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Abstract

In this study, corn cobs and corn roots, agricultural by-products and wastes, were used
as precursors for preparation of powder activated carbons (PAC-CC and PAC-CR) by
chemical activation with HsPO4. Functional groups on the surface of both adsorbents
were determined by using ATR—FTIR spectroscopy, while their specific surfaces area
were calculated using methylene blue adsorption method. Removal of Crystal Violet
(CV) dye from aqueous medium onto both adsorbents was carried out at optimal pH of
10. The pseudo-first order and pseudo-second-order models were used to study
adsorption kinetics. The Langmuir and Freundlich, isotherm models were employed to
analyze the adsorption isotherm. CV dye molecules-activated carbon surface
interaction revealed CV dye’s monolayer formation over activated carbon’s surface and
the involvement of chemisorption, as verified by Langmuir isotherm model and pseudo-
second order model, respectively. Langmuir maximum adsorption capacity of PAC-CC
and PAC-CR for CV dye were 41.80 mg/g and 35.92 mg/g, respectively. From these
results, it can be concluded that the activated carbon prepared from corn cobs or roots
as precursor can be used as adsorbent for successful removal of dyes in an aqueous
medium.
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1. Introduction

Environmental pollution has become a major concern of our society, encouraging the development and improvement of
clean-up processes, and also focusing on reducing pollution-source factors [1]. Many industries (textile, agro-food and
paper) are heavy consumers of water and use organic dyes (soluble or pigmentary) to dye their products. These dyes are
both toxic and responsible for the coloration of the waters thus causing the destruction of life in aquatic places [2]. It is
therefore essential to limit environmental pollution by setting up an adapted and less expensive treatment pathway for
water purification. Today, there are several methods of treating dye-laden effluents; including clotting and floculation,
biodegradation, chemical oxidation, electrochemical methods and adsorption [3—5]. The technique using the principle
of adsorption is the most promising method for the removal of dyes for its efficiency in retaining micro pollutants
contained in contaminated water. It has become the analytical method of choice, very effective and simple in its use
[6,7]. Several previous works report the use of solid materials (clays, zeolites, activated alumina, sludge, biomasses,
agricultural residues, industrial by-products and activated carbon) as adsorbents in water discoloration processes [5,8,9].
During the last years, activated carbons from agricultural by-products and wastes have been widely used as adsorbent
for removal of loaded dyes in industrial waste water due to their porous structure, high surface area and adsorption
capacity [10,11]. These properties are often improved by physical or chemical activation. Generally the porous carbon
manufacturing methods are either based on physical activation which are basically gasification reactions of carbon with
steam/CO_/combination of both or based on the chemically activation methods which include dehydrating agents such
as phosphoric acid, sodium hydroxide, potassium hydroxide, zinc chloride [11-13]. HsPO4 and ZnCl, are widely
reported to be suitable impregnating agents for biomass based lignocellulose precursors [12—15]. Compared with zinc
chloride, H3PO, based activated carbons are commercially preferred for applications in food, pharmaceutical and fine
chemicals. Moreover, H3sPO, is eco-friendly as it is non-polluting, easy to recover by simply solubilizing the salt of
HsPO4 in water and can be recycled back into the process [12]. In the present work, corn cobs and corn roots powder
were modified using phosphoric acid and powder activated carbons were prepared pyrolysis. It aims to valorize the low-
value agricultural byproducts and wastes for preparation of low cost activated carbons for water remediation. The
kinetics and equilibrium isotherms of CV dye adsorption on PAC-CC, and PAC-CR are also studied.

