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Abstract: A smple and practical method for the synthesis of zeolite 4A from bauxite tailings is presented in this paper. Systematic investiga-
tions were carried out regarding the capacity of zeolite 4A to remove Cr(l11) from aqueous solutions with relatively low initial concentrations
of Cr(111) (5-100 mg-L ™). It is found that the new method is extremely cost-effective and can significantly contribute in decreasing environ-
mental pollution caused by the dumping of bauxite tailings. The Cr(l11) removal capacity highly depends on theinitia pH value and concen-
tration of Cr(111) in the solution. The maximum removal capacity of Cr(l11) was evaluated to be 85.1 mg-g* for zeolite 4A, measured at an
initial pH value of 4 and aninitial Cr(111) concentration of 5 mg:L . This approach enables a higher removal capacity at lower concentrations
of Cr(l1), which isaclear advantage over the chemical precipitation method. The removal mechanism of Cr(l11) by zeolite 4A was examined.
The results suggest that both ion exchange and the surface adsorption—crystallization reaction are critical steps. These two steps collectively
resulted in the high removal capacity of zeolite 4A to remove Cr(l11).
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1. Introduction

Water pollution is a serious environmental problem that
has caused severe shortages of clean drinking water in many
parts of the world. Moreover, booming globa industrial de-
velopment has produced a huge quantity of wastewater,
which is often discharged directly into rivers or lakes with-
out effective treatment. Wastewater usualy contains many
toxic and harmful substances such as ail, organics, and
heavy metal ions. Chromium usually exists in three valence
states, viz. bivalent chromium (Cr(11)), trivalent chromium
(Cr(111)), and hexavaent chromium (Cr(VI1)). Hexavalent
chromium is a common toxic heavy metal ion that can cause
serious soil and water pollution because of its high toxicity.
The toxicity of Cr(VI) is 500 times greater than that of
Cr(111). Moreover, Cr(l11) may be readily transformed into
Cr(VI) under certain conditions such as pH changes and
highly oxidative conditions [1-2]. Thus, the containment of
Cr(I11) discharge in wastewater is a high priority with regard
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to providing a sustainable environment for living beings.

Currently, there are many methods for treating wastewa-
ter containing chromium, such as chemical precipitation, ion
exchange methods, biological methods, e ectrolytic methods,
and photocatalytic methods [3-4]. Among these, chemical
precipitation is a traditional water treatment process that has
many advantages such as mature technology, low invest-
ment cost, low process cost, and a high level of automation;
this method has been applied extensively worldwide. How-
ever, many studies have achieved only a partial removal of
chromium ion from wastewater by this method with the ini-
tial concentration of Cr ranging from 100 to 300 mg-L*
[5-6]. Consequently, this method cannot effectively remove
chromium at low concentrations.

Recently, the use of low-cost sorbents has emerged as a
simple and effective technique to remove Cr from water and
wastewater. Among the cost-effective materias, zeolites are
considered to be applicable in view of their strong adsorp-
tion and ion exchange capacities [ 7-8].

Zeolites are crystalline auminosilicate materials with an
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open three-dimensional framework structure. They have
regular, uniformly sized, microscopic interconnected pores
and windows, which provide access to molecules that are
smdller than the zeolites themselves while excluding larger
molecules [9-11]. Among the more than 200 different types
of zeolites, zeolite 4A is one of the most important, due to
its widespread industrial applications. Zeolite 4A has been
used in adsorbents [12-14], ion-exchangers [15-16], gas
separators[17-19], drug carriers[20], and detergent builders
[21-22]. This zeolite has a small pore size of 0.41 nm in
diameter, and its molar ratio of Si/Al is about 1. This low
Si/Al molar ratio of zeolite 4A correlates well with the large
amount of aluminum used to provide exchange sites for
balancing cations, which results in enhanced ion-exchange
capacity for zeolite 4A [16,23]. Moreover, zeolite 4A has
high selectivity for the remova of metal ions, and the ex-
changeable sodium ions are relatively innocuous. It is res
sonable to expect that Cr(l11) at alow concentration can be
removed by zeolite 4A, in contrast to the shortcomings of
the chemical precipitation method. However, the costs of the
raw materials are relatively high for zeolite 4A synthess.
With the development of technology, various waste prod-
ucts from certain industries are being explored as ingredi-
ents to reduce production codts. In this context, bauxite tail-
ings can be considered as a suitable alternative source.

