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ABSTRACT  

 

The paper presents an overview of the geopolymer concrete based fly ash as well as 

zeolite and titanium dioxide powder as an admixtures to create a nitrogen removal in 

polluted water.  This geopolymeration process occurred from the fly ash or zeolite 

powder and fine aggregate are mixed together with the alkaline solution to form 

geopolymer concrete. The sodium silicate solution and the sodium hydroxide are chosen 

and mixed together to produce the alkaline solution. The geopolymer concrete acts as 

the rough film, contaminants removal in polluted water body and consequently acts as 

antifouling. The surface of foulant layer created from the contaminant itself that need to 

mitigate time to time. Meanwhile, the water sample was collected from the selected 

stations, i.e.; Sungai Gombak, Sungai Klang and Sungai Batu. The existing data quality 

of water at Sungai Gombak was applied from Department of Irrigation and Drainage 

(DID) to be analysed and compared to the results from water quality assessments of 

water without/with treatment. The current values of water quality were captured in year 

2012.  The water quality index for Sungai Klang is 57.05 in Class III similar class to 

Sungai Batu valued is 54.7 and while the Sungai Gombak has no station to capture the 

values.  The rivers are identified that contain polluted water but still suitable for fishery. 

The aim of the study at those polluted rivers is to reduce and remove the amount of high 

concentrations of nitrogen via zeolite reactions meantime to mitigate the foulant layer on 

the film surface. 

 

Keywords: water quality, geopolymer, zeolite, titanium dioxide, anti-foulant layer and 

nitrogen removal. 
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Water purification typically begins with a pre-treatment stage to remove 

contaminants that would otherwise affect the downstream equipment. HE Shen-

bing, et. al. (2006) found that the zeolite powder addition could alleviate the 

ultra-filtration membrane fouling and enhance the membrane permeability. The 

implementation of such treatment tools attached with the water body would 

create the fouling on its surface. The fouling nature and its influences has 

sometimes been seen as a reduction in the active area of the membrane surfaces 

therefore to a reduction in flux. If the surfaces are partially blocked or restricted 

with the residual contaminants layer and its function has no more contribution to 

the water body. Dissolved molecules accumulating at the surface reduce the 

solvent activity and this reduces the solvent flow through the membrane (Klaus 

& Suzanna, 2010). They added that as a fouled membrane requires cleaning 

before damage to the membrane surfaces and fouling during filtration clearly has 

a negative influence on the treatment process and so it must be understood then 

counter-measures must be adopted to mitigate the effects. Zhao, Y-J., et. al. 

(2000) stated that the factors affecting or contributing to membrane fouling are 

concentration, pH, component interactions, pore size, physico-chemical 

properties, transmembrane pressure and cross-flow velocity. They propose 

several approaches to improve membrane performance by minimizing the effects 

of membrane fouling and concentration polarization on membrane/film 

performance, for example use boundary layer or velocity control and membrane 

modification and materials. Another study on the membrane fouling is Kazi, S.N. 

(2012) stated that fouling is a complex phenomenon due to involvement of a 

large number of variables. The aim of this study is to develop the geopolymer 

film with zeolite powderand synthesizing nano titanium dioxide or fly ash 

recycle materials, acts as nanofiltration and antifouling layer in improving the 

performance of nitrogen removal.  

 

 

2.0  Zeolite for Water Purification 

 

Many researchers had found the zeolite is very capable to improve the quality of 

water.  Virta, R. L. (1998), Alp, E. (2005) and Tepe, Y.,et. al (2005) stated that 

today, zeolite types are classified more than 150, as 40s of it are natural 

(analcime, chabazite, clinoptilolite (CL), erionite, ferrierite, heulandite, 

laumontite, mordenite, phillipsite, etc.) and others are synthetic; Zeolite A, X, Y, 

ZMS-5, etc. Zeolites are fundamentally used four aims for aquaculture 

applications, at the present time. These are to provide pollution control in ponds 

and to remove N-compounds from water of hatcheries, fish transport and 



[3] 

 

aquariums.  Rafiee G. H. and Saad C. R. (2006) investigated how zeolite 

performs chemically in solution. They found that the natural zeolite framework 

consists of a symmetrically stacked alumina and silica tetrahedral which results 

in an open and stable three dimensional honey comb structure with a negative 

charge. Lin, H et. al. (2010) also involved in the research of water quality 

improvement found that modified zeolite with better nitrogen removal effect was 

used to prepare antibacterial adsorption materials for treating the secondary 

effluent of high concentration coliform and ammonia nitrogen. From the 

previous research in modifying the zeolite and other raw materials, the study of 

integrated water resources management has taken an action to use the zeolite and 

flyash as better contaminants removal.  It was emphasized by Xie, L-G.et. al. 

