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Immobilization of maize tassel in polyvinyl
alcohol for the removal of phosphoric
compounds from surface water near farmland

Muibat Diekola Yahya’, Jennifer Osato Agie®, Kehinde Shola Obayomi?*, Adeola Grace Olugbenga®

and Eyitayo Amos Afolabi®

Abstract: In this study, proximate analysis and characterization techniques were
carried out on maize tassel fibers immobilized with Polyvinyl Alcohol (PVA) for its
usability as a biosorbent for adsorption process. The surface chemistry of the
biomaterial showed the presence of carboxylic groups and lactone groups, and
this was confirmed by the Fourier Transform Infrared spectroscopy. The Boehm
titration also showed the number of acidic sites as 0.9 mmol/g, in the material.
The proximate analysis revealed the moisture content, ash content, apparent
density, and particle size to be 4.51%, 2.13%, 0.41 g/mL, and 300 pym, respec-
tively. The Brunauer-Emmett-Teller (BET) analysis revealed the surface area,
pore-volume, and size to be 652.3 mzlg, 0.4056 cm3/g, and 2.144 nm, respec-
tively. The tassel was added to the polyvinyl alcohol at a temperature of 80°C
with the aid of a magnetic stirrer in the ratio of 2:1, after which it was cooled and
extruded with the aid of a syringe to form beads. The column efficiency perfor-
mance of the biosorbent was carried out by varying flow rates, bed heights, and
initial metal ions concentrations on the breakthrough curve to get the
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face and groundwater, thus, making the man-
agement of water resources more complex and
tasking. Farming activities and household effluent
discharge are major contributor to high levels of
phosphoric compounds. The major effect is
eutrophication. This has become a threat to the
health of the human population and aquatic
habitat at large. The maximum tolerance level of
the concentration of phosphoric compounds in
water is 0.1 mg/L or less. However, this limit has
been exceeded in most wastewater and thus, the
necessity for a simple, cost-effective method for
its removal. In developing countries, no stringent
laws are imposed and non-availability of data to
correct this enormity. This research has solved
this through the immobilization of maize tassel on
polyvinyl alcohol (PVA) for the decontamination of
phosphoric compounds from surface water of

a farmland.
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breakthrough and exhaustion time needed by the biosorbent. The column kinetics
was subjected to Clark and Thomas isotherms. The Thomas model predicted the
breakthrough better than the Clark model for the phosphoric compounds with an
R? value of 97.5% for bed heights and flow rates and lower error function.

Subjects: Materials Science; Chemical Engineering; Separation Processing

Keywords: Maize tassel; polyvinyl alcohol; phosphoric compounds; breakthrough curve;
error function

1. Introduction

Water is one of the most fundamental requirements for all living organisms’ aside food and air.
Pollutants are present in water bodies in various forms such as heavy metals, chemicals, and
heavy substances. The major causes of eutrophication (premature aging of the water body) are
phosphoric compounds. This leads to the ruin and death of aquatic plants, animals, and other
living microorganisms. Eutrophication occurs as a result of the rapid growth of algae or cyano-
bacteria bloom based on the excess nutrients in the water, acting as a blanket on the surface of
the water bodies thereby preventing the penetration of light to the aquatic plants. However, other
causes of water pollution are through activities from agriculture, industrial development, and
urbanization (Nguyen, 2015; Viswanathan et al., 2014).

Natural occurrence of phosphoric compounds in water, plants, and animals is at low concentrations
values. Application of fertilizers in farmland, industrial cleaning agents, municipal wastewater and bodies
of biological organisms is the unnatural means of occurrence. The release of industrial and municipal
effluents to the land and surfaces of water bodies has polluted water resources including both the
surface and groundwater, making the management of water resources more complex. This has become
a threat to the health of the human population, particularly because it affects the lungs (Hashem, 2007).

Environmental Protection Agency, (EPA) criterion for the tolerance level of the concentration of
phosphoric compounds in water, is 0.1 mg/L or less. However, this limit has been exceeded in our own
environment especially in most wastewater and thus, the necessity for a simple, cost-effective method
for the removal of phosphoric compounds in contaminated water (Amoo & Komolafe, 2018). The
expected rate of the elimination of phosphoric compounds to attain the threshold value is capital
intensive while in developing countries such as ours, no stringent laws and non-availability of data to
validate the enormity. Various studies have been carried out to improve procedures and technologies for
the removal of phosphoric compounds from water bodies. These techniques include the following:
physical, chemical, and biological methods. From the wide classifications mentioned above, adsorption
is a combination technique, that provides the best removal efficiency of phosphoric compounds (Gautam
etal.,, 2014).

Current studies have demonstrated that decontamination of substances from wastewater or
water bodies, through the use of biosorbents of plants origin such as alginate, dead and living
biomass, chitosan, lignin, to mention a few are effective. Agricultural waste matters, such as maize
tassel (C. M. Zvinowanda et al., 2009), rice husks (Krishnani et al., 2007), corn cobs (Kahn & Wahab,
2007), and polymerized orange peels (Guo et al., 2009), have also been suggested for the effective
removal of toxic substances from aqueous solutions. However, various research studies have been
carried out regarding the advantages of using different agricultural waste materials as an adsor-
bent for adsorption process in wastewater remediation.

The use of raw plant material in water treatment has a major impediment based on its susceptibility to
bacterial attack. This reacts with the water impurities, leading to the formation of algae and bacteria that

will end up destroying the biomass (Mambaa et al., 2012). The powdered maize tassel is soft, but when
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used alone, it clogs the column, thereby prohibiting flow. For efficient column evaluation, it is essential to
immobilize the waste materials on an inactive surface that can give support without the maize tassel
losing its ability to eliminate toxic substances. This has become imperative as results from previous
studies on the use of raw biosorbents yielded low percentage removal of the metal ions (Yahya, Obayomi
et al., 2020; Yahya, Yohanna et al., 2020). Immobilization of such biosorbents will enhance the strength
and rigidity of its structure. Polyvinyl alcohol (PVA) offers such performance. It is a biocompatible semi-
crystalline synthetic polymer that is accessible, cheap, and possesses tremendous resistance properties.
It has good mechanical properties, strong ability to form films, high solubility in water and biodegradable
(Chu & Hashim, 2006; Yagub et al,, 2015). In addition, natural biomass materials often display a low
affinity with phosphoric compounds, thus having a relatively low sorption capacity. To mitigate this effect,
maodification of the maize tassel fibers becomes very important. This study will focus on the immobiliza-
tion of maize tassel-PVA for the removal of phosphoric compounds from surface water of a farmland. This
was chosen as a result of the frequency and seasonal application of nitrogen, phosphorus and potassium
(NPK) fertilizers for crop production, A fixed bed column will be used to vary the biosorbents bed height,
the initial metal ions concentrations of the effluent and flow rates of the solution.

