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Abstract: In the leaching solution of high-sulfur bauxite roasted by sulfuric acid, a high concentration of aluminum presented along
with titanium and iron. The present work was to remove Ti(IV) from the leach liquor by calcium alginate microsphere sorbent
material (CA-P204) based on natural alginate impregnated with di-(2-ethylhexyl) phosphoric acid (D2EHPA) to purify leaching
solution. Cation exchange and chelation make major contributions to the adsorption mechanism according to Fourier-transform
infrared spectroscopy and X-ray photoelectron spectroscopy analysis. The results showed that Ti(IV) was successfully removed by
the CA-P204 adsorbent from the Ti(IV)—Al(IIl)~Fe(Ill) ternary system with a dynamic column experiment. The removal rate of
titanium was nearly 95% under optimal conditions and the maximum adsorption capacity was 66.79 mg/g at pH 1.0. Reusability of
CA-P204 was evaluated over three consecutive adsorption/desorption cycles. The adsorption process was simple, low-cost, and had
no waste discharge, suggesting that the CA-P204 was promising, efficient, and economical for removing Ti(IV) from high-sulfur

bauxite leaching solution.
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1 Introduction

High-sulfur bauxite is mainly composed of a high
content of Al,O; (from 60% to 65%), accompanied by
Si0,, TiO,, Fe, 03, etc. These impurities will affect the Al
extraction process and lower the purity of Al products,
among which titanium impurity is one of the important
factors. So, it is necessary to study the removal of Ti
from the leach liquor of high-sulfur bauxite. Moreover,
the efficient separation and recovery of all types of Ti
would be beneficial for both economical and
sustainability reasons [1,2].

The common methods of removing Ti from leaching
solutions are precipitation [3], ion exchange [4], and
solvent extraction. Owing to its low operational cost and
difficulties, solvent extraction technology has been
widely used in the enrichment and separation of Ti at the
present state of the hydrometallurgical fields [5—18].
Meanwhile, the extraction efficiency of P204 is very low
for Al, making it prefect for separation of Al and Ti.
Compared with conventional liquid—liquid extraction

that requires a large amount of organics, solid phase
extraction (SPE) is now considered to be one of the most
promising techniques for pre-concentration, removal, and
recovery of metal ions from a wide variety of sources
due to its eco-friendliness, speed, simplicity, and low
cost [19-22]. Alginate is a natural polysaccharide
extracted from algae or bacteria that is cheap, abundant,
and biodegradable. Because of its rich hydroxyl and
carboxyl groups, alginate and its composites exhibit
enhanced adsorption performance, and can be used as an
adsorbent or carrier for the recovery of metals from
aqueous solutions [23—27]. Although alginate has many
advantages, it has solubility in water and needs to be
solidified. In addition, the mechanical strength of
alginate is not high, and it is necessary to improve its
mechanical strength in practical application. Meanwhile,
the chemical modification should be used to introduce
other functional groups to improve its adsorption
performance and selectivity. In our laboratory, algae
has been proven to be effective for adsorption,
pre-concentration, and separation of Re(VII) and
Mo(IV) [28,29].
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In this work, we focused on removal and recovery
of Ti(IV) from the leaching solution of calcined high-
sulfur bauxite clinker with calcium alginate microspheres
impregnated with P204 extractant, designated as
CA-P204. The sorbent material was characterized by
scanning electron microscopy (SEM), Fourier-transform
infrared spectroscopy (FTIR), and X-ray photoelectron
spectroscopy (XPS). The effects of pH, contact time, and
solid-to-liquid ratio on Ti(IV) adsorption were
investigated. The feasibility and practical readiness of the
adsorbent for the removal of low concentrations of
Ti(IV), in the case of high concentrations of Al(IIT) and
Fe(Ill), were evaluated by batch and column tests. The
preparation of the adsorbent is simple, and this method
successfully combines the advantages of solid-phase
extraction and liquid-liquid extraction, for which there is
no existing literature on the adsorption of Ti.

