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Abstract. Citarum River plays an important role in various sectors both domestic and
economic for residents along the Citarum River Basin. The different source of wastewater from
400 industries disposes their wastewater directly to the Citarum River, which is predominantly
dominated by the textile industry. Those industrial activities generate hazardous heavy metals
such as Cr(VI) which can degrade the quality of the river. In this research, we will conduct a
treatment on series of Cr(VI) containing surface water to meet the drinking standard of raw
water. Zeolite-FeO is synthesized from natural zeolite in Sukabumi, and then impregnated with
FeO, characterized using XRD and the result shows that iron oxide precisely hematite (a-
Fe»03) successfully impregnated into the zeolite. The Zeolite-FeO then modified with sucrose
to give positively charged on the surface by the contribution of carbon. The adsorption process
is carried out in batch with artificial waste containing Cr,O+* to obtain the optimum conditions
such as the effect of time, pH and initial concentrations. From the adsorption experiment, the
result shows the highest efficiency removal is 70,72% at pH 2 for 45 minutes by Zeolite-FeO-
Sucrose.

1. Introduction

Nowadays economic and the population is growing rapidly, and it triggered the development of
industries that focused to fulfill the needs and economic factors. However, it is not only giving the
benefits in the economic field but also cause environmental degradation due to the waste which an
industry has generated. According to BPLHD West Java, there are more than 400 industries are
dispose their wastewater directly to the Citarum River, it has been dominated by textile, pulp and
paper, and electroplating industry [1]. The textile industries consume large quantities of water and
produces a large volume of wastewater containing various chemicals such as dyestuff, bleaching
agents, finishing chemicals, and inorganics including metals [2]. Industrial activities mostly generate
chemical and hazardous waste that contains heavy metals such as Cadmium (Cd), Lead (Pb), Mercury
(Hg) or Chromium (Cr). Based on The West Java Regulation No 39/2000 standard for water quality at
upper Citarum has been classified as type B, C, and D, and the threshold of chromium hexavalent
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concentration is 0.05 mg/L. However, in previous research, it was found the concentration of
chromium in Sapan and Cisirung relatively high, it was approximately 0.157 mg/L in water and
103.925 mg/kg accumulated in catfish [3].

Chromium (Cr) is one of the heavy metals with high toxicity, according to the valence of the ion.
The present of Chromium (Cr) in the environment naturally is Cr(Ill) and Cr(VI). Compared to
Cr(Ill), Cr(VI) has higher toxicity, corrosive and carcinogenic characteristic. Based on their
characteristic, heavy metals are not biodegradable and easily accumulate in organisms and might cause
several disease and disorder. However, Cr(III) present with less solubility, mobility, and toxicity for
the organism [4].

Various materials have been studied or used as an adsorbent of pollutant in water or wastewater.
One of natural mineral that very abundant in nature and potential to be used as a source of adsorbent is
the zeolite. Natural zeolite (NZ) has a porous structure and tends to be used widely as an adsorbent for
metal ions. The other advantages of zeolite, it has high cation exchange capacity (CEC) and large
surface area to be used as a substrate to remove heavy metal cations [5]. Not only its ability to remove
heavy metals, but adsorption method is also common to be used as a water treatment method due to
easy and inexpensive implementation, however it has a poor capacity for some contaminants. Thus, to
improve its effectiveness, surface modification is required.

Many studies were conducted to reduce Cr(VI) to Cr(Ill) using a reducing agent such as ferrous
salt, sulphite, and thiosulfate [4]. Beside by reducing Cr(VI) to become Cr(Ill), it is possible to use
iron oxide to modified the zeolite as an adsorbent for heavy metals removal. Iron oxide has an active
sorbent and involved in the reaction behavior of many ions [6]. The main advantages of iron among
other nanomaterials are relatively low toxicity and biodegradability. In addition, iron is a relatively
cheap and a widespread material. Iron typically exist in the environment as iron(Il) and iron(III)
oxides but also for hydroxides, oxy-hydroxides (e.g Fe;O4, FeO, y-Fe 03, a-Fe,Os, Fe(OH)3). Among
iron oxides, magnetite (Fe;04) and maghemite (Fe,Os) are common and easy to synthesize [7].