2. Materials and method

2.1. Materials

The chemicals used for this research work were purchased from Merck Chemical Company, made
in the U.K. These include polyvinyl alcohol (PVA) 98% degree of hydrolysis, hydrochloric (HCl) acid,
37% assay, sodium hydroxide pellet (NaOH) ultrapure Sigma-Aldrich and methanol (CH;0H) ana-
lytical grade, with a percentage purity of 99.8%. The Maize tassel used for this experiment was
collected from farmland in Chikakore Byazhin, Kubwa Abuja, Nigeria, while the surface water was
acquired from Lapai Gwari fishpond in Minna, Niger state Nigeria.

2.2. Preparation of maize tassel powder

The maize tassel fibers weighing 800 g were sorted out from dusts, silts, and debris. This was
rinsed under running water and thereafter, washed thoroughly with distilled water. Excess water
was eliminated by leaving it to dry at ambient temperature before being dried properly in an oven
at 105°C for 3 h until a constant weight is obtained. The sample size reduction was done with the
aid of a hammer mill and sieved to a particle size of 150-500 pm. An electronic weighing balance
was used to measure 500 g of the milled tassel powder (Sekhula et al., 2012).

2.3. Proximate analysis of the maize tassel powder

2.3.1. Determination of moisture and ash contents
The moisture and ash content were determined using ASTM standards of E 1756 (2008) and E 1755
(2001) respectively.

2.3.2. Determination of bulk density

An electronic weighing balance was used to weigh 20 g of the maize tassel in a 100-mL measuring
cylinder. The cylinder was tapped 10 times against the palm and placed on the table to record the final
volume (Ekpete & Marcus, 2017). The bulk density of the material was calculated using equation (1);

_ Massofmaterial
"~ Volumeofmaterialaftertapping

(1)

Bp

2.3.3. Determination of Iodine number

0.5 g of the maize tassel powder was weighed with an electronic weighing balance and transferred
to a 250 mL conical. 10 mL of 5 wt % hydrochloric acid solution was added into each of the flask
containing the maize tassel. Each of the flasks was swirled gently until the maize tassel was
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completely wetted with the acid. The conical flasks containing the mixture were placed on the hot
plate and brought to boil to eliminate any sulfur content present; the conical flasks were removed
and left to cool. A pipette was used to add 100 mL of 0.1 N iodine solutions into each flask and was
vigorously shaken. The solution was sieved through a sheet of folded filter paper (Whatman
110 mm) into a beaker. 20 mL of the filtrate was used to rinse the pipette and discarded, while
the residual was collected in clean beakers. Likewise, 50 mL of the filtrates were transferred into
a conical flask with the aid of a measuring cylinder. Each of the filtrates was titrated with
standardized 0.1 N sodium thiosulfate solutions until the solution turned to a pale yellow. 2 mL
of the starch indicator solution was added, while the titration continued with sodium thiosulfate
until one drop produced a colorless solution. The volume of sodium thiosulfate used for determi-
nation of the amount of iodine adsorbed onto the carbon (mg/g) was recorded and blank iodine
was titrated with sodium thiosulfate and a starch indicator was used until the solution turned
colorless and the volume of sodium thiosulfate used was recorded. The equation was used to
determine the iodine number of maize tassels.

vx (Ti=T¢ )GM;
@

Iodine number =

where v is the volume of iodine, Ti is the amount of sodium thiosulfate solution used for titration
of the iodine solution without maize tassel, Tf is the amount of sodium thiosulfate used for
titration of iodine and the maize tassel, C; is the concentration of iodine, M; is the molar weight
of iodine and w is the weight of the maize tassel (Wang & Lin, 2008).

2.3.4. Determination of point of zero charge

The salt addition approach was done by the inclusion of the same quantity of substrate, to a set of
solutions of similar ionic strength at different pH values. 20 mL of 0.1 M NaNO; was added to a weighed
sample of 0.1 g of maize tassel in a series of centrifuge tubes and the pH was altered with 0.1 M HNOs and
0.1 M NaOH to achieve the suitable pH range of 2, 3, 4, 5, 6, 7, 8, 9, 10, and 11. The pH values of the
supernatant in each tube were indicated as pHi. The samples were shaken for 30 min using a centrifuge at
3500 rpm. After settling, the pH values of the supernatant in each tube were measured and denoted as
pHr. The point zero charge was attained from the graph of ApH (pH—pH;) against pHi. The above
procedure was repeated with a change in the concentration of the salt solution (0.05 M NaNOs). Each
of the experiments was done thrice, and the mean value was recorded (Bakatula et al., 2018).

2.3.5. Determination of crude protein

An electronic weighing balance was used to weigh 0.5 g of maize tassel and poured into the digestion
tube with the addition of 20 mL of concentrated Hydrogen tetraoxosulphate (VI) acid. A selenium tablet
was added to the mixture as a catalyst. The content in the tube was heated at a temperature of 350°C for
6 h until a clear solution (digest) was achieved. This solution was poured into a measuring cylinder and
made up to 100 mL. 10 mL of 2% boric acid was taken into a 100 mL conical flask with three drops of
mixed indicator (bromocresol green and methyl red) added to it. The color changed to pink and was then
placed under the collecting spot. 10 mL of the digested sample was pipetted into the open chamber of
the makhamps apparatus then followed by 10 mL of 40% NaOH. The mixture was then made to boil by
the steam produced through the boiling water in the flat bottom flask. As the mixtures boiled, a gas
(ammonia) evolved and was condensed by the condenser of the apparatus which was collected in the
form of liquid into the boric acid. However, as the ammonia was being collected in the boric acid, the
solution turned blue. The distillate collected was titrated using 0.1 M HCl until an endpoint was reached
where the color change of the distillate was pink. Crude protein is calculated with the equation (3);

TV x0.014 x My x Df x 100

Cr 5

(3)
where TV is the titre value of hydrochloric acid used, 0.014 is nitrogen standard, MA is the molar

concentration of hydrochloric acid, DF is the dilution factor and S is the weight of maize tassel used
(Onwuka, 2005).

Page 4 of 24



Yahya et al., Cogent Engineering (2021), 8: 1924940 ‘;K;' Cogent y=la g in ee rin g

https://doi.org/10.1080/23311916.2021.1924940

2.3.6. Boehm titration

One (1 g) of the maize tassel was weighed on an electronic weighing balance and put in each of the
following solution (15 mL) of NaHCO; (0.1 M), Na,COs (0.05 M) and NaOH (0.1 M) to determine the
acidic groups sites present in the maize tassel and 0.1 M HCl to determine basic groups sites. Each of
the mixture was kept in a cupboard for three days. The acidic and basic groups present in the maize
tassel were ascertained by direct titration process. The acidic groups were computed in view that
NaOH neutralizes carboxylic, lactonic and phenolic groups, Na,CO5 neutralizes carboxylic and lactonic
groups and that NaHCO5 neutralizes only carboxylic groups. Carboxylic groups were calculated by
direct titration with NaHCOs. The variation concerning the groups titrated with Na,CO3 and those
titrated with NaHCOs was inferred to be lactones and the change between the groups titrated with
NaOH and those titrated with Na,CO3 was presumed to be phenol. Neutralization points were known
using pH indicators of phenolphthalein solution for titration of a strong base and strong acid, and
methyl red solution for a weak base with strong acid and pH together. To neutralize basic group sites,
remaining HCl in the solution was back titrated with 0.1 M NaOH (Ekpete & Horsfall, 2011). Equation
(4) was used to solve for the functional groups present in the maize tassel.

v,
Nest = [B]Vs — [HClVigi Vi (4)

where [B] is the concentration of base, Vg is the volume of the reaction base, n.s is the moles of
maize tassel surface functionalities on the surface of carbon that reacted with the base, V4 volume
of the aliquot taken from Vg, [HCl] is the concentration of HCl and V¢ is the volume of acid used
(Goertzen et al.,, 2010).

