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ABSTRACT 

Introduction: Photocatalytic degradation and adsorption of crude oil on poly-3-

hydroxybutyrate P(3HB) electrospun nanofiber immobilized with nanosized titanium 

dioxide (TiO2) for phenol cleanup was evaluated in this study. The P(3HB) used in this 

study which is made from renewable sources is cost effective and biodegradable. It is 

hydrophobic and thus was proven to show simultaneous adsorption of phenol while TiO2 

photocatalytically degrades the adsorbed phenol molecules. Objectives: This study aims 

to develop a nanocomposite fibrous material using the environmentally friendly PHA 

and inert TiO2 to simultaneously adsorb and degrade phenol. Methodology: Palm oil 

based sources of palm olein (PO), crude palm kernel oil (CPKO), waste cooking oil 

(WCO) had been used in this study to produce poly(3-hydroxybutyrate-co-3-

hydroxyhexanoate) [P(3HB-co-3HHx) bioplastics from wild type Cupriavidus necator 

and recombinant Cupriavidus necator Re2058/pCB113. Meanwhile, P(3HB) 

homopolymer was extracted from mice pellets (mice fed with lyophilized cells of C. 

necator H16 containing 39 wt% PHB). Kaneka Commercial P(3HB-co-3HHx) with 

11.8% and 8.4% of 3HHx monomer composition were used as comparison. Different 

applied voltages, polymer concentrations and mixed solvent ratios were tested and 

optimized for the fabrication of electrospun nanofiber. Electrospun P(3HB)-TiO2 films 

were successfully fabricated and were used in adsorption studies. Phenol was used as 

crude oil model as it is organic and stable. The fabricated nanofibers were characterized 

by FESEM, EDX, DSC, GPC and TGA and used for degradation of phenol under 

different parameters of contact time, pH, initial concentration, temperature and light 

condition. Results: It is apparent that high electrospinning voltage of 25kV produced 

homogenous strands and better fibrous networks of the nanocomposite films. The 

intrusion rate of electrospinning was found to be optimum at 40 µL/min, meanwhile the 

concentration of polymer solution for electrospinning was set at 10 wt. % for all sample 

types. The maximum adsorption capacities was 59.047 mg/g. Langmuir and Freundlich 

isotherm models had been generated to provide reasonable fittings for this sorption data 

of oil and the sorbent. The trend of adsorptions were in a good agreement with Freundlich 

which R2= 0.99. The optimal contact time was 270 minutes of nearly 99.9% phenol 

removal. The equilibrium time was 10 minutes.  The effects of photocatalyst-TiO2 

loading on the rates of photocatalytic degradation of phenol had increased in four 

different light conditions: solar>UV>fluorescent>dark. The experimental results 

illustrate that the kinetics of degradation of phenol are pseudo-2nd order. Phenol was 

effectively removed at pH 4 and at 60 0C and higher. Conclusion: In view of the results, 

the P(3HB)-TiO2 nanocomposite films were proven to act as an effective material to 

simultaneously adsorb and degrade phenol in aquatic environment.  
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ABSTRAK 

Pengenalan: Penjerapan fotokatalisis minyak mentah oleh poli-3-hydroksibutirate 

P(3HB) gentian pemintalan elektro digabung dengan   titanium dioksida (TiO2) bersaiz 

nano bagi penjerapan minyak telah dikaji dalam kajian ini. P(3HB) yang digunakan di 

dalam kajian ini disintesis daripada sumber yang boleh diperbaharui yang murah dan 

terbiodegradasi. Sifatnya yang hidrofobik telah membuktikan bahawa penjerapan dan 

degradasi fotokatalis minyak mentah secara serentak adalah berkesan. Objektif: Kajian 

ini bertujuan membangunkan sebuah bahan berfiber nanokomposit menggunakan PHA 

yang mesra alam dan TiO2 yang stabil untuk menjerap sekaligus mendegradasi minyak 

mentah. Kaedah: Minyak kelapa sawit daripada sumber olein sawit (PO), isirung kelapa 

