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In this paper, experiments of crude oil demulsification using ultrasound, chemical demulsifier, and the combined method of
ultrasound and chemical demulsifier, respectively, at different temperatures (40°C, 60°C, and 70°C) are carried out. The photos
of water droplet distribution in crude oil, taken with microscopic imaging system, before and after demulsification using the
above methods at 70°C are given. Research results show that the combined method of ultrasound and chemical demulsifier has
the best demulsification effect, followed by chemical demulsifier. Ultrasound without using chemical demulsifier has the least
demulsification effect. Furthermore, the impact of ultrasonic power, treatment time, and temperature on crude oil demulsification
using the combined method of ultrasound and chemical demulsifier is studied. Results indicate that the final dehydration rate
increases with the increase of temperatures and ultrasonic power and almost does not change with the increase of ultrasonic
treatment time. These important conclusions will provide the foundation for an extensive application of the combined method

of ultrasound and chemical demulsifier.

1. Introduction

The formation of water-in-oil emulsions during crude oil
production is a problem for crude oil industry. Until now,
the most common way of separating water from crude oil
is by using chemical demulsifiers [1]. Although chemical
demulsifiers are widely used in crude oil industry, they are
not very efficient [2].

Until recently, ultrasonic irradiation was considered as an
efficient method to desalt heavy crude oil [3]. As an easier,
simpler, and more efficient method, ultrasonic technology
has recently been applied to water-oil emulsion separation
on the laboratory scale in many literature papers [3-11].
Experimental results in these papers suggest that the sepa-
ration is enhanced under ultrasonic irradiation. And then,
many kinds of ultrasonic dehydration apparatus [12-15] on
the large scale have been designed successfully, which enabled
the scale-up of ultrasound-assisted dehydration. This method
was first used in refinery oil dehydration by Yu et al. [16] to
remove water in crude oil emulsion, which is mostly made
by deliberate injection of water into the crude oil in order to
dissolve soluble salts especially NaCl [3]. Their experimental

study on the influence of sound field parameters on the
water in crude oil emulsion behavior indicated that the
response efficiency of the ultrasonically irradiated dispersed
water phase to drive, coalesce, and segregate was similar to
the behavior of suspended particles [17], droplets [18], and
bubbles [19, 20] in sound field.

Ultrasonic demulsification technique mainly uses the
agglomeration effect and the viscosity reducing effect of
ultrasonic wave on crude oil to make water droplets in
the crude oil gather and accelerate oil and water two-phase
separation [21, 22]. References [2, 23] prove that lower
ultrasonic frequency is good for ultrasonic demulsification
when power of transducer remained unchanged.

Higher efficiency of demulsification could be achieved
by combining demulsifier and electrostatic treatment [24].
However, in order to achieve suitable demulsification effi-
ciency, desalted water (in case of desalting water) and more
demulsifiers must be added. Other methods, such as the
combination of demulsifier and hydrocyclones [25] and
the combination of demulsifier and ultrasonic radiation
[4, 10, 23, 26], have been evaluated, but these techniques are
still not used in industrial crude oil demulsification processes
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[2]. In a word, the influence of parameters of transducer
(frequency, power, and treatment time) on the effect of crude
oil demulsification is investigated in these references, and
the effect of the primary factors on crude oil demulsification
using chemical demulsifier is also studied. Results show that
the rate of droplet coalescence at higher ultrasonic frequency
is significantly lower than that at lower ultrasonic frequency
at earlier time when the droplets are small; bigger values of
ultrasonic power are not always better, as they should be
controlled in an optimal range; bigger values of ultrasonic
treatment time are not always better.

However, the systematic comparison of crude oil demul-
sification using ultrasonic treatment, chemical agent alone,
and the combination of ultrasonic and chemical demulsifica-
tion methods, respectively, was not fully investigated.

In this paper, experiments of crude oil demulsification
using ultrasound, natural sedimentation, chemical demulsi-
fier, and the combined method of ultrasound and chemical
demulsifier, respectively, at different temperatures are inves-
tigated. It is shown here that higher efficiency of crude oil
demulsification can be achieved by the combined method
of ultrasound and chemical demulsifier. The purpose of this
paper is to provide the foundation for an extensive application
of the combined method of ultrasound and chemical demul-
sifier.

