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The kinetics of the oxidative decolorization of amaranth with KBrOj; acidified by H,SO,4 was followed up by monitoring the decrease of the
absorbance of amaranth at A,,,,, = 520 nm. The reaction was carried out under pseudo-first-order conditions. The concentration of BrO; was
ca 300 greater than that of amaranth. The rate of reaction increased with increasing concentration of H,SO,4 and BrOs’, while amaranth had
no effect on the rate of reaction. The effects of the ions, CI', Br" and SO, were investigated and the reaction rate increased with increasing
concentrations of chloride and bromide while it decreased with increasing concentration of SO4”. A reaction mechanism has been proposed.
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Introduction

Wastewater treatment is one of the major problems facing
the chemical, petrochemical, pharmaceutical, and textile
industries. These industries generate large quantities of
organic pollutants that cause environmental and health
problems. Biological (biodegradation),' physical> and
chemical methods (chlorination, ozonation)® are the most
frequently used methods for removal of dyes from effluent
water streams. But, these traditional processes for treatment
of the effluents prove to be insufficient to purify waste water
after the different operations of waste waters dyeing and
washing.

Advanced oxidation processes (AOPs) are alternative
methods for the complete degradation of dye. The usage of
the advanced oxidation processes (AOPs) have improved
during the last decade since they are able to eliminate the
problem of dye destruction in aqueous systems. AOPs were
based on the generation of very reactive species such as
hydroxyl radicals (*OH)(E = 2.8V vs NHE) that oxidize a
broad range of pollutants quickly and non-selectively. AOPs
such as Fenton and Photo-Fenton catalytic reactions,**
H,0,/UV processes.6

Potassium bromate is powerful oxidizing agent.” It is used
in oxidation of organic and inorganic compounds.®’
Literature survey shows that bromate is used as an oxidizing
agent for various dyes. The oxidation of dyes received
attention for last decade.'®'? Although previous studies have
taken important steps forward in generating empirical rules
for oxidation, further intensive study is still required to
understanding the mechanism of oxidation by bromate.

Azo dyes are used extensively in textile industry.
Amaranth as example for azo dyes is used as cosmetic dye
and can applied for natural and synthetic fibers, leather,
paper, phenol formaldehyde resins."”
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Number of studies is published on oxidation of amaranth
by various oxidizing agents.'*'® Quick look in literature
oxidation of amaranth by bromate has not yet reported.

The aim of this study is investigation of the kinetic aspects
of the oxidative decolorization of amaranth with acidic
bromate solution. It also describes the effect of temperature,
and foreign ions on the oxidation of amaranth by bromate.

Experimental
Materials

All chemicals were of high grade quality, they were used
as received. The standard solutions and dilution were made
using bidistilled water. Amaranth, trisodium(4E)-3-oxo0-4-
[(4-sulfonato-1-naphthyl)-hydrazono]-naphthalene-2,7-di-
sulfonate, was obtained from Aldrich. For the daily kinetic
runs a stock solution of dye (10~ mol dm™) was prepared.
The flask containing the dye solution was wrapped in
aluminium foil and stored in the dark to minimize exposure
to light. KBrO; was supplied from Merck and its initial
concentration was standardized iodometrically using starch
as an indicator.!” The desired concentration of KBrO; was
obtained by successive dilutions from the standard stock
solution.

Kinetic measurements

The kinetic measurements were carried out
spectrophotometrically using 292 Cecil spectrophotometer
was equipped with constant temperature cell holder attached
to thermostatic controlled bath with temperature stability of
+0.1°C.

The kinetics of reaction were carried out by mixing
solutions of (KBrO;&H,S0O,4) and placed in a thermostatic
bath at desirable temperature. The reaction started by adding
thermostatted dye solution. The progress of the reaction was
monitored at A, = 520 nm. Pseudo first-order conditions
were maintained in all runs by using a large excess of
bromate over amaranth.
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Results and discussion

In the present study the oxidizing property of the acidified
KBrO; (redox potential of 1.5 V at 25 C was considered as
a tool for color removal of organic dyes in the industrial
wastewater stream.

