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Abstract. The rapid development of industry increases lead heavy metal 

pollution (Pb). The heavy metal lead is known for its toxicity to humans. 

Adsorption is one way to minimize the negative impact of lead. Increasing 

the ability of adsorbents through the activation process is very important in 

the role of minimizing the adverse effects of lead. This study aimed to 

determine the activity of NaOH-activated Calcium Oxide (CaO) as an 

adsorbent for lead metal (Pb) ions. FT-IR spectra show Ca-O bond 

vibrations at wave numbers 842 cm-1 in CaO adsorbent, and 845 cm-1, 781 

cm-1 in activated CaO adsorbent. Meanwhile, from the results of the AAS 

analysis, the adsorption capacity of activated CaO is 3% higher than CaO 

for the adsorption of lead metal ions.  
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Introduction 

 The rapid development of industry not 
only has a positive impact but also has a negative 
impact on the environment due to waste from 
industrial activities. Pollutants contained in waste 
pollute the environment, for example lead metal 
ions [1]. High lead metal pollution in waters was 
considered very dangerous because it can cause 
fish and water consumed by humans to be con-
taminated by lead [2-3]. 

 Lead is a persistent metal in all parts of 
the environment, in air, water, soil and mainly 
comes from various manufactured products such 
as leaded gasoline, paint, ceramics, solder, water 
pipes, hair dyes, cosmetics, aircraft manufacture, 
agricultural equipment, shields for x-ray ma-
chines, etc. Lead is considered a potent environ-
mental toxin with its non-biodegradable nature 
and toxic effects [4]. 

 According to data released by UNICEF in 
2020, I of 3 children (±800 million) have lead lev-
els above 5 µg/dL. Lead that enters the body can 
cause lung dysfunction, hematological changes 
(anemia), liver damage and even death [5]. Vari-
ous methods have been used as an effort to mini-
mize the effects of lead heavy metal contamina-
tion such as the adsorption method. 

 Several types of adsorbents used in the 
heavy metal adsorption process such as silica gel, 
zeolite, calcium oxide and activated carbon. 
Among the available adsorbents, Calcium oxide 
(CaO) was often used because of its high adsorp-
tion capacity [6] and also considered a safe mate-
rial for humans and animals [7]. This study was 
conducted to determine the activity of activated 
calcium oxide as an adsorbent for the heavy met-
al lead. CaO was synthesized from golden snail 

shells through calcination at 900C̊ for 2 hours, which 
has been done by previous researchers [8]. 

 

Experimental 

 Materials. The tools used were a set of 
glassware, oven, shaker, analytical balance, stop-
watch, pH meter mettler toledo, sample bottle, FT-
IR Spectrophotometer ALPHA II Compact Bruker and 
AAS Thermo8Scientific ICE 35008Vacum8generator. 
While the materials were CaO, NaOH, Pb(NO3)2, fil-
ter paper and Aquades. 

 CaO Activation. A total of 10 g of CaO was 
put into 50 ml of 30% NaOH solution and left for 24 
hours then filtered. Then rinsed with aquades re-
peatedly until the pH approaches the original pH of 
CaO, the pH is measured using a pH Meter. The acti-
vated CaO was dried at a temperature of 105ºC for 
60 minutes [9]. 

 Preparation of Pb Standard Solution. 0.39 
grams of Pb(NO3)2 was dissolved in sufficient dis-
tilled water, then put into a 250 ml measuring flask 
and added distilled water to the limit mark. This 
solution was diluted from an initial concentration of 
1000 ppm to 100 ppm [10]. 

 Adsorption of Pb metal using activated 
CaO. A total of 50 ml of 100 ppm Pb solution was 
put into a 250 ml Erlenmeyer flask, then 0.5 grams 
of adsorbent was added and stirred with a shaker 
for 20 minutes [5]. The mixture was filtered using 
filter paper. The filtrate was analyzed using an AAS 
instrument. 

 

Result and Discussion 

 In this study, base activation was carried out 
on CaO by adding NaOH. After CaO is activated, the 
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pH of CaO increases from 12.45 to 13 due to the 
addition of NaOH. CaO that reacts with water will 
form Ca(OH)2. Then this Ca(OH)2 will be ionized 
into Ca2+ and OH- which form an equilibrium re-
action. The addition of NaOH in the activation 
process causes the amount of OH- to increase 
and the equilibrium shifts towards the product, 
which means that the formation of Ca(OH)2 in-
creases. During heating, Ca(OH)2 will be partially 
hydrated to form activated CaO. The reaction 
process that occurs during activation is as de-
scribed in Equation 1.    

FT-IR spectra of CaO and activated CaO 
showed at Figure 1. Spectra FT-IR showed at 
wave number of 3641 cm-1 indicated the pres-
ence of OH group from hydrating CaO by air in 
CaO adsorbent, while in activated CaO appeared 
at wave number 3542 cm-1 and 3635 cm-1. FT-IR 
spectrum of activated CaO showed a wide OH 
peak as a sign that the detected OH group is 
bound to other atoms, while for OH which has a 
sharp peak is free OH. In addition to the OH 
group, the C-O function was also observed at 
wave numbers of 1000 cm-1 to 1500 cm-1, which 
probably came from CaCO3 from snail shells 
(basic CaO material). In both adsorbents, the 
presence of Ca-O groups was found at 842 cm-1 
in CaO, and 845 cm-1, 781 cm-1 in activated CaO. 
The shift in wave numbers from 842 cm-1 to 781 
cm-1 is due to the presence of side chain atoms 
that affect the bond energy so that the wave 
number shifts. 

Table 1 shows the comparison of adsorp-
tion performance between CaO and activated 

CaO adsorbents. CaO and activated CaO adsorbents 
are able to absorb lead metal by 70.58% and 
73.97%, respectively. The adsorption capacity of 
activated CaO is 3% higher than that of CaO adsor-
bents, this can be caused by activated CaO having 
more OH ions which then react with Pb ions to form 
Pb(OH)3-. The Pb(OH)3- species has low solubility in 
water so it will precipitate and reduce the concen-
tration of Pb in water. In addition, there is a possibil-
ity that the Pb(OH)3- complex will then react with 
Ca2+ ions which will also precipitate when left to 
stand. 

 

Conclusion 

 From the results of this study, it can be con-
cluded that activation with NaOH increases the abil-
ity of CaO to adsorb lead metal ions. The adsorption 
capacity of activated CaO is 3% higher than that of 
CaO adsorbents, because there is an addition of OH 
ions originating from NaOH. However, it is necessary 
to further analyze other influences such as the pos-
sible influence of adsorbent characteristics such as 
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Figure 1. FTIR spectra of CaO and activated CaO 

  CaO CaO teraktivasi 

Massa adsorben 0,5 gram 0,5 gram 

Volume 100 mL 100 mL 

Konsentrasi awal 100 ppm 100 ppm 

Konsentrasi akhir 29,42 ppm 26,03 ppm 

Table 1. Results of Adsorption of Lead Metal Ions 

by CaO and Activated CaO Adsorbents 
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the appearance of the adsorbent surface, the 
surface area of the adsorbent, and so on. Opti-
mal conditions in the adsorption process need to 
be observed for further research. 
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