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ABSTRACT 

Over 130, 000 metric tonnes of toxic petroleum sludge are generated yearly in 

Malaysia. The traditional methods of disposing of petroleum sludge are short of 

providing the much-needed benign treatment. A more robust treatment technique is 

therefore desirable. The thermal plasma treatment technique is employed to bridge the 

gap. In this research, a 4.7 kW thermal plasma reactor was designed and fabricated. 

The output current and the plasma temperature range were 5 – 200 A and 356 – 1694 

oC respectively. After the treatment, the morphology of the sludge transformed from 

jelly-like to crystalline solid. A mass reduction of 36.87 – 91.40% and a total organic 

compound reduction of 21.47 – 93.76% were achieved in a treatment period of 2 – 5 

minutes. The leaching test indicates that the heavy metals were stabilized in the solid, 

and hence, the solid is safe for secure landfill. The product gas is a mixture of carbon 

monoxide (CO), carbon dioxide (CO2), hydrogen (H2), water (H2O), methane (CH4), 

acetylene (C2H2) and ethylene (C2H4). The concentrations of the greenhouse gases, 

CH4 and CO2, were small. The lower heating value and the cold gas efficiency of the 

gas were 7.40 – 7.86 MJ/Nm3 and 25.22 – 51.90% respectively. The efficiency is 

within the range of the efficiency of gasification of petroleum sludge in an updraft 

gasifier. Based on the operating cost estimation, a profit margin of RM 3.11/kg of 

sludge was achieved. Two quadratic models, one for cold gas efficiency and the other 

for CO/CO2 ratio were developed. The developed models, using response surface 

methodology, showed a good fit with correlation coefficients of 99.32% and 99.66% 

for cold gas efficiency and CO/CO2 ratio respectively. The optimum operating 

conditions for the treatment were arc current = 188.15 A, plasma gas flow-rate = 31.54 

L/min and treatment time = 1.89 min. The optimum responses obtained from the 

optimization of the reaction system were 52.59% and 1.80 for cold gas efficiency and 

CO/CO2 ratio respectively with the desirability of 1. Thermal plasma technique is, 

therefore, an alternative method for treating petroleum sludge. 
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ABSTRAK 

Lebih 130,000 tan metrik enapcemar petroleum bertoksik yang dihasilkan 

setiap tahun di Malaysia. Kaedah pelupusan tradisional enapcemar petroleum kurang 

menyediakan rawatan tidak merbahaya sangat diperlukan. Oleh itu, teknik rawatan 

yang lebih mantap adalah diperlukan. Teknik rawatan plasma haba digunakan untuk 

merapatkan jurang ini. Dalam kajian ini, reaktor plasma haba 4.7 kW direka bentuk. 

Arus elektrik keluaran dan suhu plasma masing-masing adalah dalam julat 5 - 200 A 

dan 356 - 1694 oC. Morfologi enapcemar berubah dari seperti jeli kepada pepejal 

kristal selepas rawatan. Pengurangan jisim sebanyak 36.87 - 91.40% dan pengurangan 

jumlah sebatian organik sebanyak 21.47 - 93.76% telah dicapai dalam tempoh rawatan 

2 - 5 minit. Ujian pengurasan menunjukkan bahawa logam berat telah distabilkan 

didalam pepejal dan oleh itu pepejal adalah selamat untuk ke tapak pelupusan. Gas 

produk adalah terdiri dan campuran karbon monoksida (CO), karbon dioksida (CO2), 

hidrogen (H2), air (H2O), metana (CH4), acetilena (C2H2) dan etilena (C2H4). 

Kepekatan gas rumah hijau, CH4 dan CO2, adalah sangat kecil. Nilai haba rendah dan 

kecekapan gas sejuk masing-masing adalah 7.40 - 7.86 MJ / Nm3 dan 25.22 - 51.90%. 

Kecekapan tersebut adalah dalam julat kecekapan pengegasan enapcemar petroleum 

dalam pengegas naik. Berdasarkan anggaran kos operasi, margin keuntungan sebanyak 

RM 3.11/kg enapcemar telah dicapai. Dua model kuadratik, satu untuk kecekapan gas 

sejuk dan satu lagi untuk nisbah CO/CO2 telah dibangunkan. Model yang dibangunkan 

menggunakan kaedah permukaan sambutan menunjukkan kesesuaian dengan pekali 

korelasi 99.32% dan 99.66% masing-masing untuk efisiensi gas dingin dan nisbah 

CO/CO2. Keadaan operasi optimum untuk rawatan ialah arus arka = 188.15 A, kadar 

aliran gas plasma = 31.54 L/minit dan masa rawatan = 1.89 minit. Tindak balas 

optimum yang diperoleh daripada pengoptimuman sistem tindak balas adalah 52.59% 

dan 1.80 masing-masing untuk kecekapan gas sejuk dan nisbah CO/CO2 dengan 

kebaikan 1. Teknik plasma haba adalah kaedah alternatif untuk merawat enapcemar 

petroleum.  
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CHAPTER 1  

 

 

INTRODUCTION 

1.1 Problem Background 

There is a growing concern on the sludge generated from petroleum processing 

and refining due to the presence of high concentration of petroleum hydrocarbons 

(PHCs) and heavy metals (Robertson et al., 2007; Wang et al., 2007). Improper or 

insufficient disposal can cause serious environmental consequences (Suganthi et al., 

2018) and health implications on human (Fytili and Zabaniotou, 2008; Hu et al., 2013). 

Methods employed for petroleum sludge disposal include landfills, agricultural 

application (Nasreen and Kalsoom, 2018), solidification/stabilization (Benlamoudi et 

al., 2018; Murshid et al., 2018) and incineration (Xie et al., 2014). However, these 

technologies present considerable drawbacks. Disposal of sludge into landfills causes 

greenhouse gas emissions (CH4 and CO2) and seepage of heavy metals into soil and 

groundwater (Battikhi, 2014; Celary and Sobik-Szołtysek, 2014; Okoro and Adoki, 

2014). The disposal method is no longer a viable solution due to the rising cost of land 

and shutdowns of landfills (Sanin et al., 2011). Farmland application of sludge is being 

hindered by the limited uptake capacity of soil and the potential pollution by heavy 

metals (Hu et al., 2013; Varavipour et al., 2009). 

Incineration has been applied to the treatment of industrial sludge (Chen, 2004; 

Gong et al., 2018; Liu et al., 2009b; Scala and Chirone, 2004; Zhou et al., 2009). It is 

one of the most promising and competitive technology. Incineration has the ability to 

destroy hazardous constituents such as organics and pathogens and to reduce the 

volume and mass of landfill material to barest minimum (Hu et al., 2013; Pan et al., 

2013; Zhao et al., 2010; Zheng and Koziński, 2000). However, the technology is 

challenged with the emission of great quantities of volatile organic compounds 

(VOCs) and fly ash that needs further treatment (Hu et al., 2013; Xie et al., 2009), and 

the cost of pollution-control of the flue gases is very high (Quina et al., 2008).  
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Currently and in the recent past, thermal plasma technique is being applied to 

the treatment of waste (Ali et al., 2018; Ducharme and Themelis, 2010; Leal-Quiros, 

2004; Panepinto and Genon, 2014; van der Walt et al., 2017). The technology has the 

ability to gasify the organic components of the waste and vitrify the inorganics 

(Mazzoni and Janajreh, 2017; Sanlisoy and Carpinlioglu, 2017). The advantages of 

thermal plasma technology over other treatment methods include high reaction 

temperatures, independence of additional fuel, shorter residence times, high energy 

densities, high heat transfer rate, lower volume of stack gases, lower ash volume, lower 

unburned components in the ash and reduced footprint (Kaldas et al., 2007; Kezelis et 

al., 2004; Tang et al., 2013).  

The thermal plasma technology has also been demonstrated as an effective and 

environmentally friendly technique for the treatment of tannery sewage sludge (Bień 

et al., 2013; Celary and Sobik-Szołtysek, 2014), ship oil sludge (Kaldas et al., 2007), 

wastewater sludge (Leal-Quirós and Villafañe, 2007; Mountouris et al., 2008), storm-

water sludge (Li et al., 2015a; Li et al., 2012; Li et al., 2015b), wet paper sludge (Shie 

et al., 2014), electroplating sludge (Li et al., 2007; Ramachandran and Kikukawa, 

2002), galvanic sludge (Abdulkarim et al., 2018; Cubas et al., 2014) and a mixture of 

sewage sludge and fly ash (Kim and Park, 2004; Sobiecka and Szymanski, 2014).  This 

research considers the use of a thermal plasma reactor to treat petroleum sludge. The 

treatment method is expected to address the leaching of heavy metals and reduce the 

generation of greenhouse gases.  

1.2 Problem Statement 

About 133,260 MT of petroleum sludge is generated yearly from petroleum 

and petrochemical processes in Malaysia (D.O.E., 2012). The sludge is harmful due to 

the presence of high concentration of petroleum hydrocarbons (PHCs) and heavy 

metals. Improper or insufficient disposal can cause serious environmental 

consequences and health implications. Traditional methods for treating petroleum 

sludge include incineration, stabilization/solidification and biodegradation. These 

methods have considerable drawbacks. Incineration is challenged with the generation 
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of toxic fly and bottom ash. There is the production of finely inhalable particles, laced 

with toxic metals, alongside fly ash. Whereas, the bottom ash contained leachable 

heavy metals (Solution, 2018).  

Waste stabilization/solidification using cement as a binding agent is another 

waste disposal method applied to industrial sludge. The technology has the ability to 

retained heavy metals in a hardened solid matrix and prevents leaching of the heavy 

metals from the matrix into the environment. The technology which is best suited for 

inorganic waste sludge may not be suitable for petroleum oily sludge. The oily sludge 

is primarily organic. Organic compounds form protective a layer around cement grain, 

hindering hydration and retarding setting process (Omar et al., 2008). The alternative 

biodegradation treatment is a slow process; it takes 6 – 24 months to complete. Heavy 

metals and some chlorinated compounds are not amenable to biodegradation. The slow 

pace of the process of biodegradation allows the migration of heavy metals into the 

surface and groundwater. Also, the interaction of the atmospheric air with the sludge 

causes emission of CO2 and VOCs (Ubani et al., 2013).  

There is, therefore, the need for a more robust treatment method that will 

drastically reduce the volume of sludge and at the same time prevent or minimize the 

production of greenhouse gases and prevent leaching of heavy metals into the 

groundwater. Thermal plasma treatment technology poses these qualities. The high-

temperature regime in the thermal plasma has the ability to gasify organic compounds 

into a synthetic gas of economic value and solidify the inorganics in a vitreous matrix, 

preventing the leaching of heavy metals into the surrounding. 

