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Abstract

Purpose: While rapeseed oil, soy bean oil, palm oil and waste cooking oil are being used for biodiesel, the viscosity of them
should be lowered for fuel. The most widely used method of decreasing the viscosity of vegetable oil is to convert the
vegetable oil into fatty acid methyl ester but is too expensive. This experiment uses ultrasonic energy, instead of converting
the vegetable oil into fatty acid methyl ester, to lower the viscosity of the waste cooking oil. Methods: For irradiation
treatment, the sample in a beaker was irradiated with ultrasonic energy and the viscosity and temperature were measured
with a viscometer. For heating treatment, the sample in a beaker was heated and the viscosity and temperature were
measured with a viscometer. Kinematic viscosity was calculated by dividing absolute viscosity with density. Results: The
kinematic viscosity of waste cooking oil and cooking oil are up to ten times as high as that of light oil at room temperature.
However, the difference of two types of oil decreased by four times as the temperature increased over 83°C. When the
viscosity by the treatment of ultrasonic energy irradiation was compared to one by the heating treatment to the waste
cooking oil, the viscosity by the treatment of ultrasonic energy irradiation was lower by maximum of 22% and minimum of
12%, than one by the heating treatment. Conclusions: Ultrasonic energy irradiation lowered the viscosity more than the
heating treatment did, and ultrasonic energy irradiation has an enormous effect on fuel reforming.

Keywords: Waste cooking oil, Viscosity characteristics, Ultrasonic energy, Heating, Density

Introduction The high viscosity of the vegetable oil causes incomplete

combustion in a combustion chamber and hinders the

Recently biodiesel has been receiving increasing attention
as an alternative fuel due to the finiteness of fossil fuel and
reduction of greenhouse gas. Biodiesel contains 8.5~11%
oxygen and it is expected to reduce the harmful gas from
diesel engine (Nishino et al., 2009). Biodiesel raw materials
vary according to the countries; for example, European
countries use the rapeseed oil, USA uses the soybean oil,
Southeast Asian countries use the Palm oil, and Japan
uses the waste cooking oil. Germany, France and Italy
occupy the majority of worldwide biodiesel production
(1,800,000 KL) (Nishijaki, 2006). Waste cooking oil should
be processed to lower the viscosity to use as diesel fuel.
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engine operation. Transformation of fatty acid into
methyl ester is the most widely used technology to lower
the viscosity of vegetable oil. The technology is safe and
commercialized because it make mass production possible.
However, it has several disadvantages: it cannot be
applied to a small device, it needs a process to remove
water and free fatty acids in raw materials, and it costs a
lot to purify glycerin, which is a by-product of esterification.
For these reasons, a non-catalytic biodiesel production
route with supercritical methanol has been developed to
purify the vegetable oil. The new technology produces a
single layered liquid without glycerin. However, the tech-
nology needs manufacturing equipment such as anticorrosive
reactor, high-pressure pump, back pressure pump, and
heat exchanger (Iljima et al., 2008). In Korea, there are
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lots of research on the experiment of agricultural engines
using biodiesel which was processed by esterification
with soybean oil (Choi and Oh, 2010) and rapeseed oil
(Choi and Byeon, 2009). However, there is little research
on biodiesel for agricultural engines without esterification
in waste cooking oil. According to Chung and Park (2010),
using ultrasonic energy irradiation in transesterification
made reaction faster and acid value lower over 30%. In
addition, Im etal. (2007) reported that ultrasonic energy
irradiation to biodiesel blended fuel lower the viscosity.
The result, however, was not clear if the viscosity was
lowered due to the ultrasonic irradiation or heating
treatment of raw materials. Thus, this study will compare
the viscosity changes of ultrasonic irradiation and heating
treatment which are used for lowering viscosity without
esterification in waste cooking oil.

Materials and Methods

The viscosity of sample was measured using Brookfield
Viscometer (LVDV-II+Pro. Brookfield Engineering Laboratory,
USA) as shown in Figure 1. After the sample in a beaker
was heated, the absolute viscosity and temperature were
measured using viscometer. For density calculation, the
volume and weight were measured while heating the
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Figure 1. Brookfield viscometer.
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Figure 2. Schematic diagram of ultrasonic generator.
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sample in a measuring cylinder. Kinematic viscosity was
calculated by dividing absolute viscosity by density.