2.4. Adsorbent preparation

An electronic weighing balance was used to measure 8.5 g of PVA powder and poured into
a 250 mL beaker containing 50 mL of distilled water. The mixture was stirred at a speed of
800 rpm at 80°C for 5 h and 17 g of sieved tassel powder added to the mixture while stirring.
The mixture was stirred for another 1 h with a magnetic stirrer to get a homogeneous mixture until
the tassel powder blended well with the PVA and the temperature of the mixture reduced to 50°C.
After that, the homogeneous mixture was cooled, and added (drop wise), via the aid of a syringe to
a beaker containing 99% methanol for 1 h. It was then rinsed with distilled water and dried in an
oven at a very low temperature (30°C) before storing it in an airtight container. The diameters of
the beads were measured using a vernier calliper (Sekhula et al., 2012).

2.5. Adsorbent characterization

The composition of maize tassel fiber was determined with the use of FT-IR spectrophotometer
(Nicolet 560). The maize tassel fibers were crushed and mixed with Potassium bromide powders
and packed into plates for FT-IR analysis. The wavelength ranges between 4000 and 650 cm™?. The
spectra solution was fixed at 4 cm?® (Mwangi et al., 2011). The porosity and specific surface area
were determined with the Brunauer-Emmett-Teller (BET) method using Nova e series equipment.
The samples were degassed at 250°C for 4 h. The multiple-point BET surface area, adsorption total
pore volume, and pore diameter were determined (C. M. Zvinowanda et al., 2009). This was carried
out according to the method reported by Wang and Lin (Wang & Lin, 2008). The outer surface
micro-porosity and pore size of the raw and loaded maize tassel PVA beads was observed with the
aid of a scanning electron microscope (SEM) with an accelerating voltage of 15 kV at various
magnifications of x500 and x1000. A thin layer of the adsorbent was mounted on the Al specimen
holder by double-sided tape and coated with Au/Pb to a thickness of about 30 nm.

2.6. Surface water characterization

The pH of the surface water was analyzed before and after treatment with the aid of a pH meter,
pH 25. The pH meter was firstly calibrated with a buffer solution of 2, 6, 8, and 9 then the probe
was rinsed with distilled water and cleaned with a dry cloth. The probe was inserted into the
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surface water and the readings were taken. The dissolved oxygen was determined by the electro-
metric method using APHA 4500-0G, the dissolved oxygen measurement was submerged into the
sample and the reading was taken in mg/L. Chemical Oxygen Demand (COD) was determined by
the colorimetric method using PPHA 5220D. The culture tubes were washed with 20% sulfuric acid
and rinsed with distilled water to avoid impurities before the analysis was carried out. 2 mL of the
surface water, 1 mL of digestion solution and 3 mL of sulfuric acid were poured into the culture
tubes. The mixture was placed in a block digester which has been preheated to a temperature for
150°C for 2 h and was allowed to cool at ambient temperature after the reading of the concentra-
tion was taken. Biochemical Oxygen Demand (BOD) of the water sample was analyzed using APHA
5210B method. 95 mL of the sample was poured into the BOD Trak sample bottles and BOD
nutrient buffer pillow was added in each bottle for the growth of the bacteria. The magnetic bar
was placed inside the sample bottles with the contents kept in the Chassis of the BOD Trak and
incubated at 20°C for five days, while the BOD value was taken digitally from the instrument. The
result of the surface water characterization is as shown in Table 1.

2.7. Column adsorption studies

Column adsorption studies were carried out according to the method reported by Sekhula et al,,
(Sekhula et al., 2012) and Yahya and Odigure, (Yahya & Odigure, 2015). The study was done with
the aid of a glass column of internal diameters (1.D) of 3 cm and 50 cm in length. The beads were
allowed to fall into the column under the force of gravity. The cotton wool which acts as a support
by preventing it from flowing through the outlet was packed before and after packing the maize
tassel-PVA beads. The flow rates of the effluent from the tank were controlled with the aid of the
medical set. The following parameters were studied during the process such as flow rate, bed
height, and initial concentration of the effluent. The column was open to the atmosphere to
maintain the internal pressure in the columns near atmospheric pressure. The solution entering
and leaving the top of the column was collected at various time intervals, and the effluent
concentrations were analyzed with the aid of a UV-spectrophotometer. All experiments were
conducted at room temperature and the direction of flow was from top-to-bottom and the flow
continued until the effluent concentrations almost became equivalent with the influent
concentration.

3. Results and discussion

3.1. Proximate analysis of maize tassel
Characterization of the maize tassel and the one immobilized in polyvinyl alcohol was done. The
values of the surface characterization of maize tassel are shown in Table 2.

From Table 2, results show that maize tassel moisture and ash content are at a low-level, having
values of 4.51 and 2.134%, respectively. These values are in accordance with comparison with corn
stover (Tumuluru, 2015). According to Ekpete and Marcus, (Ekpete & Marcus, 2017), the presence
of the low amount of moisture and ash content present in adsorbent materials shows that the

Table 1. Table showing the values gotten from the surface water

Characterization Results
Dissolved oxygen (mg/l) 4
COD (mg/L) 16
pH 4.78
BOD 5
PO3% (mg/L) 2
Orthophosphate, P,0s (mg/L) 6.13
Pyrophosphate, P,0; (mg/L) 11.23
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Table 2. Surface characterization of maize tassel

Parameter Value
Moisture content (%) 451
Ash content (%) 2.134
Apparent density(g/cm?) 0.41
Iodine number 423.05
Particle size (um) 300
Crude protein (%) 4.06

density of the particles is small. Adebisi et al. (Adebisi et al., 2017) reported that these values
would be remarkable for the biomass utilization as activated carbon and for biofuels production.
The lower the moisture and ash value, the greater the adsorptive capacity and this is consistent
with previous studies that the main components of corncobs are cellulose, hemicellulose and lignin
(Maepa et al.,, 2015). The apparent density is a vital physical parameter that evaluates the
filterability of the sorbent material. The amount of carbon present in a filter of a given solid can
be determined by the quantity of treated liquid retained by the filter cake. The apparent density of
maize tassel gotten is 0.41 g/mL. The apparent density of the adsorbent material affects the
adsorption per unit volume but does not affect the adsorption efficiency per unit weight. If the
density of the material is high, a small amount of the sample is sufficient for carrying out
adsorption studies (Ekpete & Horsfall, 2011).

