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Abstract

An experimental study investigated the potential of corn husk as a biosorbent for adsorption of methylene blue (MB) dye from dye
synthetic effluent. The effects of operating parameters like, pH, contact time, initial dye concentrations and adsorbent doses on dye
uptake were examined.pH of the solution was found to have most significant impact on adsorption process, and maximum dye
removal was achieved at pH 6.2 within 15 minutes of contact time. The coefficient value for adsorption capacity qmax0btained in
Langmuir isotherm was 30.33 mg/g with with significant value of regression R?= 0.99. The value of Kcoefficient obtained in

Freundlich isotherm was about 8.51 mg/g with a lower regression, R?= 0.82. Kinetic study of the adsorption process followed the

Pseudo second order kinetic model. Experimental results favor the adsorption process from corn husk based adsorbent.
Keywords- Corn husk, Agricultural adsorbent, Methylene blue dye, FTIR technique
1. Introduction

Dyes are complex chemical compounds used in various industries such as food, paper, carpets, rubbers, plastics, tanneries,
cosmetic and textile to colour their products [1]. These dyes may be either natural or synthetic in origin and used frequently
due to its availability and range. Synthetic dyes are mutagenic; carcinogenic in nature causes skin allergy, nausea, skin
irritation, and breathing difficulties [2]. Methylene blue (MB) dye is cationic and more toxic in nature than anionic dye [3].
Deprive of harmful effect this dye is widely used in industries like textile, printing and tanning industry [4].Dyes laden
wastewaters have less permeability for sunlight penetration, hence it retarded photosynthetic activity and reduce dissolved
oxygen in the aquatic ecosystem. The dye-containing wastewater can be characterized by high COD (789 mg/L), BOD (275
mg/L), TDS (5875 mg/L) content which negatively affect the life in aquatic ecosystem when they discharge into water bodies
[5]. Most of the industries have less effective wastewater treatment system; hence, most of the dye residues are remained

discharge in wastewater.
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Recently various techniques have been employed for the removal of dyes from waste water [6] i.e. nano filtration, reverse
osmosis, electrolytic coagulation, aerobic, anaerobic treatment and adsorption [7-8] by activated material. Most of these
technologies have been proven ineffective for removal of synthetic textile dyes from wastewater because of the chemical
stability of these pollutants [9]. Indian dye industries mostly used expensive activated carbon, which increases the cost of
wastewater treatment.Researchers have shifted their interest towards the biological materials for low cost absorption process
for treatment of dye containing effluent [10]. Application of waste materials such as agricultural waste, clay and microbial
biomass were also used for biosorption process. These biomaterials are by-products from agricultural practice, industrial
waste and porous materials [11-12]. The major advantages of biosorption methods over conventional treatment include; cost
effectiveness, high efficiency, minimization of sludge and no additional requirements of further treatment [13-14]. Agricultural
waste being economic and eco-friendly due to their unique chemical composition, available in abundance quantity, renewable,
low cost and more efficient and are seems to be a viable option for decolourization of textile wastewater. Waste materials such
as bagasse, saw dust, rice husks, tamarind fruit shell, palm fruit bunch, corn cob, barley husk, orange peel, ground nut shell,
wheat bran, tree barks and barley straw [15-20] have been already observed forcolour removal of dye effluent. Agricultural
wastes are mainly composed of lignocellulosic material (containing 35-36% cellulose, 25-35 % hemicelluloses, 20-30 % lignin
and other components). Those have porous structure, very high free-surface volume, and lignocellulosic (plant-derived)
resources. Thus, agricultural waste shows sorption characteristic for a wide range of solutes [21].

Corn husk is one of the cellulosic wasteswith no economic value in agriculture. A large quantity of corn husk is produced in
India and about 8.7 Mhaareaswas under cultivation which produces 22.2 MT of maize grain during 2012-2013 [22] . It is
composed of cellulose (~42%), lignin (~13%), ash (4.2%) and other material (~41%) [23].

