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1. Introduction 

The most significant and necessary element on earth for 

the survival of life is water. It is believed that there are 

1388 million billion cubic meters of water on Earth. One-

third of the world's population uses groundwater for 

drinking, whereas, one-sixth (nearly 2 billion), live in 

developing nations without access to clean drinking 

water[1], 2.6 billion people lack basic sanitation facilities, 

and the current rarity and contamination of drinking water 

pose a threat to global water supplies. Water pollution is 

the most common form of environmental contamination, 

which has long been a serious and deadly issue for 

humans. The discharge of wastewater resulting from 

industrial production has grown increasingly problematic 

in today's fast-developing industrial civilization, leading 

to varying degrees of contamination in rivers and lakes [2, 

3]. Among these is the threat to human health and survival 

due to human-caused heavy metal pollution in water. 

Heavy metal ions in wastewater can enter the human body 

through biological circulation, hence threatening human 

health. However, the depletion of Earth's water resources 

and the increasing demand for clean water are compelling 

us to reconsider the risks posed by these pollutants and 

modernize wastewater treatment [4-6]. Pb2+ is the most 

prevalent hazardous metal ion in daily life, which can have 
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In this study a loess clay-based co-polymer, KHLC/PAA, was produced to 

support the functional monomer acrylic acid in an in situ polymerization 

process using N-N methylene bisacrylamide as a cross-linking agent. It was 

characterized by Scanning Electron Microscopy, Fourier Transformation 

Infrared spectroscopy, X-ray diffractometry, X-ray fluorescence 

spectroscopy, and thermal gravimetric analysis, followed by the 

examination of its adsorption capability for removing lead ions (Pb2+) from 

aqueous solution at room temperature in 60 minutes, which appeared to be 

159.1 mg/g. The thermodynamic data showed that the adsorption process 

was practicable, spontaneous, and endothermic, and the experimental 

results suited the pseudo-second-order kinetic model and the Langmuir 

adsorption isotherm well. Pb(II) adsorption on KHLC/PAA was fitted to the 

Langmuir monolayer adsorption model, proving that its isothermal equation 

is better for test findings. The thermodynamic measurements showed 

spontaneous, practical, endothermic Pb2+ adsorption on KHLC/PAA. The 

computed maximum adsorption capacity (qm) of Pb2+ ions on KHLC/PAA 

was 159.1mg/g at 25°C and pH 5, with 92.2% removal efficiency. 

KHLC/PAA-Pb FTIR data analysis indicated surface complexation and ion 

exchange as adsorption processes. Consequently, KHLC/PAA is a 

potentially beneficial material for wastewater treatment as it is an 

inexpensive, environment-friendly adsorbent. 
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permanent negative effects on health in both children and 

adults[7]. It is widely used in the industrial sector 

including chemical, electrical, electronic and leather 

industries; along with its widespread use in jewelry, arts 

and crafts in developing countries[8]. Pb2+ poisoning 

among children has been common since 2009. In August 

of the mentioned year, wastewater discharged from a 

nearby smelter in Fengxiang City, Shaanxi Province, 

China, poisoned 851 local children. More than 170 of the 

children were sent to the hospital for emergency 

treatment, which caused the violent protests among the 

populace and drew attention from the government. Then, 

in 2011, trash from a battery factory in Huaining City, 

Anhui Province, resulted in elevated Pb2+ levels in the 

blood of 228 local children, demonstrating the potential 

dangers associated with heavy metal ions. As a result, 

wastewater treatment for heavy metal ions is about to 

happen [9].  

Currently, various methods for the treatment of heavy 

metal contamination in water are being utilized including 

chemical precipitation, biological treatment, electrolysis, 

ion exchange, membrane separation, and adsorption. But 

these methods had few drawbacks including least 

selectivity for heavy metals, non-variety of functional 

groups, low treatment efficiencies for heavy metals, 

formation of toxic sludge and high operational 

costs[10].Up to now, the adsorption method is considered 

to be the most widely used method in water pollution 

treatment technology with its unique advantages, which 

are not only high efficiency, high selectivity, re-usability, 

and less toxicity but its simple operation, and the fact that 

it can remove a variety of different types of pollutants such 

as heavy metal ions and dyes[11]. The most important 

aspect in using adsorption technology to treat wastewater 

is the Preparation of an environmentally friendly, low-

cost, and highly effective adsorbent with excellent affinity 

for pollutants by using a particular and suitable adsorbent. 

Some of the reported adsorbents used previously include 

activated carbon[12], zeolite[13], clay[14], and sludge 

soil[15]. The Preparation of adsorbent with low cost and 

easy availability requires a wide spread and inexpensive 

natural material and Chinese loess could be a best option 

in this regard. As being rich in composition and cheap 

natural material, loess can be used to remove a variety of 

heavy metals from aqueous solution[16]. For example, 

Tang et al. experimented that the calcinated Chinese loess 

can remove Zn2+ ions with the adsorption capacity of 

113.6mg/g[17]. Xing et al. have found that Pb2+ ions can 

be efficiently removed by using red loess[18]. R.M Wang 

et al. prepared and utilized loess based adsorbent with 

Acrylic acid for Pb2+ ions removal in wastewater and they 

achieved removal efficiency of 99%[19]. In particular, 

nanocomposite and biohydrogel fields were found to be 

very promising for environmental and analytical 

applications. Hydrogel-Fe₃O₄ magnetic nanocomposites 

were used to remove organic dyes from wastewater and 

nanocomposite PU filtration as multifunctional filters 

used in the municipal wastewater treatment process to 

eliminate organic pollutants [19, 20]. In the same way, 

biohydrogels containing soy protein, tragacanth, 

mesoporous silica nanoparticles, and lycopene were used 

selectively to remove nitrites from sediment of the Lake 

Urmia [21]. Substituted sorbents 

Zein/EDTA/chlorophyll/nano-clay biocomposite sorbents 

showed excellent performance again indicating the 

potential of green materials for pollutant removals in 

industrial wastewaters [22]. Fibers of poly N-phenyl 

pyrrole, poly (N-methyl pyrrole-pyrrole) nanoscale 

applied in analytical chemistry enhanced the HS micro 

extraction of organic volatiles in yogurt matrix [23, 24]. 

