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This thesis is concerned with the production of new flat sheet ultrafiltration (FSUF) 
membrane. This process includes formulation, fabrication, and characterization 
of the developed FSUF. Spiral wound module was used in the membrane system 
for automobile wastewater treatment. About 6,700 lit/vehicle is the average rate 
of wastewater generation of the automobile industry. In Malaysia, the current 
treatment process of the automobile industry is activated sludge process (ASP) 
which shows poor efficiency for heavy metal, COD and BOD5 removal and also, 
ASP requires high electricity consumption that increases the treatment cost. 
The objectives of this study are to create a new formula for FSUF membrane to 
minimize the concentration of heavy metals, COD and BOD5 to the allowable 
limits. The research work was divided into five phases which include wastewater 
sampling, membrane development, membrane characterization, module 
fabrication and wastewater treatment system fabrication. The first phase deals 
with the characterization of the automobile effluent such as Iron, Chromium, 
Zinc, Copper and Lead as well as pH, COD, and BOD5. The initial Proton 
effluent showed that pH and Zn comply with EQA 2009 standards A and B. In 
addition, COD, BOD5, Fe, Cr and SS do not comply with EQA 2009 standards A 
and B. Pb and Cu comply with EQA 2009 standard B but not with standard A.The 
second phase deals with the development, design and fabrication of flat sheet 
ultrafiltration membrane, 18 membranes formulas were created in stages I & II 
using titration and % composition processes. From stages I and II, 4 membrane 
formulas (M1- M4) and 14 membranes (M5- M18) were obtained respectively. 
In stage II, polymer (PSF) and additive (PVP) concentration are varied in 14 

The green biocomposite antenna substrate serves as an alternative material for 
microwave applications. The mixture between polypropylene as a laminator and 
sawdust as a filler from Leucaena leucocephala stem tree offered six different 
substrate compositions which were labelled as PP100, PB9010, PB8020, 
UPB7030 (untreated), PB7030 (treated), and PB6040. These substrates were 
fabricated with three types of antenna design that used the single patch, off centre 
feed array antenna (OCFA), and Balance to unbalance (BALUN) control feed 
antenna (BCFA) in comparison to the FR4 substrate. In the process of substrate 
identification, the substrate sensor was developed to recognise the mixture type 
using light visibility sensor. This circuit was produced to help users identify the 
substrate even if the substrate information sticker on the substrate was wiped 
out. The process of fabrication applied the compounding moulded flat pressed 
method, and this method consisted of hot pressed (melting process) and cold 
pressed (preservation) machines which followed the American standard test and 
measurement (ASTM) procedure. Every fabricated material has unique dielectric 
properties and characteristic which give the big impact in antenna design. The 
analysis of the biocomposite substrate in terms of dielectric constant (Dk), Loss 
tangent (Tan δ), thermal properties, electrical strength analysis, and mechanical 
strength properties was conducted to update the CST antenna simulation software 
new material database. The measurement of dielectric constant for PP100 (1.9), 
PB9010 (2.27), PB8020 (2.63), UPB7030 (3.05), PB7030 (3.1), and PB6040 
(3.49) indicated that the value increased as the wood filler content increased. 
This condition occurred since the natural carbon inside the wood filler increased 
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membranes (M5 - M18) and the concentration of the solvent (DMAc) is 
constant. The third phase is membrane characterization of 18 membranes 
to get the best performance from stages I and II. Based on flux rate, salt 
rejection, Spectrophotometer Electron Microscopy (SEM), Fourier Transform 
Infrared Spectroscopy (FTIR) and molecular weight cut off (MWCO), one 
of the developed FSUF membranes was selected to be incorporated into the 
membrane treatment system. It shows increasing the polymer concentration in 
the solution causes increasing the thickness of skin and decrease the porosity of 
the membrane surface. The characterization showed that membranes M2 and M8 
are the best membrane performance in stages I and II respectively. The flux rate 
of for membranes M2 and M8 are 52235 l/m2.hr and 66957 l/m2.hr respectively 
and that is why membrane M8 was selected to be run in the membrane system. 
In the fourth phase, there are four types of samples which are raw sample, raw 
sample after aeration process, raw sample after coagulation process and raw 
sample after aeration and coagulation processes in series. The last phase is to 
assess the efficiency of the developed FSUF membrane system. The best system 
performance in term of heavy metals removal is a system (C) which contains 
screening, the coagulation process and the developed FSUF membrane. The 
results of pH, BOD5, COD, (Fe), (Cr), (Zn), (Pb), (Cu), SS and Turbidity after 
using the membrane system (C) are 6.28, 14.3 mg/l, 24 mg/l, 0.037 mg/l, 0.036 
mg/l, 0.08 mg/l, 0.071 mg/l, 0.065 mg/l, 49 mg/l and 16.6 NTU respectively. 
In conclusion, after using membrane system (C) in the treatment unit in Proton 
factory, the effluent can be discharged based on EQA 2009 standards A and B.

parallel with the increasing of wood filler compositions. Besides dielectric 
properties, the analysis of thermal properties, and electrical and mechanical 
strength analyses indicated that the parameter value decayed with the increase 
of the wood filler content. This situation occurred due to the porosity between 
the polypropylene and sawdust particle. Since there was no additive to hold 
the sawdust filler interlocking, the elimination relied only on polypropylene, 
which was the reason why the composition of polypropylene must exceed the 
sawdust filler, and decayed the measurement value. The antenna design that 
used a UPB7030 substrate with three by three OCFA orientation gave a great 
performance with the gain measured at 7.98 dBi and directivity at 12 dBi. The 
comparative study on other substrates was performed using the BCFA structure 
with the measured gain results indicated by PP100 (4.77dBi), PB9010 (4.62dBi), 
PB8020 (4.0 dBi), PB7030 (0.9dBi), and PB6040 (0.1dBi). The decay of the 
gain occurred due to the increment of dielectric loss ranging from 0.0053 to 
0.0781 from the PP100 to the PB6040 substrate. In this BCFA design analysis, 
the physical substrate dimension was maintained while the control resonant 
frequency was only adjusted through the quarter wave radiator and Balun for 
matching section. The proposed green biocomposite antenna substrate not only 
gives six different dielectric characteristics but now also serves as a transmitting 
antenna to cover the dean’s meeting room access point (AP) in the Electrical 
Faculty in Universiti Teknologi MARA (UiTM)
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