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 Abstract: Humic acid (HA) and urea-formaldehyde (UF) have been frequently reported 
as heavy metal adsorbents. However, the literature has never written HA modification by 
UF to improve the adsorbent’s performance. In this study, a new adsorbent of humic acid-
urea formaldehyde (HA-UF) was synthesized. The reaction of the conducted the 
formation of HA-UF –COOH group of HA with the –NH2 group of UF was evidenced by 
decreasing total acidity from 549.26 cmol/kg (in HA) to 349.30 cmol/kg (in HA-UF). The 
success of HA-UF formation was characterized by attenuated total reflection-infrared 
(ATR-IR), energy dispersive X-Ray (EDX), and X-ray diffraction (XRD). The high 
stability of HA-UF was shown by 96.8% remaining in solid form at pH 12.4. Adsorption 
behavior of Pb(II) onto HA-UF was influenced by the ionic strength and pH, which were 
mainly driven by the ion exchange mechanism (EDR = 9.75 kJ/mol). The higher ionic 
strength will affect decreasing adsorbed Pb(II) at the optimum pH of 5.5. The effect of 
initial Pb(II) concentration (isotherm) shows that the data fitted well with the Langmuir-
b isotherm model indicated the monolayer adsorption of Pb(II) onto homogenous surfaces 
of the HA-UF with the adsorption capacity of 2.26 × 10–4 mol/g (which is higher than its 
original HA of 1.12 × 10–4 mol/g). The Ho (pseudo-second-order) kinetics model 
represented the effect of contact time (kinetics) was represented by the Ho kinetics model. 
The synthesized adsorbent is also reusable, with 88.59% of adsorption capacity remaining 
in the fifth recycle run. Therefore, the adsorbent of HA-UF is suggested to be a promising 
candidate for adsorption applications. 

Keywords: humic acid-urea formaldehyde (HA-UF); Pb(II) adsorption; pH and ionic 
strength; isotherm; kinetics studies 

 
■ INTRODUCTION 

According to the World Health Organization 
(WHO), the heavy metals requiring immediate attention 
to remove from the environment are Cr, Cd, Zn, Fe, Hg, 
Co, and Pb [1]. Therefore, removing heavy metals from 
water or wastewater is a major concern in water treatment. 
Various methods are reported to reduce heavy metals, such 

as ionic exchange, electrolysis, membrane separation, 
chemical precipitation, and adsorption. Of all the 
methods above, adsorption is considered one of the 
simplest and most effective techniques [2]. To date, 
various effective adsorbents such as activated carbon [3], 
humic acid (HA) [4], MWCNTs [5], γ-alumina [5], 
chitosan-coated Fe3O4 [6], granular ferric hydroxide [7], 



Indones. J. Chem., 2021, 21 (6), 1371 - 1388   
        
                                                                                                                                                                                                                                             

 

 

Meidita Kemala Sari et al.   
 

1372 

and urea-formaldehyde (UF) [8] have been reported in 
the literature. 

Recently, HA has been widely utilized to reduce 
heavy metals, pigments, radioactive and organic 
pollutants in water. HA contains various functional 
groups involved in the binding and entrapment of metal 
ions. In addition, HA is economically affordable, eco-
friendly, abundant sources, and does not cause secondary 
pollution. Although it possesses many promising 
properties, natural HA is easy to dissolve in an alkaline 
medium, reducing its performance as an adsorbent. 
Previous works have successfully modified HA with chitin 
or chitosan [9], magnetite [10], titanium dioxide [11], Ca-
montmorillonite [12], attapulgite [13], starch [14], and 
carboxymethylcellulose (CMC) [15], to achieve HA-
based high-performance adsorbent. As reported in the 
literature, the requirements of HA modifiers are relatively 
stable at high pH, low cost, high availability, and 
abundant functional groups materials. One of the 
materials that possess these properties, but no publication 
reported it as HA modifier, is urea-formaldehyde (UF). 

UF is a low-cost polymeric condensation product of 
urea and formaldehyde, consisting of [–CH2–NH–CO–
NH–CH2–] repeating units. UF is rich in amine, amide, 
hydroxyl, and carbonyl groups which can interact with 
many metal ions in an aqueous solution through a 
complexation mechanism. Other researchers have 
previously reported the study of UF as an adsorbent for 
heavy metal ions [8,16-19]. The study results showed that 
UF adsorbent could efficiently remove highly concentrated 
heavy metal ions from aqueous solutions. However, no 
publications were found investigating HA-UF as a heavy 
metal adsorbent. In contrast, the modification of HA by 
UF can enhance an HA-based adsorbent with high 
stability, low cost, and high performance. 

This study aims to investigate the formation of HA-
UF and the adsorption performances of HA-UF in three 
aspects, i.e., the effect of pH and ionic strength, initial 
concentration (isotherm study), and contact time 
(kinetics study). Pb(II) was selected as the adsorbate 
model for evaluating HA-UF performance because of its 
toxic properties and wide application in food cane solders, 
ceramic glaze, batteries, cosmetics, and mining industries 

[20]. Further, the reusability of the HA-UF as Pb(II) 
adsorbent was also investigated in this work. 

■ EXPERIMENTAL SECTION 

Materials 

HA was extracted from 100 mesh dry peat soil 
powder of Indragiri Hilir, Riau, Indonesia. The 
extraction and the purification of HA were performed by 
the IHSS (International Humic Substance Society) 
method. The urea used in this study was commercial 
urea which is available in Yogyakarta. All reagents were 
pro analyst grade, i.e., formaldehyde solution 37%, 
NaOH pellet, HCl fuming 37%, HF solution 48%, HNO3 
solution 65%, CH3COOH glacial 100%, Ba(OH)2 
powder, Pb(CH3COO)2·2H2O powder, and NaCl 
powder produced by Merck® and they are used without 
further purifications. 