Consequently, the aim of this study is to conduct the effect of Iron oxide coated on zeolite surface
as an adsorbent for Cr(VI) removal from water, also the kinetics and its possible isotherm. The effects
of several variations are considered including solution pH, contact time and concentration of Cr(VI).

2. Experimental

2.1. Synthesis of Zeolite-FeO Composites

The zeolite used in this experiment was natural zeolite from Sukabumi. Natural Zeolite (NZ) was
crushed and sieved until getting sized 30 mesh, NZ was washed by distilled water to remove dust and
then oven dried at 110°C for 3 hours. Dried NZ was collected and activated HCI, 50 g NZ put to
100mL HCIIM under stirring for 2 hours. Activated NZ was filtered and washes by distilled water
then oven at 110°C and calcined in the furnace at 300°C for 4 hours preparing for surface coating.

To start surface coating the zeolite with iron oxide, firstly mixed 50g activated zeolite to 25mL 1M
FeCl3.6H>O and stirred until contacted sufficiently. The mixture kept at 80°C, under the stirring
condition and 75mL sodium hydroxide 1M slowly poured into the mixture. After stirring 1-2 hours,
then the mixture dried in the oven overnight to remove the water and calcined in the furnace at 500°C
for 4 hours. Next, the synthesized zeolite-FeO was washed using distilled water to remove iron oxide
uncoated to zeolite, finally, the composite Zeolite-FeO dried at 110°C in the oven. In the second step,
zeolite coated with FeO was carried out on the prepared using sucrose because after dehydration the
resulting carbon possesses excellent binding capacity. Zeolite-FeO were dissolved in 10% sucrose and
stirred up to solidification about 2h at 65°C using magnetic stirrer. Then after treatment with sucrose,
the material was put in the oven for 30 min at 100°C and calcined at 150-200°C for 30 minutes [8].
During thermal treatment, water molecules are removed from sucrose and resulting carbon atoms
remains which are deposited as 2D layers over the iron oxide particles and give a positive charge on
zeolite surface [9].
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2.2. Characterization of Zeolite-FeO Composite
NZ and zeolite-FeO composite were characterized by X-ray Diffraction (XRD) in Puslitbang
Teknologi Mineral dan Batu Bara Bandung.

2.3. Batch adsorption experiments

2.3.1. Chromium adsorption experiments

Adsorption experiment started by prepared a stock solution of K,Cr,O; 1000 ppm. The initial
concentration of the solution was varied from 0,5;1 and 2 ppm but the pH controlled the same at 2
with sulfuric acid. 20 g of each NZ or zeolite-FeO was added to 250mL Cr(VI) solution, then the
mixture was stirred using jar test at room temperature for 1 hour at 180 rpm, a small number of
samples was taken in several ranges of times. After the optimum concentration was obtained, the next
step was the determination of pH optimum, the optimal concentration was used but the pH was varied
2,4 and 6.

Liquid samples were analyzed by colorimetric method using a UV-Vis spectrophotometer
(Genesys 10S UV-Vis, Thermo Scientific). Firstly, the sample filtered to remove solid particles, 10mL
samples from supernatant were placed in a reaction tube and added complexion agent. The
complexion agent used here was 1,5-diphenylcarbazide in acid condition by adding phosphoric acid
and let stand for 5 to 10 minutes for full-color development of pink compound, the absorbance
measured at 530nm using water as a blank [10].

3. Results and Discussion

3.1. Characterization of NZ and Zeolite-FeO Composite

Before both of zeolites were characterized by XRD, firstly those zeolites have to be activated.
Common activation treatment is using strong acid or base. Activation with acid cause dealumination
and decationation in zeolite structure. Zeolites simply can dealuminated and decationed with a strong
acid (HCI) at concentration 0,1N till 11N. Dealumination process will increase surface area due to
reducing some impurities that cover the zeolite pores.

