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Ensuring High Quality Biodiesel
Product through Analytical

Testing

by Dave Armstrong, Hydrocarbon Processing Market
Leader, PerkinElmer

ultiple influences, including government

mandates, environmental concerns, a quest

for energy independence, and a desire to
support the agricultural community are all encourag-
ing communities around the world to increase their
use of biofuels. Bioethanol that is blended with petro-
leum-produced gasoline has received widespread
acceptance in many parts of the world. Biodiesel,
which has been used for several years throughout
Europe and Latin America, is now gaining new atten-
tion in China, Malaysia, South Africa, Canada and the
United States. If consumers around the world are to
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W High levels of glycerin in biodiesel can
result in deposits in storage tanks,
clogged fuel filters and damaged
injectors

B The testing of free and total glycerin
can be achieved with full compliance
with ASTM and EU standards by the
use of GC

W Testing of Group | and Group Il metals,
as well as phosphorous, can be
achieved by the use of ICP-OES

B The analysis of sulfur is achievable with
ICP-OES

make the conversion from petroleum-based diesel to
biodiesel that can be used in its pure form (B100) or
as a blend (such as B20), it is paramount that the
producers of the biofuels provide a product that is
consistently high in quality.

Industry organizations that define quality stan-
dards, including the American Society for Testing and
Materials (ASTM) and the EU, have created methods
that producers of biodiesel can use to certify that
their biodiesel meets the quality needed to meet the
need of the consumer. While these methods provide
guidelines for several parameters, including flash
point, viscosity, and cetane number, this discussion
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Figure 1. Simplified transesterfication of vegetable oil into biodiesel (alky! ester).

will focus on the tests set for the determination of
free and total glycerin by gas chromatography (GC)
and the determination of Group | and Il metals as well
as phosphorous by inductively-coupled plasma-opti-
cal emission spectroscopy (ICP-OES).

Free and Total Glycerine

Biodiesel is manufactured from a variety of natural-
ly occurring fats or oils. The process, which is called
transesterification, is shown in Figure 1 and produces
the bi-product glycerin. High levels of glycerin in
biodiesel can result in deposits in the bottom of
storage tanks, clogging of engine fuel filters, and the
damage of injectors in the diesel engine. To meet the
ASTM standard D 6751 or EN 14105 for total glycerin,
biodiesel must contain no more than 0.020 weight
percent of free glycerin and no more than 0.240
weight percent of total glycerin (the sum of free and
bound glycerin).

A gas chromatograph equipped with a flame
ionization detector (FID) is the technology recom-
mended by both ASTM and EU for the analysis of
free and total glycerin. To determine free and total
glycerin, the sample is first derivatized with a silylat-
ing agent and then injected into an open tubular GC
column packed with a 5% phenylpolydimethylsilox-
ane. Calibration is achieved with two internal stan-
dards (butanetriol and tricaprin) and four reference
materials. Mono-, di- and triglycerides are determined
by comparison with mono-olein, di-olein and tri-olein,
respectively. Conversion factors are then applied to

the results for mono-, di- and triglycerides to calcu-
late the sample’s bonded glycerin content. The total
glycerin represents the sum of the free and bonded
glycerin. The peaks associated with the free and
those associated with the bound glycerin are shown
in Figure 2.

Elemental Analysis

A second important test that must be performed on
biodiesel if the end product is to perform as expected
is the analysis of Group | and Group Il metals. The
transesterification reaction is quite close to the reac-
tion used for making common soap. If the levels of
Group | (Na and K) and Group Il (Ca and Mg) metals
are not kept at sufficiently low levels, the reaction will
indeed make an unacceptable amount of soap. This
soap can cause problems as the biodiesel is being
used that are similar to the problems created by high
levels of glycerin. Both ASTM D 6751 and EN 14538
specify the use of ICP-OES for the analysis of these
metals. This analysis requires very little sample
preparation. A 1-g aliquot of the sample is diluted to
a volume of 25 mL using high purity kerosene. Since
ICP-0ES is a relative technique, the instrument is to
be calibrated using non-aqueous standards in a con-
centration range that will bracket the anticipated con-
centration of the sample. At this point, the sample is
simply aspirated into the instrument and the concen-
tration read directly.