sawit mentah (CPKO), minyak masak terpakai (WCO) telah digunakan untuk 

menghasilkan bioplastik poly(3-hydroxybutyrate-co-3-hydroxyhexanoate) [P(3HB-co-

3HHx) daripada strain liar Cupriavidus necator dan Cupriavidus 

necator Re2058/pCB113 rekombinan. Homopolimer P(3HB) pula telah diekstrak 

daripada tinja tikus (tikus yang diberi makan dengan sel C. necator H16 yang 

mengandungi 39% kandungan PHB). Komersial Kaneka P(3HB-co-3HHx) dengan 

kepekatan 11.8% and 8.4% monomer 3HHx komposisinya telah digunakan sebagai 

kajian komparatif. Penggunaan kadar voltan yang berlainan, kepekatan polimer dan 

nisbah campuran pelarut telah dijalankan dan dioptimumkan. Gentian pemintalan elektro 

P(3HB)-TiO2 telah berjaya difabrikasi and digunakan di dalam kajian penjerapan. Fenol 

telah digunakan sebagai model minyak mentah kerana sifatnya yang organik dan stabil. 

Gentian-gentian pemintalan elektro telah dikaji sifatnya dengan analisa FESEM, EDX, 

DSC, GPC dan TGA dan digunakan untuk penjerapan fenol di bawah parameter 

berlainan seperti; masa penjerapan, pH, kepekatan asal, suhu dan sumber cahaya. 

Keputusan: Kajian membuktikan bahawa pada voltan tinggi iaitu 25kV telah 

menghasilkan jalinan gentian yang berluas permukaan tinggi pada gentian 

nanokomposit. Kadar penyemperitan telah dioptimumkan dan ditetapkan pada 40 

µL/min, selain itu kepekatan polimer telah diformulasi sebanyak 10 wt. % untuk semua 

jenis sampel. Kapasiti penjerapan maksima adalah 59.047 mg/g. Model isoterma 

Langmuir dan Freundlich telah dijana untuk menyediakan penanda yang sesuai untuk 

data minyak dan penjerap. Corak penjerapannya mempunyai korelasi baik dengan 

Freundlich iaitu R2= 0.99. Tempoh penjerapan optimum adalah selama 270 minit iaitu 

sebanyak 99.9% penyingkiran fenol. Manakala masa ekuilibrium adalah 10 minit. Efek 

integrasi fotokatalisis-TiO2 terhadap kadar degradasi fotokatalisis fenol telah meningkat 

di bawah pencahayaan 4 jenis keadaan sumber cahaya: solar>UV>kalimantan>gelap. 

Keputusan eksperimen menyatakan degradasi kinetik fenol adalah bersamaan dengan 

perintah pseudo-kedua. Fenol telah disingkirkan secara efektif di dalam pH 4 dan pada 

suhu 60 0C dan ke atas. Kesimpulan: Keputusan menunjukkan P (3HB ) filem-TiO2 

nanokomposit telah terbukti bertindak sebagai bahan yang berkesan pada masa yang 

sama menjerap dan mendegradasi fenol di persekitaran akuatik. 
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GPC    Gel permeation chromatography 

g    Gram  

g / cm³    Gram per centimeter cubic 

HAs     Hydroxyalkanoates 

HPLC   High performance liquid chromatography 
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ICI     Imperial Chemical Industries 

kg    kilogram 

kLux    kiloLux 

kV    kiloVolt 

L-H    Langmuir - Hinselwood 

MCL    Medium chain-length   

MPa    Mega Pascal 

mg   Miligram  

mg/g   Miligram per gram 

mg/L   Miligram per litre 

mg/mL   Miligram per mililitre 

mL   Mililitre  

mL/min   Mililitre per minute 

mm   Millimetre  

mWcm2   Millwatt square centimeter 

m²/g   Square meter per gram 𝜇g/L    microgram per Litre 

µL    Microliter  

µl/min    Microliter per minute 

µM     Micro Molarity   

Mn    Number -average molecular weight 

Mw    Weight-average molecular weight 

Mw/Mn    Polydispersity index 

nm    Nanometer 


