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ABSTRACT - The pollution of lead, Pb(ll) in water bodies has severely threatened the environment QGRJE:E:E glﬂggzz
and human health due to its toxicity. Thus, removing Pb(Il) from water bodies is an imperative task. Revised: 22 June 2022
In this study, the removal of Pb(ll) using magnetic y-Fe20s/KCC-1 synthesized from Palm Oil Fuel Accepted: 30 June 2022
Ash (POFA) was explored. The characterization analysis confirmed a successful preparation of y-

Fe203/KCC-1 with BET surface area and pore volume of 401 m2g-! and 0.90 cm3g-!, respectively. KEYWORDS

The optimization by response surface methodology (RSM) with independent variables of initial KCC-1

Pb(ll) concentration (X;), y-Fe20s/KCC-1 dosage (X,), and initial pH (X5) was performed. The Mag”eﬁ? y-Fe20s
ANOVA analysis exhibited that the most significant parameter was initial Pb(1l) concentration. The Adsorption

maximum Pb(ll) removal of 91% experimentally and 90.11% predictably were accomplished under g‘;% I.’;{;"ﬁgl‘;a’

optimum conditions (X;= 302.37 mg/L, X, = 2.44 g/L, and X5 = 5.7). The findings revealed that
the magnetic y-Fe20s/KCC-1 has the potential to serve as an excellent adsorbent for the
elimination of Pb(ll) from an aqueous solution.

INTRODUCTION

Lead (Pb(1l)) is broadly used in many industrial activities, for example, lead-acid battery production, metal recycling,
petroleum refining, mining, and smelting [1]. Water pollution caused by Pb(l1) has grown into health and environmental
problems. Depending on the degree of lead exposure, it may adversely cause the malfunction of the human body system,
especially reproductive and developmental systems, cardiovascular system, and immune system, and even reduce the
oxygen-carrying capacity of the bloodstream [2]. Babies and kids are particularly sensitive even at a low level of Pb(ll)
Meanwhile, people with prolonged exposure to a Pb(ll) are at a higher risk of kidney disease, heart issues, high blood
pressure, and reduced fertility [3]. Hence, the removal of Pb(Il) from wastewater is an important task before the water
spreads into the open area.

There are several methods have been developed and reported for the removal of Pb(ll) ions, such as adsorption [4],
ion exchange separation [5], chemical precipitation [6], electrochemical treatment [7], and chemical coagulation [8].
Among all, the adsorption method is chosen to be the most suitable, economical, and frequently used due to its
effectiveness, simplicity, and affordable cost [9-10].

In recent years, a unique kind of mesoporous silica material called dendritic fibrous Nano-silica (DFNS), also named
KCC-1, has gained considerable attention in multiple applications. This is due to its exceptional physicochemical features,
including high surface area, broad pore diameter, fibrous surface morphology, and superior mechanical durability [11].
However, the production cost of this material is relatively high owing to the price of the chemical used. Thus, the idea of
preparing the KCC-1 from low-cost silica-rich wastes is an interesting approach.

Numerous silica-rich wastes have been used as an alternative silica source, including rice husk ash (RHA), sugarcane
bagasse, fly ash, and palm oil fuel ash (POFA), owing to their high composition of silica content and abundance.
Previously, Hasan et al. [12] reported the potential of RHA as a silica source of KCC-1, and the characterization results
revealed the comparable properties of the synthesized KCC-1 with the conventional KCC-1. In conjunction with this
study, it is desirable to study the potential of POFA in preparing KCC-1 owing to its high composition of silica (57-67%)
and abundance [13]. In addition, POFA has shown its potential as an alternative sodium silicate (Na,SiO3) for SBA-15
synthesis, as reported in our previously published article [13].

In the meantime, iron oxide (Fe;O3) offers various advantages for water treatment applications owing to its small size,
high stability, high surface-area-to-volume ratio, and biocompatibility [14]. Fe,Os-type adsorbents have been widely
employed with impressive adsorption effectiveness approaching 100% for some contaminants. Recently, the magnetic
type of Fe;03 (y-Fe203) has attracted researchers’ attention due to its advantages in better separation for regeneration and
reusability [15]. However, y-Fe,O3 tends to aggregate easily, and thus the introduction of support material is needed to
ensure homogeneous distribution of y-Fe,O3 for the adsorption process [16]. Hence, in this study, magnetic y-
Fe,O3/KCC-1 was prepared as an adsorbent for Pb(I1) removal, and the adsorption process was optimized using response
surface methodology (RSM).
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MATERIALS AND METHOD
Preparation of magnetic y-Fe203/KCC-1

