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Abstract
The mono-azo dye, Orange Il, solution was substantially degraded with cast iron particles under varied conditions of experimental
variables such as pH, initial dye concentration and cast iron dosage.At all solution pH studied, the degradation efficiency achieved
was > 90%. With an initial dye concentration of 100 mg/L and optimum cast iron load of 28.56 g/L, the optimum degradation
efficiency of 97.63% was achieved at pH 3. With same cast iron load and solution pH, more than 95% dye degradation efficiency was
achieved at different initial Orange Il concentrations ranging from 50-500 mg/L. The efficiency of cast iron particles in degrading
Orange |l dye was compared with that of pure elemental iron used in other study. Cast iron particles showed better degradation
efficiencies than elemental iron that too at relatively lower dosages. Ultimately, from the results it can be inferred that cast iron
fillings can be successfully applied to treat textile effluents containing high dye concentration and treatment efficiency can be

enhanced by optimizing the reaction conditions.

Index Terms. azo dyes, Orange |1, degradation efficiency, cast iron fillings
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1. INTRODUCTION

Textile dyeing industries have long been one of thest
important industries in the world. According to astimate,
around 0.7 million tons of dye are used every y&awhich
50% are azo dyes [1]. Of the total dye producedp 15 lost
during the dyeing process [2]. Dyes being tinclbyristronger
are visible in water at concentrations as low agpfn [3].
Available literatures points that dye containindglueint are
more mutagenic and toxic when compared to othensimil
discharges [4]. Researchers have shown that azordigased
into ground and surface waters from textile disghar
contribute to mutagenic activity [5,6]. Besidese ttelease of
coloured wastewater in the ecosystem is a remagksdnlirce
of aesthetic pollution, eutrophication, and peratidns in
aquatic life [2].Several chemicals found in dyekbaffluent
are toxic, carcinogenic, mutagenic, or teratogeaivarious
life forms. The human health impact of dyes, esgbciazo
dyes and their degradation products have causezkbooifor a
number of years, with legislation controlling theise, being
developed in a variety of countries [7]. Increabinghe
environment and subsequent health effects of azes dy
released in textile industry wastewater are becgrirbject to
scientific scrutiny. It is hence not surprising tthamoval of
these compounds has now-a-days
environmental concern.

Many physical and chemical treatment processes baes
developed in scientific laboratory but their preati
applicability is restricted either by cost or effisccy and

become a major

cannot be adopted as an exclusive method.Convattion
biological treatment methods alone generally aefféctive
insofar as complete azo dye degradation is condf8he
Since biological treatment methods are still theeaghest
option available, efforts should be made to deveklp
effective pretreatment technology that could tramsfthe azo
dyes into easily bio-decomposable compounds.

Reductive transformation of pollutants using cashifilings
is widely gaining attention for environmental reradign.
Cast iron filings are cheap and easily availablergf reducing
agent. The literature substantially reports theliegipility of
cast iron filings in treating wastewater contamadatwith
chlorinated compounds [9], nitroaromatic compouri8],
heavy metals [11], explosives[12] and dyes[13], émong
these pollutants azo dyes are considered as mastible to
metallic reduction [14], thus, if the treatment diions are
optimized cast iron filings can serve as an eféecti
pretreatment alternative. In this study, treatmeisynthetic
wastewater containing mono-azo dye Orange Il hasnbe
carried out using cast iron filings. This studyeimds to
optimize the key reaction parameters that coulédcafthe
applicability of cast iron filings for treating aztye-containing
wastewater in large scale.

2. MATERIALSAND METHODS
2.1. Dye

Commercially available mono-azo dye Orange Il (M.W.
350.32)which is a widely used anionic monoazo-dy vas

Volume: 02 Issue: 09 | Sep-2013, Available @ http://www.ijret.org 227




IJRET: International Journal of Research in Engineering and Technology

el SSN: 2319-1163 | pl SSN: 2321-7308

chosen as a model of the hydro soluble phenylazdhap
dyes due to its resistance to biological degrada%®@7 was
purchased from Atul Ltd. (India) and was used awiked.
The dye solutions in a 1cm quartz cuvette were regcrover
the wavelength range 200-800nm wusing a UV-visible
spectrophotometer (UV-1800 series, Shimadzu, Japan)
determination of the wavelength of maximum absockaf
max).