At present, there is no documented literature on the treatment of petroleum 

sludge in arc thermal plasma reactor. Similarly, there is no known research available 

to the researcher on the design and fabrication of thermal plasma reactor for petroleum 

sludge treatment. The propose arc thermal plasma reactor will treat petroleum sludge 

and reduced the volume to less than 10%. The reactor will also convert the petroleum 

sludge to syngas that can be used for electricity generation and vitreous slag that 

encapsulate heavy metals and prevent their leaching to the environment. Furthermore, 

the proposed mathematical model equation will provide an understanding of the effect 
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of process variables (arc current, residence time and plasma gas flow-rate) on the arc 

thermal plasma reactor (TPR) performance (cold gas efficiency and CO/CO2 ratio).  

1.3 Objectives of the Study 

The main objectives of this study are as follows: 

1. To characterize petroleum oily sludge prior to thermal plasma treatment. 

2. To design and fabricate a thermal plasma reactor (TPR)  

3. To evaluate the performance of the TPR on the treatment of petroleum sludge. 

4. To optimize the system using response surface methodology (RSM). 

 

1.4 Scope of Study 

The scope of this research includes the collection of the sludge from Petronas 

Penapisan Melaka Sdn. Bhd. The characterization of the sludge to determine the 

moisture, volatiles, ash content, fixed carbon, total organic carbon (TOC), elemental 

composition and morphological structure. The designing (using AutoCAD 2018) and 

fabrication of the arc plasma reactor. The analysis of the solid and gaseous products to 

determine the TOC, heavy metal composition and the composition of the gas. The 

conduct of the leaching test on the product solid to evaluate the effectiveness of the 

reactor system in encapsulating the heavy metals in the solid matrix. And finally, the 

optimization of the treatment system.  

1.5 Significances and Original Contributions of This Study 

This project is significant because the world cannot do without petroleum 

product and it is only available through exploration and refining, thus hazardous 

petroleum sludge is inevitable. The safe and environmentally friendly treatment 
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method is a better solution to hazardous and harmful effects of petroleum sludge. Most 

of the traditional methods of treating petroleum sludge are short of providing complete 

destruction of harmful VOCs and fly ash. TPT will break the molecular bond and 

convert the VOCs into simple compounds like CO and H2 that can be used for energy 

generation. Methane and carbon dioxide are major contributors to Global Warming, 

they must be removed or reduced to barest level from exhaust gas to meet 

environmental regulations. Companies require technology that will provide them with 

the tool to remove these toxic gases from their exhaust gas. The fabricated thermal arc 

plasma reactor is an approach for future undertaking and would be able to customize 

the technology for particular requirement. The research offers an alternative solution 

to National Oil and Gas company.   

1.6 Organization of the Thesis 

This thesis consists of five (5) chapters, the introduction, the literature review, 

the methodology, the result and the discussion of the result and the conclusion section. 

Each chapter provides detail information about the specific research area. A more 

elaborate description of chapters 2 – 5 is given below.  

Chapter 2 is the literature review. It covers background information related to 

the research which includes general information on petroleum and petrochemical 

sludge and thermal plasma technology. It also covers existing information on the 

applications of thermal plasma technology in industrial sludge treatment and 

modelling and optimization using response surface methodology (RSM). 

Chapter 3 is the methodology section. The chapter described in detail the 

process equipment used for data collection and data analysis. It detailed out process 

equipment and specification, the method for sample collection and characterization, 

procedure for sludge treatment in TPR, procedure for products characterization and 

analysis and finally, the procedure for performance optimization. 
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Chapter 4 is the section for result and discussion. The chapter focuses on the 

discussion of the findings from the characterization of petroleum sludge and evaluation 

of the products obtained from the plasma treatment of the petroleum sludge in a 

transferred arc TPR. Parameters like plasma temperature, total organic carbon (TOC), 

leachability of heavy metals, CO/CO2 ratio and product gas efficiency were discussed. 

The chapter also presents a detailed discussion of the modelling and optimization of 

the thermal plasma reactor for the treatment of petroleum sludge.  

Chapter 5 is the conclusion and recommendation section. In this chapter, the 

conclusions drawn from the research findings are presented. Also, recommendations 

for future study, in this research area, is given.  



 

129 

REFERENCES 

 Abdul-Azim, A. A., Abdul-Raheim, A. M., Kamel, R. K. and  Abdel-Raouf, M. E. 

(2011). Demulsifier systems applied to breakdown petroleum sludge. Journal 

of Petroleum Science and Engineering, 78(2), 364-370.  

Abdulkarim, B. I., Abu Hassan, M. A., Ibrahim, R. R. K. and  Ali, A. M. (2018). 

Investigation on Gaseous and Solid Products from Decomposition of Galvanic 

Sludge in a Laboratory Scale Transfer Arc Low Thermal Plasma. ARPN 

Journal of Engineering and Applied Sciences, 13(9), 3136-3141.  

Abdullahi, M.E. (2014). Treatment of toluene and xylene compounds from wastewater 

using air stripping and non-thermal plasma system. (Doctor of Phylosophy), 

Universiti Teknologi Malaysia. 

Abdullahi, M. E., Abu Hassan, M. A., Zainon-Noor, Z. and  Ibrahim, R. K. (2016). 

Integrated air stripping and non-thermal plasma system for the treatment of 

volatile organic compounds from wastewater: statistical optimization. 

Desalination and Water Treatment, 57(34), 16066-16077.  

Adams, A. (2006). Transport of nanoscale zero valent iron using electrokinetic 

phenomena. University of Western Australia.   (10126688) 

Admon, S., Green, M. and  Avnimelech, Y. (2001). Biodegradation kinetics of 

hydrocarbons in soil during land treatment of oily sludge. Biorernediation 

Journal, 5(3), 193-209.  

Affam, A. C. and  Chaudhuri, M. (2014). Optimization of Fenton treatment of 

amoxicillin and cloxacillin antibiotic aqueous solution. Desalination and Water 

Treatment, 52(10-12), 1878-1884.  

Ahmad, N. A., Abu Hassan, M. A., Noor, Z. Z., Evuti, A. M. and  Danlami, J. M. 

(2014). Optimization of Nickel Removal from Electroless Plating Industry 

Wastewater using Response Surface Methodology. Jurnal Teknologi, 67(4).  

Ahmad, N. A. B., Abu Hassan, M. A., Noor, Z. Z., Evuti, A. M. and  SiTi, F. B. J. 

(2013). Optimization of the performance of chitosan for the nickel removal 

from wastewater. World Applied Sciences Journal, 25(7), 1118-1124.  

Ahmadipourroudposht, M., Fallahiarezoudar, E., Yusof, N. M. and  Idris, A. (2015). 

Application of response surface methodology in optimization of 



 

130 

electrospinning process to fabricate (ferrofluid/polyvinyl alcohol) magnetic 

nanofibers. Materials Science and Engineering: C, 50, 234-241.  

Aida, I. M. I., Rozita, O. and  Salmiaton, A. (2012). Vitrification of Petrochemical 

Sludges Containing Heavy Metals. SEGi Review, 5(1), 89-94.  

Al-Futaisi, A., Jamrah, A., Yaghi, B. and  Taha, R. (2007). Assessment of alternative 

management techniques of tank bottom petroleum sludge in Oman. Journal of 

Hazardous Materials, 141(3), 557-564.  

Al-Mayman, S., AlShunaifi, I., Albeladi, A., Ghiloufi, I. and  Binjuwair, S. (2017). 

Treatment of fly ash from power plants using thermal plasma. Beilstein journal 

of nanotechnology, 8, 1043.  

Al-Zahrani, S. M. and  Putra, M. D. (2013). Used lubricating oil regeneration by 

various solvent extraction techniques. Journal of Industrial and Engineering 

Chemistry, 19(2), 536-539.  

Alhadj-Mallah, M. M., Huang, Q., Cai, X., Li, X., Chi, Y. and  Yan, J. (2015). The 

Leaching Behavior of Toxic Metals in Petroleum Sludge After Thermal 

Treatment. Petroleum Science and Technology, 33(1), 118-126. 

Ali, A. M., Abu Hassan, M. A., Ibrahim, R. R. K. and  Abdulkarim, B. I. (2018). 

Thermal Arc Plasma Treatment of Waste Electrical and Electronic Equipment: 

A Review. IOSR Journal of Engineering (IOSRJEN), 08(7), 21-33.  

Ali, S., Idris, A. I. M. and  Mansor, H. (2013). Toxicity Immobilization of Refinery 

Sludge Containing Heavy Metals Via Vitrification Process. IJRET: 

International Journal of Research in Engineering and Technology, 02(10).  

Alsobaai, A. M. (2013). Thermal cracking of petroleum residue oil using three level 

factorial design. Journal of King Saud University - Engineering Sciences, 

25(1), 21-28. 

Alvarado, V., Wang, X. and  Moradi, M. (2011). Stability proxies for water-in-oil 

emulsions and implications in aqueous-based enhanced oil recovery. Energies, 

4(7), 1058-1086.  

Araujo, P. W. and  Brereton, R. G. (1996). Experimental design II. Optimization. TrAC 

Trends in Analytical Chemistry, 15(2), 63-70.  

Ayen, R. J. and  Swanstrom, C. P. (1992). Low temperature thermal treatment for 

petroleum refinery waste sludges. Environmental Progress, 11(2), 127-133.  



 

131 

Ayotamuno, M. J., Okparanma, R. N., Nweneka, E. K., Ogaji, S. O. T. and  Probert, 

S. D. (2007). Bio-remediation of a sludge containing hydrocarbons. Applied 

Energy, 84(9), 936-943.  

Bagudanch, I., Vives-Mestres, M., Sabater, M. and  Garcia-Romeu, M. L. (2016). 

Polymer Incremental Sheet Forming Process: Temperature Analysis Using 

Response Surface Methodology. Materials and Manufacturing Processes, null-

null. 

Balas, M., Lisy, M., Kracik, P. and  Pospisil, J. (2017). Municipal Solid Waste 

Gasification Within Waste-To-Energy Processing. MM Science Journal, 1783 

- 1788.  

Ball, A. S., Stewart, R. J. and  Schliephake, K. (2012). A review of the current options 

for the treatment and safe disposal of drill cuttings. Waste management & 

research, 30(5), 457-473.  

Bashir, M. J. K., Amr, S. S. A., Aziz, S. Q., Aun, N. C. and  Sethupathi, S. (2015). 

Wastewater treatment processes optimization using response surface 

methodology (RSM) compared with conventional methods: review and 

comparative study. Middle-East Journal of Scientific Research, 23(2), 244-

252.  

Battikhi, M. (2014). Bioremediation of petroleum sludge. Journal of Microbiology & 

Experimentation, 1(2), 1-3.  

Bellan, P. M. (2006). Fundamentals of plasma physics: Cambridge University Press. 

Ben Hassen, T. A., Ghrib, A., Zaafouri, K., Friaa, A., Ouerghi, A., Naoui, S. and  

Belayouni, H. (2017). Hydrogen-Rich Syngas Production from Gasification 

and Pyrolysis of Solar Dried Sewage Sludge: Experimental and Modeling 

Investigations. BioMed Research International, 2017, 14. 