2. Materials and methods

2.1. Sample collection and purification

The precursor, corn cobs and corn roots (Figure 1) were collected from Maiborno town in Ngaoundere, Adamawa region,
Cameroon. They have been chosen as precursors due to their abundance after corn harvest. They were washed with
water to take off impurities and subsequently dried naturally. After this step, the solids were crushed and ground, then
washed again with distilled water and dried at moderate temperature until a constant mass was obtained. The solid was
sieved using a 0.315 mm mesh sieves. Physicochemical characteristics such as dry matter, moisture and ash content of
both precursors were determined and are presented in Table. 1.
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Figure. 1: Photographs of: corn cobs (a), corn roots (b)

Table. 1: Physicochemical characteristics of corn cobs and roots

Sample Dry matter content Moisture content Ash content

(%0) (%) (%0)
cC 88.83+0.02 11.17+0.03 23.46+0.03
CR 87.870+ 0.008 12.13+0.03 8.47+0.10

2.2. Preparation of activated carbon by HsPO, activation

Phosphoric acid activation was employed in this work to prepare activated carbon according the activation method
described by K. Suresh Kumar Reddy and coworkers [12]. The solid obtained as detailed in the above section was
utilized as precursor for HsPO4 activation. 3.5 g of cobs and roots dust was mixed with 30 mL of 1 N H3PO4 (80 %).
The mixture was kept at room temperature for 24 h. the paste was obtained and filtered and the solid phase was dried in
an oven at 105 °C for 24 h, afterwards, samples were heated to the activation temperature of 550 °C for 90 min using
muffle furnace. Finally, upon completion of the experiment, the carbonized samples were cooled in desiccator to the
room temperature and washed repetitively with distilled water to remove H3PQO,. The washed products were then dried
in an oven at 105 °C for 12 h to ensure complete dryness. The sample was crushed and sieved to the desired particle size
(<200 um).

2.3.Characterization of activated carbon samples

The parameters or properties such as, lodine Number, Molasses, Tannin, Methylene blue adsorption, Apparent density,
Hardness/Abrasion number, Ash contents, Carbon tetrachloride activities, and particle size distribution characterize
activated carbon performance. In the present study, the specific surface area of the activated carbons was estimated by
using methylene blue adsorption (Swme) and iodine adsorption number (IAN) methods described by Elliot and co-workers
[16]. Characterization of functional groups on the surface of PAC-CC and PAC-CR was carried out using a Bruker
Alpha FTIR spectrometer with a Diamond Crystal ATR, with spectral range being taken from 4000-500 cm™. The
resolution during spectra registration was fixed at 2 cm™,

2.4. Adsorption experiments

Adsorption experiments were carried out in batch mode using 200 mL conical flasks containing a total volume of 20
mL of the reaction solution. Reaction mixtures (adsorbent + dye solution) were stirred at constant speed of 350 rpm
using magnetic stirrer (MIVAR MAGNETIC STIRRER) for the required time. The effect of several operating
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parameters such as, contact time (5—60 min), absorbent dosage (0.01-0.05 g), initial solution pH (2—12), dye
concentration (5-30 mg L), temperature (299-338 K) on CV adsorption were studied. The initial and residual dye
concentrations in aqueous solution were analyzed using a GENESIS-10S-UV—VIS spectrophotometer with wavelength
range of 190 —1100 nm, at the wavelengths of maximum absorbance, A = 595 nm.

The amount of CV adsorbed, (mg g™!) were calculated using the equation 1.
(CO_Ce)XV
o =2 (1)

where Co and Ce (ppm) are dye concentrations before and after adsorption, respectively, V (L) is the volume of the
reaction solution, and m (g) is the mass of adsorbent.
For kinetic experiments, predetermined optimum adsorbent mass of 0.01 g was contacted with 20 mL of CV solution,

initial concentration of 20 mg/L. The amount of dye adsorbed at time t (min), g:(mg g '), was calculated by equation 2.
(Co—CxV
qe = 0

where C; (min) is the dye concentration at a specific time t.

