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ARTICLE INFO ABSTRACT

Keywords: Toxic dyes are irrefutable effluent components of textile wastewater, so they have become a major economic and
Dye removal health concern. With the purpose of efficient removal of textile dyes, multiple nature-inspired adsorbents have
Adsorption

been applied. Herein, raw corncob is proposed as a novel highly efficient, low-price, and abundantly attainable
adsorbent with the potential for uptake of methyl red and methyl orange. Multiple experiments were carried out
to optimize parameters including pH, primary concentration, adsorbent dosage, temperature, and contact time.
The adsorption was raised with the mounting of the contact time and it was alleviated with the addition of initial
concentration. The foremost uptake of dye was apperceived at an acidic medium pH 4 for methyl red and pH 1 for
methyl orange. Scanning Electron Microscopy and Fourier Transform Infrared Spectroscopy were employed to
characterize the surfaces of corncobs. The well-fitted Langmuir and Freundlich models (methyl red: R? = 0.9956
and methyl orange: R% = 0.9883) confirmed the homogeneous monolayer adsorption process on the raw corncob
surface. The obtained results disclose that corncob is an effectual biosorbent for eliminating anionic dyes without

Corncob waste
Wastewater treatment

the necessity for any prior modifications.

1. Introduction

Textile industries positively influence economic development,
worldwide. However, one of the obstacles associated with textile man-
ufactories is undesirable dye effluent. The textile industry has a high
position in the use of dyes among other industries for the dyeing of fibers
[1]. It also releases a maximum amount of dye effluents into the envi-
ronment [2]. It is estimated that nearly 280,000 tons of dyestuff, which is
10%-15% of total dyes applied during the synthesis of textile products,
are discharged every year [3].

Textiles are composed of both natural and synthetic fibers. They are
used as raw feeds to prepare many kinds of garments. One ton of natural
and synthetic textiles need almost 60 m® and 92 m® of fresh water,
respectively, and result in 17%-20% of discharges into wastewater.
These volumes of effluents are produced in each of the processes such as
dyeing, scouring, printing, sizing, mercerizing, de-scouring, bleaching,
and finishing [4]. The incapability of dye mixture adsorption onto the
fabric results in the discharge of dye effluents. Fabrics can only absorb
25% of the dye mixture because of their limited absorption potential [5].

Dye is a colored substance and absorbs a certain wavelength in the
visible spectrum range. It has a relatively stable and complicated
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aromatic structure that is also resistant to degradation [6]. Dyes are
mostly utilized in the pharmaceutical, textile, cosmetics, food, plastics,
photographic, and paper industries [7]. According to the resources, dyes
are mainly categorized into synthetic and natural ones. Natural dyes are
based on plants or animals. On the other hand, the synthetic dyes are
grouped into azo and non-azo dyes. Azo dyes are further categorized into
the acidic, reactive, basic, vat, disperse, and sulfur dyes [8]. Methyl or-
ange (MO) and methyl red (MR) are two examples of acidic dyes that are
used as dyes.

Recently, several reports have been published regarding dye removal
methods [9, 10, 11, 12, 13]. These methods are capable of removing dyes
in a small timescale. The presented methods could be classified into three
significant treatment categories including chemical, biological, and
physical treatments. Advanced oxidation (AOP), electrochemical treat-
ment, adsorption, biological treatment, and membrane filtration are
some of the remarkable techniques which are generally utilized for dye
elimination [14, 15, 16, 17, 18]. Each method has some benefits and
disadvantages. Adsorption is the most commonly utilized method. It al-
lows for removing low to high pollutants concentrations. Therefore,
many studies have been performed to develop effective and
price-effective adsorbent materials.
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The agricultural wastes are used to remove contaminations in the
wastewater due to their easy availability. Moreover, they have favorable
physicochemical traits like high adsorption capacity and good removal
efficiency. They are also renewable with or without prior processing like
grinding, washing, and drying. In this way, they decrease the additional
energy costs as well as production costs in the case of thermal treatments
[19]. Agricultural wastes are mostly containing hemicellulose, lignin,
and cellulose of high molecular weight. Some small-sized lignocellulosic
materials are much important for the removal of dye molecules [20, 21,
22]. The agricultural wastes have been successfully applied for basic
excluding of dyes as well as acid dyes. The maximum adsorption of
cationic dyes occurs in the pH ranging from 6-10, while removal of acid
dyes is favored at pH 2-4. At the acidic pH range, the positively charged
adsorbent surface is proper to adsorb negatively charged anionic dyes.
On the other hand, the surface of the adsorbent attains negative charges
at the basic pH range thus appropriate for the uptaking of the positively
charged cationic dye. The agricultural wastes show a maximum potential
for cationic dyes followed by anionic dyes [23, 24].