When amaranth was added to the acid-free KBrO;
solution no changes in the absorbance spectra have been
observed. The reaction was initiated when the dye solution
was allowed to react with the acidified KBrOs;. The
absorbance of amaranth at A, = 520 nm decreased with
time as shown in Figure 1.
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Figure 1. Zero order plots for the decolorization of amaranth ;,
acidified KBrO; at different temperatures [dy J 5x10° mol dm
[KBrO;] = 1. 5x107 mol dm™, [H,SO4] = 8x10™ mol dm’

The plot of the absorbance vs. time was linear as shown in
Figure 1. This indicates the zero-order kinetics of the
reaction with respect to the amaranth concentration.

Effect of potassium bromate concentration

The effect of the initial concentration, [KBrO;]y, on the
reaction rate was investigated at constant [amaranth], 5x 10”
mol dm™ , and in the presence of 0.08 mol dm? of H,S0,.
Figure 2 shows linear relation between rate constant and
[BrOj']y, which indicates that the reaction follows first-order
kinetics with respect to the [KBrO;] (plotting of In k, versus
In[BrO;7] yields straight line of slope equals the unity). This
is in good agreement with earlier results'®'" while
Nasiruddin Khana et al* reported that the reaction followed
zero order kinetics with respect to the [KBrOs].

The intercept of abscissa means that no reaction takes
place at [BrO;] below 0.015 mol dm>. This means that the
concentration of the generated active species is very small
and unable to oxidize the amaranth. It has been reported that
the system involved various acidified oxybromo species
such as: H,BrO;", BrO, , HOBr and BrO,.2'? These
species could be competed with bromated ion in the
oxidation and decolorization of organic dyes.
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Section A-Research paper

25
.
o L
C":t
£
=
Ll 2
=) )
=
i
- |+
= 4
o
o 035
== .
D 1 1 L
0 0.02 0.04 0.06 0.08

[KBrO;] / mol dm->

Flgu re 2 Varlatlon of observed rate constant with [KBrOs]. [dye]
5x107° mol dm™, [H,SO,] = 8x107 mol dm™, at 35 °C

Effect of sulfuric acid concentration

The effect of [H,SO4] on the reaction rate was
investigated by keeping the [amaranth] and [KBrOs]
constant while the concentration of the acid was varied in
range of 0.04-0.4 mol dm™, Figure 3.
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Figure 3 Varlatlon of observed rate constant Wlth [H,SOy4]. [dye]
=5%10"° mol dm™, [KBrO;] = 1.5x10” mol dm™, at 35 °C

Figure 3 shows that the reaction rate is very slow at
[H,SO4] lower than about 0.04 mol dm?, and then it is
gradually increased. Plot In Kk, versus In [H,SO,] yields
straight line with slope of unity indicates that the order of
reaction with respect to the H,SOy is first order.

Again, the slower rate obtained at lower concentrations of
the acid can be attributed to the formation of the
intermediates active species contributed in the oxidation
reaction needed a high acid concentrations, i.e., the
acid/bromate ratio should be equal to or more than 3 as can
be seen from Figure 4.

Effect of amaranth concentration

The influence of the initial concentration of dye on the
reaction rate was investigated, in range of 3x10” - 8x10”
mol dm™. The [KBrOs] and [H2804] were kept constant at
0.03 mol dm™ and 0.08 mol dm" respectively.
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Figure 4. Variation of observed rate constant with
[H,SO4)/[KBrO;] ratio. [dye] = 5x10”° mol dm™, at 35 °C

Under this condition, the reaction obeyed zero-order
kinetics with respect to [amaranth]. As shown in Figure 5,
increasing the [amaranth] led to soft increase in the reaction
rate.

@[dyal=3x10-5
* [dya]=tx0-5 M
& [éy]=5x10-5 M
[yl 0-5 M
@ [d=]=8x10-5 M

0 5 10 13 20 25 30
time / min

Figure 5. Zero order plots for the decolorization of amaranth bg
ac1d1ﬁed KBrO; at dlfferent dye concentratlons [KBrO;] = 3x10
mol dm?, [H,S0,] = 8x10” mol dm™ at 35 °C

It was re]gorted earlier that the reaction obeyed first order
kinetics,'®" while other study showed that reactions obeyed
third order kinetics.*’

