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Abstract
Membrane separation technology was proposed to confront the problem of inorganic dye pollutant treatment such as
an indigosol dye. A modified ultrafiltration process known as micellar-enhance ultrafiltration (MEUF), was applied to
remove three kinds of indigosol dye (Pink IR, Blue O4B, and vat brown). Surfactant at concentration above CMC was
added to form micelle structure and solubilize the dye molecule in the feed solution. Maximum dye rejection was
achieved by the MEUF of all three kinds of indigosol dye. The rejection of indigosol pink IR, blue O4B, and brown
VAT1 were 94,27%, 95,49% and 99,15%, respectively. In this research, it was found that the MEUF system leads to
higher membrane flux, compared to the ultrafiltration system as shown in flux profiles. The difference was expected
due to different dye molecular structure. Blocking mechanism was predicted by a mathematical model based on
Hermia’s model and depicted a mechanism of complete blocking on most UF process and cake formation on MEUF
process. This result confirmed that the MEUF system certainly retained the dye molecule on membrane separation
process. However, a comprehensive study is required to increase the membrane flux. © 2018 Penerbit UTM Press. All
rights reserved.
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Abstract 
 

Water resources are very important to sustain life. However, these resources 

have been subjected to stress due to population growth, economic and 

industrial growth, pollution and climate change. With these, the recovery of 

water from sources such as wastewater, dirty water, floodwater and seawater is 

a sustainable alternative. The potential of recovering water from these sources 

could be done by utilizing forward osmosis, a membrane process that exploits 

the natural osmotic pressure gradient between solutions which requires low 

energy operation. This study evaluated the potential of forward osmosis (FO) 

composite membranes fabricated from bacterial cellulose (BC) and modified 

with sodium alginate. The membranes were evaluated for water flux and salt 

rejection. The effect of alginate concentrations and impregnation 

temperatures were evaluated using 0.6 M sodium chloride solution as feed and 

2 M glucose solution as the draw solution. The membranes were characterized 

by Scanning Electron Microscopy (SEM), Fourier Transform Infrared 

Spectroscopy (FTIR), and Contact Angle Meter (CAM). The use of sodium 
alginate in BC membrane showed a thicker membrane (38.3 μm to 67.6 μm), 

denser structure (shown in the SEM images), and more hydrophilic (contact 

angle ranges from 28.39° to 32.97°) compared to the pristine BC membrane 

(thickness = 12.8 μm and contact angle = 66.13°). Furthermore, the alginate 

modification lowered the water flux of the BC membrane from 9.283 L/m2-h 

(LMH) to value ranging from 2.314 to 4.797 LMH but the improvement in salt 

rejection was prominent (up to 98.57%).  

 

Keywords: Bacterial cellulose, sodium alginate, forward osmosis, water 

recovery, composite membrane 
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1.0  INTRODUCTION 
 

Water is an important requirement to sustain life, the 

environment, and development; however, water 

resources are highly vulnerable to stress due to 

population growth, economic and industrial progress, 

pollution, and climate change. Four hundred fifty- 

eight million people from 31 countries since 1995 are 

currently experiencing water stress [1]. United Nation 

had predicted that by 2025, this number will increase 
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Abstract 
 

Disc alumina membrane supports were formed through agar gelcasting 

method. The agar gelcasting was expected to be environmentally-friendly 

forming technique using simple equipment. Final agar amounts (0.25 – 0.75wt%) 

in gelcasting mixtures were varied to find the optimum condition of shaping 

and the desired microstructure of sintered supports. The gelcasting mixtures 

were prepared from non-reactive grade Al2O3 and porcelain at the ratio of 

98.5:1.5 by weight. The porcelain addition allowed the membrane support to 

have high strength at lower sintering temperature. When the final agar 

amounts increased from 0.25 to 0.75wt%, the dried, gelcast supports tended to 

have rough surface and subsequently resulting in crack. TGA profiles confirmed 

that there was interaction between agar chains and kaolin particles on cooling 

the gelcast supports leading to different microstructures after sintering. The final 

agar amount of 0.5 wt% provided the highest porosity of 48.9% and the highest 

relative density of 61.5%. Additionally, the average pore size of 1.5 µm was 

obtained at the final agar amount of 0.5 wt% suitable for using as asymmetric 

membrane support or microfiltration membrane.     
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1.0  INTRODUCTION 
 

Asymmetric ceramic membrane is usually used for 

industrial applications, especially for the heat-related 

and acid/base conditions [1, 2, 3]. In those conditions, 

polymeric membrane cannot withstand. As a result, 

the asymmetric ceramic membrane is still favourable, 

although its cost is high compared with the 

competitive material. For tubular ceramic membrane, 

the typical method of forming in large scale 

production and laboratory is extrusion method [4, 5]. 

However, the extrusion method needs an extruder 

offering continuous production and being easy-to-

form technique. However, the extruder is very 

expensive for ceramic factory. Therefore, a new 

forming method of ceramic membrane support 

through agar gelcasting is proposed in this work. The 

new method is expected to be practical alternative to 

forming tubular ceramic membrane without the 

extruder. 

Agar is a polysaccharide extracted from red algae. 

Agar is a thermo-reversible and non-toxic gel; 

therefore, its usage is rather green process compared 

to conventional, toxic gelcasting [6, 7]. In the 

development of ceramic fabrication process, agar is 

utilized for forming Al2O3 ceramics [8, 9, 10]. For 

forming Al2O3 ceramics, agar can be mixed with Al2O3 

slurry in the form of agar solution at a temperature 

higher than its gelling temperature. The agar 

gelcasting is thoroughly studied on viscosity, drying 

shrinkage, green strength and density. Those properties 
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