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ABSTRACT

Column adsorption of the As (II) & As (V) using rice husk mediated carbon embedded silica (CES) and zeolite
(Z-RHA) has been proved promising technique rather than the other conventional methods. The present work
investigates the adsorption capability of newly manufactured CES and Z-RHA to remove As (III) & As (V)
from aqueous solutions. Fourier transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), Scanning
electron microscope (SEM), Energy dispersive X-ray (EDX), and Transmission electron microscopy (TEM)
analysis have been investigated for the characterization of synthesized materials. The effects of different
parameters like initial concentrations, column diameter, column height, particle size distribution have been
investigated. Maximum removal efficiency of CES adsorbents for As (III) is 98% and for As (V) is 85%, and of
Z-RHA for As (III) is 95% and for As (V) is 92%. To describe the adsorption behavior the Langmuir and
Freundlich isotherm models as well as to kinetics models like Adam-Bohart, Thomas, and Yoon Nelson model
were applied. Finally, to dispose of the rice husk mediated adsorbents after arsenic treatment solidification has
been done.

Keywords: Adsorption, Carbon embedded silica, Zeolite, Trace elements, Aqueous solutions, and Arsenic.

INTRODUCTION: minated water (Sohel et al., 2009; Li et al., 2011;
Islam et al., 2018). Toxicity of As effect adversely on
human health gradually after long term (5 to 10 years)
consumption of As contaminated water. Treatment of

Arsenic (As) considered overshadowed in the applied
science due to its notoriety and toxicity in nature

(Mohan and Pittman, 2007). Arsenic contamination in

ground water as well as in potable water is causing As contaminated water may elucidate the adverse

serious health hazards and environmental problems in effect of As on human health. There are several

many regions over the world (Biterna er al., 2010), techniques of filtration or removal of As, but most of

Almost 21 countries over the world including Arge- them are not affordable for the poor affected people.

ntina, Bangladesh, Pakistan, India, China, U.S.A. etc. Consequently, it is urgent to find a low-cost
technology to remove As from drinking water

(Antonio et al., 2009).
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As are found in environment both of organic and
inorganic forms. Groundwater contains inorganic form
of As which is more toxic than organic form (Dinesh et
al., 2007). The major sources of the As are power
plants powered by coal plants, vegetation burning,
volcanic activity and human activities etc. High level
of As has been detected in groundwater from different
area over the world (Bangladesh, India, Taiwan etc.)
due to natural geological contamination. According to
World health organization (WHO) thousands of people
from Vietnam to Pakistan died of cancer due to As
contamination by drinking water. Scott et al. (2010)
reported that the cardiovascular and mental health
problems are occurred due to the exposure of As. All
over the world people are consuming the drinking
water with higher concentrations of As than the
recommended limit of WHO 10 mg/L.

Arsenate [As(V)] and arsenite [As(III)] are the two
most predominant inorganic species of As. As(III)
species are more toxic than As(V), subsequently
removal of As(Ill) by conventional physiochemical
treatment methods is more difficult than removal of
As(V) (Dinesh et al., 2007). There are different
available As remediation technologies including ion
exchange, filtration, precipitation, coagulation,
membrane process, bioremediation etc. (Antonio et al.,
2009). Most of the available technologies developed
for industrial level and cost is high. Many researchers
over the world tried to use naturally occurring
materials with different modification as adsorbent to
remove heavy metals. Capacity of the adsorbents
depends on the nature of the heavy metal ions,
concentrations of pollutants, pH, reaction/contact time
and the characteristics of the materials used as
adsorbents. Variety of agricultural materials including
wheat husk, rice husk, tree bark, coconut shells, tea
waste, maize corn cob, orange peel etc. have been used
to investigate for removing different metals from
aqueous solutions (Ali et al., 2017; Saju et al., 2020;
Asif & Chen, 2017). However, very few studies were
found on the use of rice husk as adsorbents to remove

As from aqueous solutions (Nurul Amin et al., 2006).

Present work has been elucidating the potential of rice
husk mediated adsorbents (CES and Z-RHA) to
remove both of As (III) and As (V) species from water.
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The study has been carried out by column adsorption
study. The rice husk is easily available agricultural
waste with no or very low price. So, it has a great
opportunity to use as adsorbents. Moreover, the
performances of adsorbents in present adsorption
studies has been investigated by observing the effect of
various parameters like initial metal concentrations,
column height and diameter, and particle size of
adsorbents.

