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Objective
To create awareness about the environmental issues of gasoline cycle and about the impact the engineers can make by discovering alternative energy sources.
Equipment and Materials 
1. Electronically conducting samples (we used solid oxide fuel cell anode material)
2. Ionic conducting samples (we used Alka-Seltzer tablets)
3. Resistors

4. Multimeter 

5. Computer with spreadsheet software
Introduction
The American College Testing organization reported that between 1992 and 2003 the percentage of high school students expressing an interest in majoring in engineering dropped from 9% to 6%. In addition to the lack of numbers there is also the recurring problem of the lack of preparedness among US students in math and science. There is thus the urgent necessity to use all means possible to create an awareness and interest in engineering and science. While many programs have been started to address these problems there is a growing movement towards teaming college faculty with K-12 teachers as a means of addressing these issues. The ASEE EngineeringK12 Center seeks to promote awareness and knowledge of engineering and technology as tools for advancing achievement in K-12 science and mathematics teaching and learning. It is well known that laboratories and demonstrations add information and interest to science and engineering courses [1]. Laboratory exercises provide a great opportunity to expose students to ‘real materials’ in an active learning environment. Such exercises also provide a mean to satisfy important learning objectives and the ability to conduct experiments, analyze and interpret data [2].
As do many schools, the College of Engineering at North Carolina A&T State University (NCAT) organizes summer camps entitled ESP - Engineer Starter Program to encourage students to pursue baccalaureate studies in engineering. This two-week program generally consists of a series of lectures on modern engineering topics, lab tours for exposure to modern research equipment, and the opportunity to perform some simple hands-on experiments. The staff of the Center for Advanced Materials and Smart Structures (CAMSS) at NCAT organized an Advanced Materials and Nanotechnology Camp as part of two ESP camps of about 20 students each offered in June and July 2006. The Nanotechnology Camp consisted of 4 half-day meetings in the second week of the ESP camp.
For the specific module discussed in this paper, the authors conducted a hands-on laboratory experiment to create some excitement about the engineering materials used in alternative energy transportation systems. With the $3 a gallon gas prices of summer 2006, this was of great interest to newly-mobile high school students with limited budgets! The experiment is intended to exploit the students natural interest in transportation to whet their interest in the basic engineering concepts such as energy, pollution, conductivity and advanced and nanomaterials. 
Introducing energy concepts 
We started with a detailed overview of the different energy sources and their impact on the environment. Even before the presentation, the high school students were already aware of automobile and chemical industry emissions being the chief sources of atmospheric pollution in the United States. Today’s chief energy sources for the automobiles and many industries are gasoline, diesel and other fossil fuels. The gasoline energy cycle and its role on the environment were explained with a slide presentation (Figure 1). The cycle explains the process of extracting petroleum from the oil well, the refining of the crude oil to desired specifications and then its distribution to the retail consumer.  The engineering aspects underlying each and every step were discussed with the students. At the end of the cycle, the figure showed the gas-emission by the tail-pipe. To create awareness among the students, the typical composition and quantities of tail-pipe emission gases and their impact on the environment was also presented.
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Figure 1. Comparison of gasoline and hydrogen cycle [3]
The presentation moved on to the ethanol based energy sources. The prime reason for using ethanol-based gasoline is to reduce the nation’s dependence on foreign oil and also to help address the global climate change. The prime source of ethanol in the US is corn. The use of corn ethanol gives the country the dual benefit of improvement in agricultural economy and increase in U.S. energy security. The ethanol based gasoline is generally blended in commercial formulations such as E15 and E85. E15 is a fuel blend that contains 15 % ethanol and 85 % gasoline, and E85 is the reverse of this.
A lot of attention the alternative energy source arena is currently being focused the fuel cell research because of its potential for clean energy that other sources like wind or sun power might not be able to deliver conveniently and reliably for mobile applications. The fuel cell cycle emits only water. It generates power through the chemical reaction of oxygen and hydrogen (Figure 2). The chemical reaction in the cell is enabled by the function of the positive (anode)-electrolyte-negative (cathode). The fuel (hydrogen) is passed along the anode while the oxidant (air) is passed along the cathode. The electrolyte acts like a selective membrane that separates the air and hydrogen streams, allowing the movement of oxygen ions but not allowing conduction of free electrons. When hydrogen reacts with oxygen at the anode, two electrons associated with the oxygen atom are replaced with hydrogen, producing water and electricity. These electrons are freely conducted through an external circuit back to the cathode where they dissociate the incoming supply of O2 molecules, thus sustaining the reaction [4]. Electricity is produced as the electrons move through the external circuit. The underlying principle is that the electrode material should be electronically conductive so that it can carry the electron ions to the external circuit, and that the electrolyte material should be an electronic insulator. This concept was emphasized to the students since the experiments are based on this concept. 
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Figure 2. Working principle of a fuel cell [5]
Conductivity Experiments
The students are supplied with the multimeter and shown the different types of measurements that can be made using the meter and instructed to use the resistance measurement (ohm-meter) mode. For a better understanding of the ohm-meter measurements, the students were asked to take the readings on the ohm-meter using three different commercially available standard resistors that they commonly see on circuit boards inside computers, entertainment devices and automobiles. Initially, the students were hesitant to hold the ends of the resistors firmly. Once it was explained about the safety and the importance of holding the edges firmly for better accuracy, the students started get comfortable. Once after going through the resistors, the students used the fuel cell anode material and a ceramic material (used for research purposes in our lab) to measure the resistance. The students measured the resistance of tap water before and after they dissolved in an Alka-Seltzer tablet (Figure 3).  
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	Figure 3. (a) Students listening to the presentation about energy concepts, (b) learning to use the multimeter, (c) doing measurement on standard resistors and (d) doing measurements on water plus Alka-Seltzer solution.


