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6. Project Details 


Project 


Description 


ABSTRACT: Carbon nano structured materials like carbon nanotubes (CNTs), 


graphene (Gr) or graphene oxide (GrO) have been extensively used for composite 


preparation owing to their high tensile strength, enlarged surface area, excellent 


thermal stability, ease of high recovery and reusability. Surface functionalization of 


carbon nano materials provides a versatile route for improving the activity for 


synthesizing the membrane. The application of functionalized multi walled carbon 


nano tubes with polysulfone (PSF) blend can enhance the overall performance of the 


ultrafiltration membrane significantly. Polysulfone-a kind of thermoplastic polymer 


has resistance to high temperatures and it has high hydrolysis stability. These 


properties allow its’ extensive use in membrane synthesis for remediation of 


targeted contaminants from waste water. The polymer Polysulfone (PSF) can be 


used easily for membranes preparation as it can be reproduced and it has 


controllable size of pores down to 40 nano-metres. Polysulfone based membranes 


can be used for waste water treatment and gas separation. The advantage for using 


PSF based ultrafiltration membrane is that it can offer extremely high flow rates at 


very low differential pressures when compared with other polymers like nylon or 


polypropylene media. Additionally, membrane made from PSF can be sterilized with 


in-line steam or in the autoclave and can retain its’ strength up to 50 times. In this 


project Polysulfone (PSF) membranes will be prepared by the phase inversion 


method. Three different solvents: N, N-dimethyl-formamide (DMF), chloroform 


(CHCL3), and tetra hydro-furane (THF) will be used for PSF blending. To enhance its 


recovery efficiencies, permeate flux and selectivity; PSF will be blended with 


functionalized multi–walled carbon nanotubes MWCNTs at different ratios. 


Multi-walled CNTs will be synthesized from hydrothermally treated base catalyzed 


activated carbon derived from waste lignocellulosic residues of rubber wood saw 


dust using incipient wetness method. The synthesis of CNTs from waste biomass 


will reduce the cost of membrane preparation up to a greater scale. The growth of 


Multi–walled carbon nanotubes (MWCNTs) will be carried out using catalytic 


chemical vapor deposition (CCVD). The prepared MWCNTs will be functionalized 


using acid refluxing techniques. Scanning Electron Microscope (SEM) and 


Transmission Electron Microscope (TEM) will be used to view the morphology of the 


blended membrane and MWCNTs. The Raman spectroscope will be used to confirm 


the functionalization of the MWCNTs by comparing the defects on the MWCNTS 



https://en.wikipedia.org/wiki/Artificial_membrane#Polymeric_membranes

https://en.wikipedia.org/wiki/Waste_water

https://en.wikipedia.org/wiki/Nylon

https://en.wikipedia.org/wiki/Polypropylene
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introduced by acid treatment and finally the composite membrane thus produced 


will be used for treatment of oil-water samples. 


1. Problem Definition/Research Background/Introduction 


Contamination of water by light or heavy weight crude Oil is caused by range of 


industrial processes such as crude oil production, oil refinery, petrochemical 


industry, metal processing, compressor condensates, lubricant and cooling agents, 


car washing as well as waste disposal by different restaurants [1]. Oily wastewater 


comprises of different types of toxic substances such as phenols, petroleum 


hydrocarbons and polyaromatic hydrocarbons. These chemicals are highly toxic 


and these impede the growth of plant and animals; correspondingly mutagenic and 


carcinogenic to human beings also. The chemical oxygen demand (COD) and colour 


degrade substantially by presence of oil in waste stream [1]. 


 


The escalation of comprehensive mandate for edible oils has caused a remarkable 


upsurge in the farming of oil seeds, predominantly soybean and oil palm [2]. The oil 


seeds are frequently treated to get the oil contents which are successively processed 


for consumption by human and diverse industrial solicitations. Thus the vegetable 


oil industries cause environmental pollutions ensuing from oil spill and oily 


discharge into the aqueous stream. The oily sludge discharged into the environment 


below the standard discharge limits will pose high toxicity to the aquatic organisms 


and other ecological indemnities to the water bodies [3].  


 


Oil and grease is basically a group of chemicals rather than a specific chemical 


compound which can be extracted by certain solvents, such as 6-carbon aliphatic 


compound of hexane [4, 5]. They are hydrophobic and non-polar in nature [5]. 


Generally, oil is insoluble in the water-phase [6, 7]. Due to anaerobic 


circumstances, oils and grease are converted to long chain fatty acids (LCFA) and 


glycerol by hydrolysis reactions [8, 9]. The glycerol later on disintegrates to produce 


1, 3-propanediol [10] and consequently to acetate [11]. The mixture of oil-water 


containing droplets greater than or equal (≥) to 150 microns is classified as free oil 


while oil-water mixture with droplets size ranging between 20 and150 microns, are 


classified as dispersed oil mixture. The oil-water mixture with droplet sizes smaller 


than 20 microns are known as emulsified oil mixture and oil-water mixture with 


droplet sizes smaller than 5 microns are classified as soluble oil mixture [12]. The 
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majority of crops like Soybean, palm, sunflower, safflower, cottonseed, rapeseed, 


and peanut produces vegetable oils. The major exporters of vegetable oils are 


Malaysia, Argentina, Indonesia, the Philippines, and Brazil while countries such as 


the Netherlands, Germany, the United States, and Singapore are both major 


exporters as well as importers of vegetable oils [13]. 


2. Background of the proposed Solution/Technology/Literature Review 


Previous literature reported that physical treatment like Gravity separator, 


dissolved air floatation (DAF) method cannot completely eliminate the oily 


pollutants but just convert them to a further concentrated waste [14]. Therefore, it 


is indispensable to develop a new efficient parting method centered on a membrane 


separation process to process the oily stream [15]. The membrane separation 


technique (MST) has been acknowledged as an innovative approach for oil 


wastewater treatment in recent years. It is an upgrading of the conventional 


activated sludge process. In MST process, oily wastewater separation is carried out 


without using a secondary sedimentation tank [16]. The main limitations of MST 


process are membrane fouling and concentration polarization [17]. Membrane 


fouling can be defined as the diminution of the permeate flux of the membrane due 


to the gathering of ingredients on the surface of the membrane or blocking of the 


membrane pores [18]. To overcome these limitations, a substantial research has 


been carried out for the addition of inorganic materials such as multi-walled carbon 


nanotubes (MWCNTs) in the matrix of the polymeric membranes [19]. The blended 


membrane (BM) contains an inorganic material like carbon in its’ matrix which 


ensures considerable improvements in the physical, chemical and mechanical 


properties of the polymer [20]. 


However, the effective incorporation of MWCNTs in the polymer matrix improve the 


permeate flux and the membrane fouling resistance as well as it will improve the 


mechanical and chemical properties of the polymeric membrane. [21]. Previous 


literature stated the importance of functionalization of inorganic materials in order 


to increase the polymer compatibility without blocking the membrane pores [22]. 


Polymer blends and modification of backbone and side chains of conventional 


polymers have been reported for the improvement of wastewater separation [23].  


