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ABSTRACT
Significant tonnages of Aluminum are discarded in the Residual Solution WL

from Cuban Ni-Co mineral processing. After a previous treatment a new residual
solution will contain 6 g/L of aluminum in sulfate media. In the present work a Solvent
Extraction flowsheet was developed to recover Al using as solvent a 0.4 moI/L
kerosene solution of DEHPA converted to the calcium salt Some studies related with
the extraction and stripping process of Al and other metals containing in the waste
liquor were carried out. These/ studies have shown the possibility of Alrecqvering
from the WL. The process parameters were optimized. A 75 % purity AIClj was
obtained with a 70% yield for all the process.
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INTRODUCTION

The Waste Liquor WL is obtained as residual from the Nickel Company "Pedro Sotto Alba" in
Moa. It represents an extraordinarily harmful action on the flora and the marine fauna of this zone
because of its high acidity (pH = 1.2-1.4). Twelve thousand cubic meters of WL are discharged per day
to the sea. This residual contains valuable metals and it is the principal source of contamination in this
region in the north of Holguin. Seventy two tons of Al, 48 tons of Cr, 15 tons of Mn and 30 tons of
sulfuric acid are discarded in the waste solution. For this reason intensive studies have been developed in
order to reduce the contamination action of the WL and recover some elements contained in it (1'*). The
chemical composition of the WL liquor is referred in previous work ^ .

Solvent Extraction is considered a very useful method for residual treatment and isolating metals.
Aluminum may be extracted from acidic solutions by a number of organic extractans such as the alkyl
phosphates <8). DEHPA was chosen in preference to other extraclants because of its higher loading
capacity, ease of stripping with HC1 and its availability.

Extraction of Al with DEHPA involves an exchange of Al ions for hydrogen ions, so the acidity in
the raffinate will be increased after each extraction stage(8). Efficient extraction of Al is obtained only in
the pH range 2.8-3.2. Consequently, only small amounts of Al can be extracted unless the hydrogen ions'
transferred to the aqueous phase are continuously neutralized. It is recommended the use of limestone,
lime or hydrated lime. When extracted Al from sulfate solutions, gypsum (CaSO4) is precipitated in the
extraction circuit. In this case the settler has to be equipped with a special assembly to facilitate
continuos removal of the precipitated gypsum from its bottom.

The aim of the present work is to propose a scheme for aluminum recovery from the WL by
solvent extraction using as solvent a kerosene solution of DEHPA converted to the calcium salt.
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Different options for the treatment of the WL have been studied (2"7\ Any solution that might be
proposed will be very expensive due to the large volume of this residual (12 000 m3 per day). It may be
convenient to treat part of the WL and recover useful elements from it. One of the methods proposed for
the treatment of the WL is based on its neutralization with pulp of coral silts and lime grout(5). As a
result a gypsum precipitate is obtained and it remains a liquor with an aluminum concentration between 5
and 6 g/L and pH = 3. According to Ritcey (l) the Al can be recovery from this liquor by solvent
extraction with DEHPA-Ca.

MATERIALS AND METHODS

Materials
- Standardized EDTA solution (0.01 y 0.1 mol/L)
- Standardized ZnSO4 solution (0.01 y 0.1 mol/L)
- Eriochrome black T indicator
- Ammonium Buffer (pH=10)
- Mechanic agitator MLW, model ER-10
- Magnetic agitator with hot plate
- Atomic Absorption Spectrophotometer, PYEUNICAN
- A12(SO4)3 • 16 H2O (AnalaR)
- MnSO4. 4 H2O (Pekings Reagents)
-NiSO4 .6H2O (AnalaR)
- CoSO4. 7H2Q (Reachim)
- ZnSO4. 7H2O (AnalaR)
-MgSO4 .7H2O (Merck)
-K2Cr2O7 (Reachim)
- (NH4)2Fe(SO4)2. 6H2O
- DEHPA (Indian Rare Earth Ltd.)
- Kerosene

All chemicals were reagent grade and they were used without further purification.

