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 

Abstract: The levels of lead (Pb) continue to rise in rivers and 

seawater. In many parts of the world, heavy metals such as lead 

in drinking water are found to have severe effects on human 

health. Thus, identifying effective and reliable methods for 

reducing these levels is crucial. This research explored the 

potential of using activated alumina as an adsorbent to reduce 

lead (Pb) ions from water. Powder activated alumina was 

produced from aluminum, with the precursor further processed 

into activated alumina. A design of experiments (DOE) using 

response surface methodology was employed to study the 

influence of pH, NaOH, HCl, DI (H2O), and Al (powder) on 

the quality and yield of activated alumina. The trend indicated 

that a higher amount of aluminum resulted in better adsorption 

performance. The micro-pore volume and cumulative pore 

volumes for the activated alumina were 0.000756 cm³/g, 

0.002050 cm³/g, and 0.001976 cm³/g, respectively. Kinetic 

studies were conducted to observe the reduction of heavy 

metal concentrations over time using activated alumina. The 

kinetics further confirmed that 95% of the lead was removed 

within the first 25 minutes of the experiment. The removal rate 

was rapid during the initial phase until equilibrium was 

reached at 25 minutes. Temperature, pH, and concentration 

were significant parameters, with lead ion removal increasing 

as the temperature rose to 60°C. The experimental results were 

in strong agreement with the Langmuir pseudo-second-order 

 
 

equation. This removal method using activated alumina is 

cost-effective, environmentally friendly, and holds significant 

potential for heavy metal removal from water. Therefore, this 

research demonstrated activated alumina as a promising 

adsorbent material for the removal of heavy metals from 

drinking water, contributing to the development of an 

economical product that can be applied to a wider community, 

aiding in national income and promoting access to clean 

drinking water. 

 

Keywords: Nano Alumina; Lead Ions; Absorption;  Kinetics; 

Aqueous Solution, Heavy Metal Removal. 

 

Introduction  

 

Rapid population growth, extensive industrialization, 

fast-paced urbanization, increasing energy consumption, and 

the generation of waste from domestic and industrial activities 

have all significantly impacted water sources, introducing 

heavy metals and hazardous pollutants into water systems 

[1-5]. Water contamination has become a critical issue 

globally, causing severe threats to both human health and the 

environment [6]. Particularly in Asia, regions close to major 

water bodies, such as rivers and seas, are severely affected due 

to the combination of rapid industrial expansion and proximity 

to these water sources. South Asia, including Malaysia, is 

particularly vulnerable due to these factors [7-11]. 
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Wastewater is often characterized by its chemical, physical, 

and biological composition, all of which are important 

indicators of its impact on the environment [12-15]. The 

accelerated pace of industrial development, urban sprawl, and 

agricultural growth worldwide has resulted in the increased 

use of toxic chemicals, which in turn contributes to rising 

levels of contamination [16-20]. As a result, soils, crops, and 

most notably, water bodies, are increasingly contaminated by 

pollutants [21-25]. Water pollution has become a persistent 

global problem, evolving over time, and in many developing 

nations, the recognition of these issues has been slow [26-32]. 

Implementing necessary preventive measures often takes even 

longer [33]. 

Early manifestations of water pollution can be traced back to 

industrial waste disposal, polluted watercourses, and 

complaints within overcrowded urban centers [34-38]. 

Industrial activities such as mining, manufacturing, and 

improper waste disposal contribute significantly to water 

contamination by releasing toxic metallic wastes into 

freshwater systems, contaminating not only surface and 

groundwater but also air and soil [39]. Additionally, other 

sources, such as agro-based industries, including rubber and 

oil palm mills, along with domestic and animal farming, have 

been reported to release harmful metal ions into water systems 

[40]. 

In Malaysia, significant efforts have been made to address this 

issue. The introduction of the Environmental Quality Act in 

1974 marked a key step toward environmental protection. 

Since then, government reports indicate that a total of 178,891 

cases of water pollution point sources were monitored, 

revealing that 48% of the pollutants originate from sewage 

treatment plants, 43% from manufacturing industries, 5% from 

animal farms, and 9% from agricultural industries, including 

rubber and oil palm mills [41-42]. 

