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Abstract

Rose bengal (RB) is xanthene dye, that extensively used in dyeing, printing industries and also as an insecticide.
It has severe toxic effects on the human health. Although there are many studies on adsorption/photodegradation of
rose bengal using different reductants, it is of interest to explore the environmentally benign Fe(lll)-montmorillonite
(Fe(lll)—Mt). Fe(lll)-Mt was interacted with rose bengal (RB) solution at different pH (5-10), temperature (0-40°C) and
solid-to-liquid ratio. The concentration of RB removal was estimated from its absorbance at A, = 545 nm using UV-Vis
spectrophotometer. In general, the dye removal was rapid in acidic pH and increases with temperature up to 50°C. A
complete reduction through adsorption occurred within 3 min at pH 5 and 6. The time taken for complete adsorption at
0°C, 30°C and 40°C are 7 min, 5 min and 3 min respectively. The adsorption followed by immobilization of dye on the
spent clay mineral was evident from FT-IR and FESEM/ EDX analysis. This adsorption process can be easily scaled-up

for real system applications.
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Introduction

Dyes which are discharged from textile industries are major cause
for environmental contamination. Most of the dyes are made to be
chemically stable and highly persistent in environment. The waste-
water released from textile industries contains highly colored pigments
causes serious impact not only on aquatic life but also human beings
by producing carcinogenic effects [1]. Among different types of dyes,
xanthene dyes are most widely used and these are characterized by
presence of xanthenes nucleus with aromatic groups as chromophore
[2]. Rose bengal is an important xanthene dye widely used in textile
and photochemical industries whose molecular structure as shown in
Figure la. It has severe toxic effects on the human health especially on
corneal epithelium [3]. This dye is very dangerous when it comes to
contact with skin and causes itchiness, irritation, reddening and blistering.
It also affects to eyes like inflammation, eye redness, itching etc. [4].

There are several, physical and chemical methods have been
studied to remove the organic dyes such as rose bengal, methylene blue
etc. from the wastewater. Physical techniques like photo degradation,
coagulation, flocculation, reverse osmosis, adsorption on the activated
carbon, ion exchange method and ultra-filtration [5], have been
used to reduce the toxic effects of dye effluents. Furthermore various
chemical methods like photosensitized oxidation, adsorption, photo-
fenton’s reactions are also employed for removal of dyes [6-11]. In
contrast these are fairly effective only in removing pollutants, but main
drawbacks involved in these techniques are transform dyes in solution
into solid forms, the secondary waste produced has to be either treated
again or dumped as such [12].

Ti/TiO, mesh electrode process was used for the catalytic
oxidation of rose bengal in aqueous medium. Here Ti/TiO, efficiency
was completely depending on the UV light irradiation/lamp and the
accumulation of adsorbate residue on the electrode surface may reduce
the efficiency of photo oxidation [13]. Moreover some additives like
sulphites are also used for the decoloration of rose bengal by UV/
H,0, using response surface method [12]. Low cost activated carbon
was used for adsorption of different dyes such as rose bengal, congo
red, malachite green, rhodamine B in aqueous medium. In case of rose
bengal adsorption, there will be only 80% dye was adsorbed for 60

min and adsorption efficiency is less in basic medium [14]. Graphene/
polyaniline nanocomposites are used for degradation of rose bengal,
there will be only 56% degradation was observed in 3 h [5]. Magnetic
cobalt oxide nanowires are used for the reduction of rose bengal,
methylene blue and rhodamine B dyes in the presence of NaBH,. In case
of rose Bengal, reduction was completely depend upon the combination
of both CoO nanoparticles and NaBH » Moreover reduction was
completed at 130 min [15]. Degradation of rose bengal and methylene
blue dyes by —Fe,O, nanoparticles are also being reported in literature.
In case of rose bengal, y-Fe,O, nanoparticles are effective only in the
presence of visible light while complete degradation was observed in
210 min [1]. Although these heterogeneous reductants/adsorbents
are used for degradation and adsorption process, there will be a slow
degradation and time consumption is more. These are effective only
in the presence of light irradiation, lower pH and not suitable for real
system applications. Moreover these adsorbents/ reductants cannot be
produced in large amounts for real system applications such as water
and soil treatments. Therefore, it is imperious to look for effective
reductant cum adsorbent for rose bengal in the wide range of pH and
temperature. Accordingly, we have explored the use of Fe-based clay
mineral for adsorption and immobilization of rose bengal in aqueous
solution.

