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In the present study, basic red 9 had been removed from synthetic waste water using animal waste.
Cow dung ash had been prepared and characterized by scanning electron microscope. Morphology
analysis shows very fine particles of less than 1 µm. The pH analysis study favours a pH of 8.5 for
maximum dye removal. The removal of basic red 9 was very fast on cow dung ash. Percentage dye
removal was 80.24% and 95.24 in 5 minutes and 90 minutes, respectively at initial dye concentration
of 10 ppm.
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1. INTRODUCTION

Adsorption is the most widely used wastewater treatment technique not only because it is extremely
effective but also it is eco-friendly, highly-efficient, has simple design, and easy operation. Also, it has
been found that it does not generate any hazardous by-products as mentioned by Sivarajasekar and Baskar
(2014). The study reported here is first in its kind under low-cost removal of basic red 9. In this work,
cow dung ash is being used to remove the basic red 9 from synthetic wastewater at room temperature and
results reported here are very promising.
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2. MATERIAL AND METHODS

The basic red 9 (pararosaniline hydrochloride (C19H18N3Cl), colour index: 42500, molecular weight:
323.9) dye was supplied by Merck, India. It was used as an adsorbate in the present study.

Cow dung ash, wheat straw, and saw dust were employed as adsorbents in preliminary research to determine
the best adsorbent for the dye in consideration. For mixing, jar test apparatus (Scientific systems, New
Delhi, India) and magnetic stirrer (Remi equipment pvt. Ltd., India) have been used. Colour analysis
of samples was done using UV–VIS spectrophotometer (Model No. SL-159, Elico, India). The pH was
measured using a digital pH meter (Model No. MK-VI, Toshniwal, India).

2.1. Preparation of cow dung ash adsorbent

Cow dung cake was collected and dried before being burned in open air. The ash was allowed to cool to
room temperature before being placed in an airtight container. Then ash was pounded into a fine powder
using a hand hammer, and the adsorbent was then divided into five distinct particle sizes using sieves of
60, 85, 100, 170, and 200 BSS mesh. For experimental uses, screened powder from various screens was
collected and stored in airtight glass sample bottles.

2.2. Characterization of the adsorbent by scanning electron microscope (SEM)

A SEM was used to examine the adsorbent (ZEISS EVO Series Model: EVO15, supplied by Carl Zeiss
India, Bangalore, India, Pvt Ltd). SEM pictures of cow dung ash at 1000, 10000, and 20000 magnifications
are shown in Figures 1a–d. Figures 1a, 1b, and 1c show particles that appear to be flakes.Particles are found

(a) SEM photographs of the cow dung ash
at 1000 magnification

(b) SEM photographs of the cow dung ash
at 1000 magnification at different location

(c) SEM photographs of the cow dung ash
in 2 micron size at 10000 magnification

(d) SEM photographs of the cow dung ash
in 2 micron size at 20000 magnification

Fig. 1. SEM photographs of the cow dung ash

https://journals.pan.pl/cpe230



Low-cost removal of basic red 9 using cow dung ash

as clusters of particles less than 1 micron in size, as seen in Figure 1d. At higher pH, these clusters may
separate, resulting in increased efficiency.

2.3. Study of zero-point charge of cow dung ash adsorbent

The point of zero charge (pHZPC) of an adsorbent (cow dung ash) was determined by using five beakers in
which solid to liquid ratio – 1:1000 was taken. A 0.5 gm adsorbent dosage of cow dung ash was applied
to two litre glass beakers, each containing 500 ml of distilled water with a pH ranging from 2–10. 0.1N
H2SO4 and 0.1N NaOH solutions were used to maintain pH of distilled water at 28 ◦C. Graph was plotted
between initial and final pH of distilled water as in Figure 2. The pHZPC of cow dung ash was obtained at
pH 8.8 which was used in the experiments.

