. oHjamadOtry remadn @t kess than 1,000 0. 54

9.18 $7. 49 NaOdnedlndthod for recovering rhodium according to any

preceding claim including the step of evaporating said
organic solution prior to combustion to ash and the
temperature during said evaporation step is maintained at
less than 400°C

10 10. A method for recovering rhodium from a first organic
solution comprising a) a rhodium complex containing an
organophosphorous 1ligand and b) an organophosphorous
compound, wherein said first organic solution is combusted
to ash, the improvement comprising the further step of:

15 cleaning said ash by using a cleaning solution
containing a reducing agent to remove impurities such as
soluble salts of elements other than rhodiun.

11. The method for recovering rhodium according to claim
10, wherein a basic compound is added to said cleaning

20 . solution. o , .

12. The method for recovering rhodium according to claim
10 or 11, wherein cleaning or cleaning followed by burning
is performed more than twice.

13. The method for recovering rhodium according to any of

25 claims 10 to 12, wherein a flocculant is added to said
cleaning solution.

14. The method according to any of claims 7 and 10 to 13
in which the reducing agent is selected from formic acid,
oxalic acid, lydrazine, or sodium borohydride.

30 15. The method according to any of claims 7 and 10 to 14-
in which the amount of reducing égent present is in the
range 0.001 M to 0.5 M.

16. The method for recovering rhodium according to claim
10, wherein said cleaning solution comprlses water or warm

35 water.

17. A method according to any preceding claim in which the

first organic solution is derived from a catalyst solution

S A-‘
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1Y 40 wt % 4.2 1. 05 9" i1 96. 71
“Klerr]CJerr] sol'n 12 40 Wt % ”l”“”“mnmm 9.14
'97.03 K[err]CJerr] soln 2.0 +1. 2 wt . %SB _

1.0 1.16 8. 80 93.42 @8 (OH) [erf] 14" "™2°w "% SBH
1.5 0. 87 9.03 95.86 15 PONDERED 0.8

0. 50 gsgparated 0goB 3 NI QBny laPIWBERED hydrocarbogybation
1.1 0. %actlon 9.39 99. 68 NaHCOO 17 POWDERED

0.4 98. 41 NaHCOO 0.4 GRANULAR
NaCOH 18. A method according to any preceding claim in which the

rhodium complex contains at least one phosphine ligand.



15 YABLE'2 COVPARA- TYPE OF AMOUNT EQUI VALENT RHODI UM  RHODI UM Tl VE

*ADDI TI VE ADDED TO RECOVERY RECOVERY EXAMPLE - (9
.. PHOSPHORUS ~ AMOUNT PERCENT 1 - 7.80
82.802 NaCl 1.5 1.10 j@? 83 55 As seen fromthe

results of Exanples 1 through 17 and conparative exanple 1 and 2, when
conbusting and ash-firing an organic sol uapgTra@At ai ni ng rhodlun1conplex
having at | east one type of organophosphorous conpound as_a ligand and

or ganophosphor ous compound to re_:rﬁvrx~-ﬂ~ HOD_OF, RHODIUMY t hat the
recovery percentage ofArhethod 168 ﬁé@@vérﬂﬂ@tiﬂodﬁm%@ﬂpbj{sﬂﬂdl BBebatéfs
Sgﬂ)glﬁgﬁ t(éx:%? grganégl X% ua' %ﬂ@ecprm%%%% f€ used vvagrsgglllcy solution

5 contalnlng a rhodium complex containing at least one type

of organophosphorous compound as a 1ligand and an

organophosphorous compound, combusting the resultant

mixture to ash under a controlled temperature of less than

1,000°C; and cleaning the ash using a cleaning solution
10 containing a reducing agent.

. )-e



An organi

hydr of or myl REPbACEMEN]‘e ;

RTme ¢

aj ning spent catalyst resulting fromthe
i th rhodi umtriphenyl phosphine conpl ex,

tripenyl phos
where 10. 0(
cal cul atedja
phosphor ou$
stai nl ess |st
was pl aced™o
flow rate of

tenperature was controlled b égv U QB abr into the heater and
conmbusti on contai ner through '

n1ne t | phosphi neoxi de and hi gh boiling by-pr ts,
$an pro uti on contSybstitute sheet '03L7 #@ﬁﬁ Uﬁ?eﬁa‘gggg

and 359 g of_  phosphorous (as calcul ated as a

QUL

conbustlon

a

d. Four identical exanpl es were prepared.

eel

about 40 50 g/mn by using a punp. The evaporating

bl ower, evapor at i ofhecppesastricvention-velites| ) 20eth280ForT técavery

250-300[err] C
700[err] C for
t he evaporati

of" %h%%q\ﬁ:s(Hﬁmr lén aﬂg?yéeggmuc%%r&mﬁmgespon;gg%ga,{.gt

ours ercent rhodiumrecovery corr
ﬁgmpéggermmr@g ot least one type of organophosphorous

compound as a ligand and an organcphosphorous compound, .
' Recently, several methods have been developed wherein
soluble complexes of rhodium and organophosphorous
compounds are used as catalysts in a homogenous catalytic
reaction. These complexes are useful for various reactions
such as hydrogenation of olefins carbonyi compounds and
aromatic compounds, etc., hydroformylation and
hydrocarboxylation of olefins. Also, since aforesaid
complexes are chemically very stable, the catalyst solution
can be recycled in the reaction system after separating it
from the reaction products by distillation.

However, since various high boiling by-products are
formed in the aforesaid reaction and also the catalyst used

‘in the reaction is partially inacéivated, a part of the

catalyst-containing residue obtained at the recovery of the
reaction products by distillation must be removed
continuously or intermittently to pfevent the accumulation
of high boiling by-products and the inactivated catalyst in
the reaction medium.

The catalyst-containing residue contains an expensive
Group VIII noble metal and hence it is necessary to recover
the nobel metal efficiently.

Generally, to recover the nobel metals a wet type
recovery method can be'used, in which sulfides are added to
an organic solution containing noble metals such as
rhodium, to form sulfides of the noble metals which are
then recovered by precipitation. As an alternative method,
noble metal compounds are reduced to metal by addition of
a reducing agent. As another alternative, the nobel metals
are adsorbed to an adsorbent such as an activated carbon.

i ameter fromthe

Tl

A

ontainer with a 20 cmdi aneter and 10 cm depth
ech sanple was injected to the container with a



b

t e organic so
Results are showp
RHODI UM RHODI UM
PERCENTAGE (% |1

4. 437
300- 350

conbust ed under procedures simlar to those of Exanple 18,

REPLAC
u G?’ VLS chHEFEd by analysis of rhodiumin the fired ash
in,T 16 TABLE 3 BO LI NG TEMP. AMOUNT OF
RE g&@ﬁ% N ([err]C) RECOVERED (%)
pO- 4. 451 Substitute sheet - 193BepteberSIB96
93.4 250- SOP 4T3 9Z2.9
4380 92.2 Exanple 19 Four sanples were

evapor ati ng tenper anussidddanbthes methad hednyetyptheecospoyanetlod,
tenperature ofntHegQh9aNs6180L5h! Kn¥eEn (B HMEEheta1dPUs combusted by

using a combustion furnace or in-water combustion furnace
to form ash from which rhodium can be recovered.

However, when using the conventional wet-type recovery
method, it 1is not easy for rhodium complex with
organophosphorous compounds to react with the sulfides or
reducing agent; this is because the organophosphorous
compounds are strongly bonded chemically with the nobel
metal and the rhodium complexes are stable. And, the
rhodium compounds are not absorbed sufficiently onto the
activated carbon. It thus becomes a practical problem to
recovery rhodium efficiently and effectively. Moreover,
the waste chemicals and exhausted water need to be properly
treated as well. And the contént of recovered noble metals
is 'relativeiy low. These are technical drawbacks’
associated with the conventional wet-type recovery methods.

