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Abstract—Natural Zeolites in powdered form have commonly used as adsorbent and one of the most crucial compound in water 
treatment plant, in filter system of petrochemicals or other processes under environmentally, physically and chemically conditions.  
But in the form of powder, zeolites are easily washed out in liquid or gas stream. Therefore, a modification would be necessary to 
solve this problem. Zeolites and clay were modified into ceramic adsorbent to adsorb heavy metal pollutant that is hexavalent 
chromium Cr (VI) contained in electroplating industrial effluents. Zeolite and clay were mixed evenly and molded into small balls 
with 5-6 mm diameter and dried at 1000oC for 48 hrs. This adsorbent was activated with HCl 32% solution for 1 hr to enhance its 
adsorption potential. Ten samples with various ratios of zeolite:clay (3:37-12:28) with the total adsorbent mass of 1000 g was 
examined.  Cr (VI) uptake in liquid wastewater was studied by varying contact time and the ratio of zeolite and clay. The effect of 
activation treatment with HCl 32% solution on adsorption performance of zeolite ceramic adsorbent was also investigated. Analysis 
of wastewater output indicates a reduction of hexavalent chromium concentration reaches 99.45% at contact time 10 h with 12:28 
ratio of activated adsorbent. This shown that the process of adsorption had greatly reduced the contamination of Cr (VI) and may 
have been a solution for environment problem regarding wastewater containing Cr (VI). 
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I. INTRODUCTION 

Due to its wide availability, minerals such as zeolites is 
easily found in many resources all over the world. They have 
cavities among them containing aluminosilicate which forms 
tetrahedrons. They have become important in the industrial 
world mostly as the molecular sieve, ion exchangers, shield 
against high-energy radiation, and other industrial processes 
as the result of its inert structure, microporous and high 
ability in ion exchange process. Therefore, studies about 
their structures, ion exchange and adsorption-desorption 
properties have been widely conducted [1]-[5]. 

The crystalline aluminosilicate molecular sieves of 
zeolites have special structures. These compounds are 
comprised of a three-dimensional network of silicon and 
aluminum oxide tetrahedrons (SiO4 and AlO4

-) bound by 
shared oxygen atoms with abundant charge-compensating 
cations. As a result, the structures form porous networks 
with micropores in the range of  ̴ 2 – 10 Å [6]. Zeolites also 
have enormous surface areas due to their microporosity and 
containing variable acidic properties, but it depends on the 
composition. Regarding these special properties, they can be 
utilized in wide range applications such as ion exchange, 
adsorption, catalysis and membrane separation [7].  

The environment aspect of a natural zeolite location may 
identify its characteristics: seasonal and daily differential  
temperature, geographic and soil materials causing 
differences of its composition, e.g., the amounts of 
impurities in the lattice, structural deformation, etc., and 
because of that, the zeolite usually has unique property or 
composition depends on its environment [8]. Zeolite is one 
of the most important material in water treatment plant, in 
filter system of petrochemicals or other similar structure 
under environmental, physical and chemical conditions.   

Industrial waste discharge is one of the major problems 
that may endanger environment by causing hazardous 
pollutants such as heavy metals. Heavy metals pollutants are 
not easily degradable, toxic and carcinogenic; its exposure is 
a serious threat to the environment [9], and raising health 
problems. In addition, heavy metals can not be completely 
removed using conventional treatment processes such as 
biological treatment with activated sludge and anaerobic 
digestion or using light and other moderate oxidative agents. 

The waste water discharges from industries such as 
electroplating, leather, and textile mainly contains a large 
amount of trivalent Cr (III) and hexavalent chromium Cr (VI) 
ions which hazardous to the environment. Of these, the Cr 
(VI) is mutagenic and toxic [10],[11]. It is also poisonous to 
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bacteria, and other living organisms. Recently, a large 
number of efforts have been applied to develop cost- 
effective technology to remove the heavy metal ions from 
wastewater, such as photodegradation, adsorption, and 
membrane separation technologies [12]. Among those, 
adsorption is seen as a more well-known because of its 
practical operation, removal efficacy easily regenerated 
adsorbent, low-cost, and not easily polluted by secondary 
pollutants. Activated carbon, chitosan, zeolites, etc., as 
porous adsorbents were currently examined due to their 
enormously wide surface area [12]-[15].   In general, the 
zeolite is only available as a fine powder or granular powder. 
And their use in the form of powder is limited by high head 
loss, difficulty in separation of the solid from solution. In 
order to overcome these shortcomings, modification of 
zeolite leads to the formation of the adsorbent with special 
properties for heavy metal adsorption removal from aqueous 
solutions.   