3. Results and discussion

3.1. Adsorbents characterization

3.1.1. lodine adsorption number (1AN)

lodine adsorption number is the most fundamental parameter used to characterize activated carbon performance. It is a
measure of activity level (Higher degree indicates higher activation), often reported in mg/g. It is a measure of the
microspore content of the activated carbon and IAN of a porous carbon should be higher than 900 mg/g [17,18].
According the IAN values of PAC-CC and PAC-CR (1218.28 mg/g and 1675.14 mg/g, respectively) displayed on Table
2, both activated carbons have developed high porosity. However, PAC-CR present high IAN value than PAC-CC. It
implies both adsorbents presented high degree of activation and high affinity for small sized contaminants and could
also be more susceptible to steric hindrances when sorbates of medium and large sized molecules are involved [17].

3.1.2. Specific surface area (Sws)

Some carbon have mesoporous structure which adsorb medium size molecules such as dye Methylene blue. Methylene
blue was commonly chosen because of its known strong adsorption onto solids and its recognized usefulness in
characterizing adsorptive material. Surface area calculated using methylene blue adsorption method are presented in
Table 2. From these results it can be observed that PAC-CC have higher specific surface area than PAC-CR (489.80 and
356.22 m?/g, respectively). Specific surface area directly related to porosity, high porosity implies high specific surface
area. The obtained values in this study are comparable with those reported in the literature (range of 300—1500 m?/g)
[19]. In view of the above values, it can be conclude that PAC-CC and PAC-CR activated using phosphoric acid HzsPO4
offer high surface area and can be us as potential adsorbent for pollutant up take from aqueous solutions.

Table. 2: IAN and Sys of PAC-CC and PAC-CR.

AN Swms
Adsorbent )
(mg/g) (m“/g)

PAC-CC 1218.28 +0.03  489.80+0.2
PAC-CR 1675.14 +0.08  356.22+0.4

Mor. J. Chem. 9 N°2 (2021) 221-231

224



3.1.3. FTIR Analysis

The FTIR spectra of PAC-CC and PAC-CR are shown in Figure 2. Various functional groups are observed. At general
overview, the vibration peaks for different bonds of functional groups appear almost at the same wavelength number
values, which means that the surfaces of both adsorbents presents the same functional groups. Peaks located at 3838 and
3750 cm corresponding to (O — H) stretching vibrations of water, alcohol and phenols as possible compounds
[12,20,21] The peak observed at 3040 and 3064 cm™, and another between 987 and 749 cm™ can be attributed to the
aliphatic saturated C—H stretching vibrations of in lignin polysaccharides including cellulose and hemicellulose [15,22,].
Two band located at about 1567 and 1578 cm™ on the both adsorbents respectively, could be attributed to the (C = O)
weak stretching vibrations in aromatic rings and alkenes [20, 23]. The band observed at 1072 and 1148 cm™ could be
ascribed to (—OH) stretching vibrations and (C O) of phenolic group and allphatlc alcohol [7,10].
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Figure. 1. FTIR spectra of PAC-CC (a) and PAC-CR (b)

3.2. Study of cv adsorption

3.2.1. Effect of adsorbent dose

PAC-CC and PAC-CR quantity influence over the CV removal is presented in Figure 3. It can be seen that as the
adsorbent quantity increases, adsorption capacity decreases. The optimum adsorbent quantity was found to be 0.01 g for
both adsorbents. The adsorption capacity of PAC-CC was 30.00 mg/g, whereas the adsorption capacity of PAC-CR was
28.87 mg/g. This observation indicated that PAC-CC had a higher CV retention capacity than PAC-CR. Adsorbent
guantities higher than 0.01 mg displayed a gradual decrease in g.. The decrease in g at higher dosage is due to a decrease
in the number of occupied sites per unit mass [14,24]. Therefore, according to this result all further adsorption
experiments were carried out with optimal adsorbent dose values of 0.01 g for PAC-CC and PAC-CR adsorbents.
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Figure. 3: Effect of adsorbent quantity over CV dye adsorption onto PAC-CC and PAC-CR (Ci=20 mg L%; V =20
mL; T =25+ 2 °C; 350 rpm)
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3.2.2. Effect of pH