Procedure 

Preparation of the adsorbent 
Five grams of urea were dissolved in 14 mL of 37% 

formaldehyde (mole ratio = 1:2). After 3 min of stirring, 
dissolved HA (5 g) was added in 200 mL of NaOH 0.1 
M. The mixture was stirred and refluxed for 4 h at 75 °C. 
The mixture was then cooled to room temperature and 
neutralized by adding HCl 2.5 M dropwise. The mixture 
was separated by 3950 rpm centrifugation for 10 min to 
obtain sediment (the sediment was a dark brown solid, 
and the filtrate was a yellow liquid). The solid was 
washed with distilled water and dried at 60 °C as HA-UF 
dry adsorbent. HA-UF was characterized with 
Attenuated Total Refection-IR (ATR-IR Thermo 
Scientific Nicolet iS50 at 400–4000 cm–1 wavenumber), 
XRD (PANalytical X'pert PRO MRD with Ni-filtered Cu 
Kα radiation as the X-Ray source between 2θ = 3°–90°), 
and SEM-EDX (Analysis Phenom-World JSM 6510LA-
Phenom world Analysis). 

Properties of synthesized adsorbent 
The difference of total acidity also carried out HA-

UF properties, pH point of zero charges (pHPZC), and 
stability at varied pH with the original HA as a 
comparison. The Baryta indirect potentiometric titration 
method was determined by the total acidity of HA-UF 
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and HA. The pHPZC was conducted by dissolving 50 mg of 
sample (HA-UF and HA) in 25 mL of distilled water with 
a pH range of 2.0–11.0. The mixture was shaken at 250 rpm 
for 1 h and aged for 48 h. The pHPZC was identified by 
plotting the initial pH vs. the final and initial pH difference 
(∆pH). The stability of the adsorbent was carried out by 
dissolving 0.1 g of each sample in distilled water with a pH 
range of 1.0–14.0 in different test tubes. After 24 h 
stirring, the remaining solids were weighed, and the 
percentage was calculated as the stability of the adsorbent. 

Effect of medium acidity and ionic strength 
A series of 20 mL of Pb(II) 20 mg/L at adjusted pH 

by adding HCl and NaOH solution ranging from 2.2–8.8 
was prepared. Into each of the prepared solutions, 50 mg 
of HA-UF was added. After 3 h of shaking by 250 rpm, the 
mixture was filtered, and the filtrate was analyzed with 
Flame-AAS (Perkin Elmer 3110) to obtain adsorbed 
Pb(II). The highest adsorbed Pb(II) was clearing as the 
optimum pH. 

The effect of ionic strength was carried out in two 
aspects: pHPZC of adsorbent and Pb(II) adsorption. The 
effect of ionic strength on the pHPZC adsorbent was 
conducted by a similar procedure to determine pHPZC. 
However, NaCl was added to each sample so that the final 
concentration of NaCl was 0.1 M. The effect of ionic 
strength on Pb(II) adsorption was studied by preparing a 
5 series of 20 mL of Pb(II) 20 mg/L at optimum pH. NaCl 
was added to the solution so that the final concentrations 
of NaCl were 0.1, 0.2, 0.3, 0.4, and 0.5 M. After 3 h shaking 
at 250 rpm, the mixture was filtered, and the filtrate was 
analyzed with Flame-AAS to measure the adsorbed Pb(II). 

Every sample was accompanied by a blank solution 
containing no HA-UF adsorbent, and both of them were 
treated under identical conditions. The amount of Pb(II) 
adsorbed into the HA-UF was considered to be the 
difference between the initial (blank solution) and the 
remaining amount of Pb(II) in the sample. 

Isotherm and kinetic adsorption experiments 
The isotherm experiments were carried out by 

contacting the adsorbent with Pb(II) at various 
concentrations. Fifty milligrams of adsorbent were 
interacted with 20 mL of Pb(II) solutions with various 
concentrations (5, 10, 20, 30, 40, 60, 80, 100, 150, and  

200 mg/L) at optimum pH. After 180 min of 250 rpm 
shaking, the mixture was filtered, and the filtrate was 
analyzed with Flame-AAS. 

The kinetics experiments were carried out by 
contacting 50 mg adsorbent with 20 mL of Pb(II) 20 mg/L 
at different contact times (10, 20, 30, 50, 60, 90, and  
180 min). A similar procedure was also performed with 
different initial concentrations of Pb(II) (50 and  
100 mg/L). After being shaken at 250 rpm at a 
determined contact time, the mixture was filtered, and 
the Pb(II) concentration in the filtrate was analyzed with 
Flame-AAS. 

Every sample was accompanied by a control 
solution containing no HA-UF adsorbent indicating 
Pb's actual initial concentration (II). Under the same 
condition as a sample solution, a control solution was 
also analyzed. The amount of Pb(II) adsorbed into the 
HA-UF was considered to be the difference between the 
initial (control solution) and the remaining amount of 
Pb(II) in the sample. 

Error analysis 
Six error functions of average relative error (ARE), 

sum squares errors (SSE), hybrid fractional error 
function (HYBRID), sum of absolute error (EABS), 
nonlinear chi-square test (χ2), and standard deviation of 
relative errors (SRE) were applied to evaluate the match 
of the linear and nonlinear adsorption isotherm (and 
kinetics) parameters [21]. These error functions 
estimate the deviation between the experimental data 
and parameters values predicted by the isotherm 
models. Six error functions are expressed, as follows: 

x
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where qe,means and qe,calc are measured adsorbed Pb(II) from 
isotherm model (mg/g) and calculated adsorbed Pb(II) at 
equilibrium (mg/g), respectively. 

The performance of the error function for the 
approximation of adsorption isotherm parameters can be 
evaluated using the procedure of normalizing and 
combining the error results to determine the Sum of 
Normalized Errors (SNE). After the SNE values for each 
parameter set are compared, the model provided the 
lowest SNE value is considered the most relevant result. 

