—  Experiment 4  —

Synthesis and Purification of Biodiesel(
Educational Goal

For students to understand and become familiar with experimental techniques used to characterize substances, including transesterification, viscosity, titration, use of a bubble column, GC, GC/MS, and pH meters.


Experimental Objective

To synthesize, wash, and determine the purity of biodiesel made from waste vegetable oil.

	Equipment                                                       


Erlenmeyer flask (2 L)                                   Heat and stir plate                                     Magnetic stir bar                                           Thermometer                                                 Bubble column                                               Beaker (500 mL, 50 mL)                             Buret (50 mL)

Gas Chromatograph/ Mass Spectrometer

Gas Chromatograph
Scale
pH meter

Pipets (1 mL, 10 mL, 25 mL) and pipet bulb
Stopwatch

Erlenmeyer flask (2 50 mL)

Erlenmeyer flask (100 mL)

Pipetman

Ostwald viscometer

Small vial
	Chemicals

Waste vegetable oil (1.000 L)

Methanol (220 mL)

Isopropanol (80 mL)

Potassium Hydroxide (5 g)

Hydrochloric Acid (100 mL of 0.1 M HCl)

Potassium hydrogen phthalate (0.05 M, 10 mL)

p-Naptholbenzein (3 drops)

Distilled water (150 mL)

MSTFA (400 µL)

1,2,4-Butanetriol (200 µL of 0.005 g/mL in pyridine)

Pyridine (800 µL)

1-Propanol (100 µL)



Introduction and Theory


Biodiesel is a fatty acid methyl ester that is used as an alternative to or in combination with diesel fuel. Biodiesel is more environmentally friendly than diesel and other fossil fuels for the following reasons: biodiesel is 1) biodegradable, 2) nontoxic, 3) burns cleaner (by releasing significantly less particulate matter, hydrocarbons, carbon monoxide, and sulfur), 4) has a closed-carbon cycle (meaning it absorbs carbon dioxide in the growing phase, then releases the same compound in combustion), and 5) can be made from waste vegetable oil. 

Biodiesel can be synthesized from almost any cooking oil, but the most efficient oil to use is vegetable oil. The reaction of waste vegetable oil with methanol and a catalyst yields biodiesel and glycerol:
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After the reaction, glycerol settles out into a separate layer and can be removed easily. The biodiesel is then washed with water to remove any impurities left, such as methanol, catalyst, glycerol, and free fatty acids. Catalyst and free fatty acids can combine to form unwanted soaps:
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However, this can be prevented with the addition of acid to the wash water:
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In order to be used in state vehicles, the biodiesel must meet certain quality standards set by the American Society for Testing and Materials (ASTM). Some of these tests include acid number, viscosity, density, cloud point, flash point, and glycerol content. 
Glycerol content can be determined using gas chromatography/mass spectrometry; however, the glycerol and 1,2,4-butanetriol (the internal standard) in the solution must first be sylated using 
N-Methyl-N-(trimethylsilyl)trifluoroacetamide (MSTFA). The reaction of glycerol with MSTFA is as follows:
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In this experiment, biodiesel will be synthesized from waste vegetable oil, and then purified. Its purity will be assessed by acid number, viscosity, methanol content, pH of the wash water, and glycerol content.


Experimental
I. Titration of waste vegetable oil to determine acid content

1. On a magnetic stir plate, in a 50 mL beaker, titrate 10 mL of isopropanol and 3 drops of p-naptholbenzein indicator with the standardized KOH and record the volume of KOH required to neutralize the isopropanol. This titration will only require a few drops of KOH. (Isopropanol has a residual acid content, so this is the acid content of the isopropanol, i.e. the blank).
2. In a beaker, combine 10 mL isopropanol, 1 mL waste vegetable oil, and 3 drops of indicator, then titrate with KOH while stirring with a magnetic stir bar on a stir plate.
3. Subtract the volume used to neutralize the solvent in Step 1 by the volume required to neutralize the free fatty acids in the WVO sample from Step 2. Calculate the moles of KOH required for the titration, this is the moles of free fatty acid in the WVO per 1 mL. Calculate the grams of KOH required to neutralize the free fatty acid in 250 mL.
II. Synthesis of Biodiesel
,
,

1. Put 250 mL of waste vegetable oil (WVO) into a large beaker or flask.

2. Stir and heat to about 55 °C.

3. In another beaker, add the amount of KOH determined in the titration to 1.3 g KOH and combine with 50 mL of methanol. Stir until KOH and methanol have completely reacted to form methoxide.

4. Once the WVO reaches 55 °C, slowly pour in all of the methoxide solution into the beaker of WVO.

5. Continue to heat and stir at 55 °C for 1 hour.

6. After 1 hour, remove from the heat and stir plate and let the biodiesel and glycerol layers separate for approximately 1 hour.

7. After the layers have separated, remove the top biodiesel layer by siphoning into a beaker, which then leaves glycerol.


III. Washing the Biodiesel

1. Add 80 mL of distilled water, then 200 mL of biodiesel to the bubble column.

2. Turn on the argon gas tank to bubble at 10 mL per minute for 1 hour through the column.
3. If soap forms at the top of the sample in the column, add 2 M HCl 0.5 mL at a time until the soap is no longer present.
4. After 1 hour, remove the sample from the bubble column and let it settle into layers overnight (the biodiesel layer will be on top), or boil at 80-90°C while stirring for 15 minutes.

