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ABSTRACT 
As the world’s biggest palm oil producer, Indonesia generates also huge amount of Palm 
Oil Mill Effluent (POME) wastewater and causes serious problem in environment. In 
conventional method, POME was converted into biogas using lagoon system which 
required extensive land area. Anaerobic Fluidized Bed Reactor (AFBR) proposes more 
effective biogas producing with smaller land area. In the proposed system, a immobilization 
media would be main factor for enhancing productivity. This research studied on 
characterization of Lampung natural zeolite as immobilization media in the AFBR system 
for POME treatment. Various activation method such as physical and chemical were 
attempted to create more suitable material which has larger surface area, pore size 
distribution as well as excellent surface structures. The physical method was applied by 
heating up the material till 400oC while HCl was used on the chemical activation. Based on 
the result, the chemical activation increased the surface area significantly into 71 m2/g 
compared to physical as well as original zeolite. The strong acid material was quite 
effective to enforce the impurities within zeolite pore structure compared to heating up the 
material. According to distribution data, the Lampung zeolite owned the pore size with the 
range of 3 – 5 μm which was mesopore material. The pore size was appropriate for 
immobilization media as it was smaller than size of biogas microbial. The XRD patterns 
verified that chemical activation could maintain the zeolite structure as the original. 
Obviously, the SEM photograph showed apparent structure and pore size on the modified 
zeolite using chemical method. The testing of modified zeolite on the batch system was 
done to evaluate the characterization process. The modified zeolite using chemical process 
resulted fast reduction of COD and stabilized the volatile fatty acid as the intermediate 
product of anaerobic digestion, especially in the beginning of the process. Therefore, the 
chemical activation process was most suitable to produce the immobilization media from 
Lampung natural zeolite for POME waste treatment 
 
Keywords: Anaerobic digestion; Modified natural zeolite; Palm Oil Mill Effluent 
(POME); Anaerobic Fluidized Bed Reactor (AFBR); immobilization media 
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1. INTRODUCTION 
The world palm oil industry is growing up continuously to fulfill the human needs 

related to food and hygiene products. Indonesia produced 32.5 million tons of palm oil this 
year. It renders Indonesia as largest palm oil producer in the world that supply around 45% 
of total global demand. During palm oil production, this industry generates huge liquid 
waste, called Palm Oil Mill Effluent (POME) which has high polluting properties such as 
25000 mg/l Biological Oxygen Demand (BOD), 55000 mg/l Chemical Oxygen Demand 
(COD) and 19610 mg/l of Suspended Solid (SS) [1]. Thus, direct releasing of POME into 
the surroundings would cause pollution and environment degradation. Conventional 
anaerobic digestion using pond system has been utilized as common and primary method 
for processing of POME in Indonesia which needs large land and small gas production. In 
addition, the method has also limitation to handle POME as substrates with high content of 
inhibitor. In order to resolve the problem, the development of anaerobic digestion using 
immobilize cell is proposed which own some advantages such as contain more amount of 
bacteria, prolong the residence time as well as reduction of reactor volume [2]. Cell 
immobilization is a treatment using limited motion of the bacteria within the reactor using 
specific space or porous material. By this method, the combination of high cell 
concentration and flow rate would improve the productivity. The porous material would 
enhance the contact between substrate and bacteria to increase the biogas production.  
 