Corncob is abundant, develops wide surface areas, and is cost-
effective. These traits make the corncob an appropriate adsorbent for
the treatment of textile effluents. Furthermore, due to the presence of
charges on the surface, porosity, and layered structures, the corncob has
been proposed as an efficient adsorbent for the excluding of organic or
inorganic contaminants from wastewater [25, 26].

To the best of our knowledge, there are very few reports regarding the
importance of the removal of dye wastewater utilizing raw corncob [27,
28]. Therefore, for the first, the possibility of employing raw corncob to
remove MR and MO from textile wastewater was surveyed. The outcomes
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reveal the adsorbent potential of corncob powder for dye elimination
from wastewater.

2. Materials and methods
2.1. Materials

Corncob was prepared from a local market that had collected as
agricultural wastes from agricultural fields. It was leached with double
distilled water to eliminate dust contaminations. Afterward, it was dried
in open air followed by controlled drying at 70 °C in an oven for 24 h. The
dried corncobs were crushed into small pieces with the help of a corncob
crusher machine followed by grinding in a maize grinding machine to
produce powder form. The resulting corncob media was then sieved by
passing it through a set of ASTM standard sieves with mesh sizes of
60-200 to generate fractions with various particle sizes in the range of
250-74 pm. Finally, 0.075 mm size particles of corncob were selected as
an adsorption media. The sieved fractions were kept in airtight plastic
stacks for future use. MR and MO were purchased from Sigma-Aldrich.
The stock solutions of dyes were supplied by appending 1 g of each
dye powder to 1000 ml of double-distilled water.

2.2. Adsorption experiments

The adsorption tests were performed by adding 1g of adsorbent to a
volume of 100 ml dye in a conical flask with a volume of 250 ml. The
primary pH of the dye solution was set by appending 0.1M NaOH or 0.1M
HCI. Corncobs were then appended to the dye solution and were shaken

MERAS TRSCAN SEM MAG: 10.0 kx
SEM MV 20.0 KV

Figure 1. (a) SEM analysis of raw corncob before adsorption of dyes. (b) The magnified encircled part of the corncob. (¢) SEM analysis of raw corncob after MR
adsorption. (d) The magnified encircled part of the corncob. (e) SEM analysis of raw corncob after MO adsorption. (f) The magnified encircled part of the corncob.
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at the temperature of 30 °C until the equilibrium was obtained. After the
adsorption process, the samples were gathered, and the suspensions were
detached using filter paper. The conical flask was placed in the rotary
shaker with stirring of 180 rpm at room temperature. After filtration, the
dye elimination was surveyed.

The amount of adsorption capacity (amount of dyes per unit mass)
and the removal efficiency were determined using the equations [1] and
[2], respectively:

Co - Ce
e=—t XV 1
q TS (€Y
Co - Ce
R% = x 100 (2)
Co
Where,

ge = Amount of adsorbed dyes (mg/g)
Co, = Primary concentration (mg/1)

Ce = Equilibrium concentration (mg/1)
W = Mass of adsorbent (mg)

V = Solution volume (ml)

R% = Removal percentage

Moreover, Langmuir and Freundlich isotherm models were applied to
analyze the data. The liner forms of Langmuir and Freundlich models are
represented in equations [3] and [4], respectively:

C. 1 C.
e e 3)
e GuKi  qnm
1
log(q.) =log K¢ + a log C (€]

Where, C. is the concentration of dyes at equilibrium in (mg/1), qe is the
value of dyes adsorbed per unit mass, K, is the Langmuir constant, qp, is
the uppermost adsorption capacity in (mg/g), Kr and n are Freundlich
constants which determine the favorability of the adsorption process.

2.3. Instruments

Fourier transform infrared spectroscopy (FT-IR) was carried out by
Bio-Rad Merlin, FT-IR spectroscopy Mod FTS 3000. Surface morphology
analysis was performed by scanning electron microscopy (SEM, NORAN
at an electron acceleration voltage of 25kV). UV-Visible spectroscopy
measurement was accomplished using a double beam spectrophotometer
NORAN at Apax 464nm (methyl Orange) and Apax 410nm (methyl red).

