
The Southern African Institute of Mining and Metallurgy      The Fourth Southern African Conference on      

Base Metals 

René du Preez, et.al. 

 

Page 193 

 

 

 

SOLVENT EXTRACTION TEST WORK TO EVALUATE A VERSATIC 

10/NICKSYN™ SYNERGISTIC SYSTEM FOR NICKEL-CALCIUM 

SEPARATION 

 

René du Preez
a
, Marthie Kotze

b
, Gerhard Nel

c
,
 
Simon Donegan

d
 and Huziel 

Masiiwa
d
 

a
Mintek, South Africa 

b
BHP Billiton, South Africa 

c
LionOre South Africa, (Pty) Ltd 

d
Tati Nickel Botswana 

 
Tati Nickel is currently operating a hydrometallurgical demonstration plant in Botswana, 

using the Activox® process developed by LionOre Technology, to produce nickel cathode 

and a cobalt salt from a sulphide concentrate.  Cobalt is extracted using Cyanex 272.  This 

reagent also extracts all the iron, aluminium, copper, zinc, and manganese from the nickel 

stream.  Versatic 10 carboxylic acid is then used as extractant to recover nickel from the 

stream, separating it from calcium and magnesium, and upgrading it to provide a suitable 

advance electrolyte for nickel electrowinning.  However, the selectivity of Versatic 10 for 

nickel over calcium is limited, and gypsum formation in the extraction circuit is a problem 

when it is attempted to maximise the recovery of nickel. 

 

Mintek has developed a synergistic system with Versatic 10 for improved separation of nickel 

from calcium and magnesium.  Laboratory test work was conducted on the raffinate of the 

cobalt solvent extraction circuit to optimise the Versatic 10/Nicksyn™ (Mintek synergist) 

system to be employed.  Extraction and stripping parameters suitable for this stream were 

optimised in the laboratory and then applied on the demonstration plant.  A commercial batch 

(0.5 tons) of Nicksyn
™
 reagent was produced for the demonstration plant.   

 

The laboratory test work results and the demonstration plant performance are discussed in 

detail in this paper. 

 

1. INTRODUCTION 

 

Nickel cathode and a cobalt salt are currently being produced by Tati Nickel in Botswana 

from a sulphide concentrate, employing the Activox® technology for leaching, followed by 

oxidative precipitation of iron, precipitation of aluminium, cobalt solvent extraction using 

Cyanex 272, and finally nickel solvent extraction using Versatic 10 acid.  Cobalt solvent 

extraction also removes residual iron, zinc, aluminium, manganese, and copper quantitatively 

from the solution.  The Versatic 10 acid circuit primarily separates nickel from calcium and 

magnesium.   

 

The Tati demonstration plant currently uses five extraction stages in the nickel solvent 

extraction circuit, and the nickel loss to the raffinate is 0.08 g/L (from an 18 g/L feed, about 

0.5% Ni loss).  Although the Ni circuit has been performing on target for the last three years, 

recovery of nickel could only be improved by increasing the pH profile across the extraction 

circuit, or increasing the number of extraction stages.  The current circuit also relies on fresh  
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water being added to the feed to the extraction circuit, which dilutes the calcium 

concentration from around 600 mg/L to 545 mg/L.  This translates to an increase in the 

volumetric flowrate of about 10%, and hence a lower nickel throughput through the current 

plant and a 10% larger plant for the full scale operation.  

 

To increase the pH profile across the extraction circuit would not result in an increase in 

capital costs, but it results in the formation of gypsum in the first and second extraction stages 

(even from the diluted feed).  Additional extraction stages would increase the project capital 

costs.  It would be a major benefit in terms of capital and operating costs if the requirement to 

dilute the feed is minimised or not needed at all.  Hence, Tati Nickel was interested in the use 

of the Versatic 10/Nicksyn™ system for the separation of nickel and calcium from a stream 

saturated in calcium (around 600 mg/L, no dilution of the cobalt solvent extraction raffinate). 

 

Mintek has published numerous papers since the early 1990s with respect to its development 

work around synergistic systems for the recovery of nickel and cobalt from leach liquors 

saturated in calcium
1,2
.  More recently, Mintek secured a commercial producer of the 

Nicksyn™ reagent.  Tati Nickel subsequently purchased a commercial batch of this reagent, 

which was evaluated on the demonstration plant. 

 

2. EXPERIMENTAL PROCEDURES 

 

2.1 Analytical methods 

 

All metal analyses were done by Mintek’s Analytical Services Division.  Aqueous samples 

were analysed for Ni, Co, Ca, Cu, Zn, Mn, Fe and Mg (detection limit 2 mg/L for all metals) 

using Inductively Coupled Plasma – Optical Emission Spectroscopy (ICP-OES).  Organic 

samples were stripped with sulphuric acid (1 M) at an organic-to-aqueous (O:A) phase ratio 

of 0.5, after which the strip liquors were submitted for analyses. 