Clay has been known as the cheap adsorbent in aqueous 
pollutant uptakes such as metallic ions, bacteria and other 
organic pollutants due to its high availability, cost-effective 
and good quality in adsorption [16]-[18]. Clay is a great 
adsorbent because of its large surface area specifically,  with 
chemical and mechanical stability, layered structure, and 
high cation exchange capacity [18], [19]. On the contrary, 
raw clay expresses insufficient adsorption capacity of some 
anionic pollutants because of its abundant negative charges 
on its surface area [20]. For example, clay minerals such as 
kaolinite, montmorillonite, and illite may adsorb arsenate in 
the range of 0.15 to 8.4 μmol/g, which is incomparable with 
iron-containing minerals such as ferrihydrite and goethite, it 
may adsorb arsenate in the range about 200 μmol/g to 700 
μmol/g [21]. Thus, we can modify or mix clay with other 
metal ions like irons to enhance its adsorption capacity [22], 
[23].  

However, zeolite modification such as oxide coated 
zeolite, and iron oxide coated zeolite have been used to 
remove Fe2+ from an aqueous solution. The results indicated 
that Manganese oxide coated zeolite has a good ability (80% 
removal of Fe2+) for the removal of Fe from water [24]. In 
this study, zeolite and clay were modified into ceramic 
adsorbent in order to increase the physical properties of 
adsorbent. 

The aim of this research was to identify the Cr (VI) 
adsorption capacity of zeolite mixed with clay and the 
modification of those into ceramic adsorbent with respect to 
ten different ratios of zeolite and clay, contact time, and the 
effect of activation to the adsorbent.  The Cr (VI) adsorption 
capacity of zeolite ceramic adsorbent was studied under 
batch experiments. A simple preparation of the zeolite 
ceramic was performed with HCl 32% solution.  

II. MATERIAL AND METHOD 

A. Material Preparation  

Natural clay in this study was collected from the West-
southern part of Indonesia (Musi Banyuasin District, South 
Sumatera Province). It was cleaned with deionized water, 
dried at 100oC for 1 h, crushed with mortar to achieve the 
required particle size less than 75 μm. After drying, the 

clean clay with the right particle size was kept in a dry and 
clean container for further process. 

Ten samples of adsorbents used were prepared by varying 
the ratio amount of zeolite:clay (3:37, 4:36, 5:35, 6:34, 7:33, 
8:32, 9:31, 10:30, 11:29, 12:28) with total mass adsorbent of 
1000 g.      

First, the powdered zeolite and clay were mixed and 
stirred until zeolite was evenly mixed with clay, add enough 
deionized water to the mixtures and mold into small balls 
approximately 5-6 mm diameter. Afterward, these balls were 
dried at 1000oC for 48 hrs. Finally, the small balls had 
become ceramics and were ready for use.   

B. Zeolite Ceramic Activation 

It has been acknowledged that the pore system becomes 
blocked with increasing impurities contained in pore system. 
It prevents the build-up reactions inside the pores so that the 
activation treatment should be conducted.  

Zeolite ceramic balls were soaked with HCl 32% for 1 h 
to remove coke deposits inside the pores. After that, the 
deionized water was used to wash the zeolite ceramic. 
Finally, the zeolite ceramic was dried at 150oC in an oven 
for 1 h.       

On the adsorption process, the load of optimum adsorbent 
examined was 700 g/500 ml. The various ratio between 
zeolite and clay (3:37-12:29) and contact time (1- 10 h) to 
examine the effect of activated zeolite ceramic on the uptake 
of hexavalent chromium. Further experiments between 
activated and non-activated zeolite ceramic on the ratio (4:36, 
6:34, 8:32, 10:30, 12:28) to expose the effect of activation 
on zeolite ceramic adsorbent. The contacts between 
adsorbent and adsorbate were conducted in a glass column 
with 50 cm height and 5.08 cm diameter. The feed was 
pumped with 2 l min-1 flow rate from a feed container, flow 
it to the top of the column using a small tube. 

