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Abstract

To determine a relationship between heat of combustion and degree of saturation, olive oil (regular and extra virgin), canola oil, and soybean oil were combusted using a non-adiabatic Parr bomb calorimeter.  The heat of combustion was expected to increase with the degree of saturation.  According to the level of saturation, olive oil was expected to have the greatest heat of combustion, followed by canola oil, and then soybean oil.  The experimental data showed that the differences among heats of combustion of the oils were insignificant.  The observed average heats of combustion of olive oil are 39.31+0.709 kJ/g (regular) and 40.98+0.145 kJ/g (extra virgin).  The average heats of combustion for canola oil and soybean oil are 41.45+0.471 kJ/g and 40.81+0.325 kJ/g, respectively.  Though the standard deviation for each set of trials is below 2% of the heat of combustion, the ranges of each set overlap one another.  Nevertheless, the experimental data are within the standard deviation of other data obtained using similar equipment and procedure.  The insignificance of the data can be explained by the small variance in the heats of combustion of the constituent fatty acids.  Since the deviation of the heats of combustion of the fatty acids is only 0.6% while the deviation in the experimental results is 0.9%, no significant difference should be expected from our data.  The differences in the heats of combustion of the oils due to saturation are too small to detect using the resources available.  A final point of analysis concerns the nutritional labels used by the FDA.  Our data was 13.2% lower than the caloric value on nutritional labels.  This is most likely explained by the FDA’s cessation to use bomb calorimetry and instead approximation the caloric content of the food from the ingredients.
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Background

Organisms obtain energy by breaking down proteins, polysaccharides and fats.  Consider the cellular metabolism for the extraction of energy from fats, a potent source of energy as a result of their complex, multi-bond hydrocarbon structure.  Through aerobic respiration, the human body will break down these hydrocarbons and render the carbon and hydrogen in their most stable, lowest energy forms, CO2​ and H2O, and produce ATP and NADH in the process. (1) Thermodynamically, this process releases energy that is utilized by the organism.  The process of releasing the bond energy in fats may be replicated in a bomb calorimeter, which permits the measurement of the amount of energy present.

Energy Dependence on Structure of Fats

A fat is a glycerol molecule bonded to a combination of fatty acids or hydrocarbon chains.  Usually, the glycerol bonds to three fatty acids, forming a triglyceride (Figure 1).  A fat that has no double bonds between the carbon atoms in the fatty acid 

[image: image1.jpg]



Figure 1:  Saturated Lipid

chain is deemed “saturated” with hydrogen atoms (Figure 2).  The degree of saturation of the fatty acid governs the quantity of energy contained within.  The presence of double bonds in unsaturated fat lowers the energy of the molecule, with respect to a saturated fat which has only single bonds.  The reasoning is simple: the bond energy of a single bond is approximately 3.5 eV and that of a double bond is 6.4 eV.  Therefore, the breakdown of two single bonds releases more energy than one double bond (7eV versus 6.4 eV) (10).  This confirms that a saturated fat has more energy than an unsaturated.
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Among unsaturated fats, varying degrees of saturation are possible which depends on the concentration of the each of the fatty acids.  The most prevalent fatty acids found in vegetable oils are oleic and linoleic acid.  Figure 3 illustrates two unsaturated fatty acids, as evidenced by the presence of at least one double bond.

A signature characteristic of an unsaturated fatty acid is the kink that each double bond induces on the otherwise straight chain (when saturated).  Among the two fatty acids above, oleic acid has a higher degree of saturation, evidenced by its one double bond versus linoleic acid’s multiple double bonds.  Among the three oils used experimentally olive oil is the most saturated with the greatest percentage of oleic acid, while canola oil is slightly less saturated and soybean oil is the least saturated with the
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highest percentage of linoleic acid, as illustrated in Figure 4.  Table 1 contains approximate values for the heat of combustion as given in the Food Composition and Nutrition Tables (7).  As expected, olive oil has the greatest heat of combustion while the heat of combustion of soybean oil is the lowest value of the three oils.