As is reported in several papers [25, 26], adsorption process is reliant on the aqueous phase pH, and the functional groups
on the adsorbent, and their ionic states (at particular pH). Effect of solution pH over CV adsorption onto PAC-CC and
PAC-CR has been studied on the pH range 2-12 with initial concentration of dye solution of 20 mg/L. Figure 4 shows
variation of adsorbed amount onto both adsorbent as function of solution pH. It can be observed that adsorbed amounts
decrease when pH increase from 2 to 6, then increase for pH ranging from 6 to 10 and tends to reach the maximum
values at pH 10. At extreme pH, acid or basic, the adsorption capacities are high, however, it’s is higher at pH 10 than
that at pH 6. From this observation, the mechanism of adsorption by attractive electrostatic interactions between the
negative charges of the surface of activated carbon and positive charges of CV dye molecules can be considered [27,
28]. The lower adsorption capacity at acid pH (4-6) could be ascribed to the presence of excess H* ions competing with
the dye cations (CV™) for the adsorption sites [26]. Further experiments were conducted at pH 10.
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Figure. 4: Effect of pH on CV adsorption capacity (V =20 mL; mpac = 0,01g; t =30 min; T = 25 £ 2; 350 rpm)

3.2.3. Effect of contact time and kinetic models

The evaluation of the effect of contact time is essential because it provides fundamental information on how fast the
adsorption process reaches equilibrium. From the results presented in Figure 5, it was observed the fast dye adsorption
at initial stage, which became gradually slower as equilibrium was approached. Experimental values of adsorption
capacity, g, ¢, for adsorption of CV onto both adsorbents at the initial concentration of 20 mg/L were 30.06 mg/g et
24.58 mg/g, respectively .The time required to reach equilibrium was found to be 30 min. Numerous and vacant active
surface sites of adsorbent were available in the early stages of the adsorption, while as the contact time increased, the
number of vacant sites decreased, thereby slowing down the adsorption process. Similarly, the increase of the initial dye
concentration led to higher loading rates of the adsorbate molecule, which was attributed to the enhanced driving force
of the concentration gradient to the vacant sites of adsorbent [29-31].
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Figure. 5: Effect of contact time over CV adsorption onto PAC-CC and PAC-CR (V=20 mL; T =25+ 2 °C; pH = 10;
Meac = 0.01 g; 350 rpm)

Mor. J. Chem. 9 N°2 (2021) 221-231

226



The kinetic data were processed using three models: pseudo-first-order, pseudo-second-order, and intra-particle
diffusion (Figure 6). The best fit of the experimental data was established based on the value of the coefficient of
determination R2. The linearized form of the pseudo-first-order model deduced from the model established by Lagergren
[32] was given by equation 3.

In(qe — q¢) = Inge —ky —— @3)
where g, and g; are amount of CV dye per gram of adsorbent (mg/g) at equilibrium and function of time respectively,
t is the contact time (min) and k, the adsorption rate constant (min). The plot of In(gq. — gq;) as function of t was used
to determine the parameters of the pseudo-first order kinetic model (Table 3). The linear equation of the pseudo-second-

order kinetic model was given by Ho and McKay [33]:
= (4)
ac k20 de

where k, is the adsorption rate constant (g/mg min). The plot of qi versus t was used to determine the parameters of the
t

pseudo-first-order kinetic model (Table 3). To evaluate the contribution of CV dye diffusion through adsorbent, the rate
constant for intra-particle diffusion (kis, mg/(g min*?)) and the intercept Ci (mg/g) were also determined using Weber
and Morris model [34] (equation 5).