Bauxite tailings are the waste generated during the ben-
eficiation process to improve the Al/Si molar ratio in bauxite.
About 0.2 t of bauxite tailings are generated per ton of bauix-
ite ore after the flotation process [24]. However, only a very
small proportion of bauxite tailings are used; alarge amount
of bauxite tailings are gtill stored in the tailing dam, which
can be harmful to the environment and can endanger public
health. With the continuous draining of resources on earth
and the increase in the environmental consciousness of hu-
man beings, many countries consider tailings to be a secon-
dary resource. Extensive research is being carried out re-
garding the utilization of bauxite tailings.

In our previous work, zeolite 4A was successfully syn-
thesized from bauxite tailings [25]. However, too much acid
and alkali species were used in the synthetic process, which
led to arelatively high production cost. Therefore, a simple
and cost-effective method to synthesize zeolite 4A from
bauxite tailings is provided in the present work.

2. Experimental

2.1. Synthesis of zeolite 4A

The materials used for the synthesis of zeolite 4A pow-
ders were bauxite tailings (Zhengzhou, Henan Province,

China) as the source of Al and some Si, N&Si05-9H,0
(Sinopharm Chemica Reagent Company, SCRC, anaytical
pure) as a supplementary Si and Na source, and NaOH
(pellets, SCRC, 96wt%) as the fused salt. The synthetic
method of zeolite 4A from bauxite tailings was improved on
the basis of our previous work reported in Ref. [25]. As
shown in Fig. 1, after a series of treatments, including alkali
fusion, dissolution in water, filtering, gel synthesis, crystal-
lization, filtration, washing, and drying, bauxite tailings
were transformed into zeolite 4A.

Fig. 1. Flow sheet of zeolite 4A synthesized from bauxite tail-
ings.

Compared with the previous method, the acid leaching
process was diminated, and a hydrotherma method was
used to synthesize zeolite 4A from a gel in the crystalizing
process. Firgt, bauxite tailings and sodium hydroxide were
mixed in a mass ratio of 1:1, placed in a graphite crucible
and calcined in a muffle furnace at 500°C for 30 min. Sec-
ond, a mixture of 5 g of the calcined product and 60 mL of
deionized water in a beaker was maintained at 25°C for 15
min under stirring (300 r/min). Third, the solution was
separated from the mixture by a filtration process. The mo-
lar ratio of Na,O:Al,05:S0, in the solution was adjusted to
4.29:1:1.9 by the addition of 4.86 g of NaSiO3-9H,0. Sub-
sequently, the solution was stirred (500 r/min) for 30 min at
room temperature and then placed in a hydrothermal syn-
thesis reactor to synthesize zeolite 4A. The hydrothermal
synthesis reactor was maintained in an electrothermal con-
stant-temperature box at 95°C for 5 h after which the zeolite
4A sample could be obtained following the filtering, wash-
ing, and drying steps. The calcium ion exchange capacity of
the zeolite 4A was measured and compared with that re-
ported in the literature [25].