Reusability 
A reusability study of HA-UF was carried out by 

performing the five consecutive cycles of the adsorption-
desorption runs. Adsorption of Pb(II) onto HA-UF was 
conducted by contacting 50 mg of HA-UF with 25 mL of 
Pb(II) 20 mg/L at optimum pH. After 60 min of 250 rpm 
shaking, HA-UF loaded Pb(II) was filtered, and the 
filtrate solution's pH was measured. A control solution 
containing no HA-UF adsorbent was also prepared, 
indicating the actual initial concentration of Pb(II). The 
desorption of adsorbed-Pb(II) on HA-UF was performed 
by conducting HA-UF loaded Pb(II) with 25 mL of three 
different eluents: HCl 0.01 M, HNO3 0.01 M, and 
CH3COOH 0.01 M. After 60 min shaking at 250 rpm, the 
HA-UF released Pb(II) was filtered and washed with 
deionized water until pH neutral. The process was 
repeated for five consecutive cycle runs. The adsorption 
and desorption process filtrate was analyzed with Flame-
AAS to quantify absorbed and desorbed Pb(II), 
respectively. The amount of Pb(II) adsorbed into the HA-
UF was considered to be the difference between the initial 
(control solution) and the remaining amount of Pb(II) in 
the filtrate. The amount of Pb(II) desorbed from the HA-
UF was considered to be the difference between the 
adsorbed Pb(II) and desorbed Pb(II) in the filtrate. 

■ RESULTS AND DISCUSSION 

Characterization of HA-UF 

The characteristic band of urea using ATR-IR at 
wavenumber 1690 cm–1 was attributed to the C=O amide 

stretching, 3310 cm–1 could be assigned to secondary 
amine N–H stretching, and between 1250–1020 cm–1 
was designated for amide C–N stretching (Fig. 1(a)) 
[22]. In addition, the sharp bands at 1585 and 1453 cm–1 
were associated with the N–H bonds and fewer 
characteristics of C–O–H due to the aliphatic side 
groups of the amino acid residues in commercial urea 
[23], respectively. 

The peaks between 2830–2695 cm–1 referred to the 
C–H aliphatic stretching, and at 1655 cm–1 referred to 
the aldehyde C=O stretching, which was characteristic 
spectra of formaldehyde (Fig. 1(a)) [18]. Five 
characteristic bands of HA were displayed at 3300– 
3400 cm–1 (attributed to O–H and N–H stretching),  
2918 cm–1 (designated for C–H aliphatic stretching), 
1715 cm–1 (referred to C=O from carboxylic acid 
stretching), 1620 cm–1 (assigned to aromatic C=C 
stretching), and 1236 cm–1 (attributed to C–O from ester 
stretching) (Fig. 1(b)). 

ATR-IR spectrum of the UF prepared by the reflux 
method is shown in Fig. 1(a). Important broadband 
around 3650–3000 cm−1 can be attributed to the 
hydrogen-bonded O–H and N–H, and its broadness 
might be due to water and formaldehyde monomers. 
This O–H group of water and formaldehyde of UF may 
form hydrogen bonds with reactive functional groups 
such as CH2OH, NH2, and NH [22]. The small band in 
the region of 2920 cm−1 is the C-H stretching vibrations 
of UF. The overlapped peak at 1720 cm−1 is related to 
C=O stretching. The two peaks area at the 1500– 
1600 cm−1 are attributed to –N–H bending vibrations of 
secondary amide. A relatively intense and broad peak at 
1236–1249 cm−1 is assigned to C–N stretching vibrations 
of secondary amide. Finally, the quietly strong peak at 
1017 cm−1 is due to the C–C–O stretching mode of 
CH2OH [24]. 

The success of HA-UF synthesis characterized with 
ATR-IR can be seen from the combination peak of 
original urea, formaldehyde, and HA as a constituent of 
HA-UF in HA-UF spectra, i.e., emerging peak between 
1250–1020 cm−1 was ascribed to the C–N stretching of 
amide III (Fig. 1(a)) [22]. This emerging peak leads to the 
notion  that the  formation of  HA-UF  occurred  through 
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Fig 1. (a) ATR-IR spectra of HA-UF, HA, UF, formaldehyde, and urea; (b) XRD Diffractogram of urea, HA, UF, and 
HA-UF 
 
C–N bonding. This fact is due to an increase in the 
intensity of C–N stretching at 1236 cm−1 in HA-UF 
spectra (Fig. 1(a)). 

Fig. 1(b) presents the X-ray diffractograms of urea, 
HA, UF, and HA-UF. As shown, urea exhibited a high 
crystalline order with double sharp peaks at 2θ = 19.94° 
and 22.23°. The peak at 2θ around 22° was ascribed to 
(002) interlayer reflection of urea [25-26]. The UF 
diffractogram showed three sharp, strong 2θ peaks at 
20.04°, 22.14°, and 24.58°. The first two peaks indicate the 
urea crystal, and the apparent additional peak (24.58°) is 
the typical peak on the XRD diffractogram of pure UF 
composites [17]. It was also observed that the position of 
the peak at 2θ = 19.94° (urea) shifted right to 20.04° (UF), 
probably due to the small urea that could intercalate into 
the UF composite interlayer [27]. The increasing 
crystallinity measurement from 54.09% (urea) to 76.59% 
(UF) strengthened the successful formation of UF. In 
contrast to urea, HA exhibited no specific sharp peak with 
high intensity due to the amorphous material [25-26], as 
demonstrated by XRD analysis [28]. Compared to UF, 
HA-UF occurred decreasing in crystallinity to 51.75% due 
to fairly semi-crystalline as it appears at 2θ around 22° and 
25°. Hence, the measured reduction in the crystallinity of 
HA-UF is related to the amorphous structure of HA. 

The results of the cross-sectional SEM analysis are 
displayed in Fig. 2 that represents the morphology of HA, 
UF, and HA-UF by magnifying 5000 times from the 

original image size. Arshad et al. [22] reported that 
different phases of UF presented in the SEM micrograph 
were identified using their differences in colors and 
contrasts. Related to that, the SEM micrograph in Fig. 
2(b) broadly depicts two different phases in HA-UF due 
to their color contrast. However, the distribution of 
these phases is fairly homogeneous and similar. 
Supporting these findings, elemental composition 
analysis with EDX showed an increase in the N atoms in 
HA-UF (23.46%, Table 1) from HA. Further, the 
elemental composition of HA-UF seems the average 
combination of the elemental composition of HA and 
UF. These results ascertain that there are two phases of 
HA and UF that occur, and the UF contains N atoms 
that truly bind to HA. 