 

The concentration of Versatic 10 (V10) in the organic phase was determined by 

potentiometric titration of a sample (4 mL) dissolved in ethanol (25 mL) and water (10 mL) 

against a standard sodium hydroxide solution (0.10 M, made up from Merck ampoule), using 

a calibrated combined glass-reference electrode.   

 

2.2 Organic phases 

 

Versatic 10 acid, V10 (a tertiary-branched carboxylic acid), was obtained from Chemquest 

(produced by Resolution Performance Products Ltd.), whilst Nicksyn™ was prepared for 

Mintek on a larger batch (30 kg) by an independent, reputable manufacturer.  The chemical 

composition and technical information of Nicksyn™ remains the sole property of Mintek and 

can therefore not be disclosed.  Appropriate dilutions of V10 alone and V10 mixtures with 

Nicksyn™ were done using an aliphatic hydrocarbon diluent Shellsol D70, which was 

obtained from Shell Chemicals.  This diluent was used, as it was the diluent employed on the 

Tati Nickel demonstration plant.  Organic phases were used as supplied without any further 

purification. 

 

2.3 Metal-distribution equilibria for extraction (pH vs. extraction) 

 

Metal-distribution equilibria (pH vs. extraction isotherms) were determined by contacting the 

required organic phase (1.0 M V10 alone or mixed with 0.2-1.0 M Nicksyn™ in Shellsol  
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D70) with Tati Co SX raffinate at an O:A phase ratio of 2, using rapid magnetic stirring and 

controlling the temperature at 35ºC in a water-jacketed glass vessel.  The pH value of the 

aqueous phase was adjusted by the addition of ammonia solution (25 m/v%).  Equilibrium 

was established between 10 to 15 minutes after alkali additions.  Samples (15 mL aqueous 

and 30 mL organic) of each phase were taken after each adjustment of pH.  Aqueous samples 

were submitted for analyses.  No organic samples were stripped for analyses. 

 

2.4 Distribution isotherms for extraction 

 

The required portions of organic phase (1.0-1.25 M V10 mixed with 0.25-0.50 M Nicksyn™ 

in Shellsol D70) and aqueous phase (Tati Co SX raffinate) were contacted at different O:A 

phase ratios (1:8 to 8:1) by means of rapid magnetic stirring and controlling the temperature 

at 35ºC using a water-jacketed glass vessel.  A contact time of 10 to 15 minutes was allowed 

to reach equilibrium.  The pH values of the aqueous phases were controlled as required using 

ammonia solution (25 m/v%).  Samples of the aqueous phases were submitted for analyses.  

Samples of the organic phases were taken immediately after the aqueous samples to prevent 

possible re-equilibration, stripped with sulphuric acid solution (1 M, O:A = 0.5), and the strip 

liquors were submitted for analyses. 

 

2.5 Distribution isotherms for stripping 

 

Organic phase (1.25 M V10 mixed with 0.31 M Nicksyn™ in Shellsol D70) was batch-

loaded by contacting a portion (500 mL) of fresh organic with Tati Co SX raffinate (555 mL, 

O:A = 0.9), controlling the pH at 6.0, using ammonia solution (25 m/v%) at ambient 

temperature.  Samples (10 mL aqueous and 9 mL organic phase) were taken for analyses.  

The partially loaded organic phase was then contacted for a second and third time in the same 

manner using a fresh portion of Tati Co SX raffinate each time.  Samples of the organic 

phases were stripped with sulphuric acid (1 M, O:A = 0.5), and the strip liquors as well as the 

aqueous samples taken were analysed for nickel by means of atomic absorption. 

 

This batch-loaded organic phase obtained was then contacted with a synthetic spent 

electrolyte (61 g/L nickel in 40 g/L sulphuric acid solution) at different O:A phase ratios (1:8 

to 8:1) at 35ºC by means of magnetic stirring in a water-jacketed glass vessel.  A contact time 

of 10 to 15 minutes was allowed to reach equilibrium.  Samples of the aqueous phases were 

submitted for analyses.  Samples of the organic phases were taken immediately after the 

aqueous samples to prevent possible re-equilibration, restripped with sulphuric acid (1 M), 

and the restrip liquors were submitted for analyses. 

