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MATC, Chem 2       Organic Reactions and Biofuels    K. Walz 
Jan 2011 
 
Introduction 
As oil reserves dwindle, gas prices rise, and CO2 accumulates in the atmosphere, biofuels have seen 
increased use to provide our energy needs while controlling greenhouse gas emissions.  Fuels derived 
from plants such as corn or soybeans are considered to be “greenhouse neutral” because the CO2 released 
by the plant is equivalent to the CO2 absorbed by the plant as it grew.  In 2006, Governor James Doyle 
announced Wisconsin’s “Declaration of Energy Independence” which set a target to obtain 25% of the 
state’s transportation fuels from renewable biofuel resources by the year 2025.  Two of the most common 
biofuels produced in the United States, ethanol and biodiesel.  Ethanol serves as a replacement for 
gasoline in spark ignition engines, and biodiesel serves as a replacement for petrodiesel in compression 
ignition engines.  Some differences between the two engine types are summarized in the table below. 
 
Spark Ignition (Otto Cycle) Compression Ignition (Diesel Cycle) 
Air and fuel is mixed and compressed in the 
chamber, then ignited by electrical spark Air is compressed independently of fuel 

Maximum compression ratio is limited by pre-
ignition, aka engine knock, typically 6 to10:1

Compression ratio is high enough to induce auto-
ignition when fuel is injected, typically 16 to 20:1 

Engines tend to be smaller and lighter weight Engines tend to be larger and heavier
High RPM (up to ~10,000) Lower RPM, Higher Torque 
Fuels: gasoline, ethanol Fuels: diesel, biodiesel 
Vehicles: Passenger Cars Vehicles: Trucks, Busses  
 
Ethanol is the fastest-growing biofuel in the U.S and serves as an alternative fuel for gasoline (spark 
ignition) engines.  In many urban areas, gasoline commonly contains 5 to 10% ethanol as an oxygen 
additive to help control vehicular air pollution (smog).  E85, a mixture of 85% ethanol and 15% gasoline, 
is also being used in flex-fuel vehicles that can run on E85 or gasoline.  In 2005, 4 billion gallons of 
ethanol were produced in the United States, about 170 million gallons of which were made in Wisconsin.  
Ethanol is produced by fermentation of sugar-containing biomass, mostly sugar cane, sugar beets, or 
sweet corn.  The fermented product is then distilled to yield pure ethanol.  Wisconsin industry has a rich 
background in the fermentation (i.e. brewing) sciences, and the state also is a top producer of corn.  For 
these reasons it is widely predicted that Wisconsin’s ethanol fuel production will increase significantly 
over the next two decades.   
 
Biodiesel fuel is produced from renewable sources of oil including pure vegetable oils, waste fryer grease, 
and rendering tallow and serves as an alternative fuel for diesel (compression ignition) engines.  The fat 
or oil is reacted with an alcohol (typically methanol) using a basic catalyst (such as KOH) to form alkyl 
esters (biodiesel), and glycerol (a byproduct).   
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Biodiesel can be blended with conventional petrodiesel in any ratio, although the most common are B2, 
B5, B20, and B100, which are 2%, 5%, 20%, and 100% biodiesel mixed with petrodiesel. These blends 
can be used to fuel ordinary diesel engines without modification.  About 75 million gallons of biodiesel 
were produced in the United States in 2005.  Wisconsin produced less than 1 million gallons of biodiesel 
in 2005, but the state’s strong soybean crop (#13 in the U.S.) has encouraged development of several new 
biodiesel plants that have the potential to increase WI production to over 50 million gallons in 2010.   

 
Biodiesel quality control testing 
Biodiesel is produced by a transesterfication reaction between a triglyceride fat or oil molecule (a 
triple ester) and an alcohol (typically methanol).  Assuming the reaction goes to completion the 
products will be free glycerol (a triple alcohol) and fatty acid mono alkyl esters (as shown 
below). 
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The reaction above does not occur in a single step.  Instead, each fatty acid chain (R) is 
individually removed from the glycerol backbone and reacts to yield one alkyl ester molecule.  In 
the process, intermediate diglyceride and monoglyceride molecules such as those shown below 
can be formed.  The intermediates are collectively referred to as “bound glycerol” and adversely 
affect fuel properties.  In commercial production of biodiesel fuel, care must be taken to insure 
that the mono- and diglyceride intermediates continue to react to completion. 
 