Fig. 2. Point of zero charge (pHZPC) of cow dung ash used for the adsorption;
adsorbent dose: 0.5 gm/500 ml in each sample, agitation speed 300 rpm, agitation time 8 hrs

2.4. Calibration curve

A known quantity of dye was diluted in distilled water to make a stock solution (20 mg/L) for calibration
curve, followed by production of solutions with various dye concentrations. Using jar test apparatus, each
diluted solution was allowed to agitate for 30 min at 300 rpm at 30 ◦C. This dye’s highest absorption
wavelength is in the range of 540–540.1 nm. In the visible area, absorbance values for each sample of
varied dye concentrations were recorded and plotted using UV–VIS spectrophotometer as in Figure 3.

Fig. 3. Calibration curve for pararosaniline hydrochloride dye
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2.5. Calculation of the amount of dye adsorbed

The sample was agitated using jar test apparatus at speed of 300 rpm for 3 h. Samples were taken at
equilibrium from this solution with the help of dropper and poured on the Whitman filter No. 44 on the
funnel to get adsorbent free solution for absorbance measurement. The dye concentration in the sample had
been calculated using an earlier prepared calibration curve. The amount of dye adsorbed per gm adsorbent
is calculated using the following equation.

𝑞𝑡 =
𝐶0 − 𝐶𝑡

𝑀
· 𝑉 (1)

where 𝑞𝑡 – amount of dye adsorbed of adsorbent, mg/g, 𝐶0 – initial dye concentration, mg/L, 𝐶𝑡 – dye
concentration, mg/L at time 𝑡, 𝑉 – volume of solution, L, and 𝑀 – mass of adsorbent, g.

Twelve solutions of basic red 9 dye with varying concentrations of 10, 20, 30, 40, 50, 60, 70, 80, 90,
100, 110, and 120 mg/L were prepared in two litre glass beakers with a solution volume of 500 ml in
each beaker. To ensure sufficient mixing, a jar test apparatus was used to agitate mixture for 30 minutes
at 300 rpm. Beakers were exposed to atmosphere, and it was ensured that no solution droplets escaped
during agitation. UV-vis spectrophotometer was used to measure initial absorbance of each solution. 0.5 g
of prepared cow dung ash adsorbent was added in different solutions and agitated all solutions for 3 h to
achieve equilibrium. Then final absorbance of each solution were recorded as given in Table 1.

Table 1. Initial and final concentrations of different solutions

S. No.
Solution
prepared,
mg/L

Initial
absorbance

Final
absorbance

Initial
concentration,
𝐶𝑜, mg/L

Final
concentration,
𝐶𝑒, mg/L

Amount
adsorbed,
𝑞𝑒, mg/g

1 10 1.669 0.124 13.90 1.033 12.867
2 20 3.29 0.236 27.416 1.966 25.45
3 30 4.577 0.334 38.142 2.783 35.359
4 40 5.806 0.529 48.383 4.408 43.975
5 50 6.134 0.649 51.116 5.408 45.708
6 60 6.596 0.800 54.916 6.666 48.250
7 70 7.032 1.051 58.600 8.758 49.842
8 80 7.269 1.206 60.575 10.050 50.525
9 90 7.686 1.376 64.050 11.466 52.584
10 100 7.927 1.495 66.058 12.458 53.60
11 110 8.019 1.536 66.825 12.800 54.025
12 120 8.112 1.599 67.600 13.325 54.275

3. RESULT AND DISCUSSION

3.1. Effect of contact time on dye removal

Experiments were conducted to assess how long it takes for adsorption system to attain equilibrium.
A contact duration was longer than assigned to each run. Adsorption of dye was calculated after 5, 10,
20, 30, 40, 60 and 90 min contact times for samples containing four different initial dye concentrations
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of 10, 20, 30, and 40 mg/L, adsorbent dose of 0.5 g was added into each 500 mL solution of dye having
different concentrations at a temperature 25 ◦C and 8.5 pH. Figure 4 depicts the influence of initial dye
concentration on adsorption rate. Due to surface mass transfer, the process was found to be quite fast at
first, and a substantial portion of the entire amount of dye was eliminated in a few minutes.