Perform the following analyses on the crude and washed biodiesel:

IV. Determination of Acid number


1. Pour 50 mL of the standardized KOH solution into a 50 mL buret.

2. Combine 10 mL of isopropanol with 1 mL of the biodiesel sample and 3 drops of p-naptholbenzein indicator in a 50 mL beaker.
3. While stirring, slowly titrate KOH into the solution dropwise until a color change is observed. (This will only take a few drops. Why?) 
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V. Viscosity
1. In accordance with the diagram, make marks on the viscometer at points A, B, and C.
2. To standardize the viscometer, pipet water into the viscometer up to point C.

3. Submerge the viscometer in a warm water bath at 40 °C making sure that up to point A is submerged. 
4. Use a bulb to force the water above point A, and then release it.

5. When the meniscus reaches point A, begin the stopwatch.

6. Record the amount of time it takes to reach point B from point A.

7. To clean the viscometer, use acetone then put in a drying oven.

8. Repeat this process using biodiesel instead of water.
VI. Density  
1. Pre-weigh a 50 mL beaker.
2. Add exactly 25 mL of biodiesel into the 50 mL beaker and weigh again.

VII. Methanol Content
1. Gow Mac GC Settings: Attenuation should be at 32, Column should be at 120 °C, Injector at 200 °C, Detector at 200 °C, Current at 100, Flow should be between 23-27, Polarity should be flipped down to – (negative), and the GC is now set up for the polar Column A.

2. In a vial, combine 2 mL of biodiesel with 100 µL of 1-propanol and cap with a septum.

3. Fill an 800 mL beaker with water and heat on a hot plate to 80 °C.

4. Suspend the vial in the 80 °C water for 15 minutes by ring stand and clamp.

5. After 15 minutes, take a 500 µL air tight syringe and pierce the vial through the septum and pump 10 times.

6. On the 11th time fill the syringe with the vapor and inject in the Gow Mac GC, polar column A.

7.  After 6 minutes press STOP and the spectrum will print.

8.  Analyze results.

VIII. pH of Wash Water

1. Calibrate a pH probe using pH 4 and 10 buffers.
2. Pour a sample of the wash water into a 50 mL beaker and use the pH probe to determine pH.
IX. Glycerol Content

Using the GC/MS:
1. On the GC/MS computer, open the desktop item 5972 MSD. Select Method, Load, then select biodies2.m from the list. Hit OK. The method will load and the GC/MS will heat to 100°C. 

2. On the 5972 MSD screen click on the button with the large green arrow and fill in the operator name, choose a data file name (beginning with BD..), sample name, and under misc. info put the type of injection (in this case, vapor). 

3. Looking at the GC/MS key pad, when only the green light under STATUS is on, click Start Run on the computer. 

4. When all the lights are out on the GC/MS, inject the sample into the column and push the START button on the GC/MS. 

5. To view the progress of the run, click View, Data Analysis. On the Data Analysis browser, click File, Take Snapshot to look at the spectrum. By double right clicking on the peaks the mass spectrum will appear below. By double right clicking on the MS, the structure will be found by the database.

6. To integrate the GC spectrum, go to Chromatogram, AutoIntegrate. This will integrate the peaks. If the desired peak is not integrated, go to Options, Manual Integration and right click and drag to integrate. Go to Chromatogram, List Results to see the areas of the peaks.

For this injection:

7. In a vial, mix 300 μL of the biodiesel sample with 100 μL of 0.005 g/mL 1,2,4-butanetriol in pyridine, 200 μL of MSTFA, and 400 μL of pyridine.
8. Inject a 1.0 μL vapor sample into the GC/MS with a syringe by sucking 1.0 µL of sample into the syringe and pumping it out 30 times. On the 31st time fill the syringe to 1.0 µL and inject into the column. Integrate the peaks that correspond to sylated glycerol and sylated 1,2,4-butanetriol and record areas.

Calculations and Discussion
Acid Number

Acid number is the mg of KOH added per gram of biodiesel. To comply with ASTM standards, the acid number should be less than 0.50.
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Viscosity
The viscosity of a sample can be found using the known viscosity of a substance such as water (1.013 mm2/s at 40°C). The ASTM requirement is for viscosity of biodiesel to be between 1.0 – 6.0 mm2/s.
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Density
Subtract the weight of the beaker from the weight of the beaker plus biodiesel, and then divide by 25 mL to get density in units of g/mL.

Methanol
The calibration curve for methanol seen below can be used to determine the amount of methanol in the biodiesel.  Use the equation obtained from the curve to find the percent by weight of methanol in the biodiesel.
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Glycerol
The calibration curve for glycerol seen below can be used to determine the amount of glycerol in the biodiesel. Use the equation obtained from the curve to find the percent by weight of glycerol in the biodiesel.
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Questions
1. A primary concern for global warming is the release of CO2 (g) into the atmosphere.    

      Why is burning biodiesel “environmentally friendly” when it also releases CO2 (g)?
2. What solutions other than KOH can be used as a catalyst or for titration?

3. Besides isopropanol, can another solvent be used?

4. If the temperature rises drastically above 55 °C while synthesizing biodiesel, what might happen to the biodiesel?

5. If the biodiesel was to be washed multiple times with water, what should the pH of the water be when the biodiesel is completely purified?
6. Unreacted vegetable oil remains in the biodiesel after the transesterification reaction. Can you think of a way to get rid of this so that the biodiesel can be used in a car?
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