Bomb Calorimetry

The total energy released by the combustion of a fat is the heat of combustion, and is measured by a technique called bomb calorimetry.  The fat is consumed in a pressurized bomb, which transmits the generated heat to surrounding water.  Based on the change in temperature of the water the heat of combustion can be computed using the following equation:
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where msample is the mass of the oil, mwater​ mass of the water, Cpwater is the specific heat of water, and (Twater is the change in temperature of the water.

Errors are present in bomb calorimetry.  One must account for the absorption of heat by the bomb, water, jacket and the bucket, and not just the water.  Heat loss will occur since the bomb is non-adiabatic.  Secondary reactions may also occur under the conditions in the bomb.  The consumption of the fuse wire adds heat to the system.  All of these errors are accounted for in a detailed discussion in Appendix A.

Human Metabolism
How are fats treated by the human digestive system?  They are first enzymatically broken down into smaller units, fatty acids and glycerol.  This is called digestion and occurs in the intestine or cellularly by lysosomes.  Next, enzymes remove two carbons at a time from the carboxyl end of the chain, a process which produces on molecule of acetly CoA, NADH and FADH2.  The acetyl CoA is a high energy molecule that is then treated by the Citric Acid Cycle which oxidizes it to CO2 and H2O and produces more NADH and ATP.  Finally, the electron transport chain takes the electrons that NADH and FADH2​ gain when oxidizing other molecules and phosphorylates ADP to ATP.(1)

Bomb Calorimetry and the Human Body

Is bomb calorimetry an accurate method of measuring the amount of energy the body will obtain from a sample of oil?  There are considerable distinctions between the body and bomb, but both employ the breaking of the bonds in the fatty acid’s hydrocarbon chain.  Bomb calorimetry accounts for all the energy released in all the bonds, where as there are bonds that the body does not break, and therefore they do not contribute to the energy the body obtains.  These components may be excreted, converted into lipid bylayers, and some may become adipose tissue.(1)

Materials and Apparatus
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Procedure

Standardization with Benzoic Acid

In order to determine the energy equivalent factor of the calorimeter, benzoic acid was combusted first.  Approximately 0.6 grams of solid benzoic acid was compacted into a pellet and placed in a clean cup in the bomb.  A 10 cm fuse wire was set in place so that it rested just above the pellet.  The bomb was pressurized to 25 atm with pure oxygen gas.  The bomb was then placed in 2003 grams of water in the calorimeter.  Following the the procedure outlined in the Parr Bomb Manual the apparatus was allowed to equilibirate for 5 minutes. The temperature was then taken every minute for a second 5 minute period. At the end of this period the bomb was ignited and the temperature was taken every 15 seconds for the next 4 minutes. The temperature was then taken every minute for approximately 10 more minutes.  The final length of the fuse wire was measured to calculate the heat released from the consumed wire.  The contents of the bomb were titrated to determine the amount of nitric acid formed in the combustion.  The energy equivalent factor was computed using the Equation 1 and the corrections in Appendix A.

Combustion of Oils


Once W was determined, olive oil, soybean oil, and canola oil were combusted in the calorimeter using approximately 0.43 grams of oil. 

[image: image10.wmf]mL

Joule

1

CO

Na

mL

e

*

=

3

2

1

_

[image: image11.wmf]t

e

e

Hm

W

D

-

-

=

2

1

A slightly different procedure was used to combust fluids rather than solids.  The oil was massed in the metal cup used in the bomb.  The cup was then placed in the bomb at an angle to gather the oil in one side of the cup to decrease the possibility of incomplete combustion of the oil (Figures 6, 7).  As in the combustion of the benzoic acid, the fuse wire was placed just above the oil.  
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Figure 6:  Standard cup placement

  Figure 7:  Improved cup placement
The combustion then proceded following the methods for the trials of benzoic acid.  Three trials were conducted for each oil and the results tabulated with Excel. (8)  Using the energy equivalent factor, the heats of combustion were calculated using Equation 5 from Appendix A.