Clays are important class of materials which are readily available
in nature. These are used as very good adsorbents, decoloration agents,
ion exchangers, molecular sieves, catalysts [16]. Clay minerals plays a
pivotal role as supports sensitizers, because of their having large surface
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area and easy adsorption of cationic sensitizers [17]. The most-used
clays as nano—adsorbents are montmorillonite/smectite group and
kaolinite group clays [18]. Montmorillonite (Mt) is 2:1 dioctahedral
smectite group clay mineral having required qualities such as low
diffusion, high absorption capacity, low hydraulic conductivity and
layered structure, as shown in Figure 1b. The octahedral alumina sheet
is sandwiched between tetrahedral silicate sheets. The negative charge
is created on the clay mineral due to the isomorphic substitution in the
octahedral sites (by Mg, Fe,and Ti) and tetrahedral sites (by Al, Fe). Such
a permanent negative layer charge is balanced by exchangeable cations
like Ca, Na, etc at the interlayer. Thus, the cation exchange capacity
(CEC) of clay mineral depends on the net elemental composition,
which varies with the geographical availability in the environment [19].
Clay and clay minerals exhibit the characteristic property called cation
exchange capacity (CEC). It is defined as the capacity of soil to hold
cations such as AP*Ca®*, Mg?*, Mn*', Zn**, Cu*, Fe**, Na*, K*, and H*
and which is described as the quantity of positively charged ions held
by the negative charge that present on the surface layer of clay minerals.

It can be expressed as milliequivalent (meq) of positive charge per
100 g of soil. A meq is the number of ions which total a specific quantity
of electrical charges. Moreover higher the CEC, increase in the negative
charge. As a consequence, there will be more number of cations can
be held. The properties and uses of this clay mineral can be modified
not only by altering the structural Fe(II)/Fe(III) ratio [20], but also by
replacing the interlayer cations with variety of inorganic and organic
cations [21,22]. Environmentally benign and redox sensitive metal ions
like ferrous and ferric ions in the interlayer of smectite clay mineral
can impart many technological important properties. It is obvious
that development of new method which involves heterogeneous
reaction suitable for large-scale synthesis. Fe-pillared montmorillonite
and/or Fe(Ill) incorporated clay minerals are extensively used in
heterogeneous catalytic systems and have proved to be advantages
from both economic and environmental point of view [4,23].

There are few reports on natural [24,25] or modified clay minerals
[26,27] for Cr(VI) reduction. The availability as well as the amount and/
or access of Fe(III) ions for dye degradation are very limited. Hence it
is important to make use of Fe(II[)-Mt, i.e., the redox sensitive Fe(III)
ions placed in the interlayer of clay mineral to augment the real field
applications. Recently, Manjanna et al. has reported the preparation
details and basic properties of Fe(III)-Mt, i.e., the redox sensitive
Fe(III) ions placed in the interlayer of clay mineral [28]. Hence, it is
possible to make use of such an important redox sensitive clay mineral
for the degradation of rose bengal.

Thus in the present study, we have demonstrated the application of
Fe(III)-Mt as an effective adsorbent for rose bengal in aqueous solution
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Figure 1: (a) Chemical structure of rose bengal dye (b) Schematic
representation of Fe(lll)-Mt clay mineral.

followed by its immobilization. The reduction reaction was carried out
at different pH and temperature by varying the amount of Fe(III)-Mt.
To the best of our knowledge, there is no previous literature report
concerning the use of Fe(III)-Mt for the removal of the rose Bengal
from aqueous solution.