 

2.6 Acid extraction by organic phase 

 

Aliquots of an aqueous phase (20 mL) consisting of 40 g/L sulphuric acid and 133 g/L 

sodium sulphate (simulating an typical spent electrolyte containing no nickel), were adjusted 

to the required pH value using a 10 M sodium hydroxide solution, and contacted with the 

appropriate organic phase (1.25 M V10 plus 0.31 M Nicksyn™ in Shellsol D70, 20 mL) at  

 

35ºC.  A sample of the organic phase (5 mL) was stripped with water (50 mL) and the 

resulting aqueous phase was separated and titrated against a 0.10 M sodium hydroxide 

solution to a bromothymol blue endpoint (pH ~ 8.5).  The pH value of the raffinate was 

measured.  
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2.7 Stability of Nicksyn™ 

 

Stability tests were carried out by contacting a portion (500 mL) of organic phase (1.25 M 

V10 acid plus 0.31 M Nicksyn™ in Shellsol D70) with synthetic spent electrolyte (500 mL, 

containing 55 g/L nickel in 40 g/L sulphuric acid) by rapid magnetic stirring in a screw-top 

bottle of 1 litre capacity, thermostatted at 35
o
C, to simulate stripping conditions over a period 

of 90 days.  The bottles were weighed periodically to check for possible evaporation losses, 

but none was detected.  A similar set-up was done by contacting another portion (500 mL) of 

the same mixed organic phase with Tati Co SX raffinate (500 mL) and adjusting the pH value 

to 6.0 using ammonia solution (25 m/v%, 17.8 mL) in order to simulate extraction conditions.  

Samples of the organic phase (115 to 120 mL) of the experiment simulating stripping 

conditions were taken at suitable time intervals, after which the aqueous phase was replaced 

with the appropriate volume of fresh synthetic spent electrolyte to maintain an O:A phase 

ratio of 1.   

 

Metal-distribution equilibria (pH vs. extraction) were determined on a portion (100 mL) of 

these organic samples using Tati Co SX raffinate (50 ml) feed, as described in Section 2.4. 

 

3. RESULTS AND DISCUSSION 

 

3.1 Feed solution 

 

The cobalt raffinate used as feed was from the cobalt solvent extraction circuit (Tati Co SX 

raffinate) at Tati Nickel’s demonstration plant and provided by Tati Nickel Mining Company.  

Four batches of about 20 L each were supplied.  A typical composition of this feed solution to 

the nickel SX circuit is given in Table 1.   

 

Table 1: Typical composition of nickel SX feed solution 

Metal 

 

Concentration, g/L 

Ni 18 

Co 0.002-0.005 

Ca 600 

Mn <0.002 

Cu <0.002 

Mg 0.54 

Zn <0.002 

Fe <0.002 

 

 

 

 

 

3.2 Organic phase composition 

 

The neutralisation equivalent for V10 (supplied by Chemquest) was found to be 174.23 g/mol 

by potentiometric titration of a sample (169 g) of V10 against a standard 0.10 M sodium 

hydroxide solution.  Detailed technical information of Nicksyn™ remains the sole property of  
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Mintek and can not be disclosed.  The different V10 and Nicksyn™ concentration mixtures 

diluted with Shellsol D70 (molar and vol.%) used in this study are given in Table 2. 

 

Table 2: Different concentration mixtures of V10 and Nicksyn™ used in experimental test 

work 

Organic phase Concentration, 

M 

Concentration, 

Vol.% 

Versatic10 1.00 19.15 

 1.25 23.93 

 1.30 24.89 

Nicksyn™ 0.20 7.35 

 0.25 9.19 

 0.26 9.56 

 0.31 11.40 

 0.50 18.38 

 0.75 27.57 

 1.00 36.76 

 

 

3.3 Metal-distribution equilibria for extraction (pH vs. extraction) 

 

The synergistic extraction of nickel by a carboxylic acid such as V10 (which exists in the 

form of dimers H2A2), with the addition of a synergistic compound (L) such as Nicksyn™, is 

given in Equation 1
1
.  

 

                                     Ni
2+ 
 +  H2A2  +  2L  =  NiA2L2  +  2H

+
                              (1) 

 

The bars denote the presence of the species in the organic phase. 

 

This different behaviour of nickel and calcium, magnesium, and manganese in this type of 

synergistic system is illustrated in the results for the extraction of metals from Tati Co SX 

raffinate by 1.0 M V10 alone and mixed with 0.50 M Nicksyn™ in Shellsol D70, as shown in 

Figure 1.  Percentage extraction is calculated by difference between the feed and raffinate 

solutions.   
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Figure 1: Metal-distribution equilibria for the extraction of metals from Tati Co SX raffinate 

by 1.0 M V10 alone (a) and 1.0 M V10 plus 0.50 M Nicksyn™ (b) in Shellsol D70 at 35ºC 
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The pH50 value (the pH at which 50% of the metal originally present in the aqueous phase is 

extracted under a given set of conditions) of nickel shifted from 5.80 (using 1.0 M V10 alone) 

to 4.48 (1.0 M V10 plus 0.50 M Nicksyn™), which relates to a synergistic shift (∆pH50) of 

1.32 pH units.  Only a small synergistic shift (∆pH50 = 0.17) for calcium occurred for this feed 

solution, containing about 18 g/L nickel and 0.6 g/L calcium.   