Figure 2 shows the ultrasonic generator (VCX750, Sonic
and Material Inc. USA). The ultrasonic generator creates
high frequency electric energy with 230V of the source of
electric power. The voltage creates 20,000 sparks per
second to the piezoelectric crystal and the crystal trans-
forms into mechanical vibration with 20,000 expansion
and contraction per second. The vibration is amplified by
the probe and transmitted to the sample. The converter has
four piezoelectric crystals. The ultrasonic wave generator
digitally displays the actual amount of energy in joules (or
watts) that is being delivered to the probe. The sample in
a beaker was irradiated with ultrasonic energy, and its
viscosity was measured with the viscometer. One can
choose the amount of ultrasonic energy irradiation being
delivered to the probe between 150 W to 750 W. The
amount of ultrasonic energy irradiation was set at 600 W
for this experiment.

Table 1 shows the specification of ultrasonic generator.
The amplitude of the probe is 35 #m, diameter and length
are 19 mm, 136 mm respectively.

The ceramic heater (MS400, BANTE, Chicago, USA), a
heating device which can control the temperature of
samples within the beaker, was used to heat the waste
cooking oil. The temperature of samples within the beaker
was measured with the thermocouple. The materials used
in the experiment included waste cooking oil, cooking oil,
light oil, and blended oil.

BD20, 40, 60, and 80 mean the light oil is blended with
waste cooking oil with 20, 40, 60, and 80% v volume ratio
respectively. BDO means 100% light oil, and BD100
means 100% waste cooking oil. Waste cooking oil was
filtered once with No. 500 wire-mesh.

Results and Discussion

Figure 3 shows the density of waste cooking oil,

Table 1. Specification of ultrasonic generator

Probe Dia.x Length (mm) 19 x136
Prove Type Solid
Amplitude of probe tip (um) 61
Convertor Dia.x Length (mm) 63.5 x183
Capacity (ml) 10 to 250
Ultrasonic irradiation energy (W) 150 to750
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cooking oil, and light oil. Waste cooking oil was filtered
once with No. 500 wire-mesh. As in the figure below,
waste cooking oil and cooking oil showed 10% higher
density compared to the density of light oil. Furthermore,
the densities of three types of oil decreased as temperature
increased.

Figure 4 shows the kinematic viscosity of waste cooking
oil, cooking oil, and light oil. The kinematic viscosity of
waste cooking oil and cooking oil were up to ten times as
high as that of light oil at room temperature. However, the
differences of kinematic viscosity in two types of oil
reduced four times as the temperature increased above
70°C. This indicates that waste cooking oil should be
heated for fuel used in agricultural engines without
esterification. In addition, the kinematic viscosity of
filtered waste cooking oil was 10% higher than that of
cooking oil at room temperature, but the differences
decreased with increasing temperature and became the
same value above 45°C.

Figure 5 shows the kinematic viscosity of light oil after
the ultrasonic energy irradiation and heating treatment.
As shown in Figure 5, there was no difference in kinematic
viscosity between ultrasonic energy irradiation and heating
below 50°C, but above the 50°C viscosity of ultrasonic
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Figure 4. Relation between temperature and kinematic viscosity of
various oils.

energy irradiation was 5~6% lowered than that of heating.
It indicates that ultrasonic energy irradiation lowered
the viscosity. This is caused by ultrasonic cavitation.

When ultrasonic wave is irradiated in the solution, the
solution periodically repeats compression and expansion.
In this expansion, micro-bubbles are formed in the solution.
When these bubbles are compressed over the surface
force, the solution immediately shrinks, explodes, and
produces shockwaves. Because of these shockwaves, the
solution disperses and decomposes, accompanied by
high pressure and temperature. This is called phenomena
of ultrasonic cavitation. The viscosity of oils decreases
caused by ultrasonic cavitation.

The ultrasonic waves generate acceleration of particles
of medium and collapse the dissolved air molecule in the
fluids, and the decrease in viscosity of various oils is
caused by ultrasonic cavitation.