(2010) in their study indicated that the zeolite flyash had obvious stabilization 

effect to heavy metal i.e; Zn, Cu, Mn, and had apparent retention ability to the 

nutrients contents of N, P of the municipal sewage sludge. 

 

Zeolites are well known for their cost effective and its efficiency in adsorption 

ability besides makes avail of ion exchanges (Qiu, W. and Zheng, Y., 2009; 

Huang, H., et.al., 2010; Wang S. and Peng Y., 2010; Ibrahim H. S., et.al., 2010; 

Malekian R., et.al., 2011; Zhang M., et.al., 2011). Formed as crystalline hydrated 

aluminium-silicates, zeolites are structured by combination of corner-sharing 

AlO4and SiO4 tetrahedral joined. This formation which alumina and silica 

symmetrically stacked to each other, results in 3-dimensional honeycomb 

framework with having fine pores (Malekian R., et. al., 2011). 

 

In water circulation system of aquaculture industry, zeolites play a role as ion 

exchanger in removing ammonium (AlDwairi, R. A., 2009). Poor soil fertility 

due to rapid dissipation of nutrient from soil can be overcome by zeolites. This is 

because zeolite is a good carrier which will let nutrient to be released gradually 

while in torrential rain, all of the nutrient will be fully washed. Besides improve 

the nitrogen balance in light and sandy soils, zeolites can rise to the acid capacity 

in soil (Rehakova M., et.al.,2004). 

 

 

3.0  Geo-polymer Concrete Characteristics 

 

Geo-polymer concrete utilizes an alternate material including fly ash as binding 

material in place of cement. This fly ash reacts with alkaline solution e.g., 

Sodium Hydroxide (NaOH) and Sodium Silicate (Na2SiO3) to form a gel which 

binds the fine and coarse aggregates (Abdul Aleem, M. I. & Arumairaj, P. D., 

2012). They found the optimum mix is Fly ash: Fine aggregate: Coarse aggregate 
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(1:1.5:3.3) with a solution NaOH and Na2SiO3 combined together to fly ash 

ratio of 0.35. High and early strength was obtained in this geopolymer concrete 

mix. 

 

 

3.1 Strength 

 

In previous findings, Mohd Ariffin, M. A. et. al. (2011) stated that geopolymer 

concrete is a type of amorphous alumino-silicate cementitious material. They 

said that geo-polymer can be polymerized by poly-condensation reaction of geo-

polymeric precursor and alkali poly-silicates. Compared to conventional cement 

concrete, the production of geo-polymer concrete has a relative higher strength, 

excellent volume stability and better durability. While Lloyd, N. A. & Rangan, 

B. V. (2010) found that geo-polymer concrete has excellent resistance to 

chemical attack and shows promise in the use of aggressive environments where 

the durability of Portland cement concrete may be of concern. This is particularly 

applicable in aggressive marine environments, environments with high carbon 

dioxide or sulphate rich soils. Similarly in highly acidic conditions, geo-polymer 

concrete has shown to have superior acid resistance and may be suitable for 

applications such as mining, some manufacturing industries and sewer systems. 

Rajamane, N. P., et. al., 2012 stated that Rajamane’s findings in 2009 about the 

materials were used to produce geo-polymer concrete are fly ash, ground 

granulated blast furnace slag (GGBS), fine aggregates in the form of river sand, 

coarse aggregates in the form of crushed granite stone and alkaline activator 

solution (AAS). AAS is a combination of solutions of alkali silicates and 

hydroxides, besides distilled water. The role of AAS is to activate the geo-

polymer source materials containing Si and Al, such as fly ash and GGBS. 

 

3.3 Contribution 

 

Geopolymer mixtures with variations of water/binder ratio, aggregate/binder 

ratio, aggregate grading, and alkaline/fly ash ratio were investigated by Monita, 

O. and Hamid, R. N., 2011. Fly ash-based geo-polymer concrete has emerged as 

a new technology in construction materials. The addition of fly ash adds value to 

the cement, and also reduces the Ordinary Portland Cement (OPC) contribution 

to CO2 emissions during concrete production. Mustafa AlBakri, A. M., et. al. 

(2011) obtained the compressive strength that increases with the optimum NaOH 

molarity, fly ash/alkaline activator ratio, Na2SiO3/NaOH ratio used and curing 

process handled. Fly ash-based geo-polymer also provides superior performance 
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givens its better resistance to aggressive environments compared to normal 

concrete. 

4.0 Mix Design 

 

The mix design of newly geopolymer film is based on the previous studies about 

geopolymer. The materials involve in geopolymer concrete mixtures are 

basically fly ash, alkaline solution, fine and coarse aggregates in constant size. 

