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Abstract: Extraction of V(V) and Cr(Ill) from acidic sulfate leach liquors of ilmenite using 0.4 mol/L Aliquat 336 chloride in
kerosene was carried out. Different parameters affecting the extraction process such as equilibrium time, sulfate concentration,
Aliquat 336 concentration, equilibrium pH and the extraction temperature were investigated. Extraction of V(V) and Cr(IIl) by
Aliquat 336 involved anion exchange mechanism, and the extracted species are [(VO,SO4)R4N],, at low equilibrium pH for V(V)
and [R4N-Cr(OH),],, at high equilibrium pH for Cr(III). Calculated thermodynamic parameters show that the extraction process is
endothermic reaction for V(V) and exothermic for Cr(IIl). Also, calculated values of AG. and AS., indicate that the extraction
reactions of V(V) and Cr(Ill) proceed as non-spontaneous reaction is more random. V(V) and Cr(IIl) were stripped, precipitated,
separated and calcined at 500 °C for 2.0 h to produce the corresponding oxide in pure form after rinsing and drying.
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1 Introduction

Vanadium and chromium are regarded as strategic
metals and their compounds are widely used in many
industries. Vanadium and chromium are widely used in
different metallurgical industries. In the last decades, due
to their characteristic properties, considerable attention
has been attracted to different oxides to design some
novel and strategical materials that can be used in
electro-, radio-, and microwave equipments, nuclear
industries and in the leather processing, etc [1—4]. The
presence of such metals or their compounds in large
quantities is one of the major environmental problems [5]
that many countries are facing. Therefore, the recovery,
removal and extraction of such substances are very
necessary to bring down the concentration of such
hazardous metal ions below the discharge standards.

In the last decades, large quantities of ilmenite ores
are used in production processes of titanium and other
metals. The commercial techniques used for the
manufacture of such metals from ilmenite are sulfate and
chloride routes [6—8]. Therefore, many metallic
impurities such as Fe, Al, Mg, Cr, V, also are leached
with titanium. Therefore, this waste is regarded as

secondary resources for these metals.

Solvent extraction is a common method used to
extract, separate and concentrate vanadium and
chromium from leach liquors. It is one of the most
important techniques used for recovery and separation
of vanadium and chromium from different leach
liquors [9—15]. Many extractants are tested for the
extraction of vanadium and chromium from various
acidic aqueous solutions using different types of
extractants such as HDEHP [16—22], chelated extractant
LIX63 [23], Aliquat 336 [12,24,25], Alamine 336 [26]
and CYANEX 272 [27].

Some novel techniques have been studied for the
solvent extraction of Cr(Ill) and Cr(VI) using Aliquat
336 (trialkylmethylammonium chloride) as the
extractant [28—31].

As reported by previous studies, Aliquat 336 was
used as a good extractant for metals and phase transfer
catalyst. Also, it shows good characteristics in the
extraction of Cr(Ill, IV) ions from their aqueous
solutions in anionic forms as Cr(OH); and CrO,7,
respectively [5].

In the extraction process of Cr(Ill), both
cationic and anionic species of Cr(IlI) were extracted
mainly from acidic or neutral media. Namely, cationic
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complexes of Cr(Ill) were
extractants [32—34] while anionic complexes of Cr(III)
were extracted with Aliquat 336 [35]. Many studies have
proven that, the quaternary ammonium compounds are

extracted by acidic

effectively extractants for Cr(III) from the alkaline model
solutions. In these studies, the effects of different
parameters affecting the process of Cr(Ill) extraction
were examined [31,36,37]. Very limited research works
are done for extraction of Cr(Ill) and V(V) ions from
acidic leach liquors of ilmenite.

In the present work, the extraction of V(V) and
Cr(IIT) from ilmenite leach sulfate solutions by 0.4 mol/L
Aliquat 336 in kerosene was studied as a function of
equilibrium time, sulfate concentration, Aliquat 336
concentration, equilibrium pH, temperature, and
equilibrium mechanism. In addition, different isotherm
parameters were studied and calculated for the extraction
system. The organic solutions were stripped using
various strippers and pure forms of V(V) and Cr(III)
were obtained.