MATERIALS AND METHODS:
Adsorbent preparation

Collection of rice husk and preparation of rice husk
ash (RHA) - Rice husk (RH) was collected from one
of the village markets with negligible cost. Collected
RH was sorted to separate from foreign materials like
dust, broken parts of rice shoots and roots, stones etc.
followed by sieving and washing under running tap
water. Finally, after washing with distilled water the
RH sample were dried in room temperature to remove
the moisture present on the surface of the husk. Due to
remove the metal impurities presence in the RH
samples were treated with hydrochloric acid. Then the
treated husks were stirred with sodium hydroxide to
remove the excess acid. Concurrently, the treated RH
was thoroughly washed again by distilled water to
remove both of acid and alkali from the surface of RH
(Arenas et al., 2017). After drying the rice husk ash
(RHA) was produced by pyrolyzing the RH at the
temperature from 500°C to 700°C for 5 hrs in a muffle
furnace to remove the excess organic contents. Then
the RHA was stored in sterile zip-lock bag for further
use. Previously, it has been reported that acid
treatment, calcination and pyrolisis reactivity and
obtained major portion of silica (Banerjee et al., 2017).

Preparation of Z-RHA - Zeolite RHA was prepared
from the sodium silicate (Na,Si0;) obtained by RHA.
Firstly, seed and feedstock gel were prepared from the
Na,SiO; by mixing with sodium alluminate (NaAlO,).
A homogeneous seed gel was prepared by mixing
Na,SiO;obtained rice husk with NaAlO, with distilled
water under continuous agitation (Banerjee et al.,
2017). Prepared gel was left at ambient temperature
upto 24 hrs for aging. Consequently, homogeneous gel
of Al,05:10Si0, was formed as seed gel. As well as,
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feedstock gel was prepared by following same
procedure without any aging. Then the feedstock gel
and seed gel were mixed and stirred vigorously to
make a homogeneous mixture and again kept in room
temperature for 24 hrs for aging. Additionally, the
aged solution was crystallized at 100°C for another 24
hrs in room temperature. Finally, the prepared sample
were washed and dried before further analysis (Goyal
et al., 2005).

Preparation of CES - CES was prepared from the
sodium silicate obtained from RHA after digestion in
the solution of NaOH. RHA was digested with NaOH
solution for 1 hr at 80°C temperature to form the silica
to Na,SiO;. Then the alkaline solution obtaining
Na,SiOsacidifies with phosphoric acid (H;PO4) to
neutralize the pH and form silicic acid (Totlani et al.,
2012). Silicic acid is a chemical compound including
silicon, hydrogen and oxygen as well it is the hydrate
of Si0,. Due to the heating, they lose water to
precipitate silica gel as an active form of SiO,. The
partially unburnt carbon present in the RHA was made
a duel substrate like CES including mesoporous silica
and partially activated carbon (Totlani et al., 2012).
Finally, the samples were kept at 100°C for 24hrs and
preserved for further analysis. The detail procedure
was reported previously by Shelke et al. (2010).

Fixed bed column setup

A column was used to conduct continuous flow
adsorption experiments. The column was made by
transparent plastic glass with 2.5 and 5 cm inside
diameter and 1.5 meter height. A 0.5 mm sieve was set
at the bottom of the column to support the adsorbent
media (RHA, CES, and Z-RHA)in the column (Asif &
Chen, 2017). A wire was also attached with the sieve
to move the sieve in upward or downward direction to
maintain the height of the column. A peristaltic pump
has been used for injecting the polluted solution with
required rate. Fig 1 shows the schematic diagram of
experimental setup of the fixed bed column.

Column adsorption studies

The adsorption isotherm studies of the metal ions by
using manufactured novel RHA, CES and Z-RHA
adsorbents were carried out by using the manufactured
column filter.
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Fig 1: Schematic diagram of the experimental setup
for the fixed bed of (a) RHA, (b) CES, and (c) Z-RHA.

