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The nano-zero valent iron (nZVI) has been reported as an excellent material to decolourize the anionic dyes. Aggregation of nZVI tends |
to reduce its reactivity. Due to this reason, modifications of nZVI were applied by using bentonite. Bentonite supported nano-zero valent |
irons (B-nZVI) was synthesized by using reduction method of ferrous ions and sodium borohydride in presence of bentonite. The
objective of this study was to evaluate the performance of composite nanoscale zero-valent iron (nZVI) in decolorized of acid orange II |
from aqueous solutions. All the three adsorbent materials (nZVI, B-nZVI and bentonite) were characterized by physical, chemical, |
mineralogical and morphological properties such as Brunnaer-Emmett-Teller (BET) surface area, X-ray photoelectron spectroscopy with |
auger electron spectroscopy (XPS-AES), field emission scanning electron microscopy (FESEM) and X-ray diffraction (XRD). The batch |
adsorption tests for all adsorbent materials have been conducted to determine the effectiveness of both materials in dye removal. The five
effects have been analyzed in Batch test among others concentration, dose, pH, kinetic and temperature. The study found in all effects, B- |
nZVI (qe. o = 8.9286 mg/g) showed the higher adsorption capacity followed by nZVI (g o = 8.1224 mg/g) and bentonite (e op = 5.8469 |
mg/g). The effectiveness of B-nZVI was due to the dispersion of nZ VI particles bentonite particles, consequently provided more sites for |
adsorption. This study discovered that B-nZVI has a high potential to be a low-cost adsorbent for decolorized anionic dye from synthetic |
dye wastewater. |
|
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INTRODUCTION

Azo dye is commonly used in texture industry and it
becomes an environmental worldwide issue. According to
several authors [1-4], azo dyes create the complex aromatic
structures that highly resistant to microorganisms and defiant
to conventional biological wastewater treatment processes
which at the end will initiate significant burden on nature
environment. Acid orange II (4-(2-hydroxy-1-naphthylazo)-
benzenesulfonic acid sodium) is an anionic azo dye which is
non-biodegradable in nature and proven to induce cytogene-
tical changes in animals [5,6].

Various ways of treatment have been applied to remove
hazardous chemical from dyes. One of them is nanoscale zero-
valent iron (nZVI). The nZVI is a new generation of environ-
mental remediation technology that provides cost-effective
solutions to the environmental remediation problems [7].
However, the nZVI can easily aggregate due to strong van der

Waals forces. Prior research, modification on nZVI particle
surface proposed the use of clay materials to prevent the particles
from aggregation [8-10]. In this research, iron nanoparticles
were synthesized using bentonites. Bentonite has a low perme-
ability due to its small pore sizes, complex porous structures
and a high specific surface area which allow for strong physico-
chemical interactions to occur between fluids and dissolved
species [11]. The main objective of the current study was to
investigate the effectiveness of bentonite supported nano-
particles in decolourizing the anionic dye, acid orange II.

EXPERIMENTAL

Bentonite was purchased from R&M Chemicals. Acid
orange II has been supplied in a solid state with high purity
(Wt. % 99.9 %) from Tianjin Yuhua Co., China. For synthesis
of composite nZ VI, ferric chloride tetrahydrate (FeCls-6H,O,
Acros Organics, 99 + %), sodium borohidrat (NaBH., Acros
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Organics, 98 + %) and ethanol (Fisher Scientific, 99.4 %) were
used in this analysis.

Synthesis of nanoparticles: Bentonite supported nano zero
valent iron (B-nZVI) was synthesized using a chemical reduction
method [7,10]. Ferric chloride solutions were prepared by
dissolving 4.38 g ferric chloride tetrahydrate with 50 mL mixture
of ethanol and deionized water (35 mL ethanol + 15 mL of deio-
nized water). Bentonite was added to ferric chloride solution
and the mixture was shaken using an ultrasonic shaker for 30
min. To produce NaBH, solutions, 6.091 g of sodium borohy-
dride, NaBH, were dissolved in 100 mL deionized water. The
NaBHj solutions were pipetted and dropped (1-2 drop per second)
into ferric chloride solution on a magnetic stirrer. The mixture
was then stirred for 20 min. The black particles were filtered and
washed using ethanol (50 mL) for three times. The black particles
were oven dried at 50 °C for about 12 h.