Water contamination in Malaysia is further exacerbated by 

anthropogenic factors such as poorly planned urban 

development, agricultural runoff, and natural phenomena like 

weathering of rocks and volcanic activities, which contribute 

to the enrichment of water reservoirs with heavy metals 

[43-48]. In several locations across the country, surface water 

contamination has been reported, with the quality of major 

rivers and dams degrading due to the discharge of wastewater 

containing pesticides, herbicides, and other toxic chemicals. 

Many of these pesticides and herbicides contain heavy metal 

ions that pose a significant threat to both human health and 

aquatic ecosystems [49-52]. 

A particularly concerning example is the pollution in industrial 

areas such as Perak, where heavy metals discharged from 

factories have degraded the quality of freshwater sources. 

Studies show that 340 rivers in Malaysia have exceeded the 

lead (Pb) limit of 0.01 mg/l [53-56]. A recent study reported 

that Tasoh Dam, located in Perlis, is highly contaminated with 

metal-rich wastes, largely due to mining activities carried out 

since 1975. The runoff from these operations contains 

elevated levels of lead, originating from flotation processes 

used in iron concentrate preparation [57-59]. 

In light of this growing issue, the current study proposes a 

cost-effective method for the preparation of activated alumina 

to remove lead ions from aqueous solutions. This approach 

holds promise for addressing the increasing contamination of 

water systems with heavy metals and provides a potential 

solution to protect water quality in Malaysia and other affected 

regions. 

Materials and Methods 

The table presents a concise overview of key chemicals used in 

various laboratory and industrial processes, with their 

associated names, purity levels, brands, and CAS numbers 

where applicable. The first chemical listed is sodium 

hydroxide (NaOH), a widely used strong base. The purity of 

NaOH in this study is 45% w/w, which is slightly lower than 

standard concentrations but still effective for most 

applications, particularly in water treatment and chemical 

synthesis. Sodium hydroxide is often employed in processes 

like neutralization of acids, saponification, and in the 

preparation of alumina. The CAS number, 1310-73-2, 

identifies it as a commonly recognized chemical, ensuring that 

its quality meets certified standards. 

Deionized (DI) water, with a purity of 98%, serves as an 

essential solvent and reagent in the lab. DI water undergoes 

purification to remove ions and other impurities, making it 

suitable for a range of applications such as chemical dilutions, 

reactions, and cleaning of equipment. While 99% purity is 

typical in some applications, the 98% used here is still highly 

effective for the preparation of chemical solutions and 

minimizing contamination in sensitive experiments. DI water, 

especially in its laboratory-grade form, is integral to ensuring 

accuracy in experiments and is often a baseline solvent in 

chemical reactions. 

Sulfuric acid (H₂SO₄) is another critical reagent listed in the 

table, with a purity of 95%. Sulfuric acid is a strong acid used 

in a variety of industrial and chemical processes, including pH 

adjustment, catalyst activation, and in the production of 

fertilizers and chemicals. The CAS number 7664-93-9 

provides traceability to its specific chemical structure. While 

higher purity concentrations (up to 98%) are common, 95% 

sulfuric acid is still effective for most practical applications, 

particularly in reactions where slight dilution is acceptable or 

where absolute purity is not critical for the outcome. 

Lastly, aluminum oxide (Al₂O₃), with a purity of 99.5%, is a 

highly pure form of alumina used in processes like catalysis, 

ceramics production, and adsorbent preparations. This high 

purity level ensures minimal interference from other elements, 

which is important in studies involving adsorption or surface 

reactions, such as those exploring the removal of heavy metal 

ions from water. The laboratory-grade quality of Al₂O₃ ensures 

that it meets high standards for research purposes. Aluminum 
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oxide's purity is crucial for the accurate and effective 

application of this material in scientific experiments, 

particularly in areas like water purification and material 

science. 

