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Abstract. This study aimed to evaluate the ability of natural zeolite samples obtained from Gunungkidul, 

Yogyakarta, Indonesia in the removal of lead (Pb) in solutions. This study included mineralogical 

characterization as well as a batch test in the laboratory with parameters including grain size, the mass of 

natural zeolite sample, pH, and initial concentration of the solution. The results of mineralogical 

characterization showed that the natural zeolite sample have varied constituent on mineral components and 

relatively have high cation exchange capacity (CEC). The results of the batch test showed that the adsorption 

behavior depends on the mass of the zeolite sample which the increasing of the sample mass will increase the 

adsorption capacity. The results of the following batch testing showed that the variations in grain size had a 

limited effect on the adsorption capacity and the effect of the pH of the solution being a significant parameter. 

The results of the following batch test also showed that the increasing initial concentration of Pb solution 

caused a decrease in adsorption capacity. In general, natural zeolite samples in the study area have sufficient 

adsorption capacity as adsorbent material for Pb solution. 

1 Introduction  

In the era of industrialization today, the waste produced 

by industrial activity is increasing, especially for waste 

containing heavy metals. Heavy metal waste is usually 

produced by industrial and mining activities as well as 

domestic [1, 2]. Thus, the processing of heavy metal waste 

is needed in the context of environmental conservation. 

Processing heavy metal waste from liquid waste is a 

challenge in waste management for the past two decades. 

During this period, a lot of research was carried out by 

utilizing abundant natural materials as a medium for 

managing heavy metal waste, such as carbon, cocopeat, 

clay lignite and natural zeolites [3, 4]. Natural zeolites are 

usually found as a result of low temperature alteration in 

various types of rocks, but usually predominantly occurs 

in volcanic and sedimentary rocks [5]. The purpose of this 

study is to investigate the characteristics of natural zeolite 

adsorption on lead (Pb) in solution by conducting a batch 

test. The batch test was used because it offers the 

advantage of a more straightforward design and widely 

used in the study of adsorption both in the laboratory and 

more massive scale [6]. The natural zeolite sample was 

obtanined from the Tegalrejo, Gedangsari, Gunungkidul, 

Yogyakarta. There was a previous study on the use of 

natural zeolite in this study area. However, the 

information was limited to obtain a comprehensive 

understanding of the utilization of this material for 

environmental remediation purposes [7, 8, 9]. The 

regional geological data indicated that this natural zeolite 

is part of the Kebo-Butak Formation, which is rich in 
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layers of green colored tuffs, and in the study area this unit 

is dominated by sand stone tuffs with silt stones tuff 

inserts which have greenish cream-gray color [10, 11]. 

2 Materials and methods  

Natural zeolite samples in this study site were not 

activated, while the mineralogical compositions were 

analyzed using a polarizing microscope and X-ray 

diffraction (XRD). The Cation Exchange Capacity (CEC) 

was measured by the ammonium acetate method (pH = 

7.0), while the specific surface area was measured using 

the Brunauer–Emmett–Teller (BET) method and the 

analysis of the concentration of Pb solution was carried 

out using inductively coupled plasma atomic emission 

spectroscopy (ICP-AES). The batch test was conducted 

by crushing natural zeolite samples into grains then sieved 

for 15 minutes. Furthermore, each grain size was weighed 

with each sample mass of 3.7 g, 7.5 g, and 15 g in a 

constant volume (100 mL) of Pb solution, at 

concentrations of 20, 400, and 800 ppm. The stirring was 

conducted in 15, 30, 45, 60, 120, 180, and 240 minutes for 

each sub parameter using a magnetic stirrer at a 

temperature of 30°C [12]. The percentage of metal 

adsorption (%) was calculated using the following 

equation: 

% adsorption = (Ci – Cf).100 / Ci.........................(1) 

in which: 

Ci: initial concentration of the solution 

Cf:  final concentration of the solution 

Furthermore, the parameter variations used in batch test 

are sample grain size (0.15 mm, 0.71 mm and 1.98 mm), 

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0

(http://creativecommons.org/licenses/by/4.0/). 

E3S Web of Conferences 200, 06012 (2020) https://doi.org/10.1051/e3sconf/202020006012
ICST 2020

mailto:wbudianta@ugm.ac.id


 

sample mass (3.7 gr, 7.5 gr and 15 gr), pH of the solution 

(2,5, 3,5 and 4,5), and the concentration of Pb solution 

(20, 400, 800 ppm). This variation was conducted to 

simulate and obtain the optimum condition of the 

adsorption process based on another study [12]. Then, the 

batch test was conducted using a magnetic stirrer for 240 

minutes, at a temperature of 25°C at 300 rpm.  

