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Abstract

Background: The presence of iron (Fe) and manganese (Mn) ions in rocky beds leads to groundwater pollution.
Moreover, their excessive concentration causes bad taste and color stains of water.

Methods: Tea leaves-derived char (TLC), rice straw-derived char (RSC), and nanosilica (NS) were used to adsorb Fe
and Mn ions from water sources. The effects of parameters such as contact time, composition percentage, and parti-
cle size of biosorbents in a fixed-bed adsorption column were investigated.

Results: The study on the adsorption of Fe and Mn ions showed that the amount of adsorption increased signifi-
cantly by decreasing the particle size. Furthermore, the combination of nano-biosorbents with nanosilica improved
the adsorption. The Thomas and Adams-Bohart models adequately indicated the adsorption of Fe and Mn ions onto
nano-biosorbents in the column mode. The TLC and RSC with NS are applicable for the removal of Fe and Mn ions
from groundwater.

Conclusions: According to the BET analysis results, with more crushing of biosorbents by ball mill and placing them
in the furnace, specific surface area of tea leaves and rice straw increased from 0.29 to 3.45 and from 3.70 to 10.99
m?/g, respectively. The absorption of iron and manganese from the aqueous solution increased with the percentage
of nano-silica. According to breakthrough curves, under best conditions (the seventh mode), nano-biosorbents could
remove 98.05% and 97.92% of iron and manganese ions, respectively. The maximum equilibrium capacity of the
adsorption column (mg/g) was 256.56 for iron and 244.79 for manganese.
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Introduction

Iron and Manganese are two metals commonly found
in wells water [1]. This is also due to the presence of
a rocky bed in the groundwater, causing excessive
metal taste and stains [2]. The permissible level of Mn
is 0.5 mg/l. Drinking water standards set the maxi-
mum allowable amount of iron at 0.3 mg/l, because
higher levels are undesirable for industrial and domes-
tic use [3]. Due to environmental and health issues, the
removal of Fe and Mn ions from water resources by
surface adsorption and a low-cost adsorbent has been
discussed [4]. Among various methods available for
removal of metallic elements, the adsorption process is
preferred owing to its flexibility, high efficiency, repro-
ducibility and being economical [5]. Natural or modi-
fied biomaterials, by-products, or waste from industrial
and agricultural operations are the most important
sources of low cost adsorbents [6, 7]. Most studies on
the removal of metal ions in surface and groundwater
are performed using a batch system, which is generally
and easily applicable in laboratory studies and limited
to the processing of water sources in small quantities
[8-10]. The removal of methylene blue from water by
tea waste active with H;PO, (H-AC), KOH (K-AC) and
ZnCl, (Z-AC) agents has been studied by Toli et al.
EDX, FTIR, FESEM, XRD and TGA analyses were per-
formed on the adsorbents; the results showed that the
adsorption capacity of H-AC adsorbent for removal
of methylene blue is higher than the others [11].
Hameed and El-Khaiary used RSC to remove malachite