 

It was decided to evaluate various concentration mixtures of V10 and Nicksyn™ in order to 

obtain a reasonable nickel-calcium separation, whilst minimising the volume (or mass) 

requirement and hence costs of Nicksyn™.  The results are summarised in Table 3.  The 

separation between the extraction curves for nickel and calcium is indicated by pH50
Ca-Ni

. 

 

Table 3: Extraction of nickel and calcium from Tati Co SX raffinate by mixtures of V10 (1.0 

M) and Nicksyn™ (0.20-1.0 M) in Shellsol D70 at 35ºC 

Organic phase 

V10, 

M 

Nicksyn™, 

M 

pH50
Ni
 pH50

Ca
 pH50

Ca-Ni
 

1.0 - 5.80 7.12 1.32 

1.0 0.20 4.90 6.89 1.99 

1.0 0.25 4.84 6.94 2.10 

1.0 0.50 4.48 6.95 2.47 

1.0 0.75 4.43 7.00 2.57 

1.0 1.00 4.35 7.18 2.83 

 

Synergistic shifts in the pH50 values for the extraction of nickel increased from 0.90 to 1.45 

units when Nicksyn™ addition was increased from 0.20 to 1.00 M, respectively, whilst the 

extraction of calcium was largely unaffected.  The separation between nickel and calcium 

(pH50
Ca-Ni

) increased from 1.32 pH units (V10 alone) to 2.83 pH units (1.0 M V10 plus 1.00 

M Nicksyn™).  Considering the additional costs of increasing the Nicksyn™ concentration 

beyond a ratio of 5:1 (pH50
Ca-Ni

 of 2 pH units) to improve nickel-calcium separation 

incrementally with another pH unit (final ratio of 1:1), it was decided to only consider molar 

ratios of V10:Nicksyn™ of 5:1 and 4:1 for the demonstration plant.  

 

 

 

A pH vs. extraction isotherm was done (Figure 2) using Tati Nickel cobalt pregnant leach 

solution (Tati Co PLS) and 1.25 M V10 plus 0.31 M Nicksyn™ at 35ºC to gauge the 

possibility of separating nickel, cobalt, zinc and copper from calcium, manganese and 

magnesium from Tati Nickel cobalt SX feed.  This would allow that the Ni SX be done first 

followed by Co SX to remove Co and other impurities from the Ni electrolyte.  This would be 

especially beneficial if the PLS is diluted and upgrading of nickel is taken place across the Ni 

SX circuit, and hence the Co SX can be done on a smaller volumetric flow. 
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Figure 2: Metal-distribution equilibria for the extraction of metals from Tati Co PLS by 1.25 

M V10 plus 0.31 M Nicksyn™ in Shellsol D70 at 35ºC( O:A = 2) 

 

The pH50 values obtained for nickel (4.68), cobalt (5.40), manganese (6.01) and calcium 

(6.61) indicate that a separation between cobalt and manganese (pH50
Mn-Co

) of only 0.61 units 

was achieved for this feed solution, which would probably require a large number of stages 

and tight pH control to facilitate efficient separation of nickel, cobalt, zinc and copper from 

calcium, manganese and magnesium.  This separation between cobalt and manganese will be 

improved with a higher concentration of Nicksyn™ in the organic mixture. 

 

3.4 Distribution isotherms for extraction of nickel 

 

The distribution isotherm and McCabe–Thiele construction for the extraction of nickel from 

Tati Co SX raffinate generated using 1.0 M V10 plus 0.50 M Nicksyn™ in Shellsol D70, at 

pH 5.5 and controlling the temperature at 35ºC, is shown in Figure 3.   
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Figure 3: Distribution isotherm for the extraction of nickel from Tati Co SX raffinate by 1.0 

M V10 plus 0.50 M Nicksyn™ in Shellsol D70 at pH 5.5 and 35ºC 

The results (based on calculations done by difference between the feed and raffinate 

solutions, as well as that derived by stripping the organic phases and analysing the strip 

liquors) and McCabe-Thiele construction on the extraction isotherm, indicate that a loading of 

about 18 g/L nickel could be achieved in three countercurrent extraction stages at an O:A 

phase ratio of 1.  The calcium co-extraction under these conditions was about 2.3% (14 mg/L 

on the loaded organic). 

 

The distribution isotherms for extraction of nickel using 1.0 M V10 together with a lower 

(0.25 M) concentration of Nicksyn™ at pH values 5.4 and 5.8, are shown in Figures 4 and 5, 

respectively. 

