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Abstract

This research focused on the severity of iron and a quantum equilibrium study of soybean seed coats (SSC)
carbon used in the process of iron removal from synthetic solution. Iron is found in soluble and in insoluble form.
WHO prescribed the limit of iron is 1.0 mg/L in international standard context and 0.3 mg/L in Indian context.
Groundwater quality problem are typically associated with high level of iron concentration observed in some
part of India which found the level of 17-20 mg/L of iron. In this research study Soybean seed coats (SSC),
activated carbon has been selected for the removal of iron. It has remarkable binding characteristics for removal
of iron. It has tested in batch experimental analysis and for different parameters such as dose, pH, Initial
concentration, Particle size and Contact time. Maximum uptake capacity of iron was noted at pH 3.5-6.0 with

86.34 % of removal.
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INTRODUCTION

Water is an important constituent of our body. The
excess quantity of iron in drinking water leads the
problem of lever, heart, joints and continues intake of
higher dose may causes savior damages to the living
being and its excess continuous intake may also cause
the cancer. Verity of adsorbents analyzed by the
investigators in the process of adsorption for the
removal of iron and found effective low cost
adsorbents with the comparison of commercially
available adsorbents. In human most of the diseases
comes from the polluted water. So water’s purity is
major factor for good health. Heavy metal pollution is
a common environmental problem facing many places
worldwide with the rapid development of technology
and industries.

Iron is generally divided into two main which are
soluble and insoluble. The soluble form of iron is
"Clear water" iron which is the most common form
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and the one that creates the most complaints by
water users. This type of iron is identified after you've
poured a glass, of cold clear water. If allowed to stand
for a few minutes, reddish brown particles will appear
in the glass and eventually settle to the bottom. When
insoluble iron or "red water" iron is poured into a
glass, it appears rusty or has a red or yellow color.
Although not very common in Wisconsin's water wells,
insoluble iron can create serious taste and
appearance problems for the water user. A
combination of acid and iron, or organic iron, can be
found in shallow wells and surface water. Although
this kind of iron can be colorless, it is usually yellow or
brown. Finally, when iron exists along with certain
kinds of bacteria, problems can become even worse.
Iron is an essential mineral for human health in small
concentrations (iron deficiency can lead to anemia).
Unlike lead and copper, ingesting iron from drinking
water is not directly associated with adverse health
effects; although, trace impurities and
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microorganisms that are absorbed by iron solids may
pose health concerns. At concentrations most
commonly found in drinking water, the presence of
iron is not considered a health problem. Iron in
drinking water can even provide a health benefit.
Small concentrations are essential to human health,
because iron helps transport oxygen in the blood. Iron
is essential for good health because it transports
oxygen in your blood. In India iron mainly found in the
states of Tripura (0.11-27.11 mg/L), Assam (0.12-
85.76 mg/L), Manipur (0.22-6.78 mg/L), Mizoram
(0.01-13.67 mg/L), Nagaland (0.1-3.65 mg/L), Sikkim
(0.01-1.38 mg/L), Arunachal Pradesh (0.03-
11.90mg/L), Maharashtra (0.11 - 4.1 mg/L) and
Karnataka (0.2 - 7.79 mg/L).
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Fig.1: Soybean plant
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MATERIAL AND METHODS

Reagents & Instrumentation used

All used chemicals are AR grades. Hydrochloric acid,
hydroxylamine, Phenonthroline, ammonium acetate,
Ferrous ammonium sulphate, pH buffer solution etc.
were used in this research. The concentration range
of adsorbate test solutions was prepared from the
stock solutions. Every time fresh solution was
prepared for experimentation. pH was adjusted by
standard acid and base solutions of 0.1 N HCl and 0.1
N NaOH respectively.

SPADNS photometric method was used for the
determination of iron ions, at 570 nm using the
double beam UV-vis spectrophotometer (UV-VIS-
8500, Tech comp Ltd, Hong Kong). The pH of the
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solution was measured by using the pH meter of the
Elico model (LI613).

Preparation of adsorbent

Soybean Seed Coats (SSC) are collected from the farm
located at Amravati district, Maharashtra. Collected
Seed Coat was washed with distilled water to remove
the dust particles then it was soaked overnight in 0.1
N NaOH solutions and again washed well with distilled
water and activated at a temperature of 500 °C. This
burned carbon was washed several times so that the
ash and other unwanted substances are removed and
only the pure carbon cake remained. The remained
dried carbon sieved and use as an adsorbent for this
study.