e = kigt'/? + C; (5)
Plot of g, versus t1/? for adsorption of CV dye onto both activated carbons are presented in Figure 6, while the values
of k;4, C; and R? are represented in Table 3. The regression coefficients (R?) for different kinetics model for CV
adsorption onto PAC-CC and PAC-CR are showed in Table 3. Comparing R? values (0.999) for pseudo-second-order,
(0.671 and 0.768) for pseudo-first-order and (0.728 and 0.838) for intra-particle diffusion models, it’s clear that
adsorption of CR over both adsorbents surface follow pseudo-second order kinetics and thus theoretically rate-limiting
step would involve chemical interaction i.e. chemisorption [21]. The same can further be verified from the experimental
adsorption capacities (g, exp.), (30.06 mg/g and 24.58 mg/g) appear to be almost equal to theoretical adsorption capacity
(Qe, ca), (30.34 mg/g and 24.93 mg/g) values as predicted by pseudo-second-order model for both CV adsorption on both
PAC-CC and PAC-CR.
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adsorption onto PAC-CC and PAC-CR (V=20 mL; T =25+ 2 °C; pH = 10; mpac = 0.01 g; 350 rpm)
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Table. 3. Kinetic parameters for the adsorption of CV molecules onto PAC-CC and PAC-CR at initial concentration of
20mg/L (V=100 mL; T=26+2 °C; pH =4.17; mac = 0.01 g; 350 rpm)

Adsorbent  Pseudo-first-order Pseudo-second-order Intra-particle diffusion
Qe,exp k1 Qe.cal R? k2 Oe,cal R? Kid Ci R?
(mg/g) (mint) (mg/g) (g/((mg.min))  (mg/g) (mg/(g.min)*?)  (mg/g)
PAC-CC 30.06 0.089 152 0.671 0.068 30.34 0.999 0.242 28.426 0.728
PAC-CR 2458 0.081 214 0.768 0.054 2493 0.999 0.370 22.151 0.838

3.2.4. Effect of initial dye concentration and isotherms models

The initial dye concentration can influence the adsorption capacity of the adsorbent, therefore the next step of the study
was to vary the initial CV dye concentration from 10 to 30 mg/L. The residual concentrations were determined and the
obtained results are presented in Figure 6.a. From the results obtained it can be observed that PAC-CC has higher
adsorption capacity of CV than PAC-CR. The adsorption increased significantly when initial dye concentration
increased from 10 to 20 mg/L, and tend to be constant at the initial concentration range (25-30 mg/L). At lower CV
concentrations, an increase in CV adsorbed amount is due to high ratio of adsorbent sites to the dye molecules, while at
higher CV concentrations, the adsorption capacity remained constant due to the saturation of the adsorbent surface or
possible repulsive force between adsorbed layers and remaining bulk molecules [14]. Therefore, according to this
experiment the optimal CV initial concentration value of 20 mg/L were selected for PAC-CC and PAC-CR adsorbents,
respectively, to carry out the further adsorption experiments. Adsorptions isotherms are important for the description of
how molecules of adsorbate interact with the adsorbent surface [26]. Two isotherm models Langmuir [35] and
Freundlich [37] were used to describe the adsorption process of CV onto both adsorbents. Langmuir adsorption isotherm
describes quantitatively the formation of a monolayer adsorbate on the outer surface of the adsorbent, and after that no
further adsorption takes place. Thereby, the Langmuir represents the equilibrium distribution of adsorbate (dye
molecules) between the solid and liquid phases [23]. The model assumes uniform energies of adsorption onto the surface
and no transmigration of adsorbate in the plane of the surface. The linear forms of the Langmuir (equation 6) adsorption

isotherm can be expressed as follows:
R 6)
de amKy dm (
where Ce (mg/L) is the equilibrium dye concentration, qn iS the maximum monolayer adsorption capacity of the
adsorbent (mg/g), and K is the Langmuir constant represents the adsorption affinity (L/mg).

The essential features of the Langmuir isotherm, which is a dimensionless constant referred to as separation factor or

equilibrium parameter [26].