Commonly, the material contains several cation such as K
+
, Na

+
, Ca

2+ 
and Mg

2+
 and 

possess the minimum pore diameter of 10 Ǻ, high surface area and large capacity of ion 
exchange. The zeolite could control ammonia concentration and increase the growth rate of 
bacteria in the waste water treatment by exchange the ammonium ion with specific ion of 
zeolite [3-5]. In addition, Fernandez et al reports that zeolite has excellent characteristic to 
attract the microorganism and cation exchanger in the industrial wastewater treatment [6]. 
However, the addition of high amount of zeolite in the substrate would increase the 
viscosity of wastewater which disturbs the mass transfer of substrate and microorganism. 
In order to enhance the activity and remove the impurities, the natural zeolite should be 
prepared and activated using several methods such as chemical, physic as well as 
combination of chemical and physic. Beside the impurities, the activation process could 
also modify the cation type, Si/Al ratio and other characteristic which is suitable for 
specific wastewater effluent. Physic activation which only remove impurities is proceed 
trough heating up the zeolite until temperature of 200-400oC for a couple hours [7]. 
Contrary, the chemical activation is done using base or acid solution not only to remove the 
impurities but also alter the Si/Al ratio. The reduction of Si/Al ratio is achieved by base 
activation in the high pH [8]. Chemical activation using acid solution (HCl) on the Turkey 
zeolite causes de-alumination process which increase Si/Al ratio [9]. Based on the facts 
above, the activation process on the natural zeolite could improve the performance of that 
material on the wastewater treatment. Therefore, the purposes of this research was to find 
the best activation method and theirs characterization of natural zeolite from Lampung in 
order to utilize on anaerobic immobilization process of POME.  
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2. METHODOLOGY/ EXPERIMENTAL 
2.1. Material  
Natural zeolite ((klinoptilolit) was obtained from CV. Minatama Lampung. In order to 
avoid effect of particle size on the experiment, the zeolite was crushed and sieved to similar 
size. That zeolite was washed using aquadest and dried in an oven at 110oC for 3 h. The 
main properties of the zeolite were listed in the Table 1. Raw material of POME was 
obtained from ponds in a palm oil mill located in Lampung, Indonesia which the 
characteristic as shown in the Table 2.  

 
Table 1. The main properties of natural zeolite from Lampung 

Chemical 
composition (%mass) 

Si K Ca Fe Al Mg Mn Sr Rb 
60.7 11.5 10.0 8.48 8.21 0.42 0.38 0.20 0.09 

Specific surface area 
(m2/g) 

42.16  

Total pore volume 
(cc/g) 

0.147 

Average pore radius 
(Ǻ) 194.63 

 
Table 2. Characterization of POME as substrate in the anaerobic process.  

Parameter Amount Unit 
pH 3.97 - 
Chemical Oxygen Demand 11,995 mg/L 
Protein 0.15 % 
Nitrogen 0.0295 % 
Total sugar 0.314 % 
Fe 0.258 mg/L 
Sulfide 5.8 mg/L 
Phosphate 37.175 mg/L 
Phenol ≤ 0.0001 mg/L 
Nickel 0.143 mg/L 
Oil and grease 115 mg/L 
Potassium 1,459.86 mg/L 
Sulphate 1,032.93 mg/L 
Ammonia 125 mg/L 
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2.2. Experiment procedure 
a. Zeolite activation process 

In the physical activation, the natural zeolite was washed and heated inside the 
furnace with air atmosphere and temperature of 400oC for 3 hours. While the 
chemical activation was done by using HCl 2M to wash and soak the natural zeolite 
in the room temperature for 3 hours. Subsequently, the zeolite was sieved and 
washed using aquadest until the pH 7 and then dried inside the oven on temperature 
of 110oC for 3 hours. The cooling process was proceed using desiccators for both 
physical and chemical activation. Several characterizations were applied to evaluate 
the activation process such as surface area, pore volume, XRD.  
 

a. Anaerobic digester using POME as substrate 
The activated zeolite was tested on the anaerobic digestion using POME as substrate 
based on equipment which was shown in the Figure 1. The anaerobic digester was 
equipped with digester, bubbler and gasometer. The digester was constructed from 
acrylic with the diameter of 9.4 cm and total volume of 2.8 liter. The gas production 
was indicated by bubbler which was made by Erlenmeyer 250 mL and measured by 
gasometer. The gasometer was filled with acidified salt water to reduce biogas 
solubility [13].  
 

1

3

4

2

5

 
Figure 1. The experiment apparatus for batch anaerobic process 

 
The experiment was carried out in duplicate for 40 days in room temperature. 
Diluted POME (SCOD 2,000 mg/L) and digested cow manure were mixed with 
ratio 3:1 (v/v) and filled into the digester without pH adjustment. Different masses 
of zeolite were added, i.e. 280, 560, and 840 g zeolite/ g SCOD digester liquid, and 
one digester was set as control without zeolite addition. The nitrogen flushing was 
done for five minutes before the observation. 