2.2. Removal of Cr(l11) by zeolite 4A

In order to investigate the removal efficiency of Cr(lll)
by zeolite 4A, a Cr(I11) stock solution was firstly prepared.
0.77 g of Cr(NO)3-9H,0 (AR) was dissolved in 1 L of de-
ionized water, and the concentration of Cr(l11) in the stock
solution was maintained a 100 mg-L*. The process of re-
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moval of Cr(l11) by zeolite 4A was asfollows. A given mass
of zeolite 4A was directly added to the Cr(I1l) solution at a
designated initial concentration and pH vaue in a 250 mL
beaker; the mixtures were then allowed to react at 25°C for
4 h with continuous stirring at 500 r/min; finally, after 4 h of
reaction, the mixture was filtered and the concentration of
Cr(ll) remaining in the solution was measured. The re-
moval efficiency for Cr(lll) ions was calculated using the
following equation:

G —Ce

Removal efficiency = x100% (1)

CO
where ¢, is the initid Cr(l11) concentration (mg-L ™), and c.
isthefina Cr(l11) concentration (mg-L 2.

The removal capacity refers to the amount of Cr(lll) re-
moved by unit mass of zeolite 4A. The removal capacity of
Cr(lll) by zeolite 4A was caculated using the following
equation:

G =C v )
m

Removal capacity =

where V is the volume of the aqueous phase (L), and m is
the amount of zeolite 4A used (g) [23].

Various factors could affect the removal capacity of
Cr(l11) by zeolite 4A; the main factors considered were the
initial pH value and the initial Cr(lI1) concentration in the
solution. The effects of initial pH value on the remova of
Cr(111) by 100 mg zeolite 4A were studied in an agueous
solution with 100 mg-L™* Cr(l11) concentration. The initial
pH values of the five Cr(l11) solutions were adjusted to 3.0,
35, 4.0, 4.5, and 5.0, respectively, using 0.1 mol-L™* nitric
acid or 0.1 mol-L™* sodium hydroxide solution as modifiers.
After reacting for 4 h, the find pH vaue in each solution was
measured with a pH meter. At the sametime, a blank experi-
ment was prepared to investigate the effects of chromium
chemical precipitation generated as the pH value increased:
instead of adding zeolite 4A, sodium hydroxide solution was
added to the five solutions to directly adjust their initial pH
values to the corresponding final pH values; then the con-
centration of remaining Cr(I11) in the solution was measured
in order to calculate the mass of the chromium precipitated.

The effects of the initial concentration of Cr(lll) on the
removal of Cr(Ill) by zeolite 4A in solution were investi-
gated in 100 mL solution. The initial concentrations of
Cr(I11) in the solutions were 100, 50, 25, 10, and 5 mg-L ™.
Theinitial pH value was adjusted to 4.0 with 0.1 mol-L * ni-
tric acid or 0.1 mol-L™* sodium hydroxide solution. In this
process, the mass of zeolite 4A added to the solution was
proportiona to the mass of Cr(l11), namely, 100, 50, 25, 25,
and 5 mg, respectively.
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2.3. Characterization

Powder X-ray diffraction patterns of the samples were
obtained using a powder diffractometer (TTRIII PW 12 kW)
equipped with a Cu K,, radiation source. The accelerating
voltage and current used were 40 kV and 100 mA, respec-
tively. The chemical compositions of the solid powders ab-
tained in each step were measured using an X-ray fluores-
cence spectrometer (XRF-1800, Japan). The surface mor-
phologies of the specimens were observed using a field
emission scanning electron microscope (SEM, Zeiss, Su-
pra55) coupled with energy dispersve X-ray anadysis
(EDS). In the SEM andlysis, the samples were coated with a
thin layer of carbon and mounted on conducting glass. The
particle size was measured by laser beam scattering tech-
nique (LMS-30). The pH values of the agueous solutions
were measured with apH meter (PHS-25C). All the concen-
trations of Cr(I1l) in the solution were detected by the
1,5-diphenylcarbazide analysis method [23-24].