2.2 Preparation of Cast Iron Fillings

Commercially available cast iron rod was chippedaolathe
machine and then ground into iron filings in a dowsige ball
mill. The filings were sieved and those between(4&b um)
and 80 (212um) mesh sizes were retained for use. Cast iron
fillings, thus produced, was washed 5-6 times Wgisparged
1N HCI with periodic shaking. Then it was rinsedllDtimes
with N2-sparged deionised (Milli Q) water. The wasdh
fillings were rinsed twice with acetone to removeisture.
Again it was rinsed twice with 95% pure ethanol anéd for

1 hour. This treatment yielded black metallic fjswith no
visible rust on the surface. Fillings were storadai vacuum
desiccator until use in various experiments.Surfaea of the
treated filings was determined by BET (N2) analysitng a
BET surface area analyzer (NOVA 4000e, Quanta chrom
Instruments, USA) to be 1.4 m2/ g.

2.3 Experimental Procedure

Time series batch experiments were carried out 5nn8
capacity glass vials with screw caps (Borosil, #diAll dye
solutions were prepared using deionized (Milli Qater and
all reagents utilized were of analytical purity.eTsolution pH
was adjusted to the desired levels using HCI (0.6MYaOH
(0.1 M) with a pH meter (Digital pH meter 111, HEidia). For
proper mixing, the vials were placed on a test tuttator
(Rotospin, Tarsons, India), at 30 rpm, keepingatkie of vials
horizontal. Temperature was 25 ¢Q@ for all experiments.
Vials were removed from the rotator in duplicat®iig with a
control) at specified times for sampling and analysd were
put on a magnet to allow iron particles to settdevd quickly.
Supernatant samples were taken out from vials dtefedd
through GF/C filter paper (1.2 um nominal pore sihat
man, Springfield Mill, England).

2.4 Analytical Procedure

Efficiency of cast iron fillings for the degradatiof Orange Il
was assessed in terms of decolorization efficie(¥y as
follows:

Degradation efficiency (%) El — A./A;]x100% (1)

Where At = absorbance of solution at time't’ ofai®ent,

AO = absorbance of untreated solution.

3.0RESULTS & DISCUSSION
3.1 UV-Vis Scan

The UV-vis spectra of Orange Il scanned over wagle
range of 200 to 800 nm is shown in Fig.1l. Different
absorbance peaks exhibit different structural uaiitd groups

of the dye molecule.Orange Il is characterized hg main
band in visible region, with its maximum absorptiah 484

nm, and two bands in ultraviolet region located @29 nm

and 310.5 nm. These observed peaks correspond to
chromophore containing azo linkage, benzene ringl an
naphthalene ring, respectively [16].
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Fig.l: UV-Vis spectra of Orange Il azo dye

3.2 Effect of Solution pH

Solution pH has been considered as one of the iesupor
factors in governing the reduction of contaminarity
elemental iron, therefore the effect of initialwadn pH on the
decolorization of Orange Il was studied, and th&ults are
shown in Fig.2. The degradation efficiency crosseie than
90% within 5 min of treatment.Final Orange Il detgtion
efficiency after 60 min of treatment was 97.63%19%,
96.97%, 95.14%, 93.95%,for pH 3, pH 4, pH 5, pHné aH
7, respectively. As the solution pH increased dmiztion
efficiency decreased.When dye molecule collides hwit
elemental iron, elemental iron, as an electron dotuses
electrons, the dye molecule, as an electron acceptoepts
electrons, and combines with H+to form a transaiqroduct.
This product receives electrons from elemental i
combines with H+ again, finally turning into terrain
products. With more H+ in acid solution than thatalkaline
solution, the reaction in acid solution is easief]|
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Fig.2: Effect of different pH values on degradation oh@ge
Il dye solution (Initial conditions:cast iron dose=
28.569/LI;Orange Il conc.=100 mg/L; mixing speedrBm)

