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Abstract. The aim of the study is the assessment the performance of the suggested adsorbent.
After testing a number of pH values to achieve this objective, it was found that the best lead
ion removal efficiency occurred during batch studies at pH 5. According to studies on how
agitation speed affects batch adsorption, 180 rpm is the appropriate shaking speed. The optimal
contact time for the operation was 180 minutes. Furthermore, as the contact time rose, the
adsorption effectiveness improved. The effectiveness of the rice husk’s absorptive ability and
elimination of Lead (Pb) from aqueous solutions was evaluated. The findings revealed that Pb
has 92% elimination efficiency. The greatest capacity of Pb adsorption of the suggested
adsorbent in a batch system was 6.93 mg/g. Three models have fitted to a number of
equilibrium isothermal tests: Langmuir, Freundlich, and Temkin. With a correlation coefficient
of R2 0.98, the Freundlich isotherm model offered the greatest match-up with the experiments
for this system. The rice husk equilibrium isotherms were of a favorable type. The kinetics of
lead ions adsorption onto rice husk appears to be best described by the intra-particle diffusion
model. According to the correlation coefficient (R?) comparison values of each curve for the
four models where were the values (Intra-particle diffusion > Pseudo-Second Order > Pseudo-
First Order > Elovich). The findings suggest that rice husk is a potential material for
eliminating impurities and pollutants from wastewater. It is a powerful adsorbent that is
capable of efficiently removing a number of heavy metal contaminants from wastewater.

Keywords: Rice Husk, Lead lons, Adsorption, Isotherm, Kinetics.

1. Introduction

Heavy metals and other pollutants pose major risks to the environment. Because of industrial activities:
such as refining, tanneries, mining, battery industries, paper industries, fertilizer industries, and pesticides,
they are exposed to aquatic streams. Ecosystems, human health, and aquatic plants and animals are all
impacted by water pollution. The main poisonous and dangerous materials for people and other forms of
life are heavy metals like nickel (Ni), mercury (Hg), cadmium (Cd), vanadium (V), selenium (Se),
chromium (Cr), copper (Cu), iron (Fe), arsenic (As), cobalt (Co), zinc (Zn), and lead (Pb) [1]. A famous
industrial and environmental pollutant is lead (Pb). It can be found in trace levels in food, water, soil, and in
the structure
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of both inorganic and organic materials. The application of lead paint on buildings outside the walls
primarily comes from lead pollution in the environment. In addition, lead exposure occurs in over 900
professions, including those that refine, mine, smelt, weld, paint, make stained glass, and make
ceramic glass, leading to lead poisoning [2]. Thirty-five hazardous metals exist including 23 heavy
metals. These metals are included in foods naturally and are good for human health in tiny doses.
Conversely, when environmental heavy metal concentrations exceed safe levels, they may get into the
food chain and have harmful and hazardous effects on the health of people. Health threats arise from
acute contact with heavy metals in water. According to World Health Organization (WHO)
recommendations and national standard limits (NSLs), the average concentrations of heavy metals and
their carcinogenic and non-carcinogenic hazards were established. The average concentrations of Pb
and the range where 4.66 + 0.32 pgL™1, (0.10-14.22 pgL™1) respectively. As a result, it is critical to
watch over and restrict the body’s exposure to heavy metals. Notably, drinking water is thought to be
the source of 10-20% of all lead (Pb) pollution in people, thus WHO in drinking water limits the
amount of lead (Pb) to 10 mg/L (WHO, 1993). Usually, in drinking water, Pb contamination is caused
by water pipe corrosion that contains Pb [3]. So, the content of this metal has to be decreased to a
point that complies with environmental standards for different water bodies. Membrane filtration,
precipitation, reduction, oxidation, biological process, adsorption, and ion exchange are the most
employed methods for pb (II) ions removal from aqueous solutions [4]. Since it has a great surface
area as a result of the porous surface structure, environmental safety and simplicity of usage, activated
carbon adsorption is frequently utilized. However, because activated carbon is expensive, alternative
adsorbents have been created that have comparable properties but are less expensive [5]. The pb (II)
ions adsorption amount from aqueous solutions of waste rice husk, which was used as the source
material in this work instead of granular activated carbon, was assessed. Moreover, the influences of
initial pH, adsorbent dose, and metal ion concentration on rice husks under kinetic and equilibrium
circumstances were examined.

