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Abstract
This research projected the productive use of chickpea for wastewater treatment. Iron (Fe) based
nanoparticles were deposited on chickpea husk (agro-based) and used for the removal of phenolic
compounds from wastewater. The material was characterized using XRD, FTIR, magnetic effect test and
laser microscopy. These �ndings assisted in deposition of iron nano particles on chickpea husk.
Optimum adsorbent and initial phenolic concentration were calculated as 0.25g and 40ppm. The result
indicated that mono layer, heterogeneous and adsorbent-adsorbate interactions observed when phenolic
compounds interacts with adsobents. Adsorption was followed by Langmuir isotherm with maximum
adsorption (K) of 84.033 mg/g, highest value of adsorption coe�cient (p) of 0.362 and highest value of
correlation coe�cient (R2) of 0.992. R2 in Freundlich isotherm results was 0.999 which indicated the
phenolic compounds were absorbed into the surface. The Tempkin isotherm study shows R2 value of
0.989 for adsorption of phenolic compounds. But other isotherms for phenolic compounds adsorption
did not much �t. Phenolic compounds removal rates display pseudo 2nd order kinetics, giving the rate
limiting step in adsorption on the surfaces. Hence, iron based nano particles deposited agro-waste
chickpea husk is excellent adsorbent for the removal of phenolic compounds from wastewater.

1. Introduction
Phenolic compounds are one form of impurities other than bacteria, virus, protozoa, acids, salts, and
trace elements in water resulting from process industries (Ahmad, 2009). These impurities had major role
in polluting water and wastewater effecting directly and indirectly (Naseem and Durrani, 2021). As, 40%
of world population is expected to face drinking water shortage (Jover and Salvacion, 2012). Phenolic
compounds like Resorcinol, 2-Naphthol and p-Phenylenediamine are commonly used organics in
industries. Benzene sulfonation plants, rubber industry, adhesive products, specialty chemical industries
like p amino salicylic industry, coal to liquid and gaseous fuel plants, wastewater of petroleum industry,
wood treatment process plants, atmospheric reaction of (Anku et al., 2017). In all these industries they are
used as major ingredient and pigments in processing and manufacturing of the desired products. Due to
presence of these compounds in cosmetics like hair dyes, perfumes etc. domestics wastewater is also a
source of these pollutants. These compounds presence in wastewater had adverse effects on human
health and environment. Resorcinol, p-phenylenediamine, 2-Napthol had various health effects on human
i.e. CNS disturbance, vertigo, confusion, amnesia, kidney &liver damage, diarrhea, vomiting, nausea,
asthma and systematic injury (Pavithra et al., 2019).

Many techniques including membrane process (Villegas et al., 2016), cross linked cyclo dextrin particles
(Gong et al., 2016), electrochemical treatment (Villegas et al., 2016), solvent extraction process (Villegas
et al., 2016) had been utilized for expulsion of these polluting compounds. One technique is adsorption
and it’s very simple, e�cient and inexpensive as compared to other techniques. Micro pollutants that not
degraded during membrane and activated sludge process can be removed with adsorption process from
water. By using different adsorbents variety many valuable chemicals can be recovered and recycled in
adsorption process. Adsorption e�ciency depends on the adsorbent quality. Natural adsorbents are
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natural organic and inorganic like clay minerals, natural zeolites, oxides or biopolymer. Industrial
adsorbents are materials used in a wide range of applications, including puri�cation, separations, drying,
spill management, catalysis, pollution control and others across a large number of industrial sectors
included carbonaceous adsorbents, polymeric adsorbents, oxidic adsorbents. Engineered adsorbents
inhibit larger removal e�ciency because they provide more active sites for adosrbate adosbent
interaction after treatment (like coating of iron). Natural adsorbents have lesser surface area as
compared to engineered adsorbents. The most common sources of raw material for activated
carbon(adsorbent) are organic raw material like wood, saw dust, coconut shell, and peat (Gupta et al.,
2009). Organic substances are adsorbed by Activated carbon (Fukuchi et al., 1982) through weak
intermolecular forces (Gawlik et al., 1997). Aluminum and iron are mostly used for preparing oxidic
adsorbent. These substances relatively provide large surface of OH group which determines their
adsorption properties. Synthetic Zeolite is more effective adsorbents than natural zeolites (Dubinin and
Astakhov, 1971). Zeolites are alumina silicates, zeolites can be considered derivatives of silicates (Gupta
et al., 2009). These were used as cheap, easily available and environment friendly adsorbent but has
lesser RE% (percentage removal e�ciency) (Gupta and Nayak, 2012). To increase their removal e�ciency
nano particle are being deposited on adsorbents (Sathya et al., 2012). Many nano particle adsorbent such
as silica based magnetic nano particle, waste poly-ethylene terepthalete, carbon encapsulated magnetic
nano particle and rice husk based magnetic nano particle are used for wastewater treatment (Gaowski et
al., 2017). Nano particles have high surface area to volume ratios than larger particles and they are also
biocompatible adsorbents along with this nano particles adsorbents shows better kinetics (Gangadhara
et al., 2012).