On the other hand, there are also drawbacks in the
dry-type recovery method. The combustion using furnace
loses apportion of rhodium; and the obtained ash has a lot
of impurities. Even if an in-water combustion furrnace
which demonstrates relatively high efficiency is emplojed,
a portion of rhodium will be splashed and vaporised during
the combustion process, and another portion of the rhodium
will be dissolved in the combustion 1liquid (namely,
phosphorous aqueous solution), resulting in a low recovery
percentage.

It is, therefore, an object of the present invention
to overcome the aforementioned problems associated with
conventional methods for recovering nobel metal,
particularly rhodium. Namely an object of this invention
is to provide a noble method for recovering rhodium as ash-
with high content from an organic solution containing a’
rhodium complex and organophosphorous compound.

~ As a result of continuous and diligent efforts to
achieve the aforementioned objects, the present inventors
have invented a novel method for the recovery of rhodium.

except for the



250[ err] C, and  hg—astr= ~renperature was 800[err]C, 850[err]C,
900[err] C, or 950[err%§ %Qb 4 Hodrs. The recovery percentage of rhodi um was
obt ai ned from thel anal P& s 8¢ tthg rhodi um content of the ashes. Results are
shown in Table [4. IG|TEMP ( [Substityte s UL ASsptamber 1899 uv
RECOVERY RECOVHERED (g)- PERCENTAGE (% 800 4.432

93. 3 850 4—43% 3.3 900 4.375-

92.1 950 . 4.372_ . 92. 0 Conparatiyve anpl e 3_Except
that the evapdPatitn 3RnBEPARGFeSUME I EPRERLRING: @ AR eFPpplex
450- 500[ er r] Chavdng a%0Qeasd] ared Gypw e brnsproshiorous hosepein&xagn! e

18 were perforned. T recovery_pergentage of rhodi um was obtained fromthe
anal ysi s of rﬁgﬁilﬁrﬁnggntteﬁeﬁé/%sw‘t&hénr SEFRNORROSANOIOMF |GPRRAHNA 5is

ash-fired to obtain ash, and basic compound is added prior

to. combustion in order to improve the recovery percentage
of rhodium. Moreover, by controlling the ash~firing
temperature so that it is lower than 1,000°C, rhodium can
be recovered with higher efficiency. Furthermore, by
cleaning with a cleaning solution containing a reducing
agent, recovery of rhodium as ash with high content can be
achieved without loss of rhodium.

According to the present invention, a basic compound
is added to an organic solution containing an organophorous
compound and a rhodium complex having at least one type of
organophosphorous comﬁound as a ligand, the solution is.
then combusted and ash-fired under a controlled temperature
of less than 1,000°C, the ash is cleaned using a cleaning
solution containing a reducing agent to remove soluble
salts of elements other than rhodium. By the -process
rhodium can be recovered at a high efficiency and in- high
yield and concentration. _

As the method of the present invention may be used to
recover rhodium from organic solution containing an
organcophosphorous compound and a rhodium complex having at
least one type of organophosphorous compound as a ligand,
it can also be effectively applied to recover rhodium from
a catalyst solution which has been separated, by
distillation, from the reaction products of certain types
of reactions, such as  hydroformylation or
hydrocarboxylation using a homogeneous catalyst conﬁaining
the rhodium complex and organophosphorous compound.

The rhodium complex containing at least one type of
organophosphorous compound as a ligand can easilty be
prepared by the known prior art method from a rhodium
compound, such as a hydride, a halide, a carboxylate, a
nitrate or a sulfrate of rhodium and an organophosphorous
compound, such as a tertiary phosphine or phosphite. As



5 DOD] ACIAMENT URTT
17 TABLE 5 EVAP( +@@W§f§; bh}-‘]é\ OUNT OF ' RHODI UM RECOVERY OF

SOL'N ([err] Q) RHODI UM PERCENTAGE (% RECOVERED ( g)
400- 450 17. $ER 1996 89. 3 450- 500 4. 204
88.5 500- 600 4. 147| Substitldd sheebridr Septembaratpde 4

Procedures simljar To EXanple I9 jere used except that an ash-Tiring
tenmperature of 1,000[err]C 1.100{err]C, dr 1,200[err]C for 4 hours was
used. The recovery percentages of rhodiumare listed in Table 6. TABLE 6

ASHI NG TEMP. (th2 rasge maw/ Nt adspHbbeUmomHIX U HREIIYSRCan be formed
during the reaction by supplying a rhodium compound and an

organophosphorous compound to the reactor.

Specific examples of rhodium compound which can be
used in the preparation of Rh/organophosphorous complex are
rhodium compound such as chloro;ﬁentaaminorhodium (III)
chloride, rhodium nitrate, rhodium trichloride, rhodium di-
carbonylchloride, rhodium acetate, rhodium sulfate, etc.

Also, examples of the organophosphorous compound which
can be used in the preparation of Rh/organophosphorous
complex are phosphines such as tributylphosphine,
chlorodiethylphosphine, tris-(aminocamyl)phosphine,
tricyclohexylphosphine, triphenylphosphine, tri(N,N-
dimethylanilino)phosphine, - tris(o-tolyl)phosphine,
phenyldiisopropylphosphine, pheneyldiamylphosphine,
ethyldiphenylphosphine, chlorodihexylphosphine, tris(N,6N-
diethylaminomethyl) phosphine, ethylene-
bis(diphenylphosphine), trianilinophosphine, dipheyl(N,6N-
dimethylanilinophosphine),
triphenylanilinoethylenediphosphine, tris(3,5-
diaminophenyl) phosphine, amincethyltriisoprophylhexa-
methylenediphosphine, etc. phésphites such as trimethyl
phosphite, triphenyl phosphite, chlorodiphenyl phosphite,
tricyclophexyl phosphite, tetraphenylethylene diphosphite,
ete.

According to the present invention, a basic compound
is added prior to combusting an organic solution containing
a rhodium complex and an organophosphorous compound as
described above. the basic compound can be at least one of
the group consisting of oxides, peroxides, hydroxides, and
carbonates of group Ia or IIa elements in the periodic

table; for example sodium oxide, sodium peroxide, caustic
soda, pottassium hydroxide, sodium carbonate, potassium
carbonate, sodium bicarbonate, maqﬁesium oxide, calcium
oxie, magnesium hydroxide, calcium hydroxide, magnesium
carbonate or calcium carbonate. Alternative basic
compounds which may be used include sulfides or hydrides of



gy

REPLACE

w Qi i
RECOVERED ( g) ; ﬁ%&giq 100 - 4.189
88.2 1100 .4.166 87.7 1200 4.114
86. 6 Exanpl e 20|500 & /0¥%ERAWer £d| sodi um formate (NaHCOO which was 0. 63
equi val ent to phHogphorous) was adfled to Substituty sheethel 2iSgpteraben/19G6on.
The remaining procedures were s{mlar to those enployed for Exanple 18.
The recovery pencentages of rhaodilimare pisesented in Table 7. TABLE 7

EVAPCORATI ON TEMP. AMOUNT OF RHODI UM RHODI UM RECOVERY OF SOL' N
([err]1Q grEP\VERELngnts in theEpeEicACEapde ; 160r2D0stance, sodiuml. 745

?1?683200- 250 gyitide, ggg%f%%gl?%%oohydride or saﬁ?z%@é@ﬁé@é’ by combirbig?%

Exanpl e 21 alkali and organic acids; for example sodium formate,
sodium acetate, sodium oxalate or sodium citrate. -
Preferably the basic compounds are hydroxides or carbonates
of group Ia elements in the periodic table, or salts
produced by alkali and carboxylic acid; for example caustic
soda, sodium formate or a mixtue of caustic soda and other
type of basic_com_pounds such as sodium formate.