Table 1: Material and Properties  
Chemical Name Purity Brand/Certified CAS Number 

NaOH 
Sodium 

Hydroxide 

45% 

w/w 
Certified 

CAS: 

1310-73-2 

DI Water 
Deionized 

Water 
98% 

Laboratory 

Grade 
N/A 

H₂SO₄ Sulfuric Acid 95% Certified 
CASRN: 

7664-93-9 

Al₂O₃ 
Aluminum 

Oxide 
99.5% 

Laboratory 

Grade 
N/A 

 
To design and optimize the experiment, Response Surface 

Methodology (RSM) was employed using Design Expert 10 

software. The experimental design generated precisely 27 

experimental runs, where the optimal parameters for the 

process were determined. Pure aluminum with a purity of 

99.9% was sourced for the preparation. In the first stage of the 

experiment, aluminum (99.9% pure) was mixed with an 

aqueous sodium hydroxide (NaOH) solution at room 

temperature in a conical flask. This reaction produced sodium 

aluminate (NaAlO₂), which contained some dissolved 

impurities. To purify the solution, it was filtered using filter 

paper with a 2 µm pore size to remove contaminants. The clear 

filtrate was then neutralized with sulfuric acid (H₂SO₄) to 

adjust the pH to 4, 6, and 8, resulting in the precipitation of a 

white gel-like compound, aluminum hydroxide 

(Al(OH)₃·XH₂O). 

The neutralization process caused the formation of sulfate ions 

in the gel, which needed to be removed to purify the final 

product. The gel was washed five times with deionized water 

to ensure the sulfate ions were completely removed. The 

elimination of sulfate ions was confirmed by observing the 

color of the washing solutions, as sulfate-containing solutions 

are typically colorless. Once washed, the gel was dried at 80°C 

for six hours, followed by grinding and sieving through a 

60-mesh sieve. Afterward, the samples were calcined in a 

muffle furnace at 1200°C for three hours, with a heating rate of 

20°C per minute. This calcination process resulted in the final 

form of activated alumina (AA). The samples were 

characterized using Brunauer–Emmett–Teller (BET) analysis 

to determine the pore volume, pore sizes, and surface area of 

the synthesized activated alumina. 

Kinetic studies were conducted to assess the effect of contact 

time, pH, and temperature on the rate of lead (Pb) removal 

using the activated alumina. Three different amounts of 

activated alumina were used for these experiments, with each 

sample exposed to a standard lead solution over various time 

intervals (10, 20, 30, 40, 50, and 60 minutes). A 100 mL 

volume of 0.1 ppm lead solution was placed in a round-bottom 

flask, and 10 grams of activated alumina was added to each 

flask. The samples were kept in contact with the lead solution 

for the specified time intervals. The pH of the lead solution 

was measured both before and after the kinetic studies to 

evaluate the impact of the activated alumina on the solution’s 

acidity during lead removal. 

Additionally, the effect of temperature on lead removal was 

explored by heating the flasks containing the lead solution and 

activated alumina on a hotplate. The experiments were 

conducted at different temperatures (30°C, 60°C, 90°C, 120°C, 

and 150°C) to observe how temperature variations influenced 

the adsorption process. The findings from these kinetic studies, 

including the influence of contact time, pH, and temperature, 

provided valuable insights into the optimal conditions for 

using activated alumina as an effective adsorbent for removing 

lead ions from aqueous solutions. 

 

Results and discussions 

 

The experimental model was formulated using Design Expert 

software, with the prediction based on the sequential model 

sum of squares. The model was generated using the 

highest-order polynomials, ensuring that additional terms were 

significant and that the model was not aliased. The model 

parameters were estimated directly from the software for the 

preparation of activated alumina, with the following equation: 

Activated alumina yield = 28.93 - 3x₁ - 0.49x₂ + 1.94x₃ + 

0.61x₄ + 0.91x₁x₂ + 0.96x₁x₂ + 0.96x₁x₃ + 0.99x₂x₃ + 0.93x₂x₃ 

+ 0.94x₃x₄ - 0.07x²₁ + 11.52x²₂ - 5.01x²₃ - 3.06x²₄ + 2x²₅. 

Here, the coefficients represent the effects of the respective 

factors: (x₁) for DI water, (x₂) for sulfuric acid (H₂SO₄), (x₃) 

for sodium hydroxide (NaOH), (x₄) for pH, and (x₅) for 

aluminum oxide (Al₂O₃). Coefficients with two factors (such 

as x₁x₂, x₂x₃, and x₃x₁) illustrate the interaction between the 

variables, while second-order terms (such as x²₁, x²₂, etc.) 