For economic feasibility and industrialization of the end products, optimization for 


membrane synthesis and application is essential. Optimization using response 


surface methodology (RSM) refers to enlightening the performance of the 
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elimination process, system, performance of the membrane, or the quality of the 


product in order to obtain the maximum benefit from it [24, 25]. The distinctive 


properties of MWCNTs for their well-developed porosity, active surface sites with 


outstanding electronic properties and favorable mechanical and thermal stability 


make them as an excellent support material in the polymer blended membrane 


system. Depending on application, its’ surface properties can be tuned up to a 


greater extent for incorporating it into polymer matrix using preplanned Design of 


Experiments (DOE). Application of Response Surface Methodology (RSM) 


encourages and extends the application areas, including membrane separation 


process and others. Response surface methodology (RSM) is a collection of 


mathematical and statistical techniques for empirical model building. The objective 


of using design of experiments is to optimize a response (output variable) which is 


influenced by several independent variables (input variables). Overall the 


experimental process is a series of tests, called runs, in which changes are made in 


the input variables at different levels in order to identify the reasons for changes in 


the output response. The application of RSM to design optimization is aimed at 


reducing the cost of expensive analysis methods and their associated numerical 


noise. The process can improve the convergence of the optimization process 


because they reduce the effects of noise and they allow for the use of 


derivative-based algorithms. Until recently, very few studies were conducted which 


have employed this approach for synthesis as well as application of polymer 


blended membrane based on MWCNTs extracted from renewable lignocellulosic 


substrates. To ensure maximum efficiency of the process with limited number of 


experiments, the different preparation conditions will be varied to control and 


regulate the performance of the membrane in terms of removal efficiencies. This will 


further reduce blocking of the porous texture of the membrane. The computational 


modeling studies will effectively produce a polynomial mathematical model for 


overall efficiency of the process in cost effective way. The model simulation studies 


along with detailed statistical analysis will highlights the advantages and 


limitations of the proposed model to determine the removal efficiencies of the 


system.  


3. OBJECTIVES: 


The leading resolution of this research is to evaluate the effect of acid functionalized 


MWCNTs derived from renewable sources on a PSF membrane. The preparation of 
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MWCNTs based on waste lignocellulosic residues will reduce the overall membrane 


synthesis process as well as it will ensure the construction of highly permeable and selective 


membranes; which is containing functionalized carbon nano materials inside a polymer 


matrix that could easily be scaled-up. 


The objectives of the research are as follows: 


 To produce amorphous phase activated carbon from catalytically pretreated 


Rubber wood sawdust (RWSD), Fiber (RF) Palm Tree Fiber (PF)-using water as 


“Green catalyst” in first phase and activation of hydro-char using Lewis Base by 


water shift reaction.  


 


 To study on potential of using the catalytic chemical vapor deposition (CCVD) 


method for the production of MWCNTs and its’ functionalization with acid 


treatment. 


 


 To fabricate polysulfone (PFS) membrane and bended membrane 


(PSF+MWCNTs) by the phase inversion method using Design of Experiment (DOE) 


for computational simulation.  


 


 To characterize the nanostructured materials as well as the membrane using a 


range of techniques: transmission electron microscopy (TEM), scanning electron 


microscopy (SEM), infra-red spectroscopy (IR), thermo-gravimetric analysis (TGA), 


Brunauer Emmett-Teller (BET), tensile strength, a cross-flow filtration system and 


the contact angle analyzers. This will be undertaken in order to see any structural 


and performance changes upon modification of the membranes. 


 


 To test the membrane filtration system for the removal of oil from the water 


solution and the capability of the composite membrane in fouling resistance by 


using the standard industrial waste water. 


 


4. PROJECT TASKS / RESEARCH APPROACHES OF THE PROJECT: 


The project has been subdivided into four work phases including WP-1, WP-2, WP-3 


and WP-4. WP-1 and WP-2 deal with the Synthesis and Characterization of 


Activated carbon (AC) as precursors for producing CNTs in cost effective ways. By 


considering the cost of commercial CNTs, attempts has been made to synthesize 
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CNTs from renewable resources of agro-industrial waste of Palm Fiber (PF), Rubber 


wood sawdust (RS) and rubber wood fiber (RF)- all of which grow abundantly 


throughout the year. The approaches have been designed to remove waste 


hazardous materials (Oils/hydrocarbons) from effluents using waste lignocellulosic 


residues. This environmentally friendly approach will reduce the manufacturing 


cost of polymeric membrane upto a greater extent. WP-3 has been undertaken to 


produce membrane using computational modelling scheme whereby the process 


variables will be optimized to lower down the preparation cost by reducing 


experimental runs in systematic way. WP-4 will ensure the quality of prepared 


membrane to treat oily water discharged from different industries. 


(a) New/improved end products 


WP-1: Synthesis of Activated Carbon (AC) from Rubber Wood Saw Dust, Rubber 


wood and Palm tree Fiber 


(i) Hydrothermal Carbonization of RWSD and RF 


The selected lignocellulosic by-products Rubber wood saw dust (RWSD), Rubber 


wood Fiber (RF) and palm tree fiber (PF) will be first washed thoroughly to eliminate 


dust and inorganic matters on their surfaces. The collected samples of agro 


residues should be dried in an oven (Model Memmert 600, Germany) at a 


temperature of 105 °C for 24 h to remove all the moisture. The dried precursors are 


cut or ground into small pieces. They are sieved to the size of 1-2 mm. They are then 


stored in air-tight containers to avoid moisture build up and fungal infections.  


 


In this study, two step physiochemical techniques has been adopted by using water 


as green catalyst at first step and alkali metal hydroxide catalyst (KOH) to activate 


the hydro char derived from biomass sources. At first step, the char will be prepared 


under flow of nitrogen at low temperature of 250 ◦C for 12 hours in an autoclave in 


presence of water. The prepared hydrochar will be impregnated with solid KOH 


pellets. The ratio between char with solid KOH will be kept at 1:1. 500 ml water will 


be added with char and KOH pellets and heated at 90-100 ◦C for 6 hours to catalyze 


the formation of new pores as well as disruption of residual lignocellulosic linkage 


with subsequent removal of un-burnt tarry substances or aromatic lignin droplets.  


The mixture will be kept overnight in oven at 105 ◦C to dry the sample completely. 


The un clogging of pores to enhance the surface area of the final product will be 


further facilitated by secondary stage of pyrolysis. Thus two types of hydrochar that 
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is powdered and fibrous char will be produced from two types of starting 


precursors. 


 


(ii) Base Catalytic Approach for Activation 


 


The secondary stage of pyrolysis will be carried out at 750 ◦C for 2 hours under the 


flow of carbon di oxide (CO2). The temperature will be ramped from room 


temperature to the desired activation temperature. When the required activation 


temperature will be reached, the nitrogen gas flow should be turned off and carbon 


dioxide (CO2) gas flow will be started to initiate the activation process. The activated 


products are washed with hot deionized water to recover unreacted KOH. Few drops 


of hydrochloric acid (0.1 molar) are used during washing the sample. The sample 


will be washed several times with hot deionized water until the pH of the washing 


solutions reached around 6-7. The washed activated carbons will be then kept in an 


oven (Model Memmert 600, Germany) at 105 °C. Based on precursor’s type, the 


activated carbon will be labeled as powdered activated carbon (PAC) and fibrous 


activated carbon (ACF). 


 


(iii) Characterization of AC 


 


In this proposal, the obtained catalysts are characterized by X-ray diffraction (XRD) 


to show diffraction peaks and it is typically limited to the identification of specific 


lattice planes that produce peaks at their corresponding angular positions 2θ 


determined by Bragg’s law, Fourier transform infrared (FTIR) to determine surface 


functional group, The surface morphology was performed on scanning electron 


microscope (SEM), Transmission electron microscopy (TEM) to determine void 


volume and wall thickness of catalysts, Temperature-programmed desorption (TPD) 


of ammonia to determination the acid sites in the catalysts, Thermal stability (TGA), 


Elemental analysis, Raman Spectroscopy use for determination of surface 


structure and functional group, composition and ash content. Zeta potential will be 


used for determination of surface charge. 
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WP-2: Growth of MWCNTs from AC and its’ Functionalization  


 


(i) Catalyst preparation for Incipient Wetness Method  


 


At first nickel salt will be dissolved in acetone and PAC and ACF samples will be 


impregnated with that using the incipient wetness impregnation method. Four 


different weight percent (w/w%) samples of nickel catalyst will be prepared and the 


ratios were calculated based on the Ni to PAC and ACF in the sample. Using the 


ratios, 1, 3, 5, and 7%, preparations will be made by mixing the required amount of 


nickel nitrate hexahydrate Ni (NO3)2·6H2O with small amount of acetone (in 


universal glass bottle) until all the nickel salt is totally dissolved and homogenously 


mixed. The catalyst will be mixed with specified amount of PAC and ACF. The 


mixture will be then sonicated in the ultrasonic bath for 30 min at room 


temperature and with high sonication speed. The nickel impregnated carbon 


sample will be left in the water bath at temperature of 56°C and sonicated for 12 h 


to ensure complete impregnation process and evaporation of any excess acetone. 


