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Background 

 
The diesel engine (also called compression ignition engine because they use high 

pressure, not a spark, to ignite the fuel) was created by Dr. Rudolph Diesel in the late 1800’s. The 
diesel engine was designed to run on a variety of fuels, including vegetable oil. As crude oil 
became the cheapest and most versatile source of energy throughout the twentieth century, 
compression ignition engines were optimized to burn only one fuel: “diesel,” a medium-grade 
petroleum distillate similar to kerosene and home heating oil. Modern diesel engines can still be 
run on pure vegetable oil, but because it is more viscous (thicker) than diesel fuel, the vegetable 
oil must be heated before it enters the engine, and the engine must be started up (and also shut 
down) with diesel in the fuel system. This requires some modifications to the fuel system, as well 
as minor inconveniences to the driver. 

Biodiesel is an alternative to diesel fuel that is made from vegetable oil through a simple 
chemical reaction called transesterification. Biodiesel can be used in any diesel engine without 
modifications, and can be blended in any amount with regular diesel fuel. A small percentage 
blend of biodiesel increases diesel’s lubricity (lubricating properties). Larger percentage blends 
substantially reduce the engine’s emissions. Neat (pure, 100%) biodiesel reduces unburned 
hydrocarbons by 68%, carbon monoxide – 44%, particulates – 40%, sulfur oxides – 100%, and 
Polycyclic Aromatic Hydrocarbons (PAH – carcinogenic substances) – 80-90%. The ozone 
forming potential of biodiesel is reduced by 50% and the exhaust is 94% less likely to cause 
cancer. Biodiesel is less toxic than table salt and degrades faster than sugar. It is safe to handle 
and store, it is domestically produced, and its exhaust smells like fried food. And, as you will find 
out, it is easy to make out of new or used vegetable oil. 
 

 
Warning! 

 

 
While the finished products of the reaction are nontoxic, some of the chemicals used 
to make biodiesel are extremely dangerous. Always practice laboratory 
safety procedures when making biodiesel! Wear protective apparel: chemical 
proof gloves, eye protection, apron, and close-toed shoes when conducting this 
experiment. Tie back long hair, remove jewelry, and work safely. Avoid breathing 
fumes by not putting your face above any chemicals and use a fume hood if available. 
Your workspace should be well ventilated, and vinegar (to neutralize basic substances 
like lye and methoxide) and water should be on hand in case of spills. 
Handle all substances carefully! Methanol is toxic to inhale, ingest, or come in contact 
with. Sodium Hydroxide (lye) and Potassium Hydroxide are both caustic, contact can 
cause chemical burns. Methoxide and Ethoxide are caustic and produce toxic vapors. 
Keep all substances away from small children and pets, and handle only with adult 
supervision. 
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Description of the Reaction 
 

Transesterification is the process of 
transforming one ester into another. Esters are chains 
of hydrocarbons that will bond with other molecules. 
Molecules of vegetable oil are composed of three 
esters bonded to a molecule of glycerin (see figure 1). 
This type of molecule is called a triglyceride. Vegetable 
oil is relatively thick and sticky because the legs of the 
molecules get tangled up with each other. To reduce 
the viscosity of the oil the triglyceride molecules need to 
be broken apart by removing the glycerin molecule, and 
then each freed ester can be bound to an alcohol 
molecule.  

A catalyst is used to break the vegetable oil 
molecule apart. The catalyst can be either sodium hydroxide (NaOH, otherwise known as lye) or 
potassium hydroxide (KOH). Once the esters (otherwise know as fatty acids because they are 
acidic) are freed from the glycerin, they will rapidly bond with the alcohol (because it is basic) to 
produce biodiesel esters.  

