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Removal of a Model Textile Dye from Effluent
using fenugreek powder as an adsorbent
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Abstract: The adsorption of methylene blue (model textile dye) on fenugreek powder was studied on batch modes of
operation. The operational parameters investigated include initial dye concentration, pH of solution (3.7-9.7), and adsorbent
dose (0.2-2.0g/L).The experimental data were analysed using Langmuir and Freundlich isotherm model. The Langmuir
isotherm model fits the data very well for the methylene blue on fenugreek powder. Pseudo-first-order and pseudo-second-
order kinetic were used to analyse the kinetic data. Kinetic studies showed that the adsorption followed a pseudo-second-
order model. The pseudo-second-order kinetic data fit well on whole system for the dye studies.
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I. INTRODUCTION

Colours play an important role in many industries such as paper, textile, rubber, cosmetic. Dyes are released into wastewaters
from various industrial units, mainly from the dye manufacturing and textiles and other fabric finishing [1]. The textile
finishing’s' wastewaters contain organic dyes, chemicals, auxiliaries, salts, surfactants, heavy metals, mineral oils, and others.
They are coloured and have extreme pH, COD, BOD and AOX values [2]. Most dyestuffs are designed to be resistant to
environmental conditions like light, effects of pH and microbial attack [3]. Hence, their presence in wastewater is unwarranted.
Wastewater pollution will effect on public water supplies and cause some disease such as diarrhoea, cholera, typhoid fever, e-
coli infections and diphtheria. Diseases are result from heavy metals (mercury, lead, arsenic) and organic contamination
(benzene, phenol, PCB) of the water. Dyes also can cause deterioration in human’s health. Some dyes are found to be toxic,
mutagenic and carcinogenic [4].

Some regulations have been enacted by government to regulate the effluent wastewater discharged. The purpose of those
regulations is to control and limit some parameter in the effluent discharged by the industries. One of the regulation is the
Environmental Quality (Sewage and Industrial Effluents) Regulation, 1979, limits the colour present in the final discharged by
industries to 10 Hazen for standard and 50 Hazen for Standard B (Environmental Quality Act, 1974).

In this study, methylene blue was chosen as a target contaminant to characterize the adsorptive properties of fenugreek powder
as it is a common cationic dye used in the medical, textile and printing industries [5]. Methylene blue (MB), chemical formula:
C6HsN3SCl1 ; FW: 319.86 gmol'l,max: 662nm, (class: thiazine, C.I. classification Number:52015) is the most important basic
dye. At room temperature it appears as a solid, odourless, dark green powder that yields a blue solution when dissolved in water.
The adsorbate methylene blue was chosen as a model dye because of its well-known adsorption characteristics.[6].
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Figure 1. The structure formula for methylene blue
On the other hand, Major fenugreek-producing countries are Afghanistan, Pakistan, India, Iran, Nepal, Bangladesh, Argentina,
Egypt, France, Spain, Turkey and Morocco. The largest producer is India, where the major producing states are Rajasthan,
Gujarat, Uttarakhand, Uttar Pradesh, Madhya Pradesh, Maharashtra, Haryana, and Punjab. Rajasthan accounts for over 80% of
India's output. This powder is suitable used for the removal of methylene blue in this study due to its abundance amount in
country such as India. These natural adsorbents are not only low cost, but also save the disposal cost and prevent the on-site
burning. Although many low-cost agricultural adsorbents have been studied for dye removal purposes, studies of fenugreek
powder as an economical adsorbent have not yet been researched. Using of fenugreek to as a natural bio-adsorbent can decrease
the organic waste. Therefore, removal of methylene blue using the low cost fenugreek powder had been carried out in this
research to study the efficiency of fenugreek powder as an adsorbent. Besides that, this research also aim to study the adsorption
capacities of methylene blue fenugreek with the effect of dye concentration (25-100mg/L), dosage of fenugreek powder
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concentration, and pH (3.7-9.7). Finally, this research will also investigate the isotherm and kinetics of methylene blue onto
fenugreek powder.
II. MATERIALS AND METHODS