Results


The heat of combustion of benzoic acid from three trials is 3043+56.8 kJ/g with an energy equivalent factor of 10.87 kJ/(C.  This W value was then used to calculate the average heats of combustion for each of the oils tested.  Table 2 shows these heats of combustion and standard deviations for each of the oils tested.  The standard deviations are minimal relative to the heat of combustion, each under 2% of their respective (Hc.  However, the average heat of combustion of the oils varies by only 2.3% which causes overlap among the individual averages as well as insignificance of the difference in the means of the oils.  The t-test values (Appendix B) provides further evidence for the
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insignificance differences between the data.  Figure 8 displays the normalized average temperature rise of each oil showing the small deviations in each of the trials.  The same mass of water and approximately the same mass of oil was used in each trial.  The graph shows that the average temperature rise for the oils was 1.658​+0.059 (C.


The precision of the heats of combustion is shown by the low standard deviation of 2.3%.  The heats of combustion do not correspond to the expected values displayed in Table 1.  Table 3 juxtaposes the experimental data with the expected results.  The experimental results vary from the expected results by an average of 5.3%.  The experimental values are also 13.2% off the values provided in the nutritional information from the manufacturer (120 kcal in a 14 gram serving).  As a check for further precision, the experimental results were compared with the results of two similar experiments in which the heat of combustion of fat was found to be 39.56 kJ/g (3) and 38.92 kJ/g (9).  These values are within 2.7- 4.2% of the experimental average of 40.63+0.940 kJ/g.  ​
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Discussion

Insignificant Differences in Data

The insignificant differences of the data conflict with the predictions that there exists a direct relationship between degree of saturation and heat of combustion.  Explication of the experiment and results will demystify the difference beteween predicted results and expected.  First, a comparison between our data and that of two independent experiments was necessary in order to confirm that our data was reasonable.  First, a group at Pennsylvania State University used bomb calorimetry to combust fats and obtained a value of 39.56 kJ/g.(3) The error in their experiment was not stated, but any error greater than 0.13% places their value within our data’s standard deviation (40.63+1.02 kJ/g).  The second set of experimental data was from a study done by Atwater.  Using a bomb calorimeter the researchers found the heat of combustion of fat to be 9.3 kcal/g or 38.93 kJ/g, slightly lower than the Penn State experiment and 1.75% below our standard deviation.(9)  Considering the impure composition of such oils, these deviations are reasonable, and from these two values, our data seems to fit the experimental norm for the heats of combustion of fats.

Table 4: Comparison of our experimental results with two other groups using bomb calorimetry.  The standard deviation of our experimental average is factored into the heat of combustion presented.


Hc (kJ/g)
% difference

Experimetal Results
39.61
--

Penn State Group
39.56
0.13

Atwater
38.93
1.75


On the premise that our mean heat of combustion, one must question why the data is insignificant.  The answer lies a detailed analysis of the compositions of oils is necessary.  Oils consist of approximately 95% fatty acids and 5% glycerol and additives by mass. The glycerol content is the same for every triglyceride, since there is one glycerol molecule bonded to three fatty acids.  The amount of glycerol would not vary significantly because the oils contain the same amount of triglyceride.  Moreover, the variation in the other additives causes even less of a deviation in the heat of combustion of the oils since the concentration of these components varies by less than 10 g per gram of oil.  These substances would not affect the total heat of combustion because of their minute size and small variance.  The glycerol and additives contribute to a systematic error inherent in every trial conducted which sets the total heat of combustion apart from the heats of combustion of the individual fatty acids.  

While each oil contains similar amounts of glycerol and additives, the concentration of each of the fatty acids determines the degree of saturation of the oil.  Therefore, an examination of the heats of combustion of each individual fatty acid will show the degree to which the heats of combustion of the entire oil may differ.  Table 5 compares the individual heats of combustion of the most prominent fatty acids in the oils.  These fatty acids reflect the opposite ends of the saturation spectrum.  Stearic and palmitic acids are saturated whereas oleic acid is monounsaturated and linoleic acid is polyunsaturated.  While these values for the heats of combustion do represent the expected trend of a higher heat of combustion corresponding to the more saturated fat, the greatest difference between the heats of combustion of all five of the major constituents of oils is 0.61 kJ/g.  Even these high differences in the degree of saturation reflect only marginal differences in the heat of combustion.  In fact, the standard deviation for these oils, 0.61%, is smaller than the average standard deviation for our data, 0.95%.  Varying the concentration of each of the primary fatty acids in an oil would have little effect on the total heat of combustion of the oil.  In order to detect any significant difference in the heats of combustion of the oils, the standard deviation of the experiment must be greater than that of the heats of combustion of the fatty acids.  Therefore, a difference in the heat of combustion for various degrees of saturation should not be expected, because the expected difference is smaller than our expected error.  