Fig. 4. Effect of contact time and dye concentration on percentage removal of dye

The dye adsorption was shown to be very efficient within first 5 min, with around 80% of dye being
adsorbed in that time. In another 35 min, total amount of dye removed increased to 90%, which was only
10% increase over previous 35 min. It was noted that it took 40 min for cow dung ash to reach equilibrium.
After this till 90 min, there was no major difference in dye removal. This reveals that cow dung ash was
quick adsorbent for dye removal, and 40 min was enough time to remove 90% of the dye.

At low concentrations, cow dung ash was shown to be a more efficient adsorbent as % dye removal was
great, as shown in Figure 4. The % of dye removed decreased as the initial concentration rose as dye
adsorption depends on the number of available unoccupied sites on adsorbent’s surface, and there were
fewer active sites available at high dye concentrations.

3.2. Effect of adsorbent dose on dye removal

To evaluate effect of adsorbent dosage, three dye samples of 20, 30, and 40 mg/L were prepared. The
adsorbent doses were changed from 0.5 to 2.0 gmwith a 0.5 gm increment. The% dye adsorption increased
as the adsorbent dosages were increased, as seen in Fig. 6 and in Table 2. The active surface area and
number of adsorption sites fluctuate as adsorbent dosages were varied. As a result, increasing the adsorbent
dose expanded available surface area and adsorption sites for dye adsorption, resulted in improved dye
adsorption. Therefore, it was worth putting more dose in highly concentrated dye samples. When adsorbent
dosewas raised from0.5 to 1.5 gm/L for dye sampleswith concentrations of 30 and 40 mg/L,%dye removal
rose fast. In these samples, as dye removal was restricted, the amount of adsorbent addition was limited.

Figure 5 shows that with a fixed dye concentration, the dye uptake ratio (mg of dye/gm of adsorbent)
declined when adsorbent dosage increased. At the same time, total removal efficiency notably improved.
The dye absorption value was reduced due to splitting effect of flux-concentration gradient between
adsorbate and adsorbent.
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Table 2. Percentage dye removal at different adsorbent doses and different concentrations

Dye
concentration,
mg/L

% dye removal at different adsorbent doses

0.5 gm/L 1.0 gm/L 1.5 gm/L 2.0 gm/L

20 90 91 92 95
30 80 85 90 92
40 70 78 82 85

Fig. 5. Effect of adsorbent doses on the dye removal. Agitation speed, temperature
and solution pH and batch time were 300 rpm, 25 ◦C, 8.5, and 90 min respectively

3.3. Effect of agitation speed on dye removal

In adsorption phenomena, the distribution of solute in the bulk solution and development of the outer
boundary layer are both affected by agitation speed. Figure 6 illustrates proportion of dye removed with
cow dung ash at various agitation speeds of 200, 300, and 400 rpm during a 90-minute period.

Fig. 6. Effect of agitation speed on the percentage adsorption of dye as a function of time, Initial dye concentration,
adsorbent dose, temperatures and pH were 20 ppm, 1.0 gm/L, 25 ◦C, and pH 8.5 respectively

When agitation speed increased from 200 to 300 and 300 to 400 rpm, % of dye removed increased from
80.21 to 90.19% and 90.19 to 92.04%. Extending contact time to 24 hours did not notably improve dye
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adsorption, and observed absorbance values were 0.0024, which is considered insignificant. The film
boundary layer containing adsorbent particles reduced when the agitation speed was increased.

3.4. Effect of pH on dye removal

The pH of dye solution at its initial level controls dye solution’s adsorption process. The pH of solution
can be affected by adsorbent’s surface charge, degree of ionisation of adsorbate, and level of dissociation
of functional groups on active sites of adsorbent. The pH of dye solutions was changed from 2 to 10 by
adding H2SO4 and NaOH to see if pH had an effect on degree of dye adsorption. Figure 7 shows % of dye
removal at various pH values for initial dye concentration of 20 mg/L. Maximum adsorption occurs at a
pH of 8.5 for the dye under consideration. The change in dye absorption dependent on original solution
pH may be explained by structure of dye molecule and adsorbent’s point of zero charge, pHZPC.