The following green extraction methods; β-cyclodextrin, 

and ultrasound were used to extract the bioactive 

compounds from pomegranate peel [25]. Moreover, a 

Fe₃O₄/SiO₂/polypyrrole nanocomposite was prepared to 

desalinate edible sea salts to provide an example of this 

class of nanocomposites for use in the food industry or 

environmental conservation [26]. Altogether, the results 

discussed in these studies exhibit the blow of use 

nanotechnology and biocomposite materials for solving 

the world environmental and analytical problems. All 

these references establish that loess can be used as 

potential low cost adsorbent in the removal of Pb2+ ions 

from wastewater. This work involves the synthesis, by in-

situ polymerization, of a surface grafted functional loess 

clay co-polymer acrylophenone (AP) / Acrylic Acid (AA) 

(KHLC/PAA) and investigation of adsorption of Pb2+ 

ions in aqueous solution. In Preparation, to reduce the cost 

of the composite material, a higher proportion of clay was 

produced accompanied by a lesser proportion of polymer 

and therefore the cost of producing polymer adsorbent 

was reduced. In endeavor to evaluate the effectiveness of 

KHLC/PAA on the removal of Pb2+ ions from aqueous 

solution some factors influencing the adsorption process 

included temperature, pH value, dosage, contact time and 

initial concentration of adsorbed solution were studied. 

 

2. Experiment 

2.1. Materials and Reagents 

The main raw material loess (called Huangtu) was 

collected for free near the national highway of Xi’an 

Shaanxi (China). AA and N-N Methylene Bisacrylamide 

(MBA) are commercially available and were obtained 

from Tianjin Comeo Chemical Reagent company, other 



Chem Rev Lett 8 (2025) 84-100 
 

86 
 

chemicals including KH570 solution, ethanol, potassium 

persulfate, ammonia solution, acetic acid and sodium 

hydroxide are analytical reagents and commercially 

available. Distilled water was utilized throughout the 

experimental work. 

 

2.2.  Preparation of Adsorbent 

First, LC is pre-treated with hydrochloric acid (HCl). The 

dried LC was ground and sieved at 100 mesh. 10.00 g of 

the grounded LC was added to 150 ml HCl solution (4 

mol.L-1) at 80℃ and was stirred for complete 2 hours. The 

solution was then allowed to cool to room temperature. 

The pre-treated LC was filtered, and it was then washed 

with distilled water until the eluents were neutral. The 

acidified LC (HLC) was dried at 60 ℃ for 5 h, yielding 

76.5% of the required product. Secondly, the HLC is 

further modified by silane coupling agents KH-570. A 

three-necked flask was taken in which, 5.00g HLC, 10 ml 

H2O and 30 ml ethanol (EtOH) were mixed and kept on 

stirring for 1 hour. The pH value was adjusted in between 

3.0–and 4.0 after one hour by adding few drops of acetic 

acid (HOAc) solution. Along with that, at this step KH-

570/KH-792 (1.00 g or 1ml), were added to the mixture 

and it was further stirred for 30 min at room temperature. 

Afterward, the pH value of the mixture was adjusted to 9–

10 with the ammonia solution (NH3·H2O), and after that 

the solution is heated at 80℃ continuously with stirring 

for 3 hours. The product is filtered and washed with EtOH 

three times to remove the unreacted KH-570/KH-792. 

After that, the product was vacuum dried at 50℃ for 8 

hours, and the final silane coupling agent modified loess 

(KH-LC) is obtained with a yield of 82.3% of.  

 

2.3. Characterization of Adsorbent  

The obtained loess-based grafting co-polymer 

KHLC/PAA was characterized by using X-ray diffraction, 

X-ray fluorescence techniques, and elemental analysis 

FTIR. XRD patterns were recorded on an XRD-6100 

diffractometer using graphite monochromatic copper 

radiation, at 40kV, 30mA over the 2θ range from 5 to 80°, 

while the XRF data was collected through XRF1800-

ASF(E) spectrometer. FTIR spectra were recorded 

between 4000 and 500 cm-1 by using the potassium 

bromide (KBr) method and registered on the IRTracer 100 

spectrophotometer using KBr pallets. The pore structure 

and surface morphology of the adsorbents were observed 

by SEM images recorded on a GeminiSEM360 

microscope, and the surface area and pore size of the 

material were determined by using the BET analysis 

through N2 adsorption-desorption isotherms and pore 

distribution diagram. 

2.4. Characteristics of Used Material 

This investigation relied on natural clay mineral loess. It 

followed the national route from Xi'an, Shaanxi. Free 

Huangpu loess was recovered following processing and 

modification. For consistency, loess was crushed and 

sieved to 100 mesh during pre-treatment. Hydrochloric 

acid from Tianjin Comeo Chemical Reagent changed the 

loess. KH-570 and KH-792, available from the same 

source, changed the loess after acid treatment. In situ 

polymerization of AA and N-N methylene bisacrylamide 

(MBA) produced the surface-grafted functional loess-

based co-polymer (KHLC/PAA). These chemicals' purity 

surpassed 98%, ensuring experiment effectiveness. We 

utilized unpurified sodium hydroxide, acetic acid, 

potassium persulfate, ammonia, and analytical-grade 

ethanol. Distilled water was used throughout the 

experiment to avoid contaminants. The KHLC/PAA 

adsorbent was characterized using advanced methods. 

XRD was used to investigate the loess's crystalline 

structure before and after alteration. The changed loess' 

chemical composition was evaluated by an XRF1800-

ASF(E) spectrometer. The functional groups of the 

improved adsorbent were examined using FTIR. A 

GeminiSEM360 microscope examined the adsorbent's 

surface morphology and pore structure, which affect 

adsorption capacity. BET (Brunauer-Emmett-Teller) 

study utilising nitrogen adsorption-desorption isotherms 

revealed the adsorbent's surface area and pore size 

distribution.  

