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Introduction
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	Gel encapsulated fuels are flammable jelly-like substances that are used in place of conventional stoves when such means are not available or practical.   It is designed to leave minimal residue, produce no smoke, have a jelly-like consistency, and burn for extended lengths of time.   One name brand gel fuel, Sterno (pictured left), has all of these qualities and is often used with food buffets or by campers on trips for its ease of use and commitment to safety. 
	Gel fuels are made by reacting calcium carbonate and diluted acetic acid, creating aqueous calcium acetate.
 (
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The solution is filtered to remove excess calcium carbonate and precipitated calcium acetate.  Next, the solution is distilled to create a more concentrated calcium acetate solution.  Adding this solution to alcohol will form the gel fuel.
	We wanted to create our own gel fuel that would have all the positive qualities of Sterno, but would turn out to be a better product.  Two criteria we used for judging our quality of product was a simple burn time test and also measuring energy output.


Equipment and Procedures

	In starting our lab trials, the first ingredients we used were simple household products.  Antacid pills, in this case Tums, were used as a source of calcium carbonate.  Next, we added diluted acetic acid or vinegar to the Tums which reacted to form a solution of calcium acetate.  	After many attempts to use Tums as a source of calcium carbonate, our group made the transition to using laboratory grade pure calcium carbonate.  We experimented with different masses of calcium carbonate and varying volumes of vinegar.  Also, we filtered our different solutions to take out any excess solids.  Additionally, we distilled the solutions to increase concentration.  
 (
Before (left) and after (right) centrifuge process
)[image: H:\dannnnnnnnnnnnnnnnnnnnnnnn F\DSC00154.JPG][image: H:\dannnnnnnnnnnnnnnnnnnnnnnn F\DSC00158.JPG]	Looking to eliminate additional variables, our group cut out the process of reacting and distilling the diluted acetic acid solution and acquired calcium acetate.  We dissolved the optimal amount of calcium acetate in deionized water, 34.7 grams per 100 milliliters, and created a saturated solution.  To assure our solution was optimal a centrifuge was used to remove any excess solids.  
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	Now that our group had a gel with good consistency and clarity, we looked to lengthening burn time and calorie output.  Isopropyl alcohol was used to create one gel, but we discovered that it left soot when burned rendering the gel unsatisfactory.  Both methanol and ethanol were tested individually and in a mixture.  The mixture of ethanol and methanol made the best gels in terms of burn times, energy output, and gel quality.
	Two different tests were used in order to determine the quality of the name brand Sterno and all of our gels that we created.  The first test was a simple burn length test.  Two grams of a gel was massed and using a stop watch we recorded how long each sample burned until it extinguished itself.  Also, we placed 50 ml of water on a ring stand above a 2 g sample of gel fuel.  We determined how high the temperature was raised by the lit fuel, and then converted the data to calories.  We converted calories to joules and then divided by the burn time to find the power output in watts.  


Results and Discussion

		In trials 1 and 2, we tried using Tums as a source of calcium carbonate, but we found that there were contaminants such as sucrose, sodium phosphate, and corn starch in the solution along with too much water.  Additionally, the solution was too thick to filter and thus was unusable.  Different amounts of pure calcium carbonate were used in combination with distillation for trials 3-8.  For trial 9, we calculated a new mass of calcium carbonate to be dissolved using solubility factors.  We also determined what volume of vinegar should be used, how much water should be distilled to obtain an appropriate concentration, and thus would form an average gel.  After experimenting with ratios of vinegar to calcium carbonate, this variable was eliminated.  We dissolved calcium acetate in deionized water for tests 10 and 11 to find the best alcohol and ratios of alcohol to use.  A summary of all our trials are listed in Table 1.
[image: ]
Table 1: Gel Fuel Trials				
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	For our final product, 1 g of calcium acetate was dissolved in 3 ml of water to form a saturated solution.  The resulting solution was centrifuged to assure there were no excess solids.  The solution was then added to a combination of 10 ml ethanol and 2 ml methanol.  This 5:1 ratio was found from a material safety data sheet acquired on the Sterno company page.  After stirring, the gel that was formed was smooth, burned for 357 seconds, and gave off 525 calories per gram.  As shown in Figure 1, our fuel gel burned 48 seconds longer than Sterno while having an equal calorie output.  Thus, Sterno has a high heat output. 

Figure 1. Power and Burn Test
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Conclusions and Recommendations
	
	Overall, through our research and efforts our group created a successful product that was very close to Sterno.  Our newly created gel fuel was gel like, burned for an extended period of time, and produced very little smoke and soot.  However, our gel did have much room for improvement.  When left uncovered our gel liquefied, leaving a nonflammable puddle.  When burned, our gel also left more ash than Sterno.  In comparing textures, Sterno resembles a hair gel that is very transparent.  Our gel resembles a wax and when stirred and crumbles easily.
	Unfortunately, our group did not have the means to improve our most recent gel.  The waxy and opaque appearance of our gel was attributed to the excess solids and impurities suspended in the gel.  In order to create a better product, we would have to use more advanced methods of purification such as a distillation tower, a filter press, or less porous filter paper.  This ultimately would have allowed us to create a better gel that would reduce ash, lengthen burn time, and better resemble Sterno.
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Calcium Acetate Solution 

after Distillation

Consistency

Trial Source Amount Source Amount Type Amount

1 Tums 2 tablets (200mg)

Vinegar            

(5% concentration) 40 ml n/a Ethanol 10 ml no gel

2 Tums 2 tablets (200mg) Vinegar  250 ml n/a Ethanol 100 ml no gel

3 Pure Calcium Carbonate .17 g Vinegar  43 ml 5 ml Methanol approx 5 ml little gel

4 Pure Calcium Carbonate .17 g Vinegar  43 ml 5 ml Ethanol approx 5 ml no gel

5 Pure Calcium Carbonate .17 g Vinegar  43 ml 5 ml Isopropanol approx 5 ml waxy gel

6 Pure Calcium Carbonate 1.47 g Vinegar  33 ml no liquid (2.7 g) Methanol 4 ml slurry

7 Pure Calcium Carbonate 1.47 g Vinegar  33 ml no liquid (2.7 g) Ethanol 4 ml jelly like

8 Pure Calcium Carbonate 1.47 g Vinegar 33 ml no liquid (2.7 g) Isopropanol 4 ml thin gel

9 Pure Calcium Carbonate 7.5 g Vinegar  100 ml 40 ml Isopropanol 10 ml average gel

10 n/a Ethanol 36 ml thick gel

11 n/a Ethanol/Methanol 10/2 ml thick gel 1 g calcium acetate, 3 ml water

Calcium Carbonate Acetic Acid Alcohol

Gel Fuel Trials

3 g of pure calcium acetate,  9 ml water
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