2. Experimental

2.1. Materials and Method

The mill in the Iraqi city of Ghammas, Diwaniyah Governorate, provided the rice husk used in this
experiment. In order to remove dirt and impurities, this husk was repeatedly rinsed with tap water.
Then, it was washed with distilled water and dried for two hours at 105 °C in an oven. The rice husk
(Adsorbent Material) was crushed by a high-speed multi-functional crusher and sieved to varied
particle sizes to enhance the surface area, which increases the adsorption capacity. Then, it was
modified by acidic solution (phosphoric acid H:POswas used) (1 percent v/v) to treat rice husks that
have been broken to pass through various sieve volumes to be an adsorbent of uniform size (1.18-2
mm) and (2-3.35 mm). After that, it was dried for three hours at 80 °C to remove moisture after
rinsing numerous times with non-ionized water until the pH reached 6. After drying, rice husk was
placed for two hours in an electric muffle furnace that had been preheated to 300 °C to activate it and
increase its adsorption efficiency.

Table 1. Properties of rice husk [6].

Moisture content % 6.62
Surface basicity meq/gm. 0.45
Surface Area (m2 /g) 272.5
Solid density g/ml 1.5
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2.2. The Aqueous Solution’s Preparation

Because heavy metals have long been recognized as ecotoxicologically hazardous chemicals.
Moreover, because of their chronic toxicity and propensity to accumulate in living organisms, they
were chosen for this inquiry [1]. The lead (Pb) metal was experimented with in this investigation. To
reach the desired level of metal ions in wastewater, the metal salt, Pb(NO3)2.2H,O was dissolved in
distilled water. To accomplish in distilled water, a metal ions concentration of 100 mg/L, the following
equation was utilized [7]:

W:V><Ci xM
AtWt

Where C; donates initial metal ion concentration in solution (mg/L). V refers to the volume of solution
(L). W donates heavy metal salt weight (mg). At.Wt is the weight the atomic metal ion (g/mole). M. Wt
is metal salt molecular weight (g/mole). Adsorption tests were performed in the experiment using
synthetic solutions with a pH of 6 at a temperature of 25 £ 5 °C.

2.3. Batch mode adsorption studies

The influence of experimental variables, including initial adsorbent dose (0.5-3.0 g/100mL), pH (3-9),
metal ion concentration, temperature (25+5 °C), agitation speed (100-250 rpm), contact time (90-210
min), and on the adsorptive elimination of pb(Il) ions for a predetermined duration of contact time in
an operation batch mode were investigated in this experiment. Pb(NO3)2.2H20 was dissolved in
distilled water to create pb(Il) solutions, which were diluted to the appropriate starting concentration
after being employed as a stock solution. For kinetic investigations, six flasks were filled with 500 mL
of pb(Il) solution with Co = 79.28 mg/I initial concentration and initial pH=5. For every 100 ml of
water in this investigation, weighted amounts of adsorbent ranged from 0.5 to 3 g. Then, stirred in a
thermostatic rotary shaker rpm=180 for 180min contact time at a consistent temperature of 25 °C. The
adsorbent was periodically filtered away from the samples. Moreover, an atomic absorption
spectrometer was used to examine the filtrate, model ASC-7000, operating at a wavelength of 283.8
nm. The following equation was used to compute the proportion of lead ions removed [8]:

% Adsorption = Co=Ce 100
Co

: : : Vi(Co—Ce)

The adsorbed amount was determined by the equation g : g, e
o

Where: g, is the equilibrium uptake (mg/g). V is the solution volume (l). C, is the equilibrium
concentration (mg/l). wyis the adsorbent mass (g). Cjis the initial concentration (mg/l). Table 2
shows the outcomes.

3. Results and discussion

3.1. Equilibrium Isotherm for adsorption of lead ions

Adsorbent dose is a crucial factor since it establishes an adsorbent's capacity for a specific initial
adsorbate concentration. When pb(Il) ions were removed from aqueous solutions, the influence of
adsorbent dose was investigated by altering the amount of rice husk from 0.5 to 3.0g. The results
showed that the low-cost adsorbent rice husk was exceptionally effective at removing pb(Il) from its
solution, Figure 2 demonstrated that as the adsorption dosage was elevated from 0.5 to 3 g/L, the
amount of pb (II) ions adsorbed decreased from 6.93mg/g to 2.42 mg /g. As is shown in Table 2: 6.93
mg/g of lead is the maximum quantity that rice husk can bind. Pb(Il) greatest absorption was reached
at low adsorbent dose, but its maximum elimination efficiency was attained at high adsorbent dose.
This happens as a result of the adsorption process's adsorption sites still being unsaturated.
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Table 2. Equilibrium Isotherm of Rice Husk with Pb(II) at (Lead
concentration Cp = 79.28 mg/L, pH = 5, contact duration = 180
min ,and agitation speed = 180 rpm).