Bender, O. W., Schroeter, R. A., Garcia, M. G. and  Szente, R. N. (1998). Treating 

electroplating residues with thermal plasmas. JOM, 50(7), 32-35. 

Benlamoudi, A., Abdul Kadir, A. and  Khodja, M. (2018). Petroleum Sludge as Raw 

Material for Cement Clinker Production. Preprints 2018, 2018060053. 

Bezerra, M. A., Santelli, R. E., Oliveira, E. P., Villar, L. S. and  Escaleira, L. A. (2008). 

Response surface methodology (RSM) as a tool for optimization in analytical 

chemistry. Talanta, 76(5), 965-977.  

Bhattacharyya, J. K. and  Shekdar, A. V. (2003). Treatment and disposal of refinery 

sludges: Indian scenario. Waste management & research, 21(3), 249-261.  



 

132 

Bień, J., Celary, P., Morzyk, B., Sobik-Szołtysek, J. and  Wystalska, K. (2013). Effect 

of Additives on Heavy Metal Immobilization During Vitrification of Tannery 

Sewage Sludge. Environment Protection Engineering, 39(2). 

Boulos, M. I., Fauchais, P. and  Pfender, E. (2013). Thermal Plasmas: Fundamentals 

and Applications: Springer US. 

Box, G. E. P. and  Draper, N. R. (1987). Empirical model-building and response 

surfaces (Vol. 424): Wiley New York. 

Bradley, N. (2007). The response surface methodology. (Master of Science), Indiana 

University South Bend.    

Bridle, T. R. and  Pritchard, D. (2004). Energy and nutrient recovery from sewage 

sludge via pyrolysis. Water Science & Technology, 50(9), 169-175.  

Calvo, C., Manzanera, M., Silva-Castro, G. A., Uad, I. and  González-López, J. (2009). 

Application of bioemulsifiers in soil oil bioremediation processes. Future 

prospects. Science of the Total Environment, 407(12), 3634-3640.  

Carabin, P. and  Gagnon, J. R. (2006, 29 November - 1 December 2006). Thermal 

destruction of Waste Using Plasma. Paper presented at the Proceedings Venice 

2006, Biomass and Waste to Energy Symposium, Venice, Italy. 

Carabin, P., Palumbo, E. and  Alexakis, T. (2004). Two stage plasma gasification of 

waste. Paper presented at the 23rd International Conference on Incineration 

and Thermal Treatment Technologies, Phoenix, Arizona, USA. 

Castaldi, F. J. (2003). Tank‐based bioremediation of petroleum waste sludges. 

Environmental Progress, 22(1), 25-36.  

Celary, P. and  Sobik-Szołtysek, J. (2014). Vitrification as an alternative to landfilling 

of tannery sewage sludge. Waste Management, 34(12), 2520-2527.  

Chang, J., Li, H. O. L. and  Guo, Y. (2008). Thermal plasma treatment of stormwater 

detention pond sludge. Pure and Applied Chemistry, 80(9), 1993-2002.  

Chang, J. S. (2009). Thermal plasma solid waste and water treatments: A critical 

review. Int. J. Plasma Environ. Sci. Technol, 3(2), 67-84.  

Chang, J. S., Gu, B. W., Looy, P. C., Chu, F. Y. and  Simpson, C. J. (1996). Thermal 

plasma pyrolysis of used old tires for production of syngas. Journal of 

Environmental Science and Health . Part A: Environmental Science and 

Engineering and Toxicology, 31(7), 1781-1799. 

Chen, G. and  He, G. (2003). Separation of water and oil from water-in-oil emulsion 

by freeze/thaw method. Separation and Purification Technology, 31(1), 83-89.  



 

133 

Chen, J. C. (2004). Emission characteristics of industrial sludge incineration in 

different operating conditions. Environ Technol, 25(11), 1285-1292. 

Chiang, H. L., Lo, J. C., Tsai, J. H. and  Chang, G. M. (2000). Pyrolysis kinetics and 

residue characteristics of petrochemical industrial sludge. J Air Waste Manag 

Assoc, 50(2), 272-277.  

Chiaramonti, D., Oasmaa, A. and  Solantausta, Y. (2007). Power generation using fast 

pyrolysis liquids from biomass. Renewable and Sustainable Energy Reviews, 

11(6), 1056-1086.  

Choi, S., Li, T., Watanabe, T., Nakayama, T. and  Otsuki, K. (2013). Numerical 

Analysis of Temperature Distribution in the Long DC Arc Thermal Plasma for 

Waste Treatment. Journal of Chemical Engineering of Japan, 46(3), 201-208. 

Choi, S. and  Watanabe, T. (2012). Decomposition of 1-Decanol Emulsion by Water 

Thermal Plasma Jet. IEEE Transactions On Plasma Science, 40(11).  

Chung, H. I. and  Kamon, M. (2005). Ultrasonically enhanced electrokinetic 

remediation for removal of Pb and phenanthrene in contaminated soils. 

Engineering Geology, 77(3), 233-242.  

Cioni, B. and  Petarca, L. (2011). Petroleum products removal from contaminated soils 

using microwave heating. Chem. Eng. Trans, 24, 1033-1038.  

Collings, A. F., Farmer, A. D., Gwan, P. B., Pintos, A. P. S. and  Leo, C. J. (2006). 

Processing contaminated soils and sediments by high power ultrasound. 

Minerals engineering, 19(5), 450-453.  

Conesa, J. A., Moltó, J., Ariza, J., Ariza, M. and  García-Barneto, A. (2014). Study of 

the thermal decomposition of petrochemical sludge in a pilot plant reactor. 

Journal of Analytical and Applied Pyrolysis, 107, 101-106.  

Conner, J. R. and  Hoeffner, S. L. (1998). A critical review of 

stabilization/solidification technology. Critical Reviews in Environmental 

Science and Technology, 28(4), 397-462.  

Corella, J. and  Toledo, J. M. (2000). Incineration of doped sludges in fluidized bed. 

Fate and partitioning of six targeted heavy metals. I. Pilot plant used and 

results. Journal of Hazardous Materials, 80(1–3), 81-105.  

Cubas, A. L. V., Machado, M. D.-M., Machado, M. D.-M., Dutra, A. R. D.-A., 

Moecke, E. H. S., Fiedler, H. D. and  Bueno, P. (2015). Final treatment of spent 

batteries by thermal plasma. Journal of Environmental Management, 159, 202-

208.  



 

134 

Cubas, A. L. V., Machado, M. D.-M., Machado, M. D.-M., Gross, F., Magnago, R. F., 

Moecke, E. H. S. and  De-Souza, I. G. (2014). Inertization of Heavy Metals 

Present in Galvanic Sludge by DC Thermal Plasma. Environmental science & 

technology, 48(5), 2853-2861. 

Czernik, S. and  Bridgwater, A. V. (2004). Overview of applications of biomass fast 

pyrolysis oil. Energy & Fuels, 18(2), 590-598.  

D.O.E. (2012). Current practice of recycling and treatment of hazardous wastes in 

Malaysia. Hazardous Substances Division, Department of Environment (DOE) 

Malaysia. 

Da Silva, L. J., Alves, F. C. and  de França, F. P. (2012). A review of the technological 

solutions for the treatment of oily sludges from petroleum refineries. Waste 

management & research, 30(10), 1016-1030.  

Dantas, T. N. D.-C., Neto, A. A. D. and  Moura, E. F. (2001). Microemulsion systems 

applied to breakdown petroleum emulsions. Journal of Petroleum Science and 

Engineering, 32(2), 145-149.  

Demirbas, A. (2003). Sustainable cofiring of biomass with coal. Energy Conversion 

and Management, 44(9), 1465-1479.  

Dewulf, J., Langenhove, V. H., De-Visscher, A. and  Sabbe, S. (2001). Ultrasonic 

degradation of trichloroethylene and chlorobenzene at micromolar 

concentrations: kinetics and modelling. Ultrasonics sonochemistry, 8(2), 143-

150.  

DOE. (2009). Environmental Quality (Control of Pollution From Solid Waste Transfer 

Station and Landfill) Regulations 2009 (PU(A) 433) - under EQA 1974. 

Domínguez, A., Menéndez, J. A., Inguanzo, M. and  Pis, J. J. (2005). Investigations 

into the characteristics of oils produced from microwave pyrolysis of sewage 

sludge. Fuel Processing Technology, 86(9), 1007-1020.  

Ducharme, C. (2010). Technical and economic analysis of  Plasma-assisted Waste to 

Energy processes. (M.S. Degree in Earth Resources Engineering), Columbia 

University.    

Ducharme, C. and  Themelis, N. (2010, May 11-13, 2010). Analysis of Thermal 

Plasma - Assisted Waste-to Energy Processes. Paper presented at the 18th 

Annual North American Waste-to-Energy Conference, Orlando, Florida, USA. 



 

135 

El Naggar, A. Y., Saad, E. A., Kandil, A. T. and  Elmoher, H. O. (2010). Petroleum 

cuts as solvent extractor for oil recovery from petroleum sludge. Journal of 

Petroleum Technology and Alternative Fuels, 1(1), 10-19.  

Elektorowicz, M., Habibi, S. and  Chifrina, R. (2006). Effect of electrical potential on 

the electro-demulsification of oily sludge. Journal of colloid and interface 

science, 295(2), 535-541.  

Emspak, J. (2016, May 5, 2016 12:20am ET). States of Matter: Plasma. Live Science. 

2016. Retrieved November 25, 2018, from <https://www.livescience.com/ 

54652-plasma.html> 

Fabry, F., Rehmet, C., Rohani, V. and  Fulcheri, L. (2013). Waste Gasification by 

Thermal Plasma: A Review. Waste and Biomass Valorization, 4(3), 421-439.  

Fakhru’l-Razi, A., Pendashteh, A., Abdullah, L. C., Biak, D. R. A., Madaeni, S. S. and  

Abidin, Z. Z. (2009). Review of technologies for oil and gas produced water 

treatment. Journal of Hazardous Materials, 170(2), 530-551.  

Falciglia, P. P., Urso, G. and  Vagliasindi, F. G. A. (2013). Microwave heating 

remediation of soils contaminated with diesel fuel. Journal of Soils and 

Sediments, 13(8), 1396-1407.  

Falciglia, P. P. and  Vagliasindi, F. G. A. (2014). Remediation of hydrocarbon-

contaminated soils by ex situ microwave treatment: technical, energy and 

economic considerations. Environ Technol, 35(18), 2280-2288.  

Fallahiarezoudar, E., Ahmadipourroudposht, M., Yusof, N. M., Idris, A. and  

Ngadiman, N. H. A. (2017). 3D Biofabrication of Thermoplastic Polyurethane 

(TPU)/Poly-l-lactic Acid (PLLA) Electrospun Nanofibers Containing 

Maghemite (γ-Fe2O3) for Tissue Engineering Aortic Heart Valve. Polymers, 

9(11), 584.  

