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ABSTRACT

Technical feasibility of natural iron-rich sandy soil as a low-cost adsorbent for removal of
lead from water was investigated . The soil, which had an iron content of 3,719 mg/kg, was
collected from Hulu Langat, Malaysia, and was used for adsorption studies without any
surface modification through chemical treatment. The effects of pH, solution: soil ratio and
initial lead concentration on the adsorption efficiency were studied using response surface
methodology based on Box-Behnken experimental design. The results showed that pH of
the solution had the highest impact on the adsorption efficiency whereby adsorption effi-
ciency of 97% could be achieved at pH 3.5-5. The experimental data were also checked for
compliance with different kinetic models and adsorption isotherms. The adsorption process
was found to be rapid monolayer chemisorption with adsorption capacity of 0.9-1.0 mg/g,
as it fitted Langmuir isotherm and followed pseudo-second-order kinetic model.

Keywords: Natural iron-rich sandy soil; Lead; Adsorption; Adsorption kinetics; Adsorption

isotherm

1. Introduction

Lead is reported as a highly toxic material
whereby the maximum allowable concentration in
water is 0.1 ppm for standard A (effluent that is dis-
charged upstream of a water supply intake) and
0.5 ppm for standard B (effluent that is discharged
downstream of a water supply intake) in Malaysia [1].
Lead often contaminates water bodies as well as soil
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environment via different sources such as fertilisers,
pesticides, metal mining, milling and smelting pro-
cesses [2,3]. Inhalation and ingestion of lead can cause
poisoning and even death to human as it accumulates
in the organs. Lead can cause serious health effects
such as loss of memory/brain damage, nausea, insom-
nia, anorexia and weakness of joints. Moreover, it may
also inhibit the synthesis of haemoglobin, causing dys-
function on kidneys, joints and systems such as repro-
ductive system, cardiovascular system, central
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nervous system and peripheral nervous system [2,3].
Therefore, it is necessary to ensure that lead is effec-
tively removed from water before consumption.

Adsorption is one of the water treatment tech-
niques for removing heavy metals. It is the most
favourable method due to its simple design [4] and it
does not add undesirable by-products [5]. Several
types of adsorbents have been studied by researchers
on lead removal from water such as activated carbons
[6-10], resin [11], treated acorn waste [12], sea nodule
[13], copolymer [14], pomegranate peel [15] and clays
[16-19]. Metal oxides such as iron oxides, manganese
oxides and aluminium oxides were also used for lead
adsorption, taking advantage of their high surface area
and charge for trapping metal ions [20-24]. Iron oxi-
des are often coated on supports such as sand and
crushed brick [20-23], and lead adsorption capacities
of 0.34-5.49 mg/g are reported for these coated sands
[20-23].

In this study, natural high-iron sandy soil from
Hulu Langat, Malaysia, was used as a low-cost adsor-
bent for adsorption of dissolved lead in water without
further surface modification through chemical treat-
ment. The feasibility of the adsorbent was evaluated
by investigating the effects of pH, solution: soil ratio
and initial lead concentration on lead adsorption. The
study was conducted using response surface method-
ology (RSM) based on Box-Behnken experimental
design in order to assess the interaction effects
between the key operating parameters. Moreover, the
adsorption isotherm and kinetics for lead on the soil
were also evaluated using various models to establish
the adsorption mechanism as well as adsorption
capacity of the soil.

2. Materials and methods
2.1. Chemicals and materials

Lead nitrate, Pb(NOj3),, nitric acid and sodium
hydroxide were supplied by R&M Chemicals, Malay-
sia. The adsorbent used in this study was natural
sandy soil with high-iron content (maghemite),
obtained from Hulu Langat, Malaysia. The soil was
naturally dried to remove moisture and was sieved to
<0.85 mm size before use. The characteristics of the
soil are shown in Table 1.

