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Abstract: To solve the problem of unclear comparison and optimization methods for viscosity reducers in the development of chemi-
cal viscosity reduction for heavy oil, a quantitative relationship between the properties of viscosity reducers and their oil displace-
ment efficiency was established using laboratory experiments and mathematical analysis methods. The quantitative relationship be-
tween the various properties and the oil displacement efficiency of the viscosity reducers was determined by using the linear regres-
sion method for a single-factor analysis. Based on the correlation coefficient in the regression, the main properties affecting oil dis-
placement efficiency were clarified. Two indicators, namely oil displacement degree and oil displacement index, were proposed,
and a calculation method for the oil displacement index that reflected the oil displacement efficiency was established. Research

shows that the minimum emulsification speed, viscosity reduction rate, particle size of emulsion, and adsorption loss are the main
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properties affecting oil displacement efficiency. Dehydration rate and oil washing efficiency have a certain impact on oil displace-
ment efficiency. In the low interfacial tension range, the influence of interfacial tension is not significant. The minimum emulsifica-
tion speed, particle size of emulsion, adsorption loss, and dehydration rate are negatively correlated with oil displacement effi-
ciency, while viscosity reduction rate and oil washing efficiency are positively correlated with oil displacement efficiency. A viscos-
ity reducer featuring easy emulsification, high oil droplet passability after emulsification, strong anti-adsorption ability, strong
flowability of emulsified crude oil, and strong stripping effect on crude oil is more likely to achieve higher oil displacement effi-
ciency. The oil displacement index and oil displacement efficiency are linearly positively correlated, and the index can reflect the oil
displacement efficiency. The rationality and practicality of the evaluation method have been verified through viscosity reduction
stimulation and viscosity reduction displacement tests in the mining field.

Key words: viscosity reducer; development of chemical viscosity reduction; oil displacement efficiency; emulsification perfor-

mance ; evaluation and optimization
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Fig.1 Five emulsified viscosity reducers
(mass fraction of 0.5%)
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Fig.2 Device for one-dimensional oil displacement
efficiency experiment
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Fig.3 Oil-water interfacial tension at different mass fractions
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Fig.4 Test results of minimum emulsification speeds for different viscosity reducers
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fraction of 0.5% on stability of emulsions
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Table4 Calculation formulas for oil displacement degree of
different influencing factors

SN 2 IR 5 A
TN 7=-0.012 5x+1.25
[FFaEs 7=0.068 2x-5.680 2
FLARWRL A 7=-0.109 9x+1.802 2
UETES 7=-0.090 9x+2.090 9

F5 BERFFIREEEITEST
Table5S Calculation and statistics of oil displacement
properties of viscosity reducers
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71 0 0.57 0.53 0.36 0.36
2 0.5 0.79 0.41 1 0.67
13 0 0 0 0 0
14 0.25 0.94 0.69 0.82 0.68
15 1 1 1 0.91 0.98
80
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Fig.10 Relationship between oil displacement index
and oil displacement efficiency
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Table6  Statistics of main indicators of six types of viscosity

reducers

KB o hEE BEERR LRI 2 BRI
TR S (rmin) % Bifeum  Bi%k/% 155
K1 40 94.70 10.7 4 0.713
K2 80 94.50 16.7 48 0.341
K3 80 90.60 12.9 26 0.492
K4 100 87.60 14.8 10 0391
K5 60 95.10 20.1 13 0.579
K6 60 97.80 11.7 20 0.824
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