The aim of the present study is to find out the potential of corn husk as an adsorbent for uptake of MB dye from synthetic
dye wastewater. In addition to the biosorption process mechanism of biosorption process is also studied through Langmuir
and Freundlich Isotherms and kinetic models are applied on experimental data to observe the kinetics behavior of biosorption

process.

2. Materials and Methods

2.1 Preparationand calibration of synthetic dye wastewater

An analytical grade of Methylene blue dye (MB)was used in the preparation of synthetic dye wastewater. Stock solution of
methylene blue dye was prepared (1000 mg/L) dissolving required quantity of dye in double distilled water to obtain different
concentrations via dilution process (5 mg/L, 10 mg/L, 15 mg/L, 20 mg/L, 25 mg/L, and 30 mg/L) of MB dye solution was
prepared by diluting stock solution.

Synthetic wastewater was cenrtrifuged at 700 rpm for ten minutes which was then analysed for dye concentrations. Dye
concentration was measured through UV-VIS spectrophotometer (Shimadzu-2450). pH of the solution in the experiment was

maintained by addition of either acid/alkali 0.1 N HCl or 0.1 N NaOH) solutions. The synthetic dye wastewater was prepared
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and calibrated in order to find out various optical densities at various concentrations of methylene blue dye in distilled water

(5,10, 15, 20, 25, 30 mg/L). k factor was calculated by the graph (Fig 1) plotted between absorbance and concentration.
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Fig 1. Calibration curve of methylene blue dyes

2.2Preparation of biosorbent

Corn husk was used as a biosorbent for removal of methylene blue dye from synthetic wastewater. The material was collected
from the local markets of Lucknow, Uttar Pradesh, India. The corn husk biomass was washed withdistilled water many times
to remove the dust impurity. After washing, the material was grinded with mixer grinder. The powdered material was again

dried in an oven at 105 2C for 24 hours and stored in an air tight plastic container for adsorbent study.
2.3 Analysis of colour removal efficiency of corn husk

Colour removal efficiency was determined for each concentration of wastewater at fixed time interval (contact time). The
percentage colour removal at equilibrium was calculated by the following formula.

Co—Ce

Decolorization(%) = X 100(1)

Dyeadsorptioncapacity(q,) = fo=le sy (2)

m

Where, C, and Ce are the liquid-phase dye concentration at initial stage and equilibrium stage respectively (mg/L); V is the

volume of dye solution (L) and m is the mass of adsorbent (g).
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2.4 Adsorption equilibrium studies

Batch equilibrium adsorption studies were carried out in laboratory by containing 250 mL of dye solutions of different initial
concentrations of 5, 10, 15, 20, 25 and 30 mg/L with 0.25 g of dried fine powdered corn husk in 500 mL conical flasks for a
period of 2 h. The adsorption process was performed at selected temperature (25-28 2C), and different pH of dye wastewater

to observe the effective adsorption process.

2.5 Isotherm Study

The equilibrium adsorption isotherm is applied to understand the design and significance of adsorption system. Langmuir and
Freundlich are two important adsorption isothermwere used in this study. Isotherm models are generally used to evaluate the
sorption capacity shown by biomass in sorption system and mathematical relationship between the quantity of adsorbate and

concentration remaining in the system [24].
2.6 Langmuir Isotherm

It is usually used for monolayer adsorption process and expressed as follows:

Gmax bCe
1+he, O)

de =
where, ge is the amount of metal sorbed at equilibrium (mg/g), qmax is the monolayer sorption capacity (mg/g), b is the
Langmuir constant, C. is concentration of metal ions in solution at equilibrium.

The linear form of Langmuir model is as follows:
Ce Ce 1

=L

qe 9max bqmax

There must be a straight line with slope of (1/qmax) and an intercept of (1/bqmax) when a plot of (Ce/qe) verses Ce is drawn.