1. Digester biogas 
2. Bubbler 
3. Gasometer 
4. Rubber septum  
5. Nipple for liquid 

sampling 
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Biogas production was calculated using the through gasometer equation. The 
determination of soluble chemical oxygen demand was carried out by closed reflux 
colorimetric method (APHA, 2005) by means of COD heater HI 839800 and Hach 
DR 900 colorimeter. The analysis of volatile fatty acid was conducted by distillation 
method, resulting VFA concentration as acetic acid. The pH was measured by 
Lutron pH meter PH-208, calibrated with 7.0 buffer solution. Methane 
concentration was measured by Gas Chromatography Shimadzu GC 8A, Japan.  The 
number of total anaerobic bacteria was analyzed by total plate count procedure 

 
 
3. RESULTS AND DISCUSSION 

3.1. Zeolite activation and characterization 
 

 
Figure 2. Effect of activation method on the zeolite surface area  

 
As mentioned before that surface area of immobilization medium was key 

parameter on this anaerobic process. Figure 2 shows the effect of activation method on 
zeolite surface area. Cleary that physical activation resulted no significant effect on the 
surface area while the chemical activation generated more surface area, around twice 
within the zeolite material. The physical activation using heating up process was 
ineffective to remove the impurities which attach strongly within zeolite surface. It was 
different with chemical activation which used HCl to dissolve the impurities. Those 
activated zeolite owned high surface area, around 71 m2/g. Therefore, the chemical 
activation was more effective to remove the impurities and enhance the surface area 
compared to physical activation. However, the activation process should maintain the 
original structure of zeolite which was effective in the immobilization process.  
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Figure 3. Pore side distribution of zeolite in each activation process 

 
Beside the surface area, the pore size distribution as a effect of activation method 

was evaluated and shown in the Figure 3. Generally, the activation method was not 
change the pore size distribution significantly since the profile of distribution line was 
quite dense. The activated zeolite holds pore size of 4 nm, predominantly. In detail 
evaluation, it was shown that the chemical activation create more pore in the size of 4 
nm compared to physical activation. This result confirmed the surface area analysis that 
the chemical activation was more effective to produce activated zeolite as 
immobilization agent in viewpoint of available space for microorganism. In addition, the 
pore size of Lampung zeolite was categorized as mesopore region which was more than 
2 nm. This condition offer more advantages when it used as immobilization agent 
because the biogas microorganism could not penetrate into pore area. The 
microorganism would lodge in the surface of zeolite material and have more contact 
with substrate to improve the degradation process. Therefore, the surface morphology of 
zeolite was key parameter in this anaerobic process.  
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Figure 4. X-Ray Diffaraction (XRD) pattern of Lampung zeolite in each activation 

process.  
 

Figure 4 shows the crystalline structure of Lampung zeolite in each 
experimental treatment. The natural zeolite had some crystalline such as 
climoptilotite, quartz, and feldispare. Obviously, this structure was maintained stable 
in each activation process. It confirmed that the chemical activation could generate 
more surface area, pore size with stable crystalline structure. This activation process 
removed only impurities without break the structure of zeolite material.  It was 
important result to have the immobilization agent with high space for microorganism 
and good surface structure.  
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Figure 5.  SEM Photo of Lampung zeolite in various activation process.  

 
Figure 5 shows SEM photo of the zeolite in each experiment treatment with 

similar enlargement. This photo could be used to analyze the effect activation process 
on the surface of the zeolite. Clearly, the activation step resulted the clean and bright 
zeolite material. Chemical activation created brighter material compared to physical 
activation which indicated the cleanness of the material. Again, the SEM photo 
confirmed that the chemical activation produced better material for immobilization 
agent in the anaerobic process.  

.  
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3.2. Testing on Immobilization-anaerobic process  
 

 
 
Figure 6. Effect zeolite as immobilization agent on the anaerobic process  
 
Figure 6 shows the average sCOD concentration during the batch anaerobic 

process using POME as substrate and activated zeolite as immobilization agent. 
Generally, the anaerobic process using zeolite demonstrated normal process which 
was indicated by decreasing of sCOD during the experiment. In beginning reaction, 
the chemical activated zeolite shows better performance compared to natural zeolite 
which was indicated by high decreasing rate of sCOD. Even the testing was limited 
by time, this result offer great possibility to use natural zeolite as immobilization 
agent in the anaerobic process using POME as substrates.  

 
 
4. CONCLUSION 

Chemical activation on Lampung zeolite offered promising result for anaerobic-
immobilization process in term of high surface area as well as pore size distribution. In 
addition, the crystalline structure was stable and maintain in place during the activation 
process.  Anaerobic testing using activated zeolite showed that the material had high 
possibility as immobilization agent.  
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