0

5000

10000

15000

20000

0 5000 10000 15000 20000

Metal in aqueous phase, mg/L

M
e
ta
l 
o
n
 l
o
a
d
e
d
 o
rg
a
n
ic
 p
h
a
s
e
, 
m
g
/L

Ni aqueous N stripped org

O:A = 1.6

 

Figure 4: Distribution isotherm for the extraction of nickel from Tati Co SX raffinate by 1.0 

M V10 plus 0.25 M Nicksyn™ in Shellsol D70 at pH 5.4 and 35ºC 
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Figure 5: Distribution isotherm for the extraction of nickel from Tati Co SX raffinate by 1.0 

M V10 plus 0.25 M Nicksyn™ in Shellsol D70 at pH 5.8 and 35ºC 

 

 

 

The McCabe-Thiele constructions shown in Figures 4 and 5 predict nickel loadings of about 

11 and 14 g/L at pH 5.4 and 5.8, respectively.  Although an appreciable selectivity for nickel 

was shown by the limited co-loading of calcium on the organic phases (about 12 mg/L and 20 

mg/L at pH 5.4 and 5.8, respectively), optimum plant operation would required higher nickel 

loading on the organic phase to operate closer to an O:A phase ratio of unity in extraction. 

 

Maximum loading experiments indicated that about 20 g/L nickel loading could be achieved 

using 1.25 M V10 plus 0.31 M Nicksyn™ in Shellsol D70 (V10:Nicksyn™ = 4) at pH 6.0 

and 35ºC.  These conditions were applied in generating the extraction isotherm shown in 

Figure 6. 
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Figure 6: Distribution isotherm for the extraction of nickel from Tati Co SX raffinate by 1.25 

M V10 plus 0.31 M Nicksyn™ in Shellsol D70 at pH 6.0 and 35ºC 

 

The McCabe-Thiele construction confirmed that a nickel loading of about 20 g/L could be 

achieved in three countercurrent extraction stages at an O:A phase ratio of 0.9,  with calcium 

loading on the organic phase below detection limit (< 4 mg/L in strip liquor analyses).  These 

operating conditions were therefore recommended for the extraction circuit on the 

demonstration plant. 

 

3.5 Distribution isotherms for stripping of nickel 

 

The distribution isotherm generated for stripping of nickel from batch-loaded 1.25 M V10 

plus 0.31 M Nicksyn™ in Shellsol D70 (containing about 20 g/L nickel) at 35ºC, using 

synthetic spent electrolyte containing 61 g/L nickel and 40 g/L sulphuric acid as strip 

solution, is shown in Figure 7.   



The Southern African Institute of Mining and Metallurgy      The Fourth Southern African Conference on      

Base Metals 

René du Preez, et.al. 

 

Page 203 

 

 

60000

65000

70000

75000

80000

85000

90000

95000

0 5000 10000 15000 20000 25000

Ni on organic phase, mg/L

N
i 
in
 a
q
u
e
o
u
s
 p
h
a
s
e
, 
m
g
/L

O:A = 1.2

 

Figure 7: Distribution isotherm for the stripping of nickel from batch loaded 1.25 M V10 plus 

0.31 M Nicksyn™ in Shellsol D70 with synthetic spent electrolyte (61 g/L nickel in 40 g/L 

sulphuric acid solution) at 35ºC 

 

The McCabe-Thiele construction predict that loaded organic phase containing about 21.5 g/L 

nickel could be stripped with synthetic spent electrolyte in two countercurrent stripping stages 

at an O:A phase ratio of 1.2 and at 35ºC.  Loaded strip liquor containing about 86 g/L nickel 

was obtained as would be expected based on the acid content of the synthetic strip liquor.   

 

Strip liquor pH values measured for stripping done at O:A phase ratios of 0.125, 0.20, 0.5 and 

1.0 were 0.75, 0.76, 1.06 and 1.43, respectively, which indicates that enough (or even excess) 

sulphuric acid was available for complete stripping of nickel.  Stripping done at O:A phase 

ratios of 2, 5 and 8 resulted in strip liquors exhibiting pH values of 5.2, 5.7 and 5.8, 

respectively, which indicates unfavourable stripping conditions for nickel.  If plant operation 

should require these operating conditions, it is suggested that pH control be employed (at 

about 3) in order to facilitate efficient stripping of nickel in the minimum number of stages. 

