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ABSTRACT

The work focuses on the removal of Arsenic-III (As(III)) from water sample by an indigenous iron ore from
Balochistan by adsorption method. Three iron ore samples were analyzed by X-Ray Diffractometer (XRD) and
a sample from Shikarap containing iron 36.2% was selected because it contained the highest amount of
hematite. The batch study was conducted to examine the adsorption by iron ore and maximum adsorption was
observed at pH 6, 1/2 g dose per 50 mL solution, contact time 2 hr and shaking speed 150 rpm. At the optimized
conditions, the removal was 89% when monitored at 50 pg L initial concentration of arsenic. The arsenic
removal was monitored by Atomic Absorption Spectrometer (AAS) using hydride generation. Dubinin -
Radushkevich (D-R), Freundlich and Langmuir's isotherms were examined. The highest adsorption capacity
of iron ore for As(IIT) removal was observed 13.67 pg g’ by Langmuir model and Freundlich isotherm indicated
good adsorption intensity with value n = 1.512. Thermodynamic parameters revealed that adsorption was
exothermic and physisorption. The Scanning Electron Microscope (SEM) and Energy Dispersive X-Ray (EDX)
techniques were applied to scan the surface morphology and the percentage elemental composition of samples
respectively. SEM results demonstrated that Shikarap mineral grains are an oval shape and these were changed
after the uptake of As(III). The EDX spectra of Shikarap mineral confirm the As(IIl) adsorption on particles
as As 4.19%.
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1. INTRODUCTION

lements that have an atomic weight between
63.5-200.6 and possess density greater than 5
g/m? are basically described as heavy metals
[1-2]. Copper, zinc, manganese, iron, cobalt, are some
of the examples of heavy metals and effect on the
biochemical processes occurring in the human body.
The excessive exposure of the human body with these
heavy metal results in hazardous conditions. The other

toxic heavy metals include chromium, mercury, lead,
cadmium, and arsenic. The concentration of toxic
heavy metals even in parts per billion is non-
degradable, accumulates in the human body and
produce severe health problems [3]. The common
techniques applied for the sequestration of heavy
metals from water include adsorption, precipitation,
ion exchange, membrane separation, coagulation, and
flocculation. Fu et. al. [4], Hua et. al. [5] and Barkat
et. al. [6], focused on adsorption process for the
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removal of contaminants from water. Burakov et. al.
[7], did a detailed review on adsorptive removal of
heavy metals through conventional as well as through
nanostructured materials. From their research it was
comprehended that each technique used for the
removal of heavy metals and toxic substances has
limitations and merits in terms of cost, feasibility,
excessive operational time, incompatibility at larger
scale operations and secondary pollutants generation
during the removal processes.

As is one of the lethal element reported in
groundwater from over seventy countries, posing
health hazards to about 0.15 billion people worldwide
[8-10]. Among these 0.11 billion people live in the
south and south Asian countries [11]. The arsenic
polluted underground water used for watering of crops
may also cause health hazards to people consuming
field grown food products, vegetables and fruits [12].
Podgorski et. al. [13] measured the concentration of
As in groundwater of Pakistan and estimated that
approximately fifty to sixty million people consume
subsurface water inside this area are at high risk, with
predicament around Lahore, Hyderabad and required
appropriate mitigation measures. Shakoor et. al. [14],
reported that 53% groundwater of suburban parts of
Punjab, Pakistan indicated exceeding arsenic values
than the World Health Organization (WHO) safe
limits of 10 pug L' or ppb. The underground water is
contaminated with higher concentration of As that
pose serious threat to the health of people. The arsenic
concentration of ground water in most parts of the
Sindh province is above 20 ppb that makes water unfit
for drinking purpose [15]. The groundwater samples
(106) from 24 districts of Sindh province of Pakistan
were analyzed for arsenic contents and the results
indicated that 45% samples had arsenic above 10 ppb
with the highest concentration of 200 ppb of As [16].
Water is the main path by which arsenic enters human
organisms. Hence, treatment of arsenic-polluted water
with indigenous technologies and supplying the clean
water to the public is an important task of the world
nowadays. The most commonly used methods for As
dealing from water are based on oxidation, co-
precipitation followed by adsorption onto coagulated
flocks, ion exchange, lime treatment, sorption,
membrane filtration, and hybrid methods combined
[17]. Among

with membrane filtration these

technologies, adsorption is considered as frontier
protection for the treatment of arsenic from potable
water. The selective adsorption utilizes biological
materials, mineral oxides,
polymer resins [1]. A number of indigenous methods
based on adsorption have been developed, such as