2 Experimental

2.1 Materials and reagents

Extractant di-(2-ethylheyl) phosphoric acid (P204)
was purchased from Alfa Aesar Co. (Shenyang, China,
purity >97%), and titanium dioxide from SinoPharm
Chemical Reagent Co. (Shenyang, China). A stock
solution of Ti was prepared from its oxides via
dissolution in concentrated sulfuric acid. Alginate was
extracted from natural seaweed. Other reagents were
analytical grade and used without further purification.
The leaching solution used in this work was obtained
from high-sulfur bauxite roasted by sulfuric acid.

2.2 Synthesis of adsorbents

Fresh natural seaweed was washed with tap water to
remove sand and other impurities, sun-dried, and
crushed. 3 g of seaweed powder was mixed with 30 g of
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formaldehyde solution (1%, w/v) and 105 g of Na,COs
solution (15 g/L). The resulting mixture was stirred at
323 K to obtain a paste alginate solution. Extractant
P204 after saponification with 1 mol/L NaOH (8 mL)
was then added into 30 mL of alginate solution and
stirred at room temperature for 24 h. Finally, calcium
alginate microspheres were formed by dropwise addition
of the above mixture into 200 mL of CaCl, solution
(0.5 mol/L) through a syringe. The suspension was then
stirred at 303 K for 24 h. The obtained gel beads were
filtered and washed with deionized water several times,
and then dried overnight at 323 K, as shown in
Scheme 1. The adsorbent was abbreviated as CA-P204.
Similarly, CA was the pure calcium alginate instead of
containing P204 for the comparison.

2.3 Characterization

The pH of the solution was measured with S-3C
model pH meter, while the concentrations of metal ions
were measured using PE optima 8000 model atomic
emission spectrophotometer. Analysis of the morphology
was carried out using a scanning electron microscope
(Philips XL 30, The Netherlands). FTIR spectra were
recorded on a Nicolet 5700 FTIR spectrophotometer.
XPS spectra were measured using a Thermo ESCALAB
250 X-ray photoelectron spectrometer with an Al K,
X-ray source and were fitted using XPS PEAKA4.1
software.

2.4 Batch adsorption studies

All equilibrium adsorption experiments
individually conducted in a temperature-controlled
shaker at a speed of 180 r/min for 24 h at (303+1) K.
Adsorption capacity for Ti(IV) was measured with
10 mg of adsorbent in 5 mL of Ti(IV) solution in single
solution. The effect of acidity on Ti(IV) adsorption was

were

Sodium alginate

Fi
———— >

Saponifieation
P204

L = ]

Curing

T=303 K, =24 h

Scheme 1 Preparation flow of CA-P204
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studied using 20 mg/L of initial Ti concentration from
pH 1.25 to 3 mol/L in a 10 mL flask. The adsorption
kinetics for Ti(IV) was measured by adding 10 mg of dry
adsorbents to 5 mL of Ti(IV) solution (20 mg/L in
sulfuric acid at pH 1) at 293, 303, 313 and 323 K,
respectively. After adsorption reached equilibrium, the
metal ion concentration was measured. The percentage
adsorption was calculated according to

_ (Cl 7Ce)

A x100% (1)

i
where C; and C, are the initial and equilibrated metal ion
concentrations (mg/L), respectively.

2.5 Column experiments: Loading, elution, and

regeneration

Column experiments were carried out in a glass
column (250 mm in height, 7.8 mm in inner diameter).
The column was conditioned with 0.1 mol/L H,SO4(pH
0.85, the same pH as the leachate) for 1 h. After rinsing
with acid, approximately 100 mg of CA-P204 was
packed onto the glass column. The bauxite leaching
solution (Criqvy=220 mg/L, Crequy=780 mg/L, Cajumy=
2440 mg/L, pH 0.85) was fed from the top onto the
column using a peristaltic pump. The adsorbed Ti(IV)
ions were eluted with a mixture of 2 mol/L H,SO, and
3% H,0,, and Fe(III) ions were eluted with 6 mol/L HCI,
respectively. The velocity for the adsorption and
desorption tests was maintained at 8.02 mL/h. The
effluent solution was collected continuously at 30 min
intervals, and the concentration of each metal was
determined by inductively coupled plasma atomic
emission spectroscopy (ICP-AES). To test the reusability
of the CA-P204, consecutive adsorption—desorption
cycles were repeated three times.