The precision of the bomb calorimeter accounts for the insignificance of the experimental heats of combustion of the oils. The Parr Bomb is not precise enough to measure the minute differences that saturation plays on the heat of combustion.  The precision of the bomb calorimeter used was found to be 0.83% from the combustion of pure benzoic acid.  Our deviation of 0.95% is greater than this precision due to the impurity of the oils combusted.  However, the precision of the bomb calorimeter is less than the variation of the fatty acids.  Therefore, the bomb calorimeter used is unable to detect the differences in the heats of combustion of the oils resulting from a change in the concentration of the fatty acids.  

After all the corrections for temperature, nitric oxide formation, and fuse wire consumption, there is still human error that cannot be completely eliminated.  The human error consists of measuring the fuse wire (+0.05 cm), placing the correct amount of water in the calorimeter, avoiding water loss during setup of the trial, and correctly measuring the temperature rise.  There is also +0.001 g error in the measurement of the oil mass, a +1 g error in the massing of the calorimeter water, and +0.005 (C error in the thermometer.  Coupled with these are dynamic errors.  Slightly different initial water temperatures cause a different amount of heat to escape from the calorimeter than during the benzene correction.  Another potential source of error was the chance that the entire amount of oil was not consumed during combustion.  The oil could have spilled during loading or been confined away from the rest of the sample.


Using approximations for the dynamic and human error, these errors amount to approximately 0.2%.  Though they are small, they are important when dealing with such a small source of error (around 0.95%).  Therefore, a reduction in this error would make the small differences in the heat of combustion caused by the degree of saturation more visible.  This would enable a better picture of exactly what role saturation plays on oils, however it still leaves the error out of the range of the deviation of the heat of combustion of the fatty acids. 

Experimental results vs. expected results and FDA information


The second point of discussion addresses the discrepancies among the experimental results, the expected results, and the nutritional information provided by the manufacturer.  This experiment combusted the various oils using a static bomb calorimeter which quickly breaks down the oil into smaller molecules of water and carbon dioxide.  The heat of combustion is then calculated using the temperature change of the water surrounding the bomb.  However, the Food and Drug Administration or other groups have not carried out such a test in many years.  Instead, the heat of combustion may be calculated rather than tested in a bomb.  Secondly, there is much variation among brands of oil and the preparation processes, affecting the heat of combustion of the product.  This explains the difference between the expected and experimental results.


The nutritional information provided on the food label of the oil also differs greatly from the data.  In researching the caloric and fat contents of different oils, it was found that independent of the oil type, a serving contained the 120 kcal and 14 g of fat. Only the amounts of each type of fat, monounsaturated or polyunsaturated, varied.  The number of kilocalories in each serving equates to 35.88 kJ/g of oil, significantly lower than experimental values because the manufacturer and the FDA consider only the digestible portion of each serving.  Sources on food composition consider that about 95% of total calories available are digestible.  The remaining 5% are never digested and are excreted.  However, this leaves more than 7% of the discrepancy unaccounted.  This could also be explained by the food composition testing actually done by the FDA.  As aforementioned, these tests are rarely carried out today and instead accepted values for the heat of combustion of foods in the body are used.


Furthermore, the bomb and the body combust materials in different ways.  The bomb quickly breaks the entire mass of oil into smaller components of CO2 and H2O.  The side reactions that may occur in the bomb are accounted for in the calculation of the heats of combustion.  However, as the body digests a fat, the fat is broken into smaller and smaller carbon chains.  The body will use some of the energy while the rest of the fatty acid and glycerol of the oil are stored as a triglyceride in the body.  Some energy is expended in the storage of the fat as a triglyceride; approximately 3 kJ/gram of fatty acid stored.  Eventually, this stored fat will be combusted as the human body taps into its energy reserves or is broken down after death.  This accounts for another 7% of the total heat of combustion which manufacturers or the FDA might not consider.  This is a possible explanation for the 12% discrepancy between the experimental heat of combustion and the value provided on the nutritional information labels.


