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The information presented here is meant to help students understand the use of biodiesel and its
comparison to conventional diesel fuel. In our experience, students have found learning about and
actually preparing biodiesel to be a rewarding exercise. A clear understanding by the students that the
biodiesel they are making can actually function as a fuel can be made evident by presenting this in-
formation to them in a prelab lecture.

To understand the use of biodiesel as an alternative fuel and vegetable oil as an alternative feed-
stock, it is important to make parallels to existing petroleum products. In simplified form, petroleum
(crude oil) is a mixture of different chain length hydrocarbons (C5H10–C100H202), which are cracked
down to a range of shorter fragments prior to distillation and end use (Table A21.1). Petroleum dis-
tillates are currently the main feedstock for fuels, plastics, solvents, cosmetics, etc.

For use as a fuel, biodiesel is a convenient and environmentally friendly alternative because it
closes the carbon cycle.2–4 Table A21.2 shows a comparison of regular diesel fuel with biodiesel. The

Table A21.1 Products of Petroleum Cracking1

Fraction Name Carbon Chain Length Boiling Range, �C

Petroleum gases 1e4 <5

Naphtha 5e9 20e180

Gasoline 5e10 20e200

Kerosene 10e16 180e260

Gas oil (diesel oil) 14e20 260e340

Lubricating oil 20e50 370e600

Fuel oil 20e70 330 upwards

Residue >70 Nondistillable

1http://www.schoolscience.co.uk/content/4/chemistry/fossils/p8.html; June 10, 2004.
2Sheehan, J.; Camobreco, V.; Duffield, J.; Graboski, M.; Shapouri, H. “Life Cycle Inventory of Biodiesel and Petroleum
Diesel for Use in an Urban Bus,” U.S. Department of Energy Office of Fuels Development and U.S. Department of Agri-
culture Office of Energy, 1998.
3Wang, W. G.; Lyons, D. W.; Clark, N. N.; Gautam, M.; Norton, P. M. Environmental Science and Technology 2000, 34,
933–939.
4Tyson, K. S. “Biodiesel Handling and Use Guidelines,” National Renewable Energy Laboratory, 2004.
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viscosities and densities are very similar, allowing for easy substitution of diesel with biodiesel. The
energy generated from combustion of each fuel is also similar, indicating little net loss of power from
the conversion. The higher flash point of biodiesel makes fuel storage safer; in fact, biodiesel is
considered nonflammable. For use in cold weather climates, a low pour point (the lowest temperature
at which a liquid remains pourable) is important. The ASTM-listed pour point of biodiesel (�15 to
10 �C) seems high when it is noted that almost 90% of the methyl esters in soybean-derived vegetable
oil melt at�20 �C or below and nearly 60% melt at�35 �C or below. The high pour point is attributed
to the presence of saturated fatty acids in biodiesel, which cause premature gelling, leading to a higher
pour point. Commonly, kerosene (pour point �35 to �15 �C) is used as a conventional diesel additive
in winter to prevent gelling at low temperatures. Kerosene is only somewhat effective at preventing
biodiesel from gelling, but a few commercially available products are available to prevent biodiesel
gelling.

STUDENT DIRECTIONS
BIODIESEL SYNTHESIS
In this lab, you will be synthesizing biodiesel by the reaction of a methanolic NaOH solution with
vegetable oil. The mixture will be stirred vigorously and then allowed to settle, yielding biodiesel and
glycerol. The biodiesel will be analyzed for purity and physical properties.

Hazards
Methanol is poisonous and can cause blindness if ingested in large amounts. Methanolic sodium
hydroxide solutions are caustic; gloves and safety glasses should be worn at all times. Vegetable oil is
nonhazardous.