Although'it is preferable to add -these basic compounds
as powder or granular shaped crystals to the organic
solution, it is also possible to add them as either a
solution or suspension. Moreover, the amount of added
basic compounds, depending upon the amount of
organophosphorous compounds contained in in the organic
solution, should be more than 0.1 molar equivalent to
phosphorus atoms. The preferable range is from 0.1 to 20
equivalents. The most favourable range is from 0.3 to 10
equivalents. For an amount of less than 0.1 equivalent the
expected benefit according to this invention can not be
achieved. On the other hand, at molar equivalencies over
the excess amount, the rhodium recovery rte would not be
improved, and the amount of ash formed in the combustion
reaction will increase; thus the use of excess amount of
basic compounds is not practical.

Although it is -normal practice to add the basic
compounds to the organic solution before the combustion
reaction, it is possible to add the basic compounds to the
organic solution during the combustion reaction. 1In the
case where the combustion reaction is performed by spray
combustion, the spray combustion can be accomplished by
spraying the basic compound solution or suspension into the

organic ‘solution mist.

When combusting the organic solution containing a
rhodium complex and organophosphorous compounds to ash
according to the present invention, the evaporating and the
ashing temperature of the organic solution should be



; 7
Except that 500 R LAﬂ&ﬁg@I SEEET{im f or mat e ( NaHCOO whi ch was 0. 63
equi val ent to ph srhorous) was aglded to 18 10.00 kg of the organic
sol ution, procedyres %ﬁh$E%ﬂ9mp hpse of Exanple 19 were used. The
per cent age rhodi recovered was] opt ai nedSulrstituté\shidatn 1| MeSeptamisors! 996
ted in Table 8. TABLE 8 ASHING™

rhodi um content §n ash. ResUl are listed in Table 8.

TEMP. ([err] O AMOUNT _OF RHODI UM RHODI UM RECOVERY RECOVERED ( g)

PERCENTAGE (% 800 4.736 99. 7 850

4.726 controlled ssgoes to improve theopercentage of rhedimmns0

4.712 recovery?d 2TherR2agkl ¥verdlPlfethods for controlling the
aforesaid temperature at a constant supply amount of the
organic solution. For example these methods are

controlling the amount of air to be supplied for
combustion, controlling temperature by water~- or air-
cooling, mixing non-flammable substance such as water in
the organic solution, mixing an inert gas such as nitrogen
in the supplied air, or combining the aforementioned
methods. Although the evaporation and ashing temperature
can be controlled by any onejof these methods, the most
effective and economical way to control these temperatures
is by controlling the amount of air supplied to the
combustion reaction.

It is appropriate to control the evaporating
temperature of the organic solution so that it is in a
range of from 140 to 400°C during the combustion reaction.
It is preferable to maintain this temperature in a range of
from 160 to 350°c; For the evaporating temperature of
lower than 140°C, the combustion reaction would be
unstable; more rhodium will be lost due to evaporatlon or
splashlng if the temperature is higher than 400°C.

It is appropriate to maintain the ashing temperature
pan at higher than 500°C but lower than 1,000°C during the
combustion reaction; preferably it should be in a range of
between 600 and 950°C. If it is lower than 500°C, it would
be difficult to perform a complete ashing, while if it is
higher than 1,000°C, more rhodium will be splashed or
evaporated, resulting in a poor recovery percentage of
rhodium. '

The combination of the aforementioned temperature
control and the addition of the basic compounds improve the
recovery of rhodium effectively in the process of
evaporation and ashing of the organic solution.

Since large amounts of soluble impurities such as
phosphoric acid or phosphoric salts are present in the
fired and recovered ash of an organic seolution containing



Procedures serEp% m 0O were used, except that the evaporation
A EMENE ﬁTLOO- 450[ err] C, 450-500[err] C. The percentage

t enperature

of rhodiumregc vereg ggs bt di jed fromthe analysis of rhodium content in

ash. Results larle 1116568 VR Tdblfe o. TABL ESSb4tHAROBATSON1 TE8EhtembeAMBBE OF
M _RECOVERY OF{S®L' N ([ err € RECOVERED ()

RHODI UM
PERCENTAGE (9 400- 450 4.5227 95. 2 450-500
600 4. 441 93.5

4.479
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Tabl e 10. recovered ash, under retardation of elution of rhodium, and
the ash containing rhodium is separated and recovered as

the insoluble residue, so that rhodium can be recovered
with higher efficiency. Water containing a reducing agent:
would be suitable as a cleaning solution. Although it is
not necessary to heat the cleaning solution, the use of
solution at a temperature more than 10°C increases the
solubility of the impurities and thus improves the recovery
rate of rhodium. The temperature of cleaning solution is
preferably in the range of from 40 to 100°C; in the most
preferable case, the cleaning soclution is warm at the
temperature of between S0 and 80°C. :

Examples of possible reducing agents are formic acid,
oxalic acid, hydrazine, or sodium borohydride. Sodium
borohydride is the preferred reducing agent. The amount of
the added reducing agent, depending on the presence or
absence of the basic compound during the combustion
reaction and the kind of the reducing agent, will be
preferably in the range of from 0.001 mol/l to 0.5 mol/l;
in the more preferable case, in the range of from 0.00S5
mol/l to 0.1 mol/l.

If less than 0.001 mol/l is added, the expected
benefit of this invention can not be realised. On the
other hand, if more than 0.5 mol/l is added the elution
loss of rhodium will be constant and only the operation
cost will increase, which is an undesirable result.

It is preferable to add the reducing agent prior to
cleaning the ash, but it can also be added after putting
the ash into the cleaning solution. A flocculant can
aggregate the fine grained (smaller than 0,1 um) type
insoluble residue containing rhodium, so it is beneficial
for the control of the loss of rhodium by controlling the
filter- leakage if during solid/liquid separation,
especially the filtration operation after cleaning. Aand



19 TABLE 10 AsH REBAGEMENT

OF RHODI UM RHODI UM RECOVERY ([err]C)

RECOVERED ( g) PERCENTAGE 1000 4. 484

94.4 1100 17 SER196 : 93.6 1200 4.422
93.1 Fromthe aboye Exanple 18 th ough 2§ub lﬁgqy@k@thﬁﬁsgﬁ bgrggggrough
6, in which thejrhodronmrwas—TeCOoV

sol utions contafining rhodium co Iex hayi ng at | east one type

of organophosphor ous “conpound a I|gand and

01 aNOPNOS PhoNGSy CRAROUSENELS Wihd owagst "6t Ulid RGPV SHY PEREEIA0EnY
rhodi um was si I cantly 1 nproved cont | i ng eva oration
tenperature a ?&PQeﬁE@?%turéﬁmﬁhﬁmﬂYﬁe @&ﬂiﬁﬁ|6h°¢%%k4mbniﬁﬁnntan
easily specifically limited as 1long as it is effective in

aggregating the fine grained type residue in particular, it
is appropriate to use a small amount of an effective
polymeric flocculant and anionic or cationic polymer
flocculant is preferred. When a polymeric flocculant is
used, its quantity is decided in such a way that an aqueous
solution prepared with a concentration of 0.01-0.05 wt% can
be added to the cleaning solution until a flock is formed.
Preferred quantities of the aforementioned agqueous solution,
containing flocculant are in the range of about 0.5-5 cc
per 1 £ cleaning solution. Although the flock can be
formed even if excess solution is added, this is not
preferable, since the filtration speed will be reduced.

The amount of cleaning solution needed must be 3-20
times more than the ash weight and an amount of 5-15 times
more than the ash weight is preferable.

After introduction of the cleaning solution to the
ash, the soluble salts will be dissolved in more than 10
minutes. The dissolving time can be effectively shorteneed
by stirring the solution. Thereafter the insoluble residue
containing rhodium is recovered by an ordinary filtration
operation.

