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Abstract
This study presents the results obtained from a thermodynamic and kinetics study of
nickel lateritic ore leaching in sulphuric acid solutions at high pressure conditions.
Evaluation of thermodynamic equilibrium in system Me-S-H20 is considered by EhpH diagrams in Software "Factsage". Domains of stability and CO-existingscope of
different form and compound are present for Ni, Co, Mg, Al and Fe at 250°C. Nickel
lateritic ore "Silcrete", Western Australia was used for the leaching experiments in a
titanium autoclave equipped with acid injection system and a sampling unit at high
pressure of 40 bar. The conditions examined were at temperature of 250°C, acid- to ore ratio a/o between 0.4 and 0.5 with solid percent of 10 % and stirring speed 1500
rpm. Under these conditions the maximal value of 69 % nickel, 73 % of magnesium
and of 81 % cobalt extraction was attained in 15 min. The increase of acid to ore ratio
from 0.4 to 0.5 increases nickel and cobalt dissolution, and the leach selectivity was
increased three times.

1. INTRODUCTION
Pressure acid leaching PAL is the current process of choice for greenfields nickel
laterite projects [I-31. The extension of the process from tropical limonites to Western
Australian laterites is a new approach, and as such the behavior of the differing
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minerals in tropical and arid laterites during leaching is widely examined. The
fundamentals of PAL of iron oxides were examined by Tindall and Muir [4], using
synthetic goethite as a model ore. It was found that goethite transforms to hematite
by a dissolution and re-precipitation mechanism. The leaching rate was depend on
the acid concentration, the slurry oxidation potential, and the type of cations in the
solution. It is also confirmed that nontronite reacted more readily than iron oxides.
Rubisov and Papangelakis [5] have developed a comprehensive model estimating
and including the kinetics of Co, Fe, Al, Mn and Ni dissolution in the temperature
rarlge from 230°C to 270°C. The resulting model is capable of predicting the Ni
extraction and the concentration of major irripurities during autoclave operation for a
wide variety of process conditions and feed compositions. It was implemented in a
simulation.
The future trend for nickel production is expected to involve the processing of
laterites, which account for about 70 % of the world3sresources, by means of efficient
PAL and SX-EW facilities [6-81.
The aim of this paper is to investigate the behavior for nickel laterite from deposits in
Silcrete, Western Australia with the use of sulfuric acid in an autoclave at
temperature at 250°C, which is one of the optimal parameter for this leach process.
During a thermodynamic and kinetics analysis should be investigated a selectivity of
the leaching process.

2. THERMODYNAMICAL ANALYSIS

The dominant leaching oxidation reactions with sulphuric acid can be further
identified from the corresponding E-pH diagrams (Fig. 1.a-I .e). Especially the
dissolution of Ni, Co and Mg from nickel lateritic ore is desirable.

Fig. 1.a. E p H diagram of an nickellacid leaching system with the molar ratio
0.67>(SlS+Ni)<l at 250°C

In sulphuric acid medium with the molar ratio 0.67>(SlS+Ni)<l at 250°C the area of
ions ~ iare
~typical
'
when the values of oxidizing potential amount E= 0.25 and 1.0 V
with pH values between 0 and 0.25. Nickel sulphide is stable in medium in wide
range of pH.
For diagram Co-S-H-0 (Fig. I.b) more wide domain of existence is typical for ions of
co2' up to pH= 1. In the presence of sulphur the sulphide area appears. Elemental
cobalt has a large domain of existence in water solution, but in the presence of
sulphur this domain essentially decreases. Some sizes of areas belong to cobalt
oxide compounds, especially when pH>I, although oxides and hydroxides of nicke1
and cobalt are not stable in the acid area. In case of Co3S4presence, its oxidizing
misses the stage of monosulphide generation.
In acid medium big areas of ions ~ g ~ ' a rtypical
e
(Fig. I.C)