2.2. Response surface methodology

Technical feasibility of the natural iron-rich soil as
low-cost adsorbent under different operating parame-
ters was evaluated using RSM as this technique
requires fewer experiments than normal factorial
design. RSM is a collection of mathematical and
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statistical techniques that are useful for the modelling
and analysis of problems for which a response on out-
come is influenced by several variables [25]. An
approximation for the true functional relationship
between the independent variables and the response
can be obtained by RSM and analysis of variance
(ANOVA) in the form of polynomial equation, as
shown in (Eq. (1)) where y is the response, f is the
regression coefficient, and x are the independent
parameters [25].

3 3 2 3
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In this study, Box-Behnken experimental design
was used. This is a spherical three level design by
combining 2 factorial with incomplete block design,
and it is generally efficient in terms of number of
required runs in comparison with central composite
design [25]. Three parameters were investigated in the
present work, namely: (i) pH of the solution, (ii) solu-
tion: soil ratio and (iii) initial lead concentration,
which have a bearing on its speciation in the solution
as well as the effective contact area between lead and
the soil surface, thus affecting the adsorption perfor-
mance. The levels for each parameter are as shown in
Table 2. Table 3 shows that a total number of 17
experiments are suggested by Box-Behnken design,
with five replicates centre point experiment (Level = 0)
for estimating the errors. The experiments were con-
ducted in random sequences as suggested by the
design to minimise the unknown nuisance effect on
the response, which was the adsorption efficiency in
this study.

2.3. Adsorption test

Adsorption test was conducted by mixing 10 g of
soil with Pb(NOs), solution at different operating
parameters in a conical flask. The mixture was then
homogenised using a mechanical shaker at 150 rpm
for 24 h at room temperature. Liquid sample was
taken after the experiment, and suspended particles
were removed by filtration. Lead concentration in the
aqueous sample was determined by ICP-OES, and the
adsorption efficiency was calculated using (Eq. (2)).
The sequence of the experiments and the results are as
shown in Table 3.

Adsorption efficiency, %
_Initial Pb concentration — Final Pb concentration
o Initial Pb concentration

@
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Table 1
Characteristic of natural iron-rich sandy soil
Soil particle size distribution Soil metal content
Sand (>50 pm) 92% Iron (mg/kg) 3,719
Silt (2-50 pm) 6% Aluminium (mg/kg) 2,400
Clay (<2 pm) 2% Manganese (mg/kg) 185
Soil properties Value Magnesium (mg/kg) 635
pH 3.97 Lead (mg/kg) 11
Specific gravity 2.5 Zinc (mg/kg) 18
CEC (meq/100 g) 5.1
Organic matter content 1.4%
Table 2 . calculated using (Eq. (3)). The data obtained for equi-
The level and range of the parameters studied librium lead concentration in both solution and soil
Level were fitted to four isotherm models, namely Langmuir
isotherm, Freundlich isotherm, Temkin isotherm and
Symbol  Parameters -1 0 1 Dubinin-Radushkevich isotherm.
A pH 2 35 5 _ _
B Solution:soil ratio (mL/g) 1 55 10 3. Results and discussion
C Initial lead concentration (ppm) 20 60 100

2.4. Adsorption capacity and kinetic study

The capacity of sandy soil for lead adsorption was
determined from shake flask study by contacting 10 g
of soil with 200 mL of 150 ppm lead solution. The
mixture was vigorously shaken in an orbital shaker at
175 rpm. Lead concentration in the solution at differ-
ent time interval was analysed using ICP-OES, and
the adsorption capacity of the soil was calculated
using (Eq. (3)). The adsorption data were fitted to six
kinetic models, namely pseudo-first-order kinetic
model, pseudo-second-order kinetic model, Elovich
model, second-order kinetic model, film diffusion
mass transfer kinetic model and double exponential
model.