 


(ii) MWCNTs Growth by CCVD method 


 


Catalyst substrate will be fixed in a ceramic alumina boat in the tubular ceramic 


reactor (Figure 1). Calcination will be carried out at 350°C with nitrogen gas flow 


rate of 200 mL/min for 2 h into the CVD reactor under atmospheric pressure. The 


solid will then be reduced by hydrogen gas at 400°C and 120 mL/min flow rate for 


2 hr. The reduced catalysts will be, then, cooled down to ambient temperature and 


weighed to determine the amount of moisture present. The synthesis of MWCNTs 


and CNF will be carried out on the reduced catalysts by the CVD reactor at 


atmospheric pressure and in the presence of a C6H6/H2 mixture (total flow rate, 20 


and 100 mL/min) at 650°C. The raw MWCNTs and CNF will be cooled down to 


ambient temperature followed by measurement of the product weight. The 


processes of calcination, reduction, and growth processes of carbon nano materials 


will be done for the four different weight percent samples of the catalyst. The best 


samples in terms of the percentage yield will be chosen for further studies. The yield 


will be calculated from the difference between the weight of the sample after 


calcination and reduction were done (before MWCNTs and CNF growth) and its 
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weight after the growth of MWCNTs and CNF completed. 


 


(iii) Functionalization of MWCNTs and Characterization 


0.5 g of MWCNTs or CNF will be immersed in 80 ml mixture of H2SO4/HNO3 (3:1, 


v/v) at 70◦ C for different times under continuous sonication. The black solid 


obtained after filtration will be washed several times with distilled water, and dried 


at 80◦C in vacuum for 8 h. The resulting COOH modified MWCNTs and CNF 


(MWCNTs/CNF–COOH) will be used for further application. The FTIR and Raman 


spectra of the samples will be recorded on the FTIR Impact-410 and Renishaw Invia 


instruments, respectively. The TEM images will be taken by a TEM-1010, JEOL. 


The DSC/TGA thermograms will be recorded on the DSC/TGA, Labsys-instrument. 


The heating rate was 5◦C min−1 in nitrogen atmosphere. 


 


(b) New/improved synthesis design/routes 


 


WP-3: Synthesis of PSF and PSF + MWCNTs composite membrane 


(i) Synthesis of PSF Membrane 


Polymeric membrane containing PDF dissolved in three different solvents: N-N’ 


dimethylformamide (DMF), chloroform (CHCl3) and tetra-hydrofuran (THF) will be 


prepared by immersion precipitation phase inversion method.  


The PSF will be dissolved under constant stirring for 24 h. An ultra-sonicator, set to 


a frequency of 60 % will be used to sonicate the solution for 10 min. A casting blade 


will be used to cast the solution onto a glass substrate and left in ambient 


conditions for 20 to 30 seconds before being immersed in a bath of water. The 


membrane will be then left to air dry for another 24 hours. 0.2 wt% (w/v) of Maleic 


acid (MA) which acts as a cross linker solution was also poured over the membrane. 


Finally, the membrane will be placed in an oven at 125 °C for 30 min. 


 


(ii) Synthesis of Composite Membrane (PSF + MWCNTs) using Computational 


simulation 


 


The MWCNTs/PFS blend membranes will be produced using the immersion phase 


inversion method for production of the polymeric membrane. The functionalized 


CNTs will be blended 
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with the polymer solution in varying concentrations: 0, 0.1, 0.2, 0.3, 0.4, 0.5 and 


0.6 wt% (during stirring stage). 


 


In this work, central composite design (CCD) will be applied to study the variables 


for adsorption of pollutant ions from aqueous solution. CCD is extensively used for 


fitting an empirical second-order polynomial equation. Usually, CCD is based on a 


2n factorial runs with 2n axial runs and nc center runs (six replicates). In case of 


two level factorial designs, each variable is investigated at two levels. However, as 


the number of factors, n, increases, the number of runs for a complete replicate of 


the design increases also.  The response of removal efficiencies (y1) and the 


corresponding factors are modeled and optimized by means of ANOVA analysis. 


This helps to estimate the statistical parameters governing the sorption process. 


Overall the optimization process contains three major steps of statistically 


designing and performing the experiments, determining the coefficients in a 


mathematical model and analyzing the adequacy of the model according to 


following Eq. (1):  


 


            ),,,(
4321 xxxxx n


fY                           (1) 


Where, Y is the response of the system and Xi is the variables under investigation 


for the process. The goal is to optimize the response variable (Y). Table 1 


summarizes the range of variables in terms of actual and coded factors. 


 


Table 1. Independent variables for Synthesis of PSF+ MWCNTs/ CNF membrane 


with their actual and coded levels 


 


 


Variables Code Units Coded Variable Levels 


   -α -1 0 +1 +α 


Ratio of 


MWCNTs/CNF 


x1 - 0.06 0.2 0.4 0.6 0.73 


Time x2 h 7.6 24 48 72 88.36 


Concentration of 


the cross linkers 


x3 % 0.13 0.2 0.3 0.4 0.47 
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 It is expected that the independent variables are continuous and manageable 


by experiments with insignificant errors.  It is compulsory to find an appropriate 


estimate for the accurate functional relationship between independent variables 


and the response surface. The order of experimental run was randomized in order 


to minimize the effects of the uncontrolled factors. The response was used to 


develop an empirical model that correlated the response of adsorption uptake of 


lead from single solute system using a second-degree polynomial equation as given 


by Eq. (2): 


 


                  xxbxbxbb ji


n


i


n


j
iji


n


i


n
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Y 
 
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1 1


2


1
11


1
110


     (2) 


 


 Where, Y is the predicted response, b0 the constant coefficient, b1 the linear 


coefficients, bij the interaction coefficients, bii the quadratic coefficients and xi, xj are 


the coded values of the adsorption. For three variables, the recommended number 


of tests at the center point is six. Hence, the total number of tests (N) required for 


the three independent variables is: 


 


 N = 2n + 2n + nc = 23 + (2 × 4) + 6 = 20         (3) 


 


  


 


Figure 3: Design Layout of Central Composite design (CCD) to study 3-parameter 


process  
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Once the desired ranges of values of the factors are predetermined, they are coded 


to lie at ±1 for the factorial points, 0 for the center points and ±˛α for the axial 


points. The complete layout for design matrix will be prepared for experimental 


layout and design. 


 


(iii) Characterization of Membrane 


 


Polymeric nano-composite membranes will be prepared by the phase inversion 


process without using non-woven polyester to carry out mechanical 


characterization. A TA.XT Plus Texture Analyzer will used to carry out the analysis. 


Strips of the membrane (with 5 cm effective length and 1 cm width) will be 


measured to determine the rigidity gradient, strain energy and percentage 


resilience. SEM and TEM images for surface morphology of the prepared membrane 


will be taken. Contact angle of the prepared membrane will be measured and taken. 


 


(c ) New/improved material characteristics & Application 


 


WP-4: Application of PSF and PSF + MWCNTs composite membrane 


(i) Pretreatment of Oily Water with MWCNTs 


 


The practical phase industrial waste water contained several solid particles and 


unknown impurities and compounds suspended in oil water emulsions. 