green. As for their results, RSC is suitable for remov-
ing dye from aqueous solutions [12]. Tai Han Nogoyan
et al. studied the application of rice straw sorbent for
removal of arsenic from water sources. FTIR and SEM—
EDX analyses were performed on the adsorbent. As
such, by processing and converting ordinary adsorbent
into RSC, the adsorption rate increased [13]. Moreo-
ver, the removal of cadmium from water using RSC
was investigated by Zheng et al. RSC can be effective
in removing cadmium from water [14]. The removal
of methylene blue from water by Modified nano-SiO,
by Bismuth and Iron has been studied by Salimi et al.
SEM, FTIR, XRD and TEM analyses were performed
on the adsorbents; the XRD results showed that Nano-
silica structure is amorphous [15]. In a batch system,
the equilibrium time is short, and in a continuous sys-
tem, the adsorbent is always in the vicinity of the fresh
solution [16, 17]. The use of multi wall carbon nano-
tubes (MWCNTs) for Cr(VI) removal from ground-
water was investigated by Mpouras et al. Batch and
column experiments were conducted to examine the
effect of MWCNTs, initial concentration, pH, contact
time and breakthrough curves. The results showed
that pH is an effective parameter in removing Cr(VI)
ion from groundwater [18]. The continuous system is
inexpensive, cost effective and adaptable to the ongoing
process [4, 19]. Himanshu Patel conducted a compre-
hensive study on the continuous fixed bed adsorption
process in 2019, studying more than 100 titles of arti-
cles [5]. The use of tea waste for Cu and Pb removal
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from wastewater was investigated by Emersing et al.
The experiments were performed in a fixed bed col-
umn; the effect of adsorbent dose, initial concentra-
tion, pH, particle size and breakthrough curves was
assessed. As for the results, tea waste was effective in
removing Cu and Pb ions from wastewater [20]. Peng
Fu et al. examined the impact of pyrolysis temperature
and heating rate on the production of activated carbon
from rice straw; with increasing pyrolysis temperature
and decreasing heating rate, the specific surface area of
the adsorbent increased [21]. Vilardi et al. studied the
removal of nitrate green by batch and fixed-bed col-
umns packed method with waste biomass. The outcome
was that the acidic environment was favorable for the
removal of nitrate [22]. A wide variety of lignocellulosic
biomasses have been investigated as biosorbents for the
removal of metal ions from aqueous environments. Rice
straw and tea leaves or their derivatives are two major
lignocellulosic-based biosorbents, mainly composed of
cellulose, hemicellulose and lignin. These compounds
participate in metal ion bonding through such multiple
functional groups as hydroxyl, carboxyl, carbonyl, and
amine on the cell wall [23, 24]. Many studies has been
conducted on the removal of metal ions from drinking
water sources using rice straw-derived char, tea leaves-
derived char and nanosilica; the superiority of modified
adsorbents in the removal of disturbing ions in water
has been proved [13, 15, 25-30]. Various analyses such
as X-ray diffractometer (XRD) [15, 31, 32], Fourier
transforms infrared spectra (FTIR) [24, 33], scanning
electron microscopy (SEM), the energy dispersive X-ray
(EDX) [13-15] and Brunauer—Emmett—Teller (BET)
[34, 35] were used to determine different indicators of
adsorbents. In the present study, removal of Fe and Mn
from aqueous solution was performed with low-cost
adsorbent. The experiments were performed in a fixed
bed column. The mathematical methods of Thomas and
Adams—Bohart were used to describe the breakthrough
curves. The biosorbents was also tested through real
samples taken from Groundwater sources of drinking
water located in Shaft City in Gilan province, North of
Iran. The results indicate that the proposed biosorbents
are a suitable alternative for removing metal ions from
water sources.

Materials and methods

Preparation of metal solutions

For preparation of synthetic water solutions, analytical
grades of Iron (III) chloride (with a chemical formula
FeCl;.6H,0) and Manganese (II) sulfate (with a chemi-
cal formula MnSO,.H,0) were dissolved in tap water
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to give a concentration of 1000 mg/l and diluting when
necessary.

Preparation of nano-biosorbants and nanosilica

The raw tea leaves (TL) and rice straw (RS) were used as
biosorbents. Samples were collected from tea plants and
rice paddies in the North of Iran. At first, samples were
several times washed with tap water for removal of such
all traces as oil and dirt. The material was dried at room
temperature for 3 days; for more drying, raw adsorbents
were placed into oven with a temperature of 70 °C until
its weight became constant. The Planetary ball mill was
used to reduce adsorbent particles sizes. The adsorbents
were placed in a ball mill at 600 rpm for 20 min. then;
they were placed in a furnace at 400 °C for 3 h. After 24 h
passed, the biosorbents char were taken out of the fur-
nace and stored in closed containers. Biosorbents char
include tea leaves-derived char (TLC) and rice straw-
derived char (RSC). Silicon oxide nano powder (nano-
silica) with chemical formula SiO,, amorphous structure,
and hydrophilic type were purchased from Fine-Nano
Company (Made By US-NANO) with 99.5% purity.

Fixed bed column studies

The adsorption process was carried out using Fe and Mn
solution with a concentration of 5 mg/l as an artificial
sample as well as 0.1 g of nano-biosorbents. A feed water
reservoir (with 20 L capacity) was chosen with a heat
source inside, its temperature controlled by a thermo
regulator. Moreover, the inlet stream was placed over the
reservoir; the feed flow was pumped by a variable flow
pump (WS123) at a flow rate of 10 ml/min. For the next
step, the stream was conducted by a three-way pipe. One
stream returned to the feed water reservoir and the other
entered the flow meter. Subsequently, the stream entered
the top of the column. The process was conducted in a
continuous adsorption process with a fixed bed column
(diameter of 1 cm and a height of 50 cm). The absorption
column had an outer protective body, covered by a heat-
ing element. At the column outlet, collection of the sam-
ples was done at different times for each test. The time
intervals for the process ranged from 1, 2, 5, 10, 20 to 900
(min) minutes, respectively. The process temperature was
30 °C. In addition, the pH value was 7.9. The flow was
stopped once the column was fully marked by C,=C,,. For
each test, samples were collected at a volume of 15 ml for
analysis using atomic adsorption (Agilent 240—280 Series
AA) as effluent Fe and Mn ions concentration (C,). The
column was washed with distilled water after each test.
The schematic diagram of the fixed-bed column is pre-
sented in Fig. 1.
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Fig. 1 Schematic diagram of the lab-scale column