A. Materials

Fenugreek powder was collected from agriculture lands at Rajasthan. The fenugreek seeds were washed with raw water to
remove impurities. The seeds were washed with distilled water again and dried in hot air oven at 105°C till they become crisp.
The dried seeds were first hand crushed and then using Disc Mill Crusher to crush it into powder form. Then sieve shaker issued
to sieve the fenugreek powder into size of range 150um-300pum. The methylene blue (MB) used in this study having molecular
weight of 319.85222 g/mole and chemical formula of CisH;3CIN3S. MB concentration in the sample solution was determined
using a UV-Vis Hitachi U 2810 Spectrophotometer at a wavelength of 662 nm. MB (1000mg/L) in stock solution was prepared
and diluted to the required initial concentration, i.e. 25-100mg/L using distilled water. The experiment was carried out under
room temperature. All reagents used in this study were of analytical grade chemicals.

B. Batch Adsorption System
For batch equilibrium studies, adsorption isotherms were performed in a set of 4 Erlenmeyer flasks 250mL. 100mL solutions of
dye with different initial concentrations (25-100mg/L) were placed in these Erlenmeyer flasks. The optimum pH of the solutions
was used. 0.1g/10ml of fenugreek was added to individual dye solutions. The final concentration of dye in the solution were
measured at its wavelength Amax (nm), using UV—vis spectrophotometer.
The amount of adsorption at equilibrium time t, qe (mg/g) was calculated using this equation:
Qe =(Co—Ce)V (D
W
Where, Co= the liquid-phase concentrations of dye at initial(mg/L); Ce = the liquid-phase concentrations of dye at equilibrium
(mg/L) ; V = volume of the solution, (L); W =mass of dry adsorbent used, (g).
In batch kinetic studies, the procedures of these experiments are basically identical to those of equilibrium tests described
above. The samples were taken at fixed time intervals, and the concentrations of dye were measured using UV—vis
spectrophotometer. The amount of adsorption at time t for every time interval, Qt (mg/g), is calculated by using this equation:-

Qt = (Co-CHV Q)
w

Where, Ct= the liquid-phase concentrations of dye at time t when the aqueous samples were taken (mg/L); Ce = the liquid-phase
concentrations of dye at equilibrium (mg/L); V =volume of the solution (L); W = mass of dry adsorbent used (g).

Several operation parameters were also investigated in the batch adsorption studies, including effect of solution pH, initial dye
concentration and adsorbent dose.

For the effect of solution pH, acid and alkali were prepared for adjustment of solution pH. The acid and alkali uses for
adjustment pH are HCI and NaOH. 0.1N NaOH and 0.1N HCI were required for adjusting pH range from 3.7-9.7. The effect of
pH were studied using 0.2g (dry basis) fenugreek powder, 25 mg/L methylene blue (100 mL) at room temperature and contact
time equal to 3 hours and 24 hours respectively. The amount of adsorption at 3 hours, q3 (mg/g) and equilibrium time t, qe
(mg/g) is calculated using (1) and (2).

Different initial concentration of methylene blue ranging from 25 to 100 mg/L was prepared and placed in four Erlenmeyer
flask, each 100mL. The effect of initial concentration and contact time were studied using 0.2g (dry basis) fenugreek powder.
Experiments were carried out at room temperature and speed equal to 150 rpm.

Different initial dose of fenugreek powder ranging from 0.2g-2.0g was prepared and placed in six Erlenmeyer flask, each
100mL. The effect of adsorbent dosage and contact time were studied using 50mg/L methylene blue. Experiments were carried
out at room temperature and speed equal to 150 rpm.

C. Adsorption Isotherm and Kinetic Study

The isotherm experiments were carried out to obtain the maximum adsorption capacity and parameters as affected by solution’s
pH. The adsorption isotherm data was analysed according to two adsorption isotherm models, which are Langmuir and
Freundlich, while for the kinetic study, pseudo-first-order and pseudo-second-order models were used to test the experimental
data to investigate the mechanism of adsorption [8].
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III. RESULTS AND DISCUSSIONS