w(g) (mg/g)q. (mg/)C, Removal %
0.5 6.93 44.6 43.74

1 491 30.16 61.45
15 3.99 19.32 75.63

qe (mg/g)
Qo = NoOOW iy nioo; ~ o

[+] 10 20 30 40 S0
Ce (mg/1)

Figure 1. Equilibrium Adsorption Isotherm of Pb(Il) onto Rice Husk at pH=5.
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Figure 2. Adsorption Capacity at different adsorbent dose at pH=5

3.2. Adsorption Isotherm Modeling

The adsorbate equilibrium amount adsorbed on the adsorbent surface (g,) is compared to those still
available in the majority of the solution using the mathematical model known as the adsorption
isotherm (Ce) [9]. For the purpose of summarizing the experimental information collected for several
adsorption methods, three isotherm models have been reported in this work. Specifically, Temkin,
Freundlich, and Langmuir models were applied to fit the data of experimental equilibrium.

The Langmuir isotherm model predicts that monolayer adsorption will occur on a predetermined
several localized locations on a surface of adsorbent. Additionally, this model presupposes that a
surface of adsorbent is comprised of various surface locations with homogeneously equal enthalpies,
but without any subsequent movement of molecules that have been adsorbed in the surface plane or
interactions between nearby molecules of adsorbate [10]. This isotherm was expressed by the
following equation [11]:

X Omk Ce

VIR Ki Co

Where: C,: The solution equilibrium concentration (mg/l). X: @pqx 18 the maximum adsorption
capacity. The mass of the adsorbate (mg). g,: is the amount of pb (II) ions adsorbed per unit mass of
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adsorbent (mg/g). M: adsorbent mass (mg).and K is the adsorption rate (adsorption equilibrium
constant).

The Freundlich isotherm model predicts endless surface coverage on a heterogeneous surface and the
creation of an infinite number of multilayers of adsorbed species. The adsorbent surface sites
enthalpies, according to a logarithmic distribution, the sites with a higher affinity for the adsorbate
which have greater energy are occupied first, then the sites with lower energy. The sorption procedure
is averaged over all sites, this isotherm was expressed by the following equation [12].

X /
Oe :a:kF an

kr and n are Freundlich constants, which relate to the adsorption capacity and the adsorption
favorability, respectively, C, and g, as previously defined. The value of n in particular shows how
favorable the adsorption process is. Favorable adsorption is inferred when "n-value" is between 2 and
10, whereas "n-value" denotes poor sorption qualities when it is less than unity [13].

As the Freundlich isotherm model, the Temkin isotherm model supposes that an adsorbent surface has
heterogeneity and a linear adsorption energy distribution. The Temkin isotherm model linear form is
provided by the following equation:

Oe =0t Inky + 07 InC,,

Where: T is the temperature of absolute (Ko ). gr= };—T is the parameter of Temkin isotherm (mg/g). R:
t

is the universal gas constant equal to 8.3145 (J.mol-1. K-1) .b;: is associated with adsorption heat
(J/mol) . k7: is equilibrium binding constant (L/mg) [14].

The constants of isotherm k, and b, are measured through the slope and intercept of the plot’s Figure
4. Because a strong adsorbate-adsorbent site affinity dominated at the initial low adsorbent dosage,
this inverse correlation between adsorbent dosage and adsorption capacity can be explained as shown
in Figure 2 and Table 2.