A single cleaﬁing procedure enhances the rhodium
content of ash, but the cleaning operation can also be
repeated. When the cleaning is repeated, the additional
cleaning can be done by the decantation methed, not by the
filtration operation. Moreover, if the filtered insoluble
residue is ash-fired at 600-800°C for from 3 to 5 hours,
followed by cleaning once at least as described above, the
cleaning effect will be much improved. '

As described above, in recovering rhodium from an
organic solution containing a rhodium complex having at
least one type of organophosphorous compound as a ligand
and organophosphorous compound, any of the techniques of 1)
adding the basic compound to an ‘organic solution, 2)
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The invention 1is explained more specifically by
reference to the following.
Example 1
An organic solution containing spent catalyst.
resulting from the hydroformylation of olefin with a
rhodium triphenylphosphine complex, triphenylphosphine,
triphenylphosphineoxide and high boilding by-products was
used. A sample 20.00 g of organic solution containing 9.42
mg of rhodium (as calculated as a rhodium atom) and 0.72 g
of phosphorus (as calculated as a phosphorus atom) was
placed in a 60 ml alumina crucible. A 0.25 g (which is
0.27 equivalent to phosphorus) of granular caustic soda
(NaOH) was added. After the generated vapour was ignited
with heating the crucible'up to 150-300°C by using a gas
burner, the combustion was continued by blowing air into
the crucible for about 10 minutes until the flame
disappeared. The ash was collected and was burned further
. in an electric furnace at 800°C for 1 hour to obtain 0.72
g of ash. The ashing percentage was 2.6%. Rhodium
" contained in the ash was dissolved in potassium
pyrosulfite. Result of absorptionmetry indicates that 8.57
mg of rhodium was obtained. the calculated percentage of
rhodium recovered was 90.98%.
Example 2
Rhodium was recovered by procedures similar to those
of Example 1, except that the amount of caustic soda added
was changed to 0.35 g (which was 0.38 equivalent to
phosphorus). The ashing percentage was 3.5% and 8.97 mg of
rhodium was recovered. The recovered percentage of rhodium

was 95.22%.
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The ashing percentage was 4.8% and 9.16 mg of rhodium was
obtained. The recovered percentage of rhodium was 97.24%.

Example 4
Rhodium was recovered by procedures similar to Example

1 except that the amount of caustic soda added was changed
to 0.75 g (which was 0.81 equivalent to phosphorus). The
ashing percentage was 5.9% and 9.41 mg of rhodium was
recovered. The percentage of rhodium recovered was 99.89%.
Example S _

Adding 1.0 g of caustic soda (which was 1.08
equivalent to phosphorus), procedures similar to those of
Example 1 were performed. The ashing percentage was 7, 3%
and 9.32 mg of rhodium was collected. The recovered
percentage of rhodium was 98.94%.
Example 6 o

similar procedures were carried out to recover rhodium
as in Example 1 except that the added amount of caustic
soda was changed to 1.5 g (which was 1.62 equivalent to
phosphorus). The ashing percentage was 9.7% and 9.31 mg of
rhodium was recovered. The recovery percentage of rhodium
was 98.83%.
Example 7

Except that the added amount of the caustic soda was
changed to 4.0 g (which was 4.31 equivalent to phosphorus),
similar procedures were performed to recover rhodium as in
Exanmple 1. The ashing percentage was 26.6% and 9.40 mg of
rhodium was recovered. The recovery percentage was 99.79%.
Example 8 .

Instead of granular caustic soda, potassium carbonate
(K,C0;) 2.0 g (whiéh was 1.22 equivalent to phosphorus) was
added. The rest of procedures was similar to those
employed for Example 1. Rhodium in the amount of 9.09 mg
was obtained. The recovery percentage was 96.50%.
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in Table 11. TABLE 1j1 GONGERTRA§| QN|OF  BEFORE THE AFTER THE  ELUTI ON

LOSS REDUCI NG AGE CLEANING | |CLEAMuMGtitute sheet® {F S3ptsiler 1996 R
CONTENT  Rh ENT TN ASH IN ASFTTOtHerr——rotHer+ W %
w % 0. 01 2.4 0.59 12. 12 3.01 0.05 12. 15
0. 60 13. 32 0.64 0.1 24. 29 0. 60 13. 25

0.57 Exanpl e EXamikeyShydrazine bydrate instead of sodium borohydride (SBH)
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respectively in four experinents. An ashing, cleaning an ning  Wwere

performed usPRFIGFRESIULEs BRAPYSF tkhadbim, ofexsep®| ehat RAnsteadal 9&i s

granular caustic soda, 3.0 g (which was 1.06 equivalent to
phosphorus) of powdet sodium sulfide (Na,S.9H,0) was
utilised. Rhodium in the amount of 8.98 mg was recovered.
The recovery percentage was 95.33%.

xXa e 10

Instead of granular caustic soda, 25 wt.% caustic soda
aqueous solution of 2.0 g (which was 0.54 equivalent to
phosphorus) was added. The procedures used were the same
as for Example 1. Rhodium in the amount of 9.18 mg was
recovered. The recovery percentage was 97.45%.

A 40 wt.3% potassium carbonate aqueous solution 4.2 g
(which was 1.05 equivalent to phosphorus) was used instead
of granular caustic soda, in procedures otherwise the same
as those performed to in Example 1. A recovery of 9.11 mg
was obtained. The recovery percentage was 96.718%.
Example 12 '

Instead of caustic soda, a mixture of 40 wt.%
potassium carbonate (1.4 g) and 1.2 wt.% sodium borohydride
(SBH) (2.0 g), for a total of 0.46 equivalent to
phosphorus) was added. Procedures used were similar to
those of Example 1. Rhodium in the amount of 9.14 mg was
recovered. ' The recovery percentage was 97.03%.
Example 13

Procedures similar to those of the Example 1 were
performed, except that 1.0 g of powdered calcium hydroxide
(which was 1.16 equivalent to phosphorus) was used,
resulting in a yield of 8.80 mg of rhodium. The recovery

. percentage was 93.42%.
Example 14 :

Except that 12 wt.% SBH (1.5 g which was 0.87
equivalent to phosphorus) was used instead of caustic soda,

procedures similar to those of Example 1 were used.



of the ash bef|Staiahf attap:

cl eaning, and in the cleaning solution,

r hodi um cont erjt fand cl eani ng, {elfution | oss of rhodi umwas obtained. Results
are listed in|Tgbl d ZA8EP 199¢@ 1 TABLE 12 CONCENTRATI ON OF BEFORE THE
AFTER THE  EHUTI ON REDUCI NG AGENT Substitutd) SHeet - 1T EaPhdinber 19985 %
OF Rh HYDRAZI HYDRATE CONTENT —RmCONTENT tNASH— 1 1NASH

mol /[err] nol/lerr] w % 12 w % 0. 01 0.6

0. 60 11. 95 7.25 0.05 3.1 0. 60 12.78

0.90 0.1 Rhodium3 in the OafiBunt of %3040 mg was Oc8flected. The
recovery percentage was 95.86%.
Example 1S ' _

Instead of granular caustic soda, 0.8 g of powdered
sodium formate (NaHCOQO) (which was 0.50 equivalent to
phosphorus) was used, in procedures similar to those of
Example 1. Rhodium'in the amount of 8.82 mg was recovered.
The recovery percentage was 93.63%.

Example 16

Procedure similar to those of Example 1 was employed
to recover rhodium, except that 1.1 g of powdered sodium
formate (which was 0.69 equivalent to phosphorus) was used.
Rhodium in the amount of 9.39 mg was recovered. The
recovery percentage was 99.68%.