2 Experimental

2.1 Materials

All the chemical reagents used were of analytical
grade and deionized water was used throughout the
experiments. Sulfuric acid, sodium sulfate and sodium
hydroxide were obtained from BDH Company for
chemicals while kerosene (non-aromatic) was supplied
by Misr Petroleum Ltd Company, Egypt.

The ilmenite used in the present study was a
natural placer mineral obtained from Abu Ghalaga
region in the Eastern Desert in Egypt [38]. The bulk
chemical compositions of the ilmenite ore sample
(0.18% V,05 and 0.38% Cr,03), ilmenite paste (0.17%
V,05 and 0.37% Cr,03) and the final obtained oxides in
this study were determined using energy dispersive
X-ray fluorescence (EDX) spectrometer Model (Oxford)
attached with SEM  Model JEOL-JSM-5600
(Table 1) [38].

Aliquat 336 chloride (R4N—CI), (Aldrich, USA)
diluted by kerosene was used in the preparation of the
organic phase. Generally, Aliquat 336 is a water
insoluble quaternary ammonium salt composed of a large
organic cation associated with a chloride ion as shown
below:

R R |7
N i
NG |a

R CH,

Since the ammonium structure has a permanent
positive charge, Aliquat 336 forms salts with different
anions over a wider pH range than primary, secondary
and tertiary amines. This was reflected on its use in many
applications
solutions [39].

in recovery of several metals from

2.2 Leaching procedure

All the experiments were conducted batch wise and
the leaching experiments were performed in 500 mL
conical flasks. After adding a measured amount of the
ilmenite sample (0.18% V,0s5 and 0.38% Cr,0;) and
potassium hydroxide solution, the mixture of the
reactants was heated under stirring speed of 375 r/min.
As reported in our work [38], the
decomposition conditions by KOH were generally fixed
at 70% KOH solution, 150 °C, 3.0 h mixing time, a
liquid to solid mass ratio of 5:1. At the end of each

previous

decomposition experiment, the slurry was filtered,
washed with distilled water and the residue paste was
taken for acid leaching investigations under specific
stirring speed of 375 r/min. The leached metal ions were
calculated by dissolving the paste sample (contain 0.17%
V,05 and 0.37% Cr,0;) in 6.0 mol/L H,SO; in
acid/ilmenite paste mass ratio of 9:1 and reaction time of
2.5 h [38]. The obtained solutions were then analyzed for
iron, chromium, vanadium, titanium and other metals to
calculate leaching efficiency by inductively coupled
plasma optical emission spectrometry (ICP-OES) using
the system ULTIMA-2 ICP, Jobin Yvon, France and by
different chemical reagents.

2.3 Extraction procedure

The extraction procedure was carried out by shaking
same volume (5.0 mL) of the leach liquor solution and
organic solution (Aliquat 336) phases in stoppered glass
tubes for 30 min using a thermostated shaking water bath
adjusted at 25 °C. The initial pH of leach liquor was
adjusted by H,SO4 or NaOH to the desired value. The
data obtained showed that, 20 min was a sufficient
time to reach the extraction equilibrium for both metals,
except otherwise cited. After few test experiments, about

Table 1 Bulk chemical compositions of ilmenite ore and ilmenite paste used in study [38] (mass fraction, %)

Material TiO, FeO Fe,0; SiO, P,05 V,0s5 Cr,04 MgO Al,O;  Rare earth
Ilmenite ore 46.38 26.21 21.20 1.01 0.18 0.18 0.38 1.0 0.8 0.1
Ilmenite paste 45.1 25.22 20.1 1.01 0.18 0.17 0.37 0.99 0.8 0.1
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5.0% (volume fraction) iso-decanol was chosen and used
as phase modifier irrespective of the concentration of the
solvent used during the extraction.

To determine the concentrations of V(V) and Cr(III),
known volumes were taken from the aqueous phase
before and after extraction assay. The distribution ratio
(D) was calculated using the following expression:

D=[(co=c)/c)XVag/ Vorg 1)

where V,q and V, refer to the volumes of the aqueous
and the organic phases, respectively, and ¢, is the
original metal concentration in the aqueous phase before
extraction and c is the metal concentration in the aqueous
phase after extraction.