2.6 Ti speciation analysis in sulfuric acid solution

The speciation of Ti directly affects its adsorption
behavior. The test solution is sulfuric acid as the leach
liquor of high-sulfur bauxite is roasted by sulfuric acid.
The speciation of Ti in a sulfuric acid system consists of
cationic, anionic, and neutral complexes [30,31]. TiO*"
has been reported as a predominant species at low
acidities ([H']J<0.5 mol/L) [8,18]. Distribution curve of
each speciation at 298 K was obtained by the formation
constants of Ti(IV) with HSO,, SO; and H,O in
different concentrations of sulfuric acid solution after
calculation. As can be seen from Fig. 1, the
concentrations of various species at pH<I1 followed
the order [TiO*"] > [Ti(OH);HSO,] > [Ti(OH);"] >
[TiOHSOy] > [TiO(SO4)§_] , suggesting that the
dominant species of Ti(IV) was TiO*' in the low
concentration sulfate leaching solution.

0.9
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03F
02r
0.1

Ti(OH);HSO,

TiO(SO,)%

Distribution fraction
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Fig. 1 Species distribution of Ti(IV) in sulfate solution

3 Results and discussion

3.1 Characterization of adsorbent

A SEM analysis was carried out to determine the
change in morphology before and after impregnation of
P204, as shown in Fig. 2. According to the SEM images,
the morphologies showed significant difference between
CA and CA-P204. The surface of CA was porous, rough,
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Fig. 2 SEM images of CA (a) and CA-P204 (b)
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and irregular, while the surface of CA-P204 was very
smooth and the cavity almost disappeared, which may be
due to P204 coverage on the CA surface.

The functional group changes of P204 were
examined by FTIR spectroscopy, providing evidence of
molecular interaction. A comparison of FTIR spectra of
CA, P204, and CA-P204 before and after adsorption is
shown in Fig. 3. As shown in Figs. 3(b) and (c),
the characteristic bands of P204 at 1681 c¢cm (%—omn),
1234 em™ (¥p—o), 1032 cm™' (W—o—c), and 2800
2900 cm™' (ve—y) were observed in the CA-P204 spectra,
indicating the presence of P204 on the CA gel beads.
These observations suggest that CA-P204 adsorbent was
successfully synthesized.
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Fig. 3 FTIR spectra of CA (a), P204 (b), CA-P204 (c), and
CA-P204 loaded with Ti(IV) (d)

3.2 Influence of acidity and solid—liquid ratio on
adsorption of Ti(IV)

The acidity of the solution is the most important
factor in the adsorption process because it can affect not
only the adsorption efficiency of the adsorbent, but also
the speciation of the adsorbate. The effect of the initial
acidity on the adsorption of Ti(IV) was examined in the
range of pH 1.25 to [H']=3 mol/L, and the results are
shown in Fig. 4(a). It was found that approximately 95%
adsorption of Ti(IV) was achieved by CA-P204 at pH
1.00, but it was not adsorbed by CA at any acidities.
With increasing acidity, the adsorption percentage of
CA-P204 decreased to a minimum at pH 0.5, and
gradually increased to a second maximum peak at
1 mol/L at which the adsorption percentage reached
approximately 85%. The acidity of the actual leachate
was pH 0.85, and the adsorption percentage of Ti(IV)
could also reach greater than 90%.

