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Particle size characterization of wax crystal in crude oil by
ultrasound attenuation spectroscopy

LIN Chun-dan, LIANG Yong-shen, ZHANG Wan-song, SHAO Chang-jin
(College of Sciences, China University of Petroleum, Beijing 102249, China)

Abstract: The ultrasonic attenuation coefficients of Nanhai oil, Qiuling oil and white oil are measured under different
frequencies and different temperatures. At the same time, the numerical study is made by combining the ultrasonic
coupled phase model (HT model) and the Bouguer-Lambert-Beer-Law (BLBL model) scattering model to simulate the
relationship of the variation of the ultrasonic attenuation coefficients and their ratio with the particle size of wax crystal
in oil samples under two different frequencies. Then the ultrasonic attenuation coefficients of waxy crude oil could be
predicted rather accurately. Average particle sizes of wax crystal at different temperatures are determined by comparing
the attenuation model obtained by theoretical prediction with the ultrasonic attenuation coefficients measured by expe-
riments. It is found that as temperature decreases, the average particle size of wax crystal increases monotonically.
Comparing these results with those measured by microscope shows that this method might be feasible for monitoring the

average particle size of wax crystal in crude oil.
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Table 1 Physicochemical properties of the studied crude oil
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Table 2 The ratio of wax precipitation in Nanhai crude oil
W/ C 40.2 35.0 289 254 205 16.1
T/ Y% 0.64 134 3.17 559 8.27 11.6
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Table 3 The ratio of wax precipitation in Qiuling crude oil
WEE/C 306 263 203 152 101 7.9
SR 008 017 030  1.13 269 3.35
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Fig.4 Ultrasonic attenuation spectra for Nanhai oil
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Fig.5 Ultrasonic attenuation spectra for Qiuling oil
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Fig.6 Ultrasonic attenuation spectra for White oil
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Table 4 The average size of wax crystal at 20°C in Qiuling oil
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