 

3.6 Acid extraction by organic phase 

 

The acid uptake as a function of the equilibrium pH of the aqueous phase (40 g/L sulphuric 

acid plus 133 g/L sodium sulphate)  using an organic phase containing 1.25 M V10 mixed 

with 0.31 M Nicksyn™ in Shellsol D70, is shown in Figure 8.   
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Figure 8: Extraction of acid (as H
+
) from a simulated spent electrolyte (40 g/L H2SO4 + 133 

g/L Na2SO4, no Ni) by 1.25 M V10 plus 0.31 M Nicksyn™ in Shellsol D70 at 35ºC 

 

The extraction of acid by Nicksyn™ from aqueous solutions between pH 0.7 and 0.9 was 8 

mM, while the average extraction of acid by Nicksyn™ from aqueous solutions between pH 

1.4 and 3.3 was 6.1 mM, which is negligible.   

 

3.7 Stability tests 

 

Stability tests were carried out using organic phases containing 1.25 M V10 mixed with 0.31 

M Nicksyn™, simulating extraction and stripping conditions.  Samples taken of the organic 

phases at chosen time intervals (15, 29, 45 and 90 days for stability tests representing 

stripping conditions and 90 days for a stability test representing extraction conditions) were 

then used (separately) to determine the pH vs. extraction curves for nickel and calcium from 

Tati Co SX raffinate at 35
o
C, these being shown in Figure 9.  No intermittent samples were 

taken for the test simulating extraction conditions.  A portion of the organic phase (250 mL) 

was stripped batch-wise (3 times) with 1 M sulphuric acid (500 mL) after 90 days to ensure 

complete stripping of nickel, after which it was used to determine pH vs. extraction data 

(shown in Figure 9).  The pH50 values as well as pH50
Ca-Ni

 obtained for nickel and calcium are 

given in Table 4, together with those obtained using the fresh organic phase.   

 

 



The Southern African Institute of Mining and Metallurgy      The Fourth Southern African Conference on      

Base Metals 

René du Preez, et.al. 

 

Page 205 

 

 

6
.5
5

4
.6
1

6
.5
8

4
.6
3

6
.6
6

4
.5
9

6
.6
0

4
.6
0

6
.5
8

4
.6
2

6
.6
7

4
.5
7

0

1

2

3

4

5

6

7

8

Ni Ca

p
H
5
0
 v
a
lu
e
s

Fresh 15 days 29 days 45 days 90 days extr 90 days

 

Figure 9: pH50 values for nickel and calcium extraction by 1.25 M V10 plus 0.31 M 

Nicksyn™ in Shellsol D70 (fresh and after use in stability tests) at 35ºC 

 

Table 4: pH50 and pH50

Ca-Ni  
values for nickel and calcium extraction by 1.25 M V10 plus 0.31 

M Nicksyn™ in Shellsol D70 (fresh and after use in stability tests) at 35ºC 

pH50 Sample of 1.25 M V10 + 0.31 M 

Nicksyn™ Ni Ca 

pH50
Ca-Ni

 

Stripping conditions:    

Fresh 4.57 6.55 1.98 

15 days 4.61 6.58 1.97 

29 days 4.63 6.66 2.03 

45 days 4.59 6.60 2.01 

90 days 4.60 6.58 1.98 

Extraction conditions:    

90 days 4.62 6.67 2.05 

 

It can be seen from Figure 9 and Table 4 that variations in pH50 values of nickel (4.57 to 4.63) 

and calcium (6.55 to 6.67), and therefore variations in pH50
Ca-Ni

 (1.97 to 2.05) are 

insignificantly small over the 90 day period of the stability tests, representing stripping as 

well as extraction conditions. 

 

All phases were clear during stability test done simulating stripping conditions.  White crud 

accumulated at the interface of the phases of the stability test done simulating extraction 

conditions. 

It can be concluded that the organic phase mixture containing 1.25 M V10 plus 0.31 M 

Nicksyn™ in Shellsol D70, was stable under the given conditions tested for a period of 90 

days. 
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4. DEMONSTRATION PLANT DATA 

 

Tati Nickel acquired 0.5 tons of Nicksyn™ from the manufacturer appointed by Mintek.  The 

quality of the Nicksyn™ product was evaluated at Mintek prior to shipment to the Tati Nickel 

site, and the results confirmed that it was of a similar quality as the laboratory scale product.  

Nicksyn™ was introduced into the plant during October 2006 and has been in operation since 

then.  The operating conditions applied to the V10 and V10 plus Nicksyn™ trials are 

compared in Table 5.   