3. Results and discussion
3.1. Morphology characterization

SEM images of corncobs powder were surveyed to analyze the
morphological surface before and after adsorption of dyes on the
adsorbent surface. Figure 1a indicates the SEM image of the coarsened
surface of corncobs before the adsorption of dyes. The encircled part is
magnified in Figure 1b. The cracks are observed in the encircled portion.
The coarse surface and the cracks facilitate the adsorption phenomenon.
Figure 1c and Figure le show the SEM images of MR-loaded and MO-
loaded corncob surfaces, respectively. The magnified encircled parts
clearly indicate the binding of dye particles on the adsorbent surface
(Figure 1d and Figure 1f, respectively) [29].

3.2. FT-IR analysis

The functional groups present on the corncob surface were deter-
mined by FT-IR analysis. FT-IR spectra of corncob before and after
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Figure 2. FTIR analysis of raw corncob and MO- and MR-loaded corncob.

adsorption of MO and MR are indicated in Figure 2. The peaks at 3299
cm ™! show the O-H stretching due to the presence of hydrogen bonding
or alcoholic bonding. They also denote the presence of water molecules
in the corncob adsorbent. A little peak at 2925cm ™' reveals the C-H
stretching which is ascribed to the bonding present in the organic ad-
sorbents [30]. Another peak at 1653 cm~ ! is ascribed to C=N and C=C
stretching [31]. The C-N and C-H bonding appearing at 1149 cm™! and
1202cm ™}, respectively, show the attendance of aromatic amines, CH,
and CHs. The most prominent peak of MO at 1011cm™! shows the
aliphatic amines. The same but smaller peak is observed for MR and raw
corncob. Another differentiate peak at 806 cm ™! shows the attendance of
C-H stretching of aromatics after adsorption [32].

3.3. Effect of adsorbent dose

The dose efficacy of the adsorbent was surveyed ranging from 0.05 to
5 g.L ! of an adsorbent. Figure 3 shows the removal efficiency at various
adsorption doses (corncob = 20 mg.L ™}, contact time = 100 min, and
temperature = 25 °C). The removal percentages were considerably
increased from 8.8 to 94.54% for MR (Figure 3a) and from 15.23 to
99.25% for MO (Figure 3b), with the quantized increment of adsorbent
dose from 0.05 to 5.0 g L1, The enhancement in the removal percentage
with the elevation of the adsorbent dose is owing to the increase of the
adsorbent surface area and consequently accessibility to more binding
sites [33]. Besides, the reverse trend in the adsorption capacity of the
adsorbent was seen. The capacity of adsorption decreased significantly
from 3.53 to 0.378 mg/g for MR and from 6.09 to 0.397 mg/g for MO
with the enhancement in the corncob dose from 0.05 to 5.0 g/L. The
decline in the adsorption capacity along with an elevation in the corncob
dose is due to the bump or cluster of adsorbent particles that are formed
because of cohesive interactions. It results in the reduction of effective
surface area per unit weight (g) of adsorbent. Moreover, data did not
indicate any significant MR removal (0.85-0.378 mg.g"!) and MO
removal (0.88-0.39 mg.g™ 1) at corncob dose from 2.0 to 5.0 g.L—1. It
could be ascribed to the overcrowding of adsorbent biomass resulting in
the overlapping of sorption sites [34]. In other words, some active
binding sites remain unsaturated during the sorption process [35].
Therefore, both negative and positive effects of elevating adsorbent doses
were considered for further studies.

3.4. Effects of temperature

The temperature effect on the adsorption of dye is indicated in
Figure 4. Outcomes illustrate that appending temperature from 25 to 40
°C decreases the adsorption of dye which confirms the exothermic nature
of this process. The decrease in percentage removal for MR and MO with
increasing temperature can be attributed to several reasons: i) increasing
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Figure 3. Effect of adsorbent dose on (a) MR and (b) MO adsorption.
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Figure 4. Effect of temperature on MR (red color) and MO (orange
color) adsorption.

the solubility of MR and MO in water; ii) the stronger interaction of dye-
solvent than the dye-adsorbent interaction; iii) higher Brownian move-
ment of MR and MO molecules in the solution; iv) the dissociation of
hydrogen bonding between dyes and corncob, v) damaging the active
sites on the surface of adsorbent [36]. The graph demonstrates the
negative effect of temperature on the corncob adsorption capacity for
anionic acidic dyes. It affects the chemical potential of the adsorbent
since the system mobility increases but the interactions decrease [37].