        
 

 
In this lab you will react methanol with restaurant fryer waste oil (soybean) to synthesize 
biodiesel.  You will also test and compare the properties of conventional petroleum and 
alternative fuels.  In this way, you will examine how the microscopic structure of molecules influences 
the macroscopic physical properties of various liquid fuels.  Finally, you will test your biodiesel 
product by measuring its density and viscosity to assess the fuel’s quality. 
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Prelab—Please complete the following in your lab notebook before coming to lab: 
(hint you may wish to consult chemfinder.com or the Merck Index for molecular structures) 
 
1) Use the Internet (Google, Wikipedia, How Stuff Works, etc.) to learn about the chemical composition 
of gasoline and diesel fuel.  In a few sentences, briefly describe how liquid fuels are produced from crude 
petroleum and describe the chemical differences between gasoline and diesel fuel.    
 
3) Using structural formulas, write the balanced chemical reaction that occurs between   
      potassium hydroxide and methanol to form water and potassium methoxide. 
 
4) Using structural formulas, write the balanced chemical reaction that occurs between  

trilinolein and methanol to form glycerol and methyl linoleate. 
 
5) In the solubility data table of your lab, draw structural formulas for each of the fuel molecules listed.  
 
6) Draw illustrations for the stepwise experimental procedures for parts I, II, and IIIA below in your lab 

notebook as demonstrated by your instructor in class.   
 
Equipment and Supplies: 
Ring stand    Utility clamp    Large beaker  
Water bath    Heating/stir plate   250-mL Erlenmeyer flask 
Thermometer & clamp  Magnetic stir bars, (1” to 1.5”)  200-mL graduated cylinder 
Test tubes   Stir bar retriever   50-mL graduated cylinder 
Rubber stoppers  (0 &1)  Disposable glass culture tubes  15 mL disposable plastic cups 
Stopwatch   Shell viscosity cups (#1 and 3)  1 mL disposable beral pipettes 
 
Chemical reagents:     
Restaurant fryer waste oil (soy)   KOH/ methanol solution (35 g KOH / L methanol) 

 
Solubility and Quality Test Solutions: 
methanol  butanol   DI water dyed with food coloring 
ethanol   hexadecane  Commercial Biodiesel (ASTM Spec) 
2-propanol  octane    glycerol 
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Procedure Part I—Synthesis of Biodiesel 
Watch as the instructor demonstrates the biodiesel synthesis at room temperature.  You will be able to 
compare your results to this demonstration at the end of the class.   

 
1.  Add a stir bar to a 250 mL Erlenmeyer flask.  Measure out ~135 mL of the restaurant waste soybean 
oil into a graduated cylinder (at the front).  Transfer it to the Erlenmeyer flask. 
 
IMPORTANT!   THE KOH/METHANOL SOLUTION IS CAUSTIC!  WEAR GLOVES AND SAFETY 
GOGGLES FOR THIS PROCEDURE.  WASH EXPOSED SKIN IMMEDIATELY WITH WATER.  
CLEAN UP ANY SPILLS AND TELL THE INSTRUCTOR. 
 
2.  Measure 32 mL of KOH/methanol solution in a graduated cylinder and carefully transfer to the flask 
of fryer oil.  Place the flask containing the fryer oil into the water bath and clamp it to the ring stand. 
 
3.  Use a beaker to obtain hot tap water (35-50oC) for the water bath.  Fill the bath so that the water level 
is roughly equal to that of the fryer oil in the flask.  Clamp the thermometer to the ring stand so that it 
reads the temperature of the water bath.   
 
4.Turn the hot plate on to moderate setting (setting 3-4).  Record the water temperature, and turn on the 
stir bar to create a vortex (setting 5-8).  Stir as rapidly as possible without losing control of the stir bar or 
creating excessive splashing in the flask.  Record the time that you initiate mixing of the oil and methanol 
solution.  
 