Preparation of synthetic iron solution

Synthetic iron solution was prepared in 1000 mg/L
quantity by adding calculated amount of ferrous
ammonium sulphate in double distilled water. Then
the required concentration was prepared from the
stock solution.

Method of analysis

SPADNS photometric method was used for the
determinatin of iron ions, at 570 nm using the double
beam UV-vis spectrophotometer (UV-VIS-8500,
Techcomp Ltd, Hong Kong). The pH of the solution
was measured by using the pH meter of the Elico
model (LI613).

CHARACTERIZATION OF SSC

The characterization of SSC was done by using various
tests such as XRD, SEM, XRF etc. in the laboratory.
X-ray Powder Diffraction (XRD)

XRD test of SSC samples were scanned for 2¢ range
from 5 to 60°.The X-ray diffraction spectrum pattern.
In fig.2, it shows the amorphous nature of the
product.
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Fig. 2: XRD of Adsorbent SSC
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XRD was performed on the treated Soybean Seed
Coats (SSC) to predict changes in the crystal structure.
Since a few decades ago, one of the most widely used
techniques in the modern era for classifying materials
and identifying crystals is X-ray diffraction (XRD)
examination. SSC, X-ray diffraction before and after,
iron ions were adsorbed. Figure shows symmetric,
strong peaks in the SSC before iron ion adsorption.

It the position and kind of peaks that result from the
adsorption of iron ions, and this peak indicates that
the structure is crystalline. No peaks were found to
have developed, indicating that the structure is
amorphous angles for the samples' scans.

Scanning Electron Microscopy (SEM)

Scanning electrons microscopes analysis was
performed to understand the morphology of SSC.
From fig.3, it is observed that the openings are
enough to remove iron from the water. From fig. 4
shows the openings are blocked after the adsorption
of iron.

Lol
0000 11 48 SEI
adsorbent SSC

REr

X5,000
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Fig.4: SEM, Unloaded image of adsorbent SSC
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BATCH ADSORPTION STUDY

Batch adsorptions were carried out by shaking 100 ml
of iron samples in a controlled rotary shaking machine
(Model no. CIS-24, Remi Instruments, Mumbai, India)
in a glass stopper bottles of 150 ml capacity at
different dosages of adsorbent with speed of 150
rpm. The solution was then filtered through whatman
filter paper no. 42 and the filtrate was analyzed for
residual iron after adsorption in double beam
spectrophotometer. All adsorption experiments were
conducted at a room temperature and investigate the
effect of various parameters like adsorbent dose, pH,
temperature, initial iron concentrations, contact time
etc. The specific amount of iron adsorbed was
calculated.

RESULTS AND DISCUSSION

Effect of Dose

The results for adsorptive removal of synthetic iron
solution with respect to adsorbent dose are shown in
fig.5. The weight of SSC was varied from 1.0 g/L to 5.0
g/L, keeping all the other experimental variables, viz
pH 7.0, initial concentration 5 mg/L, and contact time
600 Min. It is shows that there is a sharp increase in
percentage removal with increasing adsorbent dose
for total iron. The highest removal efficiency 87.30 %
is observed at 1.5 g/L dose of SSC adsorbents. This is
expected because more binding sites for metal ions
are available at higher dose of adsorbents.
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Fig. 5: Dose of Adsorbent Vs. % Removal.
Effect of pH

The effect of pH on the removal of total iron by SSC,
were studied as shown in fig.6. pH of the synthetic
solution plays an important operational parameter in
the process of adsorption because it affects the
solubility of the metal ions, concentration of the
counter ions on the functional groups of the
adsorbent and the degree of ionization of the
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adsorbate during reaction. The pH of synthetic iron
solution was varied from 2 to 10 with initial
concentration of 5.0 mg/L, dose of adsorbent is 1.5
g/L, and contact time of 600 Min. at room
temperature and agitation speed were kept at 150
rpm.. Figure shown that increasing pH of the solution
from 2 to 8 caused linear increase in uptake capacity
of iron. Therefore, at low pH SSC showed very low
efficiency for the removal of iron due to prolongation
of its functional groups or competition of H+ with
metal ions for binding sites. The maximum percentage
removals of both adsorbents at pH 6 and thereafter
the removal efficiency gradually decreased.