Fig. 7. Effect of pH on the percentage dye adsorption; adsorbent dose, and agitation speed
were 1.0 gm/l, and 300 rpm respectively

The zero-charge point for cow dung ash was determined to be 8.8. An adsorbent particle collects more
negatively charged species above this pH, and the surface tends to accrue negative charge, whilst adsorbate
species in alkaline media stay positively charged. Two forces of attraction, electrostatic force and coulombic
force, are key interactions that impact dye adsorption on adsorbent materials in this case. The electrostatic
interaction between positively charged adsorbate species and negatively charged adsorbent particles would
increase due to negatively charged absorbent surface, resulting in enhanced dye adsorption (Bhattacharya
and Venkobachar, 1984). Production of soluble hydroxyl compounds between absorbent and dye caused
a decrease in adsorption above pH 8.8. The adsorbent surface obtained more positively charged sites and
dye molecules attained positive charge at a pH lower than pHZPC.

3.5. Effect of adsorbent particle size on dye removal

For sieving cow dung ash in five different particle sizes passing through 60, 85, 100, 170 and 200 BSS
mesh were selected. Batch adsorption tests were carried out to different mesh sizes by shaking the same
quantity of 0.5 g of cow dung ash adsorbent in each 500 mL of an aqueous solution of dye of specified
concentration (20 mg/L). Figure 8 show that dye adsorption rose as mesh size increased and when particle
size of the adsorbent dropped throughout saturation phase, the amount of dye adsorbed increased. As a
consequence, reducing particle size or increasing mesh size improves dye adsorption capacity.
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Fig. 8. Effect of adsorbent particle size on dye removal efficiency; adsorbent dose, agitation speed,
and temperature were 20 mg/L, 8.5,1.0 g/L, 300 rpm, and 20 ◦C respectively

3.6. Adsorption equilibrium studies

It is common to express equilibrium data on the basis of an isotherm equation to implement it for
predicting operating lines and design application (McKay et al., 1999). While the Freundlich isotherm
had been successfully used to forecast adsorption equilibria for comparable systems (Nassar et al., 1995),
Langmuir isotherm was explored to assess data, primarily because the equilibrium findings demonstrate a
strong propensity to attain monolayer saturation capacity. The linear form of Langmuir isotherm model,
which is based on assumption of monolayer coverage of the adsorbate at the adsorbent’s outer surface
Wang and Wang (2007) may be expressed as the following equation:

1
𝑞𝑒

=
1
𝑞𝑚

+ 1
𝐾𝐿𝑞𝑚𝐶𝑒

(2)

where, 𝑞𝑒 – mg dye adsorbed per g adsorbent at equilibrium, 𝑞𝑚 – amount of moles of solute adsorbed per
unit of adsorbent weight in creating a complete monolayer on the surface, mg/g, 𝐶𝑒 – concentration of dye
remaining in solution at equilibrium, mg/L, 𝐾𝐿 – Langmuir constant related to the energy or net enthalpy
Δ𝐻 of adsorption and 𝑞𝑚 – maximum adsorption capacity having units, L/mg and mg/g.

Multiplying Eq. (2) 𝐶𝑒 will give the following equation
𝐶𝑒

𝑞𝑒
=
𝐶𝑒

𝑞𝑚
+ 1
𝐾𝐿𝑞𝑚

(3)

The graph between𝐶𝑒 and
𝐶𝑒

𝑞𝑚
is drawn, as depicted in Figure 9. The equation of best fit line with regression

coefficient of 0.9986 is given by
𝐶𝑒

𝑞𝑚
= 0.0161𝐶𝑒 + 0.032 (4)

The values of 𝑞𝑚 and K𝑚 have been calculated from slope and intercept of Eq. (4):

•
1
𝑞𝑚

= 0.0161 → 𝑞𝑚 = 62.118
mg
g
and

•
1

𝐾𝐿𝑞𝑚
= 0.032 → 0.0161

𝐾𝐿

= 0.032 → 𝐾𝐿 = 0.053
L
mg
.