Initial Pb in the solution — Final Pb inthe solution, mg

3.1. Characterisation and surface morphology of sandy soil

Characterisation study was carried out for the
virgin soil. The results for FTIR as shown in Fig. 1(a)
suggest that the soil is mainly silicon dioxide with high
silicon (Si) content as most of the peaks observed are Si
related such as Si-O-Si stretching (peak: 1,035.7-
1,084.02 cm™Y), Si-C stretching (peak: 2,359.02 cm™Y)
and O-H stretching (peak: 3,447.53-3,694.62 cm™") [26].
In addition, the Fe-O stretch peaks at 464.64, 529.23,
690.32 and 781.95 cm™' also indicated the presence of
maghemite as the main iron species in this soil [27-29].
BET analysis shows that the sandy soil has surface area
of 2.3126 m?/g, with limited pore volume and average
pore size of 0.0012 cm>/g and 20.4 nm, respectively.
Fig. 1(b) depicts that the nitrogen adsorption-
desorption isotherm on the sandy soil at 77 K is an

Adsorption capacity, mg/kg =

2.5. Adsorption isotherm

Each batch of adsorption test was carried out with
4 g of soil and 100 mL lead solution having lead con-
centration, ranging from 20 ppm to 100 ppm. The tests
were conducted for five hours in an orbital shaker at a
rotational speed of 175 rpm. The lead concentration in
the solution before and after adsorption was deter-
mined by ICP-OES, and the adsorption by soil was

3)

Mass of soil used, kg

intermediate between type II and type IV isotherm
with a hysteresis loop, as per IUPAC guideline [30,31].
This trend suggested that the soil was generally a non-
porous/macroporous material, with limited mesopores
for capillary condensation [30,31]. The mesopores
could be mainly due to the rough surface on the soil,
as depicted in Fig. 1(c) from the result of scanning elec-
tron microscope (SEM). The rough surface could be
attributed to the deposition of iron and other minerals
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Table 3
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Parameters studied in Box-Behnken design and the experimental results

Initial concentration

Final concentration ~ Adsorption efficiency

Std Run  Block pH  Solution:soil ratio (ppm) (ppm) (%)
9 1 Block 1 3.5 1 20 2.72 86.41
5 2 Block 1 2 55 20 17.83 10.84
6 3 Block 1 5 55 20 1.57 92.15
14 4 Block 1 3.5 5.5 60 12.12 79.79
7 5 Block 1 2 55 100 80.85 19.15
15 6 Block 1 3.5 55 60 12.95 78.42
12 7 Block 1 3.5 10 100 2.56 97.44
16 8 Block 1 35 55 60 9.74 83.76
4 9 Block1 5 10 60 23.60 60.67
13 10 Block 1 3.5 5.5 60 12.89 78.51
11 11 Block 1 35 1 100 2.72 97.28
17 12 Block 1 3.5 55 60 10.96 81.73
1 13 Block 1 2 1 60 54.42 9.3

3 14 Block 1 2 10 60 58.38 2.71
10 15 Block 1 3.5 10 20 1.65 91.77
8 16 Block 1 5 5.5 100 18.08 81.92
2 17 Block 1 5 1 60 3.04 94.94

on the soil, which was in line with the observations
made by Boujelben et al. [21] and Ahmedzeki [20].
However, it is observed from Fig. 1(d) that significant
pore reduction occurred after the adsorption
experiment, suggesting the interaction between lead
solution and soil interface, as well as lead adsorption
on the soil surface.

3.2. ANOVA analysis and model diagnosis

ANOVA is an important tool in statistical analysis.
It analyses the impact of experimental parameters in
affecting the response. Table 4 shows ANOVA for the
adsorption efficiency. There are three parameters,
namely pH (A), solution: soil ratio (B) and initial con-
centration (C). The model has F-value of 2,029.57 with
probability > F of less than 0.0001. This indicates that
the model has significant confidence level of >99% as
there is only 0.01% chance that the model F-value this
large could occur due to noise. Besides that, the “lack
of fit F-value” of 3.15 also implies that the lack of fit
for the proposed mathematical model relative to pure
error is not significant. There is 14.84% chance that the
lack-of-fit F-value this large could occur due to noise.
Non-significant lack of fit is good and the model fits
well with the experimental data. From the model, it is
found that pH (Parameter A) has more dominant
effect than solution: soil ratio and initial concentration
of the system as it has lowest Probability > F value at
<0.0001 in comparison with solution: soil ratio (0.4127)
and initial lead concentration (0.1469). Other
parameters A%, C?, AB, AC and A?B which have

Probability > F of less than 0.05 are considered as
significant model terms.