The students tabulated their observation as shown in Table 1. Also, they plotted a bar chart using an Excel spreadsheet (Fig. 4). The results help them to understand the resistivity and the corresponding conductivity of the different samples. It was surprising for the students to observe that the pure water is relatively resistive and less conductive. They also understand the difference between the electronic conductivity and ionic conductivity. However, the primary observation was the difference in the resistivity values between the fuel cell anode material and the other materials. 
Table 1. Resistance measurement for different materials


[image: image5.emf]Material Resistance (ohms)

Reading 1 Reading 2 Average

Resistor A 20 20 20

Resistor B 100 100 100

Resistor C 10000 10,000 10,000

Sintered pellet 1.00E+07 1.00E+07 1.00E+07

Fuel cell electrode 0.4 0.4 0.4

Water 1.00E+07 1.00E+07 1.00E+07

Water plus Alka Seltzer 80,000 80,000 80,000
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Figure 4. Bar chart showing the comparison of resistance values for different materials
Comments

This experiment and presentation led the students from an issue (high cost of gasoline) that directly affects their pocket books and social lives to considerations of alternative energy sources, and finally to the point that as engineers and scientists, they can be part of the solutions. The fuel cell anode material was made by compaction and sintering of nanoparticulate oxide materials (sintered pellets) followed by reduction of the nickel oxide in the pellet to electronically conducting nickel, which gives the fuel cell electrode in Figure 4 its low electrical resistance. This naturally led to a visit to the powder mixing and compacting equipment as well as the reduction furnace. Many students were excited to their own data converted to tables and charts. We were fortunate to be visited by a local news crew (local Fox affiliate) during one of these presentations resulting in a two-minute long news snippet providing excellent exposure to our activities broadcast on the evening news in the Piedmont Triad Region of North Carolina.
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		Objective is to measure the resistance of the different materials

		Use the multimeter to measure the resistance of the different materials

		Take atleast two measurements for each material

		Use Excel spreadsheet to generate the observation table

		Generate a Bar chart to compare the ressistance of different of materials

		Write your conclusions based on the generated bar chart

				Reading 1		Reading 2		Average

		Resistor A

		Resistor B

		Resistor C

		Sintered pellet

		Fuel cell electrode

		Water

		Water plus Alka Seltzer

		Material		Resistance (ohms)

				Reading 1		Reading 2		Average

		Resistor A		20		20		20

		Resistor B		100		100		100

		Resistor C		10000		10,000		10,000

		Sintered pellet		1.00E+07		1.00E+07		1.00E+07

		Fuel cell electrode		0.4		0.4		0.4

		Water		1.00E+07		1.00E+07		1.00E+07

		Water plus Alka Seltzer		80,000		80,000		80,000
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		NAME:

		Objective is to measure the resistance of the different materials

		Use the multimeter to measure the resistance of the different materials

		Take atleast two measurements for each material

		Use Excel spreadsheet to generate the observation table

		Generate a Bar chart to compare the ressistance of different of materials

		Write your conclusions based on the generated bar chart

				Reading 1		Reading 2		Average

		Resistor A

		Resistor B

		Resistor C

		Sintered pellet

		Fuel cell electrode

		Water

		Water plus Alka Seltzer

		Material		Resistance (ohms)

				Reading 1		Reading 2		Average

		Resistor A		20				20

		Resistor B		100				100

		Resistor C		10000				10,000

		Sintered pellet		1.00E+07				10,000,000

		Fuel cell electrode		0.4				0

		Water		1.00E+07				10,000,000

		Water plus Alka Seltzer		80000				80,000
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