The effect of solid—liquid ratio on the adsorption of
Ti(IV) in the leaching solution of bauxite was studied,
and the results are shown in Fig. 4(b). With increasing
solid—liquid ratio, the adsorption percentage of Ti(IV)
increased gradually, and the maximum adsorption of

Ti(IV) was approximately 93% at a solid—liquid ratio of
18:1 g/L. However, when the solid—liquid ratio was
16:1 g/L, the loss of AI(IIT) was the smallest (10%) and
the adsorption percentage of Fe(Ill) was approximately
48%. The selectivity factors were calculated by

(qe /Ce)Ti
(qe /Ce)X

where g, denotes the adsorption capacity measured after
adsorption, X denotes Fe(Ill) or AI(IIl), and Styx
represents adsorption selectivity for Ti(IV) over X. The
selectivity factors Stya; and Styr. were 1.62 and 0.92 at a
solid—liquid ratio of 16:1 g/L, respectively, indicating
that Ti(IV) and AI(IIT) could be separated, but that Ti(IV)
and Fe(III) were inseparable under current conditions.
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Fig. 4 Effect of acidity on adsorption of Ti(IV) in single system
([TidV)]=20 mg/L; solid-liquid ratio=2:1 g/L; temperature=
303 K; shaking time=24 h) (a) and solid—liquid ratio on
adsorption of Ti(IV) in bauxite leaching solution ([Ti(IV)]=
220 mg/L; [Fe(II)]=780 mg/L; [AL(IID)]=2440 mg/L;
temperature=303 K; shaking time=24 h) (b)

3.3 Adsorption isotherms
Adsorption isotherms were used to characterize the



Zhen-ning LOU, et al/Trans. Nonferrous Met. Soc. China 29(2019) 397-406 401

interaction of Ti(IV) ions with the adsorbent, which were
performed at 303 K and the results are shown in Fig. 5(a).
When the equilibrium concentration of metal ions
increased gradually, the adsorption capacity increased
until reaching a constant. The Langmuir, Freundlich, and
Temkin models were used for describing the adsorption
behavior. All the isotherm model parameters for the
Ti(IV) adsorption are summarized in Table 1. According
to the values of the correlation coefficients (R?), the
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Fig. 5 Adsorption isotherms for Ti(IV) on CA-P204 (a) and
effect of time on adsorption of Ti(IV) (b) (Cy=20 mg/g;
solid—liquid ratio=2:1 g/L; temperature=303 K; shaking time=
72 h)

Table 1 Adsorption isotherm constants for Ti(IV) on CA-P204

Isotherm Constant

Gma/(mg'g)  66.79

L i go = dmuKLC KJ/(L-mg") 013

angmuir * "1 K, C, /(L'mg ) .

R? 0.98

K¢/(L'mg™")  13.01

Freundlich q. = KpCV" n 331
R? 0.92

Ar/(L-g™h) 322

) RT

Temkin q. = TIH(ATCe) b 285.54
R? 0.95

Langmuir adsorption isotherm fitted the experimental
data well. A reasonable explanation for this is that Ti(IV)
ions in the aqueous solution were monolayer-adsorbed
onto the surface of the CA-P204. The maximum
adsorption capacity of Ti(IV) calculated from the
Langmuir isotherm equation was 66.79 mg/g.

3.4 Adsorption kinetics and thermodynamics

The kinetics of Ti(IV) adsorption was investigated
in single solution, with contact time ranging from 5 min
to 36 h, as shown in Fig. 5(b). It can be seen that the
adsorption capacity increased with time and reached
adsorption equilibrium after 24 h. The pseudo-first-order
(Eq. (3)), pseudo-second-order (Eq. (4)), Elovich
(Eq. (5)), and intraparticle diffusion (Eq. (6)) kinetic
models were applied to the experimental data to analyze
the adsorption kinetics:

le(q, —q,) =1gq, ———t 3
g(g. —q,) =1gq. 2303 (3)
LA )
9 kyq; 4.