Characterization of nanoparticles: The physical charac-
terization supported nanoparticles was analyzed using Brunaer-
Emmett-Teller by N, desorption method to determine the specific
area of particles. Chemical characterization was conducted
using X-ray photoelectron spectroscopy and auger electron
spectroscopy (XPS-AES) to measure the surficial chemical
composition and element valence of particles. The morphology
and mineralogy of the particles were also characterized using
field emission scanning electron microscope (FESEM) and
X-ray diffraction (XRD).

Batch test: Batch test method was applied as reported by
USEPA [12]. The supported nanoparticle materials were prepared
by passing through 63 pm sieve. Acid orange II solution was
prepared with 7 different concentrations namely 5, 20, 40, 60,
80,100 and 150 mg/L. To perform batch test, 0.5 g of B-nZVI
with 50 mL of acid orange I (1:100 ratio soil/solution) was mixed
in centrifuge tubes. The mixture samples were shaken at 150
rpm for 3 h to attain their equilibrium. After shaken, mixture
samples were centrifuged at 1500 rpm for 15 min and filtered
through 45 pm nitrocellulose membranes. The solutions were
analyzed using UV-visible spectrophotometer (UV1201). Batch
test analysis included 5 parameters that were dose, concentration
pH, kinetic and temperature. To determine the optimum dosage,
the different dosages materials (0.03, 0.05, 0.07, 0.1, 0.3, 0.5,
0.7 and 1.0 g) were used. In this case, different dosages were
added to 50 mL acid orange II (50 mg/L). The concentration
effect was performed using 5, 20, 40, 60,80, 100 and 150 mg/L
of acid orange II while for pH effect, different pH levels of acid
orange II (pH 2, 4, 6, 8, 10 and 12) were determined and made
use. Kinetic effect was represented by shaking times (5, 10, 20,
30, 45, 60, 120, 180 and 360 min) while for temperature effect,
different temperatures (30, 40, 50 and 60 °C) were used in this
analysis. For all factors, the batch test analysis was carried out
with the ratio 1:100.

Adsorption isotherm: In this study, adsorption data were
analyzed using linear equations. The concentration of acid
orange II adsorbed by particles, q. was calculated as follows:

(C,-C,)V
e ="
M
where; C, and C. representing initial concentration and equili-

brium concentration respectively (mg/L), V is a volume of solution
added (mL), M is mass of air-dried material (g).

RESULTS AND DISCUSSION

Particle characterization: Table-1 shows the physical
characterization, which is Brunauer-Emmett-Teller specific
surface area (BET) for bentonite, nZVI and B-nZVI. It was
observed that bentonite has the highest surface area (74.78
m?/g) followed by B-nZVI (5.64 m*g) and nZVI (1.5724 m*/
). Bentonite also has the highest pore volume (0.0994 m*/g)
followed by B-nZVI (0.0226 m*/g) and nZVI (0.0042 cm’/g).
B-nZVI has intermediate pore volume value due to the fact
that nZVI particles were filling into bentonite pores [8,13].
The chemical characterization of X-ray photoelectron spectro-
scopy with auger electron spectroscopy (XPS-AES) for all
samples were presented in Fig. 1. In Fig. 1a, it was shown that
nZVIhas Na, Fe, O, C and B elements on its particles surface
while bentonite (Fig. 1c) and B-nZVI (Fig. 1e) have Na, Fe,
O, Ca, C, Si, Al, Mg and Na, Fe, O, Ca, C, B, Si, Al, Mg;
respectively on their particles surface. Carbon was spotted in
all samples as a result of carbon coating and using adhesive
carbon tape [6]. According to Yaacob and How [10], B elements
presented due to NaBH, that has been used to synthesize
nanoparticles. The elements of Na, Al, Mg, Ca and Si were
found on bentonite and B-nZVI as this clay mineral has two
siloxane tetrahedral sheets with an aluminium octahedral sheet,
2:1 structure [6]. To confirm the occurrence of Fe, the XPS-
AES spectrum of the Fe 2p were illustrated in Fig. 1b, Fig. 1d
and Fig. 1f. For nZVI (Fig. 1b), binding energies for (Fe,O3)
and Fe 2p3/2 (Fe;0,) were 723.0 eV and 708.0 eV; respectively
while for B-nZVI (Fig. 1f), the peak of Fe 2p 1/2 (Fe,0s) and
Fe 2p 3/2 (Fe;0,) exhibited the binding energy at 724.0 eV
and 710.0 eV; respectively. For both nZVI and B-nZV]I, small
peaks at 706.1 eV and 719.7 eV were corresponding to zero
valent iron (Fe” 2p3/2 and Fe® 2p1/2 respectively) [10]. From
the Fig. 1d, it was noted that bentonite binding energy for Fe
2p 1/2 (Fe,05) and Fe 2p 3/2 (Fe;0,) were 723.0eV and 710.0
eV; respectively.