In terms of goodness-of-fit R?, the difference
between predicted R* (0.9687) and adjusted R* (0.9912)
confirms that the model fits the experimental data
well. Moreover, an adequate precision of >4 (38.5851)
for this model further justifies the adequacy of the
model. The model’s validity is further strengthened by
the diagnosis of normal probability plot, as shown in
Fig. 2(a), whereby no abnormality is found in the
model. Also, Fig. 2(b) shows that the predicted value
fits the actual result well as they have a deviation of
3.17% only (less than 5%). Thus, the mathematical
model proposed is statistically valid for space naviga-
tion, as shown in (Eq. (4)), where A, B and C repre-
sent the pH (2-5), solution: soil ratio (1-10) and initial
concentration (20-100 ppm), respectively.

Adsorption efficiency, % = —159.13129 + 115.76367A
—11.13131B — 0.50492C
— 11.64526A% 4 0.090691B>

+6.84156 x 1073C2
+6.99111AB — 0.077250AC
—1.14519A°B

4)

3.3. Effect of pH and solution: soil ratio on adsorption
efficiency

Fig. 3 shows the effect of solution: soil ratio as well
as pH on the efficiency of lead adsorption on the
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Fig. 1. Characterisation study for the sandy soil: (a) FTIR spectra, (b) adsorption-desorption isotherm for nitrogen at
77 K, (c) SEM analysis on surface morphology of the virgin soil, and (d) SEM analysis on surface morphology of the soil

after adsorption.

sandy soil. The pH range in this study was 2-5 as lead
hydroxide precipitation was observed at pH 6 and
above. The result revealed that the pH of the aqueous
solution strongly influenced the adsorption process,

whereby higher pH showed better adsorption effi-
ciency. This is in line with the works of other
researchers which claimed that higher adsorption was
achieved at higher pH in the range of 2-6 [20-24].
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Fig. 1. (Continued).

Adsorption competition between lead and proton
could occur at low pH condition [17,24]. Besides that,
the adsorption of protons on soil surface which impart
a positive charge to the soil may induce electrostatic
repulsion between soil and lead ions as well
[17,32,33]. Moreover, possible dissolution of iron from
soil could be another reason for low Pb adsorption as
the number of binding site had been reduced under
low pH condition. These phenomena could be the

WD=57mm Mag= 1000KX
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main reason for low adsorption efficiency at low pH.
In contrast, higher pH increased the number of nega-
tively charged sites on soil surface via surface depro-
tonation and this enhanced the electrostatic attraction
between lead ions and soil surface, which increased
the adsorption efficiency [23,32,33].

The pH was also found to influence the effect
given by solution: soil ratio. Under low pH condition,
the increase in solution: soil ratio only affects the
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Table 4
ANOVA analysis for adsorption efficiency
Source Sum of squares DF Mean square F value Prob. > F
Model 18,266.16 9 202.9 202.09 <0.0001 Significant
A 10,344.97 1 10,344.97 1,030.09 <0.0001
B 7.62 1 7.62 0.76 0.4127
C 26.72 1 26.72 2.66 0.1469
A? 6,863.24 1 6,863.24 683.40 <0.0001
B> 14.20 1 14.20 1.41 0.2732
C? 504.53 1 504.53 50.24 0.0002
AB 191.55 1 191.55 19.07 0.0033
AC 85.93 1 85.93 8.56 0.0222
A’B 268.89 1 268.89 26.77 0.0013
Residual 70.30 7 10.04
Lack of fit 49.39 3 16.46 3.15 0.1484 Not significant
Pure error 20.91 4 523
Cor total 18,336.46 16
Std. Dev. 3.17 R? 0.9962
Mean 67.46 Adjusted R? 0.9912
cv 4.70 Predicted R 0.9687
Press 574.13 Adequate precision 38.5851
(@) (6) g - p=
w] l::/'/ﬂ
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Fig. 2. (a) Normal probability plot for the data and (b) Predicted results and actual results for adsorption efficiency.