3. Resultsand discussion
3.1. Synthesis of zeolite 4A from bauxite tailings

Fig. 2 shows the X-ray diffraction (XRD) pattern of the
bauxite tailings. It was found that the main crystal phases
were diaspore (Al,Os-H,0), kaodlinite (Al,032S0,-2H,0),
hematite (Fe,Os), and anatase (TiO,). The presence of Fe
edement could severdly affect the synthesis of zeolite 4A
from bauxite tailings. Therefore, it was necessary to remove
the iron impurity beforehand. In the previous synthetic
process, Fe was removed from bauxite tailings by the acid
leaching method, while other useful elements (Al, S) re-
mained in the residue. Chemica equation Fe,0s+ 6HCI =
2FeCl;+ 3H,0 shows the detailed chemical reaction. How-
ever, in contrast to the previous method, in the new syn-
thetic process without acid leaching, Fe was removed from
the bauxite tailings by akali fusion, leaching, and filtering
processes. The XRD pattern of the calcined product is pre-
sented in Fig. 2. It was found that the main crystal phases
were sodium aluminum oxide (NaAlO,), nepheline (NaAl-
SiOy), and sodium iron oxide (NaFeO,). The presence of
NaFeO, indicated that hematite was converted to NaFeO, in
the alkali fusion process. It is generally known that NaFeO,
is easily hydrolyzed in aqueous solution to yield the pre-
cipitate Fe(OH)s, which can be removed in the subsequent
filtering process. The detailed chemical reactions are shown
asfollows:

Fe,053+ 2NaOH = 2NaFeO, + H,0,
NaFeO, + 2H,0 = Fe(OH)3| + NaOH.
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Fig. 2. XRD patterns of the bauxite tailings, the calcined
product, and the sample of zeolite 4A synthesized from the
bauxite tailings. D, K, H, A, S, N, and F represent diaspore,
kaalinite, hematite, anatase, sodium aluminum oxide, nepheline,
and sodium iron oxide, respectively.

Fig. 2 dso shows the XRD pattern of a sample of zeolite
4A synthesized from bauxite tailings. This sample was iden-
tified as single phase zeolite 4A (JCPDS card 39-0222).

3.2. Characterization of zeolite 4A samples

Fig. 3 shows SEM images of the samples of zeolite 4A
synthesized from bauxite tailings by the new and previous
methods. The mean diameters of the samples of zeolite 4A
synthesized by the two methods were 1 to 2 um and 6 to 14
um, respectively. Fig. 3(c) shows that the morphology of the
zeolite 4A sample synthesized by the new method was a
chamfering cubic shape, which is very different from that of
the sample prepared by the earlier method.

In the present work, the calcium exchange capacity (ex-
pressed in terms of CaCQOj) of the zeolite 4A sample syn-
thesized by the new method was measured and was found to
be 328 mg-g %, which was much higher than the previous
value of 296 mg-g .

Fig. 3. SEM images of the zeolite 4A samples. (a) and (b) represent the zeolite 4A samples synthesized by the new and previous
methods, respectively; (C) representsa partial enlarged view of the crystallinegrain in image (a).

A comparison of the present process route to the earlier
method designed by the present group highlights that the
new method could not only eliminate environmental pollu-
tion from the acid leaching process, but also greatly reduce
the production cost due to its simplified process and lower
alkali charge. This method could aso lead to an increase in
performance, especially with respect to the calcium ex-
change capacity. Moreover, compared to the industria
method of using expensive, pure chemical raw materials to
synthesize zeolite 4A, the new method of using much less
expensive bauxite tailings as the Al source could reduce the
production cost by about 30%.

3.3. Removal of Cr(l11) by zeolite 4A

The effects of the initial pH value and the initial concen-
tration of Cr(l11) ions on the remova of Cr(lIl) were inves-
tigated. Also, the remova mechanism of Cr(ll1) by zeolite
4A isdiscussed in the subseguent sections.

3.3.1. Effect of initial pH value on the removal of Cr(lI1) by
zeolite 4A

Considering two facts that the solid insoluble species
Cr(111) would be formed when the pH value of the solution
is greater than 6 and that zeolite 4A would be dissolved
when the pH value of the solution is less than 2, the initial
pH value was limited to the range of 3-5 [26-28]. Fig. 4
shows the removal efficiency for Cr(l11) ions over this pH
range in a fixed zeolite 4A mass of 100 mg at an initia
Cr(I11) concentration of 100 mg-L ™ in the solution.

