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Abstract

The goal of this study was to see if successful storage of hydrogen is affected by temperature.  In order to test this study, approximately the same amount of hydrogen was put into twenty different balloons.  The twenty balloons were divided into four groups of five and each placed into a different environment. The affects of four different temperatures were tested: 5º Celsius, 21º Celsius, 32º Celsius, and an environment that was alternated between 5 and 32º Celsius.  Each day the circumference of the balloons were measured and recorded as an indication of how much hydrogen was lost.  No difference was found in the loss of hydrogen between the balloons placed in one temperature the balloons placed in a different environment.  There were many different factors that could have contributed to these results.  If the equipment used had had the ability to control more of the variables in a safe way, then it is possible that different results would have been yielded.  Since hydrogen can be such a dangerous gas to work with, the experiment had to be modified.  Making modifications to the experiment, to ensure that every procedure was done safely, likely caused the data to be compromised.
Introduction

Fuel cells can be an excellent source or energy.  There are many advantages to using fuel cells as opposed to other forms of energy production.  One of the largest advantages with fuel cells is that when they are, “fuelled by pure “clean” hydrogen, fuel cells produce only pure water as exhaust even when powered by fossil fuels, they produce far less pollution than conventional technologies” (Harper, Fuel Cell Market).  Fuel cells are efficient.  They are able to extract more energy from the fuel than other methods because of the way the combustion reaction occurs within a fuel cell.  Fuel cells are reliable and responsive. They have the ability to run for an unlimited amount of time as long as the fuel is continually being supplied and they can be powered by a variety of different fuels.  Fuel cells produce high quality power for a reasonably low price.  The hydrogen fuel cell is a developing technology that will allow great amounts of electrical power to be obtained using hydrogen gas as the source.   

Hydrogen is the most abundant element in the universe.   This element is found in the stars, and plays an important part in powering the universe through both the proton-proton reaction and carbon-nitrogen cycle (Department of Energy). Hydrogen is the smallest and lightest element.  Hydrogen is rarely, if ever, found in a pure form on earth, because is combines with many other things.  Hydrogen is also extremely flammable, thus the manners by which it is stored and handled are very important. 

This study was being performed to determine the best temperature to store hydrogen. If the safest and most efficient way to store hydrogen is determined, people can store hydrogen used for fuel cells successfully, and prevent dangerous situations from arising.

“Heating air molecules cause them to move faster, and push harder, causing the air to expand” (Robertson, Energy: Stop Faking It!).  The same principals apply to molecules of hydrogen.  Therefore the hypothesis is that the greatest loss of hydrogen and circumference will be in an environment where the hydrogen in the balloons is being heated.
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Materials
30 Rubber Party Balloons

1 Handheld Balloon Air Pump

Yarn

Sharpie Pen

Masking Tape

Ruler, Yardstick, or Sewing Measuring Tape

Hydrogen 

Two Drying Ovens
Methods

1. A handheld balloon pump was used to inflate ten balloons.  Each balloon was filled with fifteen “pumps” of surrounding air, making sure each pump is as identical as possible. Each of the 10 balloons was tied shut and a piece of yarn was tied around each knot. Using tape, each balloon was labeled differently, using the letters A through J. 

2. A sewing tape measure was used to measure the circumference of each balloon, from the very top of it, all the way around to the bottom where it is tied. As the measuring tape was wrapped around it, dots were marked with a sharpie pen indicating exactly where each balloon was to be measured, so it can be measured in the exact place. Initial measurements were recorded on all balloons. 

3. Put all the balloons together in the same place in a room. The room should be approximately 21 degrees Celsius for most of the day. Leave balloons untouched for a week. After a week, measure the circumferences along the same dots used when first measured. Write down the new measurements and observe any changes in the balloons. 

4. Twenty balloons were filled with hydrogen. With the type of tank and regulator used, it took about one second to fill a balloon.

5. Each hydrogen balloon was tied off and attached to a piece of yarn, to prevent them from floating away.  With masking tape, each balloon was labeled differently using numbers one to twenty.  As above, a sewing tape measure was used to measure the circumference of each balloon, from the very top of it, all the way around to the bottom where it is tied. As the measuring tape was wrapped around it, dots were marked with a sharpie pen indicating exactly where each balloon was to be measured, so it can be measured in the exact place. Initial measurements were recorded on all balloons. 

6. Using a Microsoft Excel Spreadsheet the balloons ordered form smallest to largest circumference.  The balloons were then counted off by fours.  All the “ones” went to 32 degrees Celsius; the “twos” went to 5 degrees Celsius; the “threes” went to the alternating temperature zone of 5 and 32 degrees Celsius, and the “fours” went to 21 degrees. 

7. Preheat one oven to 32 degrees C and the other to 21 degrees C. Wait until the ovens have fully heated. Put one group of balloons in each oven.  The ovens were then unplugged because since they were not spark free, it was unsafe to out hydrogen in them. 

8. During the time this experiment was performed it is winter and outside temperatures are cold enough to be in the range needed for this experiment. The next two sets of balloons were placed, and therefore kept at about 5 degrees Celsius. 