2. Experimental Apparatus, Materials,
and Procedures

Experiments of demulsification of produced liquid contain-
ing heavy oil by sonochemical treatment were carried out by
Zhang in 2008 in China University of Petroleum (East China)
[27]. On the basis of these experiments, the comparison of
crude oil demulsification using ultrasonic wave, chemical
demulsifier, and the combined method of ultrasound and
chemical demulsifier is further investigated in this section.

2.1. Experimental Apparatus and Materials. The main exper-
imental apparatuses are explosion-proof pneumatic mixer,
stopwatch, HH-8 digital resistance heating furnace, densit-
ometer, constant temperature waters, and WL-8XZ temper-
ature controller. Explosion-proof pneumatic mixer, HH-8
digital resistance heating furnace, and WL-8XZ temperature
controller are shown in Figures 1, 2, and 3, respectively. Three
NC-M type transducers, produced in Wuxinni Ultrasonic
Equipment Co., Ltd., are used to study crude oil demulsifica-
tion using the combined method of ultrasound and chemical
demulsifier. Transducers and their parameters are shown in
Figure 4 and Table 1, respectively.

Explosion-proof pneumatic mixer is produced by DE-
BAO pneumatic company in Zhejiang Province in China.
The advantages of this mixer are stepless speed regula-
tion, elevated torque, explosion-proof, operating intelligence,
automation, and suitability for factory operations. HH-8
digital resistance heating furnace is produced by Zheng Kai
Precision Instrument Co., Ltd., in the city of Dongguan in
China. Its power is 1000 W, the temperature control range
is room temperature ~100°C, and advantages are accurate
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FIGURE 1: Explosion-proof pneumatic mixer.

FiGURE 2: HH-8 digital resistance heating furnace.

temperature control, digital display, and automatic tempera-
ture control. WL-8XZ temperature controller is produced by
Tai Xi Electronics, Ltd., in the city of Guangzhou in China.
Setting temperature is —30°C~120°C. Digital temperature
showing in real time can be achieved using this temperature
controller.

In order to make the experimental results more repre-
sentative of reality, watery crude oils from Dagqing Oilfield
(the freezing point is 672°C) were selected as the samples
to study the effects of crude oil demulsification using ultra-
sound, chemical demulsifier, and the combined method of
ultrasound and chemical demulsifier, respectively.

The initial water content, density, viscosity, and salt
content of crude oil are 25.23%, 0.9247 g-cm_S, 145000 mP-s,
and 95367 mg/L, respectively. The concentration of Type SP
demulsifier is 250 mg/L. The container of crude oil was a
mixing cylinder with stopper, with the following features:
total volume 100 ml, outside diameter 30 mm, and height
260 mm. The amount of crude oil sample was 70 ml. After
stirring crude oil well using pneumatic mixer, the experiment
of ultrasonic demulsification was carried out immediately.
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FIGURE 4: NC-M ultrasound transducer.

TABLE 1: Parameters of ultrasonic transducers.

Transducer frequency  Transducer rated

Transducer number

(kHz) power (W)
1 20 150
30 100
40 50

2.2. Experimental Procedures

(1) We heated the constant temperature water to the
required temperature.

(2) We added the SP demulsifier to the prepared watery
crude oil and stirred the mixture of crude oil and
demulsifier using high speed mixer.

(3) We processed the mixed sample using ultrasonic
transducer.

(4) When the dewatering amount did not appear to add
up, we recorded the total volumes of the dehydrated
water and the whole mixed sample.

3. Experimental Results and Discussion

3.1. The Comparison of Crude Oil Demulsification Using Ultra-
sound, Natural Sedimentation, Chemical Demulsifier, and the
Combined Method of Ultrasound and Chemical Demulsifier.
Under the same ultrasonic power (150 W) and ultrasonic
frequency (20 kHz), experiments of crude oil demulsification
using ultrasound, natural sedimentation, chemical demulsi-
fier, and the combined method of ultrasound and chemical
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FIGURE 5: The comparison of demulsifying and dehydrating crude
oil using ultrasonic excitation, natural sedimentation, chemical
demulsifier, and sonochemistry method, respectively, at 40°C.
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FIGURE 6: The comparison of demulsifying and dehydrating crude
oil using ultrasonic excitation, natural sedimentation, chemical
demulsifier, and sonochemistry method, respectively, at 60°C.

demulsifier, respectively, at different temperatures (40°C,
60°C, and 70°C) were carried out. Results are shown in
Figures 5, 6, and 7 respectively.