5.  Watch the reaction temperature carefully. Adjust the heating control as necessary to keep the 
temperature between 45 and 55 oC.  Note that the boiling point of methanol is 64ºC! 
 
6.  Allow the biodiesel reaction to continue for 20-30 minutes while monitoring the reaction temperature 
before proceeding to step 8.  (You may wish to work on other parts of the experiment while waiting.) 
 
7.  Stop the stir bar and turn off the heat.  Remove the Erlenmeyer flask from the hot water bath (be 
careful of hot glass if your reaction accidentally overheated).   Allow the reaction mixture to cool on the 
lab bench and settle for a few minutes until two distinct phases have completely separated.   
 
8.  Obtain two plastic weighing boats and label them as “biodiesel” and “glycerol”.  Weigh the empty 
containers and record their mass in the data table provided. 
 
9.  Gently decant (pour off) as much as you can of the top biodiesel layer into the first weighing boat.  
Use a disposable beral pipette to transfer the remainder of the biodiesel, using care to avoid disturbing the 
bottom glycerol layer.  Use the balance to determine the mass of your biodiesel product (remember to 
subtract the mass of the empty boat).  Record in the data table provided. 
 
10.  Pour the bottom glycerol layer into the second weighing boat and determine its mass.  Record in the 
data table provided. 
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Procedure II – Viscosity Tests 
Samples will be provided of the waste fryer (soybean) oil feedstock, glycerol, ASTM standard biodiesel, 
and student biodiesel (your class product) for viscosity testing.  Some of the viscosity tests may be 
demonstrated for you by the instructor.  Watch the tests and record data as appropriate. 

 
1.  Use the Shell Viscosity Cups provided and a 150 mL beaker to measure the drain time for the liquids 
to be sampled.  If instructed, repeat this measure 2 or 3 times and calculate an average for each liquid.  
Record this number in the data tables provided.  (Note that the Shell cups must be immersed in ~130 mL 
of liquid – use care when submerging the shell cup to avoid overflow and spillage).  

 
2.  Use the calibration curves provided for each of the Shell Cups to determine the viscosity of each liquid 
in centiPoise (cP).  Mark points and label the drain times for each of the liquids tested on the graphs 
provided. 
 
3.  Complete the fuel comparison table for the density and viscosity values for the commercial biodiesel 
and your biodiesel in the data table provided.  You will use this information to answer portions of your 
lab report. 
 
Procedure Part III – Density tests 
1.  Obtain a disposable 15 mL graduated plastic beaker and determine its mass when empty.  Fill the 
beaker to the 15 mL line with a sample of commercial (ASTM spec) biodiesel, and determine the mass of 
the beaker and fuel together.  Using this information, determine the density of the commercial biodiesel 
and record in the data table provided.  
 
2.  Repeat the density calculations with the biodiesel fuel that you produced in this experiment.  Record in 
the data table provided. 
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Questions Part I:  Biodiesel Synthesis 
 
Useful constants: 
 Molecular weights:  Densities:  
 Soybean oil:  872.60 g/mol  Soybean oil:  0.92 g/mL  
 Glycerol:  92.10 g/mol  Glycerol:  1.25 g/mL  
 Methanol:  32.04 g/mol  Methanol:  0.79 g/mL 
 
1.  In your lab notebook, calculate the ratio of the moles of methanol to moles of fryer oil that was used in 
your reaction. (To simplify your calculations, assume that the fryer oil was pure soybean oil, also ignore 
the small negligible amount of KOH in the methanol/KOH solution). 
 
2. Based on the answer to #1, did you use a stoichiometric ratio of methanol and oil?  If not, which 
reactant was limiting and which was present in excess?  Explain why this ratio of methanol:oil was 
chosen to use in the biodiesel reaction. 
 
