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Abstract

Aromatic amines such as paraphenylene diamine, used as a dye intermediate
and in textiles pose a serious threat to human health due to its carcinogenicity.
Ground water as well as surface water in the Gangetic plain near Nathnagar
block of Bhagalpur city has been found contaminated with heavy metal due
to effluents of textiles industries in waterbodies. Though several traditional
methods are available for removal of dyes, bentonite minerals have been
used for removal of dyes through adsorption. High cation exchange capacity
and mesoporous structure can be attributed to the adsorption of dyes.
Absorbance of paraphenylene diamine using bentonite mineral and activated
charcoal has been studied in the present paper. The powdered mass
of bentonite and activated charcoal are highly mesoporous. The removal
of PPD has been controlled by several factors such as pH, different initial
concentrations, and time intervals. The maximum removal efficiency using
bentonite and activated charcoal has been studied at pH 2 and 8 with initial
concentrations of 20ppm, 30ppm, 40ppm,100ppm,150ppm and 200ppm both
with bentonite and activated charcoal within a range of 20 to 60 minutes. The
recyclability and regeneration of bentonite have made bentonite an excellent
adsorbent of paraphenylene diame from aqueous medium.
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Introduction

Water is one of the basic elements for the formation
of living organisms, so studying water and its
investments is extremely important for the better
sustainability of life in all aspects. Water pollution
is defined as a change that occurs in the natural

characteristics of water, directly or indirectly, due
to human activity, which makes it unfit for various
uses as confirmed by the World Health Organization.
Water is polluted by human, animal, plant, mineral,
Industrial or chemical waste, heavy metals or toxic
dyes such as para-phenylenediamine (PPD).!
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P-Phenylenediamine occurs as a white to slightly
red solid or crystal that darken on exposure to
air. It is slightly soluble in water. Paraphenylene-
diamine(PPD), a component of hair dyes is a p-nitro
aniline derivative.?® Apoptosisis induced through
reactive oxygen species generated by PPD. The
proposed mechanism of carcinogens is induced by
the dye is through production of reactive oxygen
species, oxidative stress and binding with DNA. In
addition PPD induces allergic dermatitis. Skin irritation
and renal impairment may also take place by PPD.
Oxidative stress may also be introduced in different
cells by PPD.

Itis commonly, used in the dyeing industry, particularly
in hair coloring products. PPD poses potential health
risks to humans, cause respiratory problems, asthma,
allergic reactions, leading to skin irritation, rashes
and potential carcinogenic effects during dealing,
using or exposure.*® PPD has also got its use in
rubber and polymer industries. For dyeing of hair,
PPD is mixed with H,O, to get the oxidation product
which help formation of permanent bond after reaction
with sulfihydryl groups in the hair. P-phenylene
diamine gives black color on oxidation.

Degradation

Natural dyes are preferred to synthetic dyes due to
harmful toxic effects. Anionic, cationic and non-ionic
dyes are also used in dyeing industries. Oxidation
and hydrolysis are the processes of degradation of
dyes. Agriculture byproducts, wastes, and activated
charcoal prepared from biomass have been used
for degradation of organic dyes from waste water
effluents from textile industries.®®

Electrocoagulation has also been used as one of the
methods of removal of paraphenylene diamine.®
Activated charcoal has been modified for effective
degradation of few organic dyes.'® Green biosorbents
and few clay minerals have also been established
as an effective adsorbent of organic dyes in general
and paraphenylene diamine particular."-'2 Bentonite,
powder has been utilized in the present paper for
degradation of PPD due to exchangeable cations
and high surface area.''s Bentonite minerals have
industrial applications such as decolorisation of ail,
wine, capping of holes in oil wells and pharma
companies.'® Rajasthan as well as Rajmahal bentonite
have the potential to remove, Cr(VI), Pb(ll), As,
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and malachite green from the aqueous medium."
Bentonite mineral of Rajmahal hill has got specific
industrial applications due to the presence of traces
of rare earth metals and high surface area.'®2°
Percentage removal of paraphenylene diamine has
been recorded using bentonite and active charcoal
in the present paper.

Materials and Methods

The stock solution of 100 ppm para-phenylene-
diamine(PPD) is prepared by dissolving PPD in
hot water and then the 80ppm, 50ppm and 20ppm
solution is prepared by dilution method V.N.=V, N,
The p" is adjusted from 7 to 4 and by addition of
N/10 HCL and N/10 NaOH recpectively. 100 ml of
100ppm PPD solution is treated with 1g bentonite
powder of 300 mesh sieve at a regular interval of
15 minutes. The residual concentrations are known
by UV double beam spectrophotometer Systronics
AU 2703. The magnetic stirrer was used in the
experiment for stirring at an rpm of 220. Rajasthan
bentonite (Barmer) has been used as an adsorbent
of dye. The bentonite has been powdered to 300
mesh sieve dried at 60° in an oven and used for
decoloration of the dye. The degdration of the
dye was studied at different parameters and the
absorbance of the degraded sample was noted at
A, = 307 nm. The same experiment was repeated
with different concentrations of PPD at different
PH values such as 4 and 9. One gram bentonite
powder was treated with the PPD solution up to a
fixed time interval of 15 minutes and the residual
concentrations of PPD were recorded.