TABLE-1
BRUNAUER-EMMETT-TELLER SURFACE AREA (BET)
RESULTS FOR ABSORBENT MATERIALS

BET surface

Pore volume

Sample - ) Pore size (/3;)
nZVI 1.5724 0.0042 107.0115 (10.70115 nm)
Bentonite 74.7755 0.0994 53.1595 (5.31595 nm)
B-nZVI 5.6418 0.0226 160.2891 (16.02891 nm)

Fig. 2 displays the morphology and textures (shape and
size) of the nanoparticles by using field emission scanning
electron microscopy (FESEM) analysis. Fig. 2a and Fig. 2b
illustrate the nZVI particles in which it has spherical shapes
(ranging from 54.75 nm to 71.46 nm) and aggregated into a
chain-like [14,15]. According to Xi ef al. [6] and Han et al.
[16], nZVT particles were aggregated due to magnetostatic
attraction and huge interface energy between the iron particles.
In Fig. 2c, it was shown that bentonite has flaky and irregular
shapes (curled and crumpled structures). While in Fig. 2c and
Fig. 2d, B-nZVI confirmed the nZVI spherical particles
(ranging between 41.91 nm to 4.88 nm), embedding and dis-
persing well in flaky and irregular shapes of bentonites. Bento-
nite presented as a media to prevent aggregation of zero valent
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Fig. 1. X-ray photoelectron spectroscopy with Auger electron spectroscopy (XPS-AES) of (a) nZVI, (b) nZVI Fe 2p line, (c) Bentonite, (d)
Bentonite Fe 2p line, (¢) B-nZVI and (f) B-nZVI Fe 2p line
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Fig. 2. Field emission scanning electron microscopy (FESEM) images for (a) nZVI, magnification: 50000X, (b) nZVI, magnification: 100000X,

(c) Bentonite, magnification: 50000X, (d) B-nZVI, magnification: 50000X and (e) B-nZVI, magnification: 100000X

iron, thus, providing more sites for adsorbing dyes in waste-
water. The XRD patterns of nZVI, bentonite and B-nZVI were
shown in Fig. 3. Through this analysis, the FeO (o-FeO) at the
peak of 26 =44.67° in nZVI and B-nZVI sample was found to
be corresponding to the formation of nano zero valent iron. The
peak of 20 = 5.8719° represented montmorillonite in bentonite
sample.
Batch test

Effect of adsorbent dosage: Fig. 4 explains the results
of dose effect on acid orange II by adsorbent materials (nZVI,
bentonite and B-nZVI). The curve delineated that B-nZVI
adsorbed more dye followed by nZVI and bentonites. Higher
adsorption capacity of B-nZVI was due to a larger specific
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area and the availability of more adsorption sites to accelerate
initial reaction [10,17,18]. The results also illustrated that
adsorption capacity for all materials decreased with the increa-
sing dosage of adsorbent materials. According to Veli and
Alyiiz [19], increasing of dosage will cause the aggregation
of particles to decrease the surface area of absorbent materials
and increase the diffusion path length of pollutant/dye. As the
concentration of dye was low, the increment of dosage resulting
in unsaturation adsorption sites and nZVI particles were oxi-
dized to Fe,0; and Fe;O4, hence, the adsorption capacity of
adsorbent materials decreased when the dosage reached a
certain level. The optimum adsorbent dosage was 0.5 g and
further experiments were carried out using this dose.
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Fig. 3. XRD patterns for bentonite, nZVI and B-nZVI
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Effect of initial concentration: The effect of initial concen-
tration of acid orange II were studied over the concentration
ranged from 5 to 150 mg/L. The result was presented in Fig. 5
and it was shown that the adsorption capacity increased with
the increment of initial concentration until at one point it became
constant although the initial concentration increased. The B-nZVI
(qe opt = 8.9286 mg/g) showed a higher adsorption capacity
followed closely by nZVI (qe o = 8.1224 mg/g) and bentonite
(qe opt = 5.8469 mg/g). The optimum concentration has been
determined to be 40 mg/L as the graph started to be constant
and indicating adsorbent materials was saturated with dye. In
this condition, no more dye or metal ions can be adsorbed [19].
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Fig. 5. Effect of dye initial concentration on adsorption capacity