The breakthrough curve is usually described as the
ratio of the ions concentration at the outlet to the column
inlet ratio (C,/C,) in the function of time for the fixed-
bed column. The amount of adsorbed Fe and Mn was cal-
culated by Eq. (1):

Qx*A Q "tiotal Q “tiotal
=" == dt=—— Co — Cpdt
Gtotal 1000 1000/ , ad 1000/ o (Co t)
(1)
where ., indicates the maximum removal capacity of

column in mg, Q is the volumetric flow rate circulating
through the column in ml/min, A is the area under the
breakthrough curve in m? f is the total flow time in
min, C,q is the absorbed removal concentration in mg/l.
C, and C, are the Fe and Mn ions concentrations (mg/1)
in inlet and outlet flows, respectively. The equilibrium
capacity of the column (mg/g) was obtained by Eq. (2),
where m is the dry absorbent mass (g):

qtotal
m

Geq = (2)
Miotal iS the total mass absorbed into the column in mg,
which is obtained using Eq. (3):
CoQtotal
Miotal = 1000 (3)
%R is the total removal percentages of iron and manga-
nese, which is obtained using Eq. (4):

qtotal
%R = 8l 100 4
Miotal ( )

In other words, (%R) is the ratio of the total removed
ions in the column to the total amount of ions delivered
to the column.

Mathematical description

Various simple mathematical models have been devel-
oped to describe and possibly predict the dynamic behav-
ior of the bed in column performance. The most famous
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and widely applied models used in column performance
theory are Thomas and Adams—Bohart [36].

Thomas model
Thomas model is one of the most common and widely
used methods in expressing the theory of absorption
column performance. It can predict the theoretical
Breakthrough curve based on laboratory data (time and
Output to input concentration ratio). The linearized form
of the Thomas model can be expressed as follows:
Equation (5)

Cyo—C K M
ln( OC t) =ln{exp<&) — 1] — K1hCot

¢ Q

(5)

Here, Ky, (ml/mg min) is the Thomas rate constant; g
(mg/g) is the equilibrium uptake of metal ions. M as the
amount of adsorbent packed inside the column is
denoted by (mg). C, (mg/l) is the influent concentration,
C, (mg/]) is the outlet concentration at each time; and Q
(ml/min) is the flow rate. Because the amount
exp(KTh%M) is much larger than one, the equation is

written as follows:

Cy—C K M
ln< 0 t> = ( Thqo > — K1hCot (6)
Ce Q

where g, and Ky, amounts could be obtained through the
slope and width of the origin of the linear graphs, respec-

tively, obtained by In (C"C;tct) in terms of £ [37].

Adams-Bohart model

Adams—Bohart provides a simple basic model for
describing the initial region of absorption, often adapt-
ing to failure curves with very high accuracy. It has aided
researchers to determine important and key parameters,
such as adsorption rate constants and adsorption capac-
ity. The mathematical equation of the model can be writ-
ten as Eq. (7):

C KpgaNoH
ln(C—(: - 1) =In {exp(%) - 1] — KpaCot
7)

%) is much larger than one,

As the amount exp(

the equation is written as follows:

<C0 ) _KBAN()H

— KpaCot
U, BACo (8)

Here, C, (mg/l) is the inlet concentrations. C, (mg/]) is
the outlet concentration at each time. H (cm) is the bed
height and U, (cm/min) is the superficial velocity, which
is obtained through dividing the flow rate by the cross
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section of the column. Kj,, (I/mg min) is the Kinetic coef-
ficient or constant Adams—Bohart absorption rate; and
N, is volumetric absorption capacity (mg/l). N, and Kp,
amounts could be obtained by the slope and width of the
origin of the linear graphs, respectively; they are obtained
practically by In % —1)in terms of t [38].

Results

Investigating the structure of biosorbents using XRD

The X-ray powder diffraction (XRD) is an acceptable
technique in the study of crystal properties.