Feng, Y., Xiao, B., Goerner, K., Cheng, G. and  Wang, J. (2011). Influence of particle 

size and temperature on gasification performance in externally heated gasifier. 

Smart Grid and Renewable Energy, 2(02), 158.  

Fermoso, J., Arias, B., Plaza, M. G., Pevida, C., Rubiera, F., Pis, J. J., García-Peña, F. 

and  Casero, P. (2009). High-pressure co-gasification of coal with biomass and 

petroleum coke. Fuel Processing Technology, 90(7), 926-932.  

Ferrarese, E., Andreottola, G. and  Oprea, I. A. (2008). Remediation of PAH-

contaminated sediments by chemical oxidation. Journal of Hazardous 

Materials, 152(1), 128-139.  



 

136 

Franco, C., Pinto, F., Gulyurtlu, I. and  Cabrita, I. (2003). The study of reactions 

influencing the biomass steam gasification process. Fuel, 82(7), 835-842.  

Fridman, A. (2008). Plasma chemistry: Cambridge university press. 

Fujii, T., Hayashi, R., Kawasaki, S., Suzuki, A. and  Oshima, Y. (2011). Water density 

effects on methanol oxidation in supercritical water at high pressure up to 

100MPa. The Journal of Supercritical Fluids, 58(1), 142-149.  

Fytili, D. and  Zabaniotou, A. (2008). Utilization of sewage sludge in EU application 

of old and new methods—A review. Renewable and Sustainable Energy 

Reviews, 12, 116-140.  

Ghafari, S., Aziz, H. A., Isa, M. H. and  Zinatizadeh, A. A. (2009). Application of 

response surface methodology (RSM) to optimize coagulation–flocculation 

treatment of leachate using poly-aluminum chloride (PAC) and alum. Journal 

of Hazardous Materials, 163(2), 650-656.  

Gibson, E. G. (1964). Ionization phenomena in a gas-particle plasma. California 

Institute of Technology.    

Gil-Lalaguna, N., Sánchez, J. L., Murillo, M. B., Rodríguez, E. and  Gea, G. (2014a). 

Air–steam gasification of sewage sludge in a fluidized bed. Influence of some 

operating conditions. Chemical Engineering Journal, 248, 373-382.  

Gil-Lalaguna, N., Sánchez, J. L., Murillo, M. B., Ruiz, V. and  Gea, G. (2014b). Air-

steam gasification of char derived from sewage sludge pyrolysis. Comparison 

with the gasification of sewage sludge. Fuel, 129, 147-155.  

Gomez, E., Amutha-Rani, D., Cheeseman, R. C., Deegan, D., Wise, M. and  

Boccaccini, A. R. (2009). Thermal plasma technology for the treatment of 

wastes: A critical review. Journal of Hazardous Materials, 161(Review), 614-

626. 

Gong, Z., Wang, Z. and  Wang, Z. (2018). Study on migration characteristics of heavy 

metals during oil sludge incineration. Petroleum Science and Technology, 

36(6), 469-474. 

González, J., Román, S., Bragado, D. and  Calderón, M. (2008). Investigation on the 

reactions influencing biomass air and air/steam gasification for hydrogen 

production. Fuel Processing Technology, 89(8), 764-772.  

Grasso, D., Subramaniam, K., Pignatello, J. J., Yang, Y. and  Ratte, D. (2001). Micellar 

desorption of polynuclear aromatic hydrocarbons from contaminated soil. 



 

137 

Colloids and Surfaces A: Physicochemical and Engineering Aspects, 194(1), 

65-74.  

Gray, L. (2014). Plasma Gasification as a Viable Waste-to-Energy Treatment of 

Municipal Solid Waste. Solid and Hazardous Waste Prevention and Control 

Engineering.  

Gu, B. W., Chang, J. S., Simpson, C. J. and  Chu, F. Y. (1998). An Investigation of 

Syngas Production from Used Automobile Tires by Thermal Plasma Pyrolysis.  

Gussoni, M., Greco, F., Bonazzi, F., Vezzoli, A., Botta, D., Dotelli, G., Sora, I. N., 

Pelosato, R. and  Zetta, L. (2004). 1 H NMR spin-spin relaxation and imaging 

in porous systems: an application to the morphological study of white portland 

cement during hydration in the presence of organics. Magnetic resonance 

imaging, 22(6), 877-889.  

Haji, A., Mousavi-Shoushtari, A. ,Mazaheri, F. and  Tabatabaeyan, S. E. (2016). RSM 

optimized self-cleaning nano-finishing on polyester/wool fabric pretreated 

with oxygen plasma. The Journal of The Textile Institute, 107(8), 985-994.  

Haji, A., Shoushtari, A. M. and  Abdouss, M. (2014). RSM optimization of plasma 

initiated grafting of acrylic acid onto polypropylene nonwoven. Journal of 

Macromolecular Science, Part A, 51(1), 76-87.  

Hejazi, R. F. and  Husain, T. (2004). Landfarm performance under arid conditions. 2. 

Evaluation of parameters. Environmental science & technology, 38(8), 2457-

2469.  

Hejazi, R. F., Husain, T. and  Khan, F. I. (2003). Landfarming operation of oily sludge 

in arid region-human health risk assessment. Journal of Hazardous Materials, 

99(3), 287-302.  

Helmenstine, A. M. (2015). List of Phase Changes of Matter.  Retrieved June 22, 2016 

from <http://chemistry.about.com/od/matter/ss/List-of-Phase-Changes-of-

Matter.htm> 

Hernández-Castellanos, B., Ortíz-Ceballos, A., Martínez-Hernández, S., Noa-

Carrazana, J. C., Luna-Guido, M., Dendooven, L. and  Contreras-Ramos, S. M. 

(2013). Removal of benzo pyrene from soil using an endogeic earthworm 

Pontoscolex corethrurus. Applied soil ecology, 70, 62-69.  

Hopkinson, L. and  Cundy, A. (2003). FIRS (ferric iron remediation and stablisation): 

a novel electrokinetic technique for soil remediation and engineering. Claire. 



 

138 

Hou, B., Xie, S. X., Chen, M., Jin, Y., Hao, D. and  Wang, R. S. (2013). The Treatment 

of Refinery Heavy Oil Sludge. Petroleum Science and Technology, 31(5), 458-

464. 

Hrabovsky, M. (2009). Thermal Plasma Generators with Water Stabilized Arc. The 

Open Plasma Physics Journal, 2, 99-104.  

Hu, G. (2016). Development of Novel Oil Recovery Methods for Petroleum Refinery 

Oily Sludge Treatment. (Doctor of Philosophy). University of Northern British 

Columbia  

Hu, G., Li, J. and  Zeng, G. (2013). Recent development in the treatment of oily sludge 

from petroleum industry: A review. Journal of Hazardous Materials, 261, 470-

490.  

Huang, H., Tang, L. and  Wu, C. Z. (2003). Characterization of Gaseous and Solid 

Product from Thermal Plasma Pyrolysis of Waste Rubber. Environmental 

science & technology, 37(19), 4463-4467.  

Huang, Q., Han, X., Mao, F., Chi, Y. and  Yan, J. (2014). Effect of the Particle Surface 

on Oil Recovery from Petroleum Sludge. Energy & Fuels, 28(7), 4480-4485. 

Huang, Q., Wang, J., Qiu, K., Pan, Z., Wang, S., Chi, Y. and  Yan, J. (2015). Catalytic 

pyrolysis of petroleum sludge for production of hydrogen-enriched syngas. 

International Journal of Hydrogen Energy, 40(46), 16077-16085.  

Hyman, H. A. (1974). Degree of ionization of a high‐temperature plasma. Applied 

Physics Letters, 25(10), 553-555.  

Islam, B. (2015). Petroleum Sludge, Its Treatment and Disposal : A Review. Int. J. 

Chem. Sci., 13(4), 1584-1602.  

Iwao, T. and  Inaba, T. (2002). Plasma length on characteristics of DC argon plasma 

torch arc. Vacuum, 65(3–4), 299-304.  

Iwao, T. and  Yumoto, M. (2006). Portable application of thermal plasma and arc 

discharge for waste treatment, thermal spraying and surface treatment. IEEJ 

Transactions on Electrical and Electronic Engineering, 1(2), 163-170.  

Jadhav, M. V. and  Mahajan, Y. S. (2014). Application of response surface 

methodology to water/wastewater treatment using Coccinia indica. 

Desalination and Water Treatment, 52(34-36), 6403-6411.  

Jambrak, A. R., Vukušić, T., Stulić, V., Mrvčić, J., Milošević, S., Šimunek, M. and  

Herceg, Z. (2015). The effect of high power ultrasound and cold gas-phase 



 

139 

plasma treatments on selected yeast in pure culture. Food and Bioprocess 

Technology, 8(4), 791-800.  

Janajreh, I., Raza, S. S. and  Valmundsson, A. S. (2012). Plasma Gasification Process: 

Modeling Simulation and Comparison with Conventional Air Gasification. 

Energy Conversion and Management, 1-9. 

Je-Hoon, O. and  Si-Yeon, L. (2010). Precise size control of inkjet-printed droplets on 

a flexible polymer substrate using plasma surface treatment. Journal of 

Micromechanics and Microengineering, 20(1), 015030.  

Jean, D. S. and  Lee, D. J. (1999). Expression deliquoring of oily sludge from a 

petroleum refinery plant. Waste Management, 19(5), 349-354.  

Jia, H., Gao, Z., Ma, Y., Zhong, C., Xie, Y., Zhou, H. and  Wei, P. (2013). Optimization 

of phenoxazinone synthase production by response surface methodology and 

its application in Congo red decolourization. Electronic Journal of 

Biotechnology, 16(5), 2-2.  

Jiang, W., Tang, J., Wang, Y., Zhao, W. and  Duan, Y. (2014). Characterization of 

argon direct-current glow discharge with a longitudinal electric field applied at 

ambient air. Scientific Reports, 4, 6323. 

Jing, G., Chen, T. and  Luan, M. (2011). Studying oily sludge treatment by thermo 

chemistry. Arabian Journal of Chemistry.  

Jing, G., Luan, M., Chen, T. and  Wang, H. (2013). Wet Air Oxidation of Oily Sludge. 

International Journal of Green Energy, 10(4), 378-386. 

Jing, G., Luan, M., Han, C., Chen, T. and  Wang, H. (2012). An effective process for 

removing organic compounds from oily sludge using soluble metallic salt. 

Journal of Industrial and Engineering Chemistry, 18(4), 1446-1449.  

John, P. I. (2005). Plasma sciences and the creation of wealth: Tata McGraw-Hill 

Education. 

Johnson, O., Madzlan, N., Kamaruddin, I. and  Oloruntobi, O. (2015). Building Blocks 

from Petroleum Sludge: Leachability and toxicity studies. International Journal 

of Applied Engineering Research, 10(24), 45479-45481.  