The obtained experimental data of Pb(I) was matched up with the Temkin, Langmuir and Freundlich
models. In general, the isotherm model parameters give accurate information about the adsorption
system’s nature. The obtained parameters for each model are shown in Table 3. Figures 3 through 5
show the Freundlich, Langmuir, and Timken adsorption isotherms of lead adsorption onto the
modified rice husk at 25 + 5 °C

The obtained experimental data was of Pb(II) was matched up with the Temkin, Langmuir and
Freundlich models. In general, the isotherm model parameters give accurate information about the
adsorption system's nature. The obtained parameters for each model are shown in (Table 3). Figures 3
through 5 show the Freundlich, Langmuir, Timken and equilibrium adsorption isotherms of lead
adsorption onto the modified rice husk at 25 & 5° C. The determination coefficient (R?) was used to
calculate the fitness of every isotherm with the experiments to evaluate the isotherms capacity and
their differences to relate with the outcomes of the experiments. According to the Table 3 the fitness of
Langmuir model provided an RL value of 0.23 (0<RL<1) demonstrating favorable pb (II) adsorption
onto the rice husk surface. Freundlich has higher coefficient of determination values than Langmuir
and Temkin. The Freundlich isotherm clearly best fits the experiments with a significant correlation
coefficient of R?=0.9834. A favorable type 1/n < 1 equilibrium isotherm for the elimination of Pb(II)
was present.

0.9
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0.7 L 2

0.6 ad y = 0.5291x - 0.0602
0.5 & R?=0.9834

Log ge

0.4 -
03
0.2
0.1

0
0 0.5 1.5 2

1
Log Ce

Figure 3. Freundlich Pb(l1)Adsorption Isotherm
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Figure 5. Temkin Pb(ll)Adsorption Isotherm

Table 3. Modelling parameters for the Pb(I) adsorption on rice
husk utilizing Freundlich, Langmuir and Temkin models.

Isotherm Model Parameters Values
Gmax (M) 9.920
K, (L/mg) 0.0407
Langmuir Isotherm R, 0.236
R? 0.9073
1/n 0.529

1

Freundlich Isotherm Ky (mg/g . (L/mg)r) 0.8705
R? 0.9834
(J/mol) By 2.1823
: Kr(L/mg) 0.3938
Temkin Isotherm R 0.9209

3.3. Adsorption kinetics for adsorption of lead ions
Kinetic analysis is crucial to the process of adsorption because it shows how quickly the adsorbate is
taken up and regulates how long the process will take overall [4]. A kinetic isotherm is a plot of uptake
vs. time that is employable to show adsorption kinetics. This plot serves as the foundation for all
kinetics research since the underlying kinetics of the process is reflected in its shape. The kinetics
relies on experimental variables like temperature and pH as well as material variables like the type of
adsorbent and adsorbate. [15]. Pseudo-first-order, Elovich, Intraparticle diffusion, and pseudo-second-
order kinetic models were utilized to analyze the lead ions adsorption kinetics on the rice husk.
Coefficients of correlation (R?) values near or equal to 1 were used to describe the degree of

agreement between experiments and values predicted by the model. An R’ value that is relatively high
means that the model effectively captures the dynamics of lead ions adsorption.
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Pseudo First Order PFO Model: The pseudo-first-order model presupposes a linear relationship
among the adsorption site occupation rate and the number of vacant sites [16]. The equation of pseudo
first-order is typically represented as follows [17]:

dge

dt
where: k; is the constant of pseudo first-order adsorption rate (I-min-1). g, and q,, are the adsorption capacity at
time (t) and equilibrium, respectively (mg-g-1). Following integration and using boundary conditionst=0tot =
tand q; =0to q; = q,, the integrated form of previous equation turns into [18] :

= kl(Qe - Qt)

k-
log (g — ) =109 (Ge ) = 5 -t

There was a linear correlation between log (g, — q) and t values. The slope and intercept of the log (q, —
q¢) vs. tplot should show a linear connection from that k; and g, might be calculated, respectively.

Pseudo-Second-Order PSO Model: The kinetics of adsorption can be defined by a pseudo- second
order model. This model is predicated on the notion that adsorption comes after second- order
chemisorption. An adsorption whose rate is determined by the concentration of one reactant increased
to the second power is known as second-order adsorption. The equation that represents the kinetic rate
of pseudo-second-order adsorption is [8] and [19]:
%:kz(% —Qt)2

t
The previous equation’s integrated form becomes, for the same boundary conditions,

1 = i + kzt
(qe - qt) Qe
can be expressed as:
t_1 ,t
G ko qez Qe

Where: k, is the pseudo second order adsorption rate constant (g /mg.min). The capacity of adsorption
at t time and equilibrium, respectively, are referred by qt and q,. (mg-g-1). The value of this constant
is determined by #/q; versus ¢ plot. The intercept and slope of the plot is utilized to calculate k, and q,,
respectively.