In this research work chickpea husk is utilized as magnetic based nano particle adsorbent. This study is
novel of its kind for depositing Fe3O4 nano particles on chickpea husk by co-precipitation method for
wastewater treatment. The objective of preparation of agro based magnetic nano particle is to �nd out
optimum conditions such as dose of adsorbent and initial concentration for the removal of phenolic
compounds and to study the adsorption isotherms along with adsorption kinetics.

2. Experimental

2.1 Preparation of Chickpea Husk Magnetic Nano
Adsorbent
Locally available ChickPea Husk (CPH) was collected from market. Husk was washed with distilled water
thereafter dried up for 72 hours in sunlight. Sieving of husk conducted to separate 1.41 mm mesh size
particles. 6.1 gram of FeCl3.6H2O and 4.2 gram of FeSO4.7H2O had been added in 100 ml distilled water

and then it was being put to heat to attain a temperature of 90oC with continuous stirring. When
temperature reaches 90 oC ,10 ml of 26% ammonia solution, 1 gram of CPH and 200ml distilled water
was added in the mixture. The whole mixture had been continuously stirred and heated upto the
temperature of 80℃ maintained for 25 minutes. During the process pH of solution has been maintained
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at 10 by adding 1N NaOH solution, consequently a blackish liquid formed, which had been kept in room
to make it cool for 24 hours. Then the cooler solution had been �ltered through the �lter paper. Filtrate
(remaining wastewater after �ltration of solution) collected and wasted. Residue (prepared adsorbent in
solid form after �lteration) sticks on �lter paper. Filter paper had been placed in oven at 50°C for 24 hrs.
Dried magnetic MNP-CPHP adsorbent was removed from oven and then placed in incubator, thereafter
MNP-CPHP had been separated from �lter paper after 3 hours and gotit in powdered form. Powdered
form of adsorbent is due to above mentioned processes during iron deposition. The quantity of produced
adsorbent MNP-CPHP material was 7 grams. To Carried out this research work 60 grams of adsorbent
material was prepared with same procedure in batches. And keep in polythene bags to keep it safe from
moisture.

2.2 Characterization of Chickpea Husk Magnetic Nano
Adsorbent
To identify the magnetic nature of nano particles, magnetic effect test was done. A permanent magnet
was brought near to nano-particle and effect was observed. Laser microscopy of CPH-MNP was
performed, thereafter Fourier Transform Infrared Radiations test (FTIR) conducted in which peaks were
obtained and analysis were made. X-ray diffraction test was performed for the identi�cation of iron oxide
deposition on raw chickpea husk to make MNP-CPH adsorbent. To calculate the adsorption, university
laboratory Perkin Elmer Lamda (35 UV-Vis) spectrophotometer was used. For the measurement of
adsorption carried out by MNP-CPHP, UV-VIS spectrophotometer was used.