activated carbons or

Kalshi and bucket type units for the removal of arsenic
[1]. The elemental iron or iron hydroxides have a high
affinity for As (III) and As (V) are extensively used for
the removal of arsenic [18-20]. Zero-valent (Fe)
powders have been used or added to household filters
to remove arsenic from contaminated groundwater
[21-22]. There are promising material because of their
large surface area, but cannot be applied in a fixed bed
column, because these are fine powders and require to
be converted to granular material [23]. Hematite
(Fe203) is known as efficient As removal adsorbent
from contaminated water [24-27] as iron oxides can
form strong adsorption complexes with an As
compound. Researchers examined natural ores as
adsorbents for the elimination of As from toxic water
[28]. The iron ores containing hematite were reported
to be effective for the adsorption of As. The present
work examines the utility of indigenous iron ores for
the treatment of As(III) from the water.

2. MATERIALS AND METHODS

2.1 Materials

The iron ore samples from Balochistan were provided
by the Pakistan Geological Survey, from five different
locations of province Balochistan which include
Quetta, Shikarap, Hoshi, Chagi, Qalat, and Dilband. A
huge deposit of 165 million tons of iron ore is reported
from Dilband, Balochistan. Iron ores are present in
large amounts in Balochistan and Sindh provinces of
Pakistan. These are used as raw materials for steel
manufacturing in steel mill industries and proved as a
cost-effective material for As exclusion from drinking
water. Another sample of iron ore was collected from
Sonheri formation, Jamshoro. The main iron minerals
were (Fe,Os) and Pyrrhotite with iron (Fe) in the range
of 7-57.3% (Table 1). Laboratory grade reagents and
chemicals were used during this study. Deionized
water was prepared to make all the solutions during
the analytical work. As(IIl) standard solution of 100
ppm concentration was purchased from Inorganic
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venture company, USA.

Stock solutions of concentration 1000 ug L As(III)
were prepared by mixing the standard solution of 100
ppm As(IIT) with deionized water. These concentrated
solutions were used to make secondary solutions for
the experiment in polyethylene bottles and were kept
in a dark area to avoid any effect on As concentration.
The molar solution of 0.1M for Sodium hydroxide
(NaOH) Millipore Sigma, the United States and 0.1M
HCI (Hydrochloric Acid) Millipore Sigma, United
States was used for the adjustment of pH. The iron (Fe)
standard of 100 ppm concentration was purchased
from Inorganic venture company, USA. The stock
solution of iron (Fe) was prepared from mingling (Fe)
standard solution of 100 ppm using distilled water [29-
30]. This concentrated solution was utilized to make
lower concentration solutions for experiments as per
need. The steps involved in the pretreatment of iron
ore including crushing, grinding, sieving and washing
with deionized water are described in our previous
work performed at the Department of Chemical
Engineering, Mehran University of Engineering &
Technology), Jamshoro (MUET), Pakistan [31]. The
iron ore particle size of 600 um was used in the
adsorption experiments. Further acid digestion of
mineral ore with Nitric Acid (HNO3) and HCI was
performed. In the beginning of acid digestion method
0.5 g of iron ore samples (600 um) was taken in a
conical flask, mixed with 3 mL nitric acid (HNO3,
>65%) and 2 mL hydrochloric acid (HCI, >37%).
Agitation and heating were ensured on the magnetic
hot plate stirrer (Wise stir, wisd, Korea with the
feedback control system and digital timer function).
The flask was gently heated and stirred with magnet
until the iron ore particles were digested in acid
solution. As the sample was slowly heated to dryness,
2 mL HCI was added to further digest the iron ore
particles completely. Finally, 100 mL of distilled
water was added in the digested sample, filtered and
analyzed on atomic absorption spectrometer
(AAnalyst 700, Perkin Elmer, USA) for iron (Fe)
detection through air-acetylene flame technique at a
wavelength of 248.3 nm [30] as recommended by the
manufacturer. As and iron were analyzed by atomic
absorption spectrometer in the Department of
Chemical Engineering, MUET, Pakistan. A study was
conducted by Chatterjee et. al. [32], to remove arsenic

up to 90% by treated iron ore slime doped in
polysulfide hollow fiber membrane and the results
were confirmed by XRD and SEM.

2.2 XRD Analysis

Characterisation of mineralogical composition of iron
ores was done using XRD technique [33]. The XRD
patterns of crystalline phases were identified by X-ray
diffractometer (BRUKER AXS) at Department of
Geology, University of Sindh, Jamshoro, Pakistan.
The EVA package software was used for the
identification of peaks.