Example 17

Instead of granular caustic soda, 0.4 g of powdered
sodium formate and 0.4 g of granular caustic soda (total
‘molar equivalent of 0.68 to phosphorus) was added. The
remaining procedures were similar to those of Example 1.
Rhodium in the amount of 9.27 mg was recovered. The
recovery percentage was 98.14%.

a jv am

As in Example 1, 20.00 g of organic soluiton was
measured into a 60 ¢cc alumina crucible. However, granular'
caustic soda was not added. Rhodium recovery was 7.80 mg.
The recovery percentage was 82.80%. -
Comparative Example

Similar progedﬁres were performed as in Example 1,
except that 1.5 g of sodium chloride (NaCl, which was 1.10
equivalent to phosphorus) was used to recover rhodium.
Recovery of 7.87 mg of rhodium was obtained. The recovery
percentage was 83.55%. -

As clearly shown in the aforementioned examples and
comparative examples, rhodium was recovered at a recovery
percentage of greater than 90%; this compares with rhodium
recovery. of only about 80% using prior art methods.
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S not added procedures simlar to Exanple

shown in Table 13. TABLE 13 COWPARATI VE

CONCENTRATI ON BEFORE AFTER] THE ELUTI ON EXAMPLE OF REDUCI NG

THE CLEANING—TC8S-ACE Substitotésheet - 17 September 19980 Rh
Rh CONTENT ENT IN ASH I N ASH No. NOTT7Terr] W%

w & % 7 0 0 0. 60 8. 84 14. 63 Exanple 24 The

first conbusting was done after adding t#d 50 g of sodiumformate (which

was 0.63 equival ey

JHOERECLAINt of added basic compounds, molar

equivalency to phosphorus, and the recovery percentage of
rhodium are listed in Tables 1 and 2.



and the anount Q@
was changed to Q.
five experinentsqg.
enpl oyed for EX3

Q

01, 0.005, 0.0¢1
TheSEBME9MI ng
|l e 22. The reg¢o

de (SBH) added to teh cl eaning solution

0.05, and 0.01 nol /I

respectively

in

procedures used were simlar to those
ery persabstigre isheet had Sgptephioéc1 996

cl eaning was 9949.8% ResultS ar¢ seen immTable 1Z. ZZ TABLE 14
CONCENTRATI ON (;;gRFECRF THE AFTER THE ELUTI ON REDUCI NG AGENT
CLEANI NG CLEANI NG LOSS OF S Rh CONTENT Rh CONTENT
%of Rhn IN ASH IN ASH nol /[err]® mol /[err] wt
wt % % 0. 001 0.24 5 25.55 1.43 0.005
1.21 0. 58 28. 39
Example| Type of Basic Amount | Equiv. to|Rhodium Rhodium
Compounds Added |phos- fecovery |Recovery
- (3 phorus Amdunt(mg)Percent {$)
1 CRAUNILARCNZQHZ 0.25 0.27 8.57 90.9§
2 GRANULAR NaOH 0.35 0.38 8.97 95.22
3 | GRANULAR NaOR | 6.5 .54 9.16 97.24
4 GRANULAR NaOH 0.75% - 0.81 9.41 99.89
g GRANULAR NaOB 1.0 l1.08 9.32 98.94
6 GRANULAR NaOH 1.5 l1.62 9.31 98.83
7 | GRANULZR NaOH | 4.6 4.31 9.40 99.79
8 POWDERED K2C03 2.0 1.22 9.09 96.50
9 POWDERED 3.0 1.06 8.98 95.33
Na.S.9H,0 :
2 2
10 25 wt % 2.0 C.54 9.18 97.45
NaOH sol'n _ .
11 40 wt % 4.2 1.05 9.11 96.71
K,CO, sol'n
2 3
12 40 wt % 1.4 0.46 9.14 97.03
K,CO., sol'n 2.0
2°73
-+
1.2 wt % SBH
13 POWDERED 1.0 1.16 8.80 93.42
Ca(OH)2
14 12 wt % SBH 1.5 0.87 2.03 95.86
18 POWDERED 0.8 0.50 8.82 93.63
NasCoo _
16 POWDERED 1.1 0.69 9.39 99.68
N2HCOO :
12 POWDEPED 0.4 0.68 9.27 58.41
NaHCOO 0.4 .
+
GRANUTLAR
e NaOH
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(SBH) to hydrati he hydrate and| the anmo¥ iVaslarsed PHES add&P. was
al so changed t¢ 0.005, 0.01, 0.0p, 0.1 and 0.5 nol /| respectlvely in five
experinents. T es were signlar to those used for Exanple
24. The results are listed in Table 15. T E 15 CONCENTRATI ON OF BEFORE
THE AFTER THE ELUTION REDUCING AGENT A B CLEANI NG CLEANI NG LCSS %
OF Rh HYDRAZI . NT IN ASH I N ASH
gogg[err] 25 BQUIVAE%&T ° nnoozuuo 0.3

' ' . TO RECOVERY | RECOVERY

PHOSPHORUS AMOUNT PERCENT
— (mg) {y)

82.80

As seen from the results of Examples 1 through 17 and
comparative example 1 and 2, when combusting and ash-firing
an organic solution containing rhodium complex having aﬁ
least one type of organophosphorous compound as a ligand
and organophosphorous cohpound to recover rhodium, it was
found that ¢the recovery percentage of rhodium was
'siqniﬁicéntly-improved by adding basic compounds to said
organic solution. The procedure used was easily performed.
Example 18

An organic solution containing spent catalyst
resulting from the hydroformylation of olefins with
rhodium~triphenylphosphine complex, tripenylphosphine,
triphenylphosphineoxide and high boiling by-products, where
10.00 kg of organic solution contained 4.75 g of rhodium
(as calculated as a rhodium atom) and 359 g of phosphorous
(as calculated as a phosphorous atom) was examined. Four
identical examples were prepared. A stainless steel
combustion container with a 20 cm diameter and 10 cm depth
was placed on the heater. Each sample was injected to the
container with a flow rate of about 40-50 g/min by using a
pump. The evaporating temperaturé was controlled by the
amount of air blown into the heater and combustion
container through a pipe with a 50 mm inner diameter from
the blower, evaporation temperatures of 160-200°C, 200-
250°C, 250-300°C and 300-350°C, were used, followed by ash-
firing at at 700°C for 4 hours. A percentage of rhodium
recovery corresponding to the evaporating temperature of
the organic solution was obtained by analysis of rhodium in
the fired ash. Results are shown in Table 3.
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procedures were qimlar 23 to t ose enpgoyed for Exanple 22. Results are
listed in Table 16. Exanpl'e 27 EXcept that the sodi um borohydride (SBH) was
re;aced by hydra2|ne hydrate for the cmggmﬁng_operatlon t he sane
procedur es Wgpregmmes: St s s - =Y IS T -V

BOILING TEMP : AMDUNT OF RHODIUM | RHODIUM RECOVERY
OF SOL’N (°C) RECOVERED (%) PERCENTAGE (%)
160-200 4.451 93.7
200-250 4.437 $3.4
250-300 4.413 92.9
300-350 4.380 92.2

Example 19

Four samples were combusted under procedures similar
to those of Example 18, except for the evaporating
temperature and the ashing temperature. The evaporating
temperature of the organic solution was maintained at 200-
250°C, and the ash-firing temperature was 800°C, 850°C,
900°C, or 950°C for 4 hours. The recovery percentaga of
rhodium was obtained from the analysis of the rhodium
content of the ashes. Results are shown in Table 4.