pPH Vs. % Removal
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Fig.6: pH Vs. % Removal.
Effect of initial iron concentration

The initial iron concentrations 5.0 mg/L to 20 mg/L
were studied. The graph stated that the maximum
removal capacity in minimum concentration of iron
available while as the initial concentration of iron
increases the rate of % removal of iron decreases
shown in fig.7, from the figure that the percentage
removal decreases with the increase in initial metal
ion concentration. At lower initial metal ion
concentrations, sufficient adsorption sites are
available for adsorption of the heavy metals ions.
However, at high concentration the available sites of
adsorption become fewer and hence the percentage
removal of heavy metal is dependent upon the initial
concentration.
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Fig. 7: Initial Concentration Vs. % Removal.

Effect of Particle Size

Adsorbent particle size has a decisive part in batch
adsorption study which affects the process of
adsorption. The particle sizes of 75 um to 300 um
were selected and used in this research. In fig. 8, the
result shows that the increase the particle size
decreases the removal capacity of iron. Hence it
proved that the removal capacity of adsorbent is also
depends on the particle size of adsorbent used.

Particle Size Vs. % Removal
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Fig. 8: Particle Size Vs. % Removal

Effect of Contact Time

Contact time plays an important role in the process of
iron removal from aqueous solution. This study shows
the capacity of adsorbent with respect to the time.
The experiments were carried out at different contact
times 5 Min. to 720 Min. to using incubator with an
agitation rpm 150 for the standard optimized
conditions. The Percentage removal of iron was
shown in fig. 9. The equilibrium is reached within the
first 180 min of shaking time and reached a saturation
level. The highest percentage removals of SSC,
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adsorbents were 91.34. As the contact time increased r lich isother
the active sites on the sorbent were filled. 160 reundich isotherm
Contact Time Vs. % Removal '
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Fig. 9: Contact time Vs. % Removal
Langmuir Isotherm
ADSORPTION MODEL 0.50 )
A different adsorption isotherm was prepared and the YzoI'{?iSé‘;ﬁ'O“ .
analytical data matched well with Langmuir than 040 *
Freundlich, which achieved the good adsorption g 030
capacity of the adsorbent. The interaction of the -
X
adsorbate and the adsorbent was the focus of the 0-20 P
isotherm study. The information was seen in a 0.10
relationship between the Langmuir and Freundlich *
adsorption isotherms. The Freundlich isotherm is 0.00
T 5 3
equilibrium based adsorption based on homogeneous 0.0 1.00 " 2.00 3;'0‘0 400500 6.00
surfaces, where as the Langmuir isotherm is an 1/Ce

assumption based on the removal due to monolayer
sorption happening on a homogeneous surface of the
adsorbent without any collaboration between
adsorbed particles. The linear equations for the
Langmuir and Freundlich isotherms are provided
below and are denoted by the equations (a) & (b,

respectively.
1 1 1

; o (gmaxkL) E gmax
The greatest quantity of iron that may be adsorbed
which is shown by gmax in mg/g in the equation
above. The equilibrium iron concentration is indicated
by Ce in mg/L and the Langmuir isotherm constant is
indicated by KL in L/mg.

Equation (a)

1
lo =log K; +—logC
g4 G 8 T 108 Equation (b)

Ce is the equilibrium iron concentration, and ge is the
amount adsorbed in mg/g in equation 2; Kr is the
observational consistent of Freundlich in mg/g and
1/nis the Freundlich type. Plot shows the isotherms in
fig.10 and 11.
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Fig. 11: Langmuir Adsorption Isotherm

CONCLUSIONS

This research study analyzed several parameters and
characterizations during the experimentations and on
the basis of results found following conclusions are
made.

% Soybean seed coat and the research stated
that SSC activated carbon has a good uptake capacity
of iron for the initial concentration 5.0 mg/L.

* The efficiency of SSC carbon was recorded
92.37% at pH 6.0, Dose 1.5 g/L, contact time 280 Min.,
Temperature 30°C and a particle size 75 Micron.

«»+ Efficiency increases with lower initial metal
concentration and with higher adsorbent dose.

«» SSC is an agricultural solid waste which is
easily available, and hence it is an one of the low cost
adsorbent option for the removal of iron.

< In adsorption Freundlich and Langmuir
models were tested and found the best fitted model

was Langmuir than the Freundlich.
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%+ The use of natural agricultural waste reduces
somehow the burden of environment.
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