3. Results And Discussion

3.1 Characterization of Chickpea Husk Magnetic Nano
Adsorbent
Magnetic effect test is necessary to assess the particle morphology and distribution of particle. Another
cause of magnetic effect test is that particle size decreases in nano scale, hence removal of solid
material from liquid is di�cult, by employing magnetic nano particles technology these particles can
remove effectively. In this magnetic effect test presence of exhibition of strong magnetic attraction was
veri�ed on approaching of magnet towards CPHP-MNP and in presence of magnet. Figure 1 showed
different behavior of MNP-CPHP, when magnet was at distance, magnet was approaching and magnet
present in MNP-CPHP. It is clear from the �gure that magnet attracts these particles and covered by these
particles. This attraction is due to the deposition of Fe3O4 on chickpea husk. Hence due to presence of
iron particles strongly attracted by the magnetic �eld this guaranteed the successful formation of agro-
based magnetic nano particle adsorbent. In the same way magnetic nano particle synthesized by zeolite
obtained from coal �y ash(Faghihian et al., 2014). It is the bene�t that these adsorbents can be removed
by applying external magnetic �eld from process water.
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Therefore, Laser microscopy of CPHP-MNP was conducted in University of Engineering and Technology
Lahore Laser department Laboratory. Figure 2 show the deposition of Iron on the surface of Chickpea
husk powder. Both �gures clearly showed the effect of result before deposition and after deposition of
iron on CPHP. As the magnetic effect test clearly indicated the formation of agro based MNP-CPHP the
laser microscopy images clearly showed the formation of CPHP-MNP.

The Figure 3, show the FTIR peaks obtained after MNP-CPHP analysis. The peak value at 3761cm−1

corresponds the presence of hydroxyl OH group. The peak value at 3433cm−1 corresponds the presence
of hydroxyl OH group. The peak value at 2917cm−1 corresponds the presence of Alkane group. The peak
value at 2096 cm−1 corresponds the presence of Alkyne group .Peak value at 1625cm−1 indicated
presence of carboxylic C=O group. The peak value of 1421 cm−1 shows the presence of alkanes C-H
group attachment. The peak value at 1367cm−1 corresponds the presence of hydroxyl C-O group. The
peak value of 1116 cm−1 shows the presence of ether C-O stretch group. The peak value at 898cm−1

corresponds the presence of Aromatic ring. The peak value at 795 cm−1 corresponds the presence of
Aromatic ring (Gupta and Nayak, 2012). The peak value of 584.325cm−1 show iron oxide Feo group
attachment (Sathya et al., 2012). As it is evident from the magnetic effect test, laser microscopy that iron
particles are successfully deposited on the CPHP, in same manner FTIR result guaranteed the successful
deposition of iron and conversion of CPHP into MNP-CPHP.

XRD was performed for the identi�cation of iron oxide deposition on raw chickpea husk to make MNP-
CPHP adsorbent. Characteristic Peaks for Fe3O4 at value 35.78, 43.4125, 57.38 and 62.8875 [2°θ]
indicated the presence of iron particles on CPHP. Figure 4 shows XRD peaks. Same results were observed
in research study for the removal of cadmium by orange peel powder magnetic nano particle coated with
iron. Same results are evident in JCPDS Card#19-629 (stock #2652FY) for iron oxide. By utilizing the XRD
data, particle size of 8.08 nm is obtained. As it is evident from the magnetic effect test laser microscopy
and FTIR that iron particles are successfully deposited on the CPHP, in same manner XRD results
endorsed the successful deposition of iron and conversion of CPHP into MNP-CPHP.