A.  Effect of Solution pH
Base on Fig 2. , it shows that the pH of solution has significantly affected the adsorption of methylene blue on fenugreek
powder. The higher the pH, the more effective the adsorption of methylene blue on fenugreek powder. Fenugreek powder
achieved its optimum adsorption capacity at pH 9.7. From the amount of 3 hours and the 24 hours, we found that the adsorption
capacity of methylene blue on fenugreek powder is higher at alkaline condition as compare to acid condition. The adsorption of
methylene blue onto adsorbent surface is influenced by the surface charge on the adsorbent and the initial pH of the solution [9].
The surface charge of fenugreek powder is strongly related to the solution pH. The fenugreek powder consists of polar
functional groups such as hydroxyl (-OH) and carbonyl (>C=0) which will be influenced by the pH. As the pH of the solution
increases, the number of negatively charge sites increased. This is because a strong electrostatic attraction exists between the
positively charged cationic dye and the negatively charged fenugreek powder surface due to the ionization of fenugreek powder.
As aresult, a negatively charged surface site on the adsorbent favours the adsorption of dye [10].
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Figure 2. Effect of pH on the adsorption of methylene blue on fenugreek Powder

B.  Effect of initial concentration of dyes

The initial methylene blue concentration plays an important role in affecting the capacity of methylene blue to adsorb onto
fenugreek powder. Fig. 3 shows that adsorption capacity is increases from 88.3% to 96% as the concentration increased from 25
to 100mg/L. The higher the methylene blue concentration is, the stronger the driving forces of the concentration gradient so the
adsorption capacity will be higher.

The reaction of the adsorption is very fast, the amount of dye will reach a constant value while the contact time increases. This
constant value is called equilibrium point which means that the maximum of dye can be adsorb by the adsorbent. The time
profile of dye uptake is a single, smooth and continuous curve leading to saturation, suggesting the possible monolayer coverage
of dye on the surface of adsorbent [11].
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Figure 3. Effect of initial dye concentration and contact time on the adsorption of methylene blue on fenugreek powder.(0.2g,
pH 9.7, room temperature)

C. Effect of adsorbent dose on adsorption capacity
Fig. 4 illustrates that the adsorption capacity was increased with the increment of adsorbent dosage. The adsorption capacity is
increases from 86.5% to 98% as the adsorbent dosage was increased from 0.2g/L to 2.0g/L. Higher uptake was obtained when
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the dosage was low. This indicated that with an increased mass of adsorbent, more surface area is made available and therefore
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the total number of sites increases [12].
Figure 4. Effect of adsorbent dose and contact time on the adsorption of methylene blue on fenugreek powder (S0mg/L, pH 9.7, room
temperature)

D. Adsorption Isotherm

Fig. 5 show the Langmuir isotherm plot Ce/ qe versus Ce. The slope of this plot equivalent to 1/ Qo when it intercepts represent
1/QoKL. Table 1 list the computed maximum adsorption capacity, Qo of methylene blue onto fenugreek powder. The
experimental maximum adsorption capacity is 25000 mg/g.

The Freundlich model is an empirical equation that assumes heterogeneous adsorption due to the diversity of adsorption sites
[13]. Fig. 6 show the plot of In ge versus In Ce, enables the constant KF and exponent n to be determined. The value of KF and
n are presented in Table 1. KF also use to estimate the quantity of dye adsorbed on adsorbent for an equilibrium concentration.
From the Table 1, the slope 1/n calculated to be 0.41 indicates that the adsorption of methylene blue onto fenugreek powder
follows the Langmuir isotherm. Favourable adsorption tends to have Freundlich constant n > 1. The value of n is 2.498 which
indicate favourable adsorption condition. The Freundlich constant n obtained is between 1 and 10 and 1/n is closer to zero than
1. This shows that the fenugreek powder used in this adsorption studies have heterogeneous surface.

By comparing the correlation coefficient, R’

Value shown in Table 1, the Langmuir model obtained a better fit of the experimental data compare to Freundlich model. This
result shows that the adsorption isotherm with fenugreek powder can be best described by Langmuir equation. The Langmuir
adsorption model shows that the formation of monolayer coverage of adsorbate at the outer surface of adsorbent.
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Figure 5.Langmuir isotherms for the removal of methylene blue by adsorption of fenugreek powder.
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Figure 6. Freundlich isotherms for the removal of methylene blue by adsorption of fenugreek powder.
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TABLE 1. Langmuir and Freundlich isotherm model constants and correlation coefficients for adsorption capacity of methylene blue onto

fenugreek powder

Langmuir Isotherm

Freundlich Isotherm

Qemax: 25 000 mg/g N=25
Ky=2.0 dm’/mg 1/n=0.41
R?=0.9939 R7=0.917

E. Kinetic Study

Fig. 7 shows the Pseudo-first-order kinetics of methylene blue adsorption onto fenugreek powder at various adsorbent doses,
while Fig. 8 shows the Pseudo-second-order kinetics of methylene blue adsorption onto fenugreek powder at various adsorbent
dose. Qe,, and k; were determined from the slope and intercept of the plot of Fig. 7 while ge., and k, were determined from the
slope and intercept of the plot of Fig. 8.