ASHING TEMP (‘C) RHODIUM AMOUNT | RHODIUM RECOVERY 7

RECOVERED (g) . | PERCENTAGE (%) |

| 800 4.432 93.3 |

| 850 | 4.431 93.3 I

| 900 4.375 92.1 I
4.372

omparative Example 3

Except that the evaporation temperatures were
controlled at 400-450°C, 450-500°C, and 500-600°C,
procedures similar to those of Example 18 were performed.
The recovery percentage of rhodium was obtained from the
analysis of rhodium content in ash. The results are listed
in Table 5.
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li'sted in Table 16. iy
EANI NG LOSS % OF Rh NaCOH Rh

ELUTI ON COMPOUNDS

CONTENT Rnh CONTENT I[N A ASH No. mol /[ err] %
w % % 26 1.73 0. Bubstitute shees -197 Septenmezaaaﬁ
1.73 0. 60 9. 95 - 10.54 Exanpl e Z8 ASh whi ch was ot ai ned

t hrough the procedures—ef—Exanple 24fwas f w7t her subjected to a second

cl eaning using a cel aning solution which was a m xture of 0.001 nol/[err]
of sodi um borohydride (SBH) and 1.0 [errIAﬂ&ﬁlﬂ[err]C:marnlmater and 5 m
of 0.02% by Wejrete=piteroe ===t erbis e =

Aronflock. Th mmmﬁm@/ a %@mﬂrtwni ng. RHODIUM ngcovnny
OF SOL’N ({°C) RHODIUM PERCENTAGE (%)
_ RECOVERED (g)
400-450 4.241 89.3
450-500 4.204 88.5
500-600 4.147 87.3

Comparative Example 4
Procedures similar to Example 19 were used except that

an ash-firing temperature of 1,000°C, 1,100°C, or 1,200°C
for 4 hours was used. The recovery percentages of rhodium
are listed in Table 6. ' '

ASHING TEMP.(°C) | AMOUNT OF RHODIUM | RHODIUM RECOVERY
RECOVERED (g) PERCENTAGE (%)
|| 100 4.189 88.2 1
1100 | 4.166 87.7 ﬂ
1200 - 4.114 86.6

Example 20

500 g of powdered sodium formate (NaHCOO which was
0.63 equivalent to phosphorous) was added to 10.00 kg of
the organic solution. The remaining procedures were
similar to those employed for Example 18. The recovery
percentages of rhodium are presented in Table 7.

EVAPORATION TEMP. AMOUNT OF RHODIUM RHODIUM RECOVERY
OF SOL'N (°C) RECOVERED (qg) PERCENTAGE (%)
160-200 4.74S 99.9
200-250 4.741 99.8
250-300 4.693 98.8
300-350 ' 4.679 98.85
Example 21

Except that 500 g of powdered sodium formate (NaHCOO
which was 0.63 equivalent to phosphorous) was added to
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Rh SBH Rh CONTENT CONTENT | N ASH | N ASH No.

mol /[err] mol /'TerTi ~%0 w % % 28 0. 001
0.24 0. 63 67. 33 1.73 29 0. 005 1.21 . 0.63
51. 97 0.82 18

10.00 kg of the organic solution, procedures similar to
those of Example 19 were used. The percentage rhodium
recovered was obtained from rhodium the analysis of rhodium
content in ash. Results are listed in Table 8.

ASHING TEMP. (°C) | AMOUNT OF RHODIUM | RHODIUM RECOVERY
RECOVERED (q) PERCENTAGE (%)
800 4.736 _99.7
850 4.726 99.5
900 4.724 99.5
25 4712 | 99.2

e arative am 5

Procedures similar to Example 20 were used, except
that the evaporation temperature was maintained at 400-
450°C, 450-500°C. The percentage of rhodium recovered was
obtained from the analysis of rhodium content in ash.
Results are listed in Table 9.

TABLE 9
EVAPORATION TEMP. AMOUNT OF RHODIUM RHODIUM RECOVERY l
OF SOL‘N ({°C) RECOVERED (qg) PERCENTAGE (%)
400-450 - 4.522 95.2 |
| 450-500 4.479 94.3 . |
500-600 4.441 : 93.5

tiv Xam 8
The procedures similar to those of Example 21 were
used except that the ash-firing temperature of 1,000°C,
1,100°C or 1,200°C for 4 hours was used. The percentage of
rhodium recovered was obtained from the analysis of rhodium
content in ash. Results are listed in Table 10.



Conparative exanWIA@MTW t he reduci ng agent was not added the rest
of the procedurqgs jwere simlar go}those enployed for Exanple 24. Results
arelisted in Tgblje 38 SEP 12%T Bl E -18 COVPARATI VE CONCENTRATI ON BEFORE
TEE AFTER THH { ELUTI ON LE SObsfifie@heet - 17CEEpérnter 1996

CLEANING  LOS$ % O Rh .
nmol/[err] nol/[lerr] Rh CONTENT Rh CQWENT | N ASH N ASH 8
0 0 0. 58 2.83 4.21 [ Conparative exanple 9]

Pr ocedur es (narrely, t he ashl ng, cI eamﬁm_aml bur ni ng) were used as in

Exanpl e 26 ¢ 8 g
ASHING TEMP. AMOUNT OF RHODIUM | RHODIUM RECOVERY
(°C) RECOVERED (g) PERCENTAGE (%)
1000 4.484 94.4
1100 4.446 . 93.6

From the above Example 18 through 21 the Comparative

Example 3 through 6, in which the rhodium was recovered by
combusting and ash-firing organic soclutions containing
rhodiunm complex having at least one type of
organophosphorous compound as a ligand and
organophosphorous compound, it was found that the recovery
percentage of rhodium was significantly improved by
contrélling the evaporation 'temperathre and ashing
temperature during the combustion reaction with an easily
performed procedure.
Example 22

An organic solution containing.- spent catalyst
resulting from the hydroformylation reaction of olefins
with rhodium-triphenylphosphine complex triphenylphosphine,
triphenylphosphineoxide and high boilir'lg.by-'product was
prepared. Such an organic solution of 1,000 g contained
475 mg of rhodium (as calculated as a rhodium atom) and
35.9 g of phosphorus (as calculated as a phosphorus).
Samples were placed in an AISI type 304 stainless steel
combustion container with a capacity of 3.1¢ (having 20 cm
diameter and 10 cm depth) and the burner fired for about 30
minutes to produce ash. The evaporation temperature of the
organic solution was maintained at 200-250°C, and the
ashing temperature was maintained at 700-800°C.
Furthermore, the un-combusted tar-like substance was burned
at 650°C for 4 hours in the electric furnace. The recovery
percentage at this step was 94-95%.

In the next step, a cleaning solution was prepared by
mixing an original cleaning solution, which is a mixture of
1 £ of about 70°C warm water and sodium borohydride (SBH)



added. The resultsj}* Tabl e 19. TABLE 19 COVPARATI VE BASI C

BEFORE TEE AFTE XAVPLE COVPOUND  CLEANI NG
CLEANI NG % OF Rh N T Rh CONTENT | N ASH I N
ASH No. no} - 9

AN 6 o . Subiﬂi‘ute/osi'iez?’ 17 Sepféniter 199(—3at Ve

exanples 7 and 8, mfter combusting Jthe organic solution containing a
r hodi um conpl ex havi ng at | east 26 onezgype of organophosphor ous

compound asa | igand, And, 30 & S8"GRERS RN 90N P BPUGueblls 288 8RR Yt MO
the polymeric <flocculant aronflock (A-101;
Chemical Co. Ltd.) 5 cc. After adding the ash and washing
for about 30 minutes while stirring, the undissolved
residues were filtered. The filtrate was combusted and
ash-fired along with the filtration paper at 650°C for 4
hours (the second ashing). Except that the concentration
of the sodium borohydride was maintainéd at 0.01, 0.05 and
0.1 mol/l, respectively, the ashing, cleaning and burning
using similar

Toa-Gosel

were performed on three other samples,
procedures as in the previous example. Rhodium content and
elution loss of rhodium were obtained from analysis'df the
ash before and after the cleaning process and the cleaning

solution. Results are tabulated in Table 11.
CONCENTRATION OF BEFORE THE AFTER THE ELUTION LOSS
I REDUCING AGENT CLEANING CLEANING % OF Rh
S8H Rh CONTENT Rh CONTENT
IN ASH IN ASH
mol/¢E mol/¢ wt *. wt % 3
0.01 2.43 0.59 12.12 3.01 -'ﬂ
0.05 | 12.15 0.60 13.32 0.64
0.1 24.29 0.60 13.25

ample 23
Using hydrazine bydrate instead of sodium borohydride
(SBH) as a reducing agent, the amount used was 0.01, 0.05,

0.1, and 0.5 mol/l respectively in four experiments. An
ashing, cleaning and  burning were performed using
procedures similar to those of Example 22. From analysis
of the ash before and after the cleaning, and in the
rhodium content and cleaning, elution
Results are listed in Table

cleaning solution,
loss of rhodium was obtained.