Fig. 1.b. E-pH diagram of an cobaltlacid leaching system with the molar ratio
0.67>(S/S+Co)<l at 250°C

Fig. 1.c. E-pH diagram of an magnesiumlacid leaching system with the molar ratio
0.67>(S/S+Mg)<l at 250°C

Fig. I.d. shows the Zone of stability for Fes. Fes2 and Fe. The domains occupied by
~ '
iron oxides, especially Fe203, are very representative. The area of ions ~ e are
typical when the values of oxidizing potential amount E= -0.4 and 0 V with pH values
3

below 0.6. For Fes2 the probability of elemental sulphur generation exists ion only
when pH<O and moderate temperature. With a high value of pH a generation of ion

SO
-:

is probable.

Fig. 1.d. E-pH diagram of an ironlacid leaching system with the molar ratio
0.67>(SlS+Fe)<l at 250°C

Fig. 1.e. shows the Zone of stability for aluminium compounds. Hydrogen sulphide is
typical for areas with low oxidizing potential. The area of ions

AI^' are not present.

Fig. 1.e. E-pH diagram of an aluminiumlacid leaching system with the molar ratio
0.67>(SIS+Al)<l at 250°C

3. EXPERIMENTAL
3.1. Material

The ore composition used in this experiment can be Seen from the Table 1

Table 1: Ore sample composition

The particle size distribution are showed on Figure 2.

Figure 2: Particle size distribution in Silcrete ore after a sieving

The measured density of laterite suspension by "Helos Sympatec" Software amounts
2.71 glcm3.

3.2. Equipment

Under high pressure leaching conditions tests were performed in a 2 dm3 autoclave,
manufactured by the Autoclave Engineers, USA, which is part of a 3 reactor system
from 1- 50 dm3 at IME, R W H University, Aachen. The working procedure is
described in detail in Reference [9, 101. After the end of experiments, solutions
aliquots were filtered und analysed in order to deterniine Ni, Co, Mg, Al, and Fe by
ICP spectrophotometry.
The experiments were done at 250°C in time up to 15 min with 10 % solid and one
higher stirring speed of 1500 rpm. Correspondirlg to 250°C the equilibrium vapour
pressure amounted 40 bar. The acid- to- ore ratio alo was amounted between 0.40
and 0.50 g &So4 per g ore.

3.3. Results and Discussion

15 min leaching tests was performed for "Silcrete" ore, Australia at 10 % solid in acid
to ore range 0.4 and 0.5 with a stirring speed of 1500 rpm (Figure 3). The influence of
stirring speed is previous explained [ I 11. 57 % Ni and 68 % Co extraction is attained
in 15 min at 250°C, 10 % solids and 0.40 alo ratio (Fig. 6). The change from 0.40 to
0.50 a/o ratio increased extraction of nicke1 up to 68 % and Co to 81 % under Same
conditions.

Fig. 3. Metal dissolution kinetics from "Silcrete" (10% solid, a/o=0.4, V= 1500 rpm)

Fig. 4. Metal dissolution kinetics from "Silcrete" (10% solid, alo=0.5, V= 1500 rpm)

The increase of a/o ratio from 0.4 to 0.5 increases nicke1 and cobalt extraction at
250°C (Fig.4). This change of alo ratio increases the leach selectivity (%Ni + % Co)/(
(%Fe + % Al) almost three times (Fig. 5). It was dificult to measure the rates of iron
dissolution and precipitation separately because of the simultaneous occurrence of
two reaction. lron precipitation kinetics was recovered by subtracting the measured
concentration of Fe in solution from the theoretical amount of Fe dissolved. As
mentioned by Rubisov and Papangelakis [6] an iron precipitation as hematite has
proceeded through the fomation of basic ferric sulphate. The latter quickly converts
-

to hematite. At higher acidities (0.5 and 0.75 mol1L) more than 90 % of Al dissolves
fast within 2.5 min, making it is impossible to establish the dissolution kinetics. After
this Al dissolution follows his precipitation of to the alunite .