As illustrated in Fig. 1 below, the changes colour of zeolite from teal to brown indicates that the
iron oxide was successfully attached in the surface of zeolite, however on Zeolite-FeO coated with
sucrose the colour changed to dark brown, it might due to carbon forming on the surface. Doping
carbon on zeolite surface has a role to give a positive charge on the surface of the zeolite.

h "\ |
3

Fig. 1 (A) Natural Zeolite (B) Zeolite-FeO (C) Zeolite-FeO-Sucrose

It was confirmed by the result of XRD, which showed characteristic peaks of iron after coating in
thezeolite. XRD spectra showed (Fig. 2) obvious new pattern in NZ material before and after coating.
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The characteristic peaks at 20 33.09°, 35.86° proved the existence of hematite (a-Fe,Os3) [11].
Meanwhile, NZ composition was reported dominantly mordenite, quartz, albite, and illite.
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Fig. 2 XRD spectra of (A) Natural Zeolite; (B) Zeolite-FeO

Basically, zeolites are divided into seven main groups according to their crystal structure, zeolite
used here has a mordenite structure. Based on the physical characteristic of some natural
zeolitesmordenite has porosity about 28%, it is lower than other common natural zeolites which
clinoptilolite has porosity about 47%. It was required activation with acid to remove contain amounts
of impurities [12].

3.2. Result of adsorption studies

3.2.1. Effect of pH and concentration

The effect of pH in chromium solution was investigated, depends on the pH of the solution the
oxidation states of chromium ranging from +2 to +6 with different stability. Adsorption of metals ion
here is Cr,O; depends upon pH in solution, it also controlled the presence ionic species in the
solution. In this study, the range of pH used was from 2 to 6, the results shown in Fig 3. The result
from the experiment obtained that the adsorption efficiency of Cr(VI) increases when the pH decreases
from 6 to 2. Consequently, optimum adsorption is seen at pH 2, while at higher pH than 2 the removal
of metals ion decrease [13]. Adsorption process of metals ion is optimum in the acid condition, this
might be due to in the acid condition the chromium ions are present in the form of HCrO4 ions.
Whereas, in alkaline condition chromium present as CrO4 and Cr,O-* ion which competes with OH-
to adsorbed on the surface of zeolite through hydrogen bonding [14]. If compared among three kinds
of adsorbents, Zeolite-FeO-Sucrose has the highest efficiency on chromium removal, this illustrates in
Fig 4.
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Fig. 4 Optimum pH at different kind of adsorbents

In this study, Cr(VI) removal experiments were carried out and put in different concentration 0.5; 1
and 2 ppm. The result is shown in Fig. 5 which reveal that the highest removal efficiency up to
70,72%. It was achieved by Zeolite-FeO-Sucrose at pH 2 in 45 minutes with concentration 0.5 ppm.
Zeolite-FeO-Sucrose gave higher efficiency due to the availability of active binding sites.
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There are two mechanisms for adsorption of Cr(VI) ions in solution, first direct reduction and
second one indirect reduction. Ion chromium involved many protons and electrons to get reduce into
Cr(III). In the second mechanism, firstly it happened interaction of negatively charged Cr(VI) ionic
species with positively charged on the zeolite-FeO due to the addition of sucrose surface on Zeolite-
FeO occurs by forming from carbon while H* ion in strong acid also contributed.

4. Conclusion

The results presented in this study show that the synthesized of iron oxide is successful and attached in
the zeolite. Adsorption experiments resulted that adsorbent Zeolite-FeO supported with carbon is more
efficient as Cr(VI) removal in water with removal efficiency up to 70.72% at pH 2 in 45 minutes with
concentration 0.5 ppm. The adsorption Cr(VI) process with Zeolite-FeO-Sucrose was optimum in the
acid condition at pH 2. The efficiency of ion chromium removal is increasing as the solution was
maintained in acid condition.
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