To detect small differences in the heats of combustion of oils of varying saturation a more precise bomb calorimeter is necessary.  To obtain average heats of combustion which are significantly different from one another, the standard deviation of all the trials must be lower than the deviation we encountered.  However, using the apparatus provided for the experiment, a significant difference between the heats of combustion of the oils was unattainable.
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Appendix A

Calculations for Heat of Combustion

A relationship between the change in temperature of the water and the actual heat produced can be determined by combusting a compound, benzoic acid, of a precisely known heat of combustion.  The energy equivalent factor, W, is determined using the following equation: 


   
where H is the accepted value for the heat of combustion of benzoic acid, m is the mass of benzoic acid combusted, e1 and e2 are correction factors for the formation of HNO3  and the combustion of the fuse wire, and (t is the corrected change in temperature.(8)

Secondary reactions, error in temperature readings and heat lost to the air necessitate consideration as well.  Oils have traces of nitrogen, and so the formation of nitric acid may occur, an exothermic process.  Therefore, the amount of HNO3 formed must be determined by titrating the contents of the bomb after the combustion is complete.  One joule of energy is released per mL of 0.0709 N Na2CO3 used to titrate the solution.  Equation 2 determines the quantity of heat released through the formation of nitric acid.(8)




The consumption of the fuse wire is an exothermic reaction that adds to the temperature change of the water.  Therefore, the amount of heat released must be calculated and subtracted from the heat of combustion of the oil.  The manufacturer supplies a value of 2.3 J/cm of wire consumed.  The energy released by the combustion of the fuse wire, e1, is determined using Equation 3.(8)


Finally, it is also required that the transfer of heat between the calorimeter and the environment is determined.  During the warm up and stabilization period, heat can be lost from the calorimeter to the surroundings.  Equation 4 determines the corrected 


temperature t, where tc is the time at the beginning of the post period, ta is the temperature at the time of firing, r1 is the rate at which the temperature was rising during the preperiod, r2 is the rate at which the temperature was changing during the post period, a is the time of firing, b is the time at which the temperature rise is 60% of the full rise, and c is the time at the beginning of the post period.  Both ta and tc are already corrected using the correction chart.  The rates are necessary to correct for differences between the jacket and the surrounding environment during the preperiod, the rapid temperature rise, and the post period.(8)

Incorporating each of the corrections, the final equation to determine the heat of combustion is shown in Equation 5.





Where W is the energy equivalent factor, t is the corrected change in temperature, e1 is  the heat of formation of the nitric acid and e2 is the heat of combustion of the fuse wire.(8)  Figure 4 shows a typical graph of time versus temperature for the combustion of a substance.

Appendix B

Table 6:  t-Test data for the four oils used


t Stat
t Critical

Extra Virgin vs. Soy
0.1305
6.3137

Extra Virgin vs. Olive
-9.2354
6.3137

Extra Virgin vs. Canola
2.3332
6.3137

Soy vs. Olive
-2.7938
2.9200

Soy vs. Canola
-2.0781
2.9200

Olive vs. Canola
-8.4997
2.9200

Parr bomb calorimeter and ignition unit (4)
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Figure 4: Example graph of temperature rise over time for the combustion of a substance.  The periods and temperature points used in Equation 4 are noted. (8)
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Table 3: Comparison of experimental and expected results.


�
Avg Hc (kJ/g)�
Expected (kJ/g)�
% difference�
�
Soy Oil�
40.81�
38.37�
6.4�
�
Canola Oil�
41.45�
38.52�
7.6�
�
Olive Oil�
39.31�
38.76�
1.3�
�
Extra Virgin Olive Oil�
40.98�
38.76�
5.7�
�
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Table 1: Heats of combustion for three oils (7)





Oil Type�
Heat of Combustion (kJ/gram)�
�
Olive Oil�
38.76�
�
Canola Oil�
38.52�
�
Soybean Oil�
38.37�
�






Figure 4: Percent composition of fatty acids in three oils
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Figure 3: Structure of fatty acids common in oil (5)
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Figure 2: Illustration of structures of saturated and unsaturated fats.





Tilted  basket





Figure 8: Temperature rise for one trial of each oil.