2.7 Freundlichisotherm

The Freundlich equation is basically empirical but is often useful as a means for data description and representing the
equilibrium on heterogeneous surfaces and does not assume monolayer coverage [25-26].

. The Freundlich model in its linear form is express as:

logq., = logks +% log C.(5)

Where C. is the equilibrium concentration (mg/g); qe is the adsorbed amount at equilibrium (mg/g); 1/n and kr and n are

experimentally calculated by plotting the function (equation. 3)
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2.8 Kinetic study

Adsorption kinetic describes the solute uptake rate and evidently this rate controls the residence time of adsorbate uptake at
solid-solution interface [27]. The most commonly models used for adsorption kinetics are Pseudo-first order and Pseudo-

second order kinetic models.
2.9 Pseudo first order

Lagergren first-order rate expression based on solid capacity is generally showed as follows [28]:

o= ki@ — a)(6)

where q and q. are amounts of dye adsorbed (mg/g) at time, t (min) and at equilibrium, respectively, k1 is the rate constant of
adsorption (1 min-1).
It is mathematically can also expressed as follows:
= q.(1 — e™1)(7)
log(q. — ) = logq. — 5-—(8)

Where, k; is first order constant; qe(mg/g) is the amount of adsorbate adsorbed at equilibrium and at anytime; q; is the
amount of adsorbate adsorbed at time time t. The value of geand kj can be obtained from the non-linear curve fitting of

experimental data qcverses t.

2.10 Pseudo-second order

Pseudo-second order is mathematically expresses as follow:

_ kzqe2
qc = 1+ky qet(g)

where, k; ((g/mg)/h) is the second order constants q. (mg/g) and q:(mg/g) the amount at adsorbed at equilibrium at any time.

3. Results and Discussion

3.1 Effect of pH

pHas a key factor was found to have played important role in adsorption of MB dyes from the synthetic dye wastewater. The
maximum adsorption of MB dyes (90 %) onto corn husk powder was achieved at pH 6.2 (slightly acidic; Fig. 2). Maximum dye
sequestration from the aqueous solution of MB dye achieved within 15 minutes after start of the experiment at all studied
concentrations. At pH 6.2, the adsorbent surface is negatively charged that provides more electrostatic attraction between
corn husk and MB dye which cause increase the adsorption capacity. Above this pH, adsorption process decreased due to

weakening of electrostatic force of attraction between the oppositely charged adsorbate and adsorbent [29].
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Figure 2: Effect of pH on MB dye adsorption (dye concentarion= 10 mg/L, adsorbent dose= 0.25 gm/250 ml and time= 2 h)

3.2 Effect of contact time

The effect of contact time on the adsorption of MB dye in aqueous solution by corn husk powder was studiedfor all
concentrations varied from 5-30 mg/L. The result is presented in Fig.3 which indicates a maximum (> 90%) dye uptake
reached within 15 minutes. Doses of dye adsorption, increases with increasing contact time. At initial state, the rate of dye
uptake was higher in the beginning time due to the presence of active sites on the adsorbent. The rate of adsorption gradually

become slower and quantitatively insignificant.
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Figure: 3 Effect of contact time on MB dye adsorption (dye concentration= 10 mg/L, adsorbent dose= 0.25 gm/250 ml and
time= 2 h)
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3.3 Effect of adsorbent doses

The adsorption of MB on corn husk powder was studied by varying the amount of corn husk and biosorbent ranging from 1-25
gm/I at room temperature (25 °C); and solution concentration was 10 mg/L for all experiments. The percent adsorption was
increased with increase in doses (Fig. 4) due to increased surface area and availability of more binding sites [30]. The
maximum adsorption was observed least for higher amount of doses [31]. However, the increase concentrations of doses lead

to decrease adsorption with increasing adsorbent dose. This decrease may be due to unsaturation of adsorption sites [32].
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Figure 4 :Effect of adsorbent dose on MB dye adsorption (dye concentration= 10 mg/L, /250 ml and time= 2 h)