The use of iodine number is to evaluate the surface area of sorbent materials at ambient
conditions for the determination of the adsorbent capacity of the materials. The increase in iodine
number of carbon atoms has been attributed to the occurrence of enormous sorptive sites in the
structure (Ekpete & Marcus, 2017). As observed in Table 2, the iodine number for maize tassel is
423.05, which showed that it has a large surface area which is a necessity for the adsorption
process. The point of zero charge (PZC) is an essential measurable property of any sorbent
material. They have pH values in which under specific conditions such as temperature, pressure
and composition the surface charge components sum up to 0. This implies equal amounts of
positive and negative charge. At pH below the point of zero charge, the adsorbent material is
positively charged. This implies that the material will adsorb anions, while at pH values above the
point of zero charge, the adsorbent is negatively charged, which means that the adsorbent will
adsorb cations. The point of zero charge values might aid in the selection of a material for the
removal of pollutants from effluents. Sorbent materials that have low point zero charge would be
appropriate to remove pollutants that possess positive ions, while materials with high PZC values
would be best to remove negative ions (Boparai et al., 2013). The curves obtained from (plots of
ApH vs pH) following the salt addition technique at both ionic strengths of (0.05 and 0.1 M of
NaNO3), were done in triplicates and the average taken are presented in Figure 1.

Figure 1. A plot of the Change 1 -

in Final pH and Initial pH 05 -
against the Initial pH for maize 0

tassel.

ApH -1 - =—=pH(0.1M)
——pH(0.05M)

Initial pH
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Figure 2. FT-IR spectrum of
maize tassel.

Table 3. The oxygen functional groups of maize tassels

Groups Maize Tassel (mmol/g)
Carboxyl 0.9

Lactones 0.6

Phenols -0.66

Total non-carbonyl 0.84

Table 4. BET analysis

Sample Surface area (mzlg) Pore volume (cm3lg) Pore size (nm)
Maize tassel 652.3 0.4056 2.144

3.2. Adsorbent characterization

The oxygen-containing groups were analyzed and evaluated with the aid of FT-IR. Due to the
distinctive property of absorbing energy from the different bonds in each group, an FTIR spectrum
disclosed the specific surface functional groups on the maize tassel fiber (C. Zvinowanda et al., 2008).
The affirmations of the chemical structures of maize tassel fibers were gotten from FT-IR analysis. The
composition changes observed for maize tassel fibers are shown in Figure 2 and Table 4.

It shows the occurrence of hydroxyl, carbonyl, ether groups, and absorbed water in the maize tassel
fiber, which can be bonded with cations easily (C. M. Zvinowanda et al., 2009). As shown in Figure 2, the
hemicellulose intensity of the peak appeared at around 1730 and 1240 cm™ in the maize tassel (Jin
et al,, 2019). The functional groups present in maize tassel fiber presented in Figure 2, indicate strong
bonds between 3272 and 2922 cm-! attributed to hydroxyl groups, alcohol, alkanes or Amine groups.
The two bands at 2855.1 and 1625.1 cm ™! were ascribed to the alkanes and alkenes groups respec-
tively. While the band at 1625.1 cm™ was assigned to stretching of the carbonyl group. This work
agrees with the reports of Mwangi et al. (Mwangi et al., 2011).

The spectra of maize tassel immobilized in PVA and phosphoric compounds loaded in maize
tassel immobilized in PVA are shown in Figures 3 & 4. The broad and strong bands at
3272.6-3446.89 cm ™! were ascribed to hydroxyl and amines groups of maize tassels immobilized
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in PVA before and after adsorption (Yahya et al, 2020a). The peaks at 2922, 1653.47 and
1653.47 cm™! were as a result of—CH group and stretching vibration of -C = O group of maize
tassels correspondingly. The peak detected at 1035 cm™ after adsorption can be ascribed to—C-0
stretching of carboxylic acids and alcohols. The functional groups of maize tassels altered sig-
nificantly after PVA modification. Maize tassel in PVA displayed major absorption bands at
3272-3446.89 cm~* and 1021 cm™! were equivalent to stretching of hydroxyl and carbonyl groups.
The result verifies that maize tassel was effectively modified by PVA, and the peak at 3272.6 cm™
shifted to 3446.89 cm™ for phosphoric compounds loaded with maize tassel immobilized in PVA
adsorbent. This indicates that the hydroxyl group was mainly involved in the adsorption process.

The capability of adsorbent material to adsorb contaminants is an essential property due to its
specific surface area. Typically, increase in surface area of the sorbent material determines the
capability of adsorbing more contaminants. Table 4 depicts the result of the surface area and pore
volume on the maize tassel.

Figure 5 (a) and (b) show the scanning electron micrographs of maize tassel-PVA beads before
and after adsorption. From Figure 5(a), the maize tassel immobilized in PVA showed a thin-like

elongated fibrous matter that were interwoven and bounded to PVA, however, after adsorption,
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Figure 5. (a) SEM Micrograph of
maize tassel (b) after immobi-
lized in PVA and adsorption
process.
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(a) (b)

a swollen, denser micrograph was depicted indicating the possibility of leaching of the PVA and
accumulation of the phosphoric compounds onto the maize tassel (Sekhula et al.,, 2012).

3.3. Column evaluation

This study particularly is centered on the column dynamics study as previous studies mostly
utilized batch adsorption mode. To effectively solve the problem arising from the farmland and
communities surrounding it; a pilot plant is desirous. The detailed evaluation and calculations of
the performance of the maize tassel PVA mass transfer in the column and its adherence to some
kinetics isotherm would helped to address this problem and thus, the novelty of the research.

3.3.1. Effect of bed height

Variation of bed height on the breakthrough curve was studied at different heights of the adsor-
bent (Maize tassel PVA) ranging from 2, 4 and 6 cm equivalent to 6.3, 12.6 and 18.9 g, respectively,
while the initial concentration of the effluent for phosphorus, orthophosphates, pyrophosphates
and the flow rate were kept constant at 2, 6.13, 11.23 mg/L, and 4 mL/min, respectively. The
wastewater was pumped and allowed to flow downward into the column and at the outlet;
samples were taken at intervals from 15 to 1620 min for final concentration determination. The
breakthrough curves as indicated in Figure 6 showed the plot of normalized concentration (Ct/Co)
which is the ratio of concentration of the effluent leaving the column at specific time interval and
the initial concentration against time. The breakthrough point has been defined as that point in the
mass transfer zone in the column when the first appearance of the concentration of the phos-
phoric compounds is observed in the outlet effluent. In this zone, adsorption is complete and the
concentration of pollutant in the bed varies from 100% to approximately 0% of the initial
concentrations. The breakpoint time is that time at which breakthrough occur. This adsorption
zone moves from the top of the column to the bottom, when the zone reaches the end of the bed,
the pollutant in the effluent cannot be adsorbed any longer. This is called a saturated bed or
exhausted bed. The representation of all this gives the concentration history and is called break-
through curve (Yahya et al., 2020b). The breakthrough and saturation time increased as the bed
height was varied. The plots showed the slope of the breakthrough curves which were slightly
different at the bed heights, as is to be expected. Maize tassel beads adsorbed more of the
phosphoric compounds at 6 cm bed height due to the increase in the amount of the adsorbents
in the column. This allowed for more interactions between the anions and the active-binding sites
for sorption to take place, and thus, lead to a mass transfer of the adsorbate into the adsorbent in
the mass transfer zone. At similar initial ions concentration of a stable system, increase in bed
height would result to a lengthier transfer of adsorbate to reach the exit, subsequently resulting in
an extended breakthrough time. For higher bed height, the increase of adsorbent mass would
provide a larger service area thus, leading to an increase in the volume of the treated
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contaminated solution. Furthermore, the breakthrough time of phosphorus at a bed height of 2 cm
is at 183 min while at an increased bed height of 6 cm, increased to 750 min. The exhaustion time
of phosphoric compounds also increased from 1250 to 2500 min as the height of the bed
increased. Similar observations have been recorded by Yahya et al. (Singh et al., 2015).