removal efficiency slightly, as illustrated in Fig. 3. At
pH 2, the increase in solution: soil ratio from 1 to 10
only reduces the adsorption efficiency from 9.3 to
2.71%. However, at pH of 5, the adsorption efficiency
was found to reduce greatly from 94.94 to 60.67%.
Reduction in adsorption efficiency was expected when
the solution: soil ratio was increased, lowering the
specific contact area for effective collision between the
soil and solution, as reported by Chaari et al. and
Ahmedzeki [17,20]. Under low pH condition, lower
availability of binding sites limited lead adsorption
onto soil compared to the decrement in the specific
contact area between the soil and solution when

solution: soil ratio was increased. In contrast, high pH
condition provided higher number of binding sites
and thus the effect of decrease in specific contact area
became much more significant when solution: soil
ratio was increased.

3.4. Effect of pH and initial lead concentration on
adsorption efficiency

Fig. 4 shows that initial lead concentration has
minor effect on adsorption efficiency, and the effect is
strongly dependent on the pH of the system. The use
of higher initial concentration from 20 to 100 ppm at
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pH 2 increased the adsorption efficiency from 10.84 to
19.15%. At this pH, lead adsorption was low as there
was limited number of binding sites available. As the
initial concentration increased, higher collision rate
between lead and soil surface occurred [34], which
offered a higher chance of lead adsorption via binding
on the soil. Consequently, the adsorption efficiency
was enhanced. However, a different observation was
made as the pH was increased to 5. Adsorption effi-
ciency slightly decreased from 92.15 to 81.92% when
the initial concentration was increased from 20 to
100 ppm. This trend was also observed in the work of
Chaari et al. [17] and Ahmedzeki [20]. However, it
was worth noting that this was mainly due to mathe-
matical calculation of the adsorption efficiency. Chaari
et al. [17] claimed that the increase in initial lead con-
centration increased the ratio of the number of lead
ions present in solution to the number of available
adsorption sites, thus decreasing the adsorption effi-
ciency. Nevertheless, the amount of lead adsorbed
was found to increase for higher initial concentration,
as shown in Run 3 and Run 16 in this study (1 and
4.5 mg lead adsorbed, respectively) due to higher colli-
sion rate between lead and soil surface.

3.5. Adsorption capacity and kinetics

Fig. 5 shows the changes in lead concentration in
(a) solution and (b) soil with time at different pH
values. It was found that adsorption process was

96.813
73.2674
49.7218

26.1762

2.63056

Adsorption efficiency , %

10.00

5.50

B: Solution: soil ratio 325
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rapid at initial stage whereby high adsorption rate
occurred once the solution was in contact with the
sandy soil and equilibrium was achieved in less than
one hour. Similar trend was also observed when iron
oxide nanotubes based on maghemite, which was the
type of iron in the soil studied, were used as an adsor-
bent for removing lead [33], copper, nickel and chro-
mium [35]. Fast adsorption rate could be mainly due
to external surface adsorption mechanism [35]. As the
adsorption sites were available on the soil surface, the
interactions between lead and the active sites took
place readily. Thus, adsorption was rapid. Similarly,
rapid adsorption process was also reported for iron
oxide-coated sand whereby the equilibrium adsorption
was reached within one [20,21,24] to three hours [23].
Kinetic study for lead adsorption on the sandy soil
was conducted to determine the adsorption rate con-
stant and initial adsorption rate of lead to the soil. Dif-
ferent kinetic models were fitted to the adsorption
data. The slope, intercept and R* values of the linear
model fitting are as shown in Table 5. The experimen-
tal data and the kinetic models were in agreement at
pH 5, while the models failed to represent test data at
pH 2 due to insignificant trend on lead adsorption.
Table 5 shows that the result is best fit in pseudo-sec-
ond-order kinetic model as this model shows rela-
tively high R”> at 0.9969; the curve fitting for this
model is as shown in Fig. 6. This kinetic model was
also accepted by researchers who utilised iron-coated
sand [20,24] and maghemite nanotubes [32] in lead
adsorption. From this model, the adsorption rate