3.4 Effect of initial concentrations

In sorption process, the effect of contact time was investigated at different MB dye concentrations (5, 10, 15, 20, 25, and 30
mg/L) onto corn husk adsorbent at a fixed adsorbent dose (0.25 gm/250 ml) in test solution. The experiments were carried
out at different time intervals (15, 30, 45, 60, 90 and 120 minutes). The MB dye uptake range was found from 83-97 percent at
all studied concentrations (Fig. 5). The maximum dye removal was shown by adsorbent was shown by adsorbent dose 0.25
gm/250 ml at 10 mg/L concentrations. These observations were found similar with observations reported by other
researchers [33]. The dye removal rate was decreased at as increase dye concentrations from 5-30 mg/L. The reason behind it

was the less availability of binding sites in aqueous dye solutions.
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Figure 5: Effect of initial concentrations on MB dye adsorption (adsorbent dose= 0.25 gm/250 ml and time= 2 h)

3.5 Adsorption Isotherm studies

The values of Langmuir and Freundlich constants for MB dye uptake on corn husk are given in Table 1. The values of Krand n
were obtained by the plot of log qevs log Ce (Table 1). The R2 values of Langmuir constant was 0.9487 which was higher than
R? value of Freundlich (0.8268), this means that Langmuir data fitted well than Freundlich data in adsorption process (Fig 6 &

7).
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Fig 7 Freundlich plot for MB dye removal by using corn peel
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Table 1 Equilibrium model parameters for the removal of MB onto corn husk powder

Langmuir constant Freundlich constant
Quax(mg/g) B (L/mg) R? n Kr(mg/g) R?
30.30 0.003 0.9487 2.27 8.51 0.8268

The essential parameter of the Langmuir isotherm can be expressed in terms of an equilibrium parameter, Ry, [34] (Eq.10

which is defined as below:-
Ri=1/(1+bCo)(10)

Where, Cois the initial dye concentration (mg/L) and b is the Langmuir constant. The value of R, for the present study at

different concentrations were found to be ranges between 0 to 1 (Table 1) which confirms the favourable state of dye uptake.

Ry values indicate the Langmuir isotherm suitable condition,unfavourable (R.>1), linear (Ry=1), favourable (0< Ry.<1) and

irreversible (R.=0) [35].

In Freundlich data, if value shows the degree of non linearity between methylene blue dye concentrated and adsorption as
follows, if n=1, then adsorption is linear, if n<1; then adsorption is a chemical process, if n>1; then adsorption is a physical
process. In the present work, n value was found to be 2.27 (Table 1). The value of n ranges from 1-10 represent good

adsorption process [36-37].
3.6 Adsorption Kinetic studies

The kinetic plots, pseudo first order and pseudo second order wereshown in Table 2; those were toused to calculate the
maximum adsorption capacity (mg/g) and the rate constants. The theoretical maximum adsorption capacity (30.333 mg/g)
inferred from the pseudo second order equation was closer to observed experimental value (30.30 mg/g). The pseudo second

order kinetic model was based on the premise that the sorption rate was controlled by chemical sorption [38] .

In present study, the applicability of pseudo first order (Eq. 6) and pseudo second order model (Eq. 7) was tested for the
sequestration of MB dye from aqueous media. For the pseudo first order model straight- line plots of log(qe-qt) against time
were analyzed. For pseudo second order t/qt was plotted against time
Slopes and intercepts of pseudo first order and pseudo second order model are given in Table (2) (Fig.8 & 9); those were to
calculate the maximum metal uptake capacity (mg/g) and the rate constants. The theoretical maximum adsorption capacity
(30.333 mg/g) inferred from the pseudo second order equation was closer to observed experimental value (30.30 mg/g). The
pseudo second order kinetic model was based on the factor that the sorption rate was controlled by chemical sorption [38]. On
the bases of correlation factor, it was found that Pseudo second order (R2=0.99) fitted well than Pseudo second order