3.2 Optimization
The optimum dose of adsorbent for the adsorption of phenolic compound was found by experiments.
The experiments were performed by varying the dose of magnetic nano particle chickpea husk from 0.2
gram to 1.0 gram while keeping all other parameters like concentration 60 ppm, RPM 100, and PH 10
constant. The Figure 5 represents the graph showing the removal e�ciency of resorcinol at different
doses of magnetic nano particle chickpea husk. The removal e�ciency in case of magnetic nano particle
chickpea husk was higher at less dose, when dose is further increased a little bit decrease in removal
e�ciency is observed. Same behavior was observed when Aniline was removed by bentonite(Ahmadi and
Igwegbe, 2018). Another study showed same trend of decrease in adsorption capacity as lead is removed
by polypyrrole based activated carbon (Alghamdi et al., 2019). The removal rate is high when dose is
increased initially because the surface area provided by adsorbent is high and a large number of sorption
sites are present (Bazrafshan et al., 2016). When the dose is increased no increase in removal e�ciency
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is observed because the value of qe decreased with increase in adsorbent dosage, where qe is the amount
of resorcinol adsorbed per unit weight of rice husk (Han et al., 2006). Equation for qe is qe=((Co-Ct)*V)/m.
It can be explained by that adsorption capacity of the adsorbent not fully utilized due at higher dosages
as compared to low dosage. This decrease in Removal e�ciency is due to difference in equilibrium
concentration because increasing amount of adsorbent shift equilibrium. This can be explained that due
to low driving force or steric hindrance which is congestion caused by physical presence of surrounding
ligands which may slow down or present reactions. As adsorbent increases no of site increases and upto
a certain level aggregation of adsorbent may cause interferences between binding sites or insu�ciently
of phenols in solution with respect to available binding sites (Bazrafshan et al., 2016; Han et al., 2006;
Mulani et al., 2013; Zango et al., 2020). It is observed that adsorption of phenolic compounds depends on
the initial concentration. The effect of initial concentration has an important role in the process of
removal or adsorption. The graph given below represents the removal e�ciency of phenolic compound at
different concentrations using chickpea husk coated with iron magnetic nano adsorbent. Different
experiments were conducted by varying the concentration between 10 to 40 ppm while keeping all other
framework in terms of parameters constant to determine the optimum concentration. For stirring
Revolution per minute (RPM) set to 100, contact time is 30 minutes, dose quantity is 1g.

The results concluded from graph Figure 6 showed that as the concentration of adsorbate increases the
removal e�ciency also increases. The highest removal e�ciency is observed in case of removal of p-
phenylenediamine. Such same result trend had been observed in study of adsorption of Methylene Blue
by rice husk silica, Lebanese cymbopgon ciratus, by activated carbon surfactant modi�cation in which
removal e�ciency increases as initial concentration of Methylene blue increases (Hijazi et al., 2015;
Kuang et al., 2020; Nguyen et al., 2016). In Figure 6b graph is plotted between qe and Ce, graph represents
relationship between qe and Ce which is showing as Ce increases qe also increases.

3.3 Isotherms Study
Resorcinol, 2-naphthol and p-phenylenediamine were selected for isotherm study to represent phenolic
compounds because these three phenolic compounds contain more than one OH group, more than one
benzene rings and more than one amine group respectively. In this way they are representative of variety
of phenloic compounds. More over resorcinol, 2-Naphthol, p-phenylenediamine have adverse effects on
human health like burning of skin and eye, high blood pressure, dizziness seizures, gastrointestinal,
breathing di�culty, asthma ,kidney problems, liver dysfunction ,CNS disturbance and red blood cell
alteration .Also these three compounds have vast application in major industries like production of acids,
wood treatment process, rubber industry, casting of iron and steel ,dye stuff and hair dye, pharmaceutical
and petroleum industry and they are major part of our wastewater. Research studies to removes these
impurities through agro based magnetic nano particles is novel that’s why these are chosen for isotherm
studies (Donovan and Pescatore, 2002) (Hahn et al., 2006; Hrizi et al., 2011; Rocha et al., 2001).

Possible adsorption on these nano particles is due to physical, completion with functional group, ion
exchange, surface precipitation or chemical reaction with active site.
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In this research work surface of nanoparticle is positive charged while phenolic compounds acts as
negative ion mostly. Due to nano particle it provides large surface area as result incorporation of large
number of phenolic functional groups (hydroxyl group).Deposition of positive charge iron provides more
active site for adsorbate and hydroxyl group attaches with iron .Due to presence of phenolic compound`s
benzene rings there are π-π interactions with electron donor –acceptor interactions. Adsorption also
follows the hydrogen bonding (Zango et al., 2020).