  The concentration analysis of hexavalent chromium of 
liquid samples before and after treatment with adsorbent was 
carried out by atomic absorption spectrometry (AAS). 
Adsorption capacity was calculated by the equation: 

           q  =   (Co  -  Ct) V                     (1) 
       W 

and the percentage of adsorption is measured by the equation: 

  % removal  =  (Co  -  Ct)   x 100%     (2) 
             Co 

where q is the adsorption capacity (mg g-1), Co and Ct are the 
initial and equilibrium concentration of hexavalent 
chromium in the testing solution (mg L-1). V is the testing 
solution’s volume (L), and W is the adsorbent’s weight (g).    

III.  RESULTS AND DISCUSSION 

Fig. 1 shows the adsorption capacity on each zeolite:clay 
ratios, respectively. The effect of zeolite:clay ratio of 
adsorption capacity had been crucial, the increase of 
adsorption capacity is from 34 mg g-1 to 532.74 mg g-1 on 
increasing the zeolite ratio from 3 to 12. The addition of 
zeolite mass contributes fairly in adsorption capacity due to 
its porous adsorbent and is one of the best compared to the 
commonly used adsorbent materials for the Cr (VI) uptake. 
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By adding zeolite mass in the ratio of adsorbent had 
increased the adsorption capacity on Cr (VI) enormously.  Cr 
(VI) removal percentage also increase with increasing 
zeolite to clay ratio as can be seen in Table 1. 

The residual concentrations of Cr (VI) were analyzed by 
Atomic Absorption Spectrophotometer (AAS), in addition, 
Cr (VI) at which species were tested only in the form on 
chromate anions.  

 

 

 

 

 

 

 
 
 
 
 

 
 

Fig. 1 Variation of zeolite:clay ratio with 8 h contact time 
 

TABLE I 
CR (VI)  REMOVAL PERCENTAGE ON VARIOUS ZEOLITE:CLAY RATIO 

Zeolite:clay 
ratio  

Sample Cr (VI) 
Concentration (mg L-1) 

Cr (VI) removal 
(%) 

0:0 752.10 0 
3:37 704.50 6.33 
4:36 642.24 14.61 
5:35 588.45 21.76 
6:34 407.00 45.88 
7:33 362.55 51.79 
8:32 154.54 79.45 
9:31 112.73 85.01 
10:30 82.30 89.00 
11:29 48.60 93.54 
12:28 6.27 99.17 

  

As hoped, these adsorbent ratios were chosen based on 
their chemical and physical properties which can greatly 
effect Cr (VI) capture ability of the resulting adsorbent. The 
higher zeolite mass in the adsorbent material is causing 
higher     Cr (VI) removal from 34 mg g-1 (3:37 ratio) to 
532.74 mg g-1 (12:28 ratio). It proves that the characteristic 
of adsorbent materials affects the pore characteristics since 
they are the main constituent of the pore structures. The size 
of the pores is determined by the materials added to the 
adsorbent which also has a huge role in determining the 
surface area and total pore volume of the material. Generally, 
high level of porosity is provided by longer molecules [25]. 
Further surface functionalization of the structure is required 
to enhance adsorption. It was studied that Cr (VI) adsorption 
is directly related to the surface area of the material. 
However, large pores could increase adsorption and for the 
highest capture performance. 

 
 

 

 

 
 
 
 
 
 
 
 

Fig. 2  Variation of contact time for Cr (VI) removal with zeolite:clay     

ratio 12:28 

 

TABLE II 
CR (VI) REMOVAL PERCENTAGE USING ZEOLITE CERAMIC ADSORBENT        

(12 : 28 RATIO) ON VARIOUS CONTACT TIME 

Contact time 
(h) 

Sample Cr (VI) 
Concenration (mg L-1) 