2.3 Sorption Studies

The adsorption tests of As(IIT) on iron mineral samples
were performed using a batch reactor [21]. Batch
adsorption experiments were conducted utilizing 150
mL Erlenmeyer flask preparing 50 mL As(IIl) at
required pH and concentrations. Power of hydrogen
pH investigation was carried out by Microprocessor
pH meter. The iron ore adsorbent of particle size 600
pm was introduced in As(III) solution according to the
desired quantity and Erlenmeyer flask were shaken on
a reciprocating shaker for 2 hours at 150 rpm. To
isolate the iron mineral particles, the test samples were
then filtered. Then the filtered solution was scrutinized
by AAS at a wavelength of 193.7 nm by MHS
technique [17,23]. The estimation of pH was
conducted after adsorption tests to monitor the
buffering impact. As adsorbed percent was determined
by Equation (1).

As % = |:(C1_Ct)‘| x 100 (1)

C.
i

where C; represents the initial concentration of As in
the solution, C; shows the final concentration of
residual As. For the reduction of errors and affirmation
of results, the tests were repeated (n = 3) and the mean
results were considered. The replica results deviated
within the range of £ 5%. After the blank tests, there
was no observable As(III) adsorbed on the sidewalls
of Erlenmeyer flask.

2.4 Isothermal Sorption Studies

To obtain the adsorption capacity of As(IIl) on
hematite and properties of adsorption, the isotherms
have an important role. Langmuir, Freundlich, and D-

Mehran University Research Journal of Engincering and Technology, Vol. 40, No. 1, January 2021 [p-ISSN: 02547821, e-ISSN: 2413.7219]

18



Arsenic (lll) Removal from Aqueous Water by Indigenous Iron Ore Adsorbent from Balochistan Province
of Pakistan

R isotherms were applied to obtain the isotherm
constants and the regression coefficient of adsorption
experiment analysis [29,31,34]. Isothermal tests were
performed by varying As initial concentration from
12.5-500 ppb, maintaining adsorbent quantity 1/2 g
constant. Equilibrium time and pH was kept at 2 hours
and 6, respectively during these tests.

2.5 Thermodynamic and Kinetic Parameters

The thermodynamic parameters such as AS°, AG°, AH°
are determined and explained thoroughly. Pseudo-
first-order kinetic model was applied to assess the
kinetic study of As(IIl) adsorption on iron ores.
Glocheux et. al. [35] found that laterite iron ore is an
efficient, low-cost adsorbent for the treatment of As
from groundwater by adsorption. The kinetic data was
modeled using Pseudo-first and second-order kinetic
models and the maximum loading capacity was found
127.8 pgg.

3. SURFACE CHARACTERIZATION
3.1 SEM and EDX Characterization

The iron ore particles surface morphology (at the
beginning and at the end of As adsorption) were
examined by SEM (JEOL 6380) [29]. The percentage
(%) elemental configuration was assessed by energy
dispersive X-Ray spectroscopy (EDX) (JEOL, JED
2300 Analysis station, Japan) performed at the
Department of Metallurgy & Materials Engineering,
Mehran University of Engineering & Technology,
Jamshoro, Pakistan.

3.2 Specific Surface Area

The Laser Scattering Particle Size Distribution
Analyzer (LA-300, HORIBA, Japan) was used to
measure iron ores particle size. The particle size
measured for iron ore samples were observed 150 um
using laser diffraction analysis technique. The
volumetric mass density of 5.150 Kg m3 Fe,O; was
applied to figure out the surface area with the
assistance of LA-300.

4. RESULTS AND DISCUSSION

4.1 Adsorbent Characterization

Iron ore samples from Balochistan and Jamshoro were
evaluated for iron content using an atomic absorption
spectrometer (Table 1). The findings of Iron (Fe) study
show that the Chagi sample contains highest 57.3% of
Fe in iron ore. Chagi particles had a shiny look than
other samples. The second highest is the Shikarap with
36.2% Fe content, while the Sonheri, Jamshoro sample
contains the lowest 7% Fe among all indigenous iron
ore samples of Balochistan and Jamshoro. The iron
ores with iron content (29.2-57.3%) were selected for
XRD analysis. The grain size of iron ore specimens

analyzed with the Ilaser diffraction was 150
micrometer.
Table 1: Analysis Of (FE) From Iron Ore through AAS
Sample Fe (%) in 1g Ore Fe (%) in Ore
Location
Shikarap 0.362 36.2
Chagi 0.57 57.3
Dilband 0.193 19.3
Qalat 0.215 21.5
Sonheri, 0.07 7
Jamshoro
Hoshi 0.29 29.2