3 Result and discussion 

3.1. The characteristics of natural zeolite sample  

The results of microscopic observation on natural zeolite 

sample can be seen in table 1 and showed that the sample, 

in general contained glass, crystal and rock fragments as 

main materials, of which the proportion of glass is 

abundant, but crystal and rock fragments were found to be 

less than 10% and the sample was classified as vitric tuff 

[13]. In general, glass as a constituent component of 

natural zeolites which has been changed to zeolite 

minerals but from conditions both physically and 

microscopically indicate that zeolite material contained 

impure consists of not only natural zeolites but also a few 

percent impurity minerals such as clay minerals, 

plagioclase and quartz are present. This result is 

confirmed by several other studies that show that, 

naturally, the presence of natural zeolites around the study 

area will have heterogeneity of varied mineralogical 

contents [14, 15, 16, 17, 18, 19]. The XRD analysis results 

showed the presence of zeolite minerals and clay 

minerals. Clinopilolite and mordenite are the dominant 

zeolite minerals, and other minerals are also present, such 

as quartz, plagioclase, illite, smectite. This result is 

confirmed by several other studies that show that 

naturally, the presence of natural zeolites around the study 

area will have heterogeneity of varied mineralogical 

contents [14, 18, 19]. The results of the CEC analysis 

show that value is relatively high but in general it shows 

that this value is relatively small when compared to other 

natural zeolites that have been studied by another 

researcher [20].  This might be due to differences in the 

percentage of zeolite minerals, in this case clinopilolite 

and mordenite, as well as other impurity minerals such as 

quartz, plagioclase and feldspar which will reduce the 

value of CEC, as confirmed by other researchers [21, 22]. 

 
Table 1. Summary of mineralogical composition and CEC of 

the studied natural zeolites 

 

Component Value (%) 

Mordenite 18.12 

Clinipilolite 5.66 

Illite 4.35 

Smectite 2.38 

Quartz 5.71 

CEC (meq/100 g) 43.2 

Specific surface area (m2) 29.8 

Volcanic glass 81 

Rock fragment 4 

Crystal 2 

 

3.2 Batch test 

3.2.1. The effect of grain size 

The experiments were carried out using three grain sizes 

of zeolite samples with a diameter of <0.15, 0.15 – 0.701, 

and 0.701 – 1.98 mm which were then contacted with Pb 

solution on a magnetic stirrer for 240 minutes. The results 

of the experiment can be seen in Figure 1 which shows 

that samples with sizes <0.15 mm have the highest initial 

adsorption capacity. However, after 45 minutes, the 

adsorption capacity tends to be constant with a value of 

43% until reaching the equilibrium condition. In the 

sample size of 0.15 – 0.701 mm, it showed an increase in 

adsorption at 45 minutes with an adsorption capacity of 

42% until reaching the equilibrium condition and in the 

sample size of 0.701 – 1.98 mm, there was also significant 

increase in adsorption until reaching the equilibrium 

condition with a capacity value of adsorption of 45%. 

Generally the increasing of grain size will raise the 

adsorption value accordingly.  

 

 
 
 

Fig. 1. The effect of grain size on adsorption capacity. 

However, as contact time increased to the equilibrium 

condition, the sample sized 0.15 – 0.701 mm showed a 

decrease in the level of metal ion adsorption. In theory, 

the adsorption rate will be proportional to the specific 

surface area [23]. Particles that have smaller diameters 

will have a larger specific surface area and a higher 

adsorption rate and only less time are required to reach the 

equilibrium condition. This is because smaller particles 

have the accessibility of metal ions by diffusion of shorter 

ion pathways. However, in this experiment, the sample 

grain size was not too significant in having an effect on 

the value of adsorption capacity, which also found by 

another study [24]. Thus, it can be concluded that the 

increasing specific surface area is not the only mechanism 

but also causes an increase in adsorption capacity. The 

difference between the percentage increases in adsorption 

on grain size increase can be explained as ion exchange 

participation accompanied by external or internal surface 

adsorption [25]. In this case, the porous material, the 

internal surface area plays a greater role than the external 

surface. Therefore, in conducting the test using grain size, 

an increase in the external surface area has a limited effect 

on the value of the adsorption capacity. 
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3.2.2. The effect of sample mass 

The effect of sample mass was investigated in the 

experiment by using three natural zeolite samples of 3.7 

gr, 7.5 gr and 15 gr which were contacted with Pb solution 

in a magnetic stirrer at 400 ppm. The adsorption value is 

shown in Figure 2, which shows that increasing the 

sample mass, will increase the adsorption rate. In the 3.7 

gr sample, the percentage of adsorption was at the 

equilibrium condition of 15%, a 7.5 gr sample at 20% and 

a 15 gr sample at 43% respectively. In general shows that 

the raising of the sample mass will increase the value of 

the adsorption capacity 

 

 
Fig. 2. The effect of sample mass on adsorption capacity. 

The data in figure 2 shows that the sample 15 gr has a 

percentage of adsorption capacity of 43% because the 

sample has a large surface area, then the total surface area 

of zeolites is the accumulation of the pore surface area and 

canals making up the zeolite. In addition, increasing the 

mass of the sample will effect the cation exchange sites 

because of the greater surface area [12]. A similar batch 

test by other researchers showed an adsorption capacity 

value of up to 85%, but this occurs because the natural 

zeolite sample used had a high clinoptilolite and 

mordenite content up to 70% and a CEC value of 134 

meq/100 gr [25]. 

