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COMPLETE SPECIFICATION 

Process for the Extraction of Meials 
We, Rio TINTO FINANCE & ExPLORAnON It has been found that metal values may be 

LIMmID, a British Company, of 9, Basinghall recovered from aqueous media containing them 
Street, London, E.C.2, do hereby declare the by extraction in accordance with the principle . 

5 
invention, for which we pray that a patent may· that a metal ion present as a salt of an oil-
be granted to us, and the method by which it soluble organic acid. in an organic phase can IS 
is to be performed, to be particularly described be repl:aced by a less. basic me1lal ion in an 
in arid by the. following statement: - aqueous phase, on contacting the aqueous and 

This invention relates to the extraction of ~rganic phases, according to the general equa-
metals by exchange reaction with a more basic ti on. 

10 metal. 

20 (A +-ij 8'1-• · + (BR2) orgaato ~(AR2) ors••llo : + (B++) 8Q.ueons 

where metal· A is less basic than metal B. The ExAMPLE 1 
term metal ion used herein includes the uranyl The extractit>n <1f ferric iron 'IJJ2°th cDpper · 50 
ion, uaa++. . naphtherrate. 

2S 
The metals normally encountered in hydro- 25 .0 mls of an aqueous s<>lution, buffered at 

metallurgioal processes can be arranged in the pH 2.1 and containing 4.58 g/1 Fe was con-
follow~ order of increasing basicity: - tacted with different volumes of a kerosene 
(a) Fe (b) U02++ (c) Sn++ (d} Al (e) Hg solution of ce>pPer naphthenate containing 13.5 55 
(f) Cu or QI (g) Pb or Ag or Zn (h) Ni or Co g/I Cu. The two phases, at room temperature 

30 
or Fe++ (i) Mn (j) Ca or Mg. were mixed for· i hour by stirring and then 

The metal naphthenate of any metal in the allowed to separate and were analysed for Cu 
above series will react, according to the above and Fe. During the exchange emaction 
general equation, with all metals which are less reaction the pH of the aqueous phase tends to 60 
basic, i.e. with metals which appear earlier in rise but this may be overcome by the controlled 

35 
the series. Thus if the metal B is an alkaline addition of acid during extraction or by buffer-
earth metal, the exchange reaction will occur ing the aqueous solution. If the pH rises too 
with all metals other than the alkaline and 'high an insoluble precipitate of a hydrolysed 
alkaline earth metals. If the metal B is nickel, iron compound, (e.g. . -basic sulphate or ~· the ex;change reaction will occur, for example hydroxide), is formed. The rCsults given in 

40 
with Fe+++, Sn++, Cu, Zn and somewhat less Table 1 attached, show that the removal of 
readily with Ciel. The exchange ·reaction be-- iron from the aqueous phase with a mole ratio 
COJnes more difficult as the two metals con- · of Cu: Fe = 2.124: 2.05 :is so complete that it 
cemed become closer in the given series. can only be detected in the p.p.m. range. 
However, even with adjacent members of the ExAMPLE 2 
series, it· :is possible to obtain an exchange The extractiun of ferric iron with sine 

45 extraction by using an excess of the more basic Mphtkenate. 
metal in the organic phase. 25 mls of an aqueous solution buffered to 

The invention is illustra~ by the following pH 1.9, and containing 4.66 g/1 Fe was con-
examples:- tacted with different volumes . of a kerosene 
JPrice 4s. 6d.] 
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·-.. · solµtion of zinc naphthenate ~ritaining 28.0 containi.ng 2,92, g/l Ni was contacted with 
.. g/l Zn.' The two :phases at room temperature different volW:ne8. of a kerosene solution of man­
were mixed foi:: i an h()Uf by ,stjrring and ~ gap.~eJiapbth~~containing 13.8 g/l Mn. The 
allowed to separate and were. aAAlysed for ,Zn · :two pha,~~ at r®in temperature, ·were· mixe<l 

>t·/, - - ./" 

~. ...... , 
.i.¥.J.' 

5 and Fe. In this system also ~t was necessary to. for i an. ~our by Jtirring and then allowed to 
prevent the pH rising too high during the separate and anal:Ysed fo,r. Mii and, Nt \Vith 
exchange extraction reaction to avoid precipi;, · tbiS :sySt:em it was not ~:tO c<>ntt'Ql.the 
tati,on of insoluble iron (XJIDPoundS. ·J'P.e ~ .· · Pll d~ the exchange exti;action. reaction 
given m Table II attached show that complet.~ ~e iri~luble p~p.itates were. W)t formed. 