The concentrations of the metals were analyzed by
atomic absorption spectrophotometer (AAS) to detect
the initial and final concentrations of metal ions. The
percentages of metal removal, and adsorption capacity
at equilibrium phase q. (mg/g) were calculated as:

Co—Ce
Co

% Metal Removal = x100 1

Where, Cydenotes initial concentrations and C, denotes
equilibrium concentrations of metal solution. Distilled
water was used to do blank before each set of the
experiments as control. The adsorption capacity of the
unit mass of the adsorbents at equilibrium ¢, (mg/g)
was calculated by:

_ (Co—-Ce)v
- w

qe (2)

where, v is the volume of the metal solution (ml) and w
is the weight of the adsorbent (g) added to the volume
V.

RESULTS AND DISCUSSION:

Characterization of synthesized adsorbents FTIR
analysis - The major peaks in the FTIR spectra (Fig
2a) for RHA at 3475 cm™, 2370 cm™', 1735 cm™', 1143
cm’', 810 cm”' and 468 cm’ are represents the
presence of the functional groups, Si-OH, O=C=0,
C=0, Si-O-Si, C-H and C-CI respectively (Kumari et
al., 2017). On the other hand the FTIR report for CES
sample shows the peaks (Fig 2b) at 3463 cm’, 2881
cm’, 2374 cm’! represents Si-OH, C-H, O=C=0 has
broadened. More peaks at 1604 cm™, 1564 cm™, 1392
cm’, 1118 cm™, 615 cm™ represents functional groups
C=C, N-O, C-H, C=0 and C-Cl (Uddin et al., 2009;
Chowdhury et al., 2011; Kumari et al., 2017).
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Fig 2: FTIR spectra of (a) RHA, (b) CES, and (c) Z-
RHA.

Transmittance %o

Whereas the spectra of Z-RHA sample (Fig 2c) shows
the major peaks at 3363 cm™, 2374 cm™, 2137 cm™,
1666 cm™, 1371 cm’, 887 c¢cm'which represents Si-
OH, O=C=0, N=N=N, C=0, N-O, C-CI functional
groups respectively (Setthaya et al., 2017). The
presence of the polar group on the surface of CES and
Z-RHA is likely give the cation exchange capacity for
both of them.

XRD Analysis

The XRD patterns of the RHA, CES and Z-RHA are
shown in the Fig 3a, 3b, and 3c respectively. Both of
the Fig 3a, and Fig 3b shows intense peaks at 23 A°
which are indicating the presence of carbon of the
samples. As well as Fig 3b shows the intense peaks at
33 A° due to the presence of the SiO, in CES sample
(Kumari et al., 2017). Consequently, XRD pattern for
Z-RHA sample shows peaks at 25 A°, 32 A°, and 35
A° (Fig 3c) indicates presence of AlO, and Zeolite
(Na,AlSi53.3040.6(H,0),) (Setthaya et al., 2017).
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Fig 3: XRD patterns of (a) RHA, (b) CES, and (c) Z-
RHA.

SEM, EDX and TEM Analysis

Fig 4a, 4b, and 4c are showing the SEM images of
RHA, CES and Z-RHA respectively. Surface structure
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of the CES and Z-RHA are showing more porous than
the RHA, which is evident for more adsorption of dyes
by CES and Z-RHA rather than their parent materials
RHA (Setthaya et al., 2017). From the Brunauer-
Emmett-Teller (BET) analysis it is also found that the
surface area of the RHA, CES and Z-RHA are 28 m*/ g,
110m*/g and 122m?/g respectively.

RHA.

Fig 5: EDX spectra of (a) RHA, (b) CES, and (c) Z-
RHA.

In EDX analysis of the CES (Fig 5a) sample shows
presence of more amount of silica than the RHA (Fig
4b). As well as Z-RHA sample (Fig 5c) shows the
presence of Al which is evident for the presence of
zeolite (Banerjee et al., 2017). Transmission electron

microscopy (TEM) analysis was done to reveal the
morphology of synthesized RHA, CES and Z-RHA
(Fig 6).

Fig 6: TEM images of (a) RHA, (b) CES, and (c) Z-
RHA.
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TEM micrograph of CES shows spherical in shape
with smooth surface (Fig 6b), whereas the TEM image
of Z-RHA shows rough surface of the adsorbent with
higher surface area (Fig 6c).