Materials
1. 25 ml round bottom flask with septum or stopper
2. ½00 � ½00 magnetic stir-bar

Table A21.2 Comparison of Selected Properties of Diesel and Biodiesel Fuels

Fuel Property Diesel Biodiesel S15 Grade

Fuel standard ASTM D 975 ASTM D 6751

Fuel composition C10-C21 HC C12-C22 FAMEa

Lower heating value,
BTU/gal

131,295 117,093a

Kin. viscosity, @ 40 �C 1.3e4.1 1.9e6.0

Specific gravity g/mL,
@ 15 �C

0.85 0.88a

Sulfur, wt% 0.05 max 0.0015 max

Flash point, �C 60e80 130 min

Pour point, �C �35 to �15 �15 to 10a

aFrom provisional standard ASTM PS 121.
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3. Vial with 5 ml of 0.3 M methanolic NaOH (solution A)
4. Vial with 15 ml of vegetable oil (solution B)
5. Magnetic stir plate
6. Cork ring
7. Empty 25 mL vial with a cap

Procedure
Place the cork ring on the magnetic stir plate. Carefully pour 0.3 M NaOH in methanol (solution A)
and vegetable oil (solution B) into the 25 ml round bottom flask. Carefully add the magnetic stir-bar in
the round bottom flask and place the rubber septum or stopper on the flask. Place the sealed, round
bottom flask on the cork ring on the magnetic stir plate. Make a note of what the reaction mixture looks
like, including which layer is on top. Stir the reaction mixture vigorously, so that the layers mix, for
10–15 min (the mixture should look like mayonnaise while being stirred; if it does not, increase the
stirring rate). Keep the flask centered on the stirrer and make certain it does not fall off or tip over.
After stirring, remove the round bottom flask from the cork ring, and carefully remove the rubber
septum or stopper. Carefully pour the contents of the round bottom flask into the empty vial; be
especially careful not to transfer the stir-bar. Allow the mixture to settle for 5–10 min. Make a note of
what the reaction mixture looks like at this point.

Analysis
Starting vegetable oil and resultant biodiesel can be analyzed by NMR, TLC, and viscosity
measurements.

Sample data
NMR
Since biodiesel is a mixture of different fatty acid ester chains, partial proton counts are reported for
the average composition. Full assignment of the peaks is not necessary to determine that a reaction has
occurred; instead, the disappearance of the glyceryl ester (c. 4.2 ppm) and appearance of the methyl
ester (c. 3.7 ppm) is sufficient. NMR spectra collected on both 60 and 500 MHz instruments are
included, but the chemical shift data is derived from the 500 MHz spectra (Figure A21.1).

1H NMR data (500 MHz, CDCl3) vegetable oil, 5.35 (9 H, m, vinyl), 5.25 (1 H, p,
RCO2CH2CH(O2CR)CH2O2CR), 4.20 (4 H, (d,d,d), RCO2CH2CH(O2CR)CH2O2CR), 2.75 (4 H, t,
–HC]CHCH2CH]CH–), 2.30 (6 H, t, –O2CCH2–), 2.00 (10.5 H, m, HC]CHCH2CH2–), 1.60 (6.5
H, m, –O2CCH2CH2–), 1.30 (56 H, m, aliphatic CH2), 0.85 (9H, t, –CH3); Figure A21.2 (500 MHz)
and Figure A21.3 (60 MHz).

1H NMR (500MHz, CDCl3) biodiesel, 5.35 (3 H, m, vinyl), 3.65 (1 H, s, CH3O2CR), 3.45 (0.3 H, s,
contaminant CH3OH), 2.75 (1.3 H, t, –HC]CHCH2CH]CH–), 2.30 (2 H, t, –O2CCH2–), 2.00 (3.5
H, m, –HC]CHCH2CH2–), 1.60 (2.2 H, m, –O2CCH2CH2–), 1.30 (18.7 H, m, aliphatic CH2), 0.85 (3
H, t, –CH3); Figure A21.4 (500 MHz) and Figure A21.5 (60 MHz)