Jørgensen, K. S., Puustinen, J. and  Suortti, A. M. (2000). Bioremediation of petroleum 

hydrocarbon-contaminated soil by composting in biopiles. Environmental 

Pollution, 107(2), 245-254.  



 

140 

Junoh, H., Yip, C. and  Kumaran, P. (2016). Effect on Ca(OH)2 pretreatment to 

enhance biogas production of organic food waste. Paper presented at the IOP 

conference series: earth and environmental science. 

Kaldas, A., Alexakis, T. and  Tsantrizos, P. (2003, May 12-16, 2003). Optimization of 

the marine plasma waste destruction technology. Paper presented at the IT3’03 

Conference, Orlando, Florida. 

Kaldas, A., Carabin, P., Picard, I., Chevalier, P. and  Holcroft, G. (2007, May, 14-18, 

2007). Treatment of ship sludge oil using a plasma arc waste destruction 

system (PAWDS). Paper presented at the IT3’07 Conference, Phoenix, AZ. 

Kaplan, C. W. and  Kitts, C. L. (2004). Bacterial succession in a petroleum land 

treatment unit. Applied and Environmental Microbiology, 70(3), 1777-1786.  

Karamalidis, A. K. and  Voudrias, E. A. (2007). Cement-based stabilization/ 

solidification of oil refinery sludge: leaching behavior of alkanes and PAHs. 

Journal of Hazardous Materials, 148(1), 122-135.  

Kezelis, R., Mecius, V., Valinciute, V. and  Valincius, V. (2004). Waste and Biomass 

Treatment Employing Plasma Technology. High Technology Plasma 

Processes, 8, 273-282.  

Khan, F. I., Husain, T. and  Hejazi, R. (2004). An overview and analysis of site 

remediation technologies. Journal of Environmental Management, 71(2), 95-

122.  

Kim, H. and  Park, D. (2004). Characteristics of Fly Ash/Sludge Slags Vitrified by 

Thermal Plasma. J. Ind. Eng. Chem., 10(2), 234-238.  

Kim, S. H., Han, H. Y., Lee, Y. J., Kim, C. W. and  Yang, J. W. (2010). Effect of 

electrokinetic remediation on indigenous microbial activity and community 

within diesel contaminated soil. Science of the Total Environment, 408(16), 

3162-3168.  

Kim, S. W., Park, H. S. and  Kim, H. J. (2003). 100 kW steam plasma process for 

treatment of PCBs (polychlorinated biphenyls) waste. Vacuum, 70(1), 59-66.  

Kim, Y. and  Parker, W. (2008). A technical and economic evaluation of the pyrolysis 

of sewage sludge for the production of bio-oil. Bioresour Technol, 99(5), 1409-

1416.  

Kjellin, M. and  Johansson, I. (2010). Surfactants from Renewable Resources: Wiley. 

Kodama, S., Izumino, A., Wang, D. and  Namihira, T. (2017, 18-22 June 2017). 

Optimization of persistent organic pollutants treatment in wastewater using by 



 

141 

nanosecond pulsed non-thermal plasma. Paper presented at the 2017 IEEE 21st 

International Conference on Pulsed Power (PPC). 

Kualiti Alam Sdn Bhd. Schedule waste transportation and treatment agreement (for 

Peninsular Malaysia only). A cenviro company, 2016 

Kumar, B. and  Mohan, R. B. (2013). Petroleum oily sludge and the prospects of 

microwave for its remediation. Paper presented at the International Journal of 

Engineering Research and Technology. 

Kuo, C. H. and  Lee, C. L. (2010). Treatment of oil/water emulsions using seawater-

assisted microwave irradiation. Separation and Purification Technology, 74(3), 

288-293.  

Kuyukina, M. S., Ivshina, I. B., Ritchkova, M. I., Philp, J. C., Cunningham, C. J. and  

Christofi, N. (2003). Bioremediation of Crude Oil-Contaminated Soil Using 

Slurry-Phase Biological Treatment and Land Farming Techniques. Soil and 

Sediment Contamination: An International Journal, 12(1), 85-99. 

Kwak, T. H., Maken, S., Lee, S., Park, J. W., Min, B. and  Yoo, Y. D. (2006). 

Environmental aspects of gasification of Korean municipal solid waste in a 

pilot plant. Fuel, 85(14), 2012-2017.  

Lai, C. K., Chen, G. and  Lo, M. C. (2004). Salinity effect on freeze/thaw conditioning 

of activated sludge with and without chemical addition. Separation and 

Purification Technology, 34(1), 155-164.  

Lapa, N., Oliveira, J., Camacho, S. and  Circeo, L. (2002). An ecotoxic risk assessment 

of residue materials produced by the plasma pyrolysis/vitrification (PP/V) 

process. Waste Management, 22(3), 335-342.  

Leal-Quiros, E. (2004). Plasma Processing of Municipal Solid Waste. Brazilian 

Journal of Physics, 34(4B), 1587-1593.  

Leal-Quirós, E. and  Villafañe, C. R. (2007). An Assessment of the Power Generated 

With Plasma Processing of Sludge From Wastewater Treatment Plants. IEEE 

Transactions On Plasma Science, 35(6), 1622 - 1627.  

Lemmens, B., Elslander, H., Vanderreydt, I., Peys, K., Diels, L., Oosterlinck, M. and  

Joos, M. (2007). Assessment of plasma gasification of high caloric waste 

streams. Waste Management, 27, 1562-1569. 

Leonard, S. A. and  Stegemann, J. A. (2010). Stabilization/solidification of petroleum 

drill cuttings. Journal of Hazardous Materials, 174(1), 463-472.  



 

142 

Li, C., Lee, W., Huang, K., Fu, S. and  Lai, Y. (2007). Vitrification of Chromium 

Electroplating Sludge. Environmental science & technology, 41(8), 2950-

2956. 

Li, C. T., Lee, W. J., Mi, H. H. and  Su, C. C. (1995). PAH emission from the 

incineration of waste oily sludge and PE plastic mixtures. Science of The Total 

Environment, 170(3), 171-183.  

Li, J., Song, X., Hu, G. and  Thring, R. W. (2013). Ultrasonic desorption of petroleum 

hydrocarbons from crude oil contaminated soils. Journal of Environmental 

Science and Health, Part A, 48(11), 1378-1389.  

Li, O. L., Guo, Y., Chang, J. S. and  Saito, N. (2015a). Thermal plasma treatment of 

stormwater sediments: comparison between DC nontransferred and partially 

transferred arc plasma. Environ Technol, 36(13), 1672-1679.  

Li, O. L., Guo, Y., Chang, J. S., Urashima, K. and  Saito, N. (2012). Treatment of Non-

point Sources by a Thermal Plasma System Under DC Partial Transferred 

Mode. International Journal of Plasma Environmental Science & Technology, 

6(1), 63 - 67.  

Li, O. L., Guo, Y., Chang, J. S., Urashima, K. and  Saito, N. (2015b). A new approach 

of nonpoint source pollution/stormwater sludge treatment by an integrated 

thermal plasma system. International Journal of Environmental Science and 

Technology, 12(5), 1769-1778. 

Li, P., Zhou, L., Mou, Y. and  Mao, Z. (2015c). Extraction optimization of 

polysaccharide from Zanthoxylum bungeanum using RSM and its antioxidant 

activity. International journal of biological macromolecules, 72, 19-27.  

Li, X. T., Grace, J. R., Lim, C. J., Watkinson, A. P., Chen, H. P. and  Kim, J. R. (2004). 

Biomass gasification in a circulating fluidized bed. Biomass and Bioenergy, 

26(2), 171-193.  

Lima, T. M. S., Fonseca, A. F., Leão, B. A., Mounteer, A. H., Tótola, M. R. and  

Borges, A. C. (2011). Oil recovery from fuel oil storage tank sludge using 

biosurfactants. Journal of Bioremediation and Biodegradation.  

Lin, C., He, G., Dong, C., Liu, H., Xiao, G. and  Liu, Y. (2008). Effect of oil phase 

transition on freeze/thaw-induced demulsification of water-in-oil emulsions. 

Langmuir, 24(10), 5291-5298.  



 

143 

Lin, C., He, G., Li, X., Peng, L., Dong, C., Gu, S. and  Xiao, G. (2007). Freeze/thaw 

induced demulsification of water-in-oil emulsions with loosely packed 

droplets. Separation and Purification Technology, 56(2), 175-183.  

Lin, K. H., Hsu, H. T., Ko, Y. W., Shieh, Z. X. and  Chiang, H. L. (2009). Pyrolytic 

product characteristics of biosludge from the wastewater treatment plant of a 

petrochemical industry. Journal of Hazardous Materials, 171, 208-214.  

Lin, T. C., Pan, P. T. and  Cheng, S. S. (2010). Ex situ bioremediation of oil-

contaminated soil. Journal of Hazardous Materials, 176(1–3), 27-34.  

Lin, Y., Ma, X., Yu, Z. and  Cao, Y. (2014). Investigation on thermochemical behavior 

of co-pyrolysis between oil-palm solid wastes and paper sludge. Bioresour 

Technol, 166, 444-450. 

Ling, M., Esfahani, M. J., Akbari, H. and  Foroughi, A. (2016). Effects of residence 

time and heating rate on gasification of petroleum residue. Petroleum Science 

and Technology, 34(22), 1837-1840. 

Liu, J., Jiang, X., Zhou, L., Han, X. and  Cui, Z. (2009a). Pyrolysis treatment of oil 

sludge and model-free kinetics analysis. Journal of Hazardous Materials, 

161(2-3), 1208-1215.  

Liu, J., Jiang, X., Zhou, L., Wang, H. and  Han, X. (2009b). Co-firing of oil sludge 

with coal–water slurry in an industrial internal circulating fluidized bed boiler. 

Journal of Hazardous Materials, 167(1), 817-823.  

Long, X., Zhang, G., Shen, C., Sun, G., Wang, R., Yin, L. and  Meng, Q. (2013). 

Application of rhamnolipid as a novel biodemulsifier for destabilizing waste 

crude oil. Bioresour Technol, 131, 1-5.  

López, F. A., Centeno, T. A., Alguacil, F. J., Lobato, B., López-Delgado, A. and  

Fermoso, J. (2012). Gasification of the char derived from distillation of 

granulated scrap tyres. Waste Management, 32(4), 743-752.  

Lundstedt, T., Seifert, E., Abramo, L., Thelin, B., Nyström, Å., Pettersen, J. and  

Bergman, R. (1998). Experimental design and optimization. Chemometrics 

and intelligent laboratory systems, 42(1), 3-40.  

Machín-Ramírez, C., Okoh, A., Morales, D., Mayolo-Deloisa, K., Quintero, R. and  

Trejo-Hernández, M. R. (2008). Slurry-phase biodegradation of weathered oily 

sludge waste. Chemosphere, 70(4), 737-744.  

Maden, I., Maduta, R., Jakirlic, S., Grundmann, S., Tropea, C. and  Eaton, J. K. (2013). 