Materials and Methods

Materials

Kunipia F mont was purchased from Kunimine Industries Co. Ltd.,
Japan was used for whole experiments which contain >98% of Na-
montmorillonite and only the impurity was quartz. The composition
of raw montmorillonite clay mineral is given as (Na,.,, K ...Ca ...)
(All'ssNIgo.aosFeo'099Ti0'007)oct (Si3'949Alo'051)tet 010 (OH)Z nHzo with a
CEC of about 1.2 meq/g [28]. The dye with a labeled purity of more
than 99% was obtained from s. d. fine-chem limited, India and used
as such. Double distilled water was used throughout this study. The
percentage of dye removal from aqueous medium was estimated from
its absorbance at A_ =545 nm using UV-Vis spectrophotometer.

Fe(III)-Mt preparation

The raw clay mineral (10 g in 1 L) was stirred with 0.4 M FeCl,
solution up to 24 hrs at room temperature (RT = 30°C) in terms of solid
to liquid ratio to convert the clay into Fe(III)-Mt. This process was
repeated thrice to get the complete conversion of clay into Fe(IIT)-Mt.
After cation exchange, the clay mineral was washed with distilled water
by centrifugation and then followed by filtration using 0.2 um filter,
until no chloride was detected while washings by AgNO, test. Later
solid sample was dried at room temp (RT~25°C), ground to powder
form and stored in a vacuum desiccator.

For comparison, Na(I)- and Ca(II)-Mt were also prepared by the
conventional cation exchange method with 1 M solutions of NaCl and
CaCl,, respectively. In order to estimate the interlayer iron, Fe(III)-Mt
was subjected for caion exchange with 0.05 mol/L H,SO, for about 24 h.
The ratio of ferrous to ferric ions (Fe’*/Fe_,, where Fe = Fe**+ Fe’)
released was determined by 1, 10 phenanthroline method [4,29] using
UV-Vis spectrophotometer (\_ =510 nm).

Removal of rose bengal by Fe(III)-Mt from aqueous solution

In a typical stoichiometric case, freshly prepared Fe(III)-Mt
(2.85 g) was added to rose bengal solution (0.025 mM, 100 ml) and
kept stirred magnetically. The reactions were carried out at different
pH (5 - 10), solid-to-liquid ratio and different temperature (0, 30
and 40°C). The reaction mixtures was withdrawn periodically by
using syringe tube and then centrifuge (REMI, R-8C BL BENCH TOP
CENTRIFUGE) to separate the suspended clay particles. The decrease
in the dye concentration was estimated from its absorbance. The
decrease in the dye concentration, due to reaction between Fe(III)-Mt
and rose bengal was expressed in terms of % reduction as a function
of time. The spent Fe(III)-Mt was separated by centrifugation, washed
thoroughly with water and vacuum dried at room temperature for
further characterization using XRD, FT-IR and FESEM/ EDX analysis.

The X-ray diffraction pattern (XRD) of the samples were recorded
using D2 phaser XRD (Bruker AXS GmbH, Germany) with Ni-
filtered Cu K, radiation, A =1.5417 nm. Infrared spectrum of the
samples was recorded by KBr pellet method using IR analyzer (FT-
IR8600PC, Shimadzu Corporation, Japan). The micrographs of freshly
prepared and spent Fe(III)-Mt was recorded using field emission
scanning electron microscope (Nova NanoSEM 600, FEI Company,
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Netherlands) along with energy dispersive X-ray (EDX) analysis for
approximate elemental composition.