3.  Based on the masses of reactants used, and the mass of biodiesel fuel that you obtained, calculate the 
percent yield for your biodiesel reaction (Hint: assume that the molecular mass of biodiesel can be 
approximated as the molecule methyl linoleate.  See Chang text section 3.10 for help with percent yield) 
 
4.  April Green conducts this experiment and obtains a result of 80% yield. Can you identify two possible 
causes for this result?  Explain your answer. 
 
5.  Octavius Brown conducts this experiment and obtains a result of 110% yield. Can you identify two 
possible causes for this result?  Explain your answer. 
 
Questions Part II & III – Fuel Quality Control Tests 
 
6.  What functional group is present in the glycerol molecule?  How does this functional group affect 
glycerol’s viscosity as compared to the other liquids that were tested?  Explain your answer in terms of 
intermolecular forces between glycerol molecules. (Hint:  See Chang section 11.2) 
 
7.  Forrest Steward conducts this experiment and finds that his biodiesel is significantly less viscous than 
the commercial biodiesel. Can you identify two possible causes for this result?  Explain your answer. 
  
8. Sunny Day conducts this experiment and finds that her biodiesel is more dense than the commercial 
biodiesel. Can you identify two possible causes for this result?  Explain your answer. 
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Organic Reactions and Biofuels Data Tables 
 
Data Table IA – Biodiesel Synthesis: 
 
Volume of waste fryer oil used =     _____________ 
 
Volume of methanol used =      _____________ 
 
Mass of empty glycerol weigh boat =     _____________ 
 
Mass of weigh boat + glycerol =    _____________ 
   
Mass of glycerol =      _____________ 
 
Mass of empty biodiesel weigh boat =     _____________ 
 
Mass of weigh boat + biodiesel =     _____________ 
 
Mass of biodiesel product =     _____________ 
 
 

PERCENT YIELD =     _____________ 
 
 
 
 
 
 
 
 
 
 
 
 
Table II)  Shell Cup Drain Times (in seconds) 
 

  
Waste Fryer Oil 

 
Glycerol 

Commercial 
Biodiesel 

(ASTM Spec) 

Your 
Biodiesel 

Shell Viscosity Cup   
(#1 or #3) 3 6 

 
1 

 
1 

Drain Time 
(in seconds)   

  

Viscosity 
(cP)   
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Shell Cup drain time (in S) as a function of Fluid Viscosity (in cP) 
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Data Table III – Fuel Density Determinations: 
 
Mass of empty 15 mL disposable beaker =      _____________ 
 
Mass of disposable beaker + 15 mL of commercial biodiesel =   _____________ 
 
Mass of 15 mL of commercial biodiesel =     _____________ 
 
Density of commercial biodiesel =     _____________   
 
 
 
 
Mass of empty 15 mL disposable beaker =      _____________ 
 
Mass of disposable beaker + 15 mL of your biodiesel product =   _____________ 
 
Mass of 15 mL of your biodiesel product =     _____________ 
 
Density of your biodiesel product =     _____________   
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ALTERNATE FUEL VISCOSITY PROCEDURE 
(USE IF SHELL CUP VISCOMETERS ARE NOT AVAIILABLE) 

 
1.  Obtain a sample of the waste fryer (soybean) oil feedstock.  You will also need several glass slides, 
four Beral pipettes, and a stopwatch.   
 
2.  Place a paper towel on the bench.  Lay a glass slide flat on the paper towel.  Using a Beral pipette, 
carefully place two drops of the waste fryer (soybean) oil standard near one end of the glass slide.  
Quickly tilt the slide, so that the oil runs down the slide to the paper towel.  Begin the timer when the 
slide is tilted, and stop the timer when the oil reaches the end of the slide.  If time allows, repeat as 
necessary and calculate an average time. 
 
Some things to keep in mind while doing this test: 

- Avoid the frosted part of the slide (this gives inconsistent results) 
- Use the same amount of oil on each slide (two drops is sufficient) 
- Make sure you tilt the slide the same way each time (hold it vertically)  
 

3.  Repeat this test with commercial (ASTM Spec) biodiesel, and then with the biodiesel that you made in 
the lab.  Compare the viscosity of the three samples. 
 