Furthermore it is a mixture of different sizes of oil droplets with variable 


composition. Therefore, pre-treatment of the oily waste water should be carried out 


before starting the membrane filtration process. The MWCNTs or CNF will be used 


for pretreatment. The pre-treatment test will be carried out by dispersing raw 


MWCNTs or CNF in oil waste-water. A constant amount of the oily wastewater (35 


ml) containing solid particles and impurities will be added in five different sample 


tubes containing different concentrations of raw MWCNTs or CNF: 0.0, 0.2, 0.3, 0.4 


and 0.5 g. The sample will be sonicated for well dispersion for 21 days). 1H NMR 


and 13C NMR spectra will be recorded on a Bruker AVANCE III 500 at 500.13 MHz 


for 1H and 125.75 MHz for13C. Spectra were recorded in water unless otherwise 


stated. The chemical shift values for all spectra obtained are reported in parts per 
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million and referenced against the internal standard, TMS, which occurs usually at 


zero parts per million for 1H NMR and relative to the central solvent signal taken as 


δ77.00 for 13C NMR spectra. Coupling constants quoted are given in Hertz. It has 


been observed in previous literature that carbon nano-materials can be used as 


heterogeneous coagulants and/or flocculants in the pre-treatment of the oily 


wastewater. The H NMR spectra will show that despite the lack of information about 


the composition of the oil wastewater the pre-treatment with MWCNTs and CNF will 


remove certain compounds. After filtration the sample will be ready for membrane 


separation process.  


 


(ii) Performance Evaluation of PSF and PSF + MWCNTs composite membrane 


(a) Influence of MWCNTs on the membrane performance (pure water flux) 


To investigate the influence of the MWCNTs or CNF on the membrane performance, 


the cross-flow system will be used at room temperature (25 °C ± 5 °C). The effect of 


weight fraction of carbon nano-materials on the membrane performance will be 


studied using three different solvent as depicted earlier. The MWCNTs or CNF/PSF 


membranes containing 0.1 to 0.6 wt% carbon nano-materials will be prepared 


using the phase inversion method as described earlier. The pure polymeric 


membrane without nano carbon will be also prepared using the same technique 


with different solvent to study the solvent effect on water flux.  


 


(b) Influence of pressure (driving force) on the membrane performance 


The water fluxes of pure polymeric and blended membranes will be measured at 


room temperature (25°C ± 5 °C) and at different membrane pressure with a 


constant concentration of nano carbon materials optimized in previous stage. The 


permeate flux usually found to be increased with an increase of pressure. However 


at initial stages of pressures flux declines irrespective of solvent and amount of 


carbon nano materials in composite membrane. Basically the pressure difference 


between retentate and permeate plays an effective driving force (and the increased 


pressure) which could overcome the resistance; hence compelling more solution to 


filter through the membrane and resulting in a higher permeate flux. 


 


(c) Influence of filtration time on membrane performance 


The water fluxes of pure polymeric and blended membranes will be measured at 
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room temperature (25 °C ± 5 °C) and at different filtration time with an optimized 


concentration of carbon nao materials and pressure determined in previous stage. 


An Ultra Shield 500 will be used to perform this experiment; (NMR) spectra of 


organic compounds will be recorded on Bruker AV-300 (Bruker Biospin GmbH, 


Karlsruhe, Germany) at 300 MHz. The samples were dissolved in CDCl3 containing 


tetramethyl silane (TMS). 


 


4. PERFORMANCE INDICATORS: 


 


a) List of the quantifiable targets of this project: 


 


i. In this project, 95-98% of oily hydrocarbons removal is targeted from industrial 


waste effluent. 


ii. The membrane can be regenerated and reused for 4-5 cycles. 


iii. The potential of using powdered (PAC) as well as fibrous activated carbon (PAF) 


for MWCNTs production will be analysed. 


 


b) Intangible outcomes/ benefits of this project: 


 


1. Benefit of the Project/New Discovery/New Knowledge 


i. The goal of this research is to yield suitable Nanocarbon-polymer composite 


membrane which can be used as low cost ion selective membrane to ensure oil and 


grease separation from waste effluents. 


ii. Appropriate parameter can be established to ensure maximum water flux and 


regeneration of the membrane which will minimize the cost of waste water 


treatment. 


iii. The good potential for producing membrane by CNTs with polymer is already 


established but the effect of extracting CNTs from renewable resources using 


agro-industrial wastes provides a new dimension of research.  


It can provide an alternative renewable sources rather than using commercial CNTs 


to minimize the cost of waste water treatment and produce environmentally friendly 


biodegradable membrane which has great potential to remove oil from water. The 


analytical data of present research work can be used on commercial basis to 


develop a membrane separation unit having 3/4 successive membrane with 
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different thickness and diameter. Especially removal of oil from waste water by 


palm oil fiber, rubber wood saw dust and rubber wood fibre can add new arena of 


knowledge regarding the membrane separation technique up to a larger scale.  


 


 


List of Appendix:  


 The Detailed Flow sheet for WP-1, WP-2, WP-3 and WP-4 is provided in 


Appendix A. 


 


 Project Milestones in Appendix B 
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6. Details
Project
Description


The upward trend in renewable enerry industries encourages the
development of new and innovative design of wind turbines. The design
methods of wind turbines nowadays are mainly based on past
experiences, trials and errors, fluid dynamics theories and biomimetics.
Biomimetics is a relatively new method used in wind turbine design.
Biomimetics or biomimicry is the imitation of the models, systems, and
elements of nature for the purpose of solving complex human
problems. There are plenty of successful biomimetic project such as the
famous WhalePower which its turbine blades mimics the fins of
humpback whale. The result from this mimicry produces a biomimetic
turbine with higher wind power extraction. Hence, it is suggested that
biomimetics would be one of the straight forward and cost-effective
ways to design high performance wind turbine. This project aims to
propose a new biomimetic wind turbine inspired by the physical,
mechanical properties and flight behaviour of the Dryobalanops
aromatica seeds. The unique shape of the wings of Dyrobalanops
aromatica seeds might suggest a solution in optimum turbine blade
design. Fig. I shows the snapshot of a Dlyobalanops Aromatica seed
sample.


Fig. 1. A Dryobalanops Aromatica seed.


The expected output of this project will be a 3-bladed, horizontal axis,
downwind biomimetic wind turbine which adopts the shape and
mechanical proprties of the wings of Dryobalanops Aromatica seed
into its design. Three special functions of the proposed biomimicry
turbine are highlighted in this project: High torque at low rotational
speed, flexible blades and passive yawing. The proposed biomimetic
wind turbine is expected to produce high torque in low rotational speed
compared to conventional turbine due to its longer blade chords. The
flexibility of the biomimetic wind turbine blade suggests the possibility
of excluding the need to strengthen the root of the turbine blade to
counter moment induced from axial thrust. Due to its unique shape
that is very similar to a shuttlecoch the biomimefic turbine is
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expected to have better passive yawing capability which aligns the
rotor automatically and quickly to face the oncoming wind. Big. 2
shows the sketch while Fig. 3 shows the 3D model of the proposed 3-
bladed biomimetic downwind horizontal axis wind turbine.