POFA sodium silica solution (Na,SiO3s-POFA) was prepared according to our previously published article [13] and
the amount of SiO; in Na,SiO3-POFA was 20.16%. KCC-1 was synthesized according to the method described by Hasan
et al. [12]. In brief, cetyltriammonium bromide (CTAB, Sigma Aldrich) and urea (Merck) were dissolved in distilled
water and agitated for 10 minutes. After 15 minutes, n-butanol (Merck) and toluene (Merck) were added to the beaker
with continuous stirring. Next, Na;SiOs-POFA was added dropwise to the solution, and the mixture was agitated for
another 2 hours. The solution was then heated (120 °C, 4 hours) in a Teflon-sealed hydrothermal reactor, followed by
centrifuged, filtered, and calcined to obtain KCC-1.

Next, magnetic y-Fe,03/KCC-1 was prepared by the impregnation method as reported in the literature [17]. 1.0 g of
synthesized KCC-1 and 6.0 g of ferric ammonium citrate ((NHa)s[Fe(CsH4Ov).], Sigma Aldrich) were added to 20 mL of
distilled water and left overnight. The sediment suspension was filtered, rinsed, dried in an oven (60 °C), and calcined in
a furnace for 6 hours at 400 °C.

Characterization of magnetic y-Fe203/KCC-1

Transmission Electron Microscopy (TEM, Philips CM12) was utilized to investigate the morphology of y-
Fe,O3/KCC-1. Meanwhile, Brunauer-Emmett-Teller (BET, Micromeritics) method was employed to investigate the
surface area (SA) and total pore volume (V,) of y-Fe;O3/KCC-1.

Batch Adsorption Experiment

Batch adsorption testing was performed following the experimental design derived from the RSM. The initial Pb(Il)
concentration, adsorbent dose, and initial pH were chosen as independent variables. Pb(Il) solution was made by stirring
a measured amount of lead nitrate (Pb(NOs),, Sigma Aldrich, 99% purity) in distilled water to achieve the necessary
concentration. The pH of the Pb(Il) solution was modified according to the desired pH. Then, a specific amount of
adsorbent (magnetic y-Fe,O3s/KCC-1) was added to the solution, with the mixture being constantly stirred at 200 rpm. At
an appropriate time, the samples were withdrawn and analyzed using Ultraviolet-Visible Spectroscopy (UV-Vis) at a
wavelength of 520 nm. The amounts of Pb(1l) adsorbed at equilibrium, g, was computed by using Equation (1).

Co - C,
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The percentage removal of Pb(Il) was estimated using Equation (2).
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Where the g, represents the quantity of Pb(l1) adsorbed at equilibrium (mg/g), V represent the volume (L), m represents
the mass of the adsorbent (g), C, and C, represent the liquid-phase concentrations of Pb(11) before and after the adsorption
(mg/L), respectively [18].

Experimental Design and Optimization

Statsoft Statistica 10.0 with the face-centered composite design (FCCD) was used to investigate the independent
variables of initial Pb(Il) concentration (X, ), adsorbent dosage (X), and initial pH (X5). The independent variables were
coded to (-1,0,1) interval where the low level was coded by -1, the middle level by 0, and the high level by 1. The whole
number of tests that were carried out was 16; 23 factorial points, 6 axial points, and 2 replicates at the center points. To
ensure reliable data, every experiment was repeated thrice. The parameters and range were selected according to the
previous investigation [19]. The prediction of the optimum condition of Pb(1l) removal was conducted by analysis of the
quadratic model.

RESULTS AND DISCUSSION
Characterization of magnetic y-Fe203/KCC-1

Table 1 shows the BET analysis of KCC-1 and y-Fe;O3/KCC-1. The surface area (SA) and pore volume (V) of
synthesized magnetic y-Fe,Os/KCC-1 were slightly lower (SA = 401 m? g, V, = 0.90 cm® g') compared to the KCC-1
(SA =588 m? g1, Vp = 1.28 cm?® g1). These findings indicated the successful doping of Fe within the pore channels of
KCC-1. Similar observations were obtained in the study of Zhang et al. [20] for the preparation of magnetic Fe-SBA-15.
In their research, the value of SA reduced from 524 m2 g1 to 308 m? g’ and pore size from 72.8 A to 72.6 A.
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Table 1. BET analysis results of KCC-1 and y-Fe,O3/KCC-1

Sample Surface Area, SA Total pore volume, Vp
(m?g) (cm®g)

KCC-1 588 1.28

y-Fe203/KCC-1 401 0.90

Figure 1 showed the TEM images for magnetic y-Fe,Os/KCC-1 with deep black crystal portions, indicating a
successful impregnation of magnetic y-Fe,Os/KCC-1. The introduction of magnetic y-Fe,O3 was able to maintain uniform
spheres with the fibrous morphology of KCC-1. A similar study by Zhang et al. [20] on the preparation of magnetic Fe-
SBA-15 also showed that the addition of Fe was able to retain the SBA-15 uniformity of mesopore.