The extraction rate (E) was calculated using the
following equation (with organic/aqueous O/A volume
ratio equal to unity):

E=100D/(D+1)x100% 2)

The separation feasibility of V(V) from Cr(IIl) was
evaluated and calculated in terms of the separation factor
(S(vicy) between V(V) and Cr(Ill) and defined by the
following equation:

Svicy=Dv/Dey 3)

All the extraction and stripping experiments were
carried out at ambient temperature of (25+1) °C. In all
experiments, the phase ratio was kept at unity except
otherwise stated.

3 Results and discussion

As reported in our previous work [38], the recovery
rates of iron, titanium, vanadium, chromium, magnesium
and aluminum, from leaching process of alkaline paste of
ilmenite by 6.0 mol/L H,SO,4 were 91%, 89%, 86%, 68%,
83%, 85%, respectively. The effect of various parameters
on the extraction process was optimized and described
below for the extraction of V(V) and Cr(Ill) from the
leach solution containing 2.1x107 mol/L V, 5.41x10°°
mol/L Cr, 0.627 mol/L Ti, 0.39 mol/L Fe, 2.73%x1072
mol/L Mg, 1.74x10 % mol/L Al and 6.4x10 *mol/L Ln.

In acidic sulfate solutions, SOLE [40] suggested
that almost dominant titanium species were TiOSOQ,,
TiO(SO4),> and TiO*". For the pH of 0.5-2.5, most
dominant iron species were 71% FeSO, and 15%
FeHSO,*", respectively [41]. In addition, when pH is less
than 4.8, predominated species of aluminum is Al [42].
Accordingly, in this work, Aliquat 336, which acts as
anion exchanger, cannot extract these species.

3.1 Extraction process

The selective recovery, extraction and separation of
V(V) and Cr(III) from leach sulfuric acid liquor solutions
were carried out by using 0.4 mol/L Aliquat 336 in

kerosene as they form anionic species in these acidic
solutions.
3.1.1 Effect of equilibrium time

The effects of equilibrium time on the extraction of
V(V) and Cr(IlI) from leach liquor of sulfuric acid media
with 0.3 mol/L Na,SO, solution were studied by
0.4 mol/L Aliquat 336 in kerosene at a 1:1 phase ratio for
various equilibrium periods from 1.0 to 20 min at 25 °C
and pH 2.0 (Fig. 1). The data obtained show that, the
extraction rate increases with the increase in contact time
to reach a maximum extraction rate of 99.7% at 8.0 min
with a plateau within 8-20 min for V(V). In the case of
chromium, the extraction rate increases slowly to reach a
maximum of 2.9% at 20 min.

100 f —
o\c 80 [
E V)
s n— V(V
E 60 e — Cr(1ll)
g 401
[8a)]

20+

0 5 10 15 20 25
Time/min

Fig. 1 Effect of extraction time on extraction rate of V(V) and
Cr(III) by 0.4 mol/L Aliquat 336 from 6.0 mol/L H,SO, leach
liquor

3.1.2 Effect of sulfate concentration

The effect of sulfate concentration on the extraction
of V(V) and Cr(Ill) was studied using 0.4 mol/L Aliquat
336 in kerosene from 6.0 mol/L H,SO, containing
0.01-0.6 mol/L sulfate (as sodium sulfate was regarded
as an electrolyte) and plotted as shown in Fig. 2. The
results obtained show that, as the sulfate concentration
increases, the extraction rate of V(V) increases to 99.7%
with 0.3 mol/L sulfate with slope of about 1.0. This
means that 1 mol sulfate is associated in extraction of
1 mol V(V) by Aliquat 336. While the Cr(III) extraction
increases slowly. This means that the extraction of
Cr(III) is independent on the concentration of sulfate.

This behavior can be attributed to the fact that the
electrolyte is one of the main factors governing
extraction process of Cr(IIl) [31] and V(V). Therefore, at
pH<2, the extraction of V(V) increases with the increase
in sulfate anion concentration, because sulfate species act
as salting out agents with respect to the extractant and
extracted complex while the extraction behavior of Cr(III)
is independent on this type of electrolytes under these
conditions.
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Fig. 2 Plot of IgD vs 1g[SO,”] (Aliquat concentration:

0.4 mol/L; time: 8 min; pH: 2.0; temperature: 25 °C; (O/A):1)