The following adsorption isotherm models were fitted to the experimental data. For Freundlich isotherm
model, the equation comes out to be

ln 𝑞𝑒 = 0.2416𝐶𝑒 + 3.3813, 𝑅2 = 0.9423 (5)

https://journals.pan.pl/cpe236



Low-cost removal of basic red 9 using cow dung ash

Fig. 9. Langmuir plot for the adsorption of dye by cow dung ash

Compared with Freundlich isotherm model, ln 𝑞𝑒 =
1
𝑛
ln𝐶𝑒 + ln𝐾 , the values of 𝑛 and 𝐾 come out to be

4.1391 and 29.4089 respectively.

For Temkin isotherm model, the equation comes out to be

𝑞𝑒 = 10.944 ln𝐶𝑒 + 26.192, 𝑅2 = 0.9668 (6)

Compared with Temkn isotherm model, 𝑞𝑒 = ln𝐶𝑒, the values of 𝑎 and 𝑏 come out to be 26.192 and
10.944 respectively. The data fits Langmuir isotherm model quite well as shown in graphs.

3.7. Adsorption kinetics

The adsorption kinetics had been studied using three different models: pseudo–first, pseudo–second order
and simple Elovich kinetic models (El-Ashtoukhy et al., 2008). Lagergren first rate equation is most
commonly used to study the adsorption of solute from liquid solution and the equation for this model is as
follows (Jianlong et al., 2001):

ln (𝑞𝑒 − 𝑞𝑡 ) = ln 𝑞𝑒 − 𝐾1𝑎𝑑𝑡 (7)

where 𝑞𝑒 – mass solute adsorbed at equilibrium, mg/g, 𝑞𝑚 – mass of solute adsorbed at time 𝑡, mg/g, and
𝐾1𝑎𝑑 – first-order reaction rate constant, l/min.

The pseudo–second order equation based on equilibrium adsorption capacity is given as

𝑡

𝑞𝑒
=

1
𝐾2𝑎𝑑𝑞

2
𝑒

+ 𝑡

𝑞𝑚
(8)

where, 𝑞𝑒 – equilibrium adsorption capacity, mg/g, 𝑡 – time, min, and 𝐾2𝑎𝑑 – second order reaction rate
equilibrium constant, g/(mg·min).

The simple Elovich model is given by, 𝑞𝑡 = 𝛼 + 𝛽 ln 𝑡, where 𝑞𝑡 is the mass of solute adsorbed at time 𝑡,
mg/g. Figures 10–12 show adsorption kinetic curves at different dye concentrations for the same adsorbent
and other parameters. For all models, data were fitted to straight-line fitting and equations for each and
every case with other parameters as depicted in Table 3. The data fit well for pseudo–second order model
for which linear regression coefficient, 𝑅2 ≥ 0.9991.
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Fig. 10. Pseudo-first order adsorption kinetics for
adsorption of basic red 9 dye on cow dung ash

Fig. 11. Pseudo–second order adsorption kinetics for
adsorption of basic red 9 dye on cow dung ash

Fig. 12. Simple Elovich adsorption kinetics for adsorption of
basic red 9 dye on cow dung ash

3.8. Macro and micro-pore diffusion

The three primary processes in the adsorption process are film diffusion, pore diffusion, and intra–particle
transport, respectively. The intra–particle diffusion model is given below (El-Ashtoukhy et al., 2008).