The stability of HA-UF compared to HA is 
presented in Fig. 3. As shown, the synthesized HA-UF 
started to dissolve at pH 12.0, whereas HA was dissolved 
at a pH greater than 5.0. The increased stability of HA-UF 
indicates that the formation of HA and UF involves 
covalent bonds. The decrease in the total acidity of HA 
(549.26 cmol/kg) compared with HA-UF  
(349.30 cmol/kg), the bonds of HA and UF are strongly 
presumed by the carboxylic group of HA with the 
nitrogen atom in the UF molecules. This hypothesis 
follows the increased intensity of C–N stretching at 1236 
cm–1 in the HA-UF spectra (Fig. 1(a)). This carboxylic 
group bonding contributes to an increase in pHPZC of HA 
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Fig 2. Morphology analyses by SEM-EDX of (a) HA, (b) UF, and HA-UF 

 
Fig 3. Comparative analysis of the stability (a) and the pHPZC (b) of HA and HA-UF 

 
Table 1. Elemental weight (%) of HA, UF, and HA-UF by 
EDX 

Element 
Weight (%) 

HA UF HA-UF 
Carbon 57.60 28.56 46.13 
Oxygen 35.55 24.38 30.23 

Nitrogen 6.860 47.06 23.46 

(Fig. 3(b)). The higher the pHPZC, the lower the negatively 
surface charges [16,25]. 

From these results, the proposed mechanism for 
HA-UF formation is presented in Fig. 4. The reflux 
process accelerates the reaction by heating without 
reducing the volume of the reacting substance at a 
temperature of 70–80 °C to prevent swelling of HA and 
hydrolysis of ammonia carboxylates. The reaction 
occurs under alkaline conditions to activate the 
carboxylic ion in the HA. The electrostatic interaction 
between carboxylic ions and ammonia leads to the  
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Fig 4. Proposed mechanism of HA-UF formation 
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formation of ammonium salts due to the low reactivity of 
carboxylate ions toward addition-elimination of the 
nucleophile. The further reaction will evaporate water as 
a dehydration reaction to produce amides. Ammonia salt 
will efficiently hydrolyze both acidic and alkaline 
conditions. The precipitation of HA-UF was obtained by 
acidifying the mixture with the addition of HCl. 

Effect of Medium pH and Ionic Strength 

The effect of medium pH on Pb(II) adsorption on 
HA-UF is shown in Fig. 5(a). The adsorbed Pb(II) 
increases with the increasing pH from 2.0 to 5.0. In this 
condition, the surface of HA-UF begins to deprotonate, 
with the result that the HA-UF surface is negatively 
charged. Hence, Pb2+ species will easily be attracted to the 
HA-UF surface. At high acidity (pH < 3.0), the 
protonation occurs and competes with Pb2+ species to be 
attracted onto the HA-UF surface. Protonation causes the 

HA-UF surface to be zero/positively charged, leading to 
inactivity/repulsion between Pb2+ species and active sites 
of HA-UF. Therefore, Pb(II) adsorption is low on HA-
UF is low under low pH conditions. The highest Pb(II) 
adsorption on HA-UF was obtained at a pH above 5.0 
(Fig. 5(a)). However, at pH approximately above 6.0, the 
formation of solid Pb(OH)2 initially began. Thus, high 
Pb(II) adsorption at pH > 6.0 is not due to Pb(II) being 
adsorbed onto HA-UF, but it is Pb(II) precipitated as 
solid Pb(OH)2. Considering the existence of Pb2+ species 
and the formation of solid Pb(OH)2, the optimum pH of 
Pb(II) adsorption onto HA-UF was achieved between pH 
5.0 and 6.0. As illustrated in Fig. 5(a), it can also be seen 
that the maximum adsorption value of Pb(II) on HA-UF 
was obtained at initial pH > pHPZC. Therefore, electrostatic 
attractions between negatively charged surfaces of the 
HA-UF and Pb2+ species can occur and contribute to 
adsorption. Previous findings in the adsorption of Pb(II)  

 
Fig 5. (a) Profile of Pb(II) adsorption onto HA-UF as a function of pH, (b) Effect of the 0.1 M NaCl presence to the 
pHPZC of HA and HA-UF, (c) Effect of the NaCl salt addition to the adsorbed Pb(II) onto HA-UF at pH 5.50, (d) Profile 
of Pb(II) adsorption onto HA-UF as a function of pH in the NaCl presence (20 mL of Pb(II) 20 mg/L, 50 mg HA-UF) 
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onto HA-based adsorbents showed similar results to this 
work: an optimum pH of 5.0 in peat-HA [28], and an 
optimum pH of 5.5 in a magnetite/HA/chitosan 
adsorbent [10]. 

The effect of the ionic strength with the addition of 
NaCl to pHPZC is presented in Fig. 5(b). The pHPZC of HA 
and HA-UF decreased 4.2–3.17 and 5.15–4.2, in the 
presence of 0.1 M NaCl, respectively (Fig. 5(b)). A decrease 
in pHPZC indicates that the HA and HA-UF surfaces' zero-
point charge occurs at stronger acidic conditions (more 
H+ ions). It means that additional H+ is needed to enhance 
Cl– from the addition of NaCl in the solution. The result 
is that there are more H+ ions in the solution than on the 
adsorbent surface, so that the adsorbent surface is 
negatively charged in a more acidic solution. 

The effect of the ionic strength with the addition of 
NaCl on the Pb(II) adsorption is presented in Fig. 5(c). As 
shown, the higher the concentration of NaCl reduces the 
adsorption of Pb(II) onto HA-UF. The low adsorption of 
Pb(II) in this work (or other divalent metal cations) has 
been attributed to different factors: (1) adsorbent active 
site blocking by salt, (2) repulsion between free positive 
charge adsorbate and positively charged of adsorbent 
surfaces, (3) competition between positively charged 
species (H+ and Pb2+) and free adsorbate to the sorbent 
active sites, (4) lower formation of complexes/chelate with 
metal ions due to protonation of surface functional groups, 
and (5) combination of several of these factors [29]. The 
presence of NaCl has been observed to cause a decrease in 
adsorbed Pb(II) onto HA-UF (Fig. 5(d)). The sorption of 
Pb(II) on HA-UF is influenced by ionic strength at pH < 
4.50, whereas no drastic difference of Pb(II) adsorption 
was found at pH > 4.50 in three different NaCl 
concentrations. The results presented in Fig. 5(c) and 5(d) 
showed that the adsorption of Pb(II) onto HA-UF seems 
to be affected by the first and third factors because even at 
the optimum pH (5.50) and the optimum pH > pHPZC, the 
Pb(II) adsorption continues to decrease with the increase 
of ionic strength (NaCl concentration). 