Fig.2. General arrangement of the proposed biomimetic wind turbine


The proposed biomimetic wind turbine will be fabricated and
experiment will be conducted on a number of parameters, i.e.
rotational speed and power performance in order to get an optimum
design with higher efliciency, less material and cost effective. The
design works are divided into three tasks; a) Design the shape and
geometry of the proposed biomimetic wind turbine and the test rig, b)
Design the basic structure of the proposed biomimetic wind turbine for
field work implementation, and c) Design the arrangement and
configuration of the generator for optimum integration with the
proposed biomimefic wind turbine. Then, simulation and eryrcriment
will be carried out in order to optimize the design and evaluate basic
performances.
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With the proposed biomimetic wind turbine prototype, testing and
data collection will be conducted. In this stage, detailed analysis,
troubleshooting and redesigning will be carried out. Wind tunnel
testing for different configurations of proposed biomimetic wind
turbine models over a considerable range of velocities would be carried
out; including flow characteristic visualization, wind velocities
measurement, pressure measurement, start-up time, vibration, noise,
stability and wind turbine power efficiency measurement. The wind
tunnel test result will be correlated and validated with the
computational fluid dynamics (CFD) simulation results for
performance evaluation and to continue developing the proposed
biomimetic wind turbine. Completing the design and analyses stages,
an actual size pilot prototype of the entire system will be fabricated.
The integration of each sub.system and the functionality of the whole
system will be examined.
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6. Project Details 
Project Description To promote traditional Chinese culture, all kinds of classical Chinese 


literature have been digitized. Some provide web browsing or query 
functions to the public, which helps to unveil the glory of the vast 
literary works at any time. Although the study on the interpretation 
of the poetry by expert has a significant advantage of profession, it 
has the limitation of volume due to the constraints of human efforts. 







 


In the vast volume of poetry, it becomes an impossible mission, even 
over the years, to rely on a small number of experts in conducting a 
mutual citation and annotation task. In addition, some studies may 
be limited by the analysts' perspectives, or may be unable to provide 
a comprehensive analysis due to the limited availability of the 
original work at the time of writing. In view of the fact that term 
segmentation techniques of vernacular are often inadequate for 
classical Chinese poetry and many studies have shown the virtue of 
word processing closely related to information extraction, this study 
intends to extract the keywords of Chinese poems based on lexical 
chain theory. We consider that each character has a conditional 
probability of its next character, and the fundamental idea of 
building Chinese Syntactic Chain Processing (CSCP) is a bottom-up 
concatenating process based on the intensity and significance degree 
of distribution rate to extract meaningful descriptors from a string by 
processing the direct link and the inverted link in parallel. The 
process will be iterated until no concatenation can be found, and this 
iterative merging process will generate a series of short and long 
descriptors from the string of context. Unlike using complex 
algorithms, such as HMM, this method is relatively simple, 
furthermore, it can even be applied to a single document without a 
lot of training examples. On the other hand, we will also write a 
segmentation program of the Chinese Classic Poetic Formula 
(CCPF) based on the rules of classical Chinese poems. Words 
obtained from the CSCP and CCPF will be used as a priori 
knowledge in Latent Dirichlet Allocation (LDA) framework. We 
will explain the proposed methods, experimental steps, data 
preprocessing results to illustrate that this architecture not only 
obtains semantically meaningful words from a large number of 
documents, but also analyzes the theme of poem connotations, the 
analysis of the theme and the transmutation of poetic expressions 
between different dynasties. Finally, we will also explain evaluation 
method to measure the effectiveness of our models. 
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6. Proiect Details
Titanium dioxide, TiO2 semiconductor has been used repeatedly for


many research studies under the e'<posure of Ultra-Violet (UV) and


visible light because it is non-soluble under normal pH ranges, it is
photoaclive and photo stable However, less work is being done to


develop TiO2 that is capable to absorb a wide range of sunlight


spectrum, which includes the infrared region (> 800nm). This


research project irvolves synthesizing reduced black titanium


dioxide, BTiO2 using sol geltechnique and titanium isopropoxicil as


the precursor. Non-ionic surfactant is added into the sol to tune in the


pore structure and size of the porous TiO2. The molar ratio of TTIP:


F127: HCL: HZO Ethanol is 1.0:0.005: 0.5:15:40. The reduced


BT|O2 is further doped/co-doped with nitrogen,N and fluorine,F to


enhance its photocatalytic activity via i) reducing the band gap, ii)
impurity en€!"ty level and iii) provide an alternate pathway for


electron/hole pairs recombination. The source of dopant includes


urea, fluoroacetic acid and ammonium fluoride within the


concentration range of 0.1 - 1.0 wt% by sol gel and wet impregnation


technique. Selected photocatalyst is characterized for its


composition, porosity, optical properties, thermal stability, functional


group and morphology using various instruments. The best prepared


photocatalyst is tested for the degradation of drinking water pollutant


via a photocatalytic reactor. In order to determine its degradation rate


and photocatalysts ,:fficiency, COD, GC, and HPLC will be used,
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The increasing atmospheric concentration of carbon dioxide (CO2)


due to various human activiti€s such as burning of fossil fuels,


industrial process€s and land clearing has raised serious concerns


on global warming. Carbon credits are a vital component of national


and international emissions trading strategies that have been


stressed to lessen global warming. Therefore, the utilization of CO2


has been studied extensively in recent years and has attracted great


amount of in erest. Transforming of CO2as raw material into a high


value fine chemicals is an attractive rption because it will create a net


zero carbon footprints. The conventional methods of COz conversion


depend on processes that are energy intensive e.g. reverse


water-gas shift (RWGS) reaction, which are uneconomical and


environmental-unfriendly processes. Thus, a more clean and


sustainable technology of transforming or converting CO2 to fine


chemicals is to utilize photocatalytic CO2 reduction. For example, the


photoreduction of CO2 to methanol can be achieved through


harnessing freely 'rvailable sunlight. Methanol is one the nost
important petrochemical products which is majority used a raw


material in the production of different down-steam chemicals such as


acetic acids, formaldehyde, solvents, etc. To make this technology


more economically practical and industrially scalable, we will attempt


to increase the overall CO, photo-conversion efficiency and


selectivitlr by developing ultimate efficient photocatalysts and


productive pl rotoreduction photoreactor. Although other researchers


have tried to improve the effiuiency and selectivity of the
photocatalysts under solar light, the photocatalyst efficiency still


lacking because the photocatalyst only limited to UV and visible light


without covering the whole range of sunlight spectrum especially


infrared region. Patent application on .the process has been filed


Patent Pending (Pl 2014701037) and thus there are still


improvement on the photocatalyst design. In this project, we are
going to apply new type of doped reduced titania photocatalysts


which is active ur,der sunlight (UV, visible and infrared region)


coupled with a new type of photoreactor that directly convert COz to


methanol.
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In general, we are still retying heavily on fossil fuels for their energy


and other petrol chemical products. The growing of energy


requirement with declining fossil fuel reserye sputs the use of


alternative renewable resources. Therefore, renewable resources


such as non-edible rjils have been identified as one of the potential


resources. Developing renewable energy resources and alternative


renewable energy technologies for transportation is an important


response to energy demand. Among these, conversion of non-edible


oils such as v'aste oils, trap greases, and non-food plant oils to
green fuels via deoxygenation is lhe most ideal technology The


green fuels produced via deoxygenation demonstrate a compatible


characteristic as compared to fossil fuel. Although many researches


have tried to convert various types of oils (triglycerides) to green


fuels via deoxygenation, they still struggling to synthesize an


effective deoxygenation catalyst. Deoxygenation is normally


conducted by hydrodeoxygenation and decarboxylation reaction in


the presence or absence of hydrogen. Therefore, this project will


focus on synthesizinE an effective catalyst that capable of convf;rting


non-edible oils to fuels via hydrodeoxygenation and decarboxylation.


Bifunctional acid catalysts comprised of group 10 metals(Ni, Pd and


Pt) supported on mesoporous material acid catalyst will be used for


hydrodeoxygenation, while base catalyst based on alumina or silica


supported alkaline-earth metal oxide (MgO, CaO and SrO)


nano-catalysts vvill be used for decarboxylation. The mechanism and


kinetics will also be studied in order to enable us to design active


deoxygenation catalysts for different type's non-edible vegetable


oils. Aligned with Energy Policy and Renewable Energy Policy, the


success of this project will beneficial to energy sector and the


environment.
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Project Description In this work, fundamental interactions in nanocellulose systems and


their utility in fabricating novel and advanced cellulose-based


biocomposites is studied. The understanding of the interactions


between the short rod like cellulose whiskers and the long, flexible


cationic nanofibrills in designing cellulosic coatings, or composite
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perfonnance of the nanocomposite films. Atomic force microscopy


(AFM) in different imaging conditions and tensile tests are


combined to carryz out this research. Cationic NFC incorporated with
anionic CNCs is examined in terms of layer build-up.