3.3.2. Effect of inlet flow rates

The effect of flow rates were investigated on the breakthrough curve by varying the flow rates
between 4 and 12 mL/min. The samples were taken for analysis between the time intervals of
15-1620 min. The breakthrough curves at various flow rates were shown in Figure 7. At
different flow rates of 4-12 mL/min, constant bed height of 6 cm, and initial concentration
of the influents at 2, 6.13 and 11.23 mg/L for phosphorus, orthophosphates, and pyropho-
sphates, respectively; it was revealed that the breakthrough generally occurred faster at higher
flow rate. Breakthrough time reaching saturation was increased significantly with a decrease in
the flow rate. The shape of the breakthrough curve is influenced by the flow rate; at low flow
rate the breakthrough curve tends to be less steep (characterized by smooth S-shaped curve),
which resulted into a longer exhaustion and breakthrough time At a lower flow rate of influent,
phosphoric compounds had more time to be in contact with adsorbent, which resulted in
greater removal of the contaminants in the column. When the flow rate increased to 12 mL/
min, the breakthrough time decreased from 867 to 200 min and the exhaustion time decreased
from 2500 to 1300 min.

Figure 7. Effect of flow rate on 1.2 -
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Figure 8. Effect of Initial
Concentration on the removal
of phosphoric compounds at (a)
2, 6.13 and 11.23 mg/L (b) 1.5,
4.8 and 8.9 mg/Land (c) 1, 3.15
and 5.83 mg/L.

3.3.3. Effect of initial concentration

The effect of the initial concentration was investigated on the breakthrough curve as indicated in
Figure 8. The concentrations of the surface water were passed into the column from the top while
keeping the flow rate and bed height constant at a value of 4 mL/min and 6 cm, respectively. The
effluent samples were analyzed at interval of 15 to 1620 min. The breakthrough time decreased
from 675 to 500 min with a decrease in the initial concentration of phosphoric compounds, due to
a larger mass transfer coefficient. The presence of more phosphate ions at higher concentrations
provided competition increased for the lesser available binding sites on the adsorbent (Zhu et al.,
2009). At lower concentration, the breakthrough time increased from min and the exhaustion time
increased from 1560 to 1777.8 min. Therefore, it is obvious that the adsorption process is
concentration-dependent.

3.4. Column performance evaluation

3.4.1. Column performance evaluation at varying bed height

The following parameters volume of the effluent treated (Ves), maximum adsorption capacity
(gtotal), the total phosphoric compounds sent to the column (metq)), and the percentage removal
of phosphoric compounds were calculated. From the result in Table 5, the following were obtained
for phosphoric compounds adsorption: the total phosphorus sent to the column at a bed height of
2 cm was 20.16 mg out of which 13.91 mg was adsorbed; at a bed height of 4 cm, total
phosphorus sent was 22.08 mg and 16.56 mg was absorbed, while at a bed height of 6 cm,
total phosphorus sent was 41.44 mg, and 37.30 mg was adsorbed. The effective volume of
contaminants treated was also higher at the increased bed heights. The percentage removal of
phosphorus at a height of 6 cm was higher (90%) than the percentage removal at 4 and 2 cm
which was 75% and 69%, respectively. This applies also for orthophosphates and pyrophosphates,
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Table 5. Column data parameter obtained on sorption characteristics of maize tassel immo-

bilized in PVA at varying bed height

Bed tiotal(mins) Verr(mL) Myotal(Mg) Gtotal (MQ) % Removal
height(cm)

Phosphorus

2 1260 10,080 20.16 13.91 69
4 1380 11,040 22.08 16.56 75
6 2500 20,000 41.44 37.296 90
Orthophosphates

2 1260 10,080 61.79 33.98 55
4 1380 11,040 67.67 46 68
6 2500 20,000 127 104 82
Pyrophosphates

2 1260 10,080 113 73.45 65
4 1380 11,040 123.97 89.26 72
6 2500 20,000 233 213.7 91.7

although, there were overlapping and no distinct differences between some of the outlet concen-
trations values. This maybe as a result of the dissociation constant which are quite close to
another. This can be ascertained from the study of phosphorous, where at solution concentrations
of 1 mol/L; pH of 1.08, the pH is close to (sKa; 2.16), while at solution concentration of 1072 mol/L;
pH of 2.25, equimolar mixture of H3PO, and H,PO,” is obtained. Below 1073, that is the pH of 3.05
downward, the solution mainly composed of H,PO, thus becoming non-negligible for very dilute
solutions. The increase in removal of the phosphoric acid is a result of an increase in the amount of
sorbent in the column which provided more binding sites for the phosphoric compounds (Sillerova
et al.,, 2013).

3.4.2. Column performance evaluation at varying flow rates

From the results in Table 6, the amount of phosphoric compound adsorbed, and percentage
removal decreased with an increase in flow rate. For phosphorus adsorption, there is a decrease
in the amount adsorbed from 18 to 15.84 mg, as the flow rate increased from 4 to 12 mL/min
which led to the reduction of the percentage removal from 92% at 4 mL/min to 55% at 12 mL/min.
The percentage removal of orthophosphates and pyrophosphates also reduced from (97-48%) and
(91-35%), respectively, as the flow rate reduced. This is because, at high flow rates, the contact

Table 6. Column data parameter obtained on sorption characteristics of maize tassel immo-

bilized in PVA at varying flow rates

Flow-rate tiotal(mins) Ver(mL) Meotal(Mg) Qtotal (Mg) | % Removal
(mL/min)

Phosphorus

4 2460 9,840 19.68 18 92
12 1200 14,400 28.8 15.84 55
Orthophosphates

4 2460 9,840 60 58 97
12 1200 14,400 88.27 42.37 48
Pyrophosphates

4 2460 9,840 111 97.37 91
12 1200 14,400 162 56.7 35
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Table 7. Column data parameter obtained on sorption characteristics of maize tassel immo-

bilized in PVA at varying initial concentration

Initial concentration (mg/L) tiotal(Mins) | Vegr | MiotallMy) | Qrotar (MQ) % Removal
(mL)

Phosphorus

2 1260 10,080 20 15 74

1.5 1500 12,000 18 15 . 83

1 1680 13,440 13.4 13 97

Orthophosphates

6.13 1260 10,080 61.8 47 76

4.8 1500 12,000 57.6 50 87

3.15 1680 13,440 42.3 39 93

Pyrophosphates

11.23 1260 10,080 113 52 46

8.9 1500 12,000 107 74 69

5.83 1680 13,440 78.4 64 81

time gets shorter; limiting the capacity of the active sites of the phosphoric compounds from
reaching full saturation and also causing the decrease in the number of phosphoric compounds
adsorbed (Illy et al., 2020; Marin et al., 2014).