Effect of some additive ions

It is well known in the textile industry that in order to
accelerate or increase the fixation of dyes onto the fibers, it
is necessary to use high electrolyte concentration in dye bath
to decrease the negative charged barrier between the
cellulose and anionic dyes.”* Therefore, the textile industry
wastewaters are almost heavily charged with unconsumed
dyes, different types of electrolytes and other chemicals.
Taking into consideration that in effluents of textile dye
industry, chloride and sulfate ions are naturally occurring
anions, the oxidative decolorization reaction of amaranth
was monitored in the presence of NaCl , NaBr and Na,SO,

Effect of sodium chloride concentration

The influence of chloride ions, NaCl, on the reaction rate
was studled The [NaCl] was varied in range of the 0.4x107
-2x10% mol dm™, whereas the concentrations of the other
reactants were kept constant. A plot of k, vs. [NaCl] gave
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straight line which indicates the first-order kinetics with
respect [CI]. Furthermore, the increase k, with increasing
[CT7], Figure 6, indicates that the reaction is catalyzed by CI.
Increasing the concentration of NaCl increases the ionic
strength which indicates the reaction between species of the
same charge. Also the great increase in rate constant as the
[CT] increased can be attributed to the formation of active
chloride species such as: Cl, Cl,, HOCI and ClO", which
could work as powerful oxidizing species.'®

k, x 10°/ mol dm?s’!

0 0.005 0.01
[NaCl] / mol dm?

0015 0.02

Figu re 6. Varlatlon of observed rate constant with [NaCl]. [dye] =
5x107 mol dm?, [KBrO;] = 1.5x10 mol dm™, [H,SO,] = 8x107
mol dm™, at 40 °C

Effect of sodium bromide concentration

The effect of the initial concentrations of bromide ion as
common ion effect on the reaction rate was also studied. The
[KBrOs], [H,SO4], and [amaranth] were kept constant at
0.015 mol dm>, 0.08 mol dm”, and 5x10° mol dm~,
respectively, while the [NaBr] was varied from 1.2x10” to
4x10” mol dm™, Figure 7. Figure 7 shows that the oxidation
rate of amaranth is greatly accelerated with increasing [Br].
This is good evidence that the [Br] catalyzed the
decolorization of amaranth. The experimental value of
observed rate constant in absence of bromide (0.43x10 mol
dm™s™) is coincident with the intercept of Figure7 (0.391x
10° mol dm™s™). It has been reported that the addition of
[Br] in the reaction medium containing acidified KBrO;
facﬂltated the generation of bromine and hg/pobromous acid
species'' which work as oxidizing species.
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Figu re 7. Varlatlon of observed rate constant Wlth [NaBr]. [dye] =
5x10° mol dm?, [KBrOs] = 1.5x102 mol dm™, [H,SO,] = 8x107
mol dm™, at 40 °C
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Effect of sodium sulfate concentration

The effect of the initial concentrations of sulfate ions was
also investigated. The concentration of the reactants was
held constant, while the concentration of Na,SO,4 was varied
from 0.004 to 0.024 mol dm™. The value of k, in absence
sulphate (8.62x10* mol dm™s™) decreased to 4.1x10™* mol
dm3s'in presence of 0.024 mol dm™ of Na,SO,. This could
be ascribed to the decreasing hydrogen ions concentration in
the reaction medium through the decrease of ionization
constant of H,SO,4 with increasing [SO42'].18

Effect of temperature

The kinetic measurements of the reaction were carried out
at various temperatures in 303-318 K range. A plot of
Arrhenius equation was applied and the activation energy,
E. was deduced. The other activation parameters were
determined and are listed in Table 1. The AH* positive value
indicates that the oxidative decolorization of amaranth is
endothermic.

Table 1. Thermodynamic parameters for decolorization of
Amaranth by bromate

Parameters Value

E, 71.5 kJ mol!
AH* 68.94 kJ mol™
AS* -85.24 J mol! X!
AG* 95.22 kJ mol!

Reaction mechanism

Based on the above results and discussion, the proposed
mechanism of the oxidation of amaranth red, (D), by
acidified bromate is

H++BrO;” —%— HBrO; (1)
HBrO; + Dyog —2— Br + Dy, 2

BrO; + Br + H' —— Br, + H,0 +0, (slow) (3)

Br,+ Dy —2's 2Br +D,, 4)

where (red) and (ox) are reduction and oxidation reactions
respectively.