3000
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2
G
=
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=
1000
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0
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2-Theta (degree)
Fig. 2 X-ray powder diffraction (XRD) for TLC and RSC
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This analysis was used to investigate the phases and
structure of TLC and RSC. The results of the XRD test
are presented in Fig. 2.

The information presented in Fig. 2 is associated with
the TLC and RSC. The RSC chart shows a peak at 22.9°
with several other small peaks in the rest of the range.
The TLC chart displays a peak at 24.5°, a larger peak at
29.55° and several other peaks in other ranges.

SEM combined with EDX spectrum analyses

The surface morphology of loaded samples with Fe and
Mn are displayed in Figs. 3, 4 and 5. The samples treated
with Fe and Mn had a rougher surface; they were cov-
ered with small flocculent material which resembled fib-
ers. This phenomenon is likely due to an inorganic layer
formed on the surface of adsorbents by Mn and Fe ions.
EDX analysis was used to prove the effective loading of
iron and manganese on biosorbents.

As shown in Figs. 3, 4 and 5, the main elements existing
in the TLC, RSC and NS were Fe and Mn. Such findings
suggest that biosorbents could adsorb Fe and Mn ions
from the aqueous solution. This also assumes that the
adsorption process of Fe and Mn ions onto biosorbents
may be physical in nature. In general, rough surfaces and
extensively distributed pores can suggest a larger surface
area and more attached metal sites.
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Fig. 3 EDX spectrum and SEM images of RSC loaded with Fe and Mn
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Table 1 Surface area, volume and Pore size of biosorbents
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Parameter Surface area

Total pore Pore size (nm)
5 — 5 2 volume (m%/g)
Sample BET (m“/g) Langmuir (m“/g) t-Plot (m*/g) BJH plot (m“/g)
Value TL 0.29 0.3964 0.237 15176 0.0037707 52.25
TLC 345 4.0278 33516 34323 0.039601 45.888
RS 370 3.0634 1.3938 6.3386 0.01735 18.731
RSC 10.99 12.959 10.71 9.399 0.060231 21.922
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Fig. 6 FT-IR spectral characteristics of Tea Leaves

Surface area and pore diameter (BET and BJH analyses)
BET analysis is used to study the surface of materials and
their porosity. Adsorptive characterization by N, is one of
the most widely used techniques to assess textural prop-
erties of porous solids. BJH analysis can also be employed
to determine pore area and specific pore volume using
adsorption and desorption techniques. The Physical
characteristics of biosorbents are presented in Table 1.

Fourier transforms infrared spectra (FTIR)

The functional groups of biosorbents are analyzed using
FTIR. Figures 6 and 7 show the FT-IR spectra of tea
leaves and rice straw. According to Fig. 6, the peak cre-
ated in 3428.71 cm™! corresponds to the hydroxyl —OH

group. In 2920.69 cm ™, it can be observed that the pres-

ence of alpha —CH groups; and the peak 2850.29 cm™*
indicates the presence of alcohol groups. The peaks
of 1740.05 and 1629.77 cm™! demonstrate the pres-
ence of anhydride groups C=0. Those of 1560.49 cm™*
and 1512.89 cm™! imply the presence of aromatic com-
pounds C=C. The other peaks in the range 1400 to
1000 cm™! are related to Stretching Vibration C-O and
Bending Vibration —OH in the ether, ester and carbox-
ylic acid groups. As observed through the analysis of tea
leaves, these biosorbents have a variety of carbonaceous
compounds. According to Fig. 7, the peak created in
3424.12 cm™! belongs to the hydroxyl group —OH and
intracellular waters. In 2920.28 cm ™, we see the presence
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of alpha-acid —CH groups; and the peak 2850.69 cm™!
represents the presence of alcoholic groups —OH; the
peak 2130 cm™! shows the presence of alkyne groups
C=C. In addition, the peak created in 1735.11 cm™" sig-
nifies the presence of C=0 groups of carbonyl, ester and
carboxylic acids. In addition, peaks 1630.17 cm can
indicate the presence of alkene and aromatic compounds
C=C or compounds with C=N. Other peaks in the range
of 1400 to 1000 cm ™" are related to Stretching Vibration
C-0 and Bending Vibration —OH in the groups of ether,
ester and carboxylic acids groups. Moreover, the peak
1038.26 cm™! can imply the presence of amino com-
pounds C-N. Rice straw has a variety of carbonaceous
compounds as well. This variety contributes to a better
understanding of the functional groups that play a key
role in the absorption process.