Intra-particle Diffusion IPD Model: Widely applied in the study of the kinetics of adsorption is the
intraparticle diffusion model (IPD) suggested by Weber and Morris [20]. is expressed as:

q=Kjg~vt+B
K4 is the rate constant of IPD [mg/ (g - min®®)] and B is the initial adsorption (mg/g). IPD model is a
common name for this model. A relationship between q and vt must be linear. In relation to the
intercept and slope, respectively, are the B and K;4. K;; often rises as initial adsorptive concentration
rises. This model comes in third place among the most frequently used candidate models for kinetics
of liquid adsorption in remediation of environment, behind the PSO and PFO models. The line must
cross the origin (B=0) in the case of kinetics entirely governed by IPD [15].

Elovich equation: The Elovich equation, which was initially put forth by Roginsky and Zeldovich to
illustrate the CO adsorption on manganese dioxide, is written as [21]:

Z—f - aexp(-a)

It is the integrated form:
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1
g==—In(1+ apt)
B
It is the linearized form:
1 1
g=—Inaf+=Int
B B

On the plot of In t vs. g, kinetics following the Elovich equation should result in a straight line. The intercept is
[in(aB)]/B , and the slope is 1/B. B relates the amount of surface covering and chemisorption activation energy
as a desorption constant, and a is the initial adsorption rate (mg/g-min).

Results of using experimental data with the four models discussed above are shown in Table 4 and
Figures 6 to 9. It can be seen from (Figures 6 to 9) that the Model of Intra-particle Diffusion has a
higher coefficient of R’ value determination (0.9677) than the Pseudo-First Order, Pseudo-Second
Order, and Elovich models, which have R’ values of (0.9546), (0.9584) and (0.9384), respectively. For
experimental data fitting, higher R’ values demonstrate that the Intra-particle Diffusion Model
accurately simulates adsorption. (Table 4) presents the generated kinetic parameters the process of
intraparticle diffusion which is the rate-limiting step. According to the values of R’ and the values of
K;q derived from the slope of a plot of q vs. Vt, Figure 8 value of Kid shows an increase in adsorption
rate and a better mechanism of adsorption, which is associated with a better bonding between the
particles of adsorbent and pb ions. In addition, Table 4 illustrates that the values of ¢g. obtained from
the pseudo-second-order model are higher than those produced from the pseudo-first-order model. In
final result, the trend of the best-fitting kinetic model is depicted as intraparticle diffusion model>
pseudo-second-order > pseudo-first-order > Elovich.

1
y =-0.013x + 0.546
05 b R? = 0.9546
*
Sy
0 L
—_ :
= 0 50~ 100 150 200
i
::_ 0.5 ’—_ S
=
&0
= e
1.5 *
2
tinte min

Figure 6. Pseudo-first-order kinetic model for Pb(11) ions adsorption onto MRH at pH=5.
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Figure 7. Pseudo- second -order kinetic model for Pb(Il)ions adsorption onto MRH at pH=5.
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Figure 8. Intra-particle diffusion kinetic model for Pb(ll) ions adsorption onto MRH at pH=5.
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Figure 9. Elovich kinetic model for Ph(ll) ions adsorption onto MRH at pH=5.

Table 4. Adsorption Kkinetics parameters onto modified rice husk particles

Kinetic Model Parameter Value

Pseudo-First Order ky 0.0299
R? 0.954
q. mg/g 4.61

Pseudo-Second Order k, 0.00732
R? 0.958

Intra-particle diffusion K; 0.3139
B 0.182

R? 0.9677
a 1.212
Elovich B 1.319

R? 0.9384

4. Conclusions

The current study utilized modified rice husk (MRH) as an adsorbent material. The current
investigation results demonstrate that MRH can be used as an inexpensive adsorbent to eliminate lead
from aqueous solutions. The findings imply that the weight of the adsorbent dosage and the duration
of contact affect the amount of lead eliminated. At a dose of 0.5g of adsorbent, the maximum g, is
reached 6.93mg/g. As the pH value rises, the adsorption process gets stronger until it reaches 6 and
then it gets weaker. The adsorption equilibrium of lead onto MRH is defined using Freundlich,
Temkin, and Langmuir isotherms. Freundlich isotherm better fitted the data of equilibrium adsorption
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than Temkin and Langmuir models. The Intra- particle Diffusion IPD model was found to fit the
adsorption kinetics. According to the findings, rice husk is a standout choice for wastewater treatment.
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