4.2 X-Ray Diffractogram Studies

Iron ore samples of Hoshi and Shikarap were studied
by XRD and the results are shown in Figs. 1-2.
Analyzing the XRD with  EVA
programming, hematite and quartz compounds were
observed from the peaks of Hoshi sample. The peaks
observed at 26.5° on 20 are assigned as low quartz.

outcomes

Alternate peaks emerging at 33° and 35.5° are
discovering the existence of (Fe,03). The Shikarap ore
XRD demonstrates that the peaks are chiefly Fe,Os.
The peaks covering the configuration at 33°, 35.5°,
49°, and 54° are illustrating to Fe,O3 [29].
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Fig. 1: X-Ray Diffraction Peaks of Iron Ore (Hoshi) at 25°C and
Sample Weight analyzed 1g.
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Fig. 2: X-Ray Diffraction Peaks of Iron Ore (Shikarap) at 25°C and
Sample Weight analyzed 1g
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4.3 Adsorption Study

Iron ore from Shikarap was selected for optimization
of the parameters i.e. adsorbent dosage, the effect of
pH, shaking (contact) time and shaking speed because
XRD revealed having the highest quantity of hematite.
The adsorption effect of As(II) on other iron ore
samples is also observed as presented in Fig. 3.

80

=y
=}
1

Arsenic adsorbed (%)
I
<]
L

8}
=}
1

T T T
Shikarap  Hoshi Chagi  Dilband  Jamshoro  Qalat

Iron ore samples
Fig. 3: Adsorption Behavior of Iron Ores (Sorbent Dose 0.5g Per
50 ml, pH 6, As (IIT) Conc. 50 ppb, Shaking Time 2h, RPM 150).

4.4 Adsorption Behaviour of Iron Ores

Adsorption of As(IIl) on different samples of iron
ores, i.e. Qalat, Dilband, Hoshi, Jamshoro, Shikarap,
and Chagi were analyzed by atomic absorption
spectrometer. The adsorption was observed by taking
1/2 g of each iron ore sample per 50 mL at pH 6,
As(III) concentration of 50 ppb and 2 h shaking time
at 150 rpm. The results show that the highest
adsorption was by Shikarap iron ore i.e. 89%, followed
by Hoshi iron ore i.e. 76%, and Qalat sample, i.e. 74%.
Shikarap, Hoshi, Qalat, and Dilband showed higher
As(IIT) removal % because these have higher % of
hematite present in their ores, with the reasonable
surface area that provided more adsorption sites

available for As(IIT) which is in relation with a study
[26] in which hematite showed good adsorption of As.
Chagi iron ore gave 33% As(II) adsorption though it
has high Fe i.e. (57.3%), this may be because of quartz
presence with hematite in it and less surface area i.e.
0.0062 m? g'!. A study revealed that quartz samples
gave less arsenic adsorption capacity as compared to
feldspar. This is because the silonal groups have
shown less As removal capacity as compared to
aluminol groups [34]. The Jamshoro iron ore shows
12% As(Il) adsorption, mainly because of Calcite
(CaCOg) presence along with Pyrrhotite in it and less
value of the surface area.

4.5 Effects of pH on Adsorption of As(IIT)

The impact of various pH ranges from 3-8 on As(III)
adsorption is shown in Fig. 4. This was studied to
elucidate the impact of solution pH on adsorption
capacity and to set up ideal pH for adsorption of
arsenic in these pH ranges. The pH (3-8) impact on the
As(IIT) adsorption by iron oxides was conducted at a
concentration of 50 ppb, 1/2 g of adsorbent mass per
50 mL and shaking time of 2 h. It is obvious from Fig.
4 that at slightly acidic pH values (6<pH<7), As(III)
removal percent, was highest i.e. 89.3% at pH 6. This
relates to various outcomes in studies [34, 36] in which
at pH 6-7 adsorption of As is maximum.

A study [54] reported that, As(III) showed higher
removal rates than As(V) by Zerovalent iron. The pH
effect is generally described by the zero point of
charge (ZPC) of the adsorbent. A ZPC of 7.1 has been
reported for hematite. Under low pH conditions,
As(IIT) occurs as neutral H3AsO3, and the iron oxide
undergoes surface protonation. Surface protonation
diminishes as the pH increases to above 5, and
approaches 0 at pH 7, resulting in maximum
adsorption.