Analysis of experimental data

The effect of modified adsorbents and those combina-
tions with NS in the process of fixed bed continuous
adsorption were investigated. To examine the effect of
adsorption percentage and particle size of adsorbents on
adsorption capacity, 7 different combinations of TLC,
RSC and NS adsorbents were studied. The percentages

of Fe and Mn ions removal at different times by differ-
ent combinations of adsorbents are shown in Table 2. By
plotting the ratio of ions concentration at the output to
the input column (C./C,) in terms of time, Breakthrough
curves were obtained. When the ratio of the final concen-
tration (C,) to the initial concentration (C,) is equal to
0.1, it is denoted by ¢;, and when this ratio is equal to 0.9,
it is denoted by t,.

Breakthrough studies

The results of Table 2 are illustrated in Figs. 8 and 9.
Regarding the adsorbents, during the first 60 min of
contact, the amount of Fe and Mn in solution decreased
sharply. Over time, a gradual decrease in adsorp-
tion kinetics occurred. When the approximate time of
900 min was reached, the process was stopped and the
final concentration was almost equal to the initial one.

To study the effect of adsorbent compound type and
percentage in the fixed bed continuous adsorption pro-
cess, 7 different nano-biosorbents compounds were pre-
pared and tested. The percentage of metal adsorption
rises as NS increase. The results show that the adsorbent
performance of NS with RSC works more efficiently TLC;
this is due to higher specific surface area of RSC.
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Table 2 Equilibrium capacity and percentage of Fe and Mn removal in a fixed bed column using different combinations of adsorbents

No. Adsorbent Absorbed t; (min) t, (min) Geq (mg/g) %R
1 RSC(0.1g) Fe 2 720 22592 88.59
Mn 2 660 215.03 86.01
2 TLC (0.1 g) Fe 1 540 130.03 7224
Mn 1 420 110.38 52.56
3 RSC (0.05 g)+NS (0.05 g) Fe 20 800 24529 95.14
Mn 10 750 236.30 94.52
4 TLC (0.05 g)+ NS (0.05 g) Fe 1 600 156.41 75.19
Mn 1 540 141.23 67.25
5 RSC (0.04 g)+TLC (0.04 g)+NS (0.02 g) Fe 1 660 191.03 81.64
Mn 600 195.19 78.08
6 RSC (0.025 g) 4+ TLC (0.025 g)+ NS (0.05 g) Fe 10 750 23737 91.74
Mn 5 720 226.68 90.67
7 RSC(0.015 g)+TLC (0.015 g)+NS (0.07 g) Fe 40 900 256.56 98.05
Mn 20 900 244.79 97.92

0.9

—+—RSC (0.1 g)
—=-TLC (0.1 g)
——RSC (0.05 g) + NS (0.05 g)

—<TLC (0.05 g) + NS (0.05 g)

——RSC (0.04 g) + TLC (0.04 g) + NS (0.02 g)
—e—RSC (0.025 g) + TLC (0.025 g)+ NS (0.05 g)
——RSC (0.015 g) + TLC (0.015 g) + NS (0.07 g)

0 200 400 600 800 1000
Time (min)

Fig. 8 Effect of time on iron adsorption with different combinations

of biosorbents (Breakthrough curves)

Mathematical description of the process
Thomas and Adams—Bohart mathematical models were
used to evaluate the column performance.

The fixed bed process was performed for binary sys-
tems of nano-biosorbents with iron and manganese
(Nano-biosorbents—Fe|Mn). Table 3 shows the values
for the models’ parameters including maximum constant
absorption capacity (Ky;,), maximum absorption capac-
ity (g,) in Thomas model and kinetic coefficient (Kj,)
and volume absorption capacity (N;) in Adams—Bohart
model as well as correlation coefficient (R?).

1 e
0.9
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0.7
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S
~ 0.5
o
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03 —=—TLC (0.1 g)
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0.1 RSC (0.025 g) + TLC (0.025 g) + NS (0.05 g)
——RSC (0.015 g) + TLC (0.015 g) + NS (0.07 g)
0

0 200 400 600 800 1000
Time (min)
Fig. 9 Effect of time on manganese adsorption with different
combinations of biosorbents (Breakthrough curves)

Industrial application of biosorbents

To find out whether the proposed method can be used for
drinking water resources, ten control samples (Table 4)
were collected from groundwater in Shaft city, Guilan
Province in the North of Iran. Temperature, pH, turbidity
and color parameters of the collected water samples were
measured before treatment. In the proposed method, the
adsorbent dose was 0.1 g; the maximum contact time was
720 min; and temperature was 30 °C. The concentration
of iron and manganese ions was measured by an atomic
absorption spectrophotometer (Agilent 240_280 Series
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Table 3 Parameters of Thomas and Adams-Bohart model for iron and manganese adsorbtion by combination of TLC, RSC and NS