9. After approximately 24 hours the five balloons in each of the four groups were measured. While the balloons were out of the ovens for measurement, the ovens were plugged back in and allowed to reheat.  After measuring all of the circumferences in exactly the same place, each group of balloons was returned to its original location with one exception.  One group of balloons that was outside was placed in the 32 degree oven for the second time period.  . 
10. After another 24 hours, step 9 was repeated except that the group of balloons that was moved from 5 degrees Celsius to 32 degrees Celsius was moved back to 5 degrees Celsius. 
11. Every 24 hours, for a week, the circumferences of each balloon were measured. Every day the same group of balloons was switched back and forth between the cold and hot environment. 
Results
 Balloons filled with air:
	Balloon
	Starting Circumference (in mm)
	Ending Circumference (in mm)

	A
	540
	508 

	B
	530             
	510 

	C
	534 
	510 

	D
	545 
	503 

	E
	545 
	516 

	F
	546 
	511 

	G
	520 
	509 

	H
	460 
	190 

	I
	528 
	524 

	J
	516 
	499 


Circumference of balloons filled with hydrogen stored at 21ºC in mm
	Balloon Number
	Day 0
	Day 1
	Day 2
	Day 3
	Day 4
	Day 5
	Day 6
	Day 7

	2
	530
	318
	310
	285
	280
	270
	275
	260

	3
	520
	343
	310
	290
	270
	260
	275
	265

	8
	504
	356
	300
	275
	280
	270
	274
	265

	17
	536
	356
	330
	300
	300
	290
	285
	290

	20
	760
	483
	440
	410
	390
	370
	375
	365


Circumference of balloons filled with hydrogen stored at 32ºC in mm
	Balloon Number
	Day 0
	Day 1
	Day 2
	Day 3
	Day 4
	Day 5
	Day 6
	Day 7

	4
	530
	343
	290
	280
	280
	280
	280
	270

	10
	460
	279
	270
	260
	255
	255
	255
	250

	11
	525
	330
	280
	280
	280
	280
	270
	275

	13
	510
	343
	290
	270
	270
	265
	270
	265

	14
	546
	356
	320
	290
	270
	280
	280
	280


Circumference of balloons filled with hydrogen stored at 5ºC in mm
	Balloon Number
	Day 0
	Day 1
	Day 2
	Day 3
	Day 4
	Day 5
	Day 6
	Day 7

	6
	556
	445
	320
	290
	290
	280
	270
	274

	9
	510
	400
	300
	270
	255
	250
	250
	255

	12
	528
	419
	330
	280
	270
	262
	265
	255

	16
	485
	368
	290
	260
	260
	260
	250
	247

	19
	530
	400
	310
	240
	250
	245
	225
	240


Circumference of balloons filled with hydrogen stored alternately at 5ºC and 32ºC in mm
	Balloon Number
	Day 0
	Day 1
	Day 2
	Day 3
	Day 4
	Day 5
	Day 6
	Day 7

	1
	530
	419
	290
	285
	280
	260
	260
	260

	5
	570
	457
	310
	305
	290
	290
	280
	290

	7
	512
	406
	280
	280
	280
	265
	255
	260

	15
	490
	393
	270
	260
	260
	250
	250
	250

	18
	534
	419
	300
	280
	270
	260
	260
	260
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This graph shows the circumference of both balloons filled with hydrogen and balloons filled with air, stored at 21 degrees Celsius, at the beginning and end of the week.  It is shown that even when these balloons are stored in the same temperature, the two groups have substantially different results.  
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This graph shows the average circumference of the balloons for each day.  It is shown that all of the balloons had similar starting and ending circumferences.  All the balloons lost the greatest amount of hydrogen in the first day.  As the week progressed all of the balloons seemed to reach an asymptote around 230 mm.    

Discussion
In conclusion, there were no significant differences in the daily means among the groups.  Therefore the hypothesis was incorrect.  All of the lines on the graph day to day were fairly parallel.  The balloons lost the most hydrogen within the first 24 hours.  As the week progressed, the loss of hydrogen per day decreased, the balloons seemed to reach an asymptote at which point they no longer had substantial amounts of loss.  However there was a significant difference in loss of circumference between the balloons filled with air and the balloons filled with hydrogen, even though they were both stored at 21 degrees Celsius.

Ideally this experiment would have been conducted in a spark free environment that would have allowed each group of balloons to be maintained at a constant rate.  Temperature may have had an affect of the storage of hydrogen if the balloons were filled to capacity, and had more surface area.  It is likely that different results would have been observed if the circumference was measure more frequently, especially in the first 24 hours.  Human error in the daily measurements was also a limitation that affected the data results.  


There are many steps that could be taken when it comes to furthering this experiment.  The balloons should be filled to maximum capacity and the surface area of the balloon should be compared to how much hydrogen was lost.  Other containers for storing hydrogen should be tested.  The first 24 hours of the experiment could be looked into more closely to see if any conclusions could come from this information, since most of the hydrogen was lost in this period of time.
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