Results and Discussion

Formation of Fe(III)-Mt

The concentration of iron obtained from 0.5 g of Fe(III)-Mt
using different reagents (100 ml) viz., 0.05 mol/L H,SO,, 0.5 mol/L
(NH),C,0,, 1 mol/L NaCl, 0.05 mol/L Na EDTA. The total Fe(III)
ions extracted was about 1.18 meq/g. In addition, the XRD and FT-IR
results are confirm the formation of Fe(IIT)-Mt.

The XRD patterns of Fe(III)-Mt in comparison with Ca(II)-Mt,
Na(I)-Mt and spent Fe(III)-Mt at relative humidity (RH) 40% is
shown in Figure 2. The basal spacing, d,, are as followss: Fe(III)-
Mt, 15.4 A; Ca(Il)-Mt, 14.9 A and Na-Mt, 12.1 A. It is clear that
the divalent cation exchanged clay minerals showed higher d,, due
to larger layer of hydration when compared to monovalent cation
exchanged clay mineral. These values are in good agreement with the
previously reported values [30,31]. In spent Fe(III)-Mt, basal spacing
d,,, was almost same due to small amount of rose bengal adsorbed on
the surface area and very difficult to show a significant peak using XRD

analysis.

As shown in Figure 3 the FT-IR spectra of freshly prepared Fe(III)-
Mt is similar to that of Na(I)-Mt. The basic structure of clay mineral has
not undergone any changes. For instance, the bending vibration bands
at ~ 520 cm™ for Si-O-Al, and 920 cm™ for Al,OH are intact. However
stretching vibrations of Si-O group ~ 1046 cm™" are slightly broadened.
The vibration bands at 1628 cm™ corresponding to adsorbed water,
and 3429 cm™ for water present at the interlayer. In case of spent
Fe(III)-Mt clay mineral, it has undergone some slight changes. When
stoichiometric amount of Fe(IIT)-Mt treated with rose bengal solution,
anionic rose bengal does not exchange on clays but it can be bound
to the surface OH groups using the procedures for silica gel [17]. In

dgo=14.9 RH=40% Ca(ll)-Mt
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Figure 2: Powder XRD patterns of Fe(lll}-Mt in comparison with Ca(ll}—, Na(l)-
& spent Fe(lll)-Mt at relative humidity 40%.
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Figure 3: FT-IR spectra of freshly prepared Fe(lll)-Mt compared with Na(l)-Mt
as well as spent Fe(lll)-Mt.

Figure 3, clearly shows the OH groups present in spent Fe(III)-Mt as
strong sharp peaks in the range 3600-3700 cm™.

Rose Bengal dye adsorption using Fe(III)-Mt

Effect of amount of Fe(III)-Mt on RB dye removal in aqueous
solution: In order to determine the stoichiometric amount of Fe(III)-
My, it was added to RB dye solution (RB solution 0.025 mM, pH 6) by
varying the amount of Fe(III)-Mt from 0.5 g to 3.0 g. The concentration
of RB dye removal was estimated from its absorbance at = 545 nm
using UV-Vis spectrophotometer. The effect of amount Fe(III)-Mt on
the rate of adsorption of RB dye solution is depicted in Figure 4. From
the Figure 4, it was observed that the required amount of Fe(III)-Mt
for 100% dye removal was 2.85 g. It was observed that the rate increases
with increase in Fe(III)-Mt from 1.0 g to 2.85 g.

Effect of pH and amount of Fe(IIT)-Mt on rose bengal removal
from an aqueous solution: In Figure 5a-c shows the % removal of dye
at different pH as a function of time for different solid-to-liquid ratio
viz., (a) Fe(III)-Mt is in stoichiometric amount (2.85 g), (b) Fe(III)-
Mt stoichiometricaly less (2.80 g) and (c) Fe(III)-Mt stoichiometricaly
very less (2.50 g). In general, the dye adsorption by Fe(III)-Mt is very
rapid process. At pH 5, we see one stage complete reduction. At pH 6, 8
and 10 by Fe(III)-Mt, a rapid first stage followed by a slow second stage
reduction can be shown in spectra. A complete reduction occurred in
about 3 min at pH 5 and 6, when stoichiometric amount of Fe(III)-Mt
was present. At neutral pH and above, the adsorption was relatively
slow. For instance, at pH 8 and 10 about 90% reduction within 15 min
and thereafter gradual reduction occurred.