3.1.3 Effect of Aliquat 336 concentration

The extraction of V(V) and Cr(IIl) was carried out
by using different concentrations of Aliquat 336 (0.1-0.5
mol/L) diluted by kerosene from 6.0 mol/L H,SO, leach
liquor containing 0.3 mol/L Na,SO, with O/A ratio of
unity for 8.0 min and pH~2.0 for V(V) and for 20.0 min
at pH~=12 for Cr(IIl) at 25 °C. The relationship between
the distribution ratio (D) and the concentration of
extractant is shown in Fig. 3. Aliquat 336 forms oil
soluble salts of anionic species at low pH. Figure 3
illustrates the slopes of unity for both V(V) and Cr(II)
under these reported conditions. This indicates that
1.0 mol Aliquat 336 is associated in extraction of 1.0 mol
V(V) and 1.0 mol Cr(III) into the organic phase. Some of
these results agree with those reported in Refs. [2,22].

3.0
28 B n— V (V)
e — Cr (III)
26+
Q 241
=0
2271 y=1.00415x+2.91692
R?=0.99243
20r
y=1.18241x+3.1465
1.8} R*=0.79773
1.6 )

=1.2 —ll.() —OI.8 —OI.6 —OI.4 -0.2 0
lg[Aliquat 336]/(mol-L™")

Fig. 3 Plot of Ig D vs 1g[Aliq 336] in kerosene (For V(V), time:

8.0 min, pH: 2.0, temperature: 25 °C, (O/A): 1; for Cr(IIl),

time: 20.0 min, pH: 12.0, temperature: 25 °C, (O/A): 1)

3.1.4 Effect of equilibrium pH of leach liquor solution
The extraction of V(V) and Cr(IIl) was studied from

6.0 mol/L H,SO, leach liquor containing 0.3 mol/L

Na,S0O, by 0.4 mol/L Aliquat 336 in kerosene after 8 min

mixing at a 1:1 phase ratio and different pH values
ranging from 0 to 13 at 25 °C. The extraction efficiency
mainly depends on the pH of aqueous medium. Ion
association complexes are known to be more stable in
acidic media for V(V) and in alkaline media for Cr(III).

Figure 4 shows that, at lower values of pH (0 to 5.0),
the extraction rate of V(V) was higher than that of Cr(III).
Extraction rate of V(V) increases from 9.1% to 99.7% as
pH increases from O to 2.0. Then, the extraction
decreases slowly as the pH increases from 2.0 to 5.0.
These results agree with that reported by TANGRI
et al [43]. Then, with gradual increase in pH to 13, the
extraction rate of V(V) decreases to about 9.0 % at pH
1.0. This can be explained in terms of the chemistry of
vanadium in its aqueous solutions where vanadium
exhibits different oxyanion complex speciations with
different oxidation states. In leach liquor solutions from
the processing of ores, spent catalysts, and residues,
V(V) exists in a series of polyanions such as
decavanadate V,04° or metavanadate V,0,,* between
pH 2 and 12, which are partially protonated according to
the pH value [44] and the cationic species (VO,") is
predominant at pH<2 [2,45]. In acidic sulfate media,
V(V) exists in the form of VO,SO,. Therefore,
VO,SO, species can be resulted from the reaction
between VO, " and H,SO, as

(VO,) +H,S0,==(V0,S0, }+2H" @)

This can successfully explain the V(V) extraction
by anionic extractant under these conditions [45]

(Fig. (3)).

100

=— V (V)
e — Cr (Il

80

60

40

Extraction rate/%

20

pH
Fig. 4 Effect of pH on extraction rate of V(V) and Cr(IIl) by
0.4 mol/L Aliquat 336 in kerosene from 6.0 mol/L H,SO, leach
liquor (Time: 8.0 min for V(V) and 20 min for Cr(IIT); Aliquat
336 concentration: 0.4 mol/L; (O/A): 1; temperature: 25 °C)

The extraction rate of Cr(IIl) increases from 0.001%
to 1.7% in the pH range from 2.0 to 11.0. As the pH
increases above 11.0, the extraction of Cr(Ill) ions
starts to increase rapidly with gradual increases in pH to
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Fig. 5 Activity—pH diagram for V(V)-water—sulfur—water
system at 298.15 K [45]

reach about 99.8% at pH 12. The previous studies [4]
reported that Cr(IIl) is extracted with the highest yield
from the alkaline aqueous solutions by Aliquat 336 as
hydroxochromates(IlI),  [Cr,(OH)guiy]* .  Cr(OH)4
became dominant in solutions at pH about 12.0 and the
complexes formed in the organic phase containing
ammonium cations with Cr(OH), [31]. These results can
be explained based on the data in Fig. 6 [46].

