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Effects of CO. on the Aggregation Behavior of Asphaltene Molecules in Heavy Oil
JIANG Huixin, YANG Hongxia, CUI Mengyu, ZHAO Wenjing, SUN Ruixue, JIN Yu, WANG Chuangye
(College of Chemistry and Chemical Engineering, China University of Petroleum (East China ), Qingdao, Shandong 266000, P R of China)

Abstract: The aggregation behavior of asphaltenes significantly affects the viscosity of heavy oil. Studying the aggregation behavior
of CO, on asphaltenes in heavy oil can further analyze the action mechanism of CO, in the process of displacement. Under different
CO; pressures and conditions, CO, dissolution experiments were carried out on heavy oil and heavy oil containing CO, solubilizers
(benzene or ethanol). After separating the four components, CO,-treated asphaltenes were obtained. X-ray diffractometer, scanning
electron microscope and transmission electron microscope were used to characterize the interlayer spacing, surface morphology and
microstructure of asphaltene aggregates extracted under different experimental conditions. The influence mechanism of CO, on
asphaltene aggregation behavior in heavy oil was analyzed. The results showed that the dissolution of CO, in heavy oil broadened
the layer spacing of asphaltene accumulation and retarded the aggregation behavior of asphaltene molecules. Solubilizers increased
the concentration of CO, in heavy oil. It played a synergistic role to further decline the aggregation probability of asphaltene
molecules in heavy oil, decrease the aggregation rate of asphaltene and diminish the interaction with glial molecules, thus reducing
the viscosity of heavy oil.

Keywords: asphaltene; CO.; solubility; aggregation; layer spacing; heavy oil
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Mechanism of Enhanced Oil Reovery by Surfactant in Polymer-surfactant Dual Composite Flooding
SONG Wenling, LI Qiang, ZENG Zhilin
(Key Laboratory of Enhanced Oil Recovery (Ministry of Education) , Northeast Petroleum University, Daqing, Heilongjiang 163318, P R of China)

Abstract: In order to explore the role of surfactant in dual composite system, four surfactants, such as betaine type (S1), anionic
type (S2), lipopeptide biotype (S3) and nonionic-anion surfactant (S4) were combined with partially hydrolyzed polyacrylamide
(HPAM) to form a dual composite system, respectively. By measuring the viscosity, oil-water interfacial tension, emulsification
and core flooding experiment of the system, the mechanism of enhancing oil recovery by surfactant was analyzed. The results
showed that in dual composite flooding, surfactant had a very small influence on the viscosity of system, and the polymer
ultimately determined the viscosity of system. All four types of surfactants had amphiphilic structure, which could reduce the
interfacial tension between oil and water to 10° mN/m and promote oil-water emulsification. The recovery ratio of dual composite
flooding was higher than that of single polymer flooding. S4/HPAM dual system could reduce the interfacial tension between oil and
water to 2.4 x 10~ mN/m. The formed oil-water emulsion had the highest viscosity, the strongest stability and the best effect of
enhancing oil recovery.

Keywords: surfactant; partially hydrolyzed polyacrylamide; dual flooding; interfacial tension; viscosity; stability; recovery factor

(#5586, continued from p. 86)

oil and viscosity reduction by emulsification. In this work, a series of surfactants, i.e., 2#—4#, were prepared by reaction of
hexadecyl trimethyl ammonium hydroxide (1#) with acetic acid and carbon dioxide. Besides, the surface activity and emulsifying
ability of 1#—4# surfactant for dodecane, the interfacial tension between 1#—4# solution and heavy oil and the emulsifying
behavior of heavy oil were studied comparatively. The results showed that the surface activity and emulsifying ability to dodecane of
2#—4# surfactant had little change with that of 1# surfactant. However, 1# surfactant had reverse emulsification for heavy oil,
while 2#—4# surfactant had obvious viscosity reduction ability for heavy oil. In particular, when the reaction ratio of CO,was low,
a “quasi-binary” surfactant (4#) could be formed with CTAOH, whose viscosity reduction rate was more than 98% and interfacial
tension value could reach ultra low as 10° mN/m. Meanwhile, it was found that the synthetic surfactant was temperature-responsive
and the dehydration rate was faster with temperature improving. The advantage could bring the better oil displacement effect and the
easier treatment of produced liquid. The results show a prospective strategy for improving the enhanced oil recovery of carbon
dioxide flooding.

Keywords: carbon dioxide; surfactant; emulsification; interfacial tension; oil-water separation
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