Ascan be seenin Fig. 4, the Cr(l11) removal efficiency of
zeolite 4A was dependent on the pH value. When the pH
value was increased from 3 to 4, the Cr(lI1) removal effi-
ciency of zeolite 4A increased from 26.8% to 45.1%. This
was partly due to the effect of competition between Cr(l11)
and H;O" for the bonding sites in the crystalline grains of
the zeolite 4A sample [21,29]. At lower pH vaues, an ex-
cess of H;0" could compete effectively with Cr(111) for the
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bonding sites, resulting in alower level of Cr(l11) absorption
on the zeolite 4A. In contrast, when the pH value was fur-
ther increased to 5, the Cr(l11) removal efficiency of zeolite
4A resulted in a decrease from 45.1% to 25.7%. This was
attributed to the fact that a magjor portion of Cr(l11) could
transform into Cr(OH)3 and precipitate at a relatively higher
pH value, which leads to a reduction of the removal effi-
ciency of Cr(I11) by zeolite 4A. From the blank experimental
tests, a the initia pH range of 3 to 4, the removal of Cr(lI1)
due to Cr(OH); precipitation was less than 10%, which
would not significantly affect the remova efficiency of
Cr(l11) by zeolite 4A. However, at an initial pH value of 5,
the precipitation dramatically increased to 50%, which
would serioudly affect the remova efficiency of Cr(l1l) of
the zeolite 4A sample. Therefore, in the experiments that
followed, theinitia pH value of the solution was fixed at 4.

Fig. 4. Pureremoval efficiency of Cr(l11) by zeolite 4A sample
(black line) or by precipitation (red line) at different initial pH
values (temperature, 25°C; time, 4 h; volume, 100 mL; mass of
zeolite 4A, 100 mg; Cr(I11) initial concentration, 100 mg-L ™).

3.3.2. Effect of initial Cr(I1l) concentration on the removal
of Cr(I11) by zeolite 4A

In order to investigate the influence of the initia Cr(lll)
concentration on the Cr(I11) removal capacity of zeolite 4A,
a comparative study with five different Cr(l1) concentra
tions was carried out at an initia pH vaue of 4 in the solu-
tion; the results are shown in Fig. 5.

It could be seen that the Cr(I11) removal capacity gradu-
aly increased from 45.1 mg-.g* to 85.1 mg.g * with de-
creasing Cr(lll) concentration. This clearly indicates that
much more Cr(l11) would be removed per unit mass of zeo-
lite 4A at lower initial concentrations of Cr(l11) in the solu-
tion. Further, these results also indicated that the higher re-
moval capacity of Cr(lI1) by zeolite 4A at lower concentra-
tions of Cr(lll) in the solution could overcome the draw-
backs of the chemical precipitation method.
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Fig. 5. Removal capacity of Cr(Ill) by the zedlite 4A sample
at different concentrations of Cr(l11) in the solution (tempera-
ture, 25°C; time, 4 h; volume, 100 mL; pH 4).

3.3.3. Effect of zealite 4A dose on the removal of Cr(lI1)

To invegtigate whether the concentration of Cr(lll) re-
maining in the solution after the removal reaction would be
lower than that required by the national demand, excess zeo-
lite was added to the solution to improve the removal effi-
ciency of Cr(Ill). Fig. 6 shows the removal efficiencies of
Cr(I11) at a concentration of 5 mg-L * in different doses (the
retio of the mass of zeolite 4A added to the solution to the
volume of the solution). As can be observed from Fig. 6, the
removal efficiency of Cr(l1l) gradually increased with in-
creasing dose of zeolite 4A and reached 96.8% at the dose
of 0.150 g-L . This was due to the increase of the available
surface area per unit volume of solution with the increasing
dose of zeolite 4A. However, the removal efficiency did not
show any noticeable increase when the dose of zeolite 4A
sample was more than 0.125 g-L . This would mean that a
small amount of Cr(l11) always remained in the solution. A
small amount of Cr(l11) that had been absorbed on the zeo-
lite 4A could be redissolved into the solution due to the ex-
istence of hydrolytic equilibrium. However, under the con-
ditions of the maximum removal efficiency, the concentra-
tion of Cr(I1l) remaining in the solution after removal reac-
tion was 0.16 mg-L ™, which is far below the emission stan-
dard of Cr(lll) in industriad sewage (<0.5 mg-L ™). These
results illustrated that the zeolite 4A synthesized from baux-
ite tailings could effectively remove Cr(I11) from agqueous
solution.