 

2.5.  Adsorption Experiments 

Loess was pretreated with hydrochloric acid in many steps 

to make the adsorbent. Heat the mixture at 80°C for two 

hours after adding 150 ml of 4 mol/L HCl. After filtration, 

it was washed with distilled water and dried at 60°C for 

five hours. Loess weighed 10 grammes. Pre-treated loess 

was modified using silane coupling agents KH-570 and 

KH-792. This step included mixing 5 g HLC, 30 ml 

ethanol, and 10 ml water in a three-necked container. The 

mixture was stirred for an hour at room temperature before 

adding silane coupling agents. After ammonia lowered pH 

to 9–10, KHLC was vacuum-dried. This combination was 

cooked at 80°C for 3 hours. KHLC/PAA was tested for 

Pb2+ ion adsorption from aqueous solutions. Adsorption 

tests consisted of starting Pb2+ concentrations (20 mg/L 

to 300 mg/L), adsorbent doses (0.02 g to 0.2 g), contact 

periods (30 minutes to 24 hours), temperature (10°C to 

50°C), and pH (2 to 9). The experiments were done in a 

150-rpm shaker at a constant temperature. The residual 

Pb2+ was measured using the Atomic Absorption 
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Spectrophotometer. The removal efficiency was 

calculated using the equation: 

Removal Efficiency (%) =
Co −  Ce

Ce
× 100      1     

Adsorption Efficiency = 
Co − Ce 

m
 × V        2   

where Co is the initial concentration and Ce is the 

equilibrium concentration of Pb2+ ions. Adsorption 

efficiency was calculated using the following equation: 

Adsorption Efficiency=(Co−Ce)m×V 

Adsorption Efficiency=m×V(Co−Ce) 

where mm is the mass of the adsorbent and VV is the 

volume of the solution. 

 

2.6.  Desorption and Re-usability 

The desorption of Pb2+ from KHLC/PAA was done by 

dissolving the adsorbent in 50mL of HCl (0.1mol.L−1) 

solution at a fixed time interval of 60 minutes and the re-

usability of KHLC/PAA was evaluated by reusing it in 

five simultaneous adsorption cycles of Pb2+ adsorbed in 

KHLC/PAA at 25oC with the constant experimental 

conditions (initial concentration of each contaminant= 

50mg/L, 0.1 g of adsorbent, contact time= 1h and pH=5), 

and the residual concentration of Pb2+ was calculated on 

AAS. Afterwards, the used adsorbent was washed several 

times with deionized water and ethanol-containing 

solution and the treated adsorbent was dried out at 60oC 

for 18-20 hours (or overnight) in a laboratory oven. This 

adsorbent was used repeatedly for five cycles. 

 

2.7. Scheme of Work 

KHLC/PAA was meticulously tested for Pb2+ ion 

adsorption from aqueous solutions. Loess was collected, 

processed, and treated using acrylic acid and silane 

coupling agents to create the functionalized adsorbent. 

The adsorbent's characteristics and applicability were 

validated by XRD, XRF, FTIR, SEM, and BET. Pb2+ 

concentration, adsorbent dosage, contact time, 

temperature, and pH were then tested by adsorption 

experiments. The best Pb2+ removal settings were found 

by examining experimental data. Regenerating 

KHLC/PAA with 0.1 mol/L HCl after five adsorption-

desorption cycles assessed its effectiveness and 

reusability. Finally, the experiment measured adsorption 

and removal efficiency. These findings assessed 

KHLC/PAA's water treatment adsorption. This extensive 

study showed the material's ability to remove heavy 

metals from polluted water, enabling inexpensive, 

ecologically acceptable wastewater treatment systems. 

 

3. Results and Discussion 

3.1. Preparation of Adsorbent 

It was found that the successful synthesis of loess-based 

adsorbent by grafting co-polymerization consisted of 

simple addition of monomers after pre-treatment of loess 

with HCl and KH-570.The adsorbent was prepared using 

acrylic acid (AA) as a monomer for the Preparation of 

KHLC/PAA. Hence, AA and AM were selected as the 

basic and suitable monomers in this work because it is a 

vinyl monomer and is environment friendly as it creates 

very less pollution. Due to the carboxylic group (–COOH) 

present in AA, the pH of its polymer caused an effect on 

the degree of ionization, which further affected the rate of 

polymerization. The process for Preparation of 

KHLC/PAA is shown in following Figure 1. 

We explored that the co-polymer can be successfully 

grafted on the loess particle KH-LC, and the results are 

shown in Table 1. However, the yield (%) is decreased 

when another monomer i.e.; Acryl amide (AM) was used 

as a single monomer or in co-monomer form with AA. 

AM has previously been used with AA for the synthesis 

of a variety of useful co-polymers[20]. It was also 

observed that the ratio of LC to monomers and other 

constituents is also an important factor for Preparation and 

good yield (%) of the product and the ratio of LC to 

monomers should be more than 10:1. 

 

Table 1. The recipes for preparing loess-based grafting 

co-polymer and yields (Conditions; grafting co-

polymerization at 80°C for 30 min 

 

3.2. Characterization of the adsorbent 

3.2.1 FTIR analysis of KHLC/PAA 

The FT-IR spectra of the adsorbents (KHLC/PAs) and 

materials (LC, HLC, and KHLC) is shown in Figure 

2.13(a,b). The LC spectra show a broad absorption peak 

at about 3450 cm−1 and a very sharp peak at 797 cm−1, 

Product 

KH-

LC 
AA AM MBA Yield 

(%) 
(g) (g) (g) (g) 