3.4.3. Column performance evaluation at varying initial concentration

In the same way, from Table 7, the percentage removal of phosphoric compounds increases as
influent concentration decreases. The percentage removal of phosphorus increased from 74% to
97% when there was a reduction in the influent concentration from 2 to 1 mg/L. The percentage
removal of orthophosphates and pyrophosphates increased from (76-93%) to (46-81%) when
there was a reduction in the influent concentration from (6.13-3.15 mg/L) and (11.23-5.83 mg/L),
respectively. The higher percentage removal of the phosphate ions at lower influent concentration
despite reduction in the mass transfer coefficient is due to the availability of active sites which
provided enough space for optimum solute molecules adsorption. At lower inlet concentration an
extended breakthrough curve was obtained, however, at higher concentrations there were increas-
ing driving force of the solutes toward the adsorbent, more phosphates ions were unadsorbed as
a result of saturation of active sites (Gololobov, 1985)

3.5. Analysis of fixed bed models

3.5.1. Clark Model
This model is based on the Freundlich isotherm model where Freundlich constant n = 2.06 is used
for the calculation of the Clark model parameters A and r (min~?) (Zhu et al., 2009).

3.5.1.1. Effect of bed height on clark model. The R? values using Clark model for the removal of
phosphorus increased from 0.9498 to 0.975 as presented in Table 8. The result shows that at an
increase in bed height, the removal efficiency of phosphoric compounds increases. The increase in
bed height also shows a great increment in the rate constant and constant A for phosphorus, while,
for the phosphoric compounds, an increase in bed height gave a resultant increase in constant A.

3.5.1.2. Effect of flow rate on clark model. The decrease in flow rate from 12 to 4 mL/min brought
about an increase in R? value from 0.9479 to 0.9746 (Phosphorus), 0.4009-0.6242
(Orthophosphates) and 0.3551-0.9648 (Pyrophosphates) as seen in Table 9. This is an indication
that the Clark model is viable at a low flow rate for the removal of phosphoric compounds. As the
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Table 8. Clark model constants at different bed heights of 2-6 cm and flow rate of 8 mL/min

and initial concentration of phosphoric compounds

Phosphoric A r (L/min) R?
compounds

2.cm

Phosphorus 39.67 0.0056 0.9498
Orthophosphates 7.613 0.0033 0.5498
Pyrophosphates 5.698 0.0026 0.5354
4cm

Phosphorus 13.22 0.00005 0.9362
Orthophosphates 3.80 0.00003 0.3915
Pyrophosphates 3.301 0.00003 0.3504
6 cm

Phosphorus 92.85 0.0029 0.975
Orthophosphates 10.858 0.0018 0.5394
Pyrophosphates 7.759 0.014 0.5149

flow rates increased, the rate constant increased and also the R? values decreased for the
phosphoric compounds.

3.5.1.3. Effect of initial concentration on clark model. The effect of initial concentration on the
Clark model shows that a reduction in the concentration of the surface water brought about
a resultant decrease in the R? values, the rate constant, and A (Table 10).

3.5.2. Thomas model

3.5.2.1. Effect of bed height on Thomas model. The R? value using the Thomas model for the
removal of phosphorus increased from 0.95 to 0.974 (phosphorus), 0.5228 to 0.6083
(Orthophosphates) and 0.5084 to 0.5509 (Table 11). It shows that at an increase in bed height,
the removal efficiency of phosphoric compounds is high with higher amount adsorbed per each
gram of the adsorbents.

3.5.2.2. Effect of flow rate. The R? value using the Thomas model for the removal of phosphoric
compounds decreased from 0.9735 to 0.9495 (phosphorus), 0.6083 to 0.4536 (Orthophosphates) and
0.5509 to 0.4139 (Pyrophosphates) with an increase in the flow rate from 4 to 12 mL/min (Table 12).

Table 9. Clark model constants at different flow rate of 4-12 mL/min and bed height of 4 cm

and initial concentration of phosphoric compounds

Phosphoric A r (L/min) R?
compounds

4 mL/min

Phosphorus 86.84 0.0027 0.9746
Orthophosphates 10.887 0.0018 0.6242
Pyrophosphates 8.321 0.0009 0.9648
12 mL/min

Phosphorus 31.81 0.0052 0.9479
Orthophosphates 4.84 0.0025 0.4781
Pyrophosphates 3.5194 0.00197 0.4456
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Table 10. Clark model constants at a different initial concentration of phosphoric compounds

with a flow rate of 8 mL/min and a bed height of 4 cm

Phosphoric compounds A r (L/min) R?

Phosphorus (2 mg/L) 54.57 0.0052 0.9567
Orthophosphates (6.13 mg/L) 4.052 0.002 0.4009
Pyrophosphates (11.23 mg/L) 3.395 0.0017 0.3551
Phosphorus (1.5 mg/L) 199.437 0.0051 0.912
Orthophosphates (4.8 mg/L) 19.12 0.0025 0.8928
Pyrophosphates (8.9 mg/L) 15.48 0.0025 0.877
Phosphorus (1 mg/L) 108.083 0.0028 0.9547
Orthophosphates (3 mg/L) 13.01 0.0016 0.9477
Pyrophosphates (6 mg/L) 10.30 0.0015 0.9403

3.5.2.3. Effect of initial concentration. A reduction in the concentration of the adsorbate gave
a decrease in R? values for orthophosphates and pyrophosphates with the following values 0.
3761-0.9467 and 0.3274-0.9393, respectively. This reduction is as a results of the close dissocia-
tion constant for the ortho- to pyro phosphate while a decrease in the concentration of
phosphorus brought about a decrease in R? value from 0.9578 to 0.9562 as depicted in Table 13.