PPD was procured from Merck company and
deionized water has been used for preparing
the solution of PPD of different concentrations.
The cation exchange capacity of bentonite has
been determined by Na,CO, method. The cation
exchange capacity has been determined to be 90
miliequivalent/litre. The FTIR of bentonite samples
has been done before and after adsorption. The
chemical composition of bentonite has been found
to contain major and minor oxides such as SiO,,
ALO,, K,0,MgO0, TiO,,.

Results

In case of para phenylenediamine(PPD), it was
observed that the dye was absorbed on the surface
of bentonite minerals .
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at p" 8 using bentonite. Fig. 4: Percentage removal of PPD with
bentonite Vs time at P" 2.
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Fig. 3: Absorbance at different time intervals charcoal Vs time at PH 8.

at p" 2 using bentonite.
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The percentage dye decolorization was calculated
using the formula.

Decolorisation % = %XIOO

o

Ao = Initial absorbance
A, = Absorbance at time t
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Fig. 7 (b): FTIR of BB2P.

In figure 7(a), it shows the fourier transform infrared
(FTIR) fix of Bentonite. The peak around 3600
cm™ confirms the presence of -OH whereas the
peak around 1630 cm™ confirms Si-O-Si stretching
vibration. The Al-O bond may be attributed to the
peak at 915 cm-.

In figure 7(b), it shows the peaks after adsorption.
The shift in peaks and intensity clearly confirmed the
adsorption of the dye. Strong peaks at 1060 cm™' and
540 cm™ confirm the presence of montmorillonite
unit in bentonite so, the adsorption is due basically
by the montmorillonite presence.

Percent decolorisation was plotted against time at
a regular interval of 10 minutes up to 60 minutes.
Time interval of 10 minutes, 20 minutes, 30 minutes,
40 minutes, 50 minutes and 60 minutes for an initial
concentration of 10 ppm, 30 ppm and 60 ppm at P 2.
Similar experiments were repeated and percent
discoloration plotted against same time intervals at
pH 8 for concentrations of 10 ppm , 20 ppm, 50 ppm,
60 ppm and 200 ppm.

Discussion

The adsorbance of dye on the bentonite surface
has been attributed to the high surface area of
bentonites and cation exchange capacity also. At
an alkaline p" maximum absorbance has been
observed for an initial concentration of 10 ppm. For
an initial concentration of 60 ppm, the absorbance
decreases when the time increases from 10 minutes
to 60 minutes using bentonite as an adsorbent
(Figure — 1).

Absorbance using activated charcoal at P" 8, has
been recorded for initial concentrations of 20 ppm,
30 ppm, 40 ppm,100ppm, 150 ppm and 200 ppm
respectively (Figure — 2).

Figure 3 shows absorbance at different time intervals
at PH 2 using bentonite for initial concentrations
of 10 ppm, 30 ppm and 60 ppm at time intervals
of 10, 20, 30, 40, 50, and 60 minutes respectively.
Atan acidic pH of 2 and initial concentration of 10 ppm
the absorbance of the dye decreases regularly but
for an initial concentration of 60 ppm, the absorbance
decreases and then increases abruptly at around
45 minutes. This clearly shows that some release
of para-phenylene diamine(PPD) takes place.

A kinetic study was done to find out the optimum
condition. The discoloration of the dye was much
faster initially for an initial concentration of 10 ppm
PPD at P" 2 and after 45 minutes of contact time
the percentage removal decreased (Figure 4). Atan
alkaline pH 8 the percentage removal was up to 98 %
at 30 minutes and then decreased up to 60%. So
the optimum time at pH for discoloration of dye was
observed at 30 minutes.

Figure 6 shows the percentage removal of PPD
with active charcoal Vs time at p" 8. At this pH the
discoloration percentage of dye is 100% complete
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for initial concentration of 30 ppm, 40 ppm, 100
ppm, 150 ppm, and 200 ppm respectively. Maximum
removal of PPD has been observed at p™ 8 using
active charcoal.

A comparative study of decoloration of PPD by
charcoal and bentonite showed that both of them
had the discoloration potential but discoloration
percentage using activated charcoal is maximum at
p" 8 having different initial concentrations.

During the initial period the discoloration percentage
increased but the percentage discoloration using
active charcoal was almost 100% for all initial
concentrations except 20 ppm. The equilibrium
was achieved at 15 minutes and, the discoloration
percentage remained the same starting from 20
minutes to 60 minutes ataregularinterval of 10 minutes.
An alkaline pH of 8 is the best fit for decoloration
of PPD using active charcoal.

Figure 5, clearly stated that for an initial concentration
of 300 ppm the discoloration percentage was
maximum using bentonite as an adsorbent within
a range of 10 minutes to 60 minutes. For an initial
concentration of 10 ppm, the discoloration percentage
firstincreased up to 30 minutes and then decreased
after 30 minutes up to 60 minutes at PH 8 using
bentonite powder. The bentonite is regenerated
after washing the adsorbed material several times
by hot water.

Conclusion

Bentonite minerals can be used as an excellent
adsorbent of paraphenylene diamine (PPD). Bentonite
minerals can be recycled for use by washing several
times with deionized water because hot water
dissolves the adsorbate and bentonite becomes
free of adsorbate.
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