KHLC/PAA(a) 12.5 1 0 1.54 95 

KHLC/PAA(b) 6.25 1.5 0 1 87.2 

KHLC/PAM 12.5 0 1.5 1.54 79 

KHLC/PAA-

AM(a) 
12.5 1 1.5 1.54 89.4 

KHLC/PAA-

AM(b) 
6.5 1.5 1 1 85.7 
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representing the -OH group and quartz (SiO2), 

respectively. The characteristic peaks at 3626 cm-1 and 

3450 cm-1 can be attributed to the stretching vibration of 

surface hydroxyl groups (–OH). The peaks at 3628, 1037, 

694,538, and 470 cm−1 are assigned to the Si-O-Si 

stretching. In KH-LC, the characteristic absorption peak 

of methylene in KH-570 was near 2950 cm-1, and the peak 

at 1716 cm-1 points towards 

 

 
Fig. 1. Formation of KHLC/PAA 

 

 
Fig. 2. The IR spectra of LC, KHLC and KHLC/PAA 

 

Fig. 3 . Scanning Electron Micrographs of Loess and Polymer Modified Loess (a)LC, (b) HLC, (c)KH-570 LC,(d) KHLC/PAA 

 

 

 
(a) LC (b)  HLC 

(c)  KHLC (d)  KHLC/PAA 

(e)   KHLC/PAM (f)  KHLC/PAA-AM 
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the characteristic absorption peak of the ester carbonyl 

group[21]. As depicted from Figure 2, in KHLC-PAA, the 

characteristic peaks near 1716 cm-1 and 1570 cm-1 were 

attributed to the symmetric and anti-symmetric stretching 

vibration absorption peak of C-O in COOH[22]. In 

contrast, the spectra of adsorbent retain the structure of LC 

except for the peaks at 1620, 1580, and 1490 cm-1 due to 

the -COO stretching vibrations of carboxylic acid, C-O 

stretching vibrations, and C-H stretching from CH3, 

respectively. The bending vibration peak of C-H was close 

to 1410cm-1 [23]. The results showed that the co-polymers 

AA have been successfully grafted onto the loess surface 

by co-polymerization.  

 

3.2.2. SEM Imaging Analysis 

The surface morphology of the loess (LC) was observed 

using SEM and compared with that of its constituent 

materials and final product- adsorbents. The results are 

shown in Figure 3 (a-d). The samples were fitted and 

mounted on the metal holders and analyzed. Changes in 

the surface micro-structure of the adsorbents can be 

directly observed by SEM analysis. The LC surface 

morphology differs from that of KHLC/PAA. In LC 

micro-photographs, unit particles are clearly visible and 

the inter-particle gaps are loose. It was found that the 

surface of the loess particles (Figure 3(a)) was porous, 

uneven, and very rough, also it had many small surface 

cracks. After modification by HCl and KH-570 (Figure 

3(b, c)), some particles were stacked on the surface, not 

creating too much difference. After further modification 

by grafting co-polymers of AA (Figure 3(d)), the surface 

of the loess particles became solid and compact, and a co-

polymer film was formed on the loess surface, wrapping 

around the gaps between the particles. The SEM image of 

modified polymerized loess results showed that co-

polymer (AA) was successfully grafted by co-

polymerization onto the surface of loess particles and in 

the inter-particle gaps[9]. 

 

3.2.3. XRF Analysis  

The XRF results show that the elemental composition of 

original loess remains the same after treating it with acid 

and silane coupling agents; there is no variation in the 

mineral content before and after treatment of loess clay. In 

the acidified loess HLC, the significant variation in the 

ratios of the main mineral component required for the 

adsorption performance of loess i.e.; SiO2 has been 

noticed as it has been increased after acidification. It 

shows that the number of silanol groups on the loess 

surface has been enhanced which considerably improves 

its absorptivity [24]. In KH-570 loess the mineral content 

remained similar with a little bit of variation in the 

composition, leading to the fact that the silane coupling 

agent does not alter the mineral phase composition of 

loess but it only enriches the already present phase 

composition [25].This is a representation that the loess 

surface has been modified and prepared for 

polymerization without change in overall mineral content. 

 
Table 2. XRF Analysis Report of LC, HLC, and KHLC 

XRF Inspection Report. XRF-JC-2023042z 

 

3.2.4. XRD Analysis 

XRD analysis was done for loess along with all three 

adsorbent samples to analyze chemical constituents and 

surface functional groups of the original loess and were 

compared the results with the adsorbent after the addition 

of the respective monomer (AA). The image obtained is 

given below in Figure 4.  

 
Fig. 4. X-ray diffraction patterns of LC, HLC, KH57-LC and 

KHLC/PAA [S – smectite, Q – quartz, Ca – calcite] 
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X-ray diffraction patterns of loess (LC), LC intermediates 

and polymerized LC(KHLC/PAA, KHLC/PAM, 

KHLC/PAA-AM) is shown in Figure 4. Based on the 

distinctive bands on the XRD spectra, the XRD data for 

LC shows that quartz is the primary clay mineral of loess, 

while calcite and smectite are the secondary minerals, 

depicted through MDI jade 6.0 software analysis. 

According to the XRD data of HLC and KHLC, the main 

peaks of quartz, calcite, and smectite remain similar and 

even are reinforced after HCl addition followed by KH570 

to the loess. It depicts that the structure of loess stays intact 

after adding the precursor materials before 

polymerization. According to the figure, after the 

polymerization of acrylic acid onto LC in KHLC/PAA, no 

new peaks were noticed, which indicates that no formation 

of any new phase occurred. XRD data of polymerized 

loess depicts that the peak of diffraction for smectite is 

almost disappeared and the diffraction peak of calcite 

becomes narrow and small, which may be the result of the 

modification of LC by AA and AM, which have greater 

inter-lamellar spaces[19]. Therefore, XRD studies have 

indicated that after in-situ polymerization, the original 

crystallinity is restored and there is a significant reduction 

in the overall crystallinity of the final product. 