Fig. 5. Leaching selectivity ( I 0% solid, T=250°C, t=15 min, V= 1500 rpm)

After the leaching test and sampling at 250°C, 10 O
h solids, and a/o ratio of 0.4 the
solids were very quickly washed, filtered and prepared for DTA and TGA analysis
--

(Fig. 6).

Fig. 6. TGA and DTA analysis in argon for leach residue obtained by PAL of
"Silcrete" under following conditions: T = 250°C; a/o = 0.4; t = 15 min;

We are assumed that high pressure leaching ore ends up the solid product that
contains SiOz, Fe203and (H30+, Na+)A13(S0,)z(OH),.

TGA showed that the mass

loss obtained at 2 5 0 " ~amounts 7.27% at 290°C and 12.82 % at 620°C. DTA
analysis shows the presence of 2 peaks (at 109.3 % and 290°C). The first peak at
109.3"C corresponds the evaporation of water. The second peak indicates the
6

possible beginning of decomposition of alunite, formed dui'ing leaching with sulphuric
acid.

4. CONCLUSION
Thermodynamic analysis shows that in sulphuric acid medium with the molar ratio
0.67>(SIS+Ni)<l at 250°C the area of ions ~ iare~typical
'
for the values of oxidizing
potential of E= 0.25 and 1.0 V with pH values between 0 and 0.25. The domains for
co2' and ~ g are
~ broader
'
than ones of nickel and present at pH values up to 1.
Domains of ~ e are
~ present
+
for the values of oxidizing potential between E= -0.4
and 1.0 V and with pH values up to 0.6. The presence of

AI^' is not found.

It was shown that Silcrete ore react readily during high pressure sulphuric acid
leaching under following conditions: T= 2 5 0 " ~ t=15
;
min, v=1500 rpm: a/o = 0.4 and
0.5. Under these conditions the highest nickel extraction amounted 68 % in 15 min,
but the cobalt had a higher value of 81 %. An increasing an acid to ore ratio in the
autoclave increases the rate of nickel and cobalt extraction at 250°C. Leaching
selectivity (%Ni + O
h Co)/( (%Fe + % Al) increases almost three when the a/o ratio
....,

changes from 0.4 to 0.5.
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Tables
Table 1: Ore sample composition
Content
Oh

Si

Fe

Al

Cr

Ni

Co

17.4 26.4 4.16 0.67 0.78 0.05

Na

K

Mg

Mn

0.4

0.05

1.7

0.25

Figure captions:
Fig. I.a. Eh-pH diagram of an nickellacid leaching system with the molar ratio
0.67>(SlS+Ni)<l at 250°C
Fig. 1.b. Eh-pH diagram of an cobaltlacid leaching system with the molar ratio
0.67>(SlS+Co)<l at 250°C
Fig. I.C. Eh-pH diagram of an magnesiumlacid leaching system with the molar ratio
0.67>(SlS+Mg)<l at 250°C
Fig. 1.d. Eh-pH diagram of an ironlacid leaching system with the molar ratio
0.67>(SlS+Fe)<l at 250°C
Fig. 1.e. Eh-pH diagram of an aluminiumlacid leaching system with the molar ratio
0.67>(SlS+AI)<l at 250°C
Figure 2. Particle size distribution in Silcrete ore after a sieving
Fig. 3. Metal dissolution kinetics from "Silcrete" (10% solid, alo=0.4, V= 1500 rpm)
Fig. 4. Metal dissolution kinetics from "Silcrete" (10% solid, a/o=0.5, V= 1500 rpm)
Fig. 5. Leaching selectivity (10% solid, T=250°C, t=15 min, V= 1500 rpm)
Fig. 6. TGA and DTA analysis in argon for leach residue obtained by PAL of Silcrete
under following conditions: T = 250°C; alo = 0.4; t = 15 min;
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