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Synthesis of Biodiesel from Soybean Oil using Microwave Heating 

Introduction

In 1892, Rudolph Diesel patented an internal combustion engine that used the heat of highly compressed air (instead of a spark) to ignite the fuel/air mixture.  In 1893, he demonstrated the operation of this engine using peanut oil as the fuel.  In a 1912 speech, he said that “the use of vegetable oils for engine fuels may seem insignificant today but such oils may become, in the course of time, as important as petroleum and the coal-tar products of the present time.”
  Although Diesel engines were later modified to run on lower viscosity petrodiesel, Diesel’s vision – the use of biofuels to power combustion engines – has become more of a reality in the recent past.  Concerns about the contribution of gasoline and other petroleum fuels to global warming has sparked the development of “biodiesel” – a fuel composed of mono-alkyl esters of long chain fatty acids derived from vegetable oils or animal fats.
  Biodiesel can be used in most Diesel engines without further modification of the engine, and since vegetable oils are produced in plants using atmospheric CO2 as a carbon source, combustion of biodiesel results in no net addition of carbon to the atmosphere.
Biodiesel is made from vegetable oils (triglycerides) by transesterification with methanol or ethanol in the presence of an acid catalyst, such as H2SO4, or a basic catalyst, such as KOH.  Transesterification of these triglycerides produces glycerol (useful in food and cosmetic products) and fatty acid alkyl esters.  If the transesterification is carried out with methanol, fatty acid methyl esters (FAME) are produced.  If ethanol is used, fatty acid ethyl esters (FAEE) are generated.  The reaction with methanol is summarized below:
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The use of microwave energy in place of conventional heating for many reactions has been shown to give faster reactions, higher yields, and reduced formation of by-products, therefore the use of microwave energy for the production of biodiesel may offer a more efficient way than conventional heating to produce biodiesel.  In this experiment, you will produce FAME biodiesel by transesterfication of soybean oil (primarily trilinolein) with methanol in the presence of potassium hydroxide using microwave heating.  You will perform two reactions using different amounts of potassium hydroxide, and use proton nuclear magnetic resonance (1H-NMR) to determine the percentage of your soybean oil that was converted to FAME in each reaction.
Required Reading:

Lehman “The Student’s Lab Companion”:

“Nuclear Magnetic Resonance Spectrometry” (pp 244 – 260)
“Planning an Experiment” (pp. 288 – 290)
“Calculations for Organic Synthesis” (pp. 286 - 288)
McMurry and Simanek “Fundamentals of Organic Chemistry”:

Sections 13.7 – 13.11, pp 418 – 424.

Special Safety Notes:

KOH in methanol is flammable and corrosive.  Do not handle around open flames and avoid contact with skin.

Heating a reaction mass in a sealed tube generates pressure, creating the potential for a pressure explosion.  Make sure the equipment you are using can handle the pressure generated during heating.  Also, while heating the reaction mass, keep the hood sash completely closed for extra protection.
Procedure:
Preparation of the Reaction Mixtures

To a 10-mL CEM reaction vial, add about 2 g of soybean oil and 0.5 mL of a 0.04 g/mL solution of potassium hydroxide in methanol.  Put a “stir flea” in the tube and cap it with the Teflon septum cap.  Prepare another reaction mixture in the same way, except use 0.5 mL of a 0.01 g/mL solution of potassium hydroxide in methanol instead.
Microwave Heating of the Reaction Mixture


Place the reaction vial in the CEM Discover microwave reactor and attach the pressure transducer.  Heat the reaction mass at 50 oC for 1 min using the following program:

Mode = Standard

Power = 25 W

Temperature = 50 oC

Pressure = 300 psi

Run Time = 10:00

Hold Time = 1:00

Stirrer Speed = HI

Cooling = (Off)

Next Stage = (N)

(This program is stored in the CEM Discover as BIODIESEL1)

After the heating time, the unit will cool the vial to < 50 oC, at which time you can remove the vial from the reactor.

Isolating and Analyzing the Biodiesel
After removal from the microwave unit, uncap the vial and allow the reaction mass to cool to room temperature and settle into 2 layers.  Using a Pasteur pipet, decant the top layer (FAME) into a tared 5-mL conical vial.  Do not get any of the bottom layer (glycerol) in your product.  Determine the mass of your product.