Model Sample Adsorbent Absorbed K+, (ml/mg min) q, (Mg/qg) R?
number
Thomas 1 RSC(0.19) Fe 0.0007 131.39 0.89
Mn 0.0011 203.58 0.9
2 TLC (0.1 @) Fe 0.0013 90.33 0.9
Mn 0.0010 70.40 0.98
3 RSC (0.05 g)+ NS (0.05 g) Fe 0.0042 88.73 0.97
Mn 0.0013 23545 091
4 TLC (0.05 g)+ NS (0.05 g) Fe 0.0037 65.71 0.88
Mn 0.0008 98.29 0.99
5 RSC (0.04 g)+TLC (0.04 g)+NS (0.02 g) Fe 0.0008 11275 083
Mn 0.0009 193.64 0.96
6 RSC (0.025 )4 TLC (0.025 g)+NS (0.05 g) Fe 0.0005 158.63 0.91
Mn 0.0013 215.18 091
7 RSC (0.015 g)4+TLC (0.015 g)+NS (0.07 g) Fe 0.0007 222.56 0.85
Mn 0.0025 158.56 0.95
Model Sample Adsorbent Absorbed Kga (I/mg min) N, (mg/1) R?
number
Adams-Bohart 1 RSC (0.1 ) Fe 0.0005 5.85 0.95
Mn 0.0009 949 0.93
2 TLC (0.1 9) Fe 0.0013 3.84 0.90
Mn 0.0010 299 0.98
3 RSC (0.05 g)+ NS (0.05 g) Fe 0.0042 3.77 0.97
Mn 0.0021 735 0.89
4 TLC (0.05 g)+NS (0.05 g) Fe 0.0008 3.53 0.88
Mn 0.0008 417 0.99
5 RSC (0.04 g)+TLC (0.04 g)+ NS (0.02 g) Fe 0.0032 291 091
Mn 0.0009 822 0.96
6 RSC (0.025 g) 4+ TLC (0.025 g)+ NS (0.05 g) Fe 0.0005 6.74 091
Mn 0.0021 643 0.93
7 RSC (0.015 @)+ TLC (0.015 g)+ NS (0.07 g) Fe 0.0007 945 0.85
Mn 0.0028 641 0.94

The results showed that the performance of NS with RSC is more efficient than other biosorbents combinations. In addition, Fe is absorbed more than Mn. The order
of absorption of the systems is as follows: (2) < (4) < (5) < (1) < (6) < (3) < (7), indicating that the adsorption performance improves with increasing the ratio of NS to other

adsorbents

AA); then, the percentage of removed metal ions in solu-
tion is calculated using following equation:

Co—c,
0

%Removal of metal ions =

x 100% 9)

Here, C, (mg/l) is the Initial concentration and C,
(mg/l) is the final concentration of Fe and Mn ions in
groundwater samples.

Discussion

As mentioned in the introduction, scientific research
notes that biosorbents are very effective in removing
undesirable elements from drinking water sources. The
two main products in northern Iran are tea and rice.

After harvesting, they leave a lot of waste. Green tea leaf
waste and rice straw were collected from farms and then
processed. nanomaterials are attributed to the higher
removal efficiency in adsorption. The use of biomateri-
als as a precursor for developing nanomaterials is a new
research interest nowadays. The concept of green syn-
thesis of nanosorbents from biological systems is envi-
ronmentally friendly and stable. Present work aimed at
developing a suitable nanomaterial-based adsorbent for
the removal of low concentration of iron and manganese
ions from Drinking water sources.

Various analyses (such as XRD, BET, SEM-EDX and
FT-IR) were used to determine their characteristics.
Due to XRD results (Fig. 2), the RSC has an amorphous
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Table 4 Physical characteristics of groundwater in Shaft city
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Inputs

Outputs

Effective parameters

Initial concentration % Removal of metal

ions

Adsorbent Temperature (‘C) pH__ Turbidity (NTU) Color (pt-co) Fe (mg/l) Mn (mg/l) Fe (%) Mn (%)

TLC 24 797 1.1 38 0.57 0.73 88.60 67.26
20 7.81 1.51 20 0.75 1.39 86 75.18
20 742 3.50 21 0.73 1.07 86.99 7813
20 722 551 20 1.26 0.88 83.97 7227
20 7.79 145 22 0.66 149 85 78.05