Preparation of synthetic WL
In order to obtain a synthetic solution of the WL it was necessary to prepare stock solutions of

each component present in this residual by dissolving the corresponding salt into water. Then the stock
solutions were mixed in the following order until a homogeneous mixture was obtained:

- Al... from the salt A12(SO4)3.16 H2O
- Mn ... from the salt MnSO4. 4 H2O
- Ni... from the salt NiSO4. 6H2O
- Co ... from the salt CoSO4. 7H tO
- Zn ... from the salt ZnSO4. 7 ^ 0
- Mg... from the salt MgSO+ 7H .O
- Cr ... a potassium dichromatc solution was prepared. Because of the high redox potential of

chromate and dichromate in acid medium, a great number of agents can easily convert Cr
to trivalent state (Cr3+). Since tartrates, sugars and polyhidroxyl compounds form
generally stable complexes with Cr34, sugar was added to the K2Cr207 solution. Thereby a
green dark solution of Cr3* was obtained, and it was also added to the previous mixture,
taking the synthetic liquor WL a greenish coloration.
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- Fe... Finally Fe was added as aqueous solution prepared from the Morh salt. It was necessary to
keep the pH of the solution around 3 to avoid the oxidation of Fe2+ to Fe3*.

Once all stock solutions were added to the mixture, distilled water and a sulfuric acid solution
were continuously added until the required pH and volume were reached. Thereby 9 liters of WL
synthetic solution at pH = 3 were prepared for extraction studies.

Analytical Methods
The complexometric method(9) was used for analytical determination of Al in the single-component

extraction studies. The other metals were analyzed adding to the samples EDTA and the excess EDTA
was titrated with zinc sulfate solution(10). The Atomic Absorption method was used for analytical
determination of each element in the WL, raffinates, scrubbing and stripping solutions. The free acidity
of the aqueous samples was determined using potentiometrictitration(U). The research methods used in
the work are described in the next section.

EXPERIMENTS AND RESULT DISCUSSION

In order to keep the pH range 2.8-3.2 in the aqueous phase for the extraction of Al, it is necessary
to convert DEHPA into its calcium salt (DEHPA-Ca).

Firstly, the experiments were carried out using 1 mol/L kerosene solution of DEHPA-Ca, but the
phase separation rate was extremely slow. For this reason it was necessary to use a more diluting
medium. George(8) recommends 0.4 mol/L kerosene solution.

Some experiments carried out to define the best conditions for recovering aluminum from the WL
are described below.

Solvent Extraction of Aluminum. Zinc and Manganese
In a sulfate media with pH=3, the extraction efficiency for the elements present in the WL by

DEHPA is the following171:

Zn > Mn > Al > Mg > Co > Ni > Cr

In this series zinc and manganese are placed before the aluminum. For this reason it was decided
to study the extraction of these three element with 0.4 mol/ L DEHPA-Ca.

Stock solutions of A12(SO4)3, ZnSO4, MnSO4 were prepared with the concentration in the range
corresponding to their concentrations in the WL and pH = 3. In the single-component equilibrium studies,
equal volumes of extractant and aqueous solution were placed in a separatory funnel, shaken vigorously
for a minute and allowed to stand.

The equilibrium metal concentrations in both the aqueous and organic phases were determined.
The distribution ratio was calculated from these concentrations. The results are shown in table No.l.

The distribution ratio for Al is higher with DEHPA-Ca than with 1 mol/L DEHPA(7). For Zn and
Mn the distribution ratio is lower with the new extractant.
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Table No.l.- Extraction studies of Alt Zn and Mn with 0.4 mol/L DEHPA-Ca in kerosene.

Component

Al
Zn
Mn

Initial
Concentration

(g/1)

6.68
0.2
1.4

Equilibrium
concentration in
aqueous phase

4.21
0.06
0.81

Equilibrium
concentration in
organic phase

(g/L)
2.47
0.14
0.59

Distribution
ratio
Kd

0.59
2.33
0.73

Extraction of Al, Zn, Mn and Mg from the WL
Batch solvent extraction tests were carried out using 50 mL each of organic solvent 0.4 mol/L

DEHPA-Ca in kerosene and synthetic WL solution. Table No.2 illustrates the concentrations of each
metal in the raffinate as well as the respective extraction percent.

Table No.2.- Simple extraction tests of WL liquor with 0.4 mol/L DEHPA-Ca
Component •". :• .':•,'::.' V - / . • ' :

Initial Concentration (g/L)
Concentration in raffinate (g/L)
Extraction percent (%)

5.15
2.86
44.5

i't-'ir: :.ZttW-,:!::-

0.15
0.01
93.0

yimMnB-:'
1.50
0.61 j

59.3

2.60
1.69
35.0

A 44 % of Al present in the WL can be extracted to the organic phase only with one extraction
stage. The impurities of Zn, Mn and Mg that were extracted should be removed in further scrubbing and
stripping stages.

Me Cabe Thielle Diagram
Figure No.l exhibits the McCabe Thielle diagram for aluminum extraction from the WL using 0.4

mol/L DEHPA-Ca as extractant. It is visualized in the figure that using a phase ratio O/A = 2, three
extraction stages are sufficient to transfer more than 90% of the AI to the organic phase.