The rate of reaction can be written as

Rate=k;[Br'][BrO;][H'] 5)

Applying steady state approximation principle for HBrO;
and Br, Eqn. 5 becomes

Rate = k,[H'][BrO;] (©6)

Eur. Chem. Bull., 2014, 3(7), 729-733
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This is in good agreement with the experimental findings
that the reaction follows first-order kinetics with respect to
BrOs", H" and zero-order kinetics with respect to the [dye].

Conclusion

The oxidative decolorization of amaranth red dye by
potassium bromate acidified with H,SO, was studied. The
reaction followed zero-order kinetics with respect to
amaranth and first order with respect to both KBrO; and
H,SO,. The decolorization rate was enhanced with
increasing the concentrations of Br" and CI' while it
decreases with increasing SO,* concentration.

References
!Ghodake, G., Jadhav, U., Tamboli, D., Kagalkar, A., Govindwar,
S., Indian J. Microbiol., 2011, 51(4), 501-508.

2Abou-Gamra, Z. M., Medien, H. A. A., Eur. Chem. Bull., 2013,
2(7), 417-422.

*Burkinshaw, S. M., Kabambe, O. Dyes Pigm., 2009, 83, 363-374.
*Abou-Gamra, Z. M., Eur. Chem. Bull., 2014, 3(1), 108-112.

SMedien, H. A. A., Khalil, S. M. E., J. King Saud Univ. (Sci.), 2010,
22, 147-153.

SElmorsi, T. M., Riyad, Y. M. Z., Mohamed, H., Abd El Bary, H.
M. H., J. Hazard. Mater., 2010, 174, 352-358.

"Vogel, “Quantitative Chemical Analysis”, ELBS with Longman
(1991), 405.

fAjaya Kumar Singh, Ashok Kumar Singh, Vineeta Singh, Ashish,
Surya Prakash Singh, Singh, B., The Open Catal . J., 2013, 6,
8-16.

%Sreekantha, B., Jonnalagadda, Reuben H.S., J. Chem. Soc. Perkin
Trans 11,1988, 1111-1115.

"Absalan, G., Alipour, Y., Anal. Sci., 2003, 19(4), 635.

"Jonnalagadda, S. B., Salem, M. A., Phys. Chem. Chem. Phys.,
1999,1, 821-826.

2Keyvanfard, M., Abedi, N., E-J. Chem., 2010, 7(4), 1612-1620.
1Shu, H.Y., Huang, C.R., Chemosphere, 1995, 31, 3813-3825.

14Nadupalli, S., Koorbanally, N., Jonnalagadda, S. B., J. Phys.
Chem. A. 2011, 115(27), 7948-7954.

SChung-Hsin Wu, Chung-Liang Chang, Chao-Yin Kuo, React.
Kinet. Catal. Lett., 2005, 86(1), 37-43.

Dachipally, P., Jonnalagadda, S. B., J. Environ. Sci. Health, Part
A, 2011, 46(8), 887-897.

Sullivan, J. C., Thompson, R. C., Inorg. Chem. 1979, 18, 2375-
2379.

8Gemeay, A. H., El-Ghrabawy, G. R., Zaki, A. B., Dyes Pigm.,
2007, 73, 90-97.

Adetoro, A., Iyun, J. F., Idris, S.0., Arch. Appl. Sci. Res., 2010, 2
(6), 177-184

*Khana, M. N., Siddiqui, Z., Uddin, F., J. Iran. Chem. Soc., 2009,
6(3), 533-541.

21Swawunyama, P., Jonnalagadda, S. B., J. Phys. Org. Chem.,
1995, 8, 175-185.

20rban, M., Dekepper, F., Epstein, I. R., J. Am. Chem. Soc., 1982,
104, 2657-2658.

732



Kinetics of oxidative decolorization of Amaranth red with acidic bromate Section A-Research paper

23Foersterting, H., Varga,M., J. Phys. Chem., 1993, 97, 7932-7938. 25Bagheri, H., Saber-Tehrani, M., Shishehbore, M. R., Shahvazian,

**Carneiro, P. A., Osugi, M. E., Sene, I. J., Anderson, M. A., M., Prog. Color Colorants Coat., 2010, 3, 58-65.
Zanoni, M. V. B., Electrochim, Acta, 2004, 49, 3807-3820. Received: 20.05.2014.
Accepted: 13.06.2014.

Eur. Chem. Bull., 2014, 3(7), 729-733 733