q —lln(aﬂ)+llnt ®)
"B B

qky " +C (6)

where ¢. (mg/g) and g, (mg/g) represent the adsorption
amount of metal ions at equilibrium and at any given
time ¢, respectively. & (h™") and k, (g/(mg-h)) are the rate
constants of the pseudo-first-order and pseudo-second-
order models, respectively. The parameter o (mg/(g-h))
represents the initial adsorption rate constant, and S
(g/mg) is a constant associated with the extent of surface
coverage and activation energy for chemisorption, and %,
(mg/(g-h")) represents the particle diffusion rate
constant. The corresponding kinetic parameters and the
determination coefficient (R?) are listed in Table 2.
Higher correlation coefficient values of the pseudo-
second-order model suggested that the pseudo-second-
order equation fitted the experimental data better.
Moreover, the adsorption rate for the pseudo-second-
order model reached the maximum (0.41 g/(mg-h)) at
303 K.

Thermodynamic parameters, such as the Gibbs free
energy change (AG®), enthalpy change (AH®), and
entropy change (AS®) for the adsorption systems, were
calculated using the equations described in our previous
work [32] and are shown in Table 3. The negative values
of AG® at 293, 303, 313 and 323 K confirmed that the
adsorption process was spontaneous in nature. At the
same time, it can be seen that positive values of AH®
(4.95 kJ/mol) and AS® (33.90 J/(mol-K)) were obtained,
suggesting that the adsorption process was an
endothermic and spontaneous reaction with increased
randomness in nature.
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Table 2 Comparison of adsorption kinetic constants at different temperatures

7/ q Pseudo-first-order Pseudo-second-order Elovich Intraparticle diffusion
K (mggh) qe/—l kl/1 ? qe/—l k3/1 -1 ? 0[—/1 -1 4 o, R Iip1/ Gy, R
(mgg ) h (mgg ) (gmg h) (mgg h ) (gmg ) (mg-g -h )
293 26.74 28.50 1.37 0.76 33.23 0.18 0.94 29.38 0.199 0.88 6.34 0.92
303 31.01 31.35 0.21 0.95 32.99 0.41 0.99 75.62 0.213  0.89 4.98 0.93
313 25.61 25.60 0.19 0.86 30.55 0.33 0.97 42.22 0.203 0.93 5.98 0.90
323 3248 31.19 0.16 0.98 38.18 0.19 0.99 36.5 0.16 0.94 6.19 0.89
Table 3 Thermodynamic parameters of Ti(IV) adsorption on the reusability of the prepared adsorbent, three

CA-P204 adsorbent
T/K AG®/(kI-mol") AH®/(kJ-mol ™)

AS®/(J- mol K™

293 —4.98 4.95 33.90
303 -5.32 4.95 33.90
313 —5.66 4.95 33.90
323 —6.00 4.95 33.90

3.5 Desorption of Ti(IV)

To regenerate the adsorbent, the effect of stripping
agents and their concentrations on Ti desorption was
studied, and the results are listed in Table 4. Mixtures of
H,SO, with a certain amount of H,0, could
quantitatively strip Ti due to the formation of
Ti(OH),(H,0,)SO,4 [1]. observed that the
desorption efficiency increased with H,SO, concentration
increasing from 1 to 2 mol/L. However, there was a
decrease when the H,SO, concentration was 3 mol/L.
Similarly, with the increase of H,O, mass fraction, the
elution efficiency was significantly improved. Thus,
2 mol/L H,SO4and 3% H,O, solution could be used as
an eluted agent, and the elution efficiency was 98.56%
for Ti(IV).

