Available online & www.derpharmachemica.com

I'_Q@‘ma ngl
@ ‘ ISSN 0975-413X Der Pharma Chemica, 2016, 8(18):345-349

CODEN (USA)Z PCHHAX (http://derpharmachemica.com/archive.html)
l=w=

\

** De,.
**ed

Neutral red removal Using different techniques: Diect photolysis, UV/HO,,
Fenton and Photo-Fenton

A. Jaafar®’, A. Boussaoud, S. Jodeli”, K. Azzaouf, B. Hamed, R. Salghf, G. Hanbal®,
A. Rasem Hasafland B. Khalaf®

4Team of control, Analysis & Environment, Superion@l of Technology, Cadi Ayyad University, Road Ba
Aissa PO Box 89, Safi, Morocco
Department of Chemistry, An-Najah National UnivigrsP.O. Box 7, Nablus, Palestine
‘Laboratory of Mineral Solid and Analytical ChemigtFaculty of Sciences, Mohamed Premier Univer§iyjda,
Morocco
“Laboratory of Environmental Engineering and Bioteclngy, ENSA, Université Ibn Zohr, PO Box 1136,0800
Agadir, Morocco
*Department of Civil and Environment Engineering-Majah National University, Nablus, Palestine

ABSTRACT

In this study, evaluation and comparison of theaifeness of some photochemical systemssuch et dlv
photolysis, HO,/UV, H,0,/Fe**(Fenton process)and #./Fe**/UV (Photo-Fenton process) have been investigated
in lab-scale experiments to remove Neutral Red(@bbted as NR)from aqueous solutions. From theraxpatal
results, it has been found that color removal fokd the increasing order: Direct UV photolysis <®G3/UV
<H,0,/Fe?*< H,0,/Fe IUV.
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INTRODUCTION

Some chemicals released into the environment incihwerse of different applications can become piensis
hazardous, threatening not only to human healthdotite entire ecosystem (Kasturyetal. 2015). Newéd (NR;3-
amino-7-dimethylamino-2-methyl phenazine) is a bgtitphenazine that has found a wide range of egmins in
multiple disciplines for over a century. It is &¥rclic aromatic amine containing two nitrogen atoim the aromatic
ring structure. The presence of a C—N substitutioaromatic compounds, including that found in Niermits NR
to be water soluble and therefore increasing smilability (Kobeticovaetal. 2011). This may risn increasing
mobility of NR, potentially increasing its toxicignd mutagenicity(Kasturyetal., 2015).Since itdiestrknown use
as a vital stain in 1894 [Koehring, 1930], NR haeio broadly used as an intracellular pH indicatmmfannaa and
McCracken, 1984), ecological marker (New, 1958jitexdye (Sharma etal. 2009; Zhou, 2001; Gueradl. et
2012),histological stain in cytotoxicity assays é&ard etal., 2012)and recently as electron shuitilesicrobial fuel
cells for electricity generation [Park and ZeikR8p0)and during reductive hemolytic ons(Watanahk,&009)

In this fact, treatment of aqueous solution contgMR by advanced oxidation process is very irstmg. In this
system, the free radical¥OH) which are responsible for the degradation gfaic pollutants into biodegradable
compounds or complete mineralization into ££8,0 and inorganic ions(Yee etal., 2010; Dias etdll4)(Dias et
al., 2014). The use of FéH,0, as an oxidant for wastewater treatment is attractince iron is highly abundant
and non-toxic, and a 30% hydrogen peroxide aqusolusion is easy to handle and environmentallyhastnful.
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Nevertheless, the efficiency of the Fenton prodessrongly dependent of pH; the optimum pH vali@riound 3
(Jaafar and Boussaoud, 2014).

The HO,/UV process occurs upon irradiation of the pollatselution containing kD, with UV light. This causes
the hemolytic cleavage of ,B,. The main reaction of },/UV is given below (Eq. (1)) :(Andreozzietal., 1999
Pignatelloetal., 2006).

h .
H,0,5 2 OH (1)

The aim of this research paper is to evaluate andompare the effectiveness of some advanced @xidat
processessuch as direct UV photolysis, UX3 Fenton and Photo Fenton process, on the reméWwiRdrom an
aqueous solution.

MATERIALS AND METHODS

2.1. Materials

Neutral Red(a basic dye of phenazine type (C.l. 30940))was obtained from REACTIFS RAL (RHON
POULLENC), the molecular structure of it is dispayin Fig. 1. Hydrogen peroxide (110 volumes)watioled
from Scharlau, ferrous sulfate (FeSIH,0), sulfuric acid and sodium hydroxide were allaibéed from Loba
Chemie. All chemicals were of analytical grade amere used without any further purification. Watesed
throughout was distilled water.
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Figure 1: molecular structure of neutral Red

The concentration of the dye in the reaction mixtat different reaction times was determined bysueag the
absorption intensity ak,m,=530 nm using a UV-Vis spectrophotometer (RAYLEIGY-1800). The removal
efficiency of NR was defined as follows:

Removal efficiency (% = (Ag—A )/ A (x100% (1)
Where A is the initial absorbency of NR, and i& the absorbency of NR at reaction specificafhet

2.2. Experimental methods

All experiments were carried out in a photochemiealction instrument (Figure 2), which has 1000behker; and
stirred by a magnetic stirrer. For the irradiat®ource, a plunging tube containing a low pressueecary UV
lamp(125 W, manufactured by Ingelec) was introducette solution. This tube had a quartz cylindrjeaket, in
whichwater circulated to avoid the heating of tledugon. Solution pH values were adjusted to thsirdel level
using dilute sulfuric acid and sodium hydroxide jethwere measured by a pH meter (CRISON):

Direct photolysis procedure:Solutions of NR were prepared and exposed to WAdiation without any reagent.