As can be seen in Figure 5, ultrasound can dehydrate
crude oil instantaneously, but the dehydration rate is nearly
invariable and natural sedimentation has the lowest final
dehydration rate; as time goes on, the combined method
of ultrasound and chemical demulsifier has the best demul-
sification effect compared to that of using ultrasound and
chemical demulsifier separately at 40°C.

As can be seen in Figure 6, the combined method of
ultrasonic irradiation and chemical demulsifier has the best
demulsification effect, followed by chemical demulsifier, and
ultrasound without using chemical demulsifiers has the least
demulsification effect at 60°C.
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FIGURE 7: The comparison of demulsifying and dehydrating crude
oil using ultrasonic excitation, natural sedimentation, demulsifier
chemical, and sonochemistry method, respectively, at 70°C.

It can be seen from Figure 7 that the dehydration rate
using the combined method of ultrasound and chemical
demulsifier is double than that using ultrasonic treatment,
and it is nearly higher compared to the use of chemical
demulsifier at 70°C over time. The above three figures allow
for a similar conclusion: the combined method of ultrasound
and chemical demulsifier has the best demulsification effect,
followed by chemical demulsifier and ultrasound without
using chemical demulsifiers. Furthermore, they also indicate
that the final dehydration rates when using the above four
demulsification methods all increase as the temperatures rise,
which indicates that temperature is an important factor that
affects the demulsification effect.

The photos of water droplet distribution in crude oil
using the above demulsification methods are taken with
microscopic imaging system at 70°C. Figure 8(a) is the
water droplet distribution in crude oil before demulsification,
Figure 8(b) is the water droplet distribution in crude oil
using chemical demulsifier, Figure 8(c) is the water droplet
distribution in crude oil using ultrasonic excitation without
using chemical demulsifiers, and Figure 8(d) is the water
droplet distribution in crude oil using the combined method
of ultrasound and chemical demulsifier.

It can be seen from Figure 8(a) that there are many
water droplets with different diameters in crude oil before
demulsification. From Figure 8(b), the number and diameters
of water droplets in crude oil have all been reduced with the
chemical demulsifier. From Figure 8(c), the number of water
droplets and their diameters have been somewhat reduced
after ultrasonic excitation. However, the diameters of water
droplets are bigger than that in Figure 8(b). Moreover, the
number of water droplets with big diameter is still higher
in Figure 8(c) than in Figure 8(b), which indicates that the
demulsification effect using chemical demulsifier is better
than that using ultrasound. It can be seen from Figure 8(d)
that the number of water droplets has been greatly reduced
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and the water droplets with big diameter has become fewer
compared with Figures 8(b) and 8(c) after demulsification
using the combined method of ultrasound and chemical
demulsifier. It can be seen in Figure 8(a) that there are
many big and smaller water drops before sonochemistry
treatment. The water content is 48.5%. It can be seen in
Figure 8(d) that the number of big water droplets in crude oil
has all been greatly reduced after sonochemistry treatment.
The water content was 18.5% after sonochemistry treatment.
Briefly, by comparing Figures 8(a), 8(b), 8(c), and 8(d), the
combined method of ultrasound and chemical demulsifier
has the best demulsification effect, followed by chemical
demulsifier and ultrasonic irradiation without using chemical
demulsifiers; besides, it is proved once again from the above
four figures that the smaller the drops, the more difficult the
demulsification.

Natural sedimentation dehydration is a time-consuming
process and has no good dehydration effect. That is why
the other three dehydrating methods are significantly better
than natural sedimentation dehydration. Extraheavy crude
oil demulsification using ultrasound is achieved mainly
using mechanical fluctuation and thermal effects. Mechanical
fluctuation can promote water droplets in crude oil to gather
together so that they move downwards in the direction
of gravity. Furthermore, mechanical fluctuation can also
improve the solubility of natural emulsifiers in crude oil,
such as paraffin, pectin, and asphalt, so that the mechanical
strength of the oil-water interfacial film can be decreased.
The decrease of the mechanical strength of the oil-water
interfacial film is conducive to oil-water settling separation.