 

3.2.4.  BET Analysis of Adsorbent 

The surface area and pore size distribution of LC, HLC, 

and KHLC/PAA had been calculated through Nitrogen 

adsorption-desorption isotherms as shown in Figure 2.15 

and the parameters for BET isotherm are given in Table 

2.5. The shape of isotherms appears to be a combination 

of type-II and type-IV isotherms, according to IUPAC 

classification. The type-II isotherm indicates the 

phenomenon of unrestricted monolayer-multilayer 

adsorption, while the type-IV isotherms characterize 

its hysteresis loop[26]. This can also be attributed to 

the condensation occurring inside mesopores, and the 

limiting uptake over a range of high relative pressure 

(p/po) .  and the drop in the vertical axis is caused by a 

reduction in N2 adsorbed at decreasing pressure values. 

The distribution was pore size was calculated by using the 

BJH (Barrett-Joyner-Halenda) method and was found 

to be within the mesoporous range. The surface area 

of LC and HLC Fig.2.15(b) is much higher showing 

that both the acidification has exposed the surface 

area of loess and they can be further polymerized well. 

The pore size of the materials lies between 100-200 nm 

with KHLC/PAA is having the highest porosity. 

 

3.2.5. Adsorption Experiments  

Overall, KHLC/PAA has shown the adsorption capacity 

value of 46.2mg/g with the removal efficiency of 94 % for 

Pb2+ ions; the highest removal efficiency of this adsorbent 

can be due to the fact that it has many active hydroxyl 

groups (–OH) and carboxyl group (–COOH) or 

carboxylates (–COO−). The Pb2+ adsorption of by 

KHLC/PAA under varying parameters have been 

explained briefly in the following section. 

 
Fig. 5. BET Analysis of LC,HLC,KHLC and KHLC/PAA(a), and TG and DTG of KHLC/PAA (b) 
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3.2.5.1. Effect of pH value 

The effect of pH on the adsorption of Pb2+ ions by 

KHLC/PAA was studied from pH range 2-9 by utilizing 

0.1M NaOH and 0.1M HNO3 with constant initial 

concentration (50mg.L-1), at 25°C with 0.05g KHLC/PAA 

dosage while keeping the solution at shaker for 60 

minutes. The results have been presented in Figure 6. The 

removal rate increases with increasing pH, as the removal 

percentage increases sharply from 40 to 90% at pH range 

2 to 5. Reasonably, at lower pH values, the adsorbent 

surface was surrounded by H+ ions, preventing metal ions 

from approaching the adsorption sites of the adsorbent and 

H+ compete with Pb2+ ions for these adsorption sites, and 

therefore the adsorption rate decreased. With increasing 

pH, the number and competitive adsorption of H+ ions 

decreases and therefore the surface of adsorbent becomes 

more negative in charge, that is why removal efficiency 

increases. The decrease in adsorption rate for Pb2+ at pH 

values higher than 5, can be assigned to the metal 

precipitation when Pb2+ ions begin to form precipitates in 

the form of lead hydroxide (Pb(OH)2)), and these 

precipitates on the surface of KHLC/PAA prevented Pb2+ 

from interacting with the active sites. It also can cause 

deterioration of adsorbent surface by metal accumulation 

and the removal rate decreases[27].  

 
Fig. 6. Effect of pH on the adsorption of Pb2+ ions (Initial 

Concentration of Pb2+ ions = 50mg.L-1, agitation speed = 150 

rpm, Adsorbent Dosage = 0.05g, Temperature= 25°C and 

contact time = 60 min) 

 

3.2.5.2.  Effect of Pb2+ Initial Concentration 

The impact of starting Pb2+concentrations ranging from 20 

mg.L-1 to 300 mg.L -1, was examined at 25°C with 0.05 g 

of KHLC/PAA as the adsorbent, a 60-minute contact 

period, and a pH of 5. Figure 7 displays the adsorption 

capability of KHLC/PAA at different Pb2+ starting 

concentrations. As the concentration rises from 20 mg·L-

1 to 50 mg·L-1, the clearance efficiency quickly increases 

from 89% to 95%. It is possible to attribute the early stage 

of the adsorption process’s high adsorption rate to the 

presence of enough active sites. When the concentration 

of Pb2+ ions was less than 100 mg-L-1, the removal rate 

was more than 95% and decreased in a small range. When 

the initial concentration of Pb2+ ions was 50 mg-L-1 and 

the amount of Pb2+ ions adsorbed at equilibrium was 45.98 

mg/g, the removal rate of KHLC/PAA was 95.20%. 

Afterwards, the removal rate decreased rapidly with 

increasing concentration, as only 20% removal efficiency 

was obtained at 300mg.L-1 of Pb2+ ions. This may be 

because KHLC/PAA had enough active sites to bind with 

Pb2+ ions at lower Pb2+ ion concentrations, and with rising 

Pb2+ concentration the availability of active sites of 

KHLC/PAA decreased[28]. The initial concentration can 

also reduce the mass transfer resistances between the 

aqueous phase and solid phases and it accelerates the 

adsorption capacity at the initial stages, during this 

experiment.  

 

 

Fig. 7. Effect of Initial concentration (Pb2+) on the adsorption of 

Pb2+ ions (Adsorbent dosage= 0.05g, agitation speed = 150 rpm, 

temperature = 25 ◦C, pH=5 and contact time = 60 min). 

 

3.2.5.3.  Effect of KHLC/PAA dosage 

 The adsorption studies of Pb2+ions on KHLC/PAA were 

done by varying the quantity of adsorbent dosage from 

0.02 to 0.2 g/50 mL while keeping the value of the lead 

solutions constant (50 mg·L-1) at pH 5 for 60 minutes. 

Figure 8 shows that with an increase in the adsorbent 

dosage, the adsorption of Pb2+ions also increased 
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noticeably. The adsorption of Pb2+ ions by KHLC/PAA 

increased abruptly from 67 to 91.4% by increasing the 

adsorbent dosage from 0.02 to 0.05g/50mL. The increase 

in removal efficiency is due to an increase in active sites 

on the adsorbent and greater surface area[29]. When 

KHLC/PAA dosage increased from 0.05 to 0.1 g, the 

removal rate increased slightly, and the reason is that all 

the active sites on the adsorbent surface are occupied with 

an increasing coverage, and Pb2+ ions must compete for 

the adsorption sites. An increase in the adsorbent dosage 

will therefore not provide higher uptake of Pb2+ ions[30]. 