It is well-known that the pH has a significant effect on the dye
removal/adsorption process. For instance, Gupta et al. have reported
the adsorption of hazardous rose bengal by bottom ash under acidic
pH is very faster than neutral pH and slower at alkaline pH [32]. Photo
catalytic decolorization of rose bengal by UV/H,O, was reported, at
pH 2 - 4 there was 75% decolorization, whereas pH 8 - 10, only 60%
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Figure 4: Effect of amount Fe(lll)-Mt on the rate of adsorption of RB dye
solution.
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Figure 5: Removal of rose bengal dye.

was observed [12]. Zinc oxide by coating with some natural pigments
like chlorophyll and anthocyanin are used as a photocatalyst for the
photobleaching of rose bengal. In contrast photocatalytic degradation
of rose bengal was maximum at pH 5 and the rate of photodegradation
was decreased as the pH increases more than 5 (6 - 8) [33]. There
are some reports on extraction and determination of rose bengal in
aqueous medium by use dispersive liquid-liquid micro extraction
(DLLME) coupled to UV-Vis spectrophotometry method. There is a
65% extraction recovery at pH 2 - 4, while at pH 5 - 6, only 50% and
gradually decreases to 20% at pH 7 - 10 [34]. Kaur and Singhal have
reported the ZnO nanoparticles are also used as photocatalysts for the
degradation of rose bengal. At pH 3 - 5, there is an increase in rate
of dye degradation, but above pH 5 (pH 6 - 10); gradually there is a
decrease in dye degradation [2]. Furthermore ZnO@ZnS core - shell
nanoparticles were used as a photocatalyst to decompose rose bengal
at different pH values. In contrast ZnO@ZnS core - shell nanoparticles
shows very good adsorption efficiency at pH 4 whereas at pH 7 shows
low adsorption. Moreover ZnO NPs are well performed at pH 7 but less
effective at pH 4 [35]. However, in the present study we observed the
efficient adsorption at acidic medium as well as basic medium. Using
FT-IR and FESEM with EDAX analysis, we have shown that the rose
bengal was bound on the surface of Fe(III)-Mt.

Effect of temperature on RB dye removal using Fe(III)-Mt: The
adsorption of rose bengal by Fe(III)-Mt was carried out in different
temperatures (0 - 50°C ) at pH 6 in Figure 6a-c. In general, the dye
adsorption increased with temperature up to 50°C. The time taken
for complete adsorption at 0°C, 30°C, 40°C and 50°C are 7, 5, 3
and 3 min respectively. However when Fe(III)-Mt (Figure 6b) was
stoichiometrically less, At 30°C and 0°C there will be a 78% and 75%
removal at 1 min followed by 85% at 5 min respectively. But complete
removal is not possible in both the cases due to the insufficient amount
of Fe(III)-Mt for adsorption of RB dye in aqueous solution.

When Fe(III)-Mt (Figure 6¢) was stoichiometrically very less,
At 30°C there will be 97% reduction at 1 min, but continuous zig-
zag variation in reduction was observed from 3 min to 20 min with
95% efficiency after 20 min. Whereas at 0°C also followed the same,
only 90% removal was achieved. In both the cases complete removal
is not attained due to the insufficient amount of Fe(III)-Mt. Salam et
al. [32] have shown that temperature dependent on removal of rose
bengal by MWCNTS/chitin/magnetite (MCM) nanocomposites in the
range of 10 — 40°C at pH 8 with a reaction time of 40 min. The results
revealed that removal of dye was observed at 10 - 50°C and there will
be an 85% and 100% removal at 10 - 40°C and 50°C respectively.
Batch and bulk removal of rose bengal by adsorption using bottom
ash shows the maximum adsorption at temperatures 30 — 50°C was
established at around 90 minutes [32]. If the temperature increases,
dye adsorption also increases. Furthermore activated carbon was used
for removal of acidic and basic dyes through adsorption in aqueous
medium. At 30°C from pH 4 - 6 there will be 75%, whereas at pH 6
- 8 only 70% adsorption was observed for overall 60 min. From the
equilibrium constant values it was noted that, as the temperature
increases adsorption also increases [14]. However, in the present study,
However, in the present study, we observed the efficient removal of dye
from Fe(IIT)-Mt in all the temperatures from 0 - 50°C .