= Hexavalent chromium
= Trivalent chromium

1.2
1.0
0.8F
0.6
0.4F
02}

0
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-0.8 : . . . : .

0 8
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N

Fig. 6 ¢,—pH diagram for chromium [46]

In this concern, chromium ion forms soluble Cr(III)
in the pH range from 0 to 8.0. At pH 4.0-7.5, Cr’" was
hydrolyzed to form soluble CrOH*" and Cr(OH),". The
simple hydrolysis reaction can be written as follows [5]:

Cr’"+H,0=Cr(OH)*+H" (5)
At higher pH, chromium ion forms soluble Cr(III)

hydroxyl anion, Cr(OH), [47] and the hydrolysis
reaction can be assumed as follows:

Cr’'+4H,0==Cr(OH), +4H" (6)

The difference in extraction values, as shown in
Fig. 4, states that it is possible to separate V(V) from
Cr(IIT) at a suitable pH range with 0.4 mol/L Aliquat 336

in kerosene. The relationship between Ig D versus pH for
extraction of V(V) and Cr(Ill) gives straight lines with a
slope of nearly 2.0 in pH range of 0—2.0 and 4.0 in pH
range of 10—12, respectively. This indicates the release of
2 and 4 mol of H™ from the aqueous phase, which is
responsible for extraction of V(V) and Cr(III) from
H,S0O, solution, respectively, as shown in Fig. 7.

4
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2 -
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R?=0.97987
_4 [
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R?=0.98381
-6 . ; . . ; ’ ;

2 0 2 4 6 8 10 12 14
pH
Fig. 7 Plot of 1g D vs pH (Aliquat concentration: 0.4 mol/L;
SO,> concentration: 0.3 mol/L; time: 8.0 min for V(V), 20 min
for Cr(I1l); temperature: 25 °C; (O/A): 1)

The calculated separation factor, Sy, increases
with the increase in pH to reach a maximum value of
332x10" at pH 2. This value is higher than that reported
in the literature for extraction and separation of V(V)
from Cr(III) in sulfate solution.

In addition to the above factors, ionic strength of
initial aqueous solution is considered as a vital parameter
affecting the extraction process of V(V) and Cr(Ill). In
this study, the calculated values of ionic strength (/) are
very large (>>5.0 mol/L) in both acidic and alkaline
solutions. The data obtained show that, at pH<2, the
extraction rate of V(V) increases with the increase of
both ionic strength and sulfate anions concentration.
While, at pH>12, the extraction rate of Cr(IIl) increases
with the increase of both ionic strength and hydroxide
anions concentration. This is explained by the fact that
these species are working as very weak complexing
anions and acting as salting out agents [48].

3.1.5 Extraction mechanism

In high relative molecular mass amines such as
Aliquat 336 chloride (R4yN—CIl), when equilibrated with
an aqueous phase containing complex anions, the
exchange of anions between the phases occurs.
R,N'CI™ can be dissociated to RN and CI".

Based on the preceding results and Eq. (4), the
mechanism of V(V) extraction can be represented by

[(VO2) TagH[H2804]ug HRaNCl Jgrie—=
[(VO,804)RyN] g F2H +CI” (7)
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where aq and org denote aqueous and organic phases,
respectively.

Therefore, the extraction equilibrium constant, K.,
of the reaction can be written as

Kox=D[H T[CI J/[H,SO04]g[RaN"Cl Top, (8)

where D represents the distribution ratio.

By taking the logarithm of Eq. (8) and rearranging,
where 1g[H ]=—pH, it can be obtained
lg D=lg Kex+lg[R4N+Cr]0rg+1g[H2SO4]aq+2pH_1g[Cr]aq

)

Slope analysis from Figs. 3 and 7 supports the
mechanism.