After this, a slight decrease of adsorption for Pb2+ ions was 

observed from 0.1 to 0.2g/50ml, and the decrease thereof 

may be due to the particle interactions, such as 

aggregation, caused by high adsorbent concentration 

which in turn causes overlapping of adsorption sites as a 

result of over-crowding of adsorbent particles[31]. 

 

 
Fig. 8. Effect of Adsorbent Dosage (KHLC/PAA) on the 

adsorption of Pb2+ ions (Initial Concentration of Pb2+ ions = 

50mg.L-1, agitation speed = 150 rpm, temperature = 25 ◦C, 

pH=5 and contact time = 60 min) 

 

3.2.5.4.  Effect of contact time 

The effect of adsorption time on Pb2+ ions removal was 

investigated at 50mL Pb2+ solution (50 mg·L-1) at room 

temperature (25°C) using 0.1 g of the adsorbent 

KHLC/PAA, and pH 5. Time ranges of minutes and hours 

were applied to precisely check the variation in the 

adsorption phenomenon and Figure 9(a, b) shows the 

results. At start, the adsorption rate of Pb2+ ions on 

KHLC/PAA was relatively bit slow, moving up to 63% 

within 30 min. The reason behind this were two time 

taking processes occurring simultaneously; the Pb2+ in the 

solution initially formed a complex with the characteristic 

functional groups (carboxylic groups) on the adsorbent 

surface of KHLC/PAA, and the repulsive forces of Pb2+ 

will increase following an increase in the adsorption 

capacity[32]. It is also visible through the data of time in 

hours that no abrupt or sharp increase in rate has been 

observed after 60 minutes, and the removal rate remained 

between 95 to 96% during 24h (1440 minutes). This may 

be due to fact that KHLC/PAA adsorption was mainly 

happening on the outer surface of the material composite, 

which can be completed in a reasonably short time. The 

resistance of free Pb2+ ions to KHLC/PAA was also 

increased and adsorption saturation took longer to 

reach[33]. The adsorption amount of Pb2+ on KHLC/PAA 

reaches a higher value within a relatively short period (i.e., 

less than 1 hour) and then slowly increases and ultimately 

reaches a constant value after 24 hours, which indicates 

that Pb2+ adsorption went to gradual diffusion 

(chemisorption) within the time frame of 2 to 24 hours. 

This phenomenon was previously observed for the 

adsorption of Cu(II) on loess[34, 35]. 

 

3.2.5.5.  Effect of temperature 

The influence of temperatures in the range of 10°C to 50 

°C on adsorption the of Pb2+ solution (50mg.L-1) was 

observed using 0.1g of the adsorbent KHLC/PAA for 

contact time of 60 minutes, while keeping the pH 5; the 

results are depicted in Figure 10. With an increment of 

temperature from 10°C to 20°C, the rate of adsorption of 

KHLC/PAA on Pb2+ increases suggesting that heating is 

quite helpful in accelerating the adsorption. This may be 

due to the fact that, the higher the temperature, the more 

heavy metals get adsorbed and exchanged. When the 

temperature lies under the range of 20–30 ℃, the 

adsorption of Pb2+ ions increases a bit with an increase of 

about 3.1. As the temperature value reaches to 40 ℃, the 

adsorption rate decreases by 3%, which may be attributed 

to the slight denaturation of adsorbent particles at higher 

temperature. Overall, the removal rate of Pb2+ ions was 

more than 91% at high as well as low temperatures, and 

the maximum removal rate of Pb2+ ions was 95.5% at 

30°C. The overall influence of the temperature on the 

adsorption process was not much promising and 

adsorption of Pb2+ ions was mostly temperature-

independent[36].  

 

.
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Fig. 9. Effect of contact time on the adsorption of Pb2+ ions;Time in Minutes (a), Time in Hours (b) (Initial Concentration 

of Pb2+ ions = 50mg.L-1, agitation speed = 150 rpm, temperature = 25 ◦C, pH=5 and adsorbent dosage =0.1g).  

 

 
Fig. 10. Effect of Temperature on the adsorption of Pb2+ ions 

(Initial Concentration of Pb2+ ions = 50mg.L-1, agitation speed = 

150 rpm, Adsorbent Dosage = 0.1g, pH=5 and contact time = 

60 min) 

 

3.3. Adsorption Isotherms 

Freundlich isothermal and Langmuir isothermal models 

were applied to study the adsorption isotherms for Pb2+ 

ions by KHLC/PAA, and the relationship between 

concentration and adsorption capacity was evaluated by 

non-linear fitting. The isothermal adsorption equations of 

KHLC/PAA for Pb2+ adsorption is calculated as per 

equations 3 and 4, representing the Langmuir and 

Freundlich isothermal equations, respectively. The 

Langmuir isotherm equation is given as follows[9, 37] 
Ce

qe
 =  

Ce

qm
+ 

1

qm. KL
        Equation 3  

Here qe represents the amount of pollutant adsorbed at 

equilibrium stage (mg/g), while Ce points towards the 

equilibrium concentration (mg/L). qm is the Langmuir 

constants indicating the adsorption capacity (maximum) 

and KL is the other Langmuir constant which shows 

energy of adsorption, also called binding constant. The 

Langmuir adsorption model postulated that the adsorbate 

would cover the adsorbent surface in a monolayer. 

Adsorption is assumed to occur at certain homogeneous 

sites inside the adsorbent, and the model also assumes 

uniform energy of adsorption onto the surface. According 

to the experimental the Langmuir adsorption model fits in 

the experiment. Langmuir isotherm was well fitted into 

this plot of qe versus Ce developed as straight-line plot 

between both the variables, (Figure 11(a)); the value of qm 

and the KL were determined from the measured slope and 

intercepts of the qe versus Ce, given in Table 3. The 

maximum adsorption capacity obtained was 159 mg·g-1 

and the value regression co-efficient (R2) was 0.991, both 

suggesting the best fitting of Pb2+ adsorption data onto 

KHLC/PAA into Langmuir equation and the Langmuir 

isothermal model. 