Different isotherm models were selected to study the adsorption behavior. In Langmuir isotherm
adsorbate adsorption is limited to one molecule layer. It is required to establish equilibrium correlation of
sorbent to predict behavior of sorbent under different experiment condition .langmuir isotherm expresses
the surface of adsorbent. Freundlich isotherm model was selected to study adsorption behavior for
heterogeneous surface and exponential distribution of active sites. D-R isotherm had choosen to study
pore �lling adsorption mechanism .it assumes multilayer character involving vander waals forces
.Through tempkin isotherm we studies the indirect adsorbent /adsorbate interaction on adsorption
process. Through tempkin isotherm we analyses that adsorption follows chmisorption process or not.
Flory huggin isotherm describes degree of surface coverage characteristics of adsorbate on adsorbent
(Edet and Ifelebuegu, 2020; Mbugua et al., 2017; Mojoudi et al., 2019).

Figure 7 shows the trend of Langmuir adsorption Isotherm of MNP-CPHP for the removal of resorcinol, 2-
Napthol and para-phenylenediamine. Slope and intercept were calculated for each curve.

Using slope and curve values, various parameters of Langmuir isotherm was calculated and given in
Table 1. By comparing the maximum adsorption capacities (Qmax) derived from isotherm curves, it was
observed that 2-naphthol had highest adsorption capacity 84.033mg/g while resorcinol and p-
Phenylenediamine have 12.755mg/g and 21.73mg/g adsorption capacities, respectively. There-fore MNP-
CPHP showed more e�cient to remove 2-Napthol. Separation factor (RL) values calculated using
isotherm curve (Figure 7). RL value of 0.362 indicates the highly favorable adsorption of 2-Napthol and

best �t to Langmuir isotherm model. Value of coe�cient of correlation R2 for 2-Naphthol is 0.992 which
is highest among R2 value 0.954 for resorcinol and R2 value 0.983 for P-Phenylenediamine. Qmax had
inverse relation with slope. As slope increasing Qmax goes decreasing. Highest slope showed lowest Qmax.
Increasing value of slope indicating the high difference of concentration ratio between two intervals
showing very lesser adsorption occurred. Hence Qmax goes decreasing. For example resorcinol having

highest slope but lowest Qmax value. Values of R2 for three compounds indicated that Langmuir isotherm
best �t for this research work.
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Table 1
Parameters Calculated for Langmuir Isotherm

Sr. No. Adsorbents Qmax(mg/g) Compound RL R2 Kads (l/mg)

1 MNP-CPHP 12.75 Resorcinol 0.062 0.954 0.535

2 MNP-CPHP 21.73 p-phenyphenylenediamine 0.336 0.983 0.091

3 MNP-CPHP 84.03 2-naphthol 0.362 0.992 0.021

Figure 8 show plot between LogQe and LogCe for the three compounds i.e. Resorcinol, 2-Naphthol, P-
Phenylenediamine. By calculating values of slope and intercept of each curve, value of Kf (Freundlich
isotherm constant) was calculated. Kf values for Resorcinol, 2-Naphthol, P-Phenylenediamine are 14.49,
15.08 and 10.69 mg/g, respectively (Table 2).

In case of adsorption of 2-Naphthol, CPHP-MNP had highest Kf value of 15.08 mg/g, which indicated that
2-Naphthol had highly adsorbed by MNP-CPHP during adsorption. R2 values for compounds Resorcinol,
2-Naphthol, P-Phenylenediamine are 0.989, 0.999 and 0.997, respectively. This showed 2-Naphthol had
highest value of R2 and best �tted with Freundlich isotherm. The adsorption intensity (n) was 1.9704 for
Resorcinol, 1.4731 and 1.1186 for P-phenylenediamine and 2-Naphthol, respectively. R2 values closer to
1, indicated that all phenolic compounds followed Freundlich Isotherm and obey heterogeneous
mechanism of adsorption.