Figure 6 shows the kinematic viscosity after the ultra-
sonic energy irradiation and heating treatment in the
light oil blended with waste cooking oil with 60% of
volume ratio (BD60). As shown in Figure 6, the ultrasonic
energy irradiation lowered the kinematic viscosity 21%
the maximum and 9% the minimum. Compared with the
results in Figure 4, ultrasonic energy irradiation lowered
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Figure 5. Effect of ultrasonic energy irradiation on viscosity for light
oil.
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Figure 6. Effect of ultrasonic energy irradiation on viscosity for
BD60.
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Figure 7. Effect of ultrasonic energy irradiation on viscosity for
wasted cooking oil.
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Figure 8. Relation between ultrasonic energy irradiation time and
kinematic viscosity of wasted cooking oils.

the viscosity of the blended oil (BD60) than the light oil.
This shows that ultrasonic cavitation is occurring more
actively in blended oil than in light oil

Figure 7 shows the kinematic viscosity after the ultra-
sonic energy irradiation and heating treatment in waste
cooking oil. As shown in Figure 7, when the viscosity by
the treatment of ultrasonic energy irradiation was com-
pared to one by the heating treatment to the waste
cooking oil, the viscosity by the treatment of ultrasonic
energy irradiation was lower by maximum of 22% and
minimum of 12%, than one by the heating treatment. This
shows that ultrasonic energy irradiation of waste cooking
oil yields a greater decrease in viscosity than heating
treatment of waste cooking oil. This is caused by ultrasonic
cavitation.

Figure 8 shows the viscosity changes of waste cooking
oil in relation to the ultrasonic energy irradiation time.
The kinematic viscosity decreased until 10 minute ultrasonic
energy irradiation, and it became stable. Thus it is optimal
to irradiate waste cooking oil for 10 minutes.

After performing ultrasonic energy irradiation for ten
minutes, the temperature of the waste cooking oil is 83°C.

Figure 9 shows the kinematic viscosity of waste cooking
oil, blended oil with light oil and waste cooking oil, and
light oil according to the ultrasonic energy irradiation
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Figure 9. Effect of ultrasonic energy irradiation on viscosity for
various blended oils.

time. When the mixing ratio of waste cooking oil was low,
the viscosity became low and similar to the viscosity of
light oil. Before ultrasonic energy irradiation, the kinematic
viscosity of BD100, 80, 60, 40, 20, 0 were 137.6 cSt, 39.7
cSt, 23.0 cSt, 13.9 cSt, 7.3 cSt, 5.2 cSt respectively.
However, after ultrasonic energy irradiation, they became
7.8 cSt, 5.5 ¢St, 4.0 cSt, 2.8 cSt, 2.0 cSt, 1.8 cSt respectively,
and their decreasing ratio were 94%, 86%, 82%, 80%,
73%, 65%.

Conclusions

Biodiesel has similar characteristics with light oil.
Because it contains oxygen, it can control emissions. For
the fuel injected into the combustion chamber of the
diesel engine to combust completely, atomization has to
be favorable. This atomizing ability is optimum when
viscosity is low. However, since vegetable oil has high
viscosity, its viscosity must be decreased for it to be used
as a diesel fuel. This study examined the viscosity changes
of ultrasonic irradiation and heating treatment which are
used for lowering viscosity without esterification in
waste cooking oil.

The kinematic viscosity of waste cooking oil and cooking
oil were higher than that of light oil by 10 times the
maximum at room temperature. However, the differences
of kinematic viscosity in two types of oil reduced four
times as the temperature increased above 70°C. In addition,
the kinematic viscosity of filtered waste cooking oil was
10% higher than that of cooking oil at room temperature,
but the differences decreased with increasing temperature
and became the same value above 45°C. The ultrasonic
energy irradiation lowered the kinematic viscosity 22%
the maximum and 12% the minimum than heating treat-
ment. The ultrasonic energy irradiation lowered the
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kinematic viscosity 21% the maximum and 9% the
minimum in the light oil blended with waste cooking oil
with 60% volume ration (BD60). 10 minute irradiation
was optimal for waste cooking oil. 10 minute irradiation
to the blended oil of BD 100, 80, 60, 40, 20, 0 reduced the
kinematic viscosity 94%, 86%, 82%, 80%, 73%, 65%
respectively.
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