In another study [55] dynamically modified iron
coated sand was tested for the removal of As(III). It
was observed in this work that adsorption process was
pH dependent and higher As(III) adsorption was
achieved in the pH range (6-8). The researcher in a
[56] concluded that the
adsorption densities were changed with pH; in the pH
range 4-10, the maximum removal for As(IIl) was
observed at pH 7 and for As(V) and pH 4. The

work studied arsenic
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scientists in a work [50] studied adsorption of As(III)
found that As(III)
removal was more with maximum removal (89.8%) at
pH 6.7. Other researchers [57] also studied As(III)
Adsorption onto Pillared Clays and Iron Oxides. They
observed that As(IIl) adsorption was better at more
neutral pH values (6<pH<8).

by iron oxide coated cement

90 - /Q\
280 yans
Ny dl
- o
% /R 5

pH
Fig. 4: Effect of ph on Shikarap Iron Ore (Sorbent Dose 0.5g Per
50ml, As (IIT) Concentration 50 mg L-!, Shaking Time 2h, RPM
150).

4.6 Contact Time Effect on Adsorption

To discover the viability of adsorption, the mixing
time was altered from 1/2-4 hr keeping the remaining
parameters constant e.g. 50 ppb of initial As(III)
concentration, 6 pH to prepare 50 mL volume of each
test, 1/2 g of adsorbent and shaking velocity of 150
rpm. This is clear from Fig. 5 that As(III) adsorption
increases as the contact time rises and the most
maximum adsorption is performed at a shaking time
of 2 hrs. This optimized time is in relation to the
studies [34,36], where the researchers also find out the
best removal at a contact time of 2 hrs. The sorption
was quick in the initial hour and a half, ending up more
steady state at around 2 hrs. As the Shikarap ore
surface pores were open in the beginning, the sorption
kinetics was fast and controlled by diffusion procedure
from the total solution to the outer surface of iron ore
[37].

4.7 Adsorbent Dose Effect

An adsorbent dose effect was observed by changing
the amount from 0.25-1.25 g per 50 mL at pH of 6 with
As(IIT) concentration of 50 pg L' with 2 h shaking
duration at 150 rpm. The As(Ill) removal % was
enhanced with the rise in adsorbent dosage from 0.25
to 1/2 g. The best As(III) removal efficiency of 89% is

at an adsorbent mass of 1/2 g as demonstrated in Fig.
6. The results obtained regarding adsorption dose were
found in good agreement (0.1- 2 g) with the previous
study done by the researcher [38]. Thus, an adsorbent
mass of 1/2 g was optimized for further tests.

70
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0 50 100 150 200 250
Time (min)
Fig. 5: Mixing Time Effect on As(III) Adsorption (Adsorbent 0.5g
per 50ml, As(IIT) Concentration 50 ppb, ph 6, RPM 150).
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Fig. 6: Adsorbent Dose Effect on As (IIT) Removal (pH 6, As (III)
Concentration 50 ppb, Shaking Time 2 Hrs, RPM 150).

4.8 Shaking Speed Effect

Different shaking velocities were selected for the
adsorption of Shikarap ore samples keeping pH
unchanged at 6. The agitation velocity was changed
from 75-200 rpm. The concentration of arsenic was 50
ppb in beginning for the preparation of 50 ml volume
using 1/2 g of (Fe;Os) as an adsorbent. In the first
instance, the rise in uptake capacity was detected up to
150 rpm and after that, there was about 21% reduction
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in uptake capacity while achieving 200 rpm as
appeared in Fig. 7. In this way, the shaking rate of 150
rpm was set best for further tests.
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&
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40 T T - ; - T
20 120 150 180 210
Shaking speed (rpm)
Fig. 7: Effect of Shaking Speed (rpm) on the Arsenic Adsorbed %
by Shikarap Iron Ore, (Sorbent Dose 0.5g Per S0ml, As(III)
Concentration 50 ppb, pH 6, Shaking Time 2h).

4.9 Adsorption Isotherm

The Langmuir isotherm adsorption in Equation (2)
was used to demonstrate the equilibrium information.

1 1 1

e @)
qe  BQ,C. Qo
where Qo is Langmuir constant showing the maximum

(ugg"). b
shows binding energy concerning the process of

capacity of monolayer adsorption in

sorption, whereas C. represents the concentration of
solute in equilibrium, Q. is absorbed the amount of
solute of As(IIT) during equilibrium (mg/g) [25].

The slope and intercept of the linear plot of 1/qe versus
1/Ce (Fig. 8) produced the values of the Langmuir
constants b and Qo and the same are presented in
Table. 2.

