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Crystallization is a major technological process for particle formations. 
It is important and widely used in the production of pharmaceutical 
drugs since most drugs particles are produced in crystalline form. 
L-isoleucine is one of the drugs that exist in crystalline form and it 
can be produced through crystallization process. However, even slight 
changes in the crystallization condition can drastically alter crystals 
properties. Control of the process in order to control the physicochemical 
properties (solubility, morphology, polymorphism) is crucial to 
produce the right type of crystal. To overcome this problem, electric 
potential was applied with the intention to control the process. Hence 
it has become the main objective of this study to determine the effect 
of electric potential on solubility and mestastable zone width (MSZW) 
of L-isoleucine crystallization. Solubility of L-isoleucine experiment 
was conducted using three different methods; (1) Solubility Method A: 
Gravimetric method, (2) Solubility Method B: Isothermal dissolution and 
(3) Solubility Method C: Dissolution with controlled heating rate, while 
polythermal and isothermal method was adopted for the crystallization 
process. The results showed that all three methods gave significant 
difference in solubility data. The inconsistency of the solubility data 
led to the determination of conductivity of the solution where the 
presence of aggregation was proven to be present based on the critical 
aggregation concentration (CAC). Solubility data was also correlated to 
two different existing mathematical models; modified Wilson model and 
modified Wilson coupled with Pazuki-Rohani model, in order to assess 
the suitability of the model to be used for L-isoleucine. Based on the 
result, modified Wilson coupled with Pazuki-Rohani model was the most 
suitable model to explain the solubility behaviour of L-isoleucine, with 
and without the presence of electric potential due to the lower value of 

Pyrolysis has received a lot of interest as it can convert biomass into 
gas, liquid (bio-oil) and solid products. Bio-oil can be utilized as a 
feedstock for various chemicals as well as fuels production, and heat 
and power generations. The purpose of this research is to optimize the 
process conditions for bio-oil production from oil palm empty fruit bunch 
(EFB) and palm kernel shell (PKS) in an auger reactor and to elucidate 
the detailed characteristics of bio-oil. The maximum bio-oil yield for 
EFB was 64.54 wt% at temperature of 500 oC, nitrogen flow rate of 2 
L/min and mass feeding of 8 kg/hr, while the maximum of 64.38 wt% 
of bio-oil yield was obtained at temperature of 550 oC, nitrogen flow 
rate of 3 L/min and 8 kg/hr for PKS.  The highest higher heating value 
obtained for both EFB and PKS bio-oil was 27.28 kJ/mol and 26.68 kJ/
mol, respectively, for bio-oil produced at 550 oC. The moisture content 
observed to be reduced with increasing pyrolysis temperature. Both of 
the GC-MS and FT-IR spectra indicated that phenol is a major component 
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root mean square error (RMSE). Polythermal crystallization experiment 
revealed that the MSZW of the system with the presence of electric 
potential decreased compared to the MSZW without the presence of 
electric potential. Nucleation rate was proven to increase when electric 
potential was applied to the solution. Isothermal crystallization was also 
investigated with the presence of electric potential. The induction time 
reduced when the concentration increases and when the electric potential 
was applied to the solution, meaning that the electric potential promoted 
the nucleation process so that it can be achieved faster. The nucleation 
rate was calculated and it was found that for low supersaturation system, 
the nucleation rate was higher when electric potential was applied to 
the solution compared to the solution system without the presence of 
electric potential. Characterization of L-isoleucine product crystal 
recovered at the end of the experiment using x-ray powder diffraction 
(XRPD) revealed that mixture of Form A and Form B existed in the 
solution for polythermal crystallization method while only Form 
B polymorph existed in the solution for isothermal crystallization. 
Meanwhile, differential spectroscopy calorimetry (DSC) showed that 
only Form A existed in the solution for both methods. No proton transfer 
was observed to occur based on the characterization using Fourier 
transform infrared (FTIR) as no –COOH functional group was observed 
in the spectrum. Molecular dynamic simulation was also conducted to 
find the nucleation rate and compared with the experimental isothermal 
crystallization data. The simulated nucleation rate was found to be 
in a degree higher than the experimental data. The critical number of 
molecules and critical radius was also found to be in a good agreement 
with the experiment data.

and the oxygenated species is the major component in both EFB and 
PKS bio-oil and most of compound infused to the organic phase at 
high temperature. The UV-Fluorescence absorption, which indicates 
the aromatic content, was also the highest for 550oC bio-oil for both 
EFB and PKS. The result also shows that the PKS has higher aromatic 
content compared to EFB. The activation energy obtained for EFB at 
isothermal condition was 99.78 kJ/mol, while 112.43 kJ/mol for PKS. 
Besides that, the frequency factor for EFB is found to be 1.02 ×106 s-1, 
while 1.44 ×106 s-1 for PKS. The activation energy obtained at third 
lump are 140.63 kJ/mol for EFB, while 246.07 kJ/mol for PKS. For 
isothermal condition it was lower than non-isothermal condition since 
the amount of energy needed for pyrolysis reaction to occur at high 
temperature and high heating rate are lower than slower heating rates 
due to the transport effect.