Effect of initial pH: The dye wastewater has a wide range
of pH values. In this study, the effect of initial pH in decolouri-
zing acid orange II has been assessed and presented in Fig. 6.
Fig. 6 illustrates that nZVI (qe pu 2> = 10.3349 mg/g) and B-
nZVI (qe pu2> = 10.2698 mg/g) have the highest adsorption
capacity compared with bentonite (e u2 = 0.574 mg/g). As
reported by Luo et al. [20], the core shell of nZVI possessed
hydroxyl groups when it interfaced with dye solution and it
has its own capability to immobilize sorbate molecules by
surface complexation. The nZVI core also formed an electron
where it could reduce acid orange II. The pH 2 was selected
as the optimum pH as it showed the maximum adsorption.
According to Kakavandi et al. [21] and Chang et al. [22], the
maximum adsorption was in acidic condition due to the electro-
static attraction between positive charged surface of the adsor-
bent and the anionic dye. As pH of dye increased, negative
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Fig. 6. Effect of initial pH acid orange II using nZVI, bentonite and B-nZVI

charged sites were also increased. Negative charge on the
adsorbent’s surface site did not favour the adsorption of ionic
dye due to electrostatic repulsion. There was an adsorption
competition between OH™ ions and anionic at higher pH levels,
resulting a lower adsorption capacity [22,23].

Effect of time: The effect of contact time (kinetic) on
the decolourization of acid orange II was illustrated in Fig. 7.
It was observed that nZVI (qe s min = 6.8607 mg/g) has highest
adsorption capacity followed by B-nZVI (qe 5 min = 6.7262 mg/
g) and bentonite (qesmin = 0.3228 mg/g). All curves showed
higher adsorptions at the beginning and remained constant
(reached equilibrium) after 5 min. Rapid phase at 0 to 5 min
was due to the presence of large number of vacant sites, which
led to the increase of concentration gradient between dye
solution and adsorbent surface [24].
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Fig. 7. Effect of shaking time in adsorption capacity of nZVI, bentonite
and B-nZVI

Effect of temperature: To assess the effect of different
temperatures, batch experiments were conducted at 30, 40, 50
and 60 °C with 50 mg/L dye concentration and 0.5 g adsorbent
dosage. The results were displayed in Fig. 8. From the graph,
nZVI(g.=5.6819 mg/g) and B-nZVI (q.=5.6819 mg/g) curves
were constant and the adsorption capacity was higher compared
with bentonite (q.= 0.2977 mg/g). Composite nanoparticles
provided both mineral and nZ VT particles surfaces for greater
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adsorption sites compared with bentonite itself. The graph also
showed the temperature effect did not give any significant
effect on nZVI and B-nZVI. For bentonite, the adsorption
capacity of acid orange II was slightly higher at a temperature
of 30 °C (q. = 0.2977 mg/g) compared with other temperature.
Through this temperature effect, it was proved that composite
nanoparticles were stable towards any temperature and it
suggested the best material for water treatment in the natural
environment.

Conclusion

In the present study, bentonite supported nano-zero valent
iron was successfully synthesized using chemical reduction
method. Through characterization method, results demons-
trated that B-nZ VI has the ability to prevent the oxidation and
aggregation of nano-zero valent iron particles. B-nZVI also
showed the highest adsorption capacity of acid orange II,
followed by nZVI and bentonite. The optimum condition for
the adsorption process was obtained at 0.5 g of absorbent
dosage, 40 mg/L initial concentration, acidic pH (pH = 2), the
contact time of 5 min and there was no significant effect on
temperature for composite nanoparticles. As bentonite can
easily be obtained at a low-cost, B-nZVI was the best prospect
to remediate the anionic dye in wastewater.
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