Figure 1. TEM images for magnetic y-Fe,Os/KCC-1 with deep black crystal portions indicate the iron metal particles.

Response Surface Methodology

Table 2 tabulates the experimental design and corresponding response. The regression coefficient analysis was
performed, and the quadratic model of Pb(l1) elimination onto magnetic y-Fe,Os/KCC-1 in terms of coded forms were
described by Equation (3).

Table 2. Design of experiments and experimental response for Pb(I) removal by magnetic y-Fe;,O3/KCC-1

RUN Manipulated Variables Response
Initial Concentration Adsorbent Dosage Initial pH, X5 Pb(I1)
(mg/L), X, (g/L), X, removal, Y
Uncoded Coded Uncoded Coded Uncoded Coded (%)
1 50 -1 0.5 -1 2 -1 83.19
2 50 -1 0.5 -1 10 1 86.18
3 50 -1 5 1 2 -1 81.67
4 50 -1 5 1 10 1 84.91
5 400 1 0.5 -1 2 -1 87.82
6 400 1 0.5 -1 10 1 86.75
7 400 1 5 1 2 -1 86.63
8 400 1 5 1 10 1 85.42
9 50 -1 2.75 0 6 0 85.19
10 400 1 2.75 0 6 0 89.78
11 225 0 0.5 -1 6 0 87.49
12 225 0 5 1 6 0 86.77
13 225 0 2.75 0 2 -1 88.74
14 225 0 2.75 0 10 1 88.70
15 225 0 2.75 0 6 0 90.82
16 225 0 2.75 0 6 0 90.49
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Y = 78.46239 + 0.04414X, + 2.05134X, + 0.86374X; — 0.00006X? — 0.42687X2 — 0.03569X2 3)
+0.00009X, X, — 0.00152X, X5 + 0.00153X,X;

Where Y is the predicted percentage removal of Pb(ll), X; is the initial Pb(Il) concentration, X, is the adsorbent dosage,
and X is the initial pH.

Analysis of variance (ANOVA) was employed to investigate the statistical and adequacy of the quadratic model. It is
a statistical method of comparing the experimental means of two or more groups, in which the significance of the
coefficient was decided by the F-value and p-value. The corresponding coefficients are more meaningful when the F-
value is larger and the p-value is smaller. The greater calculated F-value (Fmodet = 11.73008) than that of the tabulated F-
value (Franie = 4.0990) at the 5% significance level indicates that the model was highly significant, as noted in the data in
Table 3. These results showed that the quadratic model obtained from Eq. 3 provides a good prediction at a 5% level of
significance.

Table 1. ANOVA analysis results of Pb(Il) removal by magnetic y-Fe,O3/KCC-1

Sources Sum of Squares Degree of Mean Square F-value Foos
(SS) freedom (d.f) (MS)

Regression (SSR) 90.07079 9 10.00787 11.73008 >4.0990

Residual 5.11910 6 0.85318

Total (SST) 95.18989 15

Figure 2 demonstrates the parity plot that compares the actual values and predicted values of percentage Pb(11) removal
by magnetic y-Fe,O3/KCC-1 with the determination coefficient, R? of 0.9462. Based on this result, it can be deduced that
the model is responsible for 94.6 % of the variability found in the data. According to Asfaram et al. [21], the value of R?
must be in the range of 0.8 — 1.0 for a better correlation of a model. Therefore, the R? value (0.9462) given by the RSM
software provided that the quadratic model had a good relationship between the predicted and experimental values.
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Figure 2. Parity plot of the observed and predicted percentage removal of Pb(Il) removal by magnetic y-Fe,O3s/KCC-1.