Isotherm Adsorption Study 

The equilibrium adsorption isotherm is essential in 
describing the interactive behavior between the adsorbate, 

Pb(II), and adsorbent, HA-UF. For example, Fig. 6(a) 
presents Pb (II) adsorbed onto HA and HA-UF with 
different Pb(II) initial concentrations at an optimum pH 
of 5.5. The adsorbed Pb(II) increases with an increase of 
equilibrium concentration of Pb(II), and reaches the 
saturation plateau. As exhibited, the saturation plateau 
of HA-UF was higher than that of HA. It is indicated that 
the adsorption capacity of HA-UF is higher than HA due 
to modification with UF. 

The equilibrium adsorption parameters were 
obtained from a linear and nonlinear form of four styles 
Langmuir, Freundlich, Dubinin-Radushkevich (D-R) 
[30], and Temkin [31] isotherm models (Table 2). The 
nomenclatures of the symbols are b (mg/g or mol/g), 
which represent is the monolayer adsorption capacity, qe 
(mol/g) denote Pb(II) adsorption on the adsorbent at 
equilibrium, KL (L/mol) is Langmuir equilibrium 
constant, EL (kJ/mol) is the monolayer adsorption energy 
[EL=-RT ln KL], C0 and Ce are Pb(II) initial concentration 
(mol/L) and remains Pb(II) concentration at equilibrium 
(mol/L), respectively. The B (mg/g or mol/g) is the 
multilayer adsorption capacity, n is the heterogeneity 
parameter of the adsorbent surface, β is Dubinin-
Radushkevich (D-R) isotherm constant (mol2/kJ2), ε is 
Polanyi potential [RT In(1+1/Ce)] (J2/mol2), qD-R (mol/g) 
is the theoretical isotherm saturation capacity, bT (J/mol) 
and AT (L/g) are Tempkin isotherm parameters, R  
(8.314 J/mol K) is the gas constant, and T is the absolute 
temperature. The closest correlation coefficient (R2) to 
the unity among the Langmuir styles and the three other 
models were then evaluated by a six error function (Eq. 
(1–6)) to compare the linear and nonlinear adsorption 
fitness isotherm parameters. 

The plot of experimental data to the four styles of 
Langmuir, Freundlich, D-R, and Temkin models is 
presented in Fig. 6(b–h). From the plot among 
Langmuir linear model (Fig. 6(b–e)), the Langmuir-b 
shows the highest value of R2 (Fig. 6(c)). The adsorption 
isotherm parameters value and the calculated error value 
were listed in Table 3. For the linear regression method, 
the Langmuir isotherm emerged to be the most 
appropriate model for the adsorption of both HA and 
HA-UF  due  to  the  higher  R2  value.  In  the  nonlinear  
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Fig 6. (a) Effect of Pb(II) initial concentration to the adsorbed Pb(II) onto HA and HA-UF; the plot of isotherm 
experimental data to the (b) Langmuir-a; (c) Langmuir-b; (d) Langmuir-c; (e) Langmuir-d; (f) Freundlich; (g) D-R; 
and (h)Temkin linear form model 
 
method, the Freundlich isotherm presented lower error 
values than other nonlinear isotherm models for both HA 
and HA-UF adsorbents. However, the Freundlich 
isotherm parameter sets obtained from the nonlinear 
model differed from the linear regression value. 

Conversely, several Langmuir-a isotherm parameter 
sets generated from the nonlinear regression were similar to 
the linear regression values. Among the isotherm parameter 
sets are determined using nonlinear regression. It was 
noticed that the isotherm parameter sets derived by ARE 

and SRE were similar. In order to choose the appropriate 
isotherm parameter set, the sum of normalized errors 
(SNE) was considered. The SNE was calculated by dividing 
the error values by the maximum error of that error 
function. The parameter set yielded the smallest SNE 
value was proclaimed as the appropriate parameter set. 
As seen in Table 3, the lowest SNE was obtained from 
the Langmuir-a parameter set for both HA and HA-UF 
adsorbents. It means that the Langmuir-a isotherm 
model assigned the match close to the experimental data. 
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Table 2. Linear and nonlinear form of the isotherm models 
Isotherm 
models 

Nonlinear form Linear form Plot (x vs. y) Slope Intercept Ref. 

Langmuir-a 

L e
e

e

K bC
q

1 bC
=

+
 

e
e

e L

C 1 1 C
q K b b

= +  e
e

e

C
C vs.

q
 1

b
 

L

1
K b

 [32] 

Langmuir-b 
e L e

1 1 1
q b bK C

= +  
e e

1 1vs.
C q

 L

1
K b

 1
b

 [32] 

Langmuir-c e
e

L e

q
q b

K C
= −

 

e
e

e

q
vs.q

C
 L

1
K

 
b

 
[32] 

Langmuir-d e
L e L

e

q
K b q K

C
= −

 

e
e

e

q
q vs.

C
 

LK
 

LK b
 

[32] 

Freundlich 1/n
e eq BC=  e e

1lnq lnB lnC
n

= +  e elnC vs. lnq
 

1
n

 lnB  [33] 

D–R  e D R
2

q (q )
exp( )

−=

−βε
 2

e D Rlnq lnq −= −βε  2
evs. lnqε

 

β  D Rlnq −  [30] 

Temkin e T e
T

RTq lnA C
b

=  e T e
T T

RT RTq lnA lnC
b b

= +  
e elnC vs. q

 T

RT
b

 T
T

RT lnA
b

 [31] 

Table 3. Linear regression of adsorption isotherm parameters and error analysis calculation 