From the Fig. 7, the kinetic data did not fit well with the pseudo-first-order model. Usually pseudo-first-order equation does not
fit well to the whole range of contact time and is generally applicable over the initial stage of the adsorption process [14]. The
R? for the result are low in pseudo-first-order which is in range of 0.901 to 0.997 and the ge and ge,, alsohave big differences.
Therefore, the adsorption of methylene blue onto fenugreek powder does not follow the pseudo-first-order model.

The plot of t/qt versus t as in Fig. 8 shows a linear relationship with intercept very close to zero. This means that the pseudo-
second-order kinetics is applicable. The results show that the unit adsorption (q) for methylene blue increases from 2500 to
25000 mg/g with the decrease in mass of adsorbent from 2g to 0.2g. The correlation coefficients of the pseudo-second-order
model for the linear plots are between 0.9945 to 0.9996. The second-order rate constant values show that this adsorption system
is a pseudo-second-order model as the values of ge and qe., are almost the same. Therefore, the pseudo-second-order adsorption
mechanism is predominant.

For the both pseudo-first-order and pseudo-second-order model, as the adsorbent dose increase the qe.(mg/g) decrease
significantly.
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Figure 7. Pseudo-first-order kinetics of methylene blue adsorption onto fenugreek powder at various adsorbent dose.
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Figure 8. Pseudo-second-order kinetics of methylene blue adsorption onto fenugreek powder at various adsorbent dose.

TABLE 2 Kinetics parameters of methylene blue adsorbed onto fenugreek powder at different adsorbent dose

Adsorbent Qe Pseudo-first-order Pseudo-second-order
Dose (g/l) kinetics model kinetics model
a | Ki R’ e | Ko | R’
(mg/g) (Hl’;rf (mg/g)

02 23750 | 1531.1 | 0.0076 | 0.9483 | 25000 | 04 | 0.9996
04 11725 | 20893 | 0.02 | 09132 | 10000 | 02 | 0.998
0.6 79167 | 741.3 0.01 09788 | 5000 04 | 09956
0.8 59375 | 699.8 0.013 | 09974 | 5000 0.13 | 09981
1.0 4900 | 5495 0.02 | 0948 | 5000 04 | 09945
20 2435 | 595.7 0.047 | 0901 | 2500 02 | 0999

IV. CONCLUSION

From this study, it may be concluded that the removal of methylene blue from aqueous solutions by adsorption on fenugreek
powder has been found to be useful for controlling the water pollutions due to dyes. Adsorption of methylene blue on fenugreek
powder is influenced by the pH level. For the first 3 hours and after it reaches the equilibrium point, adsorption capacity
increase as the pH increase from range 3.7-9.7. The contact time is significant importance in the adsorption of methylene blue
on fenugreek powder. It takes about 120 minutes for initial concentration (25-100mg/L) to reach equilibrium point.

The adsorption of methylene blue onto fenugreek powder follows the Langmuir isotherm. The pseudo-second-order adsorption
mechanism is predominant compare to pseudo-first-order adsorption mechanism. The optimum pH for the adsorption of
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fenugreek powder is pH 9.7.
The advantages of an adsorption system for water pollution control are less investment in terms of both initial cost and land,
simple design and easy operation, no effect by toxic substances, and superior removal of organic waste constituents as
compared to the conventional biological treatment processes [15]. Adsorption techniques are useful for controlling the extent of
water pollution due to dyes.
Fenugreek powder is a material showing the pronounced removal of dyes from aqueous solutions in alkaline condition. It is
easily available in the countryside and has the potential to be used for the small industries which produced dyes as their effluent.
The data from this study may be useful for designing an economically cheap treatment process for removal of methylene blue
from industrial effluent.
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