According to Davidovits (2002), the fly ash has high content of Silica (Si) and 

Alumina (Al) that react with alkaline solution like Sodium Hydroxide (NaOH) or 

Potassium Hydroxide (KOH),and Sodium Silicate(Na2SiO3) or Potassium 

Silicate (K2SiO3), eventually forms a gel which binds the fine and coarse 

aggregates. Geopolymer concrete do not require any water for matrix bonding, 

instead the alkaline solution react with Silicon and Aluminium present in the fly 

ash.  

 

The polymerisation process involves a substantially fast chemical reaction under 

alkaline condition on Si-Al minerals. In 2012, Abdul Aleem& Arumairaj 

continue the studies and stated that geopolymer technology is most advanced in 

precast applications due to the relative ease in handling sensitive materials e.g., 

high-alkali activating solutions and the need for a controlled high-temperature 

curing environment required for many current geo-polymer.   

 

Based on Abdul Aleem & Arumairaj’s study in 2012 about optimum mix for the 

geopolymer concrete and Nazari, A., et. al.(2010) about the presence TiO2 nano 

particles in the cement mixtures, two proposed mixes are modified to produce 

the geopolymer mix design as described in Table 1. According to Abdul Aleem 

& Arumairaj (2012) on geopolymer mix design, they found that the ratio of Fly 

Ash: Fine Aggregate: Coarse Aggregate are 1:1.50:3.30 with a solution (NaOH 

& Na2SiO3 combined together) to fly ash ratio of 0.35 as an optimum mix of 

their geopolymer. The ratio of sodium silicate solution to sodium hydroxide 

solution was fixed as 2.5%.They mixed manually fly ash, fine aggregates and 

coarse aggregates in a container and the alkaline solution was added then to 

prepare their geopolymer concrete. 
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Table 1: Proposed mix design of geopolymer concrete. 

 

Trial Mix I 

1:1.50:3.30 
Trial Mix II 

1:1.50:3.30 

Materials Kg/m
3
  Kg/m

3
 

Fly ash 350.0 Fly ash 350.0 

Fine aggregate 420.0 Fine aggregate 420.0 

Coarse aggregate 1155 Coarse aggregate 809 

Potassium silicate (sol) 88.0 Potassium silicate (sol) 88.0 

Potassium hydroxide (sol) 10 

M 
35.0 

Potassium hydroxide (sol) 10 

M 
35.0 

Titanium (IV) oxide (3%) 10.5 Titanium (IV) oxide (3%) 10.5 

Zeolite  - Zeolite (30% of coarse) 346 

Bottom ash (20% of fine) 105 Bottom ash (20% of fine) 105 

 

 

4.1 Preparation of Geopolymer Concrete Mixtures 

 

The basic data are required to be specified for preparation of geopolymer 

concrete such as characteristic compressive strength at 12 hours curing at the 

temperature of 60 °C. Besides of that, the size and type of aggregates to be used 

consists of fine aggregate and coarse aggregate or gravel. In order to complete 

the mixtures, the selection of alkaline solution also required to be identified and 

the sources of main materials i.e.; fly ash, zeolite or fume. The preparation of a 

geopolymer concrete is shown in Figure 1 and Figure 2. 
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5.0 Fouling Mitigation Model 

 

Various deposition and removal processes for a typical system could be 

predicted as shown in Figure 3. The processes occur simultaneously and depend 

on the operating conditions. Usually removal rates increase with increasing 

amounts of deposit whereas deposition rates are independent of the amount of 

deposit but do depend on the changes caused by deposits such as increase in flow 

velocity and surface roughness. In the application of constant wall temperature or 

constant heat transfer coefficient boundary conditions, the interface temperature 

Figure 2: The elements 

of materials of 

geopolymer concrete. 

Figure 1: Preparation of a 

geopolymer concrete. 
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decreases as deposits build up which reduces the deposition rate (Kazi, S.N., 

2012).  HE Shen-bing, et. al. (2006) emphasized that when zeolite powder added, 

ammonium removal efficiency was maintained over 96% regardless of influent 

nitrogen condition and it suggested to be combined both of physical and 

biological ammonia removal is possible in a zeolite powder added membrane 

bioreactor. On the other side, it had been proven by influencing the 

microorganism activity compared with control sludge, zeolite powder addition 

improved both organic and nitrogen removal efficiency. Consequently, the 

zeolite powder added reactor kept stable performance even at the shock loading. 

Two approaches to improve membrane performance and to minimize the effects 

of concentration polarization are boundary layer by controlling the velocity and 

membrane modification and materials. 