Table 2
Parameters Calculated for Freundlich Isotherm

Sr. No. Adsorbents N Compound Kf(mg/g)

1 MNP-CPHP 1.9704 Resorcinol 14.49

2 MNP-CPHP 1.4731 p-Phenylenediamine 10.695

3 MNP-CPHP 1.1186 2-naphthol 15.08

Figure 9 showed D-R isotherm curves for Resorcinol, 2-Naphthol and P-Phenylenediamine by plotting
graph between LnQe and ε2. The D-R isotherm mostly used to evaluate the sorption energies and
porosity of adsorbent.

As showed by Table 3, 2-napthol had highest correlation coe�cient R2 value 0.957 while p-
phenylenediamine had R2 value of 0.938 and resorcinol had R2 value 0.852. Higher correlation coe�cient
values proved for better description of adsorption of 2-Naphthol by MNP-CPHP by D-R isotherm. The
constant Qm showed theoretical isotherm saturation capacity/degree of sorbate sorption by sorbent
surface which is highest in case of 2-Naphthol having value 14.347 while Qm value for p-
Phenylenediamine is 9 .868 and 7.7795 for Resorcinol which indicated 2-Naphthol was more adsorbed by
MNP-CPHP. Tempkin isotherm considered effects of adsorbate/adsorbent interactions.
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Table 3
Parameters Calculated for Dubinin Raduskavech Isotherm
Sr. No. Adsorbents compound Qm(mg/g)

1 MNP-CPHP resorcinol 7.779

2 MNP-CPHP p-phenylenediamine 9.868

3 MNP-CPHP 2-naphthol 14.348

A graph was plotted between qe vs lnCe shown in Figure 10. As showed by Table 4, 2-Napthol had highest

R2 value 0.989 while R2 value for p-Phenylenediamine was 0.989 and for resorcinol R2 value was 0.9552.
The value of equilibrium binding constant (A) had highest value i.e. 1.884 for resorcinol while 0.160 for 2-
Naphthol and 0.00009 for p-Phenylenediamine.

Table 4
Parameters Calculated for Tempkin Isotherm

Sr. No. Adsorbents Compound B(J/mol) A(l/g)

1 MNP-CPHP Resorcinol 4.577 1.884

2 MNP-CPHP p-phenylenediamine -0.495 0.00009

3 MNP-CPHP 2-Naphthol -0.433 0.160

The Tempkin constant (β)which describe heat of adsorption, had highest value i.e. 4.577 for resorcinol
while -0.495 for p-Phenylenediamine and -4.33 for 2-Naphthol. High value of β indicated highest
interaction between CPHP-MNP adsorbent and resorcinol adsorbate although 2-Naphthol and p-
Phenylenediamine have highest R2 value. It is possible that high R2 value having higher value of β
because it can best best �t with the model.

To account for characteristic surface coverage of adsorbed on adsorbent Flory Huggins isotherm was
utilized. A graph was plotted between ln(θ/Co) vs ln(1-θ) (Figure 11). Using Figure 11, slope and intercept,
KFH values for three compounds were calculated Table 5. The highest value of KFH was 3.73385 for

Resorcinol while 0.3490082 was for p-Phenylenediamine and negligible value i.e. 2.8x10−7 was for 2-
Napthol. Values of coe�cient of regression R2 was highest i.e. 0.9721 for 2-Napthol while 0.9563 for
resorcinol and 0.9442 for p-Phenylenediamine. This indicated that 2-naphthol adsorption by MNP-CPHP
was best described by Flory Huggins Isotherm. The value of ions occupying adsorption sites (n) was
13.782 for resorcinol which is highest than p-Phnylenediamine (4.7175) and 2-naphthol (4.8713).
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Table 5
Parameters calculated for Flory Huggins Isotherm

Sr# Adsorbents Compound n Kfh (l/mol)

1 MNP-CPHP resorcinol 1.032 3.734

2 MNP-CPHP p-phenylenediamine 2.419 0.349

3 MNP-CPHP 2-naphthol 8.314 0.0000003

3.4 Kinetic Study of Adsorption:

3.4.1 Pseudo 1st Order Kinetics
For the better judgment of adsorption process, kinetic model was used. Figure 12 shows the graphical
representation of Pseudo �rst order kinetics for resorcinol, 2-naphthol and p-phenylenediamine,
respectively. A graph was plotted between time versus log(Qe-Qt). From graph it was observed that at
initial higher adsorption takes place and adsorbate is removed effectively at time 10 minutes as
compared to later.