Alkyl ester is a generic technical term that refers to any combination of vegetable oil ester 
and alcohol, but each different combination of oil and alcohol has a different name. When 
methanol is used, the resulting esters are called methyl esters. Methanol is the alcohol that is 
used most often by people producing biodiesel because it produces the most reliable reaction. 
Some people use ethanol because it is less toxic and is always made from biomass; using 
ethanol creates ethyl esters. The type of vegetable oil used can also contribute to the name of the 
finished product; for example, soy methyl esters (SME) are the most common type of esters sold 
as biodiesel in the United States because most of it is 
made from soybean oil and methanol. In Europe, 
biodiesel is usually made from rapeseed (canola) and 
methanol, and thus it is called rapeseed methyl esters 
(RME). 

Whichever type of vegetable oil and alcohol are 
used, the transesterification reaction breaks the 
triglyceride vegetable oil molecule into three esters and 
one glycerin molecule. An alcohol molecule attaches to 
the end of each free ester to form three alkyl esters and 
one glycerin molecule from each vegetable oil molecule 
(see figure 2). A catalyst is used to break the vegetable 
oil molecule apart so that each ester can bond with an 
alcohol molecule. A catalyst is a substance that is required for a reaction to happen between 
other substances but itself is unchanged in the reaction. (Pictures courtesy of Campa®- Biodiesel 
GmbH & Co. KG/ Ltd.) 

 

Transesterification Reaction 
 

      Vegetable Oil   +  Alcohol (Methanol) ⇒ Alkyl Esters (Biodiesel)   +   Glycerin (Soap) 
              (catalyst – NaOH or KOH) 
      O       H 
      ||       | 
R—C—O—C—H          H 
       |            | 
      O       |        H             O           H                H—O—C—H 
      ||       |         |               ||            |                  | 
R—C—O—CH    +    3  H—C—O—H        ⇒      3  R—C—O—C—H    +   H—O —C—H 
       |         |               |                  | 
      O       |        H              H     H—O—C—H 
      ||       |            | 
R—C—O—C—H          H 
       | 
       H  (“R” represents a hydrocarbon chain that is highly variable in length; 14-24 carbon atoms) 

Figure 1  

Figure 2  
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Supplies      Chemicals 
Safety Gear – Gloves, Apron, Goggles   1 L Vegetable Oil 
pH Measurement (litmus paper or digital meter)  200 mL Anhydrous Methanol  
Glass Blender or Tightly-sealed 2 L plastic bottle   (or 300mL Ethanol) 
Scale (sensitive to at least 1 gram)   Several grams of NaOH or KOH 
Spill Clean-up Supplies – Towels, Water, Vinegar 10 mL Isopropanol (99% pure) 
Marker       1 L Distilled Water 
Masking Tape 
Small Pump (condiment pump works well) or Turkey Baster 
Two 20 mL Beaker 
One 500 mL Beaker 
Two 1500 mL Beakers 
Graduated Eyedropper; 1mL Pipette; or Small, Graduated Syringe 
Small Weighing Canoe or Petri Dish 
Filter if using waste oil (cheesecloth or pantyhose works well)  
Stirring Rod 
Funnel 
Hot Plate (or pan of hot water) 
 

Procedure 
(Read through the entire procedure before starting.) 

 
Step 1. Determine How Much Catalyst is Needed 

A titration is necessary if you are using vegetable oil previously used for cooking. If using 
new oil (often called virgin oil), proceed to step 2: “Measure the Reactants”. The titration will help 
you determine how much extra catalyst is needed to neutralize the free fatty acids in the used 
vegetable oil. (The catalyst can either be NaOH, sodium hydroxide, or KOH, potassium 
hydroxide.) Free fatty acids are created when vegetable oil is heated. The heat excites the 
molecules so that they bump into each other and break apart. These free fatty acids must be 
neutralized so that they do not interfere with the reaction of the vegetable oil and alcohol. Acids 
and bases neutralize each other so you will use a base to neutralize the free fatty acids. (The 
strengths of acids and bases are measured on the pH scale, which goes from 0-14, with 7 being 
neutral. To neutralize a chemical is to bring it to the point that its pH is 7.) Because the number of 
free fatty acids in used vegetable oil is highly variable, it is important to do a separate titration for 
every batch of used oil before trying to produce larger amounts of biodiesel from it. This titration 
should be done just before you are going to make biodiesel because the fatty acid content can 
change with time. 