Plasma-Based Manipulation of Secondary Flow Towards Pressure Recovery 



 

144 

Enhancement in a 3d Diffuser: A Computational Study. Paper presented at the 

TSFP Digital Library Online. 

Mahmood, T. and  Elliott, A. (2006). A review of secondary sludge reduction 

technologies for the pulp and paper industry. Water Research, 40(11), 2093-

2112.  

Malakahmad, A. and  Chuan, S. Y. (2013). Application of response surface 

methodology to optimize coagulation–flocculation treatment of anaerobically 

digested palm oil mill effluent using alum. Desalination and Water Treatment, 

51(34-36), 6729-6735.  

Malviya, R. and  Chaudhary, R. (2006). Factors affecting hazardous waste 

solidification/stabilization: A review. Journal of Hazardous Materials, 137(1), 

267-276.  

Marin, J. A., Hernandez, T. and  Garcia, C. (2005). Bioremediation of oil refinery 

sludge by landfarming in semiarid conditions: Influence on soil microbial 

activity. Environmental research, 98(2), 185-195.  

Marín, J. A., Moreno, J. L., Hernández, T. and  García, C. (2006). Bioremediation by 

composting of heavy oil refinery sludge in semiarid conditions. 

Biodegradation, 17(3), 251-261.  

Mashayak, S. Y. (2009). CFD Modeling Of Plasma Thermal Reactor For Waste 

Treatment. (Master of Science), Purdue University, West Lafayette, Indiana.    

Massetti, F. and  Nardella, A. (2014). Process for the recovery of oils from a solid 

matrix: Google Patents. 

Mater, L., Sperb, R. M., Madureira, L. A. S., Rosin, A. P., Correa, A. X. R. and  

Radetski, C. M. (2006). Proposal of a sequential treatment methodology for the 

safe reuse of oil sludge-contaminated soil. Journal of Hazardous Materials, 

136(3), 967-971.  

Mazzoni, L. and  Janajreh, I. (2017). Plasma gasification of municipal solid waste with 

variable content of plastic solid waste for enhanced energy recovery. 

International Journal of Hydrogen Energy, 42(30), 19446-19457.  

Mei, D., He, Y. L., Liu, S., Yan, J. and  Tu, X. (2016). Optimization of CO2 Conversion 

in a Cylindrical Dielectric Barrier Discharge Reactor Using Design of 

Experiments. Plasma Processes and Polymers, 13(5), 544-556. 

Menéndez, J. A., Domínguez, A., Inguanzo, M. and  Pis, J. J. (2005). Microwave-

induced drying, pyrolysis and gasification (MWDPG) of sewage sludge: 



 

145 

Vitrification of the solid residue. Journal of Analytical and Applied Pyrolysis, 

74(1–2), 406-412.  

Menéndez, J. A., Domı́nguez, A., Inguanzo, M. and  Pis, J. J. (2004). Microwave 

pyrolysis of sewage sludge: Analysis of the gas fraction. Journal of Analytical 

and Applied Pyrolysis, 71(2), 657-667.  

Menéndez, J. A., Inguanzo, M. and  Pis, J. J. (2002). Microwave-induced pyrolysis of 

sewage sludge. Water Research, 36(13), 3261-3264.  

Minutillo, M., Perna, A. and  Di Bona, D. (2009). Modelling and performance analysis 

of an integrated plasma gasification combined cycle (IPGCC) power plant. 

Energy Conversion and Management, 50(11), 2837-2842.  

Mishra, S. t., Jyot, J., Kuhad, R. C. and  Lal, B. (2001). In situ bioremediation potential 

of an oily sludge-degrading bacterial consortium. Current microbiology, 43(5), 

328-335.  

Misra, V. and  Pandey, S. D. (2005). Hazardous waste, impact on health and 

environment for development of better waste management strategies in future 

in India. Environment international, 31(3), 417-431.  

Mohamed, A. H. (2013). Process Intensification in Syngas Production and cleaning. 

(Doctor of Philosophy), Newcastle University, United Kingdom.    

Mohammadi, T., Razmi, A. and  Sadrzadeh, M. (2004). Desalination Strategies in 

South Mediterranean Countries: Effect of operating parameters on Pb2+ 

separation from wastewater using electrodialysis. Desalination, 167, 379-385.  

Mokhtar, N. M. (2011). Microwave pyrolysis of oily sludge for potential synthesis gas 

production. (Master of Science), Universiti Putra Malaysia.   (FK 2011 132) 

Mokhtar, N. M., Omar, R., Salleh, M. A. M. and  Idris, A. (2011). Characterization of 

sludge from the wastewater-treatment plant of a refinery. International Journal 

of Engineering and Technology, 8(2), 48-56.  

Moltó, J., Barneto, A. G., Ariza, J. and  Conesa, J. A. (2013). Gas production during 

the pyrolysis and gasification of biological and physico-chemical sludges from 

oil refinery. Journal of Analytical and Applied Pyrolysis, 103, 167-172.  

Motlagh, A., Klyuev, S., Surendar, A., Ibatova, A. and  Maseleno, A. (2018). Catalytic 

gasification of oil sludge with calcined dolomite. Petroleum Science and 

Technology, 1-5.  



 

146 

Mountouris, A., Voutsas, E. and  Tassios, D. (2008). Plasma gasification of sewage 

sludge: Process development and energy optimization. Energy Conversion and 

Management, 49(8), 2264-2271.  

Moustakas, K., Fatta, D., Malamis, S., Haralambous, K. and  Loizidou, M. (2005). 

Demonstration plasma gasification/vitrification system for effective hazardous 

waste treatment. Journal of Hazardous Materials B123 (2005), 120-126. 

Moustakas, K. and  Loizidou, M. (2010). Solid Waste Management  through the 

Application of Thermal Methods. In Kumar, E. S. (Ed.), Waste Management 

(pp. 232). Rijeka, Croatia: InTech. 

Moustakas, K., Xydis, G., Malamis, S., Haralambous, K. J. and  Loizidou, M. (2008). 

Analysis of results from the operation of a pilot plasma 

gasification/vitrification unit for optimizing its performance. Journal of 

Hazardous Materials, 151(2–3), 473-480.  

Mudhoo, A. and  Sharma, S. K. (2011). Microwave Irradiation Technology In Waste 

Sludge And Wastewater Treatment Research. Critical Reviews in 

Environmental Science and Technology, 41(11), 999-1066. 

Mulligan, C. N., Yong, R. N. and  Gibbs, B. F. (2001). Surfactant-enhanced 

remediation of contaminated soil: A review. Engineering Geology, 60(1), 371-

380.  

Murshid, N., Kamil, N. and  Kadir, A. (2018). Treatment of Petroleum Sludge by using 

Solidification/Stabilization (S/S) Method: Effect of Hydration Days to Heavy 

Metals Leaching and Strength. Paper presented at the IOP Conference Series: 

Earth and Environmental Science. 

Myers, R. H., Montgomery, D. C. and  Anderson-Cook, C. M. (2016). Response 

surface methodology: process and product optimization using designed 

experiments (third ed.): John Wiley & Sons. 

Nair, A. T., Makwana, A. R. and  Ahammed, M. M. (2014). The use of response 

surface methodology for modelling and analysis of water and wastewater 

treatment processes: A review. Water Science and Technology, 69(3), 464-

478.  

Nasreen, Z. and  Kalsoom, S. (2018). Biodegradation of petroleum industry oily sludge 

and its application in land farming: A review. International Journal of 

Environment and Waste Management, 21(1), 37-57.  



 

147 

Nehra, V., Kumar, A. and  Dwivedi, H. (2008). Atmospheric non-thermal plasma 

sources. Int J Eng, 2(1), 53-68.  

Nguyen, Q., Rezessy-Szabó, J. M. and  Hoschke, Á. (2000). Optimisation of 

composition of media for the production of amylolytic enzymes by 

Thermomyces lanuginosus ATCC 34626. Food Technology and 

Biotechnology, 38(3), 229-234.  

Nii, S., Kikumoto, S. and  Tokuyama, H. (2009). Quantitative approach to ultrasonic 

emulsion separation. Ultrasonics sonochemistry, 16(1), 145-149.  

Okoro, S. E. and  Adoki, A. (2014). Bioremediation of crude oil impacted soil utilizing 

surfactant, nutrient and enzyme amendments. J Bio Env Sci, 4(4), 41-50.  

Omar, F., Isa, M. H., Kutty, S. R. M., Malakahmad, A. and  Adlan, M. (2008). 

Solidification-stabilization of waste activated sludge from petroleum refinery.  

Oravcova, A. and  Hudec, I. (2010). The influence of atmospheric pressure plasma 

treatment on surface properties of polypropylene films. Acta Chim. Slovaca, 3, 

57-62.  

Pan, X., Yan, J. and  Xie, Z. (2013). Detoxifying PCDD/Fs and heavy metals in fly ash 

from medical waste incinerators with a DC double arc plasma torch. Journal of 

Environmental Sciences, 25(7), 1362-1367.  

Panepinto, D. and  Genon, G. (2014). Wastewater sewage sludge: the thermal 

treatment solution. Waste Management and the Environmental VII. WIT 

Transactions on Ecology and the Environmental, 180, 201-212.  

Park, Y. J. and  Heo, J. (2002). Vitrification of fly ash from municipal solid waste 

incinerator. Journal of Hazardous Materials, 91(1–3), 83-93.  

Peratt, A. L. (1992). Physics of the plasma universe: Springer. 

Pery, R. S. M., Marfà, O. and  Serrano, L. (1995). The effect of a hydrophilic polymer 

on plant water status and survival of transplanted pine seedlings. Hort 

Technology, 5(2), 141-143.  

Piel, A. (2010). Definition of the Plasma State Plasma Physics (pp. 29-43): Springer. 

Pilli, S., Bhunia, P., Yan, S., LeBlanc, R. J., Tyagi, R. D. and  Surampalli, R. Y. (2011). 

Ultrasonic pretreatment of sludge: a review. Ultrasonics sonochemistry, 18(1), 

1-18.  

Płaza, G., Nałęcz-Jawecki, G., Ulfig, K. and  Brigmon, R. L. (2005). The application 

of bioassays as indicators of petroleum-contaminated soil remediation. 

Chemosphere, 59(2), 289-296.  



 

148 

Pourali, M. (2010). Application of Plasma Gasification Technology in Waste to 

Energy-Challenges and Opportunities. IEEE Transactions on Sustainable 

Energy, 1(3), 125 -130.  

Powell, S. M., Harvey, P. M., Stark, J. S., Snape, I. and  Riddle, M. J. (2007). 

Biodegradation of petroleum products in experimental plots in Antarctic 

marine sediments is location dependent. Marine pollution bulletin, 54(4), 434-

440.  

Prakash, V., Saxena, S., Sharma, A., Singh, S. and  Singh, S. K. (2015). Treatment of 

Oil Sludge Contamination by Composting. Journal of Bioremediation & 

Biodegradation, 2015.  