5.00

A pH

1.00 200

Fig. 3. Interaction effect between solution: soil ratio and pH on adsorption efficiency (initial concentration, 60 ppm).
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Fig. 4. Interaction effect between initial concentration and pH on adsorption efficiency (solution: soil ratio: 5.5).
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Fig. 5. Changes of lead concentration with time at different pH in: (a) solution and (b) soil.
Table 5
Slope, intercept and R? of the kinetic models for lead adsorption on soil under pH 5
Model Linear equation Slope Intercept R?
Pseudo-first-order kinetic model log(ge — q¢) = logge — %t -0.003 2.0683 0.3708
Pseudo-second-order kinetic model qi, = Vio + qlft; Vo = kpzqf 0.001 0.0006 0.9969
Elovich model g =aln(ax) + olnt 14.642 871.24 0.089
Second-order kinetic model C% = kot + CLO } 5x1077 0.0094 0.0401
Film diffusion mass transfer kinetic model ln(l - %) = —R';R' = % —0.0148 0 -1.17
Double exponential model (DEM) In(ge — q¢) = ln% — Kyt —0.0069 4.7625 0.3708

constant, initial adsorption rate and adsorption capac-  3.6. Adsorption isotherm
ity for the sandy soil under investigation were deter-
mined as 0.001667/(mg/kg) min, 1,666.67 mg/kg min
and 1,000 mg/kg, respectively.

The data points were fitted into different isotherm
models in order to identify the adsorption mechanism
of lead on the sandy soil. Table 6 shows that the
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Table 6
Adsorption isotherms for lead adsorption on soil under pH 5

Slope Intercept R? Quax K, n Ky A b B
Langmuir 0.0011 0.0047 0.9954  909.091 0234 - - - - -
Freundlich 0.2058 2.5791 09876 - - 4859 13185 - - -
Temkin 129.8 333.11 09945 - - - - 1476  19.088 -
DR 7.00E-07  6.6726 0.8887  790.4481 - - - - - 7.00E—07
Table 7
Comparison on the adsorption capacity of the studied soil and other modified sands
Name of adsorbent Adsorption capacity (mg/g) Iron content Reference
Iron oxide-coated sand 0.3375 30mg/g [20]
Iron oxide-coated sand 1.211 Not mentioned [23]
Iron oxide nanoparticle-coated sand 2.09 57mg/g [38]
Naturally iron oxide-coated sand 2.85 512mg/g [21]
Naturally iron-rich sandy soil 0.91-1.00 3.719 mg/g Present study

results for curve fitting using Langmuir, Freundlich,
Temkin and DR models. Langmuir isotherm has the
best fit with R? value of 0.9954, and the maximum
adsorption capacity is found to be 909.091 mg/kg.
Several studies also reported that the adsorption of
lead on iron oxide-coated sand and maghemite nano-
tubes followed Langmuir adsorption isotherm
[21,23,24,32]. Dada et al. [36] suggested that Langmuir
isotherm was valid only for monolayer adsorption on
a surface containing finite number of identical sites
and no transmigration of adsorbate in the plane of the
surface. Thus, it could be interpreted that lead adsorp-
tion on natural high-iron content sandy soil conforms
to another published works that proposed monolayer
chemisorption mechanism of lead on the iron-coated
sand [24] and maghemite nanotubes [32]. Chemisorp-
tion is a chemical adsorption process which occurs by
the formation of chemical bond between the adsorbate

1200

o0
¢ *

l 4
§ 000 3 ry "
= ¢ o *
S 800 @
A
E 6009
=
-]
§ 400 A
£
3 200 A ¢ pH 5 Experiment
2
~ = pH 5 Prediction

0 T T T
0 100 200 300 400

Time, minutes

Fig. 6. Curve fitting for Pb adsorption on the sandy soil
using pseudo-second-order kinetic model.

(heavy metals) and adsorbent surface (soil surface).
Due to its dependency on the adsorbent surface area/
active sites, this process appears to follow a mono-
layer mechanism [37]. In this study, significant
amount of iron (3,719 mg/kg) served as binding sites
for lead adsorption on the soil and no further binding
was detected after saturation, indicating the behaviour
of monolayer chemisorption process.