In the transesterification reaction, the catalyst will react with the free fatty acids before it 
breaks apart the vegetable oil molecules to create the esters. The catalyst is basic and will react 
quickly with any free fatty acids in the oil. When the catalyst is neutralized, by reacting with the 
free fatty acids, it will not be able to do its job of breaking apart the vegetable oil molecule into 
esters that will react with the alcohol to form biodiesel, so you need to add enough extra catalyst 
to complete the reaction. However, be careful to not add too much catalyst, because it will react 
with the glycerin to produce soap and you will get a thick, goopy mess. 

You will mix the catalyst with isopropanol for the titration because isopropanol will not 
react with the oil. Be sure to use 99% pure isopropanol because if water is present in the alcohol 
it will react with the catalyst and ruin the titration. By measuring how much catalyst is needed to 
balance the pH of the oil, you will find out how much extra is needed to add to the reaction to 
neutralize the free fatty acids in the oil. Remember; be careful to measure exactly how much 
extra catalyst is needed; too little will cause an incomplete reaction and too much will make soap 
instead of biodiesel. This is why you will do a titration, to determine exactly how much is needed.  

A titration is a process by which the exact amount of reactants for a reaction can be 
determined. This is done by adding one reactant to another in small increments until the reaction 
is complete. You will add increments of one mL of a 1g/L NaOH or KOH solution to a solution of 1 
mL oil and 10 mL isopropanol until the oil/isopropanol solution is no longer acidic. The pH of the 
oil/isopropanol solution will probably be around 5 before any catalyst is added (remember 
anything under 7 is acidic). After each mL of catalyst solution is added you will check the pH until 
it has jumped up to between 8 and 9, which indicates that all of the free fatty acids have been 
neutralized and the solution has become basic. The number of milliliters of catalyst solution 
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added to get to this point equals the number of extra grams of catalyst needed to neutralize the 
free fatty acids in each liter of vegetable oil. 
 
Titration Procedure 
1) Make sure you are wearing all of your protective gear: goggles, gloves, apron, and shoes – 

and remember to adhere to all laboratory safety procedures. 
2) Label a 1500 mL beaker NaOH (or KOH, depending on which you are using)/Water Solution” 
3) Measure one liter of Distilled Water in NaOH (or KOH) Solution Beaker  
4) Set scale to zero with a measuring dish on it. 
5) Measure one gram of NaOH (or KOH). 
6) Add measured gram of NaOH (or KOH) to water in NaOH (or KOH)/Water Solution Beaker 

and stir. (This will make enough to share with other groups if divided out into 20 mL, similarly 
labeled beakers.)  

7) Label a 20 mL beaker “Oil/Alcohol Solution.” 
8) Measure 1 mL of Used Vegetable Oil into a 20 mL beaker using a graduated eyedropper or 

pipette. (If vegetable oil is contaminated with food particles, filter it through cheesecloth or 
panty hose before using – you will need one liter later on.) 

9) Add 10 mL of Isopropanol and stir. 
10) Test pH of Oil/Alcohol Solution and record below. 
11) Add one milliliter of the NaOH (or KOH)/Water Solution to the Oil/Alcohol Solution and stir. 
12) Measure pH of Oil/Alcohol Solution and record below. 
13) Repeat steps 10 and 11 until the Oil/Alcohol Solution reaches a pH between 8 and 9. (The 

pH will usually suddenly jump to this point.) 
14) Graph recorded data below.  
 