(R2=0.88) with the adsorption experiment.
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Table 2. Comparison between adsorption of Lagergren pseudo first order and pseudo second order

Initial dye concentration  First order model Second order model
(mg/L)
Ky (x10- Qe(mg/g R? Kz (x10- Qe(mg/g R?
3/min) ) *g/mg/min) )
5 0.0345 0.630 0.90 0.048 4.545 0.99
10 0.0396 0.933 0.74 0.011 9.523 0.99
15 0.033 0.807 0.95 0.004 16.666 0.99
20 0.014 1.288 0.75 0.002 20.0 0.99
25 0.019 1.678 0.70 0.002 25.0 0.99
30 0.028 1.111 0.88 0.001 33.333 0.99
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Figure. 9: Ho's pseudo second order kinetic model
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3.7 Comparison of corn husk methylene blue uptake with other adsorbents
Table 3 represents a comparative evaluation of locally available adsorbents for methylene blue dye removal. It was observed
that corn husk is better than other reported adsorbents. Therefore, corn husk is efficient adsorbents in terms of adsorption

capacity.

Table 3. Comparison of methylene blue dye uptake with other adsorbents

Adsorbent Adsorption capacity References
(mg/g)
Neem saw dust 3.62 [39]
Beer brewery waste 4.92 [40]
Cow dung ash 5.31 [41]
Coir pith carbon 5.87 [42]
Orange peel 20.50 [43]
Activated olive stones 22.1 [44]
Cogongrass 27.40 [45]
Banana peel 29.94 [43]
Corn husk 30.33 present study

3.8 FTIR Analysis of corn husk

FTIR (Fourier Transform Infrared) spectra were analyzed by Shimadzu-8400S instrument before and after sorption of
methylene blue dye in order to identify the vibrational groups in the corn husk.

Figure 10, denotes the FTIR spectra of corn husk prior to adsorption of methylene blue dye. The peaks at 3987 cm-! and 3734
cm-twere characteristic of OH band stretching. The peak at 2154 cm-! is due to C=C group. The peaks at 1674 cm-! is assigned
to ketonic C=0 stretching frequency. The peak at 1537 cm-! indicate the presence of C=C stretching vibration of the aromatic
rings. The relatively intense band at 1389 cm™ can be assigned to CH aliphatic bending. The peak around 1331 cm

corresponds to the CH bending.
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In Fig 11, the bands in the region of 3917-3684 cm™ are attributed to the OH groups of alcohols and carboxylic acids. The

bands at 2947 cm can be associated with CH groups. The peaks at 2827, 2729 and 2702 cm! are assigned to CH stretching

vibration of aldehyde group. The peak at 2679 cm-! indicates the presence of NH; symmetric ring. The peaks at 2588 cm-! are

due to SH stretching vibrations. The two peaks at 2473 cm™! and 2359 cm-are assigned to C=0 stretching. The peak at 2332

cm?! and 1626 cm™ indicates the presence of Si-H and C=0 groups, respectively. The strong peak at 1362 cm are due to

presence of aliphatic stretch.
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Fig.11 FTIR spectra of corn husk after adsorption
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4. Conclusion

The adsorption of methylene blue dye onto corn husk was explored under different conditions. The adsorption process
was examined under parameters such as pH, contact time, initial metal concentrations and adsorbent doses. The
maximum dye removal occurred at pH 6.2 within 15 minutes time intervals. The experimental data fitted well with
Langmuir isotherm data than Freundlich isotherm which shows the monolayer adsorption. The Langmuir constant, Ry,
and Freundlich constant, n, both favoured the adsorption system. Maximum monolayer adsorption capacity was found to
be 30.30 mg/g. The adsorption kinetic followed the pseudo-second order model which confirms physisorption as well as
chemisorption mechanism. Corn husk could be employed as a low cost adsorbent for the efficient removal of methylene

blue dye.
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