12.



i .
cleaned with a cl egﬁﬁp@(/@ Iy bﬁhﬁﬂ ch was a nmixture of a reducing agent,
floccul ant” and wafef to renove soluple inpurities without the |oss of
rhodium Thus rhedijunm gagEPggsecpvered with high content and efficiency.
While this inventijof has been exp| al ned Bubstitoteskeets- 13 Sdptembidrord96
descri bed herein, |it—rs mot——TonfThel to the details as set fofth and this
application is infjended to cover anly nodigications and changes as nay cone
within the scope of the follow ng clains. 27 CLAIMS 1. A et hod for
recovering ash containing eI enent al B apd rhodi um conpounds from a
first organi GeSekbit-an,

r hodi um conpllexedieRiitizas @t I east og]ﬁ.o pﬁhé) qﬁggo‘.ﬂzphoﬁmﬂus
conpound as ¢ |zepaodvanded®) an or ggdneLeAROEPNOTr QUAEANING LOSS
HYDRAZINE KYDRATE Rh CONTENT | Rh covtentr | & O
IN ASH IN ASH
mol/2 mel/2 wt % we % %
0.01 0.6 0.60 11.95 7.25
0.05 3.1 0.60 12.78 0.90
0.1 6.3 Q.60 13.40 0.86

omparative m 7 .

Except that the reducing agent was not added
procedures similar to Example 22 were carried out. Results
are shown in Table 13.

TABLE 13
COMPARATIVE CONCENTRATION ) AFTER THE
EXAMPLE | OF REDUCING ‘_1‘H8 CLEANING LOSS
AGENT CLEANING % OF
Rh

Rh Rh CONTENT

CONTENT IN ASH

IN ASH

No. mol/¢ | mol/t wt % wt % % l
7 0 0 0.60 8.84 14.63

Xa e

The first combusting was done after adding the 50 g of
sodium formate (which was 0.63 equivalent to phosphorous
and the amount of sodium borohydride (SBH) added to teh
cleaning solution was changed to 0.001, 0.005, 0.01, 0.05,
and 0.01 mol/l respectively in five experiments. The
remaining procedures used were similar to those" employed
for Example 22. The recovery percentage for rhodium before
cleaning was 99-9.8%. Results are seen in Table 14.
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The met hod for_ _recovering ash containing el enental
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mol/4 mol/¢ wt % wt % %
0.001 0.24 0.58 25.55 1.43
0.005 1.21 0.58 28.39 0.63
il o0.01 2.43 0.59 27.04 0.25
0.0S 12.15 0.58 27.23 0.10
| o0.10

Example 25

The reducing agent was changed from sodium borohydride
(SBH) to hydrazine hydrate and the amount of hydrazine

hydrate added was also changed to 0.005, 0.01, 0.05,
and 0.5 mol/l respectively in five experiments.

0.1

The rest
of procedures were similar to those used for Example 24.
The results are listed in Table 1S.

CONCENTRATION OF | BEFORE THE | AFTER THE | ELUTION
REDUCING AGENT CLEANING CLEANING LOSS
HYDRAZINE HYDRATE | Rh CONTENT | Rh CONTENT ¥ OF Rh
IN ASH IN ASH
mol/2 mol/& wt % wt % . 2
| o.o00s 0.3 0.58 25.88 1.25
“ ' 0.01 0.6 0.59 26.90 0.75
0.05 3.1 0.58 27.18 0.30
0.1 6.3 0.58 27.49 0.30
0.5 31.3 0.58 26.27 0.30
Example 26

The sodium borohydride (SBH) was added in the amount

of 0.05 mol/%¢,

the cleaning solution.

and 1.73 mol of caustic soda was added to
Otherwise procedures were similar



5.- The method ¥ P~F@CﬂvéFrﬁg““ H containing el emental rhodiumand rhodi um
conpounds from

fir oljuti on according to any preceding claim

wherei n the basi{ oﬁﬁ%%ﬁ%apggacded in an anount of nore than 0.1 nol ar

equi val ent but |Ppsg.than.20 mlar jequiv ﬁﬁgﬁi pher ﬁ%ﬁgg} h are
contained in thejresulting organic Iuﬁ$n“ E@sﬂ%ﬁi ﬁ21§§5 ot .E?%?erlng
ash containing e nd r hogigum conpounds froma first organic
sol ution according to any preceding claim wherein the conbustion
tenperature @ WHdde detipléyéer #8f Esafiplat d2ned RéshPes 4ban1istedCin’.

The nethod for recovering ash containing elenmental rhodiumand rhodi um

conmpounds fr Gt e Lt organi c solution according to any preceding claim
conpri si ng t@gﬁﬂgl_511step of: cleaning said ash by using a cl eaning

2 ES o SFomant o Mkehal Y R0 e e SN GRS (5B PUAR, 2,300 ©
containihg'ebyﬂuydﬂazﬂnzhhydzathrtnnhtmeomhgmmhdg bpenaalbnusthsrgannc
sol ution CO”% &%é&%ﬁ@sebéggqﬁgpformed as in Example 26. Results are

listed in Table 1S6.

TABLE 16
EXAMPLE | BASIC BEFORE THE | AFTER THE | ELUTION
COMPOUNDS | CLEANING CLEANING Loss
; £ OF Rh
NaOH Rh CONTENT | Rh CONTENT .
IN ASH IN ASH
No. mol/e& wt % wt % 3

26 1.73 0.59 9.19 0.33

Ash which was obtained through the procedures of
Example 24 was further subjected to a second cleaning using
a celaning solution which was a mixture of 0.001 mol/¢ of
sodium borohydride (SBH) and 1.0 ¢ of 70°C warm water and
S ml of 0.02% by weight of aqueous solution of the
polymeric flocculant Aronflock. This was followed by a

second burning.
a e 29 '
Changing the amount of sodium borchydride (SBH) used



conpl ex cont ai REBLAGEEEBHHSHEE$ horous |igand and b) an organophosphor ous

conpound, wherg¢ih sard first ganic solution is conbusted to ash, the

| mprovenent co iSﬁOQS§PQ@ﬁ§O | | ng the conbustion tenperature at which ash
is formed to r in at l'ess thanf 1, 000[ egibstitlte shddte- TPiSelsteviberr E@FEr i Ng
ash cont ai ni ngjel ~Um and r hodrunmrcompounds—fToma 1TSSt _organi c
sol ution accordling to any preced| ng claimincluding the step of evaporating
said organic solatron prror—to—ctonbustion to ash and the tenperature during
sai d evaporation step is maintainedagt |ess than 400[err]C. 10. The nethod
for recovering ash containing elenental rhodiumand rhodi um conpounds from
a first organic solution conprising a) a rhodi um conpl ex containing an

or ganophosphor ous |igand and b). an or 0sS rous, conpound, wherein said
first orgafPE §g‘Futs|e%‘?'ﬁi F&ﬁﬁj{g{%&q ?Q@@?ﬁm 'rrp&b hERLEERE: i si ng t he

further st ep ofs g3 Neld St A3 Y &350 864 AL Beaghtl ' 96,

Results of Example 28 and 29 are listed in Table 17.