UV/H,0, system procedure:Each experimental run was performed by taking praggeaount of dye solution
followed by the addition of hydrogen peroxide. Thactions were initiated by UV irradiation.

Fenton procedure: Each experimental run was performed by taking prepsount of dye solution followed by the

addition of ferrous ion and dilution with distilledater. The reactions were initiated by adding bgen peroxide to
the reaction beaker
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Figure 2: photochemical reaction instrument

Photo-Fenton procedure The same Fenton procedure but the reaction bees®exposed to UV irradiation.

The dye taken samples were taken out from the lbgatedically using a pipette and were immediatahalyzed.
Each experiment was replicated three times.

RESULTS AND DISCUSSION

3.1. UV-vis spectrum of NR

The UV-vis spectrum of NR in natural pH (6.25) andlilute concentration was recorded from 200 t6 8fh using
a UV-vis spectrophotometer with a spectrometricrgueell (1 cm path length). Fig. 3shows that tbdgnpound
exhibits an intense band located around 266 nmrgdibn) and another one at around 530nm (visitgéerg.

The pH affected the behavior of the dye, mainlpasic medium (pH 9). Indeed, we observe a colonghaf the
solution (turning into yellow). This color changancbe due to the deprotonation process. Besidespaerve the
change in band position from 530 to 428 nm. By @sit we remark no change in color and also in lpasitions

in acidic medium (pH = 3). From the spectrums of Bemd HO, in 500—600 nm have not absorption (Jaafaretal.,
2016).

—— MNeutral pH
—=—pH=3
——pH=9

1.5+

Absorbance

200 400 600 800
Wavelength (nm)

Figure 3.Spectrum of NR.Influence of pH.
3.2. Comparative experiments
Comparative experiments were undertaken in theepaesof (Fig. 4) (i) Direct UV photolysis (ii) 8./UV Process
(iif) Fenton Process (iv) Photo-Fenton process.

In our case, the different processes were carrigdabroom temperature, with an initial concentmatof NR of
0.156mM. Hydrogen peroxide was added at,@H[NR] molar ratio of approximately 5 (#./UV process,
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Fenton process and photo-Fenton process). Thelinighcentration of F&ions was 0.072mM (Fenton process and
photo-Fenton process). These optimum conditiong determined in other study (Jaafaretal., 2016).

Table 1: Initial rate of different systems

Process Initial rate § (MM min™)
uv 0.0008
H,0,/UV 0.0032
Fenton 0.016
Photo-Fenton 0.0285

From the experimental results, in direct UV phasidy Fig. 4 presents low NR removal efficiency yohb%). The
reason is the low absorbance of light by NR. Fhepprocesses the NR removal efficiency increasddallow the
ascending order for a reaction time of 30 mipgOHUV (70%) < Fenton (87%) < Photo-fenton ( 97%).Tban be
attributed to the increased production of more 1@#icals in these systems respectively.

The rate of NR removal could be increased by i@l of Fenton with UV light (photo-Fenton proceddV light
leads not only to the formation of additional hydrbradicals advanced oxidation process but alsmebycling of

ferrous catalyst by reduction of ¥€Eq. 2). In this way, the concentration of’Fis increased and the overall
reaction is accelerated (Modrishahla etal., 2007).

FE&" + H,0, + H'— F€" + H,0 + HO )
Fe" + H0, »F&" + OOH + H ®3)

Furthermore,the removal initial rate constant ef dye for different systems was calculated (Tab. 1)
It is clear thatg (Photo-Fenton)zr(Fenton)> ¢ (H202/UV) > g (UV).
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Figure 4.Effect of various processes on NR remové)). Reaction conditions: initial concentration of NR, [NR], =0.156mM, initial
concentrationof hydrogen peroxide, [HO, = 0.750 mM, initial concentration of Ferrous sliate, [F€?*], = 0.072 mM, initial pH =3
and room temperature.

CONCLUSION

This study represent the performance and the casgueof different systems to removal NR(1.56 x*M) from an
aqueous solution. Experiments conducted on one tgjddirect UV photolysis, on the other side byGAUV,
Fenton process and Photo-Fenton process were adhiBased on the experimental results presentecealidhas
been found that Photo-Fenton process was powesdthau for decolorization of NR. Moreover, the iaitremoval
rates of NR were determined.
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