RSC 20 743 323 15 0.74 0.70 91.76 81.71
20 7.50 5.68 28 0.99 1.02 94.54 90.69
20 7.69 5.19 19 09 1.64 95.11 92.01
20 742 349 14 1.38 0.97 97.90 87.01
20 7.24 849 32 0.96 097 98.02 85.05

The results showed that the proposed methods and adsorbents could be used with good efficiency for removal of undesirable elements from groundwater sources

structure, because there are no peaks that would show
a symmetrical structure. According to the observation
of peaks in TLC, it can be concluded that its structure
is crystalline. In addition, the peaks conform to calcium
carbonate with chemical formula of Ca (CO3). The sur-
face morphology of nano-biosorbents after adsorption
is shown in Figs. 3, 4 and 5, respectively. Based on SEM
analysis, the abundant porous and irregular structure of
the nano-biosorbents could enable the easy access of Fe
and Mn ions into it. In addition, in the sample sent to
the laboratory for EDX analysis, only the amount of iron
and manganese in the sample was given in the results.
It should be noted that the raw sample of the adsorbent
contains Silica, carbon and oxygen. In the final sam-
ple, the highest amount of ions was related to iron and
manganese and other elements were ignored. BET and
BJH analysis (Table 1) was used to measure the specific
surface area and pore size of the adsorbents. With con-
verting ordinary biosorbent (TL and RS) to char (TLC
and RSC) and based on BET analysis, the specific sur-
face area (m?/g) of tea leaves increased from 0.29 (TL)
to 3.45 (TLC); and rice straw increased from 3.70 (RS) to
10.99 (RSC) as well. The results of FTIR analysis (Figs. 6
and 7) pinpoint to the strong interaction between func-
tional groups and adsorbate. The results of the analysis of
adsorbents showed that they can be used to reduce unde-
sirable elements such as iron and manganese from drink-
ing water sources.

The column operation provides more proficient utili-
zation of the adsorbent’s capacity compared to the batch
process. Due to the high rate of drinking water consump-
tion, continuous methods should be used to purify drink-
ing water resources.

In the present study, nano-biosorbents include TLC,
RSC and NS are packed in the column, and iron with
manganese solution of initial concentration 5 mg/l is
passed through it. A polyester membrane filter was
used to hold the adsorbent. According to the pre-tests
performed, the amount of adsorbent was considered
0.1 g. If the amount of adsorbent used is high, the satu-
ration time of the adsorption column will be very long.
The maximum height of the adsorbent in the adsorption
column was 2 ¢cm and the solution containing iron and
manganese entered from the top of the adsorption col-
umn and left the end of the column after contact with
the adsorbent. To keep the solution in the upper part of
the adsorbent, the height of the adsorption column was
considered to be 50 cm. The flow rate was maintained at
10 ml/min, and the pH of the stock solution was 7.9. A
flowmeter was used to show the flow rate. Several con-
trol valves were used to control and regulate the flow
in the process path. The flow was transferred from the
source to the top of the column by a pump. A reciprocat-
ing flow was also used in the flow path after the pump.
The process temperature was controlled by a heat source
installed in the system. Both the source and the absorp-
tion column had a heat source. A heating element was
used inside the source and its temperature was controlled
using a thermostat. A filament heating element was used
to control the temperature of the column. The element
was immersed in water. The temperature of the element
was controlled using a thermostat. The temperature was
30 °C. This was achieved due to the many pre-tests that
were performed.