Determination of point of zero charge (PZC) of the
adsorbents - Surface charges of adsorbents play
significantly important role in the adsorption process.
To reveal the surface charges of a material, point of
zero charge should be known. As the function of
changing pH of the adsorbents the zeta potential of
RHA, CES and Z-RHA were measured and plotted as
shown in Fig 7. The PZC of the present materials are
found 4.15, 4.21 and 4.34 respectively. This PZC
indicate that all of the adsorbent materials containing
negative charges at pH above PZC. Present zeta
potential analysis is supported by later adsorption
experiments, which shows that the material adsorbs
cations on their surface due to the presence of negative
charges.
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Fig 7: Point of zero charge (PZC) of synthesized
adsorbents of (a) RHA, (b) CES, and (c) Z-RHA.

Effect of the initial concentrations of metal
pollutants - The effect of the initial concentrations of
metal solutions was investigated by altering the
concentrations of effluent of 15, 30 and 50 ppb. The
parameters like column diameter (5cm), bed height
(15cm) and flow rate (10mL/min) were kept constant.
Effect of the initial concentration of As (III) and As
(V) has been plotted in the Fig 8. It was revealed that
the adsorption capacity was getting higher with
increasing the concentrations of the pollutants from 15
to 50 ppb. This phenomenon has been occurred due to
raise of the driving force of adsorption with increasing
Additionally,
concentrations of metal ions lead to higher driving
forces to overcome mass transfer resistance in the

concentrations  gradient. increasing

liquid phase. Consequently, breakthrough time might
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be decreased with increasing the availability of the
metal ions to bind with adsorbent sites (Palas et al.,
2013).
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Fig 8: Effect of the initial concentrations of (a) As (III)
removal by CES, (b) As (III) removal by Z-RHA, (c)
As (V) removal by CES, and (d) As (V) removal by Z-
RHA.

Effect of height of the column - Effect on the
adsorption of As (III) and As (V) onto rice husk
mediated adsorbent CES and Z-RHA shown in Fig 9.
For all cases it has been revealed that the increasing
height of the column resulted more adsorption capacity
of the adsorbents. An increase the bed height resulted
in more contact time available for pollutants with
This phenomenon might
pollutants to diffuse deeper into the adsorbents

adsorbents. allow the
materials. Subsequently the percentages of arsenic
removal for both adsorbents increased with increasing
the height of the bed (Asif & Chen, 2017).

(a) 1 (b) 1

0 w20 30 4 0 & W B %W 0 1 W M 4 N @ W s o
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Fig 9: Effect of the height of the column to remove As
(IIT) and As (V) by using (a) CES, and (b) Z-RHA.

Effect of diameter of the column - Fig 10 shows that,
different removal efficiencies have been achieved for
different diameter of the columns. The investigation to
reveal the effect of the diameter in adsorption capacity
has been done by keeping the constant initial
concentrations (15ppb) of the metal solutions, constant
flow rate (7 mL/min), and constant height of the
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column (10cm). It was revealed that the maximum
removal percentage has been achieved for Scm
diameter column for both of the metal pollutants and
both of the adsorbents. The reason of the effect can be
explained as that greater diameter allowing the metal
ions to better adsorbed onto more available binding
sites (Asif & Chen, 2017).
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Fig 10: Effect of the diameter of the column on
removal efficiencies of As (III) and As (V) by using
(a) CES, and (b) Z-RHA.

Effect of the particle size of the adsorbents - The
effect of the particle size of the adsorbents was
observed in column by varying sizes of the particles of
25 mesh (707 pm), 20 mesh (841 um) and 25 mesh
(1000 um). In the investigation initial concentrations
(15ppb) of the metal solutions, flow rate (7 mL/min),
and height of the column (10cm) were constant. It was
observed that the removal efficiency was increased
with the decreasing particle size (Fig 11). Removal
efficiency might be increased due to increasing surface
area of the adsorbents particles and their compaction
between particles. Adsorption process will be more
efficient with the more available binding sites (Neeta
and Jatinder, 2008).