3.5. Effect of pH

The solution pH is the foremost crucial factor in the adsorption. It can
alter the adsorbent surface charge. It can also affect the adsorption ki-
netics by changing the solubility of dyes or ionization state. Figure 5a-b
show the adsorption of dyes on the corncob surface at various pHs [1, 2,
3,4,5,6,7,8,9, 10, 11]. It has been observed that corncob has the

(@)

Percentage removal(%)
8
qe(mg/g)

potential to adsorb MR and MO from an aqueous solution at different pH
levels. The highest levels of removal efficiency of MR and MO occurred at
pH 4 and 1, respectively. This indicates that the adsorbent is selective for
the anionic dyes at only acidic pH. The pHpzc of corncob was 6.83 and
6.2, therefore, the corncob particles have positive charges in pH below
these values [38, 39]. The positive charge of the corncob surface at acidic
pH is owing to the protonated binding sites. The protonation helps the
anionic dye adsorption owing to the electrostatic attraction. Conse-
quently, lower pH causes the premiere protonation of the corncob surface
leading to the better adsorption of dyes. There is a remarkable electro-
static attraction between anionic MO and the positively charged surface
of the adsorbent at low pH (4 and below). With the addition of pH, the
negatively charged sites increase. Therefore, the adsorption of anions is
decreased because of the negatively charged sites on the surface of the
adsorbent leading to electrostatic repulsion. It is found that adsorption
was somewhat unfavorable at pH lower than 4 for MR [32]. This is
ascribed to the addition of the proton concentration which in turn results
in the constitution of aqua complexes and holds back the dye sorption
[40]. Moreover, at alkaline pH, lower adsorption of both dyes is attrib-
uted to excess OH ions, thus competing for the adsorption in the active
sites of the adsorbent [41]. In acidic media, the adsorption of MR and MO
on the corncob surface is relatively physisorption, not chemisorption
[39]. Different types of forces like weak Van der Waals forces and rela-
tively stronger electrostatic attractions exist between the ionized form of
sulfonyl substitutions on the dye molecules and the positively charged
surface of the corncob (Egs. (5) and (6)).

H.
A —SO;Na O s 805 +Na*
Sodium salt Colored anion )
of acid dye
Corncob-OH + H + SO3-Dye = Corncob-OH"»,SO3-Dye [42] (6)
100 :Af—l—ﬂ,_.;i_i\\il 25
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Removal efficiency(%)
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Figure 5. Effect of pH on adsorption of (a) MR and (b) MO.
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Figure 6. Effect of contact time on adsorption of (a) MR and (b) MO; Effect of initial concentration of (¢) MR and (d) MO on the adsorption process.

3.6. Effect of initial dye concentration and contact time

The efficacy of primary dye concentration and contact time were
surveyed utilizing various concentrations MR and MO solutions (20, 30,
40, 50, 60, 70, 80, 90, 100 mg/L) and then agitation with 1g of corncob at
25°C for 0, 20, 40, 60, 100, 130, and 150 minutes as shown in Figure 6a-
d. It has been found that removal efficiency enhances with increasing
contact time and decreases with the rise of primary concentration. From
the current study, it is obvious that contact time has a prominent effect on
adsorption. Adsorption efficiency steadily increases with contact time for
all initial concentration values [43]. Additionally, regardless of initial
concentration, the adsorption rate was initially rapid as the maximum
number of positively charged binding sites was present for adsorption.
The driving force was initially strong for the dye adsorption on the sur-
face of adsorbent. However, the driving force and unsaturated sites were
decreased. It resulted in a slower adsorption rate. Then, dynamic equi-
librium was attained [41, 44]. Figures 6a-b show that in the different
concentrations of dyes, the adsorption rate was higher initially which
decreased slowly till the equilibrium point was reached. The required
contact time for MR solution to reach equilibrium was found to be 100
minutes while for MO solution was 130 minutes. Therefore, the experi-
ments were continued for 150 minutes. At low concentrations, the ratio
of the primary amount of dyes to the accessible vacant sites of adsorbent
is small. So, the fractional adsorption is not dependent on the initial
adsorbate concentration. There are dual challenges for the dye molecules
in the process of adsorption including the counteraction of the boundary
layer efficacy and the adsorption on the surface of adsorbent [42, 45].

The effect of primary dye concentration on the capacity of adsorption
and removal efficiency is shown in Figures 6¢c-d. In the case of MR
adsorption, the adsorption capacity improves gradually from 1.72 to 4.24
mg/g for the primary concentrations of 20-90 mg/L. The dye uptake then
decreased for dye concentrations higher than 90 mg/L because of the
saturation of sorption sites on the surface of adsorbent [46]. The increase
of adsorbed dye at equilibrium from 1.96 to 7.10 mg/g was associated
with an increment in the primary concentration of MO dye from 20 to
100 mg/L. The primary concentration of dye supplies the driving force to
dominate the resistance between the solid and aqueous phases. There-
fore, the mass transfer of dyes occurs from the aqueous to the solid phase.