For Cr(III), previous work was proved that Cr(III) is
effectively extracted with Aliquat 336 from alkaline
aqueous  solutions as tetrahydroxo-chromate(III)
[Cr(OH)4 ] anions, where at higher pH, Cr forms soluble
Cr(IlT) hydroxy anion, Cr(OH), [31,49]. Therefore,
based on the preceding results and Eq. (6), the
equilibrium of Cr(IIII) extraction can be described by

[Cr(OH)4 JagHR4NCl Jorg==[R4N-Cr(OH)4]orgH[C1 Toq

(10)

Therefore, from Egs. (6) and (10), the extraction

equilibrium constant, K, of the reaction can be written
as

Kox=D[HT'[CIV[RN"Cl oy (11)

By taking the logarithm of Eq. (11) and rearranging,
where —Ig[H ]=pH, it can be obtained

Ig D=1g KoHg[RN'CI Jor HpH-1g[Cl ] (12)

Slope analysis from Figs. 3 and 7 supports these
mechanisms.

3.1.6 Effect of extraction temperature

The relationship between the extraction rates of
V(V) and Cr(Ill) and the temperature from 6.0 mol/L
H,S0O, leach liquor solution with 0.3 mol/L Na,SO, was
studied by 0.4 mol/L Aliquat 336 in kerosene after 8§ min
for V(V) and 20 min for Cr(Ill) mixing at a 1:1 O/A
phase ratio at different temperatures ranging from 20 to
45 °C at pH 2.0 and 12.0 for V(V) and Cr(Ill),
respectively. It can be seen from Fig. 8 that the extraction
rate of V(V) slightly increases with increasing
temperature from 20 to 45 °C. However, the extraction of
Cr(IlT) decreases with increase of temperature above
25 °C. This negative effect can be attributed to the
formation of precipitate of Cr(Ill) hydroxide since
heating favors the hydrolysis of tetrahydroxochromate
(ITI) anions [50]. Therefore, the operation extraction
temperature was chosen to be 25 °C.

To calculate the thermodynamic parameters, the
relation between Ig K., and 7" is plotted in Fig. 9. From
the slopes obtained and applying the Van’t Hoff
equations [51], the thermodynamic parameters can be

105
S 100f —
2
s
.5 95
3]
[
= L =— V(V)
® 90 «— Cr(Il)
85+
30 ; ; i
10 20 30 40 50
Temperature/°C

Fig. 8 Effect of temperature on extraction of V(V) and Cr(III)
from 6.0 mol/L H,SO, leach liquor by 0.4 mol/L Aliquat 336
(For V(V), time 8.0 min, pH 2.0; for Cr(Ill), time 20 min, pH
12)
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Fig. 9 Plots of IgD vs T for extraction of V(V) and
Cr(IIT) by 0.4 mol/L Aliquat 336 in kerosene

calculated from the following equation:
lg Kex=[~AH/(2.303RT)]+[AS./(2.303R)] (13)

where R is the mole gas constant and 7 is the
thermodynamic temperature.

The slopes obtained equal to —AH.,/(2.303R) and
the intercept equals to ASe/(2.303R). On the basis of
Eq. (13) and slopes in Fig. 9, the values of AH are
calculated to be 34.58 kJ/mol for V(V) and —171.27
J/mol for Cr(III) extraction using 0.4 mol/L Aliquat 336,
respectively. These indicate that the extraction reactions
are endothermic for V(V) and exothermic for Cr(III).
The values obtained for AH., are used to calculate the
corresponding free energy change (AG.) and entropy
change (AS.) for extraction reaction at 298 K,
respectively.

AGe=—2.303RTlg K.y (14)

The calculated thermodynamic parameters are
presented in Table 2. From these calculated values,
the positive value of AG,, indicates that the extraction
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Table 2 Thermodynamic parameters for extraction process of
V(V) and Cr(IIl) by 0.4 mol/L Algiuat 336 at 298 K

Metal  AH/(kJmol ')  AG/(kI'mol™) AS/(J:mol K™
V(V) 34.55 10.61 79.40
Cr(III) -171.52 256.413 —1442.05

reactions of V(V) and Cr(III) from ilmenite leach liquors
by Aliquat 336 extractant proceed as nonspontaneous
reaction, while the positive value obtained for ASe
shows that the extraction process is more random in
nature for V(V).