The Freundlich isotherm gives an empirical equation and 

it can be expressed by the following equation[37] 

ln qe  = n ln 𝐶𝑒 + ln KF          Equation 4 
KF and n are referred to Freundlich constants, where the 

KF indicates the capacity of the adsorbent and n refers to 

the favorability. Freundlich adsorption isotherm was also 

fitted into the plot between Ce and qe and values of KF and 

n were calculated from the slopes and intercepts values of 

the plot between Ce versus qe (Figure 11(b)) are shown in 

Table 3. The coefficient of correlation is 0.97 (<0.99) with 

n value < 1, indicating that the Langmuir isotherm is much 

more favorable and suitable to describe the processes of 

adsorption of Pb2+ onto KHLC/PAA than the Freundlich 

isotherm. The saturated adsorption amounts of Pb2+ by 0.1  

 

 

(a) (b) 
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Fig. 11. Isotherms model of Pb2+ onto KHLC/PAA, Langmuir (a) and Freundlich (b) 

 
Table 3. Parameters of Langmuir and Freundlich Isotherms 

 

 

 

 

3.4. Adsorption Kinetics  

Additionally, pseudo first order and pseudo second order 

kinetic models were used to study the adsorption process. 

Equations 5 and 6 the pseudo first and pseudo second 

order model equations, respectively, were applied to the 

experimental data to compute it using adsorption kinetics. 

The pseudo first order kinetic model states that the number 

of occupied sites is directly proportional to the number of 

unoccupied sites. In contrast, the pseudo second order 

kinetic model assumes a chemical reaction mechanism of 

the adsorption process and it also proposes that rate of 

adsorption is controlled through chemical adsorption by 

the sharing or exchange of electrons between the 

adsorbent and adsorbate. pseudo first order kinetic model 

states that the number of occupied sites is directly 

proportional to the number of unoccupied sites. The 

parameters of adsorption kinetics are calculated by the 

following equations 5 and 6[38]. 

(qe −  qt) =  −K1t + ln . qe       Equation 5  

       
t

qt
=  

t

qe 
+ 

1

K2. qe
2

 

         Equation 6  

Here qe indicates the Pb2+ ions adsorption amount per unit 

mass of adsorbent (mg.g-1) at the equilibrium point, qt 

indicates the amount of Pb2+ adsorbed (mg.g-1) at the 

particular time t (min), k1and k2 are the adsorption rate 

constants for the first order reaction and the second order 

reaction models, respectively. Non-linear equations were 

more effective than the linear equations for the 

measurement of parameters of kinetic models and Figure 

12 and Table 4 show the calculated results. It was very 

clear that the pseudo second-order kinetic model 

established between time (t) and t/qt (Figure 12(b)) was 

very suitable in describing the adsorption kinetics. In the 

parameters of pseudo-second order, the calculated value 

of qe (cal(mg/g))= 48 is very close to the experimental 

value of qe (qe(exp(mg/g)), and the higher determination 

coefficient value R2 was found to be 0.998, in contrast to 

the pseudo-first-order model established between t and qt 

(Figure 12(a)) , which shows lesser value of correlation 

coefficient (R2 = 0.80) with lower value of qe(cal) than 

qe(exp(mg/g)), also chemical adsorption has done a 

significant role in the adsorption process and the 

determination coefficient (R2 = 0.998) indicates that 

chemical reaction is mainly the rate-controlling step[32]. 

The values of rate constants k1,k2 along with qe (cal(mg/g)) 

and those of correlation coefficient R2 are summed up in 

Table 4. The conditions were kept as 50 mg/L of Pb2+ 

solution at temperature 25~30 °C and pH 5.0

 

 

 

(a) (b) 

Langmuir Freundlich 

qm(mg.g-1) 

159.11 

 KL 

0.0024 

R2 

0.99 

1/n 

13.9 

KF 

0.57 

R2 

0.97 
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Fig. 12. Kinetic models of Pb2+ onto KHLC/PAA. Pseudo first-order and (a), Pseudo second order (b) 

Table 4. Parameters of Pseudo first-order and Pseudo second-order kinetic models Ce (mg/L) = 50, qe(exp.) (mg/g) = 48.3 

 

 

 

 

 

 

3.5. Adsorption Thermodynamics 

Using the statistical physical model, thermodynamic 

functions for the ternary adsorption of tested adsorbates 

and modified adsorbents can be computed. 

Thermodynamic parameters i.e., Gibbs free energy, 

Entropy, and internal energy were calculated in this 

section. The thermodynamic standard equations were used 

to evaluate the thermodynamic behavior for the adsorption 

of Pb2+ ions on KHLC/PAA. Thermodynamic equations 7 

and 8, are given following[39]. 

∆Go =  −RT. ln Kc       Equation 7  
∆Go =  ∆Ho − T. ∆S        Equation 8 

Where Kc means the distribution coefficient of solute 

between the solution and the adsorbent at equilibrium 

(qe/Ce), R represents ideal gas constant (R=8.314), T 

indicated temperature (K), ΔHo is the enthalpy change, 

ΔSo is the entropy change and ΔGo indicates the change in 

Gibbs’ free energy. 

The slope and intercept of the developed linearized curve 

were utilized to determine enthalpy change (ΔHo) and the 

change of entropy (ΔSo) as demonstrated in Figure 13 

fitting with Equation 8. The concentration of solute and 

temperature change greatly influence the thermodynamic 

parameters as depicted in from Table 5. At a fixed initial 

concentration of solute, the calculated values of Gibbs’ 

free energy shows decreasing trend with the increasing 

reaction temperature, which means that Pb2+ adsorption is 

not dependent on temperature. Furthermore, the Gibbs’ 

free energy change was negative indicating that this was 

spontaneous adsorption process in the temperature range 

of 283K to 323K. The change of free energy(ΔGo) was 

spontaneous as well as feasible at all given temperatures. 