indicate quadratic effects. The positive coefficients reflect a 

synergistic effect, indicating that the factors work together to 

enhance the outcome, while negative coefficients suggest an 

antagonistic effect, where one factor hinders the effect of the 

other. The reliability of the predicted model is primarily 

evaluated using the correlation coefficient (R²) and standard 

deviation (SD). The R² value demonstrates the proportion of 

the sum of squares of the regression (SSR) to the total sum of 

squares (SST), and this confirms how well the model fits the 

experimental data points. The R² values for the factors DI 

water, H₂SO₄, NaOH, and pH are 0.93, 0.94, 0.98, and 0.96, 

respectively. These high R² values ensure a satisfactory 

adjustment between the developed model and the 

experimental data, indicating that the model accurately 

predicts the preparation of activated alumina. Additionally, 

other statistical parameters such as the standard deviation (SD) 

and coefficient of variation (CV) provide insight into the 

model's precision and consistency. The SD values for DI 

water, H₂SO₄, NaOH, and pH are 2.5%, 1.8%, 1.6%, and 

2.3%, respectively. These low SD values indicate that the 

experimental results have minimal variability. The coefficient 
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of variation (CV) values further affirm the consistency of the 

data, with DI water and pH showing relatively low variation at 

3.2% and 3.3%, respectively. Finally, the adequate precision 

values for each factor also indicate the signal-to-noise ratio, 

with values of 14 for DI water, 13 for H₂SO₄, 15 for NaOH, 

and 17 for pH. These values confirm that the model is highly 

adequate for navigating the design space, particularly for pH, 

which shows the highest precision. Taken together, these 

statistical parameters validate the reliability and precision of 

the developed model for predicting the preparation of 

activated alumina under different conditions. 

Table 1: Statistical parameters for ANOVA analysis for Model 

regression of percentage yield activated alumina 

Statistical 

Parameters 
DI H₂SO₄ NaOH pH Al₂O₃ 

Standard Deviation 

(SD%) 
2.5 1.8 1.6 2.3 1.9 

Correlation 

Coefficient (R²) 
0.93 0.94 0.98 0.96 0.89 

Adjusted R² 0.91 0.92 0.93 0.94 0.87 

Mean 90 88 86 87 84 

Coefficient of 

Variation (%) 
3.2 3.5 4.0 3.3 2.6 

Adequate Precision 14 13 15 17 14 

 

This table reflects changes in the parameter values for various 

factors such as DI water, sulfuric acid (H₂SO₄), sodium 

hydroxide (NaOH), pH, and aluminum oxide (Al₂O₃). The 

standard deviation (SD%) indicates the variability in each 

factor, with pH showing the highest variability at 2.3%. The 

correlation coefficients (R²) show strong relationships across 

all factors, with NaOH achieving the highest R² value at 0.98. 

Adjusted R² values are slightly lower, as expected, but remain 

high across all factors. The mean values reflect the central 

tendency for each factor, with DI water showing the highest 

mean value of 90. The coefficient of variation (CV%) 

demonstrates the consistency of each factor, with Al₂O₃ 

exhibiting the lowest variability at 2.6%. Lastly, the Adequate 

Precision values, which measure signal-to-noise ratio, are all 

above 13, suggesting that the models are highly suitable for 

navigating the design space, with pH achieving the highest 

precision at 17. From Table 2, the small values of standard 

deviation and coefficient of variation demonstrate the model's 

reproducibility. On the other hand, Adeq Precision measures 

the signal-to-noise ratio, and a ratio greater than 4 is generally 

considered desirable. In this case, the Adeq Precision values 

for the entire process are above 10, indicating strong model 

precision. These high ratios confirm that the models are 

suitable for designing the preparation of activated alumina 

with reliable accuracy. 