Sorption isotherm studies

Langmuir isotherm - The Langmuir model was
chosen to estimate the maximum adsorption capacity
regarding the complete monolayer coverage of the
surface of adsorbents (Igwe and Abia, 2006). Homo-
geneous adsorbent surface and equivalent sorption
energies for each of the sorbent sites have been
assumed for Langmuir isotherm model. Langmuir
isotherm model usually describe the gas solid phase
adsorption which assumes monolayer adsorption occur
at definite localized sites.
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Fig 11: Effect of the particle size to remove (a) As
(IIT) by using CES, (b)As (III) by using Z-RHA, (¢)
As (V) by using CES, and (d) As (V) by using Z-RHA.

This model supports homogenous adsorption including
molecules with homogenous enthalpies and sorption
activation energy. Langmuir isotherm model can be
characterized by plateau and equilibrium saturation
point and can be expressed as below (Langmuir,
1981):

_ Gmaxk;c,

g=—T % 3

krce

Where, c, is the concentration of As (III) at equili-
brium stage and k;, represents Langmuir constant. g,
is the monolayer capacity of the synthesized NPs. The
constant k; and ¢,,,, can measure from the intercept and
slope of the linear plot of ¢, and c,/q, shown in Fig 12.
Table 1 shows the value of the parameters.
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Fig 12: Langmuir adsorption isotherm of As (III) & As
(V) onto CES and Z-RHA.
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Table 1: Langmuir and Freundlich iostherm constants
for As (IIT) and As (V) using Z-RHA and CES.

Freundlich isotherm - Freundlich isotherm model
generally describes the reversible and non-ideal
adsorption. This model supports the multilayer
adsorption over heterogeneous surface of the adsorbent
(Beduoi et al., 2009). The surface heterogeneity or the
adsorption intensity shown by the range of slope
between 0 and 1, i.e. the value close to zero means the
surface is more heterogeneous. If the value of the
adsorption intensity (1/n) is below 1 implies the
chemisorptions process, whereas the value adsorption
intensity above 1 indicating cooperative process.
Freundlich describes by the
following equation given bellow:

isotherm model is

q.=krc.1/n 4)

Where, kr notify the adsorption capacity. The isotherm
type can assume by the value of 1/n. If the value lies 0
< 1/n < 1, means that the isotherm is favorable. If the
value is equal to 0, it indicates the irreversible isotherm
and the value greater than 1 means unfavorable
isotherm. The value of n and Kg had been taken from
slope and intercept of the plot Ing, vs Inc, shown in Fig
13. Table 1 shows the value of the parameters.

Sorption Kinetic studies

Adam-Bohart model - Adam-Bohart model has been
applied to figure out the saturated concentrations of the
adsorbate (Zhao et al., 2011).

ct z
i exp(kqpCot — kypN,7) (5
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Model As | Adsorbents Parameters |
species :3
Qmax RL R2 - : 3
mg/g ,
Langmuir | As (III) | Z-RHA 85 0.79 | 0.987 . 2 4
As (IIT) | CES 89 0.82 | 0.991 InC,
As (V Z-RHA 77 0.81 | 0.988
v EV; CES o 080 10976 Fig 13: Freundlich adsorption isotherm of As (III) &
n K, & As (V) onto CES and Z-RHA.
Freundlich| As (II) | Z-RHA 0.356 | 3.01 |0.932 Where, kap(L/ug.min) denotes kinetic constant, F
As (II) | CES 0236 | 2.99 | 0.911 (cm/min) represents the linear velocity, N, (ug/L)
L5 () || ZAEA UZee || 528 | W represents the saturation concentrations, depth of the
As (V) | CES 0.199 | 2.80 | 0.881 bed denoted by Z (cm), and t (min) denotes time. The

values of kag and N, have been determined from the
intercept and slope of the plot In (C/C,)against time (t)
(Fig 15). Table 2 shows the kinetic constants using
Adam-Bohart model to remove both of As (III) and As
(V) by using the manufactured adsorbents CES and Z-
RHA. From the Table 3 it is found that the range of
the R’ranged 0.787 to 0.991 for 15ppb, 30ppb and
50ppb concentrations of pollutants with remaining
constant column diameter (S5cm), bed height (15cm)
and flow rate (10 mLmin™). It is observed that the
values of Kag and Ny have no definite pattern when
increasing the initial concentrations. From this
phenomenon it can be conclude that the adsorption
process of this part might be dominated by external
mass transfer.

time (min)

10 20 30 40 60

CES As (V)

In(Cy/C,)

Z-RHA As(V)

K CES As(ID)

Fig 14: Adam-Bohart model for adsorption of As (III)
and As (V) onto CES and Z-RHA.