3.6. Reaction mechanism
The simplest compound of series of phosphoric acid is called ortho phosphoric acid (H3PO,).
However, two or more ortho phosphoric acid molecules can be joined by condensation into larger
molecules by elimination of water to form pyro phosphoric acid (H,P,07)

2 H3P04 - H4P207 + Hzo

The reaction of maize tassel immobilized in polyvinyl alcohol for the uptake of phosphoric
compounds can be represented thus;

ROH + O-P(OH); -» O = P(OH),0R + H,0(6) (Phosphorylation of hydroxide)

Table 11. Thomas parameters at different bed heights of 2-6 cm, flow rate 8 mL/min and

Initial concentration of the phosphoric compounds

Phosphoric Ken(;2 mg) Q,(mg/q) R?
compounds

2. cm

Phosphorus 0.00275 254.64 0.9500
Orthophosphates 0.0016 471.35 0.5295
Pyrophosphates 0.00125 5107.84 0.5084
4 cm

Phosphorus 0.000015 267.28 0.9405
Orthophosphates 0.00001 331.28 0.9302
Pyrophosphates 0.00001 3232 0.9222
6 cm

Phosphorus 0.0014 4.0991 0.9740
Orthophosphates 0.0009 3.3145 0.5228
Pyrophosphates 0.0007 3.6244 0.4926
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Table 12. Thomas parameters at different flow rates of 4-12 mL/min, bed height of 4 cm and

initial concentration of the phosphoric compounds

Phosphoric Ken( .2 mg) Qo(mg/g) R?
compounds

4 mL/min

Phosphorus 0.0026 1630 0.9735
Orthophosphates 0.0017 1318.59 0.6083
Pyrophosphates 0.0015 1360.4 0.5509
12 mL/min

Phosphorus 0.0051 644.69 0.9495
Orthophosphates 0.0024 599.83 0.4536
Pyrophosphates 0.0018 624.83 0.4139

ROH + P,010 » O = P(OH),0R + H,0

N3CRR'COOH + Ph3P- PhsP = N3CRR'COOH-Ph3P*-NHCRR'COO(7) (Phosphorylation of carboxylic
group)

The “RR" represent the complex maize tassel immobilized in PVA. The hydroxyl and carboxylic groups
are the dominant functional group on the maize tassel and by esterification reactions with HsPO3 or Hs
PO, they give phosphate groups (R-O-P(0)(OH),, phosphite groups R-O-(OH), or phosphonic acid group R-
P(0)(OH), that contain mobile hydrogen atoms that get attached to the adsorbents that are biodegrad-
able and thereby leaving the contaminating solution free of the pollutants (Illy et al., 2020).

3.7. Comparison of the experimental data and the applied models

The Thomas model adequately predicted the experimental data better than the Clark model when
considering phosphorus ranging from 0.9064 to 0.974, with orthophosphates and pyrophosphates
being 0.3761-0.9467 and 0.3274-0.9393, respectively. The adsorption capacities were moderately
high at increased bed heights. Increase in flow rate brought about a decrease in the correlation
coefficient which was both similar to the experimental data. However, there was a difference
between the experimental data and the Thomas model while varying initial concentration. The

Table 13. Thomas parameters at different initial concentration of phosphoric compounds with

flow rates of 8 mL/min and bed height of 4 cm

Phosphoric Ken(:2L mg) Qo(mg/g) R?
compounds

Phosphorus (2 mg/L) 0.0053 2847.91 0.9578
Orthophosphates 0.0027 3217.02 0.3761
(6.13 mg/L)

Pyrophosphates 0.0081 3492.02 0.3274
(11.23 mg/L)

Phosphorus (1.5 mg/L) 0.0049 2063.47 0.9064
Orthophosphates 0.0025 2234.32 0.8902
(4.8 mg/L)

Pyrophosphates (8.9 mg/ 0.0024 2159.92 0.8745
L

Phosphorus (1 mg/L) 0.0027 3278.27 0.9562
O)rthophosphotes (3 mg/ 0.0015 3216.00 0.9474
L

Pyrophosphates (6 mg/L) 0.0014 3070.29 0.9393
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Table 14. Error Function values of the Clark model at different bed height

Phosphoric Qeat Qexp SSE HYBRID  MPSD | R? R?
compounds

2cm

Phosphorus 4.92 3.59 1.7689 1.4078 | 1.0585 | 0.9200 | 0.9498
Orthophosphates 7.613 7.69 0.0059 0.0022 0.0286 | 0.5295 | 0.5498
Pyrophosphates 5.698 4.93 0.5898 0.3418 0.4451 | 0.5084 | 0.5354
4 cm

Phosphorus 13.22 2.53 10.69 12.0723 2.3104 | 0.9362 | 0.9362
Orthophosphates 3.80 3.46 0.1156 0.0955 0.2808 | 0.3915 | 0.3915
Pyrophosphates 3.301 12.23 8.930 2.0862 | 2.0860 | 0.3504 | 0.3504
6 cm

Phosphorus 6.96 5.74 1.4884 0.7409 | 0.6073 | 0.9740 | 0.975
Orthophosphates 10.858 6.03 23.3096 11.0446 | 2.2876 | 0.5228 | 0.5394
Pyrophosphates 7.759 2.79 24.6910 25.2852 1.8298 | 0.5149 | 0.5149

kinetic (krn) constant increased with an increase in flow rate from 4 mL/min to 12 mL/min with
values ranging from (0.0026 to 0.0051 mL mg/min) with corresponding reduction in adsorption
capacity from 1630 to 630 mg/g for phosphorus. This implies that the breakthrough curve is
favorable at a lower flow rate. For the Clark model, the correlation coefficient of the phosphoric
compounds ranges from (0.3551-0.972). The Clark constant increased with the increase in bed
height, with values (39.67-92.85) and had a reduction with values (86.84-31.81) when the flow
rate was increased. This results in an increase in the values of the correlation coefficient from
0.9498 to 0.975 when considering an increase in bed height and a decrease in correlation
coefficient, and 0.9746-0.9479 when considering an increase in the flow rate. This is similar to
the experimental data realized for the removal of phosphorus.

3.7.1. Error function analysis

Clark and Thomas models used to study the adsorption of the phosphoric compounds by maize tassel
PVA were verified by analyzing the correlation between the models by applying the error analysis
functions SSE, HYBRID and MPSD. These values are presented on Table 14-19. The SSE values range of
0.0059-1.4884 and 0.0961-1.6641, HYBRID values of 0.0022-1.4078 and 0.00595-1.326, MPSD values
of 0.0286-1.8298 and 0.1920-1.4241, R? values of 0.5295-0.9740 and 0.5084-0.9740 were, respec-
tively, obtained for Clark and Thomas model with respect to the variations in the bed height.
Considering effect of flowrate using Clark and Thomas model, SSE values are 0.2717-1.6114 and
0.0361-1.3456, HYBRID values of 0.0768-2.0462 and 0.0311-1.6945, MPSD values of 0.3255-1.6119

Table 15. Error Function values of the Clark model at different flow rates

Phosphoric Qeal Qexp SSE HYBRID MPSD R?
compounds

4 mL/min

Phosphorus 3.61 5.80 4.7961 2.851 1.0788 0.9746
Orthophosphates 10.887 6.24 21.5946 11.9334 2.1277 0.6242
Pyrophosphates 8.321 7.47 0.5245 0.2421 0.3255 0.9648
12 mL/min

Phosphorus 3.82 2.70 1.1852 1.5136 0.9218 0.9479
Orthophosphates 4.84 10.11 0.2717 0.0768 1.4893 0.4781
Pyrophosphates 3.5194 2.25 1.6114 2.0462 1.6119 0.4456
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Table 16. Error Function values of the Clark model at different initial concentrations

Phosphoric compounds Qeal Qexp SSE HYBRID MPSD R?