Cr (VI) 
removal 

(%)               
0 752.10 0 
1 332.40 55.81 
2 226.46 69.89 
3 178.77 76.23 
4 66.62 91.14 
5 41.10 94.54 
6 23.20 96.92 
7 16.89 97.75 
8 11.72 98.44 
9 6.12 99.19 
10 4.16 99.45 

 

The effect of contact time on the adsorption capacity 
performance and Cr (VI) removal percentage has also been 
observed. The results can be shown in Fig.2 and Table 2. 
The adsorption capacity rises from 299.79 mg g-1 to 534.24 
mg g-1, respectively. The values are slightly comparable with 
the previous experimental highest results 532.74 mg g-1. By 
deriving the relationship between the adsorption ability and 
contact time, we can acknowledge that the longer contact 
times, the higher adsorption capacity. The longer contact 
time has given enough access for the adsorbent surface to 
make contact and to bind more Cr (VI) and to make binding 
sites on the adsorbent surface. The highest Cr (VI) removal 
percentage of 99.45% was achieved at 10 h of contact time. 

 
Fig. 3  The effect of activation mechanism on adsorption capacity 
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TABLE III 
THE EFFECT OF ACTIVATION MECHANISM ON REMOVAL PERCENTAGE 

Adsorben
t Ratio 

Removal percentage 
Inactivated 

(%) 
Activated 

(%) 
4:36 4.08 14.55 
6:34 6.53 46.54 
8:32 6.93 79.80 
10:32 8.24 88.57 
12:28 8.26 99.09 

 
The data in Fig. 3 and Table 3 showed that adsorption 

capacity and Cr(VI) removal percentage were significantly 
increased after activation. The result indicates that pore 
walls of adsorbent had been widened and clog free during 
the activation process resulting in the formation of new 
pores or converting to wider pores. Besides, low adsorption 
conducted by raw clay due to some anionic pollutants 
causing abundant negative charges on its surface [20]. These 
reasons are suitable for our activation purpose. The superior 
of activated adsorbent compare to inactivated one in oil 
purification by using bentonite was also reported [26]. 
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Fig. 4 (a-g)  Surface morphology of adsorbents before activation mechanism 

by 100-10,000 times of magnification  
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Fig. 5  Adsorbent elements analysis before activation mechanism 
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Fig. 6 (a-g)  Surface morphology of adsorbents after activation mechanism 

by 100-10,000 times of magnification  
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After the activation stage, the surface area has risen its 
adsorption area sharply, by comparing images shown in  Fig. 
4 (a-g) and Fig. 6 (a-g) clearly seen that the surface pores 
become exposed with the oxidation resulting increase in 
specific surface area and adding micropore volume. 

Activation mechanism also contributes in changing the 
elements composition of the adsorbent, images in Fig. 5 and 
Fig. 7 are compared to acknowledge that the amount of some 
elements have seemingly changed after the activation 
process.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7  Adsorbents elements analysis after activation mechanism 

IV.  CONCLUSION 

Adsorbent ratios between zeolite and clay as the 
adsorbent material have given chemical and physical 
properties that may have highly effect Cr (VI) capture ability 
of the resulting adsorbent. The higher zeolite mass in the 
adsorbent material is causing higher Cr (VI) adsorption 
capacity from 34 mg g-1 (3:37 ratio) to 532.74 mg g-1 (12:28 
ratio). It is assumed that the characteristic of adsorbent 
materials affects the pore characteristics since they are the 
main constituent of the pore structures. 

The effect of contact time on the adsorption capacity has 
also been studied where it increases from 299.79 mg g-1 (1 h 
contact time) to  534.24 mg g-1 (10 h contact time), 
respectively. Further investigations should explore whether a 
higher adsorption capacity can be achieved to meet local 
government standard for wastewater containing  Cr (VI).  

This study examined the development of adsorption 
capacity in relation to the activation mechanism. Activation 
resulting drastic change on Cr (VI) adsorption capacity from 
44.39 mg g-1 to 532.3 mg g-1 (12:28 ratio). It has to be taken 
into account that the effect of activation has given a great 
impact to adsorption capacity.  

NOMENCLATURE 

q adsorption capacity  mg g-1 
Co initial concentration  mg L-1 

Ct        equilibrium concentration           mg L-1 
V         volume of  testing solution  L 
W        weight of adsorbent                 g 
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