Models  Adsorbent Parameter 
Linear 
regression 

Nonlinear regression 
ARE SSE HYBRID EABS χ2 SRE 

Langmuir-b 

HA-UF 

b (mg/g) 46.80 46.40 46.40 46.40 46.40 46.40 46.40 
KL (L/mol) 12143 21884 21884 21884 21884 21884 21884 
EL (kJ/mol) 23.30 23.30 23.30 23.30 23.30 23.30 23.30 
R2 0.9968       
Error value  0.279 2.35×10-9 0.439 6.90×10-6 1.05×10-5 0.279 
SNE 0.378 0.636 5.35×10-9 1.00 1.57×10-5 2.39×10-5 0.635 

HA 

b (mg/g) 23.12 37.60 37.60 37.60 37.60 37.60 37.60 
KL (L/mol) 53507 43961 43961 43961 43961 43961 43961 
EL (kJ/mol) 23.22 23.33 23.33 23.33 23.33 23.33 23.33 
R2 0.9996       
Error value  0.103 3.38×10-7 0.162 2.06×10-5 1.86×10-4 0.102 
SNE 0.378 0.636 2.09×10-7 1.00 1.27×10-5 1.15×10-3 0.633 

Freundlich 

HA-UF 

B (mg/g) 5179 64740 64740 64740 64740 64740 64740 
n 1.71 2.90 2.90 2.90 2.90 2.90 2.90 
R2 0.8960       
Error value  0.091 0.010 0.143 0.003 0.034 0.087 
SNE 0.430 0.636 0.075 1.00 0.021 0.240 0.610 

HA 

B (mg/g) 414 2736 2737 2737 2737 2737 2737 
n 3.29 5.39 5.39 5.39 5.39 5.39 5.39 
R2 0.8454       
Error value  0.092 1.90×10-5 0.145 1.35×10-4 1.44×10-3 0.091 
SNE 0.379 0.636 1.31×10-4 1.00 9.25×10-4 9.89×10-3 0.631 
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Table 3. Linear regression of adsorption isotherm parameters and error analysis calculation (Continued) 

Models  Adsorbent Parameter 
Linear 
regression 

Nonlinear regression 
ARE SSE HYBRID EABS χ2 SRE 

D-R 

HA-UF 

qD (mg/g) 438.06 438.06 438.06 438.06 438.06 438.06 438.06 
EDR (kJ/mol) 9.75 9.75 9.75 9.75 9.75 9.75 9.75 
R2 0.9374       
Error value  0.110 4.51×10-7 0.174 2.58×10-5 2.13×10-4 0.110 
SNE 0.378 0.636 2.59×10-6 1.00 1.480×10-4 1.22×10-3 0.633 

HA 

qD (mg/g) 84.22 84.21 84.21 84.21 84.21 84.21 84.21 
EDR (kJ/mol) 12.55 12.55 12.55 12.55 12.55 12.55 12.55 
R2 0.9401       
Error value  0.145 1.29×10-8 0.229 6.52×10-6 3.17×10-5 0.145 
SNE 0.378 0.636 5.62×10-8 1.00 2.84×10-5 1.38×10-4 0.634 

Temkin 

HA-UF 

bT (J/mol) 319.07 117.99 117.99 117.99 117.99 117.99 117.99 
AT (L/g) 1.51 1.24 1.24 1.24 1.24 1.24 1.24 
qe (mg/g) 26.96 68.79 68.79 68.79 68.79 68.79 68.79 
R2 0.9399       
Error value  0.218 6.83×10-9 0.343 7.98×10-6 2.06×10-5 0.218 
SNE 0.379 0.636 1.99×10-8 1.00 2.32×10-5 5.99×10-5 0.635 

HA 

bT (J/mol) 640.99 172.41 172.41 172.41 172.41 172.41 172.41 
AT (L/g) 4.36 1.12 1.12 1.12 1.12 1.12 1.12 
qe (mg/g) 19.27 52.12 52.12 52.12 52.12 52.12 52.12 
R2 0.9721       
Error value  0.179 3.93×10-9 0.281 4.97×10-6 1.56×10-5 0.179 
SNE 0.379 0.636 1.40×10-8 1.00 1.76×10-5 5.54×10-5 0.635 

 
The RL value of Pb(II) adsorption onto HA and HA-

UF in this study shows that the RL values of HA (0.427–
0.022) and HA-UF (0.395–0.019) are between 0 and 1, 
which indicates the adsorption is a favorable process. It 
suggests the homogeneity of the HA-UF surface. The 
adsorption capacity of Pb(II) adsorption onto HA-UF 
(2.26 × 10–4 mol/g or equal to 46.80 mg/g) is two times 
higher than that of HA (1.12 × 10–4 mol/g or equal to  
23.12 mg/g). Comparison of the adsorption capacity (b) 
of HA-UF as Pb(II) adsorbent with the HA- or UF-based 
adsorbents were listed in Table 4. Since the total acidity has 
decreased from 549.26 cmol/kg (HA) to 349.30 cmol/kg 
(HA-UF), it can be concluded that Pb(II) adsorption 
involves the interaction between Pb(II) and the lone pair 
electron of the N atom in UF. The higher adsorption 
capacity of HA-UF can be increased in two ways: using 
HA with higher total acidity and optimizing the 
polymerization reaction of HA-UF. With the UF polymer, 
the loss  of  one  site  of  the  HA–COOH group due  to the  

Table 4. Comparison of adsorption capacity (b) of the 
HA-UF as Pb(II) adsorbent 

HA-/UF-based 
Adsorbent b (mg/g) References 

HA-peat (Polland) 82.31 [34] 
Magnetite-HDHA 57.64 [10] 
HA-UF 46.80 This work 
HA-peat (Riau) 23.12 This work 
UF-foam 21.50 [35] 
HA-soil (India) 19.60 [36] 
HA-peat 15.00 [28] 
UF-thiourea-bentonite 13.40 [37] 
UF-melamine 4.900 [38] 

bonding reaction with the UF polymers will be replaced 
by more than one N containing the lone pair electron in 
UF that possibly bind to Pb(II). 