Through equating Langmuir parameter b from the
[30-31], as
demonstrated in the subsequent Equation (3), the
proclivity between (Fe>Os) adsorbent and As(II) was
determined.
01
L 1+bC,

where b is constant of Langmuir isotherm and C,

dimensionless separation factor Rp

3

represents the As(III) concentration at the beginning.
The analysts [25, 31] observed that by utilizing
mathematical equations the R; demonstrates the

configuration of the isotherm. Rr < 1 represents the
feasible adsorption and if the result of Ry > 1 then it
suggests the infeasible adsorption. The values of Ry
are in the middle of O and 1 as presented in Fig. 9
which demonstrate feasible adsorption of As(IIl) on
(Fe203) adsorbent.

1000

800 9}/

600 ’

mgg’

7,400 e
o

200

0 100 200
C)(mgL™)
Fig. 8: Langmuir Isotherm (Adsorbent Dose 0.5g Per 50 ml, pH 6,
Shaking Time 2hrs, Temperature 25 + 2 °C, at different As(IIT)
Concentrations with Shikarap Iron Ore)
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Fig. 9: The Adsorbed Separation Factor of As (III) on Shikarap
Ore (Adsorbent Dose 0.5 g Per 50 ml, pH 6, Shaking Time 2hrs,
Temp: 25 + 2 ©C).

According the results presented in Table 2, the data
fitted reasonably well with the Langmuir isotherm in
the adsorption studies carried out. Highly significant
regression curve (R = 0.98) was also obtained from
Langmuir model.

As indicated by Freundlich
heterogeneous surfaces the adsorption of metallic
particles occurs and is given in Equation (4).

isotherm that on
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1 link, + ! InC (4)
nq, =lin —In 40 4
9e kT e 4.0 o
-45 - >
The value of 1/n and the y-intercept is the natural log 50 et
of k¢, obtained from the graph showing linearity of § 554 / 6’
slope between In qc and In Ce § 60 ] P
At the entire values of As(IIl) concentration analyzed, R o - /
the optimum adsorption by (Fe,Os3) is explained 701
through a higher value of n. The sorption results of k¢ 5 4 3 2 1
InC_(mg L")

and 1/n are well satisfied and given in Table 2.

The linearity graph between In C. and In q. yields a
slope that is the value of 1/n, and the y-intercept is the
natural log of kr as demonstrated in Fig. 10. Feasible
adsorption by (Fe,O3) adsorbent is demonstrated by a
higher value of n at the entire values of As(III)
concentrations tested. In Table 2, the results of k¢ and
1/n exhibit that the sorption data is well satisfied and
these values indicate the capacity and intensity of
sorption, respectively. The experimental model has
confirmed to be persistent with exponential
dissemination of active pores, distinctive of
heterogeneous surfaces [22].

Fig. 10: Freundlich Isotherm Indicating the plot of LN (CE)
against LN (QE) (Adsorbent Dose 0.5 g Per 50 ml, pH 6, Shaking
Time 2h, Temp: 25 +2 OC, at various initial As (III)
Concentrations with Shikarap Iron Ore)

The D-R model is described in Equation (5).
In gc = In Qu — ke? )

where Qm signifies the saturation capacity
theoretically, in pug g', here k is constant and
shows mean energy in (mol’k J?), ¢ represents
Polanyi potential [RT In(1+ 1/Ce)], R shows the
universal gas constant, k] mol'K"' and T
represents the temperature in K [24,34,50].

Table 2: Parameters for Isotherm for Arsenic Adsorption Onto Iron Ore.
Parameters Value R Capacity pH Tem(p:)t(ajr;l ture Reference
Langmuir Isotherm
Q (g g 13.668
b 0.015 0-98
Freundlich Isotherm
ke (nggh 0.033 ,1 .
N 1512 0.97 13.66ug g 6 25 This Study
(D-R) Isotherm
Qm (uggh 0.0128
k (mol* KJ?) 0.0151 0.95
E (KJ/mol) 5.75
. 6ugg! Mohan and
Langmuir isotherm 7.5 27 Pittman [40]
Elizalde-
Langmuir isotherm 4pgg! 4 22 Gonz alez, et al.
[44]
Elizalde-
Langmuir isotherm 2ugg! 4 22 Gonz alez, et al.
[45]
Langmuir isotherm 1pugg! 4 22 Xu et al. [46]
Langmuir isotherm lpgg! 3.5 25 Mohan et al. [47]
Freundlich isotherm 8ugg! 7.6 22 hirunavuldarasu
et al. [48]
Mohan and
iri -1
Langmuir isotherm 28 ugg 7.5 27 Pittman [40]
Freundlich isotherm 4pgg! 7 24 Baj:sf Z[Z;r]lan
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The k is acquired by the slope between In g versus &
and Qn is achieved from the intercept as exhibited in
Fig. 11. Fig. 11 shows the plot of In qe versus &* for
adsorption on (Fe>O3) ore is not linear totally. Various
parameters are showing the behavior of the continuous
adsorption procedure. The E is calculated as 5.75
kJ/mol as demonstrated in Table 2. As per previous
research was done by Das et al. mean sorption energy
in the range 1-8 kJ/mol falls into the category of
physical adsorption, the mean sorption energy