Starting      mL of Catalyst       Ending 
    pH                Solution             pH                
       
   9  
       
      
      
   8 
      
      
     
                    pH    7 
      
      
      
   6 
      
      
      
   5 
      
      
      
     ___|___|___|___|___|___|___|___|___|___| 
           1     2     3     4     5     6     7     8     9     10 
     mL NaOH or KOH 
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Step 2. Measure the Reactants 
The ratio of reactants needed to successfully make biodiesel is fixed (except for the 

variability in the amount of catalyst needed to neutralize the free fatty acids in used vegetable oil; 
see Step 1). You can process any amount of vegetable oil into biodiesel with the information that 
you now have. To do a test batch as an experiment in making biodiesel, or as a trial run before 
making larger quantities of biodiesel, one liter of vegetable oil is needed. 
 
1) Measure 1 L of vegetable oil into a 1500 mL beaker. 
  The reaction is more reliable if the oil is warm. 120 ºF (49 ºC) is ideal, but be very careful 
not to heat above 160 ºF (71 ºC). Put beaker on a hot plate set to low, or in a pan of hot (not 
boiling) water until ready to use. 
 
 You will need different amounts of alcohol depending on which type of alcohol you are 
using for this experiment. Making biodiesel with methanol (recommended because it produces a 
more reliable reaction) requires the amount of alcohol to be 20% of the volume of the vegetable 
oil, or 200 mL per liter of oil. Making biodiesel with ethanol (must be “anhydrous, 100%” and 
should not be denatured) requires the amount of alcohol to be 30% of the volume of oil being 
processed, or 300 mL per liter of oil. 
 
2) Measure 200 mL of Methanol, or 300 mL of Ethanol, in a 500 mL beaker. 
 

If using new oil, the amount of catalyst needed is 3.5 grams of NaOH (or 9 grams of 
KOH) per liter of vegetable oil. If using used oil, you must add one additional gram of catalyst per 
liter of vegetable oil for every milliliter of NaOH (or KOH) solution that was used in the titration 
process to bring the pH of the oil solution to between 8 and 9. 
 
3) a. If using new oil measure 3.5 grams of NaOH (or 9.0 grams of KOH) on a weighing canoe. 
    b. If using used oil measure 3.5 + N grams of NaOH (or 9.0 + N grams of KOH) where N 
equals the number of milliliters of catalyst/water solution needed to complete the titration process. 
 Caution: Catalysts must remain dry for reaction to work properly. They should be 
measured only when ready to immediately use because they will absorb water from the air if left 
sitting out.  
 
Step 3. Mix the Reactants 
 If using a blender (recommended): 
A glass blender is recommended because the reactants will corrode and start to dissolve certain 
plastics. The reactants will also cause rubber gaskets to swell and soften, so this may cause 
leaks and permanent damage to the gasket – replace with synthetic rubber like Viton if possible. 
The blender should not be used for food products after making biodiesel. 
1) Make sure you are wearing all of your protective gear: goggles, gloves, apron, and shoes. 
2) Make sure the blender is properly assembled and that all parts fit together tightly. You should 

test for leaks with water before using and then thoroughly dry before beginning. 
3) Add catalyst to alcohol in beaker and stir until completely dissolved. 
4) Carefully pour catalyst/alcohol mixture into blender.  
5) Carefully add warm oil to catalyst/alcohol mixture and blend on low setting for several 

minutes. 
6) Pour mixture into 1500 ml beaker and let settle. 

If using a 2 L Plastic Bottle (must be clean and dry): 
1) Make sure you are wearing all of your protective gear goggles, gloves, apron, and shoes. 
2) Pour catalyst into bottle using a dry funnel. 
3) Carefully add alcohol to bottle using a funnel. (Clean any spills with vinegar and a wet towel.) 
4) Tightly close cap and wrap cap area with several paper towels in case of leaks. 
5) Hold towels tightly in place around cap and shake vigorously until the catalyst completely 

dissolves. Stop immediately if any liquid leaks from cap! 
6) Uncap and carefully add warm oil using a funnel. 
7) Tightly close cap and rewrap cap area with paper towels. 
8) While holding towels tightly in place shake bottle vigorously for several minutes. Again, stop 