� EMBED Excel.Sheet.8  ���





Oils









































Table 2: Average heats of combustion of each oil tested.


�
Avg Hc (kJ/g)�
St. Dev (kJ/g)�
% St. Dev�
�
Soy Oil�
40.81�
0.325�
0.80�
�
Canola Oil�
41.45�
0.471�
1.1�
�
Olive Oil�
39.31�
0.709�
1.8�
�
Extra Virgin Olive Oil�
40.98�
0.145�
0.35�
�
Average of all oils�
40.63�
0.940�
2.3�
�
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Table 5: Accepted heats of combustion for the major fatty acids of the oils tested. (6)
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		7.75		7.75		7.75		7.75

		8		8		8		8

		8.25		8.25		8.25		8.25

		8.5		8.5		8.5		8.5

		8.75		8.75		8.75		8.75

		9		9		9		9

		10		10		10		10

		11		11		11		11

		12		12		12		12

		13		13		13		13

		14		14		14		14

		15		15		15		15

		16		16		16		16

		17		17		17		17



Canola

Olive Oil (EV)

Olive Oil

Soy Oil

Time(minutes)

Temperature (Normalized)

Temperature Curve

0

0

0

0

0.0106666667

0.009

-0.001

-0.011

0.0126666667

0.0095

-0.001

-0.0176666667

0.0153333333

0.01

-0.00425

-0.0233333333

0.0161666667

0.0125

-0.005

-0.0296666667

0.019

0.0145

-0.006

-0.036

0.0193333333

0.021

0.00925

-0.0353333333

0.1103333333

0.144

0.19525

0.15

0.4443333333

0.4715

0.54525

0.4583333333

0.7276666667

0.729

0.79275

0.6583333333

0.996

0.9905

0.9965

0.84

1.171

1.159

1.13225

1.035

1.292

1.279

1.244

1.1736666667

1.3773333333

1.384

1.348

1.279

1.4543333333

1.454

1.41825

1.3503333333

1.5186666667

1.499

1.46275

1.405

1.5606666667

1.5565

1.49875

1.4533333333

1.5943333333

1.5815

1.5285

1.4893333333

1.6213333333

1.6085

1.55075

1.5083333333

1.6383333333

1.6285

1.56825

1.5316666667

1.656

1.644

1.58275

1.5533333333

1.6683333333

1.655

1.591535

1.5623333333

1.6986666667

1.684

1.61875

1.5853333333

1.7083333333

1.694

1.6236553653

1.5923333333

1.7123333333

1.6975

1.6245

1.5923333333

1.7146

1.699

1.6265

1.5916666667

1.7141666667

1.699

1.62525

1.5873333333

1.7126666667

1.58

1.725

1.605



Sheet1

		

								Trial 1		Trial 2		Trial 3		Trial 4		Average		St Dev.

						Benzene		2579.79		2589.26		2621.22				2596.76		21.71

						Soy Oil		40709.97		41171.57		40544.60				40808.72		324.94

						Canola Oil		40905.83		41661.24		41772.04				41446.37		471.39

						Olive Oil		39173.70		39342.21		40174.61		38446.10		39284.15		535.90

						Extra Virgin Olive Oil		41086.97		40881.63						40984.30		145.20

								Avg Hg (in kJ/mol)		St. Dev

						Benzene		2.60		0.022

						Soy Oil		40.81		0.325

						Canola Oil		41.45		0.471

						Olive Oil		39.28		0.536

						Extra Virgin Olive Oil		40.98		0.145





Benzene

		Temperature vs. time plots

				Calibration				Trial 1				Trial 2				Trial 3				Trial 4

		a=time of firing						6				6				6				6

		b=time(temp=60%final)						7.25				7.25				7.25				7.25				1.628

		c=time @ begin of const. temp						9				9				9				9				0.9768

		uncorrected t(a)						26.438				24.72				26.523				27.195				28.1718

		t(a)=temp at firing(corrected)						26.419				24.7				26.503				27.173

		uncorrected t©						27.996				26.395				28.22				28.81				1.7080

		t(c)=temp at time c						27.986				26.376				28.211				28.801				1.0248

		r1=rate(temp units/min) at which temp increases during 5 min prior to firing						-0.0064				-0.001				-0.0074				-0.009				27.5478