Thermal effects produced by ultrasound can decrease
the mechanical strength of the oil-water interfacial film and
the viscosity of crude oil. On the one hand, the increase
of temperature at the oil-water interface is conducive to
breaking the oil-water interfacial film; on the other hand,
thermal energy converted from part of the sound energy
absorbed by crude oil can reduce the viscosity of crude oil,
which is conducive to water droplets moving downwards in
the direction of gravity.

But why does the combined method of ultrasound and
chemical demulsifier have the best demulsification effect?
That is because ultrasound can promote water droplets in
crude oil to gather together; chemical demulsifier can greatly
decrease the surface tension of water droplets so that the
mechanical strength of the oil-water interfacial film can be
degraded. Due to the mechanical strength decrease of oil-
water interfacial film, big water droplets merge into larger
ones, and then they will move downwards in the direction
of gravity.

4. The Impact of Ultrasonic Parameters on
Crude Oil Demulsification Using
the Combined Method of Ultrasound and
Chemical Demulsifier

4.1. The Impact of Ultrasonic Power on Crude Oil Demulsifica-
tion Using the Combined Method of Ultrasound and Chemical
Demulsifier. This experiment is carried out under constant
temperature, constant chemical demulsifier concentration,
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(c)

(d)

FIGURE 8: The effect of crude oil demulsification using different methods. (a) Before demulsification; (b) the effect of crude oil demulsification
using chemical demulsifier; (c) the effect of crude oil demulsification using ultrasonic treatment; (d) the effect of crude oil demulsification

using the combined method of ultrasound and chemical demulsifier.
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FIGURE 9: The impact of ultrasonic powers (50 W and 100 W) on
sonochemistry dehydration.

and constant ultrasonic treatment time. The impact of ultra-
sonic power on sonochemistry dehydration is shown in
Figures 9 and 10.

As can be seen in Figures 9 and 10, the final dehydration
rate by using the combined method of ultrasound and
chemical demulsifier increases with the increase of ultrasonic
power. That is because ultrasound with higher power can
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FIGURE 10: The impact of ultrasonic power (100 W and 150 W) on
sonochemistry dehydration.

cause more intensive mechanical vibrations so that the effect
of ultrasonic dehydration can be improved significantly.

4.2. 'The Impact of Ultrasonic Treatment Time on Crude Oil
Demulsification Using the Combined Method of Ultrasound
and Chemical Demulsifier. This experiment is carried out
under constant temperature, constant chemical demulsifier
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F1GURE 11: The impact of different ultrasonic treatment time (10 min
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FIGURE 12: The impact of different ultrasonic treatment time (20 min
and 25 min) on sonochemistry dehydration.

concentration, and constant ultrasonic power. The impact of
ultrasonic treatment time on sonochemistry dehydration is
shown in Figures 11 and 12.

As can be seen in Figures 11 and 12, this important
conclusion indicates that there is no need to spend more time
to dehydrate watery crude oil using the combined method of
ultrasound and chemical demulsifier.

5. Conclusion

The novelty of this manuscript is that the comparison of
crude oil demulsification using ultrasonic treatment, chem-
ical agent alone, and the combination of ultrasonic and
chemical demulsification methods, respectively, was investi-
gated. Results prove that the combined method of ultrasound
and chemical demulsifier has the best demulsification effect,
followed by chemical demulsifier and ultrasonic treatment.
Experiments also indicate that the combined method of
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ultrasound and chemical demulsifier not only can achieve
the purpose of heavy crude oil demulsification-dehydration
but also can shorten demulsification -dehydration time.
Furthermore, it is proven that the final dehydration rate
by using the combined method of ultrasound and chemical
demulsifier increases with the increase of ultrasonic power
and temperature and is almost not changed with the increase
of ultrasonic treatment time. These conclusions provide
important reference for on-site application of sonochemistry
dehydration technique.
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