Layer-by-layer (LbL) fi1ms are further measured by applying the


colloidal probe AFM technique which pointed to the importance of
charge and the interpenetration of the layers in the behavior of the


films. Interfacial forces between NFC and the biopollmer are


studied by applying colloidal probe AFM. The importance of the


aqueous lubrication of biopolymer between the NFC segments for


the stability and film formation are assessed by studying lateral


responces between the interacting particles. This lubricating effect is


evaluated in terms of the mechanical properties of films composed


of biopolymer. It is expected that an NFC based nanocomposite with
a high fraction of reinforcement is prepared by ionic complexation


of anionically charged NFC and cationic block copolymers micelles.


The macroscopic phase separation can be prevented and thus gave


rise to composites with ar altemating nanoscale hard /soft


architecture.
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Cracking-Deoxygenation process is one of the important
reaction pathways for the production of bio-fuel with desirable
n-C17 hydrocarbon chain via removal of oxygen compounds.
Calcium-based catalyst has attracted much attention in
deoxygenation process due its relatively high capacity in







esl
th€Bst a


RF


removing oxygenated compounds in the form of CO2 and CO


under decarboxylation and decarbonylation reaction,


respectively. ln the present project, deoxygenation of triolein
was investigated using different type of Ca-based catalysts
derived from low cost natural waste shells. The prepared


ca,talyst was prepared via integration techniques between
suilactant treatment (anionic and non-ionic) and wet
sonochemical effect. Results showed that sonochemical
assisted surfactant treatment has successfully enhanced the
physicochemical propedies of catalysts in terms of nano-
particle sizes, high surface area, large porosity and strong


basic strength. The presence of superior properties from


surfactant treated Ca-based catalysts rendered high


deoxygenation degree, which are capable of producing high


alkane and alkene selectivity in chain length of n-C17(high
value of C1716-C17+ n-C18)ratio = 0.88) with high H/C and


low O/C ratio.
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SATUI.lE
electromagnetic and optical properties by the combination of silver
(Ag) nanoparticles and carbon nanotubes (CNT) in a polymer matrix.
Polyethylene (PE) is a thermoplastic polymer with the lowest cost
production in the world, but has high potential to be implemented for
such new advanced materials. The decoration of silver and multi-walled
carbon nanotubes (MWNTs) as conductive fillens in the insulating pE


matrix can lead to the production of conductive thermoplastic
materials. The multifunctional properties may arise due to the effect
individual Ag nanoparticles and MWNTs. Ag nanoparticles can show the
highest electrical and thermal conductivities among all other metals,
where in contact with carbon nanostructures can act as bridge and
increase the electrical transport properties of the polymer.


Numerous studies have reported particularly on high density
polyethylene (HDPE) nanocomposites prepared by different methods
including'in-situ' polymerization,, solution process, melt-extrusion and
hot compacting. lt is reported that increase of MWNTs in pE


nanocomposites usually results in higher conductivity at lower
percolation threshold concentration (PTC) between 10 to 15 vol% . A
recent work found that PE/MWNTs prepared by an-alcohol-assisted
dispersion and hot-pressing process could be substantially reduced at
much lower PTC (0.15-1.0 vol%). However, the study of Ag/MWNTs
nanohybrids in PE matrix prepared by latex technology is not yet
reported to enhance the electrical conductivity and other functional
properties of the nanocomposites with better filler distribution. In this
work, a simple approach is proposed to integrate hybrid
nanocomposites from Ag nanoparticles and MWNTs filled HDPE
through a segregated network and randomly dispersed of fillers oy
using polymer latex and polymer solution, respectively.


It is hypothesized by using a relatively new method of polymer
nanocomposites based on the use of latex technology cause the fillers
to retain at the boundary between polymer matrix and form a


segregated network within the polymer latex that produced in the form
of an emulsion. This method enables to obtain the pE nanocomposites
with ultralow value of percolation threshold due to the high aspect
ratio of MWNTs and ordered distribution of Ag nanoparticles. A
delicate control of nanoparticles size and fillers amount incorporated
into the PE matrix may impart multifunctional materials with special
combination of electrical, electromagnetic, thermal, and optical
properties. These materials are advantageous for multifunctional
applications such as electronic devices, electromagnetic shielding
materials, optical limiters and so forth.
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Proposal GraPhical abstract


In nanomedicine, Graphene oxide (GO) has been mostly used in anti-tumor drug deiivery' cancer


cell irnagrng, targetrng and nano career tbr therapy ciue to its extraordinary properties including


grcater solubility, stability. amenablc to functionalize with vcrsatilc materials' biocompatibility


and less cytotoxicrty. Cancer is the third principle cause of death in Malaysia' with breast and


colon cancer as the most collll-noll types encountcrecl (Mataysia canccr statistics,2006) Dcspite


the continuous research and progress in cunent callcel' therapies, they l'ail to ultimately cure


ca1Ocr. Thc ability of oanccr stcm cells (CSC) to survivc chemotherapy' and the adverse side


eft'ects are key points addressing drug withdrawal aud cancer recurrence . l'hus, there ls an urgenI


r.leccl for a novel thcrapy that can ovcrcolrlc all thosc obstacles Gold nanoparticlcs (AuNPs) arc


also an rnrportant orug <Jelivery vectors cJue to thcir scveral distinctivc attribtttes such as low


cytotoxicity, tunable surt-ace features, stability and bioavailability' Hence' GO-AuNPs hybrid


considered to have superlative prope(ies than the indrvidual counterparts' Among the vast range


oi syrrthesis techniqucs for thc fabrication of GO-AuNPs cotnposite, a vcry f'ew green synthesis


technlqLles arc Inentlonable. Curcumin (CR), a natr,rral diphenolic compound, green reductant


would bc an ulttrnatc choicc. Bcsidcs. it has alrcady bcen pro\ccl as anti-ttricrobial' anti-oxidant'


modulator of cancer cell growth, inf'lamrnation, invasion and apoptosis while its poor aqueous


solirbility, stability and bioavailability remain major challenges. To minimize these limitations,


AuNPs. rCO havc alrcady bccn conjugatcd with it and found thc bcttcr output accompanied with


boosted antioxiciatrt pro;rerties. Ilence. the combinaticln of CR with GO-ALINPs may produce an


exceltcnt coprtroupcl ibr cnhanced arrtioxidant propertics as wcll as in anti-cancer tlrerapy. For the


("(xx{


very tirst tit-ne. in this study we will use CR in one pot green synthesis approach for the







,in-'ur,un.our r.Jr.,'"" J;'"p;.t;;;'.l. r,tl g"r..r salt ttlAuCl4) to fabricate CR capped reduceij


GO (rGO) - AuNps. Here CR will not only catalyse the redr,rction but also functionalize hybrid to


produce the composite CR-rGO-AuNPs. Hence, environmental friendly green composlte -


cR-rGO-AuNPs, would bc a worthwhilc cornpound with superior antioxidant properties, lower


c)/lotoxrcrty, gr.earer specificity, selectivity ancl bioavailability itr cancer cell dlfl'erentiation of the


two ccll ltncs rcprcset-rting comn-ron canccr cascs in Malaysia. brcast and colon cancer'


Objective (s) of the Research


l. To synthesize a novel nano-composite combining CR-rGO-AuNPs by using CR catalyst as tlre


reductant and functionalizing agent.