Figure 3 displays the pareto chart and corresponding p-values of percentage removal of Pb(ll). To study the
significance of each respective coefficient, p-value and t-value was utilized whereby the coefficient with the smallest p-
value or the largest t-value corresponds to the most significant variable [10]. As demonstrated in Figure 3, the linear term
of initial Pb(Il) concentration (X,), quadratic term of adsorbent dosage (X2), combination linear term of initial Pb(Il)
concentration associated with initial pH (X;X3), quadratic term of initial Pb(I1) concentration (X?), and linear term of
adsorbent dosage (X,) were considered as statistically significant aspects. The remaining factor terms may be regarded
as less significant since they consist of a larger p-value (p>0.05). Notably, the linear term of initial Pb(Il) concentration
(X7) had the largest effect on the percentage removal of Pb(ll) as it had the smallest p-value (0.0031) and the largest t-
value (5.2243) compared to other variable terms.

The initial concentration of Pb(ll) is one of the most crucial variables because it influences how much mass is
transferred from the liquid phase to the solid phase [22]. Interestingly, at low Pb(lIl) initial concentration, the ratio of
active surface sites of the adsorbent to the total initial Pb(Il) ions in the solution is relatively high. Consequently, all Pb(11)

21 journal.ump.edu.my/jceib <«



J.Q. Limetal. | Journal of Chemical Engineering and Industrial Biotechnology | Vol. 08, Issue 01 (2022)

ions in the solvent can engage with the active sites of the adsorbent and be separated from the solution [23]. Similar
findings were also described in the literature [24-25]. Based on the study by Chen et al. [24] for the adsorption of Pb(Il)
onto fallen Cinnamomum camphora leaves (FCCL), the kinetic study revealed Pb(11) was mainly controlled by the initial
Pb(11) concentration. From the study, the equilibrium adsorption capacity increased with increasing initial Pb(Il)
concentration. This resulted in a strong driving force of mass transport that was induced by the presence of an elevated
concentration of Pb(Il). This result is also supported by another study from Kalantari et al. [25] on Pb(ll) ion adsorption
from aqueous solution onto Fe;O./Talc hanocomposite, where the effect of three independent variables (initial Pb(ll)
concentration, adsorbent dosage, and removal time) were investigated, and the initial Pb(Il) concentration was the most
critical factor compared to adsorbent dosage and removal time.

Factor P-value
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X2 0.008981 | ‘73,79877
X;X;  0.017306 | |-3.25734
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Figure 3. Pareto chart and p-values of percentage removal of Pb(II) removal by magnetic y-Fe,O3/KCC-1.