Prieto, G., Prieto, O., Gay, C. R. and  Yamamoto, T. (2003). Destruction of residual 

fumigant using a plasma reactor. IEEE Transactions on Industry Applications, 

39(1), 72-78.  

Qi, K., Xin, J. H., Daoud, W. A. and  Mak, C. L. (2007). Functionalizing Polyester 

Fiber with a Self‐Cleaning Property Using Anatase TiO2 and Low‐

Temperature Plasma Treatment. International Journal of Applied Ceramic 

Technology, 4(6), 554-563.  

Quina, M., Bordado, J. and  Quinta-Ferreira, R. (2008). Treatment and use of air 

pollution control residues from MSW incineration: An overview. Waste 

Manag, 28(11), 2097-2121.  

Quina, M. J., Bordado, J. C. M. and  Quinta-Ferreira, R. M. (2014). 

Stabilisation/solidification of APC residues from MSW incineration with 

hydraulic binders and chemical additives. Journal of Hazardous Materials, 264, 

107-116.  

Raissi, S. (2009). Developing new processes and optimizing performance using 

response surface methodology. World Academy of Science, Engineering and 

Technology, 49, 1039-1042.  

Ramachandran, K. and  Kikukawa, N. (2000). Plasma in-flight treatment of 

electroplating sludge. Vacuum, 59(1), 244-251.  

Ramachandran, K. and  Kikukawa, N. (2002). Thermal Plasma In-Flight Treatment of 

Electroplating Sludge. IEEE Transactions On Plasma Science, 30(1), 310-317.  

Ramaswamy, B., Kar, D. D. and  De, S. (2007). A study on recovery of oil from sludge 

containing oil using froth flotation. Journal of Environmental Management, 

85(1), 150-154.  



 

149 

Reis, R. S., Pacheco, G. J., Pereira, A. G. and  Freire, D. M. G. (2013). Biosurfactants: 

production and applications. Biodegradation: life of science, ISBN, 978-953.  

Robertson, S. J., McGill, W. B., Massicotte, H. B. and  Rutherford, P. M. (2007). 

Petroleum hydrocarbon contamination in boreal forest soils: A mycorrhizal 

ecosystems perspective. Biological Reviews, 82, 213-240.  

Rodrigues, R. C., Kenealy, W. R., Dietrich, D. and  Jeffries, T. W. (2012). Response 

surface methodology (RSM) to evaluate moisture effects on corn stover in 

recovering xylose by DEO hydrolysis. Bioresour Technol, 108, 134-139.  

Romero, M., Hernández-Crespo, M. S. and  Ma., R. J. (2009). Leaching behaviour of 

a glassy slag and derived glass-ceramics from arc-plasma vitrification of 

hospital wastes. Advances in Applied Ceramics, 108(1), 67 - 71. 

Rosen, M. J. and  Kunjappu, J. T. (2012). Surfactants and Interfacial Phenomena 

(Fourth ed.). Hoboken, New Jersey: John Wiley & Sons. 

Roy, M. M., Dutta, A., Corscadden, K., Havard, P. and  Dickie, L. (2011). Review of 

biosolids management options and co-incineration of a biosolid-derived fuel. 

Waste Management, 31(11), 2228-2235.  

Ruj, B. and  Ghosh, S. (2014). Technological aspects for thermal plasma treatment of 

municipal solid waste—A review. Fuel Processing Technology, 126, 298-308.  

Rutberg, P. G., Bratsev, A. N., Safronov, A. A., Surov, A. V. and  Schegolev, V. V. 

(2002). The Technology and Execution of Plasmachemical Disinfection of 

Hazardous Medical Waste. IEEE Transactions On Plasma Science, 30(4), 1445 

- 1448.  

Samal, S. (2017). Thermal plasma technology: The prospective future in material 

processing. Journal of Cleaner Production, 142(Part 4), 3131-3150.  

Sanin, F. D., Clarkson, W. W. and  Vesilind, P. A. (2011). Sludge Engineering: The 

Treatment and Disposal of Wastewater Sludges: DEStech Publications, 

Incorporated. 

Sanlisoy, A. and  Carpinlioglu, M. O. (2017). A review on plasma gasification for solid 

waste disposal. International Journal of Hydrogen Energy, 42(2), 1361-1365.  

Sattar, A., Leeke, G. A., Hornung, A. and  Wood, J. (2014). Steam gasification of 

rapeseed, wood, sewage sludge and miscanthus biochars for the production of 

a hydrogen-rich syngas. Biomass and Bioenergy, 69, 276-286.  

Scala, F. and  Chirone, R. (2004). Fluidized bed combustion of alternative solid fuels. 

Experimental Thermal and Fluid Science, 28(7), 691-699.  



 

150 

Schmidt, H. and  Kaminsky, W. (2001). Pyrolysis of oil sludge in a fluidised bed 

reactor. Chemosphere, 45(3), 285-290.  

Senthilkumar, P. and  Karthik, T. (2016). Effect of Argon Plasma Treatment Variables 

on Wettability and Antibacterial Properties of Polyester Fabrics. Journal of The 

Institution of Engineers (India): Series E, 97(1), 19-29.  

Sharma, H. D. and  Reddy, K. R. (2004). Geoenvironmental engineering: site 

remediation, waste containment, and emerging waste management 

technologies: John Wiley & Sons, Inc. 

Shen, L. and  Zhang, D. (2003). An experimental study of oil recovery from sewage 

sludge by low-temperature pyrolysis in a fluidised-bed. Fuel, 82(4), 465-472.  

Shen, L. and  Zhang, D. (2005). Low-temperature pyrolysis of sewage sludge and 

putrescible garbage for fuel oil production. Fuel, 84(7–8), 809-815.  

Shie, J., Liau, Y., Lin, K. and  Chang, C. (2014). Thermal Treatment of Paper Sludge 

Using Torch Plasma. Paper presented at the 2014 4th International Conference 

on Future Environment and Energy, IACSIT Press, Singapore. 

Shie, J. L., Tsou, F. J., Lin, K. L. and  Chang, C. Y. (2010). Bioenergy and products 

from thermal pyrolysis of rice straw using plasma torch. Bioresour Technol, 

101(2), 761-768.  

Sobiecka, E. and  Szymanski, L. (2014). Thermal plasma vitrification process as an 

effective technology for fly ash and chromium-rich sewage sludge utilization. 

Journal of Chemical Technology & Biotechnology, 89(7), 1115-1117. 

Solution, T. N. (2018). Sewage Sludge Incineration. What Are the Advantages and 

Disadvantages of Sewage Sludge Incineration.  Retrieved 11/23, 2018, from 

<http://www.thomasnutrientsolutions.com> 

Steinberg, D. M. and  Bursztyn, D. (2010). Response Surface Methodology in 

Biotechnology. Quality Engineering, 22(2), 78-87. 

Stockholm. (2011). Plasma torch and its application to waste destruction. Paper 

presented at the Plasma Physics Project-KTH.  

Stuchlik, J. (2018). Characteristics of Plasmas. sciencing.  Retrieved November 25, 

2018, from <https://sciencing.com/characteristics-plasmas-6835053.html>  

Suganthi, S. H., Murshid, S., Sriram, S. and  Ramani, K. (2018). Enhanced 

biodegradation of hydrocarbons in petroleum tank bottom oil sludge and 

characterization of biocatalysts and biosurfactants. Journal of Environmental 

Management, 220, 87-95.  



 

151 

Sukandar, S., Yasuda, K., Tanaka, M. and  Aoyama, I. (2006). Metals leachability 

from medical waste incinerator fly ash: A case study on particle size 

comparison. Environ Pollut, 144(3), 726-735. 

Sun, Y., Nakano, J., Liu, L., Wang, X. and Zhang, Z. (2015). Achieving waste to 

energy through sewage sludge gasification using hot slags, syngas production. 

Scientific Reports, 5, 11436. 

Syal, S. and  Ramamurthy, V. (2003). Characterization of biosurfactant synthesis in a 

hydrocarbon utilizing. Indian Journal of Microbiology, 43(3), 175-180.  

Szente, R. N., Bender, O. W., Schroeter, R. A., Gracia, M. G. and  Barbosa, L. (1998). 

Treating Electroplating Residues by Plasma—Lab and Pilot Scale Tests.  (CEP 

05508-901). Cidade Universitaria, Sao Paulo, Brazil. 

Szente, R. N., Souza, L. B. and  Pasquini, H. (2003). Treating Petroleum Contaminated 

Soil and Sludges Using Plasma. Paper presented at the The 10th Annual 

International Petroleum Conference, Houston, Texas. 

Tan, Z., Ai, P., Li, Y., Ji, X. and  Feng, W. (2014). Investigation on Co-Pyrolysis of 

Sewage Sludge With Coal. Environment Protection Engineering, 40(1), 117 - 

126. 

Tang, L. and  Huang, H. (2005a). Biomass gasification using capacitively coupled RF 

plasma technology. Fuel, 84(16), 2055-2063.  

Tang, L. and  Huang, H. (2005b). Treatment of Waste Tyre Powder Using a High-

frequency Capacitively Coupled Plasma Reactor. Chinese Journal of Process 

Engineering, 5(3), 295-300.  

Tang, L., Huang, H., Hao, H., Wang, H., Wang, Y., Zhu, C. and  Li, Q. (2009). Waste 

tires disposal by thermal plasma for power generation and carbon black 

recovery. Paper presented at the Power and Energy Engineering Conference, 

APPEEC 2009, Asia-Pacific, Wuhan. (27 - 31 March, 2009). 

Tang, L., Huang, H., Hao, H. and  Zhao, K. (2013). Development of plasma 

pyrolysis/gasification systems for energy efficient and environmentally sound 

waste disposal. Journal of Electrostatics, 71(5), 839-847.  

Tang, L., Huang, H., Zhao, Z., Wu, C. Z. and  Chen, Y. (2003). Pyrolysis of 

Polypropylene in a Nitrogen Plasma Reactor. Ind. Eng. Chem. Res., 42, 1145-

1150.  



 

152 

Tanigaki, N., Manako, K. and  Osada, M. (2012). Co-gasification of municipal solid 

waste and material recovery in a large-scale gasification and melting system. 

Waste Management, 32(4), 667-675.  

Tavasoli, A., Ahangari, M. G., Soni, C. and  Dalai, A. K. (2009). Production of 

hydrogen and syngas via gasification of the corn and wheat dry distiller grains 

(DDGS) in a fixed-bed micro reactor. Fuel Processing Technology, 90(4), 472-

482.  

Tenaga Nasional Bhd (2018). Commercial and Industrial Pricing and Tariffs. 

Retrieved 20/12/2018 from <https://www.tnb.com.my/commercial-industrial/ 

pricing-tariffs 

Tian, M., Park, H. and  Row, K. H. (2014). Optimization of Synthesis Amounts of 

Polymers with Two Monomers by Different Methods Based on Response 

Surface Methodology. Advances in Polymer Technology, 33(2). 