Phosphorus (2 mg/L) 5.47 3.90 2.4649 2.179% 1.3882 0.9567
Orthophosphates (6.13 mg/L) 4.05 1.55 6.25 13.904 5.5617 0.4009
Pyrophosphates (11.23 mg/L) 3.40 2.9 0.25 0.2973 0.5945 0.3551
Phosphorus (1.5 mg/L) 1.99 0.54 2.1025 3.6432 2.5126 0.9120
Orthophosphates (4.8 mg/L) 2.21 2.47 0.0676 0.09437 0.3630 0.8928
Pyrophosphates (8.9 mg/L) 4.29 2.44 0.7225 1.0211 2.6145 0.877
Phosphorus (1 mg/L) 5.24 3.42 3.3124 3.3398 1.8350 0.9547
Orthophosphates (3 mg/L) 3.01 3.51 0.25 0.2456 0.4912 0.9477
Pyrophosphates (6 mg/L) 10.30 7.80 6.25 2.7630 1.1052 0.9403

Table 17. Error Function values of the Thomas model at different bed height

Phosphoric compounds Kin (,%mg) do (Mg/qg) Jexp SSE | HYBRID | MPSD R?

2. cm

Phosphorus 0.00275 2.30 3.59 1.6641 | 2.2073 | 1.7111 | 0.9500
Orthophosphates 0.0052 8.00 7.69 0.0961 | 0.0595 | 0.1920 | 0.5295
Pyrophosphates 0.0022 4.60 493 0.1089 | 0.1052 | 0.3180 | 0.5084
4cm

Phosphorus 0.0015 4.32 2.53 3.2041 | 6.0307 | 3.369 | 0.9405
Orthophosphates 0.0269 4.72 3.46 1.5879 | 2.1854 | 1.7341 | 0.9302
Pyrophosphates 0.0144 8.824 12.23 3.406 | 1.326 | 1.326 | 0.9222
6 cm

Phosphorus 0.0014 4.0991 5.74 1.6409 | 1.361 | 1.3613 | 0.974
Orthophosphates 0.0009 3.3145 6.03 2.716 | 2.1448 | 2.1444 | 0.5228
Pyrophosphates 0.0007 3.6244 2.79 0.8344 | 1.4241 | 1.4241 | 0.4926

Table 18. Error Function values of the Thomas model at different flow rates

Phosphoric compounds Kin (Zmg) | qo (Ma/g) Qexp SSE HYBRID | MPSD R?

4 mL/min

Phosphorus 0.0013 2.07 5.80 13.9129 | 5.5785 | 5.9743 | 0.9735
Orthophosphates 0.0028 5.08 6.24 1.3456 | 0.5015 | 0.4323 | 0.6083
Pyrophosphates 0.0013 9.80 7.47 5.4289 | 1.6945 | 0.7254 | 0.5509
12 mL/min

Phosphorus 0.0026 2.51 2.70 0.0361 | 0.0311 | 0.1637 | 0.9495
Orthophosphates 0.0039 7.03 10.11 9.4864 | 2.1821 | 1.4502 | 0.4536
Pyrophosphates 0.0016 1.34 2.25 0.91 0.9406 | 0.8475 | 0.4139

and 0.4323-1.4502, and R? value range of 0.4781-0.9746 and 0.5509-0.4735, respectively, for Clark
and Thomas model. Comparing the values of the error functions of Clark and Thomas model with
respect to the effect of initial concentration, SSE values are 0.0676-2.0025 and 0.0100-4.3264, HYBRID
values of 0.0944-2.1774 and 0.0101-1.0901, MPSD values of 0.3630-1.8350 and 0.0108-1.6896, and
R? value range of 0.4009-0.9567 and 0.8745-0.9578, respectively. The low values of the error functions
obtained from the verification of the two models indicate that Thomas Model can be considered to be
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Table 19. Error Function values of the Thomas model at different initial concentrations

Phosphoric compounds Kin (2L mg) Jo (MA/Q) | Gexp SSE HYBRID | MPSD R?

Phosphorus (2 mg/L) 0.0027 2.08 390 | 1.82 0.6909 | 1.6092 | 0.9578
Orthophosphates (6.13 mg/L) 0.0015 2.04 155 0.49 1.0901 | 1.6896 | 0.3761
Pyrophosphates (11.23 mg/L) 0.0014 1.99 2.9 | 0.8281 | 0.9847 | 1.0820 | 0.3274
Phosphorus (1.5 mg/L) 0.0025 2.62 0.54 | 4.3264 | 5.6941 | 2.7376 | 0.9064
Orthophosphates (4.8 mg/L) 0.0013 2.84 247 | 01369 | 01911 12759  0.8902
Pyrophosphates (8.9 mg/L) 0.0012 2.74 2.44 | 0.09 0.1272 | 0.4240 | 0.8745
Phosphorus (1 mg/L) 0.0039 3.52 342 | 001 0.0101 | 0.0108 | 0.9562
Orthophosphates (3 mg/L) 0.0082 2.64 3.51 | 0.7569 | 0.7436 | 0.8547 | 0.9474
Pyrophosphates (6 mg/L) 0.0031 3.03 7.80 | 22.7529 | 10.0588 | 10.0588 | 0.9393

the most fitted model for the adsorption operation and therefore reliable model since error function
analysis is considered to be the most efficient optimization tool to verify the suitability of a model.

4. Conclusions

The results from this study have demonstrated the removal efficiency of maize tassel immo-
bilized in polyvinyl alcohol through the breakthrough curves obtained after column sorption
process. The benefit of the analysis cannot be over emphasized as contaminated effluents were
decontaminated and eutrophication of farmland aging processes was reduced drastically and
solved at the long run. The application of the adsorbent revealed the extent of removal, up to
and below the permissible limit. The maize tassel immobilized in PVA was characterized before
and after adsorption with FT-IR, SEM and BET surface analyzer. These techniques showed the
functional group responsible for the adsorption of phosphoric compounds, the morphology and
porosity nature of the adsorbent. The column optimized studies showed that the increase in
bed height, flow rates, and inlet concentrations had a significant effect on the breakthrough
time and exhaustion time. The optimized column operates best at very low flow rate to give an
extended breakthrough time. Furthermore, the Clark and Thomas were used to predict the
breakthrough of the phosphoric compounds with the kinetics isotherms constant following the
trends for column efficiency evaluation.

In 0.05 M NaNOs, the point zero charge value of maize tassel was 6.8. When the concentration of
the salt was increased to 0.1 M, the point zero charge reduced to 6.6 with a minor reduction of PZC
(0.2 pH unit). This was attributed to the slightly high concentration of the acid sites than that of the
basic ones. This work agrees with Boparai et al. (Berber-Villamar et al., 2018) with the same salts
and ionic strength with pHzpc of 6.25, and also in agreement with Berber-Villamer et al. (Ismadji
et al,, 2010) whose results was 6.83 for corncobs.At this value, the migration of phosphoric anions
can easily be adsorbed by the immobilized maize tassel. Boehm’s method gives a semi-
quantitative degree of surface functionalities since the chemical groups are more difficult and
are indicated in Boehm titrations. The compounds, NaHCO3, Na,COs, NaOH, and HCl acting as
neutralizers for carboxylic groups, lactonic other groups, comparisons of the values as shown in
Table 3 revealed minor changes between the carbon samples and the acidic sites.
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