It is frequently studied that D-R adsorption energy 
(EDR) is useful for investigating the interaction between 
the adsorbate and the adsorbent. The interaction could 
be classified as physical interaction (EDR < 8 kJ/mol), ion 
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exchange mechanism (8 < EDR < 16 kJ/mol), and 
chemisorption that is stronger than ion exchange (EDR > 
16 kJ/mol) [39]. The values of ED-R calculated in this study 
were 9.75 kJ/mol (HA-UF) and 12.55 (HA), which indicated 
that ion exchange is the major interaction involved in the 
adsorption process. Furthermore, the Temkin isotherm 
describes the indirect relation of multilayer interaction 
between the adsorbate and the adsorbent with the 
adsorption energy of the layer [40]. As seen in Table 3, the 
bT of HA-UF (319.07 J/mol) is smaller than HA (640.99 
J/mol) that indicates Pb(II) at the outer layer interact 
stronger with HA's surface than HA-UF surfaces [40]. 

Kinetics Adsorption Study 

The adsorbed Pb(II) calculated by (C0-Ct)/(W/V) 
onto HA-UF as a function of time is presented in Fig. 7(a). 
It is obvious from Fig. 7(a) that the adsorption amount 
increases rapidly in the first 20 min, and after 20 min 
slower adsorption occurs and reaches equilibrium at  
100 min. Rapid adsorption within the first 20 min 
indicates a strong electrostatic interaction between the 
negative sites of HA-UF and the Pb(II) cations. Four 
kinetics models (Lagergren [41], Ho [42], Santosa [43], 

and RBS [10,44-46]) (Table 5) were used to explore 
kinetics parameters of Pb(II) adsorption onto HA-UF. 
The nomenclatures of the symbols are qt (mol/g), which 
represent the amount Pb(II) that was adsorbed at time t 
(min); x (mol/L) and xe (mol/L) are the amount of Pb(II) 
adsorbed on the adsorbent at time t and equilibrium, 
respectively; X (g/L) in Santosa's kinetics model is 
w/vmr, where w (g) is the mass of the adsorbent, v (L) is 
the volume of sorption medium, and mr: the molar 
weight of adsorbate; Cb (mol/L) is the concentration of 
Langmuir capacity (Cb=bw/v); kLag (min–1), kHo 
(g/mol.min), ks (L/mol.min), ka (L/mol.min) are the 
Lagergren, Ho, Santosa, and RBS rate constants, 
respectively. The application of empirical data to the plot 
of these four kinetics models is presented in Fig. 7(b-f). 

The corresponding linear regression coefficient 
(R2) value of the Ho (Pseudo-Second Order) kinetics 
model is higher than the other three kinetics models 
(Table 6). Moreover, the calculated qe (Calc. qe) value 
(5.27 × 10–5 mol/g) from the Ho kinetics model agrees 
well with the experimental qe (5.05 × 10–5 mol/g) better 
than that of  Lagergren and  RBS kinetics  models. Thus,  

 
Fig 7. (a) Profile of adsorbed Pb(II) as a function of time; applying of experimental kinetics data to the (b) Lagergren, 
(c) Ho, (d) Santosa-a), (e) Santosa-b to determine the kd, and (f) RBS models 
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Table 5. Kinetics models to determine the kinetics adsorption parameter of HA-UF 
Kinetics Model Linear Form Plot (x vs. y) Slope Intercept Ref. 
Lagergren ( )e t e Lagln q q lnq k t− = −  ( )e tt vs. ln q q−  Lagk  elnq  [41] 

Ho ( )2t eHo e

t 1 1 t
q qk q

= +  
t

tt vs.
q

 
e

1
q

 ( )2
Ho e

1

k q
 

[42] 

Santosa ( )
( )

0 e

e 0 t
s

0 e t

1
C Xq

q C Xq
ln k t

C q q

−
 −

=  − 
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0 e
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Table 6. Kinetics parameters of Pb(II) adsorption onto HA-UF 
Kinetics Model Kinetics adsorption parameters 

Lagergren 
Calc. qe (mol/g) kLag (min-1) kd K R2 
2.88×10-5 0.027 - - 0.9875 

Ho 
Calc. qe (mol/g) kHo (g mol-1 min-1) kd K R2 
5.27×10-5 1746.04 - - 0.9953 

Santosa 
Calc. qe ks ((mol/L)-1 min-1) kds (min-1) KS (mol/L)-1

 R2 
- 194.08 4.46×10-5 4.36×106 0.9875 

RBS 
Calc. qe (mol/g) kRBS ((mol/L)-1 min-1) kd (min-1) KRBS (mol/L)-1

 R2 
1.31×10-5 51.47 2.26×10-3 22780 0.9878 

 
the Ho kinetics model is evidence to demonstrate the 
adsorption of Pb(II) onto HA-UF. The prediction of 
adsorption energy through the calculation of E = - RT ln 
(ka/kd) shows that the RBS model (ERBS = 24.86 kJ/mol) 
presents a closer value than the Santosa model (ES = 37.87 
kJ/mol) to EL of Langmuir-b (23.30) kJ/mol). 

Six different error functions were examined for the 
nonlinear model of kinetics data (Table 7). The error value 
of all kinetics models seems to have a different value from 
the kinetics parameter value calculated from linear 
regression. However, after being divided by the maximum 
error (SNE), the lowest value of SNE and the best coherent 
fitting of the models is for the Ho kinetics model. The SNE 
value increases in order Ho > RBS > Lagergren. The 
Santosa kinetics model cannot estimate the error value 
because the model cannot obtain the qe,calc. According to 
this result, Ho (known as pseudo-second-order) is the 
best model to represent the kinetics data. 

Reusability 

Reusability study of HA-UF adsorbent was 
performed by the five consecutive cycles of the 
adsorption-desorption process with three different 
desorption eluents: HCl 0.01 M, CH3COOH 0.01 M, and 
HNO3 0.01 M. The % metal recovery for HA-UF by HCl, 
CH3COOH, and HNO3 after reuse for five consecutive 
cycles was 90.47%, 67.93%, and 94.32%, respectively. It 
was observed that the best performance of desorption 
eluent in this work was HNO3. A similar result was 
reported by Basuki et al. [10] in the desorption study of 
Pb(II) from MHDHA. It might be due to the NO3

– 
affinity to make a more stable complex with Pb(II) rather 
than Cl– and CH3COO– [47]. 