Thin layer chromatography
Samples of soy-based biodiesel and vegetable oil were analyzed by thin layer chromatography (TLC)
using reverse-phase C18 silica plates backed with glass, an F254 fluorescent indicator, and cut to a
length of 6.0 cm. The biodiesel and vegetable oil were diluted by volume 1:10 with dichloromethane
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and spotted on the plate. A co-spot was placed on the plate to determine whether unreacted vegetable
oil would retard the biodiesel spot. The plate was allowed to dry in air and placed vertically in a
150-mL beaker containing 3 mL of acetonitrile and a watch glass placed over the top to saturate the
atmosphere with the solvent. The plate was eluted to 1/4 inch from the top of the plate, removed from

FIGURE A21.1

Line drawing of biodiesel synthesis mixture before and after reaction. Before (left): methanol top layer, vegetable

oil bottom layer. After (right): biodiesel top layer, glycerol/methanol bottom layer.
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FIGURE A21.2

500 MHz 1H NMR of soy-based vegetable oil in CDCl3.
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the beaker, and allowed to dry in air for 5 min. Eluted spots were visualized using a 254 nm UV lamp
and outlined with pencil. The average Rf value for pure biodiesel was 0.68. When the biodiesel was
eluted from the vegetable oil co-spot, the Rf value decreased slightly to 0.62. The Rf value of vegetable
oil was approximately 0.0; the spot remained at the origin, as did the vegetable oil in the co-spot. The
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FIGURE A21.4

500 MHz 1H NMR of soy biodiesel in CDCl3.
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FIGURE A21.3

60 MHz 1H NMR of soy vegetable oil in CDCl3.
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slight retardation of biodiesel in the co-spot suggests aggregation, which is expected due to the
structural similarity of vegetable oil and biodiesel.

Viscosity
To determine the approximate viscosity of biodiesel, a crude viscometer was made from a nine inch
disposable Pasteur pipette (Figure A21.6). Two lines were drawn on the pipette, the first 1 cm below
the indentation at the top of the pipette and the second 6.5 cm below the firstdin the region where the
pipette narrows, but not at the thinnest part. The viscometer was clamped vertically. Below the
viscometer was placed a 50 mL beaker to receive the eluent from the viscometer. The viscometer was
filled with the analyte and allowed to drain. The viscometer was then filled above the top line. A
stopwatch was started when the meniscus of the liquid touched the first line and stopped when the
meniscus of the liquid touched the second line.

The viscometer can be standardized using two standards: 40% sucrose solution, which has a vis-
cosity near that of biodiesel, and light mineral oil as a standard for the more viscous vegetable oil. At
25 �C, a 40% sucrose solution has a kinematic viscosity of 4.49 cSt. The viscosity of mineral oil can
vary greatly depending on the grade used. We used light mineral oil, and the viscosity was measured
(using a calibrated kinematic viscometer) to be 27.3 cSt. The average of three trials for the sucrose
solution and mineral oil in the home-built viscometer were 21.2 s and 121.8 s respectively. The
viscometer constant was calculated using Eqn (A21.1), giving a viscometer constant of 0.212 cSt/s for
the sucrose solution and a viscometer constant of 0.223 cSt/s for the mineral oil, for an average
viscometer constant of 0.218 cSt/s. For practical purposes, a simple standard is sufficient to calibrate
the homemade viscometer.

Dt � ðviscometer constantÞ ¼ kinematic viscosity (A21.1)

Equation A21.1 describes the for calculating kinematic viscosity where Dt is the time for the eluent
to flow from the top line to the bottom line.
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FIGURE A21.5

60 MHz 1H NMR of soy biodiesel in CDCl3.
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FIGURE A21.6

Crude viscometer made from a disposable pipette. Shown empty (left), full to the top line (center), and after

flowing to bottom line (right).
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An average of three trials for vegetable oil using the calibrated viscometer was 262.0 s, giving a
calculated viscosity of 56.99 cSt. An average of three trials using the calibrated viscometer of
unpurified biodiesel took 29.0 s, giving a calculated viscosity of 6.32 cSt. Washing the biodiesel with
water to remove any remaining glycerol and methanol yields a slightly better result. An average of
three trials of the water-washed biodiesel was 30.6 s, giving a calculated viscosity of 6.67 cSt at 25 �C.
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