4 9

-8 T T T
50 100 150

Fig. 11: Dubinin- Radushkevich (D-R) Adsorption Isotherm
(Adsorbent Dose 0.5 g per 50 ml, pH 6, Shaking Time 2hrs, Temp:
25 +2 OC, at various initial As (III) Concentrations with Shikarap

Iron Ore)

Above 9-16 kJ/mol is termed as chemical adsorption.
The activation energy estimated in this study was
observed in the range of 1to 8 kJ/mol and was in
physical adsorption category [39].

4.10 Kinetics of As(IIT) adsorption on iron ore

Adsorption rate has proved as a vital procedure to
study the adsorption method. To equate the adsorption
kinetics, hematite adsorbent is equilibrated with 50
mL of 70 ppb of As for 0-210 min at an interim of half
an hour. As demonstrated in Fig. 12, the adsorption
uptake of As(III) rises in the early 1.5 hr and then
equilibrium state was attained. In Equations (6-7) the
Pseudo 1* order kinetic model was used to fit the
experimental result data.

d
ko ) ©)
log(qeq —q[)= lgq ., — ;3183 @)

The rate constant of pseudo 1% order is represented by
ki and at time t, q, shows the limit of adsorption in
mg/g, q; is the limit of adsorption at time, t, k; and
correlation coefficients were obtained from linear
plots of log (qeq - q¢ ) versus t as presented in Fig. 13
and exhibited in Table 3. Hematite ore in this section
of the work shows a comparatively lower capacity in
mg g! since lower initial As(IIl) concentration of 70
ppb was taken in these tests [41-42].

t t t t t
[0} 30 60 90 120 150 180
Time (min)

U
210

Fig. 12: Adsorption Kinetics of As(IIT) (Adsorbent Dose 0.5 g Per
50 ml, pH 6, Range of Reaction Time 0-210 Min, Temp: 25 + 2°C,
As (IIT) Concentration 70 mg L)

14

501 | RN
£ ! ] A
= | ! NS
s | : RN
S } ! 1 AN R
L ! 9\ N
! | ‘ | >y
o | | | ;
: T ‘ T : T ‘ T :
0 20 40 60 80 100 120
Time (min)
Fig. 13: Pseudo First Order
Table 3: Model - Pseudo-First-Order
ki /min’! Qeq/cal mg g! r?
0.033624 0.005208 0.992

4.11 Morphological and Elemental Analysis

Fig. 14(a) shows the SEM picture of Shikarap ore
particles before the adsorption of As(Ill). The SEM
figure demonstrates that Shikarap mineral grains are
an oval shape. The EDX graph in Fig. 14(b) exhibits
the atomic organization of (Fe;O3) compound as; Iron

Mehran University Research Journal of Engineering and Technology, Vol. 40, No. 1, January 2021 [p-ISSN: 0254-7821, e-ISSN: 2413-7219]

24



Arsenic (lll) Removal from Aqueous Water by Indigenous Iron Ore Adsorbent from Balochistan Province
of Pakistan

(Fe) 45%, Silica (Si) 14%, Aluminum (Al) 1% and
Oxygen (O) 40% by mass. The surface morphology of
Shikarap mineral grains changed after the uptake of
As(IIT) as illustrated in Fig. 15(a). The EDX spectra in
Fig. 15(b) of Shikarap mineral affirm the As(III)
adsorption on particles as As 4.19%, whereas Iron (Fe)
43.39%, Silica (Si) 15.16% and Oxygen (O) 37.26%
by mass. The EDX analysis verified the As(III)
adsorption on Shikarap mineral particles and justify
the quantitative analysis AAS.

Fig. 14(a): Morphological results of Shikarap Iron Ore befoei
Adsorption
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Fig. 14(b): Elemental results of §hikmap Iron Ore before
Adsorption
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Fig. 15(a): Morphological Results of Shikarap Iron Ore after
Adsorption
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Fig. 15(b): Elemental analysis results of Shikarap Iron Ore after
Adsorption.