2. l'o cvaluatc thc alttt-oxidant propcrtics of thc compor.ttld, cR-rGO-AuNPs.


3. To apply synthesrzed hybrid compound in cancer therapy, using two types of cancercell lines;


brcast and colon cattcer,


4.'l'o evaluate the cytotoxic effects of cR-rGO-AuNPs composite on normal and cancer cell lines'


Mcthodotogy


Description of MethodologY


WP I Synthesrs of GO and CR-ICO-AuNPs
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Project Description Renewable solar cell energy is a key target for sustainable energies
development, which are inexhaustible and non-polluting for our energy
system. Dye-sensitized solar cell (DSSC) is one of the promising
prospects for efficient renewable resources. To bring DSSC to the point of
commercial readiness and viability in terms of performance and cost,
substantial research on the development of high efficient DSSC system is
necessary. Recent studies have indicated that graphene is a relatively
novel material with unique properties that could apply in DSSCs as
efficient photoanode. Graphene is considered to be an ideal two-
dimensional catalytic support due to its excellent electrical and thermal
conductivity, mechanical strength, large surface area and incredibly high
mobility of charge carriers. Continuous efforts have been exerted to further
improve the graphene textural and electronic properties by loading an
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research on the area is a very challenging task. The relationship between
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performance is still a matter of debate and remains unclear. Therefore,
detail studies regarding the relationship of the TiO, content and controlled
nanoarchitecture loaded on graphene for DSSCs performance has been
established in this work.
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Depletion of non-renewable fossil fuels and global warming


problem have made hydrogen a good future energy source, due to


its high energy content and zero emission of greenhouse gases.


Currently, majority of the hydrogen demands are sourced from


steam reforming of natural gas. This process does not mitigate the
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considered as the most feasible method for the synthesis of Tio2
nanostructures because it yields self-organized anodic oxides with
nanotubular structures in an almost perfect vertical alignment. This
low-cost process can be used to achieve a specific nanotube
diameter, length and wall thickness by changing the electrochemical
conditions. The research will be conducted to examine the optimum
anodization conditions (pH of electrolyte, electrolyte composition
and amount of tungsten nanocrystals loaded on Tio2) to form
desired wog-Tioz nanotube arrays film with high active surface
area. The characteristics of the prepared anodized wo3-Ti02
samples will be studied through FESEM, EDX, XRD, Raman
spectroscopy, PL, Xps and BET. Lastly, the photoelectrochemical
characteristics (photocurrent density, photoconversion efficiency
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Project Description Over the past years, high-temperature techniques especially
chemical vapor deposition (CVD) and thermal evaporation have
been widely employed to synthesize ZnO 1D nanostructure arrays.
However, the main drawback from these methods are costly and
consume more energy even though they can produce high-quality
ZnO nanostructures. In contrast, wet chemical methods which are
appealing for their low temperature, facile manipulation, and
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potential for scale-up have recently been developed for the
production of aligned ZnO nanostructures. In recent years, the
direct growth of Zno arrays on zinc substrates was realized by the
surface oxidation of zinc foil in solution at room temperature or
under hydrothermal conditions. In this regard, Zn was consumed
during growth and the bottom plane of the oxide-metal interface
travelled down. For the development of nanodevices with high
performance, a huge challenge remains of creating aligned ZnO
directly on Zn-free metal substrates with persistent integrality
during the growth. lt is important to identify suitable metals on
which high-quality Zno nanostructures can be grown easily with
the available technologies, In this propose study, we synthesize
doped Zno nanowires. A Zno seed layer is applied to a substrate
and the substrate is placed into the top surface of the resulting
solution with the ZnO seed layer facing downwardly for a
predetermined time until doped Zno nanowires having a length of
at least 5 um have grown from the Zno seed layer. potential
applications include optoelectronics and piezoelectronics,
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6. Project Details 


Project 


Description 


Phlorotannin is one of the main classes of polyphenols presence in marine algae that are 


derived from polymerized phloroglucinol units which were found exclusively in brown 


macroalgae. Phlorotannin was reported to have α-glucosidase and α-amylase inhibitors 


which successfully suppressed decomposition of glucose from starch that subsequently 


controls the severity of diabetic. Furthermore, phlorotannin plays an important role in 


cosmeceutical product development as it has strong antioxidant properties against matrix 


metalloproteinase (MMPs) activities that reduce the degradation of skin collagen and 


ultimately leads to skin wrinkles and photoaging. The non-toxicity and effectiveness of 


phlorotannin has gain more interest in pharmaceuticals and cosmeceuticals applications as 


it extracted from natural resources. 


 


The extraction of phlorotannin from macroalgae often performed using solvent extraction, 


enzyme-assistant extraction and microwave-assisted extraction. The process in extracting 


and purifying phlorotannin resulted relatively high capital and operating cost. In 


macroalgae biotechnological processes, the downstream stage can account for 50–80% of 


total production costs, depending on the biochemical characteristics of the compound and 


its purity ratio that desired to be achieved (Grima, Belarbi, Fernández, Medina, & Chisti, 


2003). Therefore, this research aims to propose an eco-friendly, cost effective and 


sustainable method to extract phlorotannin from macroalgae via liquid biphasic 


partitioning system (LBP) and improved LBPs for pharmaceutical applications. 


 







 


In the exploration of better extraction technique, LBP shows high potential for its 


simplicity, efficiency and environmental friendly. Basically, LBP is similar to ATPS. It is 


capable of purifying the targeted product while extracting it out from the source, whereas 


ATPS is only capable to purify the targeted product after extraction  (Leong, et al., 2016). 


LBP is liquid-liquid extraction that usually utilizes two water-soluble polymers or polymer 


and salt to separate or purify biological product, for example, nucleic acids, proteins, and 


antibodies. Numerous advantages have been revealed in applying this technique such as 


high rate of mass transfer, ease of scale-up, separation with high quality product (low 


probability of denaturation), cost effective and enrichment of product which allowed this 


technique to be outstanding than other extraction techniques. Besides, the non-toxicity 


environment of this technique enables high quality of extracted product by minimizing the 


denaturation occurs on product.  


 


Outline of Research Plan: 


 


 


Recycling of phase components 


The recycling studies were performed in 50 ml test tubes, with known mass. A total mass 


of 20 g for both systems containing different macroalgae species were mixed, followed by 


centrifuged at 4000 ×g for 10 min  (Ling, Lin, Show, & Annuar, 2016; Show, et al., 2013). 







 


The upper phase and bottom phase were separated from each other, and the volume of 


both phases were measured, respectively after extraction. Recovery of salt was performed 


by adding methanol to the bottom phase (0.5 to 2 times the volume of bottom phase). The 


crystallized ammonium sulphate was recovered through filtration. The recovery of 


ammonium sulphate was defined as followed:  


𝑌1 =
𝑀1


𝑀0
×100%                    


where M1 and M0 is the mass of ammonium sulphate recovered from the bottom phase 


and original mass of ammonium sulphate used in the system. 


 


 
Figure 1: Graphical representation of LBP 
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6. Project Details 


Project 


Description 


The cultivation of microalgae in wastewaters have been studied in the past decades due to 


its potential towards commercial scale microalgae cultivation for biofuel productions. The 


utilization of wastewater is as well the promising solution allowing cost-effective 


commercial scale microalgae cultivation. Malaysia, as the major crude palm oil exporter in 


the globe, generate palm oil mill effluent (denoted as POME) in great amount daily. This 


polluting POME has become the major polluting source to surface water as it carries high 


amount of nutrients. However, the information is still limited till date relating to the usage 


of POME and the enhancement strategies applied for improving microalgae biomass and 


lipid yields in POME. We have previously studied the effectiveness of using POME to 


cultivate Chlorella sorokiniana. Thus, we will now investigate the optimised cultivation 


conditions (photoautotrophic and mixotrophic cultivation) and additions of glucose, urea 


and glycerol as enhancement strategies to cultivate Chlorella sorokiniana CY-1 in POME 


for higher biomass and lipid yields. Furthermore, the optimal concentrations supplements 


and its combinations is to be applied to further optimize microalgae biomass and lipids 


productivities. The biomass and lipid productions were estimated to be improved at least 


two folds when compared to cultivating using solely BG11-POME medium. Additionally, 


the pollutants removal in POME and reductions in supplements will as well be 


investigated. In overall, this enhancement approach serve as the crucial step and 


reference towards justification on economic and feasible cultivation of microalgae in 


POME. This consequently contributing for fossil fuel substitution and environmental 


conservation. 