Obtain a 1H-NMR spectrum of both products, using CDCl3 as the solvent for NMR.  Calculate the % conversion of soybean oil to biodiesel for your two products using the areas of the carbonyl -methylene protons (triplet at ~ 2.3 ppm) and the methyl ester protons (singlet at ~ 3.65 ppm) obtained from your spectrum:


(Area of methyl ester protons)/3

% Conversion =   -----------------------------------------------  x 100


(Area of -methylene protons)/2
References

“Biodiesel Synthesis,” Thompson, J. E. Original GEMs Submission (July, 2006), http://greenchem.uoregon.edu/PDFs/GEMsID87.pdf (Accessed January 4, 2007)
“Fast, Easy Preparation of Biodiesel Using Microwave Heating,” Leadbeater, N. E.; Stencel, L. M. Energy and Fuels 2006, ACS ASAP
“Room-Temperature Conversion of Soybean Oil and Poultry Fat to Biodiesel Catalzed by Nanocrystalline Calcium Oxides,” Reddy, C.; Reddy, V.; Oshel, R.; Verkade, J. G. Energy and Fuels 2006, 20, 1310 – 1314.

“Transesterification of Soybean Oil to Biodiesel by Using Heterogeneous Basic Catalysts,” Di Serio, M.; Ledda, M.; Cozzolino, M.; Minutillo, G.; Tesser, R.; Santacesaria, E. Ind. Eng. Chem. Res. 2006, 45, 3009 – 3014.
Synthesis of Biodiesel from Soybean Oil using Microwave Heating:

Pre-Lab Worksheet

1.  What is the purpose of this experiment?

2.  Prepare a “Sample Lab Checklist” for this experiment like the example found on p. 289 of your lab text.

3.  Look up the structures and MSDS’s for the compounds used in this experiment (at the Fisher scientific website, for example) and complete the following table:

	Compound
	Structure/Formula
	LD50
	Flash Point
	Corrosive?

	Methanol
	
	
	
	

	Potassium Hydroxide
	
	
	
	


4.  Look up the physical properties for the compounds used in this experiment (at the Fisher scientific website, for example) and complete the following table:

	Compound
	Molecular Weight
	Melting Point
	Boiling Point
	Density

	Methanol
	
	
	
	

	Potassium Hydroxide
	
	
	
	


5.  You are using a methanol solution of two different concentrations of potassium hydroxide in these experiments. Calculate the amount of KOH (in both grams and moles) contained in 0.5 mL of each solution to be used.  Show your calculations.
Synthesis of Biodiesel from Soybean Oil using Microwave Heating:  Post-Lab Worksheet

Recovery Data


(0.04 g/mL KOH)
(0.01 g/mL KOH)

1.  Mass of KOH used:
______________
______________

2.  Mass of soybean oil used:
______________
______________
3.  Isolated mass of FAME:
______________
______________
1H-NMR Analysis
4.  Attach the 1H-NMR spectra of your products.  Compare the NMR of your products to the literature NMR for soybean oil.  Is there a peak that appears in your product spectra but not in the soybean oil spectrum?  If so, which one is it?  How can you explain this difference? 
1H-NMR Analysis (con’t)

(0.04 g/mL KOH)
(0.01 g/mL KOH)
5.  Integration of methyl ester peak ( 3.6):
______________
______________

6.  Integration of -methylene peak ( 2.3)
______________
______________

7.  % Conversion to FAME (Biodiesel):
______________
______________


(Show calculations below)
8.  What trend do you see with regard to % conversion vs. amount of KOH?  What can you conclude about the effect of KOH on the conversion of soybean oil to FAME (Biodiesel)?  Suggest a reason for this trend.
Questions

9.  In addition to fatty acid methyl esters (FAME), biodiesel can also consist of fatty acid ethyl esters (FAEE).  Propose a method to convert soybean oil into FAEE (draw a chemical equation to answer this question).
� � HYPERLINK "http://www.biodieselamerica.org/node/1054" ��http://www.biodieselamerica.org/node/1054� (Accessed March 12, 2007)


� � HYPERLINK "http://www.biodiesel.org/resources/definitions/default.shtm" ��http://www.biodiesel.org/resources/definitions/default.shtm� (Accessed March 12, 2007)





