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.Bitumen is extra-heavy oil that does not flow to a well in its natural state due to extremely high viscosity 

over roughly 10,000mPa·s. Its total reserves in Canada, Venezuela, United States, China and Nigeria are 

comparable to that of light crude-oil, especially in Middle East, United States and Russia. The bitumen 

production or extraction, transportation, and refining are required special technical challenges compared to 

light crude-oil. The current negative impact of low price oil on bitumen production can be mitigated through 

application of alternative cost-reduction technology such as emulsification (precisely, formation of 

oil-in-water emulsion for viscosity reduction) in improved oil recovery and pipeline transportation. Poly 

vinyl alcohol (PV A) is a cheap, water soluble and biodegradable polymeric surfactant which had attracted 

several industrial applications due to its excellent physical and chemical properties. PV A solution has 

recently been introduced to enhance viscosity reduction of heavy oil by forming oil-in-water emulsion which 

is easy to resolve; thus eliminating the need for expensive post production and transportation separation 

processes. However, foreseeable problems that can limit successful application of the chemical include 

salinity (NaCl concentration) of the reservoir or process water, and process temperature. Furthermore, 

adding other chemical agents (such as ethanol and NaOH) is a key to success broader applicability in 

forming emulsion and viscosity reduction for highly viscous extra-heavy oil. 

The objective of the present study is to investigate the stability and rheological characteristics of the 

bitumen-in-water emulsion under the influence of salt dissolved in the aqueous solution containing PVA. In 

addition, it is intended to investigate the thermal tolerance of PV A solutions with regards to preheating of 

the solution, and the effects on emulsification. And finally, to investigate the potential synergistic effects of 

PV A solution in combination witli ethanol-NaOH solution in the emulsification of highly viscous 

extra-heavy oil and the characteristics of the emulsions produced. For these purposes, the batch 

emulsification experiments were carried out to form bitumen particles in the aqueous solution of PV A 

containing dissolved NaCl. Bitumen was also emulsified using the heated PV A solution and the PV A 

solution adding ethanol-NaOH. The characteristic emulsification properties including particle size, stability 

and viscosity were measured in order to evaluate the performance of PV A. 

The thesis contains six chapters outlined as follows: 

Chapter 1: The statement of research problems was raised; and present research objectives as well as the 

major approach to solve the identified problems were highlighted. 

Chapter 2: This chapter presents and reviews the relevant theoretical information from the literatures. 

Notably, this includes the origin of high viscosity of heavy oils and the associated challenges, the basic 

concept of emulsification, the chemical information on PV A and its desirability as a surfactant; and 



moreover, the state of research findings by previous researchers using PV A. 

Chapter 3: In this chapter, the properties of Canadian and Nigerian bitumen samples and methodologies 

employed in the experiments were presented, and PV A solution with 0.5%w/w was used for all experiments. 

Moreover, descriptions of experimental procedures of emulsification with salinity, thermal tolerance and 

adding ethanol-NaOH (ethanol: 5%w/w, NaOH: O. lmol/dm3
) were presented with characterization of 

emulsions and rheological modeling. 

Chapter 4: Results from the studies on the effects of salinity on Canadian-bitumen emulsification 

performance of PVA and emulsion stability were presented and discussed in this chapter. Under the 

emulsification conditions investigated, PV A solution was confirmed to assist in forming bitumen-in-water 

emulsion of 20 µm in average particle size despite the salt (NaCl) concentration of up to 3.5%w/w of the 

formulation. However, stability of emulsions was markedly affected by the salinity. Under the storage 

temperature of 20°C, the bitumen separation rate in the stabilized emulsion including O to 1.0 o/ow/w salinity 

was less than 0.022 ml/min in total 8 ml. However, at the salinity of 2.0 and 3.5 o/ow/w, bitumen separation 

rate increased (decreased stability) to 0.03 and 0.1 ml/min, respectively. In addition, the apparent viscosity 

of emulsion was not appreciably affected up to salinity less than l .Oo/ow/w dissolved in the aqueous phase. 

However, the salt content of 2.0 and 3.5 o/ow/w also increased the apparent viscosity of emulsion. Moreover, 

based on analysis of the rheological property vs·. shear rate, the emulsions of salinity 2.0 and 3.5 o/ow/w 

indicated flow behavior index n = 0.4 and 0.6 that shows non-Newtonian pseudo-plastic flu id ( n < 1). 

Chapter 5: This chapter discusses the emulsification performance of PVA solution with thermal history 

in temperature and adding ethanol-NaOH by comparing pump power for pipe line transportation. 

It was confirmed that PVA solution reliably formed ·oil-in-water emulsions between 25 and 175 °c in 

PV A solution, since there was no appreciable difference in the particle size of emulsions formed. Therefore, 

preheated PV A solutions could assist bitumen recovery by not only emulsification but also heating at typical 

reservoir conditions. 

In addition, enhancing emulsification method by mixing ethanol~NaOH was successfully applied for 

Nigerian bitumen that was not emulsified by PV A solution in low temperature range ( <50°C) due to higher 

viscosity than Canadian one. This mixing solution greatly reduced the viscosity of the Nigerian bitumen and 

produced stable emulsions. Specifically, apparent viscosity of the Canadian bitumen sample at shear rate of 

0.14s-
1 

and 50°C was reduced from 14,980 to 280 mPa·s (98% reduction). In the case of Nigerian bitumen 

sample, the apparent viscosity was reduced from 86,560 to 600 mPa·s (99% reduction). 

Moreover, effect of emulsification on the power required to pump the bitumen was presented by a flow 

simulation. The power required for pumping of Canadian bitumen of 5000bbl/day for 16km pipe-line 0.60m 

in diameter was estimated to be lowered from 41 to 16 kW by emulsification with 70%w/w and at flow 

temperature of 40°C. At the same condition for Nigerian bitumen was lowered from 176 to 18 kW. Therefore, 

positive synergistic effect of the mixture of PV A and ethanol-NaOH solutions could be applied to decrease 

the pymp power for bitumen transportation by emulsification. 
-

Chapter 6: The summary of observations and recommendations on further research works for 

improvement were described in this chapter. Moreover, based on these observations, further studies on 

investigations on direct applicability of the chemical (most especially for in-situ emulsification and 

production of heavy oils and pipeline transportation) and application of the flow param~ters obtained in 

numedcal simulation was recommended for improvement. 