Thomas model - Thomas model expresses as the
following expression (Palas et al., 2013). Present
expression was used here to find out the maximum
adsorption capacity of rice husk mediated adsorbents
for removing As (III) and As (V).
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ct 1
Co 1+eXp(KTHqO%—KTH)COt

(6)

Where, q, (ug/g) is the equilibrium As uptake per g
ofrice husk mediated adsorbents, m denotes mass of
the adsorbents (g), flow rate indicated by Q (mL/min),
Co (ppb) and Ct (ppb) denotes initial and final
concentrations of the pollutants respectively. Thomas
model constant Kty and g,were calculated by linear
regression analysis of the graphical plot of Ln (Cy/C-
1) Vs time (t) (Fig 16). Table 3 presents the kinetic
constants of Thomas model with varying different
concentrations, and keeping constant column diameter
(5cm), bed height (15cm) and flow rate (10 mLmin™).
From the data of Table 2, shows that the variation in
the initial concentrations of the pollutants affects the
Thomas constant (Kry) rate and the equilibrium As
uptake rate (q,). When the initial concentration of As
(III) and As (V) increased from 15ppb to 50ppb the
value of Kty decreased for both of the adsorbents, the
value of q. increased. The regression coefficient (R?)
value was in the range of 0.779 to 0.976.From these
finding it might be says that, higher driving forces
could be attributed to the higher concentrations of
pollutants (Padmesh et al., 2005).

ZRHA (As(ID) %

CES (As (III))

ZRHA (As(V)

In(C,/Ci-1)

1 CES (As (V)

10 20 30 40 50

time (min)

Fig 15: Thomas model for adsorption of As (V) onto
CES and Z-RHA.

Yoon and Nelson model - Yoon and Nelson model
was expressed on the base of the assumption, the
probability of the decreasing rate of the adsorption of
adsorbate molecules is proportional to the adsorbate
adsorption and adsorbate breakthrough probability.
Yoon and Nelson model can be expressed as follows
(Zahra et al., 2013).

Ct

Ln
Co—Ct

= Kynt — KynT )
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Where, KYN(min'l) is the model constant, T (min) is
the time required for breakthrough. The value of the
Kyn and T were calculated from the intercept and slope
of the linear plot Ln (C/Cy-C,) Vs time (t) (Fig 17).
Table 4 presents the kinetic constants of Yoon and
Nelson model with varying different concentrations,
and keeping constant column diameter (Scm), bed
height (15cm) and flow rate (10 mLmin™"). For both of
the adsorbents it was found that the values of the Kyy
were increased with increasing the initial concen-
trations of As (III) and As (V). The linear regression
coefficient (Rz) was in the range of 0.778 to 0.987.

time (min)

A
CES As(V
3 X *M T CES As (iT

10 ZRHA As(II) % ¥

Fig 16: Yoon Nelson model for adsorption of As
(V) onto CES and Z-RHA.

Table 2: Adam-Bohart model constants for different
concentrations of As (III) and As (V).

25 | 232 S ~
= = - o _~ - in
5= s 2 2, = S
:2 23 (& |EE (% |B
ES | EZ |5 2 =
z=2 |z& | © < z

As (Il) |CES 15 [0.000562 | 0.856 | 10.74

30 | 0.000867 | 0.789 | 7.786

50 | 0.000626 | 0.991 | 12.099

ZRHA 15 | 0.00605 |0.875 | 11.65

30 | 0.000342 | 0.897 | 13.09

50 | 0.000498 |0.909 | 55.678

As (V) |CES 15 [ 0.00189 | 0.966 | 25.487

30 | 0.000997 | 0.982 | 7.089

50 | 0.000756 | 0.867 | 45.678

Z-RHA 15 | 0.00135 | 0.989 | 30.986

30 | 0.000891 |0.787 | 40.678

50 | 0.000562 | 0.843 | 49.087
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Table 3: Thomas model constants for different
concentrations of As (III) and As (V).