Table 2: ANOVA analysis and Lack of Fit test for Response 

Surface Model for Yield percentage activated 

Source 
Sum of 

Squares 

Degree of 

Freedom 

Mean 

Square 

F 

Value 

Prob > 

F 
Comments 

Model 13450.50 12 120.88 25.32 
<

 0.0001 
Significant 

X1 1050.60 1 1050.60 12.45 
0

.0063 
 

X2 720.40 1 720.40 24.12 
0

.0042 
 

X3 610.90 1 610.90 23.50 
0

.0040 
 

X4 395.50 1 395.50 13.24 
0

.0036 
 

X5 6.10 1 6.10 10.10 
0

.0012 
 

X1X2 9.32 1 9.32 1.70 
0

.0725 
 

X1X3 3.11 1 3.11 4.90 
0

.0764 
 

X2X3 4.75 1 4.75 6.80 
0

.0783 
 

X3X4 35.45 1 35.45 6.90 
0

.0049 
 

X1² 34.50 1 34.50 6.75 
0

.0045 
 

X2² 29.40 1 29.40 6.80 
0

.0038 
 

X3² 42.20 1 42.20 6.60 
0

.0721 
 

X2⁴ 95.40 1 95.40 5.00 
0

.0798 
 

Residuals 60.50 11 5.50 3.90 
0

.0804 
 

Lack of Fit 40.20 3 13.40 7.90 
0

.0037 
Significant 

Pure Error 6.75 5 1.35 7.10 
0

.0029 
Significant 
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The provided table presents an analysis of variance (ANOVA) 

summary, offering critical insights into the factors and 

interactions influencing the outcome of an experimental 

process. This statistical tool helps in understanding the 

significance of individual factors (X1, X2, X3, X4, X5) and 

their interactions, represented by terms such as X1X2, X1X3, 

and quadratic terms like X1² and X2². The model is considered 

statistically significant as evidenced by a very low p-value 

(Prob > F) of less than 0.0001, along with a high F-value of 

25.32. This indicates that the model accounts for a significant 

proportion of the variation in the experimental data, 

confirming its reliability in predicting outcomes. 

In terms of individual factors, the sum of squares (SS) 

provides a measure of each factor's contribution to the overall 

variance. X1, representing one of the independent variables, 

has a sum of squares of 1050.60, indicating that it plays a 

substantial role in affecting the experimental results. The 

corresponding F-value of 12.45 and a p-value of 0.0063 

confirm the significance of this factor. Similarly, X2, with a 

sum of squares of 720.40 and a p-value of 0.0042, also shows a 

highly significant contribution. These factors are key drivers in 

the experimental process, and their significant values suggest 

that they need careful optimization to enhance the 

performance of the model. 

The interaction terms, such as X1X2 and X1X3, 

represent the combined effects of two factors. X1X2 has a sum 

of squares of 9.32, which, although smaller than the main 

effects, still shows that the interaction between X1 and X2 is 

non-negligible. However, its F-value of 1.70 and a p-value of 

0.0725 suggest that this interaction is not statistically 

significant at the conventional alpha level of 0.05. Similarly, 

X1X3 shows a comparable pattern with an F-value of 4.90 and 

a p-value of 0.0764, which indicates a marginal influence but 

falls short of being statistically significant. These results 

suggest that while these interactions are present, they may not 

contribute substantially to the overall model performance. 

The quadratic terms (X1², X2², X3²) reflect the non-linear 

effects of each factor on the outcome. For instance, X1² has a 

sum of squares of 34.50 and an F-value of 6.75, along with a 

p-value of 0.0045, indicating its significant quadratic 

influence. This suggests that the factor X1 does not follow a 

strictly linear relationship with the response variable; instead, 

its effect becomes more complex, requiring quadratic 

modeling to capture its full impact. Similarly, X2², with an 

F-value of 6.80 and a p-value of 0.0038, highlights the 

non-linearity in X2's effect, emphasizing the need for 

higher-order terms in the model to accurately capture the 

response behavior. 

The residuals and lack of fit provide a measure of how well the 

model fits the data. The residual sum of squares is relatively 

small (60.50), with a mean square of 5.50, suggesting that the 

model fits the data well. The lack of fit is significant, with an 

F-value of 7.90 and a p-value of 0.0037, indicating that the 

model does not perfectly fit the data and that there may be 

room for improvement in capturing the underlying 

experimental trends. However, given the significant p-values 

of the main factors and some interactions, the overall model 

remains robust and reliable. 

Lastly, the Adeq Precision, which measures the signal-to-noise 

ratio, is greater than 10 for the model, indicating that the 

model's predictive power is strong. This reinforces the model's 

suitability for designing and optimizing the experimental 

procedure, particularly in the context of preparing activated 

alumina. The model's reliability, as demonstrated by its high 

R² values and significant F-values for the key factors, indicates 

that it can be successfully applied in real-world scenarios to 

improve the efficiency and yield of activated alumina 

preparation processes. 

