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ACRONYMS AND DEFINITIONS

ASTM American Society for Testing and Materials

B20 diesel fuel containing 20 vol.% biodiesel

B100 neat biodiesel

DOE U.S. Department of Energy

FEERC Fuels, Engines, and Emissions Research Center
(ORNL)

GC-MS gas chromatography-mass spectrometry

MG Monoglyceride

ORNL Oak Ridge National Laboratory

SDS sodium dodecylsulfate

SG steryl glucoside

SME soy methyl ester
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1. INTRODUCTION AND BACKGROUND

Recently there has been renewed interest in expanding the role of biodiesel in the energy plan for the
United States. With the rising cost of petroleum and the recognized need to utilize domestic fuel
resources to improve the nation’s energy security, biofuels, such as biodiesel, offer a promising
alternative to help meet the country’s energy needs (especially for transportation). Additional concerns
about global warming have also led to calls for more renewable energy sources, including alternative
fuels. Biodiesel is made from renewable resources such as soybean oil, other plant oils and animal fat. It
can be used in diesel engines and burners (to heat homes) with few or no modifications and can be used
either neat (B100), or blended with petroleum diesel (commonly as 20% biodiesel, B20).

1.1 PRECIPITATE FORMATION

Although biodiesel has excellent compression ignition fuel properties and is known to lower particulate
matter emissions, at temperatures below the cloud point (~5°C) biodiesel begins to solidify and flow
properties quickly degrade. Unfortunately, biodiesel has been demonstrated to also plug filter systems
when it has been exposed to temperatures just above the cloud point. The cause of the plugging is the
formation of precipitates which are stable at ambient temperatures (20 to 40°C or 68 to 104°F) and cannot
be detected by visual inspection (1). Lack of visual detection indicates that precipitates are on the order
of several molecular lengths in size. The kinetics and chemistry of these precipitants are currently being
investigated. Some studies have suggested that these precipitates were solidified saturated
monoglycerides. However, Pfalzgraph et al performed a detailed study which suggests that these
precipitants likely form during the interaction of several constituents, with steryl glucosides as a
necessary component. In fact studies have shown that the level of precipitates seems to be higher for
blends of biodiesel and diesel fuel than with biodiesel alone. This problem is a critical area of research in
the biodiesel community and was considered the top issue at the 2007 Biodiesel Technical Workshop (2).

To better understand the susceptibility of biodiesel to precipitate formation (and hence filter plugging), a
cold soak filtration test (ASTM D6217) was developed by the American Society for Testing Materials,
which has become the industry standard for assessing the filterability of biodiesel fuels.

1.2 ACOUSTIC ATTENUATION

A propagating acoustic wave can be reflected or absorbed by particulate matter (solid or fluid) depending
on the size of the wavelength relative to the dispersed particle (3). Long wavelengths relative to the size
of the object are absorbed rather than reflected. Because the precipitate micelles are on the order of
several molecular lengths in size, high energy ultrasonic frequencies up to 100Hz would be effectively
absorbed by the dispersed precipitate micelles. A study by Tat et al. (1) showed that the speed of sound in
MSE biodiesel is around 1400m/s. Therefore, a standard laboratory sonifier outputting 20kHz of fixed
acoustic energy would have a wavelength of 7cm in neat biodiesel and at that wavelength, the ultrasonic
waves would be readily absorbed by the precipitate micelles. Generally speaking, absorption is the
conversion of acoustic energy to thermal energy. The interfacial equilibrium between the precipitate
micelle and the surrounding fluid is altered by the incoming acoustic wave. Viscous damping of the
precipitate motion combined with heat conduction into the precipitant will raise the temperature of the
precipitate relative to the bulk liquid. In other words thermoviscous effects that occur on the precipitant
surface will result in preferential heating of the precipitated phases.



1.3 PROPOSED WORK

Although other researchers are currently investigating the chemistry of biodiesel precipitates, we are not
aware of any effort to address precipitate removal after they have formed. Because filter plugging
(caused by precipitate buildup) is the leading technical barrier to expanded biodiesel usage, cost-effective
solutions to remove precipitates have the potential to advance biodiesel use as a transportation fuel.

This study seeks to remove precipitates by performing in-situ dissolution in neat biodiesel (B100). In
order to induce and control precipitate formation, high quality B100 will be doped with trace levels of
steryl glucoside, sodium dodecylsulfate, and water. These chemicals have been demonstrated by
Pfalzgraf et al. (4) to be effective precursors of biodiesel precipitates. The doped B100 fuel would be
chilled to induce precipitate formation and then subjected to 20kHz of sonic energy. The influence of
ultrasonic energy on precipitate dissolution will be evaluated based using the method described by the
ASTM standard test method for cold soak filtration (5).