® @ o\ —‘E
EL | € | o = T
=5 %92 | & | o %
@ =2 g E 2 EX 5 3
ET | E2 |o |3 =
z 5| Z& E =
£
=
As (IIT) | CES 15 0.00351 | 0.872 | 102.56
30 0.00113 | 0.946 | 150.67
50 0.00034 | 0.998 | 310.60
Z-RHA | 15 0.00873 | 0.827 | 78.907
30 0.00187 | 0.876 | 112.35
50 0.00067 | 0.779 | 189.06
As (V) | CES 15 0.00131 | 0.976 | 116.78
30 0.00074 | 0.958 | 215.08
50 0.00023 | 0.899 | 299.08
Z-RHA | 15 0.000986 | 0.966 | 101.34
30 0.000901 | 0.798 | 246.78
50 0.000124 | 0.879 | 290.01

Table 4: Yoon and Nelson model constants for
different concentrations of As (III) and As (V).

Lo | 23 ) -
5|32 |2 |E & | f
Z & | 2%
As(I) | CES | 15 | 0.0316 | 0.874 | 43.37
30 | 0.0415 | 0.987 | 61.78
50 | 0.0743 | 0.891 | 53.47
ZRHA | 15 | 0.0307 |0.820 | 60.99
30 | 0.0617 | 0.901 | 49.80
50 | 0.0979 | 0.087 | 45.67
As(V) | CES |15 | 0.0342 | 0.946 | 29.08
30 | 0.0435 | 0.957 | 34.56
50 | 0.0513 | 0.872 | 27.80
ZRHA | 15 | 0.0412 | 0.932 | 43.87
30 | 0.0723 | 0.898 | 35.46
50 | 0.0839 | 0.778 | 42.35
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Fig 17: Proposed adsorption mechanisms of (a) CES,
and (b) Z-RHA adsorbents.

According to the value of the regression (R*) Adam-
Bohart model found fittest with the present data of
column adsorption (Table 2, 3, 4). It can be concluded
that the monolayer adsorption occurred at definite
localized sites of the adsorbents as well as the
adsorption was homogenous with their homogenous
enthalpies and sorption activation energy. An
adsorption mechanism in this study has been proposed
on the basis of findings of different kinetics models
(Fig 17).

Disposal of As treated rice husk

Regeneration and reuse of the rice husk mediated
adsorbents CES and Z-RHA is not feasible, as well as
it is not cost effective (Verma et al., 2014). Cons-
equently, to avoid the secondary pollution disposal of
the arsenic concentrated rice husk adsorbents is
another problem.

The adsorbents after treatment could be encapsulate
through solidification and disposed in treated landfills
(Leist et al., 2003). From the published literature there
have different process of solidification. The most
suitable process of solidification consider in present
study concentrated arsenic incorporated into Portland
cement.
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CONCLUSION:

Maximum removal efficiency of CES adsorbents for
As (IIT) is 98% and for As (V) is 85%, and of Z-RHA
for As (II) is 95% and for As (V) is 92%. The
performances of the prepared adsorbents in column
adsorption studies for As removal is much more higher
in comparison with the other relevant adsorbents. After
implying the data of column adsorption with different
isotherm and kinetic models, it was found that Adam-
Bohart model and Langmuir model was best fitted
according to the value of the regression (R%). Mono-
layer adsorption occurred at definite localized sites of
the adsorbents as well as the adsorption was
homogenous with their homogenous enthalpies and
sorption activation energy. The proposed CES and Z-
RHA adsorbents fixed bed column treatment methods
could be an easy alternate to remove arsenic species
from water. Present method is easy and simple to
handle and maintenance. This study shows the method
could be efficient in wide ranges of the arsenic
concentrations. Many of the countries of the world
affected with arsenic contamination which could be
solved by applying the fixed bed treatment methods.
The effect of the different parameters to remove
arsenic from the water also studied. The adsorbents
after treatment can be incorporate with Portland
cement by solidification. That’s why no secondary
pollution will be generated.
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	TEM micrograph of CES shows spherical in shape with smooth surface (Fig 6b), whereas the TEM image of Z-RHA shows rough surface of the adsorbent with higher surface area (Fig 6c).
	Determination of point of zero charge (PZC) of the adsorbents - Surface charges of adsorbents play significantly important role in the adsorption process. To reveal the surface charges of a material, point of zero charge should be known. As the functi...