TABLE 17
LIXAMPLE CONCENTRATION | BEFCRE THE | AFTER THE | ELUTION
OF REDUCING CLEANING CLEANING LOSS % OF
AGENT Rh
SBH Rh CONTENT | Rh CONTENT
IN ASE . IN ASEH
No-. mol/L | mol/2 wt. § wt % %
28 G.001L | 0.24 0.63 67.33 1.73
29 0.005 | I.21 0.63 51.97 0.82

‘Comparative example 8

Except that the reducing agent was not added the rest

of the procedures were similar to those employed for

Example 24.

Results are listed in Table 18.




ove inpurities such as soluble salts of
el ements other than rhodium 11 The nethod for recovering ash containing
el enental rhodi gm anﬂi7r$EEl'rl%m cpnmpounds froma first organic solution

according to cl &i pasi ¢ ¢ Gubstifittel shead dell7 Septéinter 1896 ng

solution. 12. ] bveri ng-asn contai nt ng_er enmental—rtodrum
and rhodi um compounds froma firsf organjg solution according to claim 10
or 11, wherein cleaning or cleaning foll d by burning is performed nore

than twice. 13. The nethod for recovering ash containing el emental rhodium
and rhodi um conmpounds froma first organic solution according to any of
clainms 10 tepgele.ydierein a flocculant is added to said cleaning solution.
14. The method according to any of clains 7 and 10 to 13 in which the
reduci ng agent |s sel ected fronlfornlc aC|d oxal ic aC|d | ydrazine, or

SOd! um bor lIyUI rode—4+5—Fre—metirod ace ot ek nye) +o oy of—ctar ﬁ%“?"ﬁ'ﬁd—i‘g—-t-q
14,1 W clecimupITe | ONCENURRTIO b 565 oz | o] ArbE 4809 ot
' m CLEANING CLEANING 10SS 3
AGENT
OF Rh
No. mel/L | mol/2 Rh COMTENT Rh CONTENT
IN ASH ' IN ASE
8 0 0 0.58 I 22,83 4.21

{Comparative example 9]

?rocedﬁres (namely, the ashing, cleaning, and burning)

were used as in Example 26 except the reducing agent was not

added. The results are presented in Table 19.

TABLE 19

COMPARATIVE|BASIC - | BEFORE TEE AFTER TEE _| ELUTION

EXAMPLE COMPOUND | CLEANING CLEANING | LoSS OF
t OF R

NaOE Rh CONTENT | Rh CONTENT
| v asE IN ASH
' No. mol R we 8 3
2 1.73 0.60 8.90 6.45

As seen Ifrom above Examplé 22 through 29 and Comparative
examples 7 and 8, after combusting the organic solution

containing a rhodium complex having at least



16. The nethod f PREFIAGY: ﬂENEbSHEET ont ai ni ng el enental rhodi um and rhodi um
conpounds fromajf|rst organic splution according to claim 10, wherein said
cl eaning solutiofp tomprisEs1osatel pr warmwater. 17. A nethod according to
any preceding cl@aimin which thef fjrst ors]mgh@u@ogngdtomys@@émbgﬁ 1fggsn a

catal yst solutiof separated—f a hydroformytatiomor
hydr ocar boxyl ati ¢n reaction. 18. nmet hod according to any preceding claim

i n which the rhodium conplex contains at |east one phosphine ligand. 5

26

one type of organcphosphorous compound as a ligand and an
orgahophosphorous compound, the ash was further'washed and
cleaned with a cieaning solution which was a mixture of a
reducing agent, flocculant and water to remove soluble
impurities without the loss of rhodium. Thus rhodium can . -
be recovered with high content and efficiency.

While this invention has been explained with reference
to the method described herein, it is not confined to the
details as set forth and this application is intended to
cover any modifications and changes as may come within the
scope of the following claims. '

-§ ¢
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CLAIMS
1. A method for recovering ash containing elemental rhodium and
rhodium compounds from a first organic solution, said first organic solution
comprising {1) a rhodium complex containing at least one type of organo-
phosphorous compound as a ligand and (2) an organo-phosphorous
- compound, the method comprising the steps of :
adding a basic reactant to said first solution producing a resultant

. organic solution; and

combusting said resultant organic solution to ash.
2. The method for recovering ash containing elemental rhodium and

rhodium compounds from a first organic solution according to claim 1,
wherein said basic composition comprises at least one basic compound
selected from a group comprising oxides, peroxides, hydroxides and

carbonates of group Ia and group IIa elements in the Periodic Table.

3. The method for recovering ash containing elemental rhodium and
‘rhodium compounds from a first organic solution according to claim 1,
wherein the basic compound comprises at least one basic compound
selected from a group comprising sulfides and hydrides of the group Ia
elements in the Periodic Table.

4, The method for recovering ash containing elemental rhodium and
rhodium compounds from a first organic solution according to claim 1,

-wherein the basic compound comprises at least one of a group of salts |
produced by a reaction of alkali with organic acid.

5. The method for recovering ash containing elemental rhodlur_n and
rhodium compounds from a first organic solution according to any preceding
claim, wherein the basic compound is added in an amount of more than 0.1

molar equivalent but less than 20 molar equivalents to phosphorus atoms
which are contained in the resulting organic solution.

8. The method for recovering ash containing elemental rhodium and
rhodium compounds from a first organic solution according to any preceding
claim, wherein the combustion temperature at which ash is formed is
maintained at less than 1,000°C,

7. The method for recovering ash containing elemental rhodium and
rhodium compounds from a first organic solutlon according to any preceding
claim, comprising the further step of :

cleaning said ash by using a cleaning solution containing a reducing
agent to remove impurities such as soluble salts of elements other than
rhodium.

8. The method for recovering ash containing elemental rhodium and
rhodium compounds from a first organic solution comprising a) a rhodium
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complex containing an organophosphorous ligand and b) an
organophosphorous compound, wherein said first organic solution is

combusted to ash, the improvement comprising:
controlling the combustion temperature at which ash is formed to

remain at less than 1,000°.

9. ' The method for recovering ash containing elemental rhodium and
rhodium compounds from a first organic solution according to any preceding
claim including the step of evaporating said organic solution prior to
combustion to ash and the temperature during said evaporation step- is
maintained at less than 400°C.

10. The method for recovering ash containing elemental rhodium and
rhodium compounds from a first organic solution comprising a) a rhodium
complex containing an organophosphorous ligand and b) an
organophosphorous compound, wherein said first organic solution is
combusted to ash, the improvement comprising the further step of :
cleaning said ash by using a cleaning solution
containing a reducing agent to remove impurities such as
soluble salts of elements other than rhodium.
11. The method for recovering ash containing elemental rhodium and
rhodium compounds. from a first organic solution according to claim 10, -
wherein a basic compound is added to said cleaning solution.
12. The method for recovering ash containing elemental rhodium and
rhodium compounds from a first organic solution according to claim 10.or
11, wherein cleaning or cleaning followed by burning is performed .more
than twice.. _
13. The method for recovering ash containing elemental rhodium and
rhodium compounds from a first organic solution according to any of claims
10 to 12, wherein a flocculant is added to said cleaning solution.
14. The method according to any of claims 7 and 10 to 13
in which the reducing agent is selected from formic acid,
oxalic acid, lydrazine, or sodium borohydride.
15. The method according to any of claims 7 and 10 to 14
in which the amount of reducing agent present is in the
range 0.001 M to 0.5 M.
16. The method for recovering ash containing elemental rhodium and
rhodium compounds from a first organic solution according to claim 10,
wherein said cleaning solution comprises water or warm water.
17. A method according to any preceding claim in which the
first organic solution is derived from a catalyst solution

HIIIIII L IlIII II IIII