3.3 Effect of Initial Dye Concentration

The effect of initial concentrations of Orange Ih ats
degradation efficiency were evaluated at a conaéotr range
of 50 mg/L to 500 mg/L using 28.56 mg/L cast iraysdge at
pH 3. As shown in Fig. 3, the degradation efficiesc
achieved after 5 min was decreasing with increasiitgl
Orange Il concentration, i.e., 97.21, 94.81, 97888, 57.07
and 47.63% for initial dye concentrations of 50 Inpgl00
mg/L, 200 mg/L, 300 mg/L, 400 mg/L and 500 mg/L,
respectively. This suggests that the decolorizatimn
adsorption controlled process [18]. The final efficies were
greater than 95% after 60 min of treatment for all
concentrations of Orange Il studied.

100

90 4

g
y
= 80
2L
L
E 70 -
c
i<l
kS
® 604
[=2)
[
[a)
50 - —&— 5min
O+ 40 min
—¥— 60min
40 T T T T
0 100 200 300 400 500

Initial dye conc. (mg/L)

Fig. 3: Effect of different initial dye concentration on
degradation of Orange |l dye solution (Initial caiwhs: cast
iron dose= 28.56g/L; pH- 3.00; mixing speed-30 rpm)

3.4 Effect of Cast Iron Load

The effect of the cast iron dosage on on Orangerioval
efficiency,shown in Fig. 4, indicates that Orangé |
degradation efficiency increased with the increafsthe cast
iron load. From the experimental data 54.93%, .13
96.25%, 96.79% and 96.91% degradation efficienaiikin
first 5 min, and96.36, 97.63, 99.42, 99.21 and P%after 60
min by cast iron doses of 7.14g/l, 14.28g/l, 28/5642.84g/I
and 57.12g/l, respectively. Increasing the loadca$t iron
provided substantially more active surface siteadoelerate
the initial reaction, resulting in more iron suracollision
with  more azo dye molecules to enhance Orange |l
degradation. However, highest degradation effigremas
achieved at cast iron dosage of 28.56 g/L. Thissual
precept can be attributed to the fact that the gumes of
excessive iron in the acidic solution system couid
detrimental since the final pH of the system caelach higher
values thereby decreasing the degradation rate [19]
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Fig. 4: Effect of different cast iron dosage on degradatid
Orange Il dye solution (Initial conditions: solutipH -3;
Orange Il conc.= 100 mg/L; mixing speed-30 rpm)

3.5 Comparison of Efficiencies of Cast Iron Fillings
and Purelron

Table 1 shows the comparative degradation efficgmnof
Orange Il using pure elemental iron as reportedMay et
al.[18], and cast iron fillings reported in this ko Mu et
al.[18] have reported highest degradation efficyenic90-95%
for 101.5 mg/L Orange Il adding 66.6g/L of purenirafter 80
min of reaction time. Whereas in this study gredtan 99%
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degradation efficiency could be achieved for 10Qnm@rfange
Il using fairly low cast iron loading of 28.56 gMithin 60
min of reaction time. Also, the mixing speed waptké times
lower at 30 rpm in this study compared to 120 reported by
Mu et al.[18]. In addition, cast iron fillings shed
significantly higher degradation efficiencies at piH ranges

studied. This greater ability of cast iron to detgradbrange Il
could be attributed to the presence of graphitdugsions
embedded in the iron matrix which serves as anantine
adsorption site[9,20,21]. Thus, adsorption and cédn takes

place simultaneously on cast iron surface.

Table 1. Comparison of degradation efficiency of cast irod aero valent iron studies

Dosage Mixing o Reaction Conc L
Author Iron type Dye rate Temp (C) time ) pH Efficiency (%)
(gL) (rpm) (min) (mg/L)
49 4 <90
101.5 4 ~75
Mu et _ 199.5 4 75
al [18] Micro-zZVI 66.6 Orange Il 120 30 80 101.5 3 90-95
’ 101.5 5 70
101.5 6 60-70
101.5 7 60
50 3 >99
100 3 >99
200 3 >99
This _Micron Orange Il 30 252 60 100 4 97
work sized Cast 28 56 100 5 ~97
Iron 100 6 95
100 7 ~94
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