		r2=rate(temp units/min) at which temp incresaes during 5 min after t(C)						-0.001				0.0088				0.004				0.0096

		c1=mm of stnd alkali sol.						3.5				3.02				5.2				5.25

		c2=% of sulfur in sample						0				0				0				0

		c3=cm fusewire consumed						7.2				8.5				8.45		2.95		6.3				10.3

		m=mass of sample						0.623				0.675				0.697				0.67

		mass of water				(in kg)		2.003				2.003				2.003				2.003

																-0.01625				-0.02805

		t						1.57675				1.66185				1.71025				1.62245

		W(in calories)						2426				2426				2426				2426

		e1						3.5				3.02				5.2				5.25

		e2						0				0				0				0

		e3						16.56				19.55				19.435				14.49

								25567.0902134831																						Trial 1		Trial 2		Trial 3		Trial 4		Average		St Dev.

		Hg				cal/g		6107.7616372392				5939.374962963				5917.4053084648				5845.2592537313								Benzene		2579.7875861239		2589.2594649905		2621.2209929428				2596.7560146857		21.7101472393

						cal/mol		745879.851139645				2031266.23733334				2023752.61549498				1999078.66477612								Soy Oil		40709.972956621		41171.5691111111		40544.603544601				40808.715204111		324.9368846049

						joule/mol		3122253.05687056				8502880.46947734				8471428.44846197				8368143.29075282								Canola Oil		40905.829840909		41661.2368421053		41772.0378939394				41446.3681923179		471.3867841597

		W						2509.0686538766				2579.7875861239				2589.2594649905				2621.2209929428				Mean W		2574.8341744835		Olive Oil		39173.6953430232		39342.2053951614		40174.6069495413		38446.1047727272		39284.1531151133		535.8967608079

						%error		0.034240995				0.0633914205				0.0672957399				0.0804703186								Extra Virgin Olive Oil		41086.9740023202		40881.6305103212						40984.3022563207		145.1997756629

		TIME								Trial 1				Trial 2				Trial 3				Trial4

		0								26.478				xxxxx				xxxxx

		1								26.47				24.725				26.56				27.24

		2								26.464				24.725				26.555				27.23

		3								26.458				24.724				26.555				27.212

		4								26.45				24.721				26.54				27.219

		5								26.44				24.722				26.539				27.21

		6								26.438				24.72		-0.005		26.523		0.0074		27.195		-0.009

		6.25								26.48				24.74				26.523				27.2

		6.5								26.62				24.94				26.79				27.4

		6.75								26.96				25.24								27.78

		7								27.18				25.535				27.32				28.08

		7.25								27.39				25.72				27.53				28.26

		7.5								27.54				25.922				27.71				28.37

		7.75								27.66				26.03				27.82				28.5

		8								27.74				26.175				27.93				28.58

		8.25								27.8				26.2				28.01				28.65

		8.5								27.84				26.221				28.07				28.71

		8.75								27.88				26.29				28.11				28.74

		9								27.92				26.32				28.15				28.77

		9.25								27.94				26.34				28.17				28.79

		10								27.97				26.395		0.0088		28.22		0.004		28.81		0.0096

		11								27.99				26.42				28.24				28.839

		12								27.996				26.4275				28.24				28.858

		13								27.993				26.439				28.24				28.858

		14								27.995				26.439				28.24				28.858

		15								27.99				26.439				28.24				28.858

		16								27.985

		17

		18

		19

		DON'T VARY THE VOLUME OF WATER FOR EACH TRIAL!!!