Tippayawong, N. and  Khongkrapan, p. (2009). Development of a laboratory scale air 

plasma torch and its application to electronic waste treatment. Int. J. Environ. 

Sci. Tech., 6(3), 407-414.  

Toledo, J. M., Corella, J. and  Corella, L. M. (2005). The partitioning of heavy metals 

in incineration of sludges and waste in a bubbling fluidized bed: 2. 

Interpretation of results with a conceptual model. Journal of Hazardous 

Materials, 126(1–3), 158-168.  

Toropov, V. V. and  Markine, V. L. (1996). The use of simplified numerical models 

as mid-range approximations. Paper presented at the Proceedings of the 6th 

AIAA/USAF/NASA/ISSMO Symposium on Multidisciplinary Analysis and 

Optimization, Part. 

Toropov, V. V., Van Keulen, F., Markine, V. and  De Doer, H. (1996). Refinements 

in the multi-point approximation method to reduce the effects of noisy 

structural responses. Paper presented at the Proceedings 6th 

AIAA/USAF/NASA/ ISSMO symposium on multidisciplinary analysis and 

optimization. 

Trelles, J. P., Chazelas, C., Vardelle, A. and  Heberlein, J. V. R. (2009). Arc Plasma 

Torch Modeling. Journal of Thermal Spray Technology, 18(5 - 6), 728 - 752. 

Tu, X. and  Whitehead, J. C. (2014). Plasma dry reforming of methane in an 

atmospheric pressure AC gliding arc discharge: co-generation of syngas and 



 

153 

carbon nanomaterials. International Journal of Hydrogen Energy, 39(18), 

9658-9669.  

Tuan, Y. J., Wang, H. P. and  Chang, J. E. (2012). Tracking of chromium in plasma 

co-melting of fly ashes and sludges. Water, Air, & Soil Pollution, 223(8), 5283-

5288.  

Tzeng, C. C., Kuo, Y. Y., Huang, T. F., Lin, D. L. and  Yu, Y. J. (1998). Treatment of 

radioactive wastes by plasma incineration and vitrification for final disposal. 

Journal of Hazardous Materials, 58(1–3), 207-220.  

Ubani, O., Atagana, H. and  Thantsha, M. S. (2013). Biological degradation of oil 

sludge: A review of the current state of development. African Journal of 

Biotechnology, 12(47), 6544-6567.  

Urbina, R. H. (2003). Recent developments and advances in formulations and 

applications of chemical reagents used in froth flotation. Mineral Processing 

and Extractive Metallurgy Review, 24(2), 139-182.  

Urum, K. and  Pekdemir, T. (2004). Evaluation of biosurfactants for crude oil 

contaminated soil washing. Chemosphere, 57(9), 1139-1150.  

Vaidyanathan, A., Mulholland, J., Ryu, J., Smith, M. S. and  Circeo Jr, L. J. (2007). 

Characterization of fuel gas products from the treatment of solid waste streams 

with a plasma arc torch. Journal of Environmental Management, 82(1), 77-82.  

Valinčius, V., Grigaitienė, V. and  Tamošiūnas, A. (2012). Report on the different 

plasma modules for pollution removal MO 0 3. Plasma for environ protect.  

Van der Walt, I. J., Jansen, A. A. and  Crouse, P. L. (2017). Plasma-Assisted Treatment 

of Municipal Solid Waste: A Scenario Analysis. Plasma Chemistry and Plasma 

Processing, 37(3), 763-782. 

Van Oost, G., Hrabovsky, M., Kopecky, V., Konrad, M., Hlina, M. and  Kavka, T. 

(2009). Pyrolysis/gasification of biomass for synthetic fuel production using a 

hybrid gas–water stabilized plasma torch. Vacuum, 83(1), 209-212.  

Varavipour, M., Givehchi, S. and  Mashal, M. (2009). Heavy Metals Distributions and 

Uptake in Field-Grown Maize after Application of Sewage Sludge in. Asian 

Journal of Chemistry, 21(1), 23.  

Vedenkin, D. A., Samoshin, R. E. and  Zuev, O. Y. (2015). Processing of oil sludge 

using microwave energy. Paper presented at the 2015 International Conference 

on Antenna Theory and Techniques (ICATT).  



 

154 

Venkatramani, N. (2002). Industrial plasma torches and applications. Current Science, 

83(3), 254-262.  

Vukušić, T., Stulić, V., Režek-Jambrak, A., Milošević, S., Stanzer, D. and  Herceg, Z. 

(2016). Effect of treatment by non-thermal plasma jet on the growth of various 

food spoilage bacteria in superfluous. Croatian Journal of Food Science and 

Technology, 8(1), 20-29.  

Wahi, R., Idris, A., Salleh, M. A. M. and  Khalid, K. (2006). Low temperature 

microwave pyrolysis of sewage sludge. International Journal of Engineering 

and Technology, 3(1), 132-138.  

Wang, Z., Guo, Q., Liu, X. and  Cao, C. (2007). Low Temperature Pyrolysis 

Characteristics of Oil Sludge under Various Heating Conditions. Energy & 

Fuels, 21, 957-962.  

Environmental Quality Act 1974. Environmental Quality (Scheduled Wastes), 

Regulations 2005 C.F.R. (2005). 

Watanabe, N. T. (2012). Acetone decomposition by water plasmas at atmospheric 

pressure. Chemical Engineering Science, 69(1), 296-303.  

Watanabe, N. T. (2013). Decomposition of Glycerine by Water Plasmas at 

Atmospheric Pressure. Plasma Science and Technology, 15(4). 

Weber, W. J. and  Kim, H. S. (2005). Optimizing contaminant desorption and 

bioavailability in dense slurry systems. 1. Rheology, mechanical mixing, and 

PAH desorption. Environmental science & technology, 39(7), 2267-2273.  

Welz, M. L. S., Baloyi, N. and  Deglon, D. A. (2007). Oil removal from industrial 

wastewater using flotation in a mechanically agitated flotation cell. Water SA, 

33(4).  

Wikipedia. (2018). States of Matter. Wikipedia, The Free Encyclopedia. 6265936. 

Retrieved November 25, 2018, from <https://simple.wikipedia.org/w/index. 

php?title=States_of_matter&oldid=6265936> 

Wilk, C. (2004). Solidification/Stabilization Treatment and Examples of Use at Port 

Facilities. Ports 2004: Port Development in the Changing World. Paper 

presented at the ASCE Conference Proceedings. 

Wu, T.-N. (2008). Environmental perspectives of microwave applications as remedial 

alternatives: review. Practice Periodical of Hazardous, Toxic, and Radioactive 

Waste Management, 12(2), 102-115.  



 

155 

Xie, Q., Kong, S., Liu, Y. and  Zeng, H. (2012). Syngas production by two-stage 

method of biomass catalytic pyrolysis and gasification. Bioresour Technol, 

110, 603-609.  

Xie, Q., Peng, P., Liu, S., Min, M., Cheng, Y., Wan, Y., Li, Y., Lin, X., Liu, Y., Chen, 

P. and  Ruan, R. (2014). Fast microwave-assisted catalytic pyrolysis of sewage 

sludge for bio-oil production. Bioresour Technol, 172, 162-168.  

Xie, R., Li, W., Li, J., Wu, B. and  Yi, J. (2009). Emissions investigation for a novel 

medical waste incinerator. Journal of Hazardous Materials, 166(1), 365-371.  

Yan, P., Lu, M., Yang, Q., Zhang, H., Zhang, Z. and  Chen, R. (2012). Oil recovery 

from refinery oily sludge using a rhamnolipid biosurfactant-producing 

Pseudomonas. Bioresour Technol, 116, 24-28.  

Yang, L., Nakhla, G. and  Bassi, A. (2005). Electro-kinetic dewatering of oily sludges. 

Journal of Hazardous Materials, 125(1), 130-140.  

Yu, H., Chen, G., Xu, Y. and  Chen, D. (2016). Experimental Study on the Gasification 

Characteristics of Biomass with CO2/Air in an Entrained-flow Gasifier. 

BioResources, 11(3), 6085-6096.  

Zaidon, A., Kim, G. H., Paridah, M. T., Bakar, E. S. and  Rushdan, I. (2012). 

Optimisation of The Processing Variables for High Polymer Loading in 

Compressed Wood Using Response Surface Methodology. Journal of Tropical 

Forest Science, 24(2), 241-248.  

Zain, A. M., Shaaban, M. G. and  Mahmud, H. (2010). Immobilization of petroleum 

sludge incorporating portland cement and rice husk ash. International Journal 

of Chemical Engineering and Applications, 1(3), 234.  

Zhang, J., Li, J., Thring, R. W., Hu, X. and  Song, X. (2012a). Oil recovery from 

refinery oily sludge via ultrasound and freeze/thaw. Journal of Hazardous 

Materials, 203, 195-203.  

Zhang, Q. (2011). Mathematical modeling of municipal solid waste plasma 

gasification in a fixed-bed melting reactor. (Doctoral Dissertation), Royal 

Institute of Technology, SE-100 44 Stockholm, Sweden. 

Zhang, Q., Dor, L., Fenigshtein, D., Yang, W. and  Blasiak, W. (2011a). Gasification 

of municipal solid waste in the Plasma Gasification Melting process. Applied 

Energy, 90(1), 106-112.  



 

156 

Zhang, Q., Dor, L., Zhang, L., Yang, W. and  Blasiak, W. (2012b). Performance 

analysis of municipal solid waste gasification with steam in a Plasma 

Gasification Melting reactor. Applied Energy, 98, 219-229.  

Zhang, Q., Tang, L., Zhang, J., Mao, Z. and  Jiang, L. (2011b). Optimization of 

thermal-dilute sulfuric acid pretreatment for enhancement of methane 

production from cassava residues. Bioresour Technol, 102(4), 3958-3965.  

Zhao, P., Ni, G., Jiang, Y., Chen, L., Chen, M. and  Meng, Y. (2010). Destruction of 

inorganic municipal solid waste incinerator fly ash in a DC arc plasma furnace. 

Journal of Hazardous Materials, 181, 580-585. 

Zhen, H., Xu-tao, Z. and  Gui-qing, X. (2013). Product Quality Improvement Through 

Response Surface Methodology: A Case Study. Paper presented at the 

Diversity, Technology, and Innovation for Operational Competitiveness: 

Proceedings of the 2013 International Conference on Technology Innovation 

and Industrial Management. 

Zheng, G. and  Koziński, J. A. (2000). Thermal events occurring during the 

combustion of biomass residue. Fuel, 79(2), 181-192.  

Zhou, L., Jiang, X. and  Liu, J. (2009). Characteristics of oily sludge combustion in 

circulating fluidized beds. Journal of Hazardous Materials, 170(1), 175-179.  

Zubaidy, E. A. H. and  Abouelnasr, D. M. (2010). Fuel recovery from waste oily sludge 

using solvent extraction. Process Safety and Environmental Protection, 88(5), 

318-326. 

  