Values of K1 and R2 are determined by slope and intercept using graph and Table 7. For Resorcinol
correlation factor R2 had value 0.0842 while 2-naphthol had 0.263 and p-phenylenediamine had 0.599.
This indicated that none of phenolic compound followed pseudo 1st order kinetics.

Table 7
Parameters Calculated for 1st Order

kinetics
Sr. No. Compound R2

1 Resorcinol 0.084

2 2-Naphthol 0.263

3 p-Phenylenediamine 0.599

3.4.2 Pseudo 2nd Order Kinetics
Figure 13 shows the graphical representation of Pseudo second order kinetics for three phenolic
compounds.

For this purpose, a graph was plotted between time t versus t/qt. Values of K2 and R2 were determined by

slope and intercept using graph (Table 8). For Resorcinol and 2-naphthol R2 had value of 1 while p-
phenylenediamine had 0.989. This indicated the all three phenolic compounds were following pseudo
2nd order kinetics.
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Table 8
Parameters Calculated for 2nd order

kinetics
Sr. No. Compound R2

1 Resorcinol 1

2 2-Naphthol 1

3 p-Phenylenediamine 0.989

4. Conclusions
Magnetic effect test conducted in which all the particles attached with the magnet which indicates iron
particles are successfully deposited on the chickpea husk. Hence exhibition of strong magnetic attraction
veri�ed. Laser Microscopy indicates successful deposition of iron particles on chickpea husk as both
images showed the difference of view before and after deposition of iron particles on chickpea husk.
FTIR spectra showed the peak of presence of Feo group. In the same way XRD analysis showed different
peaks of presence of iron. Both FTIR and XRD peaks supported the successful deposition of iron particle
on chikpea husk powder. The optimized condition of adsorbent dose was 0.25 grams and initial
concentration was 40ppm as at these conditions maximum removal e�ciency obtained. Method
validation of for UV-Visible for the analysis of three phenolic compounds was successful. For Langmuir
Isotherm value of coe�cient of correlation R2 for 2-Naphthol were 0.992, R2 value 0.954 for resorcinol
and R2 value 0.983 for P-Phenylenediamine. For Langmuir Isotherm 2-Naphthol has highest Qmax value

of 90.909 mg/g. For Freundlich Isotherm R2 values for Resorcinol, 2-Naphthol, P-Phenylenediamine were
0.989, 0.999 and 0.997, respectively. For Freundlich Isotherm 2-Naphthol having highest value 15.08
mg/g of Kf. For Tempkin Isotherm 2-Napthol had R2 value 0.989, R2 value for P-Phenylenediamine was

0.989 and for resorcinol R2 value was 0.9552. Hence, it was concluded that the behavior of all the three
phenolic compounds were best �tted by Langmuir, Freundlich and Tempkin Isotherms. For remaining
isotherms mix behavior was observed. Based on isotherm studies, phenolic compounds were removed by
monolayer, heterogeneous and adsorbate-adsorbent Interactions mechanisms. Based on kinetic studies
all compounds were following Pseudo 2nd order kinetics as R2 value for all three compounds is 1.
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Figure 1

Magnet Covering with CPHP-MNP

Figure 2
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Laser Microscopy before Deposition of iron and after Deposition

Figure 3

FTIR of CPHP-MNP
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Figure 4

XRD of CPHP-MNP
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Figure 5

Effect of Dose

Figure 6
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(a) Effect of Initial Concentration and (b) relationship between qe and Ce

Figure 7

Langmuir Isotherm
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Figure 8

Freundlich Isotherm

Figure 9

Dubinin Isotherm
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Figure 10

Tempkin Isotherm

Figure 11
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Flory Huggins Isotherm

Figure 12

1st order kinetics graphs of three compounds
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Figure 13

Graph of 2nd order kinetics of Resorcinol,2-Naphthol,p-Phenylenediamine