Table 5: Comparison of operating conditions 

 V10 V10 + Nicksyn™ 

Versatic 10 acid concentration, M 1.57 1.31 

Nicksyn™ concentration, M 0 0.27 

Ni maximum loading, g/L 21 14 

Number of stages 

Extraction 

Scrubbing 

Stripping 

Washing 

Versatic 10 recovery (VR) 

Total 

 

5 

2 

2 

0 

1 

10 

 

4 

1 

2 

1 

1 

9 

O:A phase ratio 

Extraction 

Scrubbing 

Stripping 

 

0.7 

4.4 

0.96 

 

1.4 

35.5 

1.54 

pH profile across extraction 

E1 

E2 

E3 

E4 

E5 

 

6.95 

6.65 

6.40 

6.35 

6.35 

 

5.5 

5.5 

5.4 

5.4 

Not in use 

Phase disengagement time, s 

Extraction 

Scrubbing 

Stripping 

 

53 

96 

51 

 

82 

116 

94 

Ni concentration across extraction, g/L 

Feed 

E1 

E2 

E3 

E4 

E5 

 

13.3 

10.9 

6.7 

2.4 

0.5 

0.1 

 

13.4 

3.7 

0.25 

0.03 

0.007 

Not in use 

Ca concentration in organic across 

extraction, g/L 

E1 

E2 

E3 

E4 

E5 

 

 

0.011 

0.012 

0.063 

0.149 

0.149 

 

 

0.005 

0.006 

0.005 

0.006 

Not in use 
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The nickel profiles across the extraction circuit for V10 alone and V10 plus Nicksyn™ are 

given in Figure 10.  
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Figure 10:  Nickel aqueous concentration profile across extraction circuit (V10 alone (a) and 

V10 plus Nicksyn™(b)) 

 

 The more efficient extraction of nickel by V10 plus Nicksyn™ system is clear, although it 

was done at a lower pH profile (albeit a higher O:A phase ratio).  As mentioned earlier, the 

maximum nickel loading of 20 g/L was obtained in the laboratory test work using a 1.25 M 

V10 plus 0.31 M Nicksyn™ mixture (see Section 3.4).  The loading of nickel could therefore 

be increased by increasing the Nicksyn™ concentration or lifting the pH values slightly over 

the extraction circuit. 

 

The calcium organic loading profiles across the extraction circuit are given in Figure 11.   
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Figure 11: Calcium organic concentration profile across extraction circuit (V10 alone (a) 

and V10 plus Nicksyn™(b)) 

The profile for V10 plus Nicksyn™ system is rather flat, which demonstrates the advantage 

of the synergistic system.  With V10 alone, a significant amount of calcium was co-loaded on 

the organic phase at the tail end of the extraction circuit, which was then displaced by nickel 

as the organic advanced towards the front end of the circuit.  This then clearly demonstrates 

the problem around the V10 circuit, as any calcium that is displaced from the organic could  
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result in gypsum formation in the extraction circuit if the feed contains calcium at saturation.  

Previously Tati Nickel minimised the problem around gypsum by adequately diluting the feed 

stream with fresh water.  This, however, will increase the size of the plant with 10% (higher 

flow rates for similar nickel production).  With the synergistic system, no dilution of the feed 

is required as gypsum formation can be completely avoided. 

 

Figure 12 shows the nickel relative recoveries obtained over a period of time.  With V10 

alone an average recovery of about 99.3% was achieved, while that of the V10 plus 

Nicksyn™ was 99.7%.  With the extraction circuit containing V10 alone, the pH of extraction 

cannot be increased, as this caused higher calcium loading, and hence an increased problem 

around gypsum formation in the extraction circuit.  Hence, to further enhance the extraction 

efficiency, more stages would be required.  The V10 alone circuit already employed 5 

extraction stages.  The V10 plus Nicksyn™ operation achieved higher nickel recoveries using 

4 stages only, and with very little issues around gypsum formation.  The recovery of nickel 

can be improved in this circuit by increasing the pH profile somewhat whilst still avoiding 

additional calcium loading. 

98.4

98.6

98.8

99.0

99.2

99.4

99.6

99.8

100.0

0 20 40 60 80 100 120 140

Days

N
i 
re
c
o
v
e
ry
, 
%

V10 V10-NS

 

Figure 12: Nickel recoveries for V10 alone and V10 plus Nicksyn™ extraction systems 

 

Reagent make-up for the V10 and V10 plus Nicksyn™ systems were compared over a period 

of 4 months and indicative results are given in Table 6.  The lower reagent loss experienced 

with the V10 plus Nicksyn™ was ascribed to the much lower pH of operation and the 

reduction in crud formation.  The diluent and Versatic 10 acid make up were 21% and 30% 

higher, respectively, for the V10 alone system.   

Table 6: Reagent make-up 

Make-up (L/m
3
) V10 V10 plus Nicksyn™ 

Diluent  1.84 1.5 

V10 0.40 0.28 

Nicksyn™ 0 0.13 
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The results obtained during the demonstration plant run have to be used to do a techno- 

economic comparison between the V10 and V10 plus Nicksyn™ systems in order to quantify 

the capital and operating cost difference between the two technologies. 