Examination of spent Fe(IIT)-Mt

Figure 7 represents the images of Fe(III)-Mt before and after
treat with rose bengal dye solution. In order to understand the RB
dye removal and it’s adsorption on the clay mineral, it is important to
examine the spent or oxidized Fe(III)-Mt. Accordingly, the Fe(III)-Mt
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Figure 6: Removal of rose bengal dye at pH 6.

Figure 7: Photographs of Fe(lll)-Mt before and after treat with rose Bengal

dye solution.

was analyzed by FESEM/EDX spectra to observe any morphological
changes upon dye adsorption. In Figure 8, there is an appreciable
change in the microstructure of Fe(III)-Mt can be shown. Small white
spots are observed on the surface of clay mineral as shown in Figure 8b
(clearly visible in Figure). However, EDX confirmed the immobilized
dye present in the spent Fe(III)-Mt. However we cannot observed any
significant peaks regarding clay-dye interaction in XRD analysis of spent
Fe(II)-Mt.

In order to quantitative estimation of iron in the spent clay mineral,
Fe(III)-Mt was done with different reagents viz., 0.05 mol/L H,SO,, 0.5

mol/L (NH),C,0,, 1 mol/L NaCl, 0.05 mol/L Na EDTA. In each case, a
known amount (0.2 g) of the spent clay mineral was dispersed in 50 ml
of reagents for 24 h. The ratio of ferrous to ferric ions (Fe**/Fe  where

Fe ., = Fe’* + Fe**) released was determined by 1, 10—phenanthroline

method [4,29] using UV-Vis spectrophotometer (\ 510 nm) as
shown in Table 1.

A total of 0.1 ml of the aqueous sample was taken in the 50 ml
volumetric flask containing 5 ml of dil. HCI. A total of 5 ml of 10%
hydroxyl ammine hydrochloride was added to this and we waited for
about 5 min to reduce all Fe(III) to Fe(II). Then 2.5 ml of (acetic acid-
sodium acetate) buffer was added followed by 0.5 ml of 50% ammonia
solution. To this mixture, 5 ml of 0.25% of 1, 10-phenanthroline
solution was added and diluted to 50 ml with distilled water. The
optical absorbance was recorded for this solution at 510 nm. A similar
procedure was followed for obtaining calibration plot using standard
iron solution. From the slope, we could determine the concentration of
the dissolved iron as Fe’* and referred as Fe = Fe’* + Fe’*. To know
the Fe** alone in the dissolved iron, the hydroxyl ammine hydrochloride
was not added during the estimation to prevent the reduction of Fe**
> Fe?". Thus, the Fe?"'Fe_  ratio could be determined in this study [4].