Phosphorous is considered a carry over element
that is typically found in the feedstocks used in pro-
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Figure 2: A chromatogram of biodiesel showing the peaks used to determine free and bound glycerin.

ducing biodiesel. If the level of phosphorous in the
final product is not controlled, the catalytic converter
of the diesel engine can be damaged. ASTM D 4951
and EN 14107 do specify the use of an ICP-OES
instrument for the determination of phosphorous in
biodiesel. Sulphur is also a carryover element that
can create difficulties with the catalytic converter of a
diesel engine and can create environmental issues

biodiesel produced meets consistently high quality
standards. Meeting such standards will assure
acceptance by the consumer and will assure that
environmental benefits possible from increased use of
biodiesel are indeed achieved. The testing of free and
total glycerin can be achieved with full compliance
with ASTM and EU standards by the use of GC while
the testing of Group | and Group Il metals, as well as

Detection Limit using Levels in Biodiesel set Levels in Biodiesel set
ICP-OES in ppm by EN in ppm by ASTM in ppm

Sulphur 0.01 10 15
Phosphorus 0.04 10 10
Sodi 0.000

ocm > 5(Sum Na + K) 5(Sum Na + K)
Potassium 0.001
Calci 0.0000

acium > 5(Sum Ca + Mg) 5(Sum Ca + Mg)
Magnesium 0.00004

Figure 3: Detection limits using ICP-OES.

including the production of acid rain. At this time, both
ASTM and EU recommend technologies other than
ICP-QES for the determination of sulphur. While not
taking issue with that recommendation, it has been
found that ICP-OES instruments can readily determine
sulphur in biodiesel at the levels required by both
ASTM and EU. Since many biodiesel laboratories own
an ICP-OES system for the analyses described above,
there can be a real savings in the investment made in
the laboratory if ICP-OES could be used for the deter-
mination of sulphur.

Conclusion
As the world increases its use of biodiesel, it will
remain increasingly important that the quality of
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phosphorous, can be achieved in full compliance with
ASTM and EN standards by the use of ICP-OES. The
analysis of sulfur is achievable with ICP-OES; howev-
er, it is not yet in compliance with the ASTM or EU
methods. Discussions are planned with both ASTM
and EN to show the merits of using ICP-OES for the
analysis of sulfur because it is expected that most
well-equipped biodiesel laboratories will already have
such a system in their laboratory for the analysis of
Group | and Il metals as well as phosphorous.

For more information, contact Dave Armstrong,
hydrocarbon processing market leader, PerkinElmer,
at David. Armstrong@perkinelmer.com or by phone at
970-468-7656.

Flash Point Tester Uses Rapid Equilibrium
Method for Testing Liquids

The “active cool” Setaflash tester tests the flash point of
liquids and semi-solids using the rapid equilibrium method.
The reliable, compact instrument is suited for use in the
lab, the production line and in portable applications. When
testing biofuels, the “flash,no-flash’ test method, combined
with an automatic flash detector, gives a more reliable
result than other flash point test methods. The device fea-
tures a simple-to-use

display panel, precise temperature control, and automatic
flash detection with results being displayed in either
degrees C or F. Active cool is the first small scale flash
point tester to provide a rapid electronic cool down facility
without the need for external services. Integral electronic
peltier coolers allow testing at low temperatures and rapidly
reduce the test cup temperature after a test is completed.
Stanhope-Seta www.stanhope-seta.co.uk, +44 1932 564
391

Screeners Offer Sharp Separations
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Proprietary separation equipment makes an important

contribution at two critical points in the ethanol produc-
tion process. When grain first enters the production
process, it often contains foreign material such as rocks
and other debris that must be removed. Grain Cleaners,
based on the size of

the particles, separates those particles from the grain.
Strategically placing these cleaners at the beginning of
the process contributes to a higher quality product and
reduces the maintenance costs and equipment failure that
debris causes. Proprietary Screeners not only remove off-
size contaminants but also offer high throughput and
reliability. The rugged and durable machines are built
with heavy-duty features, such as ceramic lining. Rotex,
Inc. www.rotex.com, 800-453-2321