3.2.3. The effect of pH solution 

In this experiment, the effect of the pH of the solution was 

investigated and the results of the experiment can be seen 

in figure 3, where the relationship between the value of 

the percentage of adsorption to the contact time in the pH 

range of solution 2.5 to pH 4.5 indicates that the value of 

the maximum adsorption capacity occurs at the pH of the 

solution pH 4.5 with an adsorption value of 22% when it 

reaches the equilibrium condition at 240 minutes. The 

experiment results showed that the cation adsorption was 

mostly complete by the pH of the solution of 4.5. Anion 

adsorption is carried out by the pH of the solution which 

has a low value in 2.5 pH solution with adsorption at the 

equilibrium condition of 15%. The pH of the solution is 

an important parameter that effects the adsorption 

process. The pH solution has a significant impact on the 

removal of heavy metals by zeolites which can affect 

metal speciation, zeolite integrity or mineral surface 

properties and also H+ ions which are considered 

competitive in ion exchange. The three solutions with 

different pH showed that the higher the pH of the solution 

or the more neutral the pH of the solution, the greater the 

competition in adsorbing cation capacity. In the high acid 

levels, with a pH of 2.5, some functional groups became 

protected and acted positively because of the addition of 

+1 charge resulting in reduced attraction between the 

metal and adsorbent so that the H+ charge competes with 

the Pb ion to fill the surface area which causes the 

adsorption capacity to be lower, whereas at pH 4.5 the 

deprotonization of functional groups occurred and acted 

negatively to adsorp heavy metals because the value of 

H+ ion concentration decreased with increasing pH of the 

solution, so that the higher the pH of the solution, the 

higher the adsorption capacity and becomes more stable 

[24]. 

 

 
Fig. 3. The effect of pH solution on adsorption capacity. 

The adsorption capacity increased when the initial pH 

solution was added from the pH of the solution 3.5 to 4.5, 

but the adsorption performance in the sample was almost 

unchanged or only slightly increased in percentage. The 

lowest adsorption value was obtained at the 2.5 pH 

solution and might be due to increased initial competition 

for the filling of the adsorption are by H+ which then the 

site was filled by certain species [25]. Another reseacher 

also conducted an experiment using zeolite samples to 

adsorb Pb and Ni solutions with a pH of 5 and 6 [26]. The 

results showed that metal absorption was more effective 

at pH 6 or close to neutral pH with metal adsorbing 

reaching 90% due to the deprotonization of functional 

groups and negative action which attracted heavy metals 

because of the value of H+ ion concentration decreased 

with increasing pH [27, 28, 29]. 

3.2.4. The effect of initial concentration 

The effect of the initial concentration of the solution was 

investigated by contacting zeolite samples with a mass of 

3.7 grams with a grain size of 0.15 – 0.71 mm with a Pb 

solution ranging from 20 ppm to 800 ppm concentrations. 

The results of the experiment can be seen in Figure 4 and 

show that there is a decrease in the value of the adsorption 

capacity as the concentration of the solution increases. At 

a concentration of 20 ppm shows an adsorption capacity 

value of 45%, while the 400 ppm concentration has a 

value of 42% and the 800 ppm concentration shows a 

decrease in adsorption capacity of 25%. Figure 4 shows 

that the maximum adsorption capacity value is at an initial 
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concentration of 20 ppm. This can be explained that the 

efficiency of the adsorption capacity value decreases with 

increasing concentration of the solution. Higher solution 

concentrations will have more metal ions contained in the 

solution by producing more metal ions that must be 

adsorbed and have a fixed or limited amount and at certain 

metal concentrations will become depleted and saturated. 

 

Fig. 4. The effect of initial concentration on adsorption capacity. 

This result shows that an increase in the concentration of 

the solution will only cause a decrease in the value of the 

adsorption capacity because the active site has been 

occupied, so more metal ions will be left in the solution 

after adsorption. The increase in metal ion concentration 

causes an increase in the adsorption value at a certain 

point until reaching saturation [24]. 

4 Conclusion 

Natural zeolite in the study area is part of volcanic rock 

which is dominated by glass minerals altered to zeolite 

minerals that are dominated by mordenite and 

clinoptilolite types. In addition to zeolite minerals, other 

minerals were also present such as clay minerals, 

plagioclase, and quartz. This is maybe to be the cause of 

the adsorption rate of zeolite samples in this study was 

quite low. The results of the batch test showed that the 

parameters of grain size, sample mass, initial pH solution 

and the concentration of the solution had an effect on the 

adsorption capacity of the natural zeolite sample. 

Tentative remarks of this study conclude that the optimum 

value of removal capacity related to the natural zeolite 

characteristic may be reached by increasing the zeolite 

mineral content and upgrade internal surface area. Hence, 

for future works for activation of natural zeolite needs to 

be done to increasing the adsorption capacity of the 

sample. 

Authors thank to Hinode Laboratory, Tokyo Institute of 

Technology for supporting of laboratory analysis.  
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