3.3.4. Effect of time on removal of Cr(I11) by zeolite 4A

In order to investigate the effect of time on the removal
of Cr(I11) by zeolite 4A, a kinetic study was carried out in
the solution with an initial Cr(I11) concentration of 100
mg-L * and an initial pH value of 4; the results are shown in
Fig. 7. It was observed that the Cr(l11) remova efficiency
increased rapidly during the first 30 min and subsequently
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became stable, with a dight scatter. This indicated that the
Cr(I11) removal efficiency could reach about 47% in 30 min.

Fig. 6. Removal efficiency of Cr(l11) at a concentration of 5
mg-L " by zeolite 4A sample asa function of dose.

Fig. 7. Removal efficiency of Cr(l1l) by zeolite 4A sample at
different time (temperature, 25°C; pH 4; Cr(lll) initial con-
centration, 100 mg-L"l; volume, 100 mL).

3.3.5. Mechanism of theremova of Cr(l11) by zeolite 4A

It iswell known that zeolite 4A has a high ion-exchange
capacity for a variety of cations. It can be found in the lit-
erature [8,28,30] that the main mechanism of the removal of
Cr(111) by zeolite 4A ision exchange. This can be explained
by the following equation:

Cr¥(s) + 3Na'(z) = Cr¥*(2) + 3Na'(s) (3)
where (s) and (2) indicate the solution and zeolite 4A, re-
spectively.

Fig. 8 shows the XRD pattern of the solid product ob-
tained after the Cr(lll) remova reaction. It was found that
the characteristic peaks of zeolite 4A disappeared and two
new characteristic peaks appeared. These peaks could be
identified by XRD. From this anaysis it was deduced that
the reactants Cr(I11) and zeolite 4A were transformed into the
products Cry(OH)s(H,0)42H,0 and Nag(AlSiO4)s(OH)4H,0,
respectively. It is known that the crystd structure of zeolite

4A may be damaged during exchange of an excess of Na
by other cations such as Fe*", Co*, Ni**, and Cu** [31].
Therefore, the disappearance of zeolite 4A and the appear-
ance of Nag(AlSiO,)e(OH),-4H,0 indicated that the crysta
structure of zeolite 4A was damaged and that the
ion-exchange reaction occurred in the remova process.
However, the formation of Cry(OH)e(H0)4-2H,O was not
consistent with the ion-exchange principle shown in Eq. (3).
Thus, it was surmised that a different removal mechanism
simultaneoudly existed during the removal process.

Fig. 8. XRD pattern of the solid product obtained after the
Cr(I11) removal reaction.

Fig. 9 shows SEM images of the solid products obtained
after removing the Cr(l11) ions at different initial concentra-
tions of Cr(l11) in the solution. It can be clearly seen that
new rod-shaped crystals formed on the surface of the crystal
particles of zeolite 4A. The EDS results of these crystals,
marked by the circle, indicate that some Cr(I1l) ions in the
solution are transformed to the new rod-shaped crystals
during the removal process. Meanwhile, by combining these
results with the analysis results of the XRD pattern in Fig.
8, it was concluded that the rod-shaped crystd is
Cry(OH)g(H-0)42H,0. Hence, the mechanism involved
could be deduced as follows. Firstly, the Cr(lll) cations
around zeolite 4A were attracted to the surface of the zeolite
4A particles by electrogtatic forces. Then they were con-
nected to the TO, (T refersto Al or S) tetrahedron structure
by replacing the hydrogen in the hydroxyl group. As more
and more Cr(l11) ions became attached to each other on the
surface of zeolite 4A, they generated new crystal seeds. Fi-
nally, these new crystal seeds grew on the surface of the
crystal  paticles and formed the new crysta
Cr,(OH)g(H20)4-2H,0. Thus, from al the present results, it
was concluded that the mechanism in this case was surface
adsorption—crystallization.
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Fig. 9. SEM images of samples obtained after the removal reaction of Cr(l11) by zeolite 4A. Theinitial Cr(I11) concentrations of (a)