It was

Table 4 Desorption of loaded Ti(IV) on CA-P204 adsorbent
Eluent

Elution efficiency/%

1 mol/L H,S0,~1%H,0, 66.51
1 mol/L H,80,~2%H,0, 88.12
1 mol/L H,80,~3%H,0, 90.23
2 mol/L H,S0,~1%H,0, 67.19
2 mol/L H,S0,~2%H,0, 93.25
2 mol/L H,80,~3%H,0, 98.56
3 mol/L H,80,~1%H,0, 62.65
3 mol/L H,80,~2%H,0, 78.29
3 mol/L H,80,~3%H,0, 80.75

3.6 Column-mode adsorption and regeneration of
CA-P204
In order to improve the removal efficiency of Ti(IV)
from high concentration Al(III) (Cx=2440 mg/L) and
Fe(Ill) (Cg:=780 mg/L) leaching solution and examine

successive adsorption—desorption cycles were performed
using a glass column with an amount of the CA-P204 as
adsorbent (the experimental installation is shown in
Fig. 6(a)). As shown in Table 5, AI(IIT) was not adsorbed
on the CA-P204, and a certain amount of Ti(IV) and
Fe(Ill) were adsorbed simultaneously. Although some
iron was co-adsorbed by CA-P204, 6 mol/L HCI was
used to strip Fe(Ill) before stripping Ti(IV) (the
adsorption—desorption cycle process chart is shown in
Fig. 6(b)). The maximum adsorption capacities of Ti(IV)
on the CA-P204 adsorbent for three successive
column cycles were calculated as 158.40, 61.17, and
124,93 mg/g, respectively. The second adsorption
amount of adsorbents for Ti(IV) was much smaller than
that of the first and third adsorption. The possible reason
is that when the leaching solution flows through the
column, Ti(IV) is adsorbed initially at the top of column.
As the volume of the leaching solution increases, the
Ti(IV) adsorbed on the head of column further increases,
and a portion of Ti(IV) is likely to enter into the internal
structure of the adsorbent, which is not easy to elute.
This leads to the reduction of the adsorption site, so the
adsorption capacity of the second adsorption is less than
those of the other two cycles.

The breakthrough curves of the bauxite leaching
solution after three successive adsorption—desorption
cycles are shown in Fig. 7. It was observed that Ti(IV)

Table 5 Performance of CA-P204 packed into fixed-bed
column for three consecutive adsorption—elution cycles

Adsorbing  Elution efficiency/%

CIEI/(C)le Mixture solution capacity/ (2 mol/L H,SO4—
‘ (mg-g ") 3% H,0,)

Ti(IV), 220 mg/L 158.40 85.80

1 Fe(IIl), 780 mg/L 29654.1 0.11
Al(IIT), 2440 mg/L 0 0
Ti(IV), 220 mg/L 61.17 108.89

2 Fe(Ill), 780 mg/L 21269.68 0.14
AI(III), 2440 mg/L 0 0
Ti(IV), 220 mg/L 124.93 87.95

3 Fe(Ill), 780 mg/L 176.51 0.15
AI(III), 2440 mg/L 0 0
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1—Bauxite leaching solution
2—Peristaltic pump

3— Adsorption column
4—Fraction collector
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was enriched efficiently, and the pre-concentration
factors were 9.20 for cycle 1, 3.84 for cycle 2, and 6.89
for cycle 3. According to the area of the curves,
85.80%—108.89% Ti(IV) was eluted for three cycles. In
order to further prove the stability and recycling
performance of the adsorbent, phosphorus contents on
the CA-P204 adsorbent before and after three successive
adsorption—desorption cycles were also determined by
ICP-AES, which were 14.09 and 1293 mg/L,
respectively. A small decrease of phosphorus content
indicated that the extractant P204 on the calcium alginate
surface was stable and that CA-P204 could be used
repeatedly at least three times.