The calculated values enthalpy change (ΔHo) were 

negative pointing towards an endothermic character to the 

overall adsorption process and ΔSo values shows 

increasing disorder value in the system; therefore, the 

nature of the reaction between Pb2+ and KHLC/PAA was 

endothermic. 

 
Fig. 13. Linear fit of thermodynamics for Pb2+ adsorption on 

KHLC/PAA. 

 (a) (b) 

Pseudo-first-order kinetics  Pseudo-second-order kinetics 

 

qe(mg.g-1) 

47.3 

K1(min-1) 

1.19*10-3 

R2 

0.80 

qe(mg.g-1) 

48 

 K2(g/mg.min-1) 

1.18*10-5 

R2 

0.99 
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Table 5. Thermodynamic Parameters for Pb2+ adsorption on KHLC/PAA 

 

 

 

 

 

 

 

 

 

3.6. Re-usability of KHLC/PAA for Pb2+ions 

Good re-usability indicates much about the development 

prospect of the adsorbent and it makes adsorption process 

more beneficial economically. To evaluate this aspect, 

five cycles of adsorption-desorption experiments for Pb2+ 

ions by KHLC/PAA were conducted, and the results are 

shown in Figure 14. The equation 1 was implemented to 

evaluate adsorption cycle efficiency. There was reduction 

in adsorption capacity of KHLC/PAA with an increase in 

the number of adsorption cycles; the first cycle starts with 

85% adsorption rate for Pb2+ ions and then goes on 

declining gradually. Some contaminants are not 

completely separated from the adsorbent, and it is normal 

for the adsorption capacity to decrease slightly with each 

cycle. However, after the 5th cycle, there was a significant 

drop in the adsorption capacity of KHLC/PAA, when the 

adsorption capacity decreased by about 10% from 76% in 

4th cycle to 66% in 5th cycle for Pb2+. In the light of the 

results depicted in Figure 14, it is concluded that the 

adsorbent has good and satisfactory adsorption 

performance and re-usability, and it can be recovered and 

reused easily. 

 

Fig. 14. Reusability/Recycling of KHLC/PAA for Pb2+ 

adsorption 

3.7. Adsorption Mechanism 

The adsorption mechanism of KHLC/PAA was discussed 

by the investigation of vibration absorption peaks using 

FTIR spectra. Figure 15 depicts the comparison of FTIR 

spectra of KHLC/PAA and KHLC/PAA loaded with Pb2+ 

ions (KHLC/PAA-Pb). The band of absorption at 1703cm-

1 expanded in KHLC/PAA after adsorption, 

simultaneously, the weak smaller bands at 1401cm-1 and 

1284cm-1 were disappeared and the band at 1035 cm-1 was 

shrunken in KHLC/PAA-Pb2+. These bands represent the 

C-O group, and it has shown that C-O and COO- were the 

actual and active sites of adsorption for Pb2+ ions on 

KHLC/PAA. The peak at 3625cm-1 shows a stretching 

vibration peak of the -OH group. In other words, 

complexation had been developed between carboxyl 

group of KHLC/PAA and Pb2+ and -OH groups when 

deprotonated, also contributed to adsorption through 

electrostatic interactions. Rapid (almost in an hour) and 

reversible adsorption of Pb2+ ions supports the 

involvement of outer sphere complexation/cation 

exchange mechanism for the heavy metals' removal. 

Therefore, the elimination of Pb2+ ions is also contributed 

by cation exchange between pb2+ metal ions and the other 

inorganic metal ions i.e.; Mn2+, Ca2+and Mg2+ attached to 

loess. 

The following equations 9 and 10 explain the possible 

mechanism of Pb2+ ions adsorption by KHLC/PAA. 

2 (−COOH) + Me2+   →   (CO2)2 + 2H   Equation 9 

−COOH +  Me2+ →  −CO2Me +  H+     Equation 10 
Where -COOH represents the main functional group 

(carboxyl) of the KHLC/PAA and Me2+ represents lead 

(II) metal. 

T(K) ΔGo(kJmol-1) ΔHo(kJmol-1) ΔS(Jmol-1 K-1) 

273 

293 

298 

313 

323 

-9111.96 

-9388.85 

-9527.29 

-9942.62 

-10219.5 

 

-1276.03 

 

 

27.68 
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Fig. 15. FTIR spectra of KHLC/PAA and KHLC/PAA-Pb2+ 

 

3.8. Conclusion 

KHLC/PAA was most effective adsorbent for the removal 

of Pb2+ ions from wastewater and it has depicted an 

adsorption capacity of about 46mg/g. The overall 

adsorption of Pb2+ ions on KHLC/PAA is influenced by 

initial metal ion concentration, solution pH, contact time, 

adsorbent dosage, and reaction temperature. Adsorption 

kinetics were relatively fast i.e.; reaching equilibrium in 

about 1 hour, and the non-linearized fitting of the pseudo-

second-order model well elaborated the data. The Pb(II) 

adsorption on KHLC/PAA was well fitted to the 

Langmuir mono-layer adsorption model, showing the 

isothermal equation of the Langmuir model to be much 

more suitable for the evaluation of test data. The 

thermodynamic data also proved the adsorption of Pb2+ on 

KHLC/PAA to be spontaneous, feasible, and 

endothermic. At 25°C and pH 5, the calculated maximum 

adsorption capacity (qm) for Pb2+ ions on KHLC/PAA was 

159.1mg/g, with the maximum removal efficiency was 

92.2%. The mechanism of adsorption was evaluated to be 

surface complexation and ion exchange, according to the 

FTIR data of KHLC/PAA-Pb. The adsorbent could be 

easily regenerated by using 0.1mol/L HCl solution, and 

the adsorbent depicted a reasonable re-usability after five 

cycles. In conclusion, loess-based polymerized adsorbent 

“KHLC/PAA” can be an important and inexpensive 

adsorbent for the removal of heavy metal Pb2+ ions from 

polluted water. 
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