total
Comparison with other adsorbents/reductants

Although some Fe-containing clay minerals like ferrous saponite
are found in the natural environment [25], the availability of Fe (III) ions
is very limited. CuO-ZnO composites are used as nanophotocatalyst
for the degradation of textile dyes under visible light [36,37]. Graphene
oxide/sodium alginate/polyacrylamide (GO/SA/PAM) nanocomposite
hydrogel [38] and FeS, thin films [39] are employed for the adsorption
and degradation of dyes. But these are restricted to the laboratory
purpose, while these are not able to prepare in large amounts and not
suitable for field applications. Bottom ash is used as adsorbent for
removal of hazardous dye rose bengal in bulk process. After adsorption
process, discarding of bottom ash to outside or environment is a major
problem. Because it is highly unsuitable for agricultural purpose and
also makes the agricultural land barren and also leads to infertility
[32]. Pt-graphene/TiO, nanocomposites [40] and CdS nanospheres
[41] are used for the photodegradation of organic dye molecules, while
these have shown very good efficiency in the presence of visible light
irradiation, but in the absence of visible light there will be a negligible
performance in photo degradation process. On the other hand,
few reduction processes developed seemed to be restricted only for
laboratory use [42] and not for real system applications. Hence it is
essential to propose a suitable material which acts as both reductant
and adsorbent for field applications, especially to treat water and soil.
We believe that Fe(III)-Mt could be the efficient, facile and reliable for
remediation of dyes from aqueous solution.

Conclusion

We have achieved an efficient and concise method for RB dye
removal by Fe(IlI)-Mt through adsorption process. Experimental
studies clearly revealed the removal of RB dye from aqueous solution
can be achieved rapidly through adsorption process at solid-liquid
ratio, different pH and temperature. The removal of rose bengal
concentration was estimated from its absorbanceatA_ =545 nm using
UV-Vis spectrophotometer. The decrease in rose bengal concentration,
due to reaction between Fe(III)-Mt was expressed here in terms of %
reduction as a function of time. In general, dye removal by Fe(III)-
Mt is a rapid process, especially under stoichiometric conditions. For
instance, a complete removal occurred within 3 min at pH 5 and 6;
at basic pH reduction was relatively slow. The dye removal increased
with different temperature 0 — 50°C. The time taken for complete
adsorption at 0°C, 30°C, 40°C and 50°C are 7 min, 5 min, 3 min and 3

J Environ Anal Toxicol
ISSN: 2161-0525 JEAT, an open access journal

Volume 6 « Issue 2+ 1000355



Citation: Vinuth M, Naik HSB, Vinoda BM, Pradeepa SM, Arun KG, et al. (2016) Rapid Removal of Hazardous Rose Bengal Dye Using Fe(lll)—
Montmorillonite as an Effective Adsorbent in Aqueous Solution. J Environ Anal Toxicol 6: 355. doi:10.4172/2161-0525.1000355

Page 6 of 7

Si
9 [Element [ Wt [ At% |
=) 0 | 4919 | 6344
8 Mg 2.4 2.03
Al 13.2 10.1
E‘ Al Si 31.28 22.98
2 Fe 3.94 1.46
'9 Total 100 100
=
iRl
”———v-(‘—-‘\v-w-—-bq——
® 100 200 600 800
Energy (eV)
T . Element | Wt% At %
Adsorption of RB dye O Si o 40.96 | 57.36
molecules on the — Al '\/ng 1129881 11086321
surface uf‘F(illl)-M! : S 3(;.9 24:65
= c 075 | 048
.'E Fe 12.6 5.05
2 Total | 100 | 100
2
c
i KM&»-M—M
e
Pl L
T /¢ T
0 200 600 900
Energy (eV)
Figure 8: FE-SEM with EDX of (a) Fresh Fe(lll)-Mt (b) spent Fe(lll)-Mt (after
treat with dye).
Extraction reagents Fe(ll) ions present Fe(lll) ions present
in (mM) in (mM)
0.05 M H,SO, 1.07 1.26
0.50 M (NH),C,0, 2.64 1.86
1.00 M NaCl 1.47 1.56
0.05 M Na,EDTA 2.64 1.03

Table 1: Amount of ferrous and ferric ions released from spent or oxidized Fe(lll)-
Mt in different reagents.

min respectively. The adsorption of RB dye was confirmed from FT-IR
and FESEM/EDX analysis. This method provided a facile and reliable
access for remediation of wide variety of dyes from aqueous solution
under ambient conditions.
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