With the growth in the primary concentration of dye, the interaction
between the adsorbate and adsorbent increases. The same behavior is
also observed in the adsorption of the MO at the surface of mesoporous
carbon [47, 48]. If the adsorbent dose is kept constant, the binding sites
become saturated and cannot further accommodate the higher concen-
tration of adsorbate. So, the initial concentration limits the removal
percentage [49]. Conversely, the increase in Cy accelerates the interac-
tion between the adsorbent and dye. Therefore, a higher adsorption ca-
pacity is achieved at high Cy [50].

3.7. Langmuir isotherm

The isotherm models for modeling the experimental data are
demonstrated in Figure 7. The different constants of Langmuir are listed
in Table 1. In the current study, the Langmuir model is the best-fitted
isotherm model with the maximum correlation coefficient values as R>
=0.9956 and R? = 0.9883 for MO and MR, respectively, which reveal the
monolayer adsorption on a homogeneous adsorbent surface. This is a
common traditional model used for the calculation of qma,x when an
adsorbent surface becomes saturated [43]. There is a uniform distribu-
tion of energy all over the adsorbent surface with finite active sites and
fixes the position of adsorbate molecules with no movement.

A plot of qe versus qe/Ce at various initial concentrations (20-100 mg
L-1) shows the slope and intercept (Figure 7a-b). The correlation co-
efficients R = 0.9956 and R? = 0.9883 and maximum monolayer ca-
pacity (7.50 mg/g and 4.29 mg/g) for MO and MR, respectively, provide
big evidence of the Langmuir fit. The key characteristic of the Langmuir
isotherm model is a dimensionless constant Ry, which is equal to 0.1 for
MO and 0.09 for MR. These values confirm the efficacy of corncob as an
appropriate adsorbent for both dye removals at optimized conditions.
However, a greater value of R? for MO reveals that the adsorption of
corncob on MO is higher than MR [51].

3.8. Freundlich isotherm
Freundlich isotherm shows multilayer adsorption on the heteroge-

neous surface of an adsorbent as shown in Figure 8. The different con-
stants of Freundlich are listed in Table 2. Both amounts of K¢and 1/n are
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Figure 7. Experimental data and fitted plots of Langmuir and Freundlich models for the adsorption of (a) MR and (b) MO; Langmuir isotherm model of (¢) MR and

(d) MO.

Table 1. Different constants of Langmuir isotherm models.

Table 2. Different constants of Freundlich isotherm models.

Dyes Parameters Units Values Dyes Parameters (L.mg ') Values

Methyl Orange Qexp (mg.g™h) 6.966591 Methyl Orange K¢ 2.801906
Qmax (mg.g ) 7.501875 1/n 0.2993
Ky, (L.mg’l) 0.442857 n 3.341129
R? 0.9956 R? 0.9864

Methyl Red @ssp (mg.g™hH) 4.155489 Methyl Red Ke 1.68725
Qmax (mg.g 1) 4.297379 1/n 0.2562
K;, (L.mg’l) 0.479596 n 3.903201
R? 0.9883 R? 0.831

obtained from the plot of In qe versus In C, which are 1.68 L.mg ™' and
0.256 for MR (Figure 8a) and 2.80 L.mg’1 and 0.299 for MO, respectively
(Figure 8b). K¢ and 1/n values show the strength and functionality of the
adsorption. Freundlich exponent (1/n) must be between 0 and 1 for
desirable adsorption. The value of 1/n quantifies the desirability of
adsorption and the heterogeneity degree on the corncob surface. This
confirmed the efficacy of raw corncob for dyes adsorption from the
aqueous solution. The coefficient of determination values was R>

C))
® experimental data model data Linear (experimental data)
2 y = 0.2562x +0.5231
R*=0.831
d.)
o
8!
L
0

log Ce

Figure 8.