10 removal of iron is obtained with a mole m.tio With this system laigei- quantities of ·the 
of Zn: Fe of 2.14: 2.09. otganic phase constituent are requfred .for com­

plete reaction than. with. the systems deSQ"ibed . 
m·;Hnmples 1~rid2.Thus the results in Tabie 

· ... · ;:-:) 

·nr · attaclted show .that· a mole ratio of 
Mn: Ni. ~ 6.28: 1.24 is necessary to remove 30 
94.17%of the nickel from the aqueous phase. 

TABLE 1 

System Cu naphthenate/F'e+++ aq., buffered at pH 2.1 

Before Contaci; . 

_org8nic_ Phase . ,AqliebtiS PhaSe. · .. 

Assay Fe Assay Cu Vol. Used Vol. Used. 
.i: . 

5. 00 mls. · · ·i; 062. in moles 2s.oo mls . 2.05 m mole$ 

10.00 2.124 

15.00 3.186 

13.5 g/l 4;5s_ g/l 

' . 20.00 . 4.248 .. , 

25.QO 5.310. 
.: :· 

30.00 6.372 

After Contact 

.. . Aqueous· PhaSe Organic Phase 
. .. 

Assay .. . · .. 

~- % Extm-Fe Moles Cu stripp~ ·· % Cu stripped 
Cu Fe .... 

3.05·g/1 ·150 ppm 100 1.2 m. moles 100 .. 

4.15 10 100 l.635 77-

4.09 10 100 1.61 ' So.5 

4.20 10 100 1.65 .. ·38~9 
... 

4.20 10 100 1.65 -31.1 .. 

4.,15. .. 10 100 1.635 25.7 

. 

·~·. 
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TABLE II 

System Zinc Naphthenate/Fem aq buffered at pH· 1. 9 

I 
Before Contact 

prganic Phase Aqueous Phase 

Assay Zn Vol. Used Moles Zn Assay Fe Vol. Used Moles Fe 

2.50 mis 1.07 m moles 

5.00 2.14 

28.0 g/1 10.00 4.28 4.66 g/1 . 25.00 mis 2.09mmoles 

15.00 6.42 

20.00 8.56 

After Contact 

Aqueous PJi:lse Organic Phase 
, 

Assay 
% Extn-Fe pH Moles Zn Stripped % Zn Stripped 

Zn Fe ' 

3.40 g/1 0.89 g/l - 80.9 3.2 1. 297 m moles 100 

6.22 N.D.* 100 4.3 2.375 100 

8.17 N.D. 100 5.1 3.125 72.9 

8.05 N.D. 100 5.2 3.07 47.8 
, - . 

8 .. 17 N.D. 100 5.3 3.125 36.5 

. * the abbreviation '.N.D; used above means "not detected" 
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TABLB III .. \._ i. 
~ 

System Mil Naphtheriate/NiII aq - NOT b'uffer~ 

Before .Contact . .. 

Organic Phase Aqueous Phase · ····· 

Assay Mil · Vol. Used ,. Moies· Mzl .. . AssayNi· Vol Used Moles Ni 

5.00 mis 1.256 m moles 

10.00 2.512 
.. . , 

15.00 3.768 

13.8 g/l 2.92 g/l . 25.00 mis l.24mmoles 

20.00 5.024 

25.00 6.280 pH 5.4 .. 

30.00 7.536 .. 

'. 

After Contact 

Aqueous. Phas~. 

Assay 
% Extn. Ni 

Mn Ni 

1.84 g/1 1.01 g/l 65.4 

2.29 0.48 83.6 

2.39 ·o.32 89.05 

2.43 0.25 . 91.44 

2.43 0.17 94.17 

2.43 0.15 .94.86 

WHAT WE CLAIM IS:-
1. A method of recovering metal values from 

aqueous media, in which a metal ion as here-
·5 in defined present as a salt of an oil-soluble 

organic acid, dissolved in an organic phase is 
contacted with the less ·basic metal ion in an 
aqueous phase, to exchange metal ions between 
the two phases. 