3.2 Stripping investigations

Different types of stripping agents have been used
for the stripping of loaded V(V) and Cr(IIl) such as
H,S0,4, HNO;, HCI, NaOH, NaCl, and NH,OH, from
various organic extractants. In this study, NH,;OH and
H,SO,4were used as stripping agents for V(V) and Cr(III)
from Aliquat 336 and the results are given in Table 3.
The data obtained show that NH,OH and dilute H,SO,
can be considered as good stripping agents for V(V) and
Cr(III), respectively, as they could lead to good recovery
and separation of these metal ions from the loaded
R4N—CI. It was observed that with the increase of the

Table 3 Stripping of V(V) and Cr(IIl) at 25 °C with different
concentrations of NH,OH (for 20.0 min) and H,SO, (for
40.0 min) from loaded 0.4 mol/L R4N—CI solutions at O/A ratio
of 1:2

@(NH,OH)/ V(V) stripping Cr (I11) stripping

% rate/% rate/%
1.0 76.4 42.1
2.0 79.9 44.9
3.0 82.5 49.7
4.0 86.1 56.2
5.0 90.3 64.9
6.0 93.7 71.9
7.0 97.5 78.8
8.0 99.9 85.9
9.0 99.9 88.7

o(H,S0,)/ V(V) stripping Cr (IIT) stripping

(mol'L™" rate/% rate/%
0.1 53.9 81.7
0.2 58.3 84.8
0.3 64.9 89.5
0.4 69.9 93.7
0.5 75.7 95.8
0.6 82.5 98.9
0.7 92.3 >99.9
0.8 92.8 >99.9

ammonia concentration from 1.0% to 8.0%, the stripping
rates of V(V) and Cr(Ill) increase from 76.4% to 99.9%
and 42.1% to 85.9%, respectively, at O/A phase ratio of
1:2 for 30 min at 25 °C.

Also, stripping rates of V(V) and Cr(Ill) increase
from 53.9% to 92.3% and from 81.7% to more than
99.9% as the H,SO, concentration increases from 0.1 to
0.7 mol/L with O/A phase ratio of 1:2 for 40.0 min at
25 °C.

V(V) was precipitated as ammonium metavanadate
(red cake) from ammoniacal strip solution at pH of
7.5-8.0 by adding 10%(volume fraction) HNO;. At pH
9.0-10.0, grey green precipitation of chromium
hydroxide with excess of ammonia solution was
precipitated. Both the two precipitates were then
separated and calcined at 500 °C for 2.0 h to produce the
corresponding oxide in pure form after rinsing and
drying. Chemical analyses of the obtained V,0s and
Cr,0; by (EDX) spectrometer were found as 97.34%
V,0s, Cr,05 0.59%, Al,0; 0.25% and <1.82% of other
impurities, and 98.03% Cr,03, Al,O51.29% and <0.68%
of other impurities, respectively.

4 Conclusions

1) Liquid—liquid extractions of V(V) and Cr(III)
from 6.0 mol/L sulfuric acid leach liquor solution
obtained from ilmenite hydroxide cake were performed
using 0.4 mol/L Aliquat 336 dissolved in kerosene.

2) The data obtained indicate that the extraction of
both metals from the acidic media is pH dependent. The
extraction of V(V) as well as Cr(Ill) increases with
increasing the pH and with increasing RN,—Cl
concentration. V(V) is extracted in preference to Cr(III)
at lower pH values (0—2.0) with extraction rate of 99.7%
at pH 2.0. Cr(Ill) is extracted in preference to V(V) at
higher pH values (9.0-12.0) with extraction rate of
99.8% at pH 12.0.

3) The extraction process is an endothermic reaction
for V(V) and exothermic for Cr(III). The positive values
of AG indicate that the extraction reactions proceed
non-spontaneously, and the positive values of AS show
that the extraction reaction is more random in nature.

4) V(V) is stripped from organic phase with
stripping rate of 99.9% by using 8.0% NH,OH and Cr(III)
is stripped with stripping rate of more than 99.9% by
using 0.7 mol/L H,SO,.

5) V(V) and Cr (II) were precipitated, separated
and calcined at 500 °C. Chemical analysis results of the
obtained V,05 and Cr,0; were found as 97.34% V,0s,
Cr,03 0.59%, AlLO; 0.25% and <1.82% of other
impurities, and 98.03% Cr,0;, Al,O;1.29% and <0.68%
of other impurities, respectively.
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