0.9864 for MO and 0.831 for MR indicating that the model is fitted with
experimental data but less fit than the Langmuir model. Moreover, it
shows the supremacy of active sites with homogeneous energy distri-
bution. The value of n = 3.34 for MO and 3.90 for MR represent that
adsorption on corncob is a favorable process for both dyes as the amount
of n must be between 1 and 10 for favorable adsorption [52]. The higher
values of R? for the Langmuir model of both dyes confirm the suitability
of the model for dye adsorption on corncob followed by the Freundlich

® experimental data model data +++- Linear (experimental data)
25
y =0.2993x +1.0303
-
2 R* = 0.9864 3
]
o
=
o

35
log Ce

Freundlich isotherm model of (a) MO and (b) MR.
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Table 3. Recently published papers reporting in the dye removal from wastewater.

Adsorbent Dyes PH range Removal % Adsorption Capacity (qe) (mg/g) References
Lemongrass leaf MR 2 63.87% 15.97 mg/g [56]
Sugarcane press mud MO 2 98.68% 2.5978 mg/g [57]1
Eggshell MO 27.70% 25 mg/g [58]
White potato peel MR 2 86.58% 5.62 mg/g [591
Coconut shell MO 2 50.707% 0.247 mg/g [60]
Mahagoni (Swietenia mahagoni) Bark MO 3 92% 6.071 mg/g [61]
Mandarin Peel MO 7 97% 2.52 mg/g [62]
Orange peel MR 1 33.33% 3.97 mg/g [63]
(Present Work) Corncob MR and MO 4 94.54% 3.53 mg/g

1 99.54% 6.09 mg/g

model. This indicates the relevancy of both isotherm models for MR and
MO adsorption on raw corn cob adsorbent [53].

The values of isotherm models indicate that experimental data is well
fitted with Langmuir data than Freundlich data for both dyes. It is
therefore deduced that the adsorption of both dyes on the surface of raw
corncob is homogeneous in nature [54].

3.9. Estimating the effectiveness of raw corncob powder for real textile
wastewater treatment

Considering the bulk availability of corncob residues in MT/year in
Iraq, the process can be recommended for real wastewater containing MR
or MO. The availability of corncobs can be calculated as Eq. (7):

Reob = Grain yield*CGR*Removal %*[1 — Moisture%] @)

Where Ry is called the quantity of dried harvestable cobs (tones/acre),
grain yield is the average yield of grain crop (tones/acre) which is equal
to 3.5 metric tons/hectare or 1.42 tones/hect. The cob-to-grain ratio or
CGR is 1:5.6. The percent of removal is the percent of removed cobs from
fields every year which is equal to 1. The moisture content of corncob is
equal to 20%. So, Rop is obtained as 0.2 ton/acre of corncob [55]. The
total area in Iraq under maize cultivation is 0.9 million hectares, thus, the
total maize cob production in Iraq can be obtained by Eq. (8):

Total maize cob production in Iraq

= Reop *Total area under cultivation

So with this rough estimation, approximately 1538 million.m® ca-

pacity of anionic dyes in wastewater can be treated using maize cobs as
adsorbents.

Table 3 shows the results of using other adsorbents for removing MO
and MR. The efficiency of the adsorbent used in this study is higher than
theirs.

4. Conclusions

This study proposes the cost-efficient elimination of anionic dyes as
the major effluent of textile industries. The higher adsorption capacity
was obtained as 3.53 and 6.09 mg/g for MR and MO, respectively. The
significant adsorption occurred in the first 100 min with 2.0 g.L ! of the
corncob. The abundantly accessible corncob without needing any prior
modification and treatment of wastewater are the major advantages of
this process. The corncob residues showed a better function as adsorbents
for MO rather than MR. During the adsorption of both MR and MO, the
adsorption capacity decreases with the increase in temperature and pH.
In the current research, the type of adsorption was found as Phys-
isorption. Experimental data were well fitted with Langmuir data than
Freundlich data for both dyes. It was therefore deduced that the
adsorption of MR and MO on the raw corncob surface is homogeneous in
nature. In addition, it was concluded that the utilization of corncob as an

= (0.2 tones/acre)*(0.9 million Hectare) (€))
= (0.2 tones/acre)*(0.222*10° acre)

= 4.44*10°tones = 4*10"" grams

Now, by considering q¢ = 7.67 mg/g and primary concentration
of dye = 20 mg/L, the adsorbent usage rate and treated textile waste-
water can be obtained by Egs. (9) and (10), respectively, as follow:

Adsorbent usage rate = Co /qt= (20mg /L) /(7.67mg/g) = 2.6g/L

©)]
Textile wastewater to be treated
= total maize cob production/adsorbent usage rate = 4*1011/2.6
= 1538 million.m®
(10)

adsorbent leads to a decrease in the inappropriate disposal of dyes into
the environment.
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