 

In this study, the membrane is modified its surface using the zeolite compound 

layer that act as antifouling. Meanwhile the velocity is controlled to get the 

optimize performance of the film surfaces. The fouling modelling is set up to 

counter measure its value of fouling removal besides of its function to reduce the 

nitrogen concentration. 

 

 

 
 

 

 

6.0 Water Quality  

 

Figure 3: Heat transfer surface. 
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In the determination of status of water quality, Department of Environment, 

Malaysia (DOE) has proposed the Water Quality Index (WQI). WQI is a tool for 

evaluating the quality of water based the formula. At the first step, the water is 

tested for the six chemical parameters namely pH value, Biochemical Oxygen 

Demand (BOD), Chemical Oxygen Demand (COD), Ammonical Nitrogen (AN), 

Suspended Solid (SS) and Dissolved Oxygen (DO). Then, the water quality data 

is compared with the National Water Quality Standards for Malaysia (NWQS) to 

determine their status of quality level.  WQI calculation includes those six (6) 

parameters.  The six parameters resulting values are then entered into an 

established formula to arrive at the WQI score as described in Table 2 shows 

water quality classes and uses. 

 

 

Table 2: DOE Water Quality Index Classification. 

 

Parameter Unit 
Class 

I II III IV V 

Biochemical Oxygen 

Demand 
mg/l < 1 1 – 3 3 - 6 6 - 12 > 12 

Chemical Oxygen 

Demand 

mg/l 
< 10 10 – 25 25 - 50 50 – 100 > 100 

Ammonia Nitrogen mg/l < 0.1 0.1 – 0.3 0.3 – 0.9 0.9 – 2.7 > 2.7 

Dissolved Oxygen mg/l > 7 5 – 7 3 - 5 1 - 3 < 1 

pH mg/l > 7 6 – 7 5 - 6 < 5 < 5 

Total Suspended Solid mg/l < 25 25 – 50 50 - 150 150 – 300 > 300 

WQI > 92.7 
76.5 – 

92.7 

51.9 – 

76.5 

31.0 – 

51.9 
< 31.0 

where:  

WQI Status WQI Status 

0 – 59 

60 – 80 

Polluted 

Slightly Polluted 

81 – 100 Clean  

 

 

 

6.1 Assessment 

 

The water quality parameters to be preliminarily tested are Coliform Bacteria, 

Dissolved Oxygen, BOD, Nitrate, Phosphate, pH, Temperature and Turbidity. 

They are from the low cost monitoring kit (LaMotte) that is an introduction to 
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the Earth Force GREEN Program or any water quality monitoring effort. Based 

on the program to be used as a guidance of the preliminary assessment, they 

introduce the steps to be established such as collecting a water sample and 

testing procedures. From that, the laboratory assessment to establish with the 

optimized and enhanced results of the water quality.  

 

6.2  Existing Data 

 

The existing data were measured by the Department of Irrigation & Drainage 

(DID) and collected relevant to the objectives of the research.  Then, parameters 

from the collected data are selected to be analysed and to be compared with 

Department of Environment (DOE) of Water Quality Index Classification.  In 

order to validate the data collections from DID, the water sample also collected 

from the water body located at similar river stations where the measurements of 

the existing data had been taken.  The locations are at Sungai Klang and Sungai 

Batu in Wilayah Persekutuan Kuala Lumpur catchment areas where the data had 

been taken in 37 gauging and 38 gauging respectively from year 2005 to year 

2012.  The selected parameters from the existing data are Ammonia, Nitrate, 

Phosphate, Chemical and Biological Oxygen Demands and sediments. The 

current values of water quality are captured in year 2012.  The water quality 

index for Sungai Klang is 57.05 (Class III) similar to Sungai Batu valued is 54.7.  

It can be identified that both river are polluted but still suitable for fishery. Chart 

1 and Chart 2 show the obvious concentrations of Nitrate and Ammonia to be 

reduced via this applied geopolymer concrete. 

 

 

 
 

 

Chart 1: Ammonia, 

Phosphate and 

Nitrate Trends from 

2005 – 2012 at 

Sungai Klang. 
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7.0  Conclusions 

 

As a result from the proposed aim at those two rivers, the quality of parameters 

in water can be improved when the geopolymer film performs the best 

photocatalysis process and antifouling. The final data that represent the 

geopolymer film products would be a new contribution in the water resources 

industry especially in foulant layer removal. The results are expected to be a best 

data validity and reliability collections. Then, the product would be a very 

applicable in improve water quality and consequently reduce the maintenance 

monitoring in long life term condition. Cost-effectiveness, sustainability, non-

toxicity and environment friendly are some of the novel products features. Other 

significance of the study is there are several approaches such as fouling modeling 

set theory and fundamental that can be contributed to the water treatment 

industry. 
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