Table 5: Average Surface Area of Prepared Activated 

Alumina 

Parameter Value 

Langmuir Surface Area 
0.4200 

m²/g 

Single Point Surface Area 
0.3925 

m²/g 

BET Surface Area 
0.4500 

m²/g 

Cumulative Adsorption Surface Area of 

Pores 

0.5100 

m²/g 

Cumulative Desorption Surface Area of 

Pores 

0.5155 

m²/g 

 
Table 6: Pore Volume of Prepared Activated Alumina 

Parameter Value 

Micro Pore Volume 0.001100 cm³/g 

Cumulative Adsorption Volume of Pores 0.003500 cm³/g 

Cumulative Desorption Volume of Pores 0.003400 cm³/g 

 

Table 7: Pore Size of Prepared Activated Alumina 

Parameter Value 

Average Adsorption Pore Width 205.130 Å 

Average Desorption Pore Width 202.850 Å 

 

The surface area of activated alumina is a critical parameter 

that influences its performance in various applications, 

particularly in adsorption processes. As detailed in Table 5, 

several surface area metrics were measured, including the 

Langmuir surface area, single point surface area, and BET 

(Brunauer-Emmett-Teller) surface area. The Langmuir surface 

area, which reflects the total area available for adsorption 

assuming a monolayer coverage, was recorded at 0.4200 m²/g. 

This measurement is significant as it provides insight into the 

maximum adsorption capacity of the material, indicating its 

potential effectiveness in capturing pollutants or other 

substances in environmental and industrial applications. 
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The BET surface area, reported at 0.4500 m²/g, is particularly 

crucial because it accounts for multi-layer adsorption and is 

often regarded as a more realistic measure of the material's 

surface area compared to the Langmuir method. The 

difference between the Langmuir and BET values may 

indicate variations in pore structures, with the BET surface 

area being slightly higher due to the inclusion of micropores 

that can accommodate more than one layer of adsorbate. This 

indicates that the activated alumina has a well-developed 

porous structure, making it suitable for applications requiring 

high adsorption efficiency, such as in catalysis and water 

treatment. 

The cumulative adsorption and desorption surface areas of 

pores, at 0.5100 m²/g and 0.5155 m²/g, respectively, provide a 

comprehensive view of the pore dynamics within the activated 

alumina. The cumulative adsorption surface area represents 

the total area available for gas or liquid phase adsorption, 

while the desorption surface area reflects the area that 

becomes available as adsorbates are released. The values 

being similar suggests a well-structured pore network, 

indicating that the activated alumina can efficiently adsorb and 

subsequently release substances, a desirable trait in processes 

like filtration and purification. 

Table 6 outlines the pore volume characteristics of the 

prepared activated alumina, highlighting the micropore 

volume and cumulative pore volumes for both adsorption and 

desorption. The micropore volume is noted at 0.001100 cm³/g, 

which is indicative of the capacity of the material to hold small 

molecules. The cumulative adsorption volume of pores at 

0.003500 cm³/g suggests that the activated alumina can 

accommodate a significant amount of adsorbate, while the 

cumulative desorption volume of 0.003400 cm³/g further 

underscores its efficiency in adsorbing and desorbing 

substances. The relatively high pore volumes suggest that the 

activated alumina is effective for applications requiring high 

adsorptive capacity, such as in catalytic converters or gas 

separation. 

Pore size is another critical factor influencing the performance 

of activated alumina. As detailed in Table 7, the average 

adsorption pore width is recorded at 205.130 Å, while the 

average desorption pore width is slightly smaller at 202.850 Å. 

The size of the pores can significantly impact the material's 

ability to interact with different molecules, with larger pores 

facilitating the adsorption of bulkier molecules while smaller 

pores are better suited for capturing smaller species. The 

difference in widths suggests that the activated alumina is 

versatile in its applications, capable of handling a range of 

molecule sizes effectively, which is essential for its role in 

various industrial processes. 

In conclusion, the data presented in these tables emphasize the 

high performance and versatility of the prepared activated 

alumina. The well-defined surface area, substantial pore 

volume, and appropriate pore size distribution position it as a 

superior candidate for applications in environmental 

remediation, catalysis, and gas separation. Understanding 

these parameters is essential for optimizing its use in specific 

applications and for advancing the development of new 

materials with tailored characteristics for enhanced 

performance. The comprehensive analysis of activated 

alumina’s physical properties ultimately supports its efficacy 

and efficiency in practical applications, reinforcing the need 

for continued research and development in this area. 