Fig.l.- 0.4 moVL DEHPA-Ca
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Counter-Current Solvent Extraction Study
A counter-current extraction scheme with three stages, as shown in Fig.2, was studied. After each

cycle, the extract and the raffinate were analyzed. The results are summarized in table No.3. In this case
the phase ratio was 1:1, therefore the aluminum concentration in the raffinate was higher than the
expected according to McCabe Thielle diagram at a 2:1 phase ratio.
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Fig. 3.- Counter current extraction scheme with three stages

0.4 mol/L

Raffinate

Stage
i

Stage
2

Stage
• 3

Loaded DEHPA
(Extract)

^ 1

Feed Solution
(WL)

Table No.3.- Aluminum concentration in extract and raffinate during the counter current solvent
extraction with 0.4 mol/L DEHPA-Ca.

Cycle No. 1
Cycle No.2
Cycle No.3

Al concentration in organic phase
(g/L)
1.51
1.34
1.40

Al concentration in raffinate
fe/D
0.92 •
2.04
2.06

Phase Separation Rate
There are three phases in this extraction system: 2 liquid (organic and aqueous) and a solid one

(the CaSCU precipitate). The phase separation rate was determined using the dynamic method described
by Koppiker (l2). The two liquid phases were separated during the first 30 seconds after the shake had
been stopped. The CaSO4 precipitate remained between liquid phases. Figure 3 illustrates dependence
of the high of this precipitate in the mixing tube on the settling time. The sedimentation lasted around 30
minutes, although some solid particles remained in the organic phase.

Fig.3.- Study of the Settling Time of Calcium Sulfate Precipitate
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Definition of the Extraction Scheme
The aim of this work was to define a scheme for Al recovery from the WL. For this purpose the

results obtained in previous studies are needed. The number of extraction stages at a phase ratio
O/A = 2 from McCabe Thielle diagram was three. Under these conditions the Al concentration in the
raffinate was low (< 10%).

The scrubbing process is indispensable when using DEHPA-Calcium as solvent. The Calcium
has to be removed from the organic phase, as well as other metals extracted from the WL with the Al.
Nevertheless, the number of scrubbing stages can not be high, because the aluminum may be stripped
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from the organic phase. Some experimental tests with one and two scrubbing stages were carried out.
The process will be more effective with only one stage.

The Aluminum is stripped from the organic phase by a 6 mol/L HC1 solution at a O/A = 10:1
phase ratio. It was experimentally demonstrated that all the Al can be recovered from the organic phase
with three stripping stages. Stripping is not improved by using a smaller volume of stronger HC1
because the aluminum concentration in the aqueous solution will be determined by the solubility of the
aluminum chloride (AICI3. 6H2O).

The extraction circuit also contains a water scrub stage. The purpose of this stage is to remove
entrained aqueous stripping solution from the stripped organic prior to advancing the organic to the
extraction circuit. The aqueous phase is continuously recycled and a 2% of the water stream is bled
from the circuit and replaced with fresh water.

After that, the extractant (DEHPA) has to be converted to the calcium salt (DEHPA-Ca). This
process takes place in the liming stage. As in the water scrub circuit, the aqueous phase (Ca(OH)2

solution) is continuously recycled and a 20% of the stream is bled from the circuit and replaced with
fresh solution.

Figure 4 exhibits the proposed extraction circuit. It comprises the following stages:
-3 extraction stages at a phase ratio O/A = 2
-A scrubbing stage at a phase ratio O/A = 5
-3 stripping stages at a phase ratio O/A = 10
-A water scrub stage at a phase ratio O/A = 1
-A liming stage

Fig.4.- Solvent extraction circuit flowsheet
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If the proposed scheme is used with a feed solution flow of 12 000 m3 per day, 116 tons of
Aluminum will enter in the extraction circuit and it is possible to recover 88 tons from them. It
represents a 76% yield for all the process.

CONCLUSIONS

• It was experimentally demonstrated that it is possible to recover Al from the WL using di-2-ethyl
hexyl phosphoric acid converted to the Calcium salt (DEHPA-Ca) as solvent.

• The extraction circuit for Al recovering from the WL will comprise:
-3 extraction stages at a phase ratio O/A = 2
-A scrubbing stage at a phase ratio O/A = 5
-3 stripping stages at a phase ratio O/A =10
-A water scrub stage at a phase ratio O/A = 1
-A liming stage

• A 75% purity aluminum chloride solution was finally obtained. The yield of the whole process was
around 76%.
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