S. SPECIFIC SURFACE AREA

Table 4 is showing the specific surface area of
hematite particles. The laser diffraction analysis is
based on the theory that the majority of the particles
are having smooth permeable pellets. However,
actually, hematite particles do not—have consistent
shapes containing roughness and irregular surface.
The irregular morphology and rough texture can be the
cause of the elevated specific surface area of the
particles. Throughout the study on equipment, the
hematite particles were supposed to be segregated to
obtain the suspension of the particles [43].

Table 4: Specific Surface Area of Iron Ore
Arsenic Adsorbed
Sample Specific Surface Area, (%)
m? g! Adsorbent 0.5
gm/50ml

Shikarap 0.5275 89

Hoshi 0.0509 76

Chagi 0.0062 33

Dilband 0.3209 58

Qalat 0.2272 74

Sonherl, 0.1424 12
Jamshoro

6. TRON-ARSENITE ADSORPTION
MECHANISM

Iron oxide adsorbents were found more effective in
removing arsenic from variety of source waters.
Arsenic compounds are known to form strong
chemical adsorption complexes with a wide range of
Fe(Il) oxides. The basic structural unit of ferric
hydroxides is Fe** coordinated to 6 oxygen atoms
which is depicted in Fig. 16(a). These structural units
have a stoichiometry given by Fe,OioHis and are
shaped liked octahedra illustrated in Fig. 16(b). These
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octahedral structures combine to outline diverse
number of polymeric structures such as ferrihydrite,
goethite and lepidocrocite [51-52].

AL(OH); have similar structures.
Atomic Illustration: Fe-Grey; O-Black; H-White [53]
Fig. 16a). Shows Di-Octahedral Unit Cell of FE (OH); Precipitates
(B) 2(FE**) Atoms were Octahedrally attached with 6 (O,) Atoms.

7. CONCLUSIONS

In this work indigenous Shikarap iron ore was
effectively used for the removal of As(IIl) from water
by the batch adsorption method. The iron (Fe) in the
indigenous ores was in the range of 7- 57.3%. XRD of
iron ore samples showed the presence of Hematite
(Fe»03), Quartz (SiO;) in Hoshi and Shikarap, a
mixture of hematite and minute quantity of quartz in
Chagi. The iron ore samples contained good iron
percentage proving these ores are potential adsorbents
for the treatment of deadly arsenic-contaminated
water. The adsorbent dose study demonstrated that the
maximum removal of As(III) was 89% at the
adsorbent dose of 0.5 g and the optimum pH for
As(IIT) was 6. The most favorable contact time and
shaking speed for As(IIT) adsorption was 2 hours and
150 rpm respectively. Three isotherms i.e. D-R,
Freundlich and Langmuir were studied and the results
represented a good fit with the Langmuir model. The
particle size homogeneity was observed by Laser
diffraction technique, and it was concluded that the
structures of the iron ore particles impact the specific
surface area. The SEM and EDX results also confirm
the As(II) adsorption. Simulation and modeling work
to be carried out using Aspen HYSYS by the data
generated in this study to design arsenic treatment
filters. In the future, the work should be done to
fabricate economical/cheap arsenic treatment filters

containing indigenous iron ore adsorbents for common
people in arsenic affected areas.

8. NOMENCLATURE

As Arsenic
EDX  Energy Dispersive X-Ray

SEM  Scanning Electron Microscope

As(IIT) Arsenic (III)

AAS  Atomic Absorption Spectrometer

XRD  X-Ray Diffractometer

D-R Dubinin - Radushkevich

rpm Revolution per minute

hr. Hour

mL Millilitre

g Gram

ug L' Microgram per litre

pH Power of hydrogen

% Percent

Fe,O; Hematite

HCl Hydrochloric Acid

NaOH Sodium hydroxide

M Molar

Fe Iron

ppm Parts per million

HNO; Nitric acid

pm Micrometre

nm Nanometre

MHS  Mercury hydride system

ppb Parts per billion

Kg Kilogram

b Sorption system binding energy

°C Celsius

Ce Concentration of equilibrium solute mg L}
G Initial arsenic concentration ug L

Cr Final residual arsenic concentration pg L}
Qo Langmuir constant ug g™

K Mean adsorption energy constant mol’k J2
Qm Theoretical saturation capacity pug g

E Energy KJ mol!

Qe Quantity of arsenic (III) adsorbed mg g™
Rp Separation Factor

AG° Variation in Gibbs free energy

AH°® Change in enthalpy

AS° Change in entropy

€ Polanyi potential
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