The composition percentage of nano-biosorbents is one
of the critical parameters in evaluating the adsorption
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performance of sorbent in continuous column studies. The
experiments on seven different nano-biosorbents were
conducted to evaluate the effect of composition percent-
age of nano-biosorbents for continuous removal of Fe and
Mn ions in the packed bed adsorption column. The com-
position percentage applied were 1: RSC (0.1 g), 2: TLC
(0.1 g), 3: RSC (0.05 g) + NS (0.05 g), 4: TLC (0.05 g) + NS
(0.05 g), 5: RSC (0.04 g)+TLC (0.04 g)+NS (0.02 g), 6:
RSC (0.025 g)+TLC (0.025 g)+NS (0.05 g) and 7: RSC
(0.015 g)+TLC (0.015 g)+NS (0.07 g) to determine the
breakthrough of the Fe and Mn solution. When nano-
biosorbents composition percentage changes, conse-
quently, there will be a change in removal percent of Fe
and Mn ions in the column. Figures 8 and 9 represent the
breakthrough curves at different composition percent-
age of nano-biosorbents. The plot clearly shows that the
amount of Fe and Mn ions adsorbed increased with an
increase in NS. The slightly different shape and gradient of
the breakthrough curve could be seen with the variation of
composition percentage of nano-biosorbents. As the NS of
the column was increased, the breakthrough curve shifted
from left to right. The breakthrough occurred slowly for
the Sample number 7 than for 3, 6, 1, 5, 4 and Sample
number 2. The increase in Fe and Mn ions uptake capaci-
ties with higher NS in the column is due to the increase in
specific surface area of the adsorbent. Therefore, more Fe
and Mn ions can be fixed on the active sites of the nano-
biosorbents film. The exhaustion time of adsorbent was
increased for higher NS. The delayed exhaustion time
shows that the bed is able to operate for a longer period
without changing the nano-biosorbents packing. The
higher Fe and Mn ions sorption capacity at higher NS can
also be attributed to the sufficient residence time of the
cation in the adsorption column. This provides ample time
for diffusion or interaction of the Fe and Mn ions with
nano-biosorbents films. The total removal percentage of
Fe and Mn column was seen to increase with NS (Table 2).
For Sample number 7 and 2, g,,(mg/g) of Fe and Mn ions
were 256.56, 244.79, 130.03 and 110.08, respectively. In
addition, the total removal percentage of Fe and Mn ions
(%R) were obtained as 98.05, 97.92, 72.24 and 52.56%,
respectively. A drastic increase in the breakthrough was
seen in the first part of the column operation at a Sam-
ple number 7. The contact period between the Fe and
Mn solution and the adsorbent bed was short at a Sam-
ple number 2. From the continuous study of Fe and Mn
removal in the fixed bed adsorption column with nano-
biosorbents films, it is found that that Sample number 7 is
favourable for treating higher volume of the aqueous solu-
tion. Slower breakthrough and longer residence time of Fe
and Mn ions in the bed could be achieved at lower TLC
and higher NS. Therefore, the results inferred that RSC
and NS significantly influenced both column breakthrough
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time and the nanofilm bed performance. The data obtained
from the column adsorption experiment were applied into
mathematical theories to get information on the influenc-
ing parameters. This gives us a more comprehensive, com-
plete and clear view of the effect of independent variables
in the absorption process.

The correlation between experimental and theoretical
data of column operation was compared with two mod-
els (Table 3). Correlation coefficients for samples 1 to 7
for Thomas and Adams—Bohart model are above 0.83.
The calculated R? values for the experimental conditions
Sample number 7 and 2 shows close agreement (R*>=0.95
and 0.98 for Thomas model and R*=0.94 and 0.98 for
Adams—Bohart model). From the values of the correla-
tion coefficient, the Thomas model was found to fit well
to the experimental data. Adam Bohart correlation was
proved best for the initial part of the adsorption process.

Also in this research, real samples were collected from
groundwater and their iron and manganese levels were
measured using an atomic absorption device. Then,
the samples were placed in the vicinity of plant adsor-
bents (TLC and RSC) using a fixed bed column, and the
amount of iron and manganese in the final samples was
measured again, and the results indicate the good perfor-
mance of the adsorbents.

Overall, the experimental results, breakthrough curves,
and Thomas and Adams—Bohart models showed that the
adsorption capacity of RSC is greater than that of TLC,
and RSC with NS absorbs more Fe than Mn.

Conclusions

The results of the present study proved the ability of RSC,
TLC, and NS in removing Fe and Mn ions. The XRD, FTIR,
SEM-EDX, and BET analyses were applied to characterize
the used adsorbents. The experimental results revealed that
the char made of tea leaves and rice straw with nanosilica
were applicable to remove Fe and Mn ions from ground-
water. The higher percentages of nanosilica resulted in
higher absorption of iron and manganese from the aqueous
solution. Thomas and Adams—Bohart models sufficiently
explained the adsorption of Fe and Mn ions onto nano-
biosorbents in the column mode. The constants for Thomas
and Adams—Bohart mathematical models were calculated.
The g, values of iron and manganese ions removal by the
best combination of TLC, RSC, and NS (the seventh mode)
were 222.56 and 158.56 mg/g, respectively. Meanwhile, the
corresponding N, values were 9.45 and 6.41 mg/l, respec-
tively. In real systems, biosorbents can be used with good
efficiency to remove undesirable elements from ground-
water sources. The results indicated that the impact of rice
straw char was more significant than tea leaves char, and
nano-biosorbents had more iron than manganese ions.
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