Experiment #6:  Burning Fuels for Energy[footnoteRef:1] [1:  This experiment has been adapted from “Experiment  10 – Which Fuels Provide the Most Heat” and from “Experiment 11 - Can Waste Oil Be Turned into a Fuel?”  in Laboratory Manual:  Chemistry in Context, 6th edition, by Gail A. Steehler (New York: McGraw-Hill Higher Education, 2009).
] 

Written by Dr. Kelly Mowery – Ursinus College

INTRODUCTION
Our society is heavily dependent on the combustion of fuels to provide energy for heat and transportation.  Historically, we have relied on compounds containing only carbon and hydrogen, called hydrocarbons, as a primary fuel source.   Hydrocarbons undergo combustion with oxygen to produce carbon dioxide and water.  Hydrocarbon fuels offer the advantage of high energy content per mass of fuel burned.  Of course, an overwhelming disadvantage of hydrocarbon-based fuels is that they are obtained from petroleum oil, a nonrenewable resource.  
One possible alternative is the use of partially-oxygenated hydrocarbon fuels, such as alcohols, or biodiesel.  Ethanol is already added to gasoline to make “gasohol.”  Most gasoline sold in the U.S. contains up to 10% ethanol, and flexible fuel vehicles can operate on gasohol mixtures ranging from 10 to 100 percent ethanol.  Some advantages of ethanol-based fuels are that they are less toxic, more water soluble, and produce fewer hazardous emissions since they burn more completely.  Biodiesel can easily be prepared from vegetable oils.  All vegetable oils contain triglycerides, which react with methanol in the presence of a sodium hydroxide catalyst to produce glycerol and biodiesel.
	Triglycerides	+	CH3OH		glycerol	+	biodieselNaOH


Biodiesel offers the advantage of being biodegradable, nontoxic and produced from renewable resources, and can be used in any diesel-powered vehicle with little or no engine modifications.

In this experiment, you will create your own biodiesel fuel, and compare the energy content of your biodiesel to that of several other fuels.  Fuels used for comparison include pure hydrocarbons - lamp oil (C12H26) and candle wax (C40H82), and partially-oxygenated hydrocarbons – ethanol (C2H5OH) and butanol (C4H9OH).  The energy content will be determined by burning each fuel and using the heat generated to warm a container of water.  By measuring the temperature increase of the water (ΔT), the calories of heat energy released by the fuel can be calculated using the equation:

heat released by fuel = heat absorbed by water = (mass water) x (1.00 cal/g·ºC) x ΔT

This experimental plan assumes that all of the heat released by burning the fuel goes into heating the water without being lost to the surroundings.  In order to compare the results for different trials, we will divide the calories of heat released by the mass of fuel burned, so that our final results are calories per gram of fuel (cal/g).  Each pair of students will determine the energy content of one fuel in addition to their biodiesel, and class results will be compiled.

SAFETY

Be aware that you are working with flammable fuels and open flames. Avoid loose sleeves and tie long-hair back.  DO NOT ATTEMPT TO TRANSPORT A BURNING FUEL LAMP!  Note the locations of fire blankets. 

PROCEDURE 1:  PREPARATION OF BIODIESEL

Measure out 10 ml of methanol using a 10 mL graduate cylinder.  Pour into a small beaker.  
Add 0.5 mL (~10 drops) of 9 M NaOH to the methanol.  Set this mixture aside until step 6.
Use a 100 mL graduated cylinder to measure 50 mL of vegetable oil.  Pour the oil into a 150 mL beaker.  Add a magnetic stir bar to the beaker.
Place the beaker of oil on a stirring hot plate.  Turn hot plate on LOW and adjust stir rate to achieve steady mixing of the oil without splashing.
Monitor the temperature of the oil by clamping a thermometer in the oil so that it is not resting on the bottom or colliding with the stir bar.
When oil temperature reaches 50 °C, turn off the heat but continue stirring.  Add the methanol/NaOH mixture to the oil.  The stir rate should be fast enough that two separate layers do not form.
After 20 minutes, remove the beaker from the hot plate.  Pour the biodiesel mixture into eight test tubes so that each test tube is about ¾ full.
Load the test tubes into a centrifuge so that the centrifuge is balanced, then spin the biodiesel mixture for 4 minutes.  
After spinning, allow the centrifuge to come to a complete stop.  Remove the test tubes.  You should see two well-separated layers.  The top layer is biodiesel and the bottom layer is glycerol.
Pipet your biodiesel (top layer!) into an alcohol lamp for later use.
PROCEDURE 2:  MEASURING THE HEAT CONTENT OF FUELS