immediately if any liquid leaks from cap. 
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Step 4. Settle and Separate 
 If the reaction was successful you should start seeing glycerin settle to the bottom 10-20 
minutes after you stop mixing the reactants. The top of the mixture will start looking lighter, and a 
darker layer will start forming on the bottom. When the product has fully settled, you will see two 
distinct layers. These two layers are alkyl esters (biodiesel) and glycerin. The biodiesel will be on 
top and will be thin, transparent, and lighter in color. The glycerin will settle to the bottom and will 
be thick, transparent, and darker amber color. Most of the settling will occur within the first hour, 
but it should be left for at least 8 hours if planning on using the biodiesel in a diesel engine. The 
best way to tell if your reaction has succeeded or not is based on how much glycerin you have 
produced. The glycerin will be about 20% of the volume of the mixture once it settles out. All 
products of the reaction are non-toxic, and biodegradable. The glycerin can be used as a liquid 
soap or degreaser after it has been left out in the air and sun for about a week (or distilled) so that 
any excess alcohol evaporates. It can also be used to make bar soap by combining it with more 
catalyst and adding essential oils.  
 Use a small pump, like a condiment pump, or a turkey baster to remove the biodiesel. Be 
careful to not suck up any glycerin. Do not try to just pour the biodiesel out because you will also 
pour the glycerin with it. Another way to separate the two substances is to use a tapered vessel 
with a valve at the bottom. Just open the valve until all of the glycerin drains out, and then pour 
the biodiesel out. 
 

Going Further: 
 

Here are some suggestions on how to build upon this experiment: 
Test the specific gravity of the biodiesel. 
Determine the cloud point and gel point of the biodiesel. 
How do the above traits compare with petroleum diesel and the ASTM specifications for 
biodiesel? 
Test the biodiesel in a diesel engine. Compare emissions, power, torque, engine noise, etc. 
Make different kinds of biodiesel (ex. from different types of oil, from oil from different restaurants, 
using different alcohol and catalysts) and compare them. 
Design and build a biodiesel processor to make larger batches of fuel for use by your school. 
 

Here are some suggestions on topics to explore in more depth: 
What are the benefits of using biodiesel instead of other fuels?  
What are the impacts of producing and using biodiesel? 
What are the consequences of burning fossil fuels, and diesel fuel in particular? 
How much pollution do your school’s busses create annually? How would using biodiesel in them 
change these figures? 
How much biodiesel can be made from used oil or by growing crops locally or throughout the US?  
How much oil does your school cafeteria throw away every month? 
How does the diesel engine work, and what is its history? 
Who is using biodiesel near you? Is it being sold to individual consumers nearby? 
What are the economics related to biodiesel production and use? Petroleum? 
Diagram the carbon cycle and show how biodiesel and petroleum diesel fit into it. 
Research what diesel vehicles are available to consumers from a car dealership. How do they 
compare to their gasoline counterparts? 
What legislation currently exists or is proposed that relates to biodiesel? What do your 
government representatives think about biodiesel? 
What are other uses for biodiesel? What is glycerin used for? 
What are other types of renewable energy? What are other forms of bioenergy? 
 

A few places to start your exploration of biodiesel are: 
From the Fryer to the Fuel Tank, by Joshua Tickell -- “The biodiesel bible.” 
National Biodiesel Board – www.biodiesel.org 
US DOE Alternative Fuels Data Center –  http://www.eere.energy.gov/afdc/altfuel/biodiesel.html 
Biodiesel America – www.biodieselamerica.org  
Biodiesel Now – www.biodieselnow.com 
Journey to Forever – http://journeytoforever.org/biodiesel.html 
 

For questions or comments contact Richard Lawrence – Cape & Islands Self-Reliance 
richardl@reliance.org, 508-457-7679, or 888-808-0120, fax 508-457-9171 