Figure 4(A) depicts the simultaneous effects of Pb(ll) initial concentration (X;) and adsorbent dosage (X,) on the
percentage of Pb(11) removal. Initial Pb(Il) concentration had a stronger influence on the response surface than adsorbent
dose, as shown by the Pareto chart in Figure 3, which revealed a smaller p-value for initial Pb(Il) concentration (0.0031)
than adsorbent dosage (0.025361). As depicted in Figure 4(A), the degradation rate of Pb(Il) improved with increasing
initial Pb(11) concentration and catalyst loading till it achieved an optimum at X;= 260-340 mg/L and X,= 2-3 g/L, but
then decreased at a higher value. As for the contribution of the initial Pb(ll) concentration, the higher the initial Pb(Il)
concentration contributes to a stronger driving force of Pb(l1) ions towards the active sites of magnetic y-Fe,Os/KCC-1,
as well as boosting the concentration gradient and hence improved the Pb(11) removal, which in line with the literature
[26]. Initially, the Pb(Il) adsorption capacity immediately improves with an increment in the initial concentration of
Pb(11). The Pb(ll) ions attach themselves to the plentiful adsorption sites on the adsorbent’s surface, which leads to
a higher absorptivity of the adsorbent. This is due to the adsorbent’s large surface area, resulting in a higher number of
active sites for the sorption process. However, there is a slight decrease in Pb(11) removal upon further elevating the initial
Pb(11) concentration. That is because the binding sites have become saturated with adsorbed Pb(l1) ions, as the emergence
of a greater concentration of Pb(I1) may minimize the amount of Pb(lIl) that can be absorbed by the adsorbent. Regarding
the impact of the adsorbent dosage, it is possible to claim that the rise in Pb(Il) removal at the start was caused by a larger
supply of accessible binding sites on the adsorbate. However, increasing the adsorbent dosage until a higher value will
result in a slower rate of adsorption in the final step. This could be because at smaller doses, all active sites were exposed,
whereas, at larger dose levels, only a small amount of the active sites were made accessible [18]. Therefore, a higher
adsorbent dose may promote aggregation, which will result in decreasing the adsorbent’s surface area and, ultimately,
reduce the amount of Pb(lIl) that is absorbed by the adsorbent. The significant impact of the initial concentration of Pb(ll)
and the amount of adsorbent used on Pb(Il) removal was also reported by Javabakht & Ghoreishi [27] using CPL/Fe304
nanocomposite. The research stated that a rise in the initial concentration of Pb(lIl) led to an increase in the removal of
Pb(ll) since the concentration gradient’s driving force was stronger. Similar behaviour also can be observed for the
removal of Pb(Il) from an aqueous solution by Hypnea valentiae [26]. The authors claimed that the removal of Pb(ll)
increased with an increase in adsorbent dosage up to 5 g/L and decreased after that. Therefore, the optimum value of the
adsorbent dosage was found to be 5 + 0.2 g/L which is close enough to this study’s result of the adsorbent dosage is 2-3
g/L. The same phenomena were also reported in the literature [21,28] for Pb(lI) removal onto modified activated carbon
(Mn-Fe304-NPs-AC) and modified chitosan (MCMC-PEI), respectively.
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Figure 4(B) depicted the subsequent impact of initial Pb(I1) concentration (X;) and pH (X5) on Pb(ll) removal. From
the analysis of the response surface plot, both effects show a high increment potential when their respective value
increases and give a high value of percentage removal. Even though pH had a negligible impact on the response surface,
the initial Pb(Il) concentration greatly impacted the response curve. This was proved by the Pareto chart (Figure 3), which
showed a smaller p-value of initial Pb(Il) concentration (0.0031) as compared to the pH (0.107307). As illustrated in
Figure 4(B), the increase in both initial Pb(I1) concentration and pH resulted in a simultaneously increasing trend in Pb(11)
removal, with initial Pb(Il) concentration showing the highest increment compared to pH. The highest efficacy of Pb(ll)
removal was obtained at a pH between 4-7 and an initial Pb(Il) concentration of 270-350 mg/L. The pH could affect the
metal-binding sites of adsorbent and functional groups of Pb(ll) in solution [29]. At a lower pH (<4.0), the protons
(H*ions) become competitive with Pb(Il) for the exchangeable cations on the adsorbent surface. More protons (H*ions)
were binding on the surface of the adsorbent surface compared to Pb(ll) ions, resulting in lower adsorption of Pb(11). Due
to the lesser competitive protons (H*ions) on the adsorbent surface, more exchangeable cations can be transferred with
Pb(l1) as the pH rises, resulting in a rapid increase in Pb(ll) adsorption. There is a slight decrease in the adsorption of
Pb(ll) at higher pH value (>10) and higher initial Pb(ll) concentration (> 400 mg/L) due to the formation of soluble
hydroxyl complexes such as Pb(OH*) and/or Pb(OH), [18]. A similar finding on the effects of initial Ph(ll)
concentration and pH on Pb(Il) elimination was also studied by Sahan & Ozturk [23] using pumice as an adsorbent on
Pb(11) removal. Based on their results, raising the pH of Pb(11) solution from 5.50 to 5.80 increased the adsorption capacity
sharply. The adsorption capacity decreases with increasing pH as the negative charge density on the adsorbent’s surface
increases due to deprotonation of the metal-binding sites. Javanbakht et al. [30] also reported the same findings on Pb(Il)
removal by magnetic chitosan/clinoptilolite/magnetite nanocomposite, and the highest Pb(Il) removal was gained at the
initial Pb(Il) concentration of 90 mg/g and pH 6.

Figure 4(C) illustrates the simultaneous outcomes of adsorbent dosage (X,) and pH (X3) on Pb(ll) elimination. An
increase in adsorbent dosage and pH consequently increase the Pb(Il) removal, achieving optimal (X, = 1-4 g/L and X;
= 2.5-10), and reduced at raised adsorbent dosage. As the adsorbent dosage increased, the surface area and adsorption
sites for the adsorbent increased rapidly, resulting in high adsorption of Pb(11). However, at a specific adsorbent dosage
with high availability of adsorbent, the solution becomes unsaturated, resulting in lower adsorption of Pb(Il). Another
reason may arise because of the agglomeration of adsorbent at a high dosage [27]. Similar comments were made by
Khazaei et al. [31] on Pb(Il) removal using Fe;0,@SiO,-GO as an adsorbent. The authors concluded that the maximum
Pb(11) was obtained with a pH of 6.5 to 8.5, and Pb(Il) removal was significantly influenced by pH and adsorbent dosage.
Javanbakht et al. [30] also reported the same results using chitosan/clinoptilolite/magnetite nanocomposite to eliminate
Pb(l1) ions from an aqueous solution. The researchers determined that with a high adsorbent dosage, the overall surface
area of the adsorbent decreased while the diffusional path length increased. At higher adsorbent concentrations, the
particles may desorb some of the loosely bound Pb(I1) ions from the adsorbent surface, decreasing Pb(l1) elimination.
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Figure 4. The 3D surface plots showing the influences of (A) Initial Pb(Il) concentration and adsorbent dosage; (B)
Initial Pb(I1) concentration and pH; (C) Adsorbent dosage and pH.