1. Obtain a fuel lamp containing the fuel you have been assigned to use.  Accurately measure the mass of the fuel and lamp, recording as many digits as possible.
Weigh a modified soda can (top removed and two holes drilled in sides) and record the mass on your data sheet. 
Use a graduated cylinder to add 100 mL of water to the soda can.  Reweigh the can containing the water and record the mass.  Calculate the mass of water in the can by subtraction.
Slide a glass stir bar through the holes of the soda can so that it can be suspended from a ring clamp attached to a stand.  Place the fuel lamp under the can and adjust the height of the ring so that the bottom of the can is about 2 cm above the lamp wick.  DO NOT LIGHT THE LAMP YET!
Prepare an aluminum foil “skirt” that wraps around the bottom of the soda can and hangs down, shielding the flame from air drafts.
Clamp a thermometer in the soda can and record the temperature of the water to 0.1 °C.
Carefully light the fuel lamp.  If necessary, carefully adjust the height of the can so that the bottom of the can is just above the top of the flame.  Shape the aluminum skirt to shield the flame and direct heat toward the water.
Stir the water occasionally until the water temperature has increased 20 °C, then extinguish the flame.
Continue stirring the water until the temperature stops rising.  Record the maximum temperature of the water, estimating to 0.1 °C.
Reweigh the fuel lamp using the same balance as before.  Calculate the mass of fuel burned by subtracting the final weight of the burner from the initial weight.
Replace the warm water with 100 mL of  room temperature water, and repeat steps 6 through 10 once.
Repeat steps 6 through 10 twice more using the fuel lamp that contains your biodiesel.
DATA ANALYSIS

We already know that it takes 1 calorie of energy to increase the temperature of 1 g of water by 1 degree Celsius.  Assuming that all of the heat released by the fuel is absorbed by the water, the calories of heat released by the fuel can be calculated using the equation:

heat released by fuel = (mass of water) x (1.00 cal/g·ºC) x (temperature change of water) 

In order to compare the results for different trials, we will divide the calories of heat released by the mass of fuel burned, so that our final results are calories per gram of fuel (cal/g).  
Each pair of students should complete Table 1 to calculate the calories per gram of fuel for their experiments.   The energy contents of the fuels (cal/g) must be submitted to the instructor, so that all data can be distributed to the class.  The average energy content for each fuel based on the class’s data should be reported in Table 2.
CLEAN UP

Please return all materials to the front bench.
SUMMARY REPORT:  BURNING FUELS FOR ENERGY	NAME: ___________________


TABLE 1.  INDIVIDUAL RESULTS
	TRIAL NUMBER
	1
	2
	3
	4

	Fuel Used
	
	
	
	

	Mass of can + water (g)
	
	
	
	

	Mass of empty can (g)
	
	
	
	

	Mass of water (g)
	
	
	
	

	Final water temp. (°C)
	
	
	
	

	Initial water temp. (°C)
	
	
	
	

	Temp change of water (°C)
	
	
	
	

	Initial burner mass (g)
	
	
	
	

	Final burner mass (g)
	
	
	
	

	Mass of fuel burned (g)
	
	
	
	

	Heat released by fuel (cal)
	
	
	
	

	Heat per gram of fuel (cal/g)
	
	
	
	



Complete the table below by calculating the average energy content for each type of fuel using the entire class’s results.  If you decide to omit any results obtained by the class, make a note of this.

TABLE 2.  CLASS RESULTS 
	FUEL
	CLASS AVERAGE ENERGY CONTENT (Cal/g)
	COMMENTS/OUTLIERS OMITTED

	Lamp oil
	
	

	Wax
	
	

	Ethanol
	
	

	Butanol
	
	

	Biodiesel
	
	




FOLLOW-UP QUESTIONS

1. Based on the class results, rank the fuels investigated in order from highest to lowest energy content per gram of fuel.  Underneath each blank, identify the fuel as a hydrocarbon or alcohol (biodiesel is neither; it is a methyl ester).

______________ > ______________ >______________ >______________ >______________

	According to these results, what generalization can you make about the relative energy contents of hydrocarbons versus partially-oxygenated hydrocarbons (alcohols)?  What about the relative energy contents of hydrocarbons compared to biodiesel? 
2. Some flexible-fuel vehicles are capable of using “E85,” a gasohol mixture containing 85% ethanol and 15% octane (the primary hydrocarbon in traditional gasoline). 
A.  How would the energy content per gram of E85 compare to pure gasoline? 
B. How would this affect a vehicle’s fuel efficiency (miles per gallon)? 
C. Why would an environmentalist support the use of E85 over pure gasoline? 
D. Why would a farmer support the use of E85 over pure gasoline? 
E. Why might the director of a food pantry that serves the poor oppose the increased use of E85?


3. Carbohydrates have the general formula CH2O, while fats have the general formula of C10H19O.  Using these formulas, calculate the percent oxygen by mass in each type of food.  Show your work.  Based on these percentages, which category of food do you think releases more energy when metabolized?  Does this match the calorie content per gram given in Table 11.5 of your textbook? 
4. [bookmark: _GoBack]Identify three sources of error in this experiment.  For each source, indicate whether it would have a small, medium or large effect on the calculated energy content of the fuel, and whether the calculated energy content would be erroneously high, erroneously low or unable to be determined.
5. One argument against the idea that biodiesel represents a more “green” alternative to petroleum diesel is that burning biodiesel fuel still emits a substantial amount of CO2, a greenhouse gas.  Advocates of biodiesel counter this argument by stating that the CO2 emitted is balanced by CO2 consumption during the production of the biodiesel to create a “closed-carbon cycle.”  How can the “closed-carbon cycle” argument possibly be true?
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