10 2. A method as claimed in claim 1, in which 
a metal ion from one of the divisions (a) to Q) 
of the series (a) Fe+I-+ (b) U011++ (c) Sn + 
{d) Al{e) Hg(f) Cu or Cd (g) Pb or Ag or Zn 
(h) Ni or Co or Fe++ {i) Mn (j) Ca or Mg is 

15 present ;in the organic phase and replaces a less 
basic metal fon from an earlier division, dis­
solved in the ·aqueous phase. 

.. Organic Phase · .• 

Moles ·Mn stripped•· % Mil stripped 

0 .838 m. moles 66.8 

1.04 41.4 

1.057 28.8 ..... 

1.105 .· .·22.1 

1.105 17.6 

1.105 14.7 

3. A method as claimed in claim 1 or 2 in 
which the organic acid is naphthenic acid. 

4. A method as claimed in any one preceding 20 
claim, fa which the organic phase is kerosene. 

5. A method as claimed in any of claims 1 
to 4. in which ferric iron is extracted from 
aqueous media by copper naphthenate. 

6. A method as claimed in any of claims 1 25 
to 4, in which ferric :iron is extracted from 
aqueous media by zinc naphthenate. 

7. A method as claimed in any of claims 1 
to 4, in which nickel ions are extracted from 
aqueous media by manganese naphthenate. .SO 

8. A method '8.S claimed in claim 1, substan­
tially as herein described with reference to any 
of the Examples. 

•. 

.:" '· 
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TABLE Ill 

System Mn Naphthenate/Nill aq - NOT buffer~d 

Before .Contact 

Organic Phase Aqueous Phase ••• • ·-n•• . - ~. 

Assay Mn Vol. Used Moles Mn Assay Ni Vol. Used Moles Ni 

5.00 mis 1.256 m moles 

10.00 2.512 

15.00 3.768 

13.8 gfl 2.92 g/l 25.00 mls 1.24mmoles 

20.00 5.024 

25.00 6.280 "pH 5.4 

30.00 7.536 

After Contact 

Aqueous Phas~ 

Assay 
% Extn. Ni 

Mn Ni 

1.84 g/l 1.01 g/1 65.4 

2.29 0.48 83.6 

2.39 0.32 89.05 

2.43 0.25 91.44 

2.43 0.17 94.17 

2.43 0.15 94.86 

WHAT WE CLAIM IS:-
1. A method of recovering metal values from 

aqueous media, in which a metal ion as here-
·5 in defined present as a salt of an oil-soluble 

organic acid
1 

dissolved in an organic phase is 
contacted with the less basic metal ion in an 
aqueous phase, to exchange metal ions between 
the two phases. 

10 2. A method as claimed in claim 1, in which 
a metal ion from one of the divisions (a) to Ql 
of the series (a) Fe+++ (b) U02++ (c) Sn 
(d) Al (e) Hg (f) Cu or Cd (g) Pb or Ag or Zn 
(h) Ni or Co or Fe++ (i) Mn (j) Ca or Mg is 

15 present hi the organic phase and replaces a less 
basic metal ion from an earlier division, dis­
solved in the aqueous phase. 

Organic Phase ., 

Moles Mn stripped % Mn stripped 

0 .838 m. moles 66.8 

1.04 41.4 

1.057 28.8 

1.105 22.1 

1.105 . 17.6 

1.105 14.7 

3. A method as claimed in claim 1 or 2 in 
which the organie acid is naphthenic acid. 

4. A method as claimed in any one preceding 20 
claim, in which the organic phase is kerosene. 

5. A method as claimed in any of claims 1 
to 4 in which ferric iron is extracted from 
aqueous media by copper naphthenate. 

6. A method as claimed in any of claims 1 25 
to 4, in which ferric iron is extracted from 
aqueous media by zinc naphthenate. 

7. A method as claimed in any of claims 1 
to 4, in which nickel ions are extracted from 
aqueous media by manganese naphthenate. 30 

8. A method as claimed in claim 1, substan­
tially as herein described with reference to any 
of the Examples. 

I 1111111 \Ill~ lllJI Ill~~ 1\11 
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MARKS & CLERK, 
Chartered Patent Agents, 

Agents for the Applicants. $.K. 
Leaminaton Spa: Printed for Her MajestJ'• Stationery Office, by the Courier Press 
(l.Hminaton) Ltcl.-1966. Published by The Patent Oftic:e, 2S Southampton Buildinga, 

~cm. W.C.21 from which copies ma::r be obtained. 
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