3.7 Adsorption mechanism

According to the above discussion of the
characteristics of the adsorbents, it was found that the
CA-P204 adsorbent had P—0 and P—OH groups.
Comparing Figs. 3(c) to (d) shows that the intensities of
the P—OH bands at 1681 cm ' decreased, and that the
P==0 absorption band bonded to the Ti(IV) shifted from
1234 to 1162 cm " after adsorption. Simultaneously, the
band at 846 cm ' appeared in Fig. 3(d), which probably

0
0123456

0
0123456

t/h t/h

Fig. 7 Effect of successive adsorption—desorption cycle on breakthrough curve for removal of Ti(IV) from bauxite leaching solution

(Ti(IV)=220 mg/L; Fe(Il)=780 mg/L; AI(III) =2240 mg/L; temperature=303 K; flow rate=8.02 mL/h): (a) Cycle 1; (b) Cycle 2;
(c) Cycle 3

resulted from the Ti—O—Ti bridging bond. All these
phenomena indicate that these groups were involved in
the adsorption of TiO®*" by cation exchange and
chelation.

To further confirm the adsorption mechanism, XPS
analysis was performed, and the results are presented in
Fig. 8. The wide-scan XPS spectra for CA-P204 and
CA-P204 loaded with Ti(IV) are shown in Fig. 8(a). It is
clear that new peaks at binding energies (BEs) of 459.30
and 465.03 eV appeared after Ti(IV) adsorption, which
provides evidence of Ti(IV) adsorbed on the surface of
the adsorbent. Moreover, the O 1s and P 2p spectra could
be deconvoluted into four (O—P, O=P, O—Ti, and
O—R) and three (P—O, P=0, and P—OR) individual
component peaks after Ti(IV) adsorption, as shown in
Figs. 8(c) and (e), respectively. The BE of O—P shifted
from 532.56 to 531.16 eV, and the relative content of
O—P decreased from 32.05% to 12.07% after adsorption,
which might be due to changes in the density of the
electron cloud around oxygen atoms because of the
generation of a new O—Ti bond, as shown in Figs. 8(b)
and (c). In addition, the BEs of P—O and P==0 shifted
from 134.21 to 132.88 eV and from 134.53 to 133.43 eV,
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respectively. An increase or a decrease in the relative Figs. 8(d) and (e). Thus, the adsorption mechanism
content of P—O (from 10.23% to 19.52%) or P—0 of Ti(IV) on the CA-P204 adsorbent may be attributed
(from 48.54% to 38.59%) also indicated that they were to cation exchange and chelation, as shown in
involved in the adsorption of Ti(IV), as shown in Scheme 2.
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Fig. 8 XPS spectra of CA-P204 before and after Ti(IV) adsorption (a), O 1s spectra before Ti(IV) adsorption (b), O 1s spectra after
Ti(IV) adsorption (c), P 2p spectra before Ti(IV) adsorption (d) and P 2p spectra after Ti(IV) adsorption (e)
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Scheme 2 Mechanism of TiO?" adsorbed on CA-P204 adsorbent
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4 Conclusions

(1) Ti(IV) was successfully removed from high-
sulfur bauxite leaching solution containing high
concentrations of Al(III) and Fe(IIl) by calcium alginate
microspheres impregnated with extractant P204. The
maximum adsorption capacity for Ti(IV) was 66.79 mg/g
at pH 1.0. The P=0 and P—O functional groups were
confirmed to participate in the coordination and cation
exchange by FTIR and XPS analysis.

(2) The adsorption process followed the monolayers
Langmuir isotherm model and the pseudo-second-order
kinetics equation. Thermodynamic parameters indicated
that the adsorption process was an endothermic reaction
and the randomness increased.

(3) The effectiveness of the removal of Ti(IV) from
a Ti(IV)—AIl(II)—Fe(Ill) mixture solution was tested by
three successive column cycle experiments. Although
Fe(Ill) was co-adsorbed, the separation of Fe(IIl) and
Ti(IV) could be achieved by step elution with different
eluents. At the same time, AI(IIT), Fe(Ill), and Ti(IV)
could be recovered separately. All these results suggest
that the removal of Ti (IV) by CA-P204 could be a viable
method for the purification of leach liquor.

(4) The main advantages of the process were its
simplicity, low cost, environmental safety, and
significantly reduced final waste emissions.
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