The pH solution in each adsorption cycle indicates 
that the pH decreased from the optimum pH (5.50) to 
2.91, 3.03, and 2.03 by desorption eluent HCl, 
CH3COOH, and HNO3, respectively, after five consecutive  
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Table 7. Linear regression of adsorption kinetics parameters and error analysis calculation 
Kinetics 
model Parameter Linear 

regression 
Nonlinear regression 

ARE SSE HYBRID EABS χ2 MPSD 

Lagergren 

Calc qe (×10-5 mol/g) 2.88 6.27 6.27 6.27 6.27 6.27 6.27 
kLag (min-1) 0.027 0.064 0.064 0.064 0.064 0.064 0.064 
kd - - - - - - - 
R2 0.9875       
Error value  0.310 4.29×10-11 0.516 1.95×10-6 6.84×10-7 0.172 
SNE 0.322 0.600 8.31×10-11 1.00 3.77×10-6 1.32×10-6 0.334 

Ho 

Calc qe (mol/g) 5.27×10-5 3.33×1012 3.33×1012 3.33×1012 3.33×1012 3.33×1012 3.33×1012 
kHo (g mol-1 min-1) 1746.04 2.70×1035 2.70×1035 2.70×1035 2.70×1035 2.70×1035 2.70×1035 
kd - - - - - - - 
R2 0.9953       
Error value  1.30×108 1.92×10-10 2.164×108 4.33×10-6 577.298 3.029×1016 
SNE 0.166 4.29×10-9 6.35×10-27 7.144×10-9 1.43×10-22 1.91×10-14 1.00 

Santosa 

Calc qe - - - - - - - 
ks ((mol/L)-1 min-1) 194.08 - - - - - - 
kds (×10-5 min-1) 4.46 - - - - - - 
Ks (×10-6 mol/L)-1 4.36 - - - - - - 
R2 0.9875 - - - - - - 
Error value  - - - - - - 
SNE - - - - - - - 

RBS 

Calc qe (mol/g) 1.31×10-5 9.76×10-8 9.76×10-8 9.76×10-8 9.76×10-8 9.76×10-8 9.76×10-8 
kRBS ((mol/L)-1 min-1) 51.47 2.01×10-2 2.01×10-2 2.01×10-2 2.01×10-2 2.01×10-2 2.01×10-2 
kd (min-1) 2.26×10-3 8.86×10-7 8.86×10-7 8.86×10-7 8.86×10-7 8.86×10-7 8.86×10-7 
KRBS (mol/L)-1 22780 22780 22780 22780 22780 22780 22780 
R2 0.9878       
Error value  442.322 1.92×10-10 737.20 4.32×10-6 1.96×10-3 3.260×10-5 
SNE 0.167 1.36×10-3 5.88×10-16 2.26×10-3 1.32×10-11 6.02×10-9 1.00 

 
Fig 8. Adsorption-desorption study of HA-UF and pH change in five consecutive cycles with the different eluents: (a) 
HCl, (b) CH3COOH, and (c) HNO3 
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Fig 9. (a) Diffractogram and (b) ATR-IR spectra of HA-UF after the first (Cy1), and fifth cycle (Cy5) adsorption-
desorption process with the three different eluents: HCl, CH3COOH, HNO3; (c) ATR-IR spectra of HA and HA-UF 
loaded Pb(II) 
 
adsorption-desorption cycles (Fig. 8). This fact 
strengthened the calculated ED-R in this work (9.75 kJ/mol) 
that ion exchange is the main interaction between H+ of 
HA-UF surface and Pb(II) ions. Fig. 9(c) showed the 
interaction Pb(II) with the C=O functional group. At the 
adsorption process, the H+ ions were replaced by the 
Pb(II) ions, and the desorbed H+ moved into the solution 
resulting in decreased pH. The H+ from desorption eluent 
replaced the adsorbed Pb(II), and the desorbed Pb(II) 
formed a stable complex with the anion from desorption 
eluent at the desorption phase. 

The five consecutive adsorption-desorption cycles 
of HA-UF represent the virtuous regeneration ability of 
HA-UF as an adsorbent. The claim was proved by the 
XRD and ATR-IR analysis of HA-UF after the fifth 
adsorption-desorption cycle (Fig. 9). It was observed that 
there was no significant damage in the crystal system and 
functional group of the HA-UF. Therefore, the HA-UF 
offers an efficient, un-expensive, and effective adsorbent 
for Pb(II) removal from contaminated wastewater. 

■ CONCLUSION 

The formation of HA-UF and the adsorption 
performances of the synthesized HA-UF for Pb(II) 
adsorption were studied. The HA-UF formation was 
identified as the reaction between the –COOH groups of 
HA and –NH2 of UF (C–N bonding). The reaction was 
based on a decrease in the total acidity from  
549.26 cmol/kg (HA) to 349.30 cmol/kg (HA-UF), the 
peak appeared between 1250–1020 cm–1 (by ATR-IR), 
an increase of 23.46% (w/w) N atoms in HA-UF 
(elemental analysis by EDX), the peaks appeared at 2θ 
around 22° correspond to (002) interlayer reflection of 
urea in HA-UF (by XRD) and increased the HA-UF 
stability in solids form until pH 12.0. The adsorption of 
Pb(II) onto HA-UF was strongly affected by ionic 
strength and pH. The higher the ionic strength by 
adding NaCl salt, the lower the Pb(II) adsorbed at the 
optimum pH of 5.50. The adsorption isotherm data as 
the effect of initial Pb(II) concentration variation and its 
error analysis was fitted well to the Langmuir-b model, 
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illustrating monolayer ion-exchange adsorption (EDR = 
9.75 kJ/mol) on the homogenous surfaces with an average 
capacity of 2.26 × 10-4 mol/g (equal to 46.80 mg/g). The 
results of time variation analysis showed that the adsorption 
followed the Ho (Pseudo-Second order) kinetics model 
with the rate constant 1746.04 g mol–1 min–1 and the 
comparable value of qe,calc (5.27 × 10–5 mol/g) with the 
experimental qe,exp (5.05 × 10–5 mol/g). The reusability 
study of HA-UF shows the remarkable performance of up 
to 95% metal recovered after five consecutive adsorption-
desorption cycles by the HNO3 desorption agent. 
Therefore, the HA-UF is a promising adsorbent for Pb(II) 
adsorption in wastewater treatment. 
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