1
RL - 1+K1Co (7)

where Cy is the highest initial dye concentration. R, value indicates the adsorption nature to be either unfavorable (R, >
1), linear (R = 1), favorable (0 < R_ < 1), and irreversible (R .= 0) [31, 37, 38]
The Freundlich model takes account of multilayer coverage where adsorption is still possible on the adsorbate saturated

adsorbent’s surface. It is applicable for adsorption on heterogeneous surfaces with uniform energy distribution and
reversible adsorption [26]. The linear form of the Freundlich adsorption isotherm (equation 7) can be expressed as
follows:

Ingq, =anF+%lnCe (7
where, Kg is the Freundlich parameter associated with the adsorption affinity ((mg/g).(mg/L)*") is the Freundlich

constant and taken as indicator of adsorption capacity, and 1/n is a measure of the adsorption intensity. If 1/n = 1, the
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adsorption is linear i.e. the adsorption site are homogeneous and there is no interaction between the adsorbed species. If
1/n < 1, the adsorption is favorable; the adsorption capacity increases and new adsorption sites appear. If 1/n > 1, the
adsorption is unfavorable; the adsorption bonds become weak and the adsorption capacity decreases [26]

Isotherms model parameters are obtained by determining the slope and intercept or their linear plots (Figures (6.a) and
(6.b)) as shown in Table 5. In order to choose the isotherm model that best describes the experimental data; two
comparisons were made based on the R2,
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Figure. 6: Effect of initial concentration (a), Equilibrium adsorption isotherms: Langmuir (b), Freundlich (c) models
for CV adsorption onto PAC-CC and PAC-CR (V =20mL; T = 25+2°C; pH =10; mpac = 0.01 g; 350 rpm; t = 30 min)
Comparing the R? values, the Langmuir isotherm model has higher value than the Freundlich for both adsorbents, which
indicates that Langmuir model was the best fit to the experimental data. Maximum monolayer adsorption capacities of
PAC-CC and PAC-CR, gm, obtained from the Langmuir isotherm model are found as 41.80 mg/g and 35.92 mg/g,
respectively, which indicate one more time that PAC-CC has higher adsorption capacity of CV dye than PAC-CR. The
values of R, were between 0 and 1 (0.139 for PAC-CC and 0.167 for PAC-CR) indicating that adsorption was favorable
[37, 39]. The relatively high value of Langmuir constant K indicate that chemisorption is the predominant mechanism
of the CV dye adsorption process [40]. The high values of K indicated that both adsorbents have a higher adsorption
capacity and affinity for CV dye molecules. The values of 1/n for CV dye adsorption onto both adsorbents less than 1
indicate favorable adsorption [41, 42].
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Table. 5: Isotherm parameters obtained for the adsorption of CV dye onto PAC-CC and PAC-CR (C; =20 mg/L; V =
20 mL; T =25+2°C; pH = 10; mpac = 0.5 g; 350 rpm)

Langmuir Freundlich
Adsorbent K K
i SRR ] L lme R
(mg/g) (L/mg) (mg/g).(L/mg)
PAC-CC 4180 0206 0.139 0.999 13.406 0.305 0.949
PAC-CR 35.92 0166 0.167 0.999 11.383 0.292 0.970

4. Conclusion

Powder activated carbons (PAC-CC and PAC-CR) from corn cobs and roots prepared by chemical activation with
phosphoric acid HsPO4 evaluated as potential adsorbents for Crystal Violet dye removal from aqueous solution.
Adsorption process parameters were found to affect the adsorption performance of CV using PAC-CC and PAC-CR.
The maximum adsorption capacities were 41.80 mg/g (PAC-CC) and 35.92 mg/g (PAC-CR) for CV removal from
aqueous medium. The better fittness of equilibrium data with Langmuir isotherm model indicated that CV adsorption
onto PAC-CC and PAC-CR occurs through the monolayer formation. The kinetic study and analysis of the adsorption
experimental data revealed that the CV adsorption process fitted the pseudo-second-order kinetic model, exemplified
chemisorption. These results showed that powder activated carbons from corn cobs and roots, HsPO, activated might be
used as adsorbent for treatment of water contaminated with Crystal Violet dye.
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