3.7. Comparison of adsorption performance

Table 7 shows the comparative performance of dif-
ferent types of sands on lead adsorption. It is found
that the sandy soil used in this study has comparable
adsorption capacity as artificial iron oxide-coated sand
[20,23,38]. The adsorption capacity is proportional to
iron concentration in the soil whereby higher iron con-
centration provides higher adsorption capacity. This is
observed in Table 7 that an iron content of >5 mg/g
provides Pb adsorption capacity of >2 mg/g, whereas
the present study which has 3.719 mg/g of iron con-
tent only shows 0.91-1 mg/g of adsorption capacity.
However, it is worth noting that iron content is not
the only factor that affects the adsorption capacity of
soil as other properties such as carbonate and organic
matter contents may contribute to adsorption process
as well [39].

4. Conclusions

Technical feasibility of natural iron-rich sandy soil
as low-cost adsorbent was investigated in this study
using RSM based on Box-Behnken design. The sandy
soil showed promising results for lead removal from
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water due to its high adsorption efficiency (97%). The
study revealed that pH had highest impact on the
adsorption process, and in particular, pH 3.5-5 pro-
vided the best adsorption efficiency. In comparison
with pH, solution: soil ratio and initial lead concentra-
tion showed minor effects. Nevertheless, lead adsorp-
tion efficiency was found to reduce significantly when
solution: soil ratio was increased, especially under
higher pH due to lower specific contact area for effec-
tive collision between soil and lead in the solution.

The adsorption of lead on the sandy soil was a
monolayer  chemisorptions  process. Adsorption
occurred mainly by the formation of chemical bond
with the iron available on the soil. This was supported
by adsorption isotherm analysis as Langmuir isotherm
showed the best fit in this study. The adsorption pro-
cess was rapid and was comparable to maghemite
nanotubes and other iron-coated sands, as discussed
in Section 3.5. The adsorption process followed
pseudo-second-order kinetic model with adsorption
rate constant, initial adsorption rate and adsorption
capacity of 0.001667/(mg/kg) min, 1,666.67 mg/kg min
and 1,000 mg/kg, respectively.

Unlike normal sand, natural iron-rich sandy soil is
suitable for application as adsorbent without any sur-
face treatment as it provides adsorption sites for lead
adsorption from water with reasonable adsorption
capacity (0.9-1.0 mg/g). Although it has a lower
adsorption capacity in comparison with other modi-
fied sands and adsorbents, it does not need any sur-
face modification through chemical treatment and its
abundance in Hulu Langat area may offer an opportu-
nity for its commercial use as an adsorbent for lead.
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Abbreviations

A — initial adsorption rate for Elovich kinetic model
(mg/ (kg min))

A — Temkin isotherm equilibrium binding constant
(L/kg)

4 — desorption constant

B — Temkin isotherm constant

B — Dubinin—-Radushkevich isotherm constant

(mol® k/J%)
initial lead concentration in the solution (ppm)
lead concentration in the solution at time ¢t

(ppm)

Co —
C —
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D,) — effective liquid film diffusion coefficient
(cm?/min)

D, — sorption rate parameters for slow step in DEM
model (mg/L)

k” — equilibrium constant of adsorption for film
diffusion mass transfer rate equation

k,1  — adsorption rate constant for pseudo-first-order
kinetic model (1/min)

k,, ~ — adsorption rate constant for pseudo-second-
order kinetic model (kg/(mg min))

k> — rate constant for second-order kinetic model
(L/(mg min))

K> — rate constant for slow rate in DEM model (1/
min)

K — Freundlich isotherm constant (mg/kg)

K,  — Langmuir isotherm constant (L/mg)

m, — amount of adsorbent in the solution for DEM
model (g/L)

n — adsorption intensity of the adsorbent for
Freundlich isotherm

e — adsorption of lead per unit adsorbent at
equilibrium, adsorption capacity (mg/kg)

g — adsorption of lead per unit adsorbent at time ¢
(mg/kg)

Quax maximum adsorption capacity (mg/kg)

7o — radius of adsorbent beads (cm)

Arg  — thickness of liquid film (cm)

R! — liquid film diffusion constant (1/min)

T — time (min)

Vo  — initial sorption rate for pseudo-second-order
kinetic model (mg/ (kg min))
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