Using high-intensity sound waves, it is theoretically possible to keep the bulk fluid temperature relatively
low while selectively heating the precipitates to force them back into solution. In contrast, conventional
heating (using resistance heaters or furnaces) will heat up the entire bulk fuel, thereby causing oxidation
and degradation of the methyl ester chains that make up biodiesel. In order to develop a method to
mitigate fuel filter clogging caused by precipitates formation at low ambient temperatures, we have
initiated experiments to investigate the use of ultrasonic energy to redissolve these precipitates and return
the biodiesel to acceptable filterability.

This report describes a bench-scale proof-of-concept effort performed by the ORNL to investigate the
effects of sonication on the removal of induced biodiesel precipitates.



2. EXPERIMENTAL SETUP

2.1 MATERIALS AND METHODOLOGY

The biodiesel product used in this study was SoyGold 1000 industrial solvent (manufactured by
SoyGold). SoyGold 1000 is a high-grade biodiesel composed of soybean methyl esters. Key properties
of SoyGold 1000 are listed below in Table 1 (6).

Table 2.1 Selected properties of SoyGold 1000.

Property Value
Low volatile organic compounds (VOC), % 7.29
Kauri butanol value 61
Specific gravity, g/mL 0.882
Boiling point, °C 333
Flashpoint, °C >150

Untreated SoyGold B100 biodiesel was sonicated initially to rule out any non-additive related changes in
filter times. This step is necessary since SoyGold 1000 contains 0.17 to 0.24wt.% of monoglyceride
(MG) compounds (7). Therefore, it is important to remove any pre-existing MG precipitates and/or
isolate their contribution to the time required to pass the biodiesel through the filter. Because high
intensity ultrasound can generate significant levels of thermal energy, it was necessary to pulse the
sonifier to prevent excessive heating. The temperature rise during sonication was measured using a
thermometer and reached a bulk temperature of 66°C. In order to separate the bulk thermal effect from
the sonication-induced thermovisous contribution, an unsonified control specimen was heated to 66°C via
a hot plate for comparison.

The combination and levels of components used in this study (20ppm SG, 40ppm SDS, and 500ppm
water) were based on the formulation used by Pfalzgraf et al. (4) which resulted in the highest filter time
with no added MG. The procedure to add the spiked components to the neat biodiesel was as follows:

1. First, steryl glucoside (SG) was added at 10% in pyrene to reach 20ppm weight/volume biodiesel.
The resulting SG/pyrene blend was subsequently added to neat biodiesel and the fuel mixture was
stirred and heated to 90°C under vacuum for 30 minutes to remove excess pyrene.

2. Next, 40ppm sodium dodecylsulfate (SDS) and 500ppm water were combined and stirred into the
SG-spiked biodiesel at 70°C for 20 minutes in a nitrogen environment. Once the spiked fuel
reached room temperature, it was placed in the refrigerator or analyzed for filtration rate,
depending on the experiment being done. Unspiked control samples were placed directly into the
refrigerator. After 16 hours at 2.8°C in the refrigerator, the samples were removed and allowed to
come to room temperature over two hours, which was checked daily to be 24 + 1°C.

Acoustic energy was applied 70ml biodiesel samples using a Branson 450 watt 20kHz sonifier as shown
in Fig 2.1. To minimize bulk heating, the sonifier was operated for 40 seconds, turned off for 30 seconds
and then operated for another 30 seconds. Using this approach, the maximum temperature reached was
66 + 2°C. Thermal control tests were performed by heating clean biodiesel to 68°C (using a hot plate) in
atmospheric conditions. The heated sample was removed from hot plate and allowed to cool to room
temperature.
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Fig. 2.1. Method and apparatus used to sonicate biodiesel.

2.1 EXPERIMENTAL APPARATUS

The experimental apparatus used for the cold soak filtration measurement is shown in Fig. 2.2. The
apparatus was assembled using the ASTM D 7501 cold soak filtration standard. The ASTM procedure
however was modified by reducing the sample fluid size passing though the filter. The reduction in
sample volume decreases the filtration time but should not affect the comparison of the performance of
the samples within this study. For each sample, three specimens were evaluated to assess variance. The
total sample size was 70mL and filtration times were measured for 50mL (of the 70mL) to pass through a
Whatman glass fiber filter (GFF, Cat. No. 1825-047). This procedure followed the standard filtration set-
up based on Pfaltzgraf’s modification of the ASTM method (4).