𝑞𝑡 = 𝐾𝑖𝑑𝑡
1
2 + 𝐼 (9)

where, 𝐾𝑖𝑑 is the intra–particle diffusion rate constant, mg/(g·min1/2). Figure 13 presents the intra–particle
diffusion curve for adsorption at different dye concentrations. The straight line fitting was done using two
sections (El-Ashtoukhy et al., 2008; Ramaraju et al., 2014). Table 4 shows the straight-line equations for
each section, 𝐾𝑖𝑑,1, 𝐾𝑖𝑑,2, 𝐼1, 𝐼2, and 𝑅2. The larger values intercept, 𝐼, signifies that boundary layer is
affecting the adsorption. Sarkar et al. (2003) found that the first portion of Figure 13 indicates boundary
layer effects and second portion indicates intra–particle/or pore diffusion, and third portion indicates the
final equilibrium stage (Cheung et al., 2007). However, in the present study only two sections have been
observed for the dye and adsorbent under consideration. The first and second portions of Figure 13 show
the bulk diffusion and intra–particle diffusion, respectively Allen et al. (1989). Because of the low solute
concentration, intra–particle diffusion slowed down when the equilibrium stage was achieved (Cheung et
al., 2007; Ramaraju et al., 2014).
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Fig. 13. Intra–particle diffusion plot for adsorption

The slopes of the straight lines correspond to the rate of adsorption. The slope of the first section is greater
than the slope of the second section which indicates faster uptake in the initial phase and then it slows
down. In the beginning, adsorbate is first delivered to macropores and mesopores, then slowly diffuses
into micropores, as described earlier Kumar et al. (2003). The displacement of the straight lines from the
origin represents the difference between the initial and final mass transfer rates of adsorption (Poots et
al., 1978). Straight line deviations from the origin also imply that pore diffusion is not the primary rate
regulator.

Table 4. Kinetic parameters for diffusion model

Section 1
Dye

concentration,
ppm

Equation 𝐾𝑖𝑑,1
mg/(g·min1/2) 𝐼1 𝑅2

10 𝑞𝑡 = 0.3229𝑡
1
2 + 7.3262 0.3229 7.3262 0.9966

20 𝑞𝑡 = 0.6858𝑡
1
2 + 13.5580 0.6858 13.558 0.9971

30 𝑞𝑡 = 0.8264𝑡
1
2 + 17.7290 0.8264 17.729 0.993

40 𝑞𝑡 = 1.3205𝑡
1
2 + 18.4080 1.3205 18.4080 0.968

Section 2
Dye

concentration,
ppm

Equation 𝐾𝑖𝑑,2
mg/(g·min1/2) 𝐼2 𝑅2

10 𝑞𝑡 = 0.0924𝑡
1
2 + 8.6554 0.0924 8.6554 0.9889

20 𝑞𝑡 = 0.0877𝑡
1
2 + 17.2180 0.0877 17.218 0.9730

30 𝑞𝑡 = 0.4735𝑡
1
2 + 19.8280 0.4735 19.8280 1.0000

40 𝑞𝑡 = 0.5454𝑡
1
2 + 23.369 0.5454 23.3690 0.9778
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4. CONCLUSSIONS

Cow dung is a common waste product that has been transformed into a low-cost adsorbent material. The
adsorbent prepared from cow dung exhibits very good adsorption capacity. It has shown the excellent
performance for the removal of Basic red 9 as compared to other low cost adsorbent like sunflower stalks
which takes 30 minutes to remove 80% dye (Sun and Xu, 1997). Percentage dye removal was 80.24%
and 95.24 in 5 minutes and 90 minutes, respectively, at initial dye concentration of 10 ppm. Hence, the
developed adsorbent may be a good alternate as compared to commercially available adsorbents for dye
removal because of its comparable efficiency and a significantly low cost. The findings of this study might
be used to the design of a dye-rich industrial wastewater treatment facility in the future.

The authors are highly grateful to Department of Chemical Engineering, Jaypee University of Engineering
and Technology, Guna for providing necessary infrastructure to conduct the experiment and Department
of Chemical Engineering, Dr. B.R. Ambedkar National Institute of Technology, Jalandhar, for support to
complete the research.
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