 


Objectives: 


1. To optimize biomass and lipid yields in Chlorella sorokiniana grown in palm oil mill 


effluent using supplements 


2. To investigate the pollutants degradation in POME 
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6. Project Details 


Project 


Description 


The current world energy crisis and global warming have yielded an ever desperate search 


for sustainable green energy sources. Microalgae present a potential 


biochemical/bioenergy source of both renewable and sustainable qualities. Compared to 


agricultural products and by-products such as sugar cane, soybean, rapeseed and oil palm, 


microalgae allow the direct generation of desired products like biodiesel, biomass and 


bioethanol at higher yields and in a shorter timeframe. Utilizing microalgae has the 


advantages of increased bioenergy production per unit land area, reduced land area 


needed, minimization of competition with food crops, zero net carbon emission and reuse 


of by-products. 


 


In a tropical country such as Malaysia, microalgae culture is favorable due to its fast growth 


rate and high oil content (ranging from 20–70% of biomass). Of all microalgal biofuels, 


biodiesel is most popular due to its potential utilization in existing diesel vehicles with little 


to no modifications, and compatibility with current fuel distribution infrastructure. In 


addition, biodiesel is also a cleaner fuel with relatively high energy density compared to 


diesel. The main aim of this research is to produce high quality biodiesel via 


transesterification. To achieve that aim, the microalgae must be optimized for maximum 


lipid production. The parameters for optimization include medium selection, type of 


nitrogen source, nitrogen concentration, light intensity and initial cell concentration. 


 


The general objectives of this research include the following: 


1. To optimize the microalgae strains for maximum lipid production for biodiesel 


synthesis, an alternative green fuel for Malaysia. 







 


 


2. To observe the capability of the microalgae to grow and compete for nutrients in its 


natural environment (no autoclave). 


 


3. To produce biodiesel from the accumulated algae lipids and compare its quality (energy 


content) to the standard diesel oil. 


 


 


 


 


 


 


 


 


 


 


 


 


Figure 1: An overview of the derivation of microalgal biodiesel 
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6. Project Details 


Project 


Description 


Microalgae are unicellular photosynthetic microorganisms, usually in the size range of 


1-400 μm and invisible to the naked eye. They were the first photosynthetic life forms on 


primitive earth and were able to fix atmospheric CO2 with the help of sunlight, thus 


creating a major step in the evolution of terrestrial plants. Microalgae are receiving 


increased attention in the recent past based on its applicability in biomass production and 


implications in carbon capture. The biomass can be converted to biofuels or other products 


such as bio-char. 


 


Biochar is a carbon-rich charcoal of any kind of biomass, produced by thermal 


decomposition of the organic feedstock under limited oxygen (O2) supply at a relatively low 


temperature. It can be simply defined as charcoal that can be used in agriculture to 


improve soil function and reduce emissions from the biomass caused by natural 


degradation to CO2. Biochar is produced through torrefaction or pyrolysis process like most 


of the charcoal or under gasification. Biochar produced from different feedstocks vary 


widely in their composition. Microalgae-based biochar consisted of large aggregates with 


the size range of 10-100 μm with a 1-μm irregular porosity. These features are different 


from biochar produced from lignocellulosic biomass in term of the structure after pyrolysis. 


Other than utilizing biochar as a process fuel in bioenergy conversion, it acts as a long-term 


sink for atmospheric carbon dioxide in carbon sequestration process. Carbon dioxide 


emissions could be reduced up to 84% and it is highly possible to produce a 


carbon-negative biofuel through biochar sequestration. In addition to the reduction of 


GHG emissions and carbon sequestration, biochar can improve the soil fertility for higher 


crop production. It has been demonstrated that biochar amendment can improve water 







 


holding capacity and nutrient status of many soils. Biochar production from microalgal 


biomass is mainly accomplished by slow pyrolysis which yields higher biochar. The biochar 


derived from microalgal biomass are generally used for soil amendment, while further 


processed to activated carbon, it can be used as an adsorbent.  


  


The aim of this research is to determine the best biomass productivity of microalgae 


Chlorella spp and the quality of biochar produced for further application. Objectives of this 


research are: 


1. To compare the biomass productivity between Chlorella vulgaris FSP-E and 


Chlorella Sorokiniana CY1 where C. vulgaris FSP-E has known to produce the highest 


biomass compared to other studies; and 


2. To determine the biochar quality production from these two Chlorella spp.  


The research plan was outlined as shown in the below flow chart. 


 


Detailed Methodology 


1. Cultivation of Chlorella spp 


Both Chlorella vulgaris FSP-E and Chlorella sorokiniana CY1 strains will be obtained 


from Taiwan for further research (C.-Y. Chen et al., 2013; C. Y. Chen et al., 2015). 


Chlorella spp. will be cultivated in batch photobioreactor for around 14 days under 


selected optimum conditions on the culture medium, CO2 exposure, light intensity, 


pH, temperature, inoculum size and aeration rate for biomass productivity. A 


growth curve of C. vulgaris FSP-E and C. sorokiniana CY1 will be obtained over the 


time series until achieve exponential stage. Daily readings on pH, nutrient 


availability and dried cell weight of the microalgae culture will be obtained. 


Harvesting of microalgal biomass will be carried out by centrifugation and further 


drying for prior use. Ultimate and proximate analysis on the properties of 


microalgal biomass will be carried to determine the content of biomass produced. 







 


2. Pyrolysis for biochar production 


Slow pyrolysis of microalgal biomass will be carried out in a fixed bed reactor by 


indirect heating method to produce biochar. Conditions of pyrolysis such as 


temperature, residence time, moisture and pre-treatment of biomass will be 


controlled for the higher biochar yield. Analysis on the yield and properties of 


biochar produced will be carried to determine the biochar quality for its further 


application on wastewater treatment and agricultural use. 


 


3. Analytical methods 


3.1 Properties of microalgal biomass 


Proximate analysis will be carried out to determine the moisture content, ash 


content, volatile matter content and fixed carbon content of the microalgal 


biomass and biochar using ASTM (American Standard Test Method D3173 and 


D3175). For moisture content, samples are to be dried at around 105 °C until a 


constant weight was reached; for volatile matter samples are to be heated to 


950 °C for 2 min in covered crucible and for ash content samples are to be 


heated in muffle furnace at around 575 °C for 3 hours in uncovered crucible. 


Ultimate analysis also will be conducted to determine the elemental 


composition of carbon, hydrogen, nitrogen and sulfur percentage of microalgal 


biomass and biochar using an elemental analyzer (Euro EA elemental analyzer). 


Oxygen content will be calculated by difference. The calorific value of sample 


will be determined using a bomb calorimeter according to ASTM D2015.  


 


3.2 Properties of biochar 


Percentage yield of biochar will be calculated by measuring the diffrences 


before and after pyrolysis. BET surface area will be obtained using instrument 


SEM-EDX. Analysis on pH, electrical conductivity and other properties such as 


cation exchange capacity of biochar will be conducted to determine the 


suitability of biochar on application such as act as fertilizer in agricultural use or 


adsorbent in wastewater treatment.  
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