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Hydromet‐seminar at Glencore
Lecture 4: Solvent Extraction in 
Hydrometallurgy

The "toolbox" of a Hydrometallurgist...

Processes available to purify metal‐containing aqueous solutions:

• Chemical precipitation (oxides, hydroxides, carbonates, sulphides
etc.)

• Crystallisation (metal salts)
• Electrochemical precipitation (cementation, H2‐reduction)
• Electrodeposition
• Liquid‐liquid Extraction (organic solvents)
• Ion Exchange (resins)
• Ultra Filtration/RO
• And others...
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Generic flowsheet for a hydrometallurgical
process

In this lecture – Liquid‐liquid extraction, or 
Solvent eXtraction (SX) will be discussed
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Solvent extraction in Hydrometallurgy

We begin in the laboratory...

Solvent extraction in Hydrometallurgy
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Solvent extraction in Hydrometallurgy

Solvent extraction in Hydrometallurgy
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Solvent extraction in Hydrometallurgy

Classes of organic ligands

Extractants are normally divided into three different classes of
ligands

Cationic extractants:
Type of exchange required: Simple cations or cationic complexes of metal ions 
(net charge > 0)
Examples: Cu(2+), Fe(3+), UO2(2+) etc.

Anionic extractants:
Type of exchange required: Anionic complexes of metal ions (net charge < 0)
Examples: CuCl3(2‐), PdCl4(2‐), FeCl4(‐), PtCl6(2‐), ReO4(‐), WxOy(z‐) etc.

Solvating extractants:
Type of exchange required: Neutral complexes of metal ions (net charge = 0)
Examples: HFeCl4, H2PtCl6, UO2SO4, H3AsO4 etc.

Solvent extraction in Hydrometallurgy

Cation exchange
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Solvent extraction in Hydrometallurgy

Anion exchange

Solvent extraction in Hydrometallurgy

Advantages and disadvantages
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Solvent extraction in Hydrometallurgy

Cation‐exchange extractants

Solvent extraction in Hydrometallurgy

Anion‐exchange extractants



9/6/2017

8

Solvent extraction in Hydrometallurgy

Solvating extractants

Solvent extraction in Hydrometallurgy

Presentation of experimental data

Equilibrium constant K: KMe

Example rx. cation exchanger: Me(n+) + nHR(org)  =  MeRn(org) + nH(+)

KMe = ( [MeRn(org)] x [H(+)]^n ) / ( [M2(n+)] x [HR(org)]^n ), assume act.coeffs ~ 1

Distribution coefficient D: DMe =  [Me(org)] / [Me(aq)] 

%‐extracted: Percent of initial metal content in aq.feed solution transferred into the
organic phase
(Assume data produced in experiments with O/A‐ratio = 1/1 & single metal salt 
solutions with low concentrations of the metal of interest.)

Selectivity coefficient S: example S(Co‐Ni) = DCo / DNi
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Solvent extraction in Hydrometallurgy

Example 1: D2EHPA in SO4‐media

Solvent extraction in Hydrometallurgy

Example 2: Cyanex 272 in SO4‐media



9/6/2017

10

Solvent extraction in Hydrometallurgy

Example 3: Versatic 10 in SO4‐media

Solvent extraction in Hydrometallurgy

Example 4: Tertiary amines in Cl‐media
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Solvent extraction in Hydrometallurgy

Example 5: TBP in Cl‐media

Fra Markus og Kertes:
Ion Exchange and Solvent Extraction
of Metal complexes (1969), 
D‐coeffs in TBP (100%) in HCl‐media, 
1‐12 mol/l HCl, logaritmic scale
(0.001 – 10 000)

Solvent extraction in Hydrometallurgy

Example 6: Development of Co‐extractants
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Solvent extraction in Hydrometallurgy

Example 6: continued...

Solvent extraction in Hydrometallurgy

Example 6: continued...

Development of separation coefficient S(Co‐Ni)
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Solvent extraction in Hydrometallurgy

Description of the complete SX‐process

Regeneration: Remove minors accumulating, regenerate extractant molecule

Solvent extraction in Hydrometallurgy

Equilibrium isotherms, McCabe‐Thiele
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Solvent extraction in Hydrometallurgy

McCabe‐Thiele method, the ideal case

Solvent extraction in Hydrometallurgy

McCabe‐Thiele method, the real case
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Solvent extraction in Hydrometallurgy
Loading and stripping isotherms for Nikkelverk Co‐SX

Solvent extraction in Hydrometallurgy

Equipment for SX‐processes in HM
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Solvent extraction in Hydrometallurgy

Equipment: Bateman reverse flow M‐S

Solvent extraction in Hydrometallurgy

Equipment: Bateman pulse column
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Solvent extraction in Hydrometallurgy

Equipment: More on Bateman pulse column

Solvent extraction in Hydrometallurgy

Equipment: More on Bateman pulse column
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Solvent extraction in Hydrometallurgy

Application of SX: Development stages

Solvent extraction in Hydrometallurgy

SX in Ni‐Co industry

+Norilsk Monchegorsk (Russia) and VALE Goro (New Caledonia)

+VALE Long Harbour (Canada), Goro and Sherritt Ambatovy (Madagaskar)
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Solvent extraction in Hydrometallurgy
"Murrin Murrin": 45 000 T/a Ni HPAL Laterite operations

HPAL 
leach
plant 
H2SO4

Ni‐Co refinery
SO4/amm‐sulfat

Solvent extraction in Hydrometallurgy

Glecore "Murrin Murrin" operations, Australia
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Solvent extraction in Hydrometallurgy
VALE Goro: 50 000 T/a Ni laterite HPAL with Cl‐based refinery

Solvent extraction in Hydrometallurgy

VALE Goro: Flowsheet

HPAL leach plant H2SO4 Ni‐Co refinery Cl/HCl
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Solvent extraction in Hydrometallurgy
VALE Goro operations in New Caledonia

Solvent extraction in Hydrometallurgy
VALE Long Harbour: 50 000 T/a Ni S‐concentrate leach‐SX‐EW

Integrated  SO4/Cl circuit
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Solvent extraction in Hydrometallurgy
VALE Long Harbour: Flowsheet first part

Solvent extraction in Hydrometallurgy
VALE Long Harbour: flowsheet second part
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Solvent extraction in Hydrometallurgy
VALE Long Harbour operations in New Foundland, Canada

Solvent extraction in Hydrometallurgy
Queensland Nickel: 32 000 T/a Ni Caron plant (NH3) with Ni‐SX

Integrated  NH3/(NH4)2CO3 circuit
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Solvent extraction in Hydrometallurgy

Eq. Isotherm for extractant LIX87QN

Queensland Nickel use a slightly modified LIX 84‐I for its Ni‐SX, named LIX87QN

Solvent extraction in Hydrometallurgy
Anglo Platinum: ~2 mill oz/a Pt‐refinery at Rustenburg, S.Africa
First part

Feed: PGM‐concentrate, 
Usually >50% sum PGM’s
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Solvent extraction in Hydrometallurgy
Anglo Platinum: ~2 mill oz/a Pt‐refinery at Rustenburg, S.Africa
Second part

Solvent extraction in Hydrometallurgy

Application in some key industries

Solvent extraction in the mining industry is a mature
technology

Metal Global market primary metal % using SX
Cu 20 mill T/a 20%
Co 100 000 T/a 50%
U 50 000 T/a 80%
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