Fig 2.2. Cold soak filtration apparatus.



3. RESULTS AND DISCUSSION

A sample of unspiked biodiesel was sonicated and the filtration result was compared to untreated
biodiesel and a thermal control (heated to 66°C). The results presented in Fig. 3.1 show that the
application of sonic energy reduced the filtration time by 19% from the original condition. This result
suggests that some level of precipitates were present in the as-received biodiesel, which is not surprising
since all commercial biodiesels contain precipitate precursors. The data in Fig. 3.1 also show that the
application of heat alone will not improve filtration time. Both the sonicated and the thermal control
specimens underwent bulk heating to 66°C, but only sonication effectively reduced filtration time.
Therefore, the results indicate that the thermoviscous effects associated with that application of acoustic
energy were responsible for the improved filtration times. In fact the slight increase in filtration time
associated with the thermal control may be caused by the partial oxidation of the methyl ester compounds.
The oxidized fuel molecules are larger than the starting methyl esters, thereby increasing the filtration
time considerably.
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Fig 3.1. Effect of sonication on filtration time.

Biodiesel samples were subjected to combinations of sonication and refrigeration as to assess the
influence of the applied sonication and filtration time. The conditions for each biodiesel sample were:

Original untreated condition,

Sonicated,

Sonicated followed by refrigeration,

Sonicated followed by spiked,

Sonicated followed by spiked followed by refrigeration, and

Sonicated followed by spiked followed by refrigeration followed by sonication.

ocouaprwhE

Because sonication was found to improve the filtration time of the untreated biodiesel, this initial step was
included on all samples to minimize the effect of any pre-existing precipitates. These results are shown in
Fig. 3.2. The original sonicated biodiesel was refrigerated to determine if the filtration time increased to



the original setting. Interestingly, refrigeration did not increase filtration time; in fact, refrigerating the
samples slightly reduced the filtration time. The cause for the lack of change of filtration time is not
known, but it appears that sonication may permanently alter the precipitate structure so that the precipitate
can no longer form upon cooling. Spiking the sonicated biodiesel causes a moderate increase in filtration
time as shown. When the spiked biodiesel is refrigerated, the filtration time increases by 24% (and
approaches the original filtration time value) which is consistent with the formation of precipitates.
However, the application of sonication to the spiked and refrigerated biodiesel effectively decreases the
filtration time to the level approaching the original sonicated value.
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Fig. 3.2. Filtration time results for biodiesel for each test condition.

In addition to redissolution of the precipitates, the effect of sonication may also crack the methyl ester
molecular chains into smaller compounds, which, theoretically, would be able to pass more readily
through the filter, thereby lowering filtration time. In order to determine whether significant molecular
cracking occurred, a gas chromatography-mass spectrometry (GC-MS) analysis was performed on the
untreated and sonciated biodiesel. The GC-MS results are shown in Fig. 4 and the corresponding
molecular counts associated with the key methyl ester groups are shown in Table 1. The data indicated
that there was no significant structural change of neat biodiesel associated with sonication.
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Fig. 3.3. GC/MS results for untreated and sonicated biodiesel.

Table 3.1. Molecular Area lon Counts for Biodiesel Methyl Esters

Biodiesel Constituent Untreated Sonicated
Hexadecanoic Acid 7472539 7170672
9,12-Octadecadienoic Acid 14799084 15169731
9-Octadecenoic Acid 2163726 2381758
Octadecanoic Acid 3681575 3730697




4. CONCLUSIONS AND FUTURE WORK

4.1 CONCLUSIONS

Sonication was observed to improve the filterability of neat biodiesel containing precipitates. The
formation of precipitates as biodiesel is chilled to temperatures around 4°C has been observed to cause
filter plugging in many field applications. A neat SME biodiesel was successfully spiked with precipitate
precursors and chilled to initiate precipitate formation. Samples were briefly sonicated and the filtration
time was determined using the ASTM D 7501 cold soak filtration standard. The action of sonication was
found to reduce the filtration time to the original (pre-precipitate) value. The results clearly indicated that
thermoviscous effects of the incoming sound waves were responsible for improved filtration time (and not
bulk thermal heating).

4.2 FUTURE WORK

The authors of this study have filed an invention disclosure based on the successful experimental results.
Although there is no future experimental work planned, we recommend further investigation to elucidate
the influence of biodiesel blends to form precipitates and the effects of sonication on these blends to
assess the effectiveness of the approach on blended diesel compositions.
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