Optimization

Based on the RSM study, at an initial Pb(Il) concentration of 302.37 mg/L, the adsorbent dosage of 2.44 g/L, and pH
of 5.7, the predicted optimal percentage of Pb(Il) removal obtained was 90.11 %. Therefore, an extra experiment was
conducted in triplicate under optimal conditions to confirm the validity of the optimization result obtained by the response
surface analysis. The average percentage of Pb(ll) removal in those three adsorption experiments was 91%. The

percentage error between predicted and actual responses is 0.99 % (Table 4), which is acceptable because it is less than
5%.
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Table 2. Percentage error between the predicted and observed responses at the optimal conditions.

Predicted value (%0) Observed value (%) Error (%)
Percentage Removal 90.11 91.00 0.99

Table 5 compares the adsorption capacity of various mesoporous silica adsorbents for Pb(I1) removal reported in the
literature. The magnetic y-Fe,O3/KCC-1 has a higher adsorption capacity which was 91%, compared to KCC-1 (83%).
An increase in Pb(Il) removal using magnetic y-Fe,O3s/KCC-1 compared to KCC-1 indicates that Fe,O; was able to
increase the adsorbent’s physicochemical qualities (high surface area and well distribution of active sites), hence
increasing its adsorption capacity [32]. Moreover, magnetic y-Fe,O3/KCC-1 was found to have a comparable adsorption
capacity compared to other adsorbents. It is interesting to note that although dendrimer amine grafted mesoporous silica
[33], metformin amino-substituted SBA-15 magnetic nanocomposite [34], Ss4 functionalized mesoporous silica
nanospheres (MSCMNPs- S;) [35], magnetic silica—xanthan gum composites [36] have comparable adsorption capacity
with magnetic y-Fe,O3/KCC-1; however, magnetic y-Fe,O3/KCC-1 has advantages in cost factor because this adsorbent
was prepared from POFA waste.

Table 3. Comparison of magnetic y-Fe;O3/KCC-1 with literature for Pb(Il) removal.

Adsorbent Pb(I1) Removal (%) Reference
Magnetic y-Fe,03/KCC-1 91.00 This study
KCC-1 83.00 This study
Dendrimer amine grafted mesoporous silica 95.00 [33]
Metformin amino-substituted SBA-15 magnetic nanocomposite 96.00 [34]

S4 functionalized mesoporous silica nanospheres (MSCMNPs- Sy) 95.70 [35]
MWCNT-Fe;04 90.20 [37]
Magnetic silica—xanthan gum composites 93.77 [36]

o-Vanillin  functionalized mesoporous silica-coated magnetite

nanoparticles 90.00 [38]

CONCLUSION

The magnetic y-Fe,Os/KCC-1 prepared from POFA is considered an excellent and low-cost adsorbent for the Pb(Il)
removal from an aqueous solution. The characterization of magnetic y-Fe,O3/KCC-1 confirmed a successful
impregnation of y-Fe,O3 onto KCC-1. The optimization by RSM with independent variables of initial Pb(I1) concentration
(X1), y-Fe203/KCC-1 dosage (X2), and initial pH (X3) revealed that the optimum conditions were found at X; = 302.37
mg/L, X; = 2.44 g/L, and X3 = 7 pH. The highest percentage removal of Pb(ll) obtained at optimum conditions were
90.11% predictably and 91% experimentally, with an error of only 0.99% based on the difference between predicted and
experimental values. Based on ANOVA, the most contributed factor was initial Pb(Il) concentration (X1). The magnetic
y-Fe203/KCC-1 not only has good adsorption but also can be conveniently extracted from the solution due to its magnetic
properties. Therefore, this research affirmed that magnetic y-Fe,O3/KCC-1 has a great potential as an adsorbent for Pb(11)
removal from aqueous solutions with a percentage removal of 91% and adsorption capacity of 112.77 mg/g.
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