 

 

5. CONCLUSIONS 

 

• The Mintek developed synergist (Nicksyn™) in different combinations with V10 (a 

commercially available tertiary-branched carboxylic acid) and diluted with Shellsol D70 

(aliphatic), has been evaluated to optimise nickel recovery and nickel-calcium separation 

from a cobalt solvent extraction raffinate stream at Tati Nickel.  This stream typically 

contains about 20 g/L nickel, 500-600 mg/L calcium and 540 mg/L magnesium.  Copper, 

zinc, manganese, iron and cobalt were <2 mg/L in solution as a result of their effective 

extraction in the upfront Cyanex 272 circuit.   

• pH vs. extraction curves done with 1.0 M Versatic 10 alone and mixed with 0.20-1.00 M 

Nicksyn™ in Shellsol D70 at 35ºC, showed that synergistic shifts in the pH50 (∆pH50) 

values for the extraction of nickel increased from 0.90 to 1.45 units when Nicksyn™ 

addition was increased from 0.20 to 1.00 M, respectively, whilst the extraction of calcium 

was insignificantly affected.  The separation between nickel and calcium (pH50
Ca-Ni

) 

increased from 1.32 pH units (V10 alone) to 2.83 pH units (1.0 M V10 plus 1.00 M 

Nicksyn™).  Considering the additional costs of adding Nicksyn™ to a molar ratio of 

unity to increase the separation by a further pH unit (from 2 to 3 pH units), molar ratios of 

V10:Nicksyn™ of 5:1 and 4:1 were considered for the demonstration plant.  

• 1.25 M V10 plus 0.31 M Nicksyn™ at 35ºC was used to gauge the possibility of 

separating nickel, cobalt, zinc and copper from  calcium, manganese and magnesium in 

the Co SX feed (PLS).  This would allow for the Ni extraction to be done first, followed 

by Co recovery and impurity removal on the Ni SX loaded strip liquor.  pH50 values 

obtained for nickel (4.68), cobalt (5.40), manganese (6.01) and calcium (6.61) indicate 

that a separation between cobalt and manganese (pH50
Mn-Co

) of only 0.61 units was 

achieved for this feed solution, which would probably require a large number of stages 

and tight pH control to facilitate efficient separation of nickel, cobalt, zinc and copper 

from  calcium, manganese and magnesium.  A higher Nicksyn™ would enhance the 

separation. 

• 1.0 M V10 plus 0.50 M Nicksyn™ in Shellsol D70, at pH 5.5, indicate that a loading of 

about 18 g/L nickel could be achieved in three countercurrent extraction stages at an O:A 

phase ratio of unity.  The calcium co-extraction under these conditions was about 2.3% 

(14 mg/L on loaded organic phase). 

• 1.0 M V10 together with a lower (0.25 M) concentration of Nicksyn™ at pH 5.4 and 5.8, 

predict nickel loadings of about 11 and 14 g/L at pH 5.4 and 5.8, respectively.   

• 1.25 M V10 plus 0.31 M Nicksyn™ in Shellsol D70 resulted in a nickel loading of about 

20 g/L in three countercurrent extraction stages at an O:A phase ratio of 0.9,  with 

calcium co-loading on the organic phase below detection limit.  These operating 

conditions were therefore recommended for the extraction circuit on the demonstration 

plant. 

• Two stripping stages should be adequate for complete stripping. 

• No meaningful acid loading, and hence carry-over to the extraction circuit, was 

determined for the reagent mixture. 

• Stability tests under extraction and stripping conditions over a period of 90 days indicated 

not change in the composition of the extraction mixture. 
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• V10 alone and V10 plus Nicksyn™ systems were compared during a demonstration plant 

run at Tati Nickel.  The recovery of nickel increased with 0.5% using the V10 plus 

Nicksyn™ mixture and 4 extraction stages.  The co-loading of calcium was about 150 

mg/L in E5 (using V10), which could form gypsym if displaced. The co-loading of 

calcium in E4 (using V10 plus Nicksyn™) was about 14 mg/L, with no risk of gypsym 

formation. 

 

6. REFERENCES 

 

1.  A.C. du Preez and J. S. Preston.  Separation of nickel and cobalt from calcium, magnesium 

and manganese by solvent extraction with synergistic mixtures of carboxylic acids, SAIMM 

Journal, July 2004, pp. 333-338. 

2.   J. S. Preston and A. C. du Preez.  Separation of nickel and calcium by solvent extraction 

using mixtures of carboxylic acids and alkylpyridines, Hydrometallurgy, vol. 58, 2000, pp. 

239-250. 

 

7. ACKNOWLEDGEMENT 

 

This paper is published by permission of LionOre and Tati Nickel. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