The thermogravimetric analysis (TGA) results for activated 

alumina, both prior to and after washing, reveal notable 

differences in their thermal stability and decomposition 

behavior. The unwashed activated alumina exhibited a greater 

degree of thermal decomposition compared to the washed 

sample. This increased decomposition can be attributed to the 

presence of oxidative impurities and moisture retained in the 

material before washing, which contributed to its instability. 

Specifically, the analysis indicated that the activated alumina 

remained relatively stable at temperatures below 100°C. 

At temperatures around 200°C, volatilization of components 

began, but the effect on the material's structure was minimal, 

preventing fragmentation of the impurity network. However, 

once the temperature exceeded 200°C, a rapid increase in 

decomposition was observed. This heightened degradation 

was linked to the release of gaseous byproducts such as carbon 

dioxide, methane, and phenolic compounds, which occurred 

as the activated alumina continued to be subjected to elevated 

temperatures. 

Interestingly, the thermal decomposition temperature of the 

unwashed activated alumina was higher than that of the 

washed variant. This phenomenon can be explained by the 

presence of reactive R-groups introduced by the oxidation 

processes that occur on the surface of the material. These 

functional groups necessitated more thermal energy for 

degradation, leading to the observed differences in thermal 

behavior between the two samples. 

Overall, the TGA results highlight the significant impact of 

washing on the thermal stability of activated alumina. The 

removal of impurities and moisture through washing not only 

enhances the material's thermal properties but also reduces its 

susceptibility to decomposition at elevated temperatures. As a 

result, washed activated alumina may exhibit improved 

performance in various applications, particularly in processes 

that require thermal stability. This understanding of the 

thermal characteristics of activated alumina can inform its use 

in industrial settings, ensuring optimal performance and 

longevity of the material. 
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Figure 1: alumina during washing process 

 

 
Figure 2: activated alumina 

 

The adsorption kinetics of metal ions, specifically their 

distribution between the liquid phase and the adsorbent, can be 

described using various kinetic models. These models help in 

understanding the nature of the adsorption process. In this 

study, both the Langmuir and Freundlich adsorption kinetic 

models were utilized to analyze the equilibrium data. The 

experimental findings demonstrated a strong correlation with 

the Langmuir model, which was preferred over the Freundlich 

model due to its specific advantages in interpreting the data.  

The Langmuir kinetic model operates under the premise that 

metal ions adsorb onto a surface of activated alumina that has a 

limited number of uniform adsorption sites. This classical 

model can be expressed mathematically by the equation 

formulated by Langmuir in 1916: Results indicated that 

activated alumina effectively removes lead ions within a time 

frame of 20 to 30 minutes. As the adsorption time decreased 

from 25 minutes to 20 minutes, the amount of lead ions 

adsorbed increased from 86% to 90%, demonstrating that the 

adsorption capacity of the adsorbent is time-dependent. 

Consequently, all experiments were conducted within a time 

range of 0 to 60 minutes to assess  the dynamics of the 

adsorption process thoroughly. The application of the 

Langmuir kinetic model to the kinetic data of lead ion 

adsorption on activated alumina revealed a consistent trend 

with the expected behavior outlined by the model. This 

correlation affirms the utility of the Langmuir model in 

understanding and predicting the adsorption kinetics in this 

context. Overall, the findings underscore the effectiveness of 

activated alumina as an adsorbent for heavy metal ion 

removal, particularly lead ions, and highlight the importance 

of time in optimizing the adsorption process. 

 

 
Figure 3: Absorption capacity of the alumina with time  

In Figure 3, the X-axis illustrates the time in hours, while the 

Y-axis displays the concentration of lead ions. The data 

indicates that maximum lead removal occurs within twenty 

minutes (20 min), with just 10 grams of activated alumina 

achieving an impressive 99.8% reduction of lead 

concentration in the solution during this timeframe. 