and (b) are 100 mg-L * and 5 mg-L ?, respectively.

The above two mechanisms did not remove Cr(l11) sepa-
rately. They are mogt likely to be interrelated with each
other. As shown in Fig. 9, two different solid products were
obtained after the removal reaction of Cr(l11) by zeolite 4A.
By comparing the two images, it was found that the popula
tion of the new rod-shaped crystals formed on the surface of
zeolite 4A in the solution with a Cr(I11) concentration of 100
mg-L * (Fig. 9(a)) was much greater than that in Fig. 9(b)
with a Cr(l11) concentration of 5 mg-L*. On the other hand,
Fig. 5 shows that the Cr(I11) removal capacity by zeolite 4A
at a concentration of 100 mg:L * was lower than that at a
concentration of 5 mg:L . It is interesting to note that the
number of rod-shaped crystals decreased while the removal
capacity increased, and vice versa. This could be attributed
to the fact that the new rod-shaped crystals formed on the
surface of the zeolite 4A particles might block the nanopores
inside the particles of zeolite 4A, thereby hindering the out-
ward diffusion of chromium and the inward diffusion of so-
dium cationsin the solution. This would further decrease the
Cr(I11) exchange capacity of zeolite 4A and thus decrease
the remova capacity of Cr(lll) by zeolite 4A. Thus, the
greater the number of rod-shaped crystals present, the lesser
the Cr(111) exchange capacity of zeolite 4A.

The removal of Cr(lll) by zeolite 4A was a complex
process in which both the ion-exchange process and the
surface adsorption—crystallization process played significant
roles. The two processes were interrelated and mutualy re-
strictive, and also promoted each other. In combination, a
complete removal of Cr(lll) from solution could be
achieved.

4. Conclusions

(1) The present study shows that a single phase zeolite
4A sample with high performance can be synthesized from
bauxite tailings by an improved method, impurity Fe has
been removed without HCI leaching, which is more

cost-effective and environmentally friendly. It is shown that
the zeolite 4A sample obtained is of high purity and is crys-
taline. The synthesized crystal has a cubic structure with
chamfered edges, and the particle size is much smaller than
that obtained in the previous work.

(2) The new zeolite 4A shows high removal capacity for
Cr(l11), especidly in solutions with lower initial concentra-
tions of Cr(I11). The remova capacity of Cr(l1l) by zeolite
4A is affected by the initial pH value of the solution and
reaches the maximum value at a pH value of 4. The removal
capacity is aso affected by theinitial concentration of Cr(l11)
(5 to 100 mg-L ™Y in the solution and decreases with in-
creasing Cr(I11) concentration. The maximum removal ca
pacity was found to be 85.1 mg-g *, measured at the initial
pH value of 4 and the initia Cr(l1l) concentration of 5
mg-L . The results indicate that at low concentrations of
Cr(111) in the solution, the removal of Cr(l1l) by zeolite 4A
can compensate for the shortcomings of the chemica pre-
cipitation method.

(3) Kinetic investigation shows that Cr(I1l) remova oc-
curred quickly, in 30 min. An important conclusion from the
present results is that the removal of Cr(l11) by zeolite 4A is
not only caused by an ion-exchange process, but is also due
to a surface adsorption—crystallization process.
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