Fatty acid composition of biodiesel 

An understanding of plant-based biodiesel chemistry requires an understanding of the chemical make up of its parent material, vegetable oil. Fats and oils contain a glycerol molecule (a type of alcohol) bonded to three fatty acid chains. This structure is commonly called a triglyceride.  In the biodiesel manufacturing process, the fatty acids are separated from the glycerol to create free fatty acids which are then bonded to either methyl or ethyl alcohol, depending on which is used in the manufacturing process.

Different fats/oils contain different types of fatty acid chains.  The table below shows the fatty acid chain composition of a number of plant oils.
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Solin/Linola (Low-linolenic)

b
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5
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Camelina

a

8

3
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3

Yellow Mustard

c

3
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Safflower

d

7

2
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0
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Sunflower

b

6

4
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0
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0

Soybean (for comparison)

d

14

2
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4

0

0

0

* Fatty acids chain types are described as X:Y where X denotes the number of carbon atoms and Y the number of double bonds.

Source: (a) Ehrensing, D. (2007a); (b) Ehrensing, D. (2007b); (c) Idaho, University of (2003); (d) Demirbas (2002). 
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These chains differ in the number of carbon atoms and the number of carbon-carbon "double bonds" in the chain. In the table above these fatty acid chains are designated by both the number of carbon atoms and the number of double bonds (e.g., 18:1 indicates 18 carbon atoms and one double bond). 

In soybean oil, for example, there are 4 types of chains that contain 18 carbon atoms:

Composition of soy oil 

8% with 16 carbon atoms (Palmitic Acid)

3% with 18 carbon atoms (Stearic Acid)

25% with 18 carbon atoms and 1 double bond (Oleic Acid)

55% with 18 carbon atoms and 2 double bonds (Linoleic Acid)

8% with 18 carbon atoms and 3 double bonds (Linolenic Acid)

A double bond normally introduces a "kink" in the chain. These double bonds play an important part in the stability of biodiesel. Note that vegetable oils and biodiesel are not hydrocarbons because oxygen atoms are present in their structure while gasoline and petro-diesel are true hydrocarbons, made up only of molecules of hydrogen and carbon.  The bulk of a typical gasoline consists of molecules with between 5 and 12 carbon atoms.  Most plant-derived fatty acids are 8 or more carbons in length and have an even number of carbon atoms because of their biosynthesis process.  Most liquid plant oils (soybean, canola, safflower, subflower, etc.) are composed of predominanlty 18-carbon fatty acids.  Longer chain fatty acids such as those found in camelina, mustard and meadowfoam give these oils unique hydrating and stability properties.

Carbon chain length and double bonds affect the chemical behavior of fats and oils.  Fats, which tend to be solid at room temperature, often have shorter carbon fatty acids and tend to have fewer double bonds.  This results in straighter chains which allows for the “packing” a solid requires.  Oils, which tend to be a liquid at room temperature, tend to have more double bonds, with corresponding kinks in their fatty acid chains leading to a liquid state. It is possible to "hydrogenate" an oil to remove double bonds and make it more solid at room temperature.  The opposite is also possible.

Biodiesel produced from different source oils will contain different proportions and types of fatty acid chains. This is why biodiesel produced from soybean oil will not have the identical chemical properties of biodiesel produced from canola oil.  For example, soybean oil has a melting point of -16C while canola oil melts at -10C.  Palm oil (an oil with 45% C16 palmitic acid) melts at 35C.

Melting point and oxidative stability are the concerns in regards to biodiesel.  For example, palm oil will be in the form of a sludge or solid at temperatures common in Oregon in winter, and this makes it more difficult to deal with in a factory setting than for liquids.
Fatty acids that have no double bonds are termed "saturated". These chains contain the maximum number possible of hydrogen atoms per carbon atom. Stearic Acid is saturated. Fatty acids that have double bonds are "unsaturated". These chains do not contain the maximum number of hydrogen atoms possible due to the double bond(s) present on some carbon atoms. Linoleic Acid is unsaturated.  One double bond is termed "mono-unsaturated, more than one double bond is termed "poly-unsaturated”.  The location and number of double bonds are important because they influence reactions that can occur to destabilize the fatty acid chain.  The interaction of oxygen molecules with the fatty acid chain, called "oxidation" is the chemical mechanism that destabilizes oil/biodiesel.  The relative oxidation rates of linoleic and linolenic fatty acids compared to oleic acid are 27 times as much and 77 times as much, respectively. After oxidation, hydroperoxides (one hydrogen atom and 2 oxygen atoms) are attached to the fatty acid chain.  In a food oil this leads to rancidity. In biodiesel these degraded chains can polymerize, hooking together into various substances including insoluble gums that clog up parts.  Iodine Number/Value and Oil Stability Index (OSI) are different measures of an oil or biodiesel stability. 

To be used as a motor fuel, any biodiesel will have to meet ASTM standards (American Society for Testing and Materials). If a vegetable oil can be manipulated, or processed, or combined with additives so that it meets ASTM standards, then the fuel will have access to the marketplace. This means, for example, that a biodiesel from palm oil will require manipulation or additives to address its melting point concerns, but that it may be possible to meet ASTM standards. These processes, however, can add significant costs. 

� The discussion in this section is adapted from Brevard Biodiesel (http://www.brevardbiodiesel.org/iv.html), Wikipedia, and other sources, and was compiled by Russ Karow. 