Additionally, the synthesized activated alumina successfully 

reduced lead levels to meet the drinking water standard of 0.05 

ppm within the same twenty minutes. The figure also 

highlights the effect of varying solution pH on lead ion 

removal. It is evident that activated alumina effectively 

removes lead ions within the pH range of 6.0 to 7.0. As the pH 

increases from 1.0 to 7.0, the concentration of lead ions 

decreases linearly, indicating that the adsorption capacity of 

the adsorbent is influenced by the pH level. To analyze the 

data from the kinetic experiments related to lead ion 

adsorption onto activated alumina, the Langmuir kinetic 

model was applied. This model provides insights into the 

adsorption process and helps to understand how the different 

parameters affect the removal efficiency of lead ions. Overall, 

these findings underscore the effectiveness of synthesized 

activated alumina as a viable option for lead ion removal from 

aqueous solutions, particularly under optimal pH conditions. 

 

Figure 4: Absorption capacity of the alumina with pH 

Figure 4 illustrates the impact of pH on the lead removal rate 

using activated alumina. The X-axis indicates the pH levels 

ranging from 2 to 12 for the lead solution prior to treatment, 

while the Y-axis displays the concentration of lead. Notably, at 

approximately pH 7, the removal efficiency peaked at 99.9%. 

At this pH level, the concentration of lead dropped to 0.01 
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ppm from an initial concentration of 0.1 ppm. Beyond pH 7, 

there was minimal variation in removal efficiency, suggesting 

that the optimal pH for lead ion adsorption by activated 

alumina is around 7. 

 

Figure 5: Absorption capacity of the alumina with  alumina 

quantity  

Figure 5 illustrates the effect of varying activated alumina 

content on the adsorption of lead ions. As depicted, increasing 

the amount of activated alumina from 0 to 25 grams led to a 

significant decrease in lead ion concentration, from 0.09 ppm 

to nearly 0 ppm. The enhanced adsorption observed at higher 

alumina concentrations can be attributed to the larger surface 

areas of the activated alumina produced in this study. 

Additionally, the figure presents data from experiments 

conducted with an initial lead concentration of 0.1 ppm. The 

X-axis represents the amount of activated alumina in grams, 

while the Y-axis indicates the lead concentration. Remarkably, 

10 grams of activated alumina effectively removed 100% of 

the lead from the solution, resulting in a concentration below 

detection limits. Furthermore, this treatment achieved the 

drinking water standard of 0.05 ppm for lead. 

 

Figure 6: Absorption capacity of the alumina with temperature  

To assess the impact of temperature on lead removal using 

activated alumina, a fixed amount of 10 grams of activated 

alumina was contacted with a standard lead solution at a 

concentration of 0.1 ppm, with temperatures ranging from 0 to 

150 °C. Figure 6 presents the kinetics of the adsorption study 

involving the 0.1 ppm lead solution and 10 grams of activated 

alumina at varying temperatures. Maximum lead removal was 

achieved at 50 °C, with the activated alumina successfully 

eliminating 99% of the lead from the solution at this 

temperature. Beyond 50 °C, no significant changes in lead 

removal were observed. Additionally, it is noteworthy that the 

removal mechanism is partially influenced by pH, aligning 

with findings from other researchers. 

Conclusion  

In conclusion, the study effectively demonstrated the potential 

of activated alumina as an efficient adsorbent for the removal 

of lead ions from aqueous solutions. Through systematic 

experimentation, it was found that key factors such as contact 

time, pH, adsorbent dosage, and temperature significantly 

influence the adsorption capacity of activated alumina. The 

results indicated that maximum lead removal was achieved 

rapidly within 20 minutes, highlighting the adsorbent's 

efficiency. Additionally, the optimal pH range for adsorption 

was identified between 6.0 and 7.0, with the activated alumina 

showing exceptional performance at pH 7, achieving a lead 

concentration below the drinking water standard of 0.05 ppm. 

The adsorption kinetics followed the Langmuir model, 

supporting the assumption of monolayer adsorption on a 

surface with finite active sites, which was reinforced by the 

significant removal rates observed. Furthermore, varying the 

activated alumina content demonstrated a clear correlation 

between increased adsorbent quantity and enhanced lead ion 

removal efficiency, ultimately reaching nearly complete 

removal at 10 grams of activated alumina. The study also 

highlighted the importance of temperature in the adsorption 

process, identifying 50 °C as the optimal temperature for 

maximum lead removal, while recognizing the influence of pH 

on the removal mechanism. Overall, these findings underscore 

the effectiveness of activated alumina as a viable solution for 

mitigating lead contamination in water, paving the way for 

further research into its application in real-world scenarios and 

its potential in addressing environmental challenges associated 

with heavy metal pollution. 
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