		ALWAYS TAP THERMOMETER WITH PENCIL BEFORE READING!!!
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Olive Oil

		a=time of firing						5				5				5				5

		b=time(temp=60%final)						6.25				6.25				6.25				6.25

		c=time @ begin of const. temp						9				9				9				9

		uncorrected t(a)						23.695				26.685				24.735				24.78

		t(a)=temp at firing(corrected)						23.681				26.664				24.715				24.76

		uncorrected t©						25.3				28.283				26.39				26.34

		t(c)=temp at time c						25.282				28.274				26.371				26.323

		r1=rate(temp units/min) at which temp increases during 5 min prior to firing						0.001				0.0094				0				0.0036

		r2=rate(temp units/min) at which temp incresaes during 5 min after t(C)						0.01				0.0024				0.008				0.007				Don't think our value for c(D3) is right

		c1=mm of stnd alkali sol.						5.4				5.35				5.5				5.5

		c2=% of sulfur in sample						0				0				0				0

		c3=cm fusewire consumed						8.3				6.17				7.65				7.8

		m=mass of sample						0.43				0.434				0.436				0.429				0.441

		mass of water				(in kg)		2.003				2.003				2.003				2.003

		t						1.57225				1.59165				1.634				1.53925

		W(in calories)						2575				2575				2575				2575

		e1						5.4				5.35				5.5				5.5

		e2						0				0				0				0

		e3						19.09				14.191				17.595				17.94

								39173.6953430232				39342.2053951614				40174.6069495413				38446.1047727272

		Hg				cal/g		9358.2645348837				9398.5201612903				9597.373853211				9184.4493006993

						joule/g		39173.6953430232				39342.2053951614				40174.6069495413				38446.1047727272								AVERAGE Hg		39310.3558611343

				accepted value				38760				38760				38760				38760								Standard Deviation		1222.2356105212

				% deviation				0.0106732545				0.015020779				0.0364965673				-0.0080984321

		TIME						Trial 1				Trial 2				Trial 3				Trial 4

		0						23.69		0		26.732		0		24.735		0		24.762		0				0

		1						23.69		0		26.72		-0.012		24.735		0		24.77		0.008				-0.001

		2						23.69		0		26.718		-0.014		24.737		0.002		24.77		0.008				-0.001

		3						23.695		0.005		26.701		-0.031		24.735		0		24.771		0.009				-0.00425

		4						23.695		0.005		26.695		-0.037		24.735		0		24.774		0.012				-0.005

		5						23.695		0.005		26.685		-0.047		24.735		0		24.78		0.018				-0.006

		5.25						23.73		0.04		26.689		-0.043		24.75		0.015		24.787		0.025				0.00925

		5.5						23.8		0.11		26.95		0.218		24.91		0.175		25.04		0.278				0.19525

		5.75						24.2		0.51		27.22		0.488		25.33		0.595		25.35		0.588				0.54525

		6						24.46		0.77		27.53		0.798		25.55		0.815		25.55		0.788				0.79275

		6.25						24.66		0.97		27.715		0.983		25.77		1.035		25.76		0.998				0.9965

		6.5						24.82		1.13		27.818		1.086		25.91		1.175		25.9		1.138				1.13225

		6.75						24.94		1.25		27.95		1.218		26		1.265		26.005		1.243				1.244

		7						25.06		1.37		28.05		1.318		26.12		1.385		26.081		1.319				1.348

		7.25						25.12		1.43		28.12		1.388		26.19		1.455		26.162		1.4				1.41825

		7.5						25.16		1.47		28.17		1.438		26.23		1.495		26.21		1.448				1.46275

		7.75						25.2		1.51		28.195		1.463		26.27		1.535		26.249		1.487				1.49875

		8						25.24		1.55		28.225		1.493		26.3		1.565		26.268		1.506				1.5285

		8.25						25.26		1.57		28.245		1.513		26.32		1.585		26.297		1.535				1.55075

		8.5						25.28		1.59		28.262		1.53		26.34		1.605		26.31		1.548				1.56825

		8.75						25.295		1.605		28.275		1.543		26.35		1.615		26.33		1.568				1.58275

		9						25.3		1.61		28.283		1.551		26.36214		1.62714		26.34		1.578				1.591535

		10						25.34		1.65		28.302		1.57		26.39		1.655		26.362		1.6				1.61875

		11						25.34		1.65		28.305		1.573		26.3986214613		1.6636214613		26.37		1.608				1.6236553653

		12						25.34		1.65		28.302		1.57		26.4		1.665		26.375		1.613				1.6245

		13						25.35		1.66		28.3		1.568		26.4		1.665		26.375		1.613				1.6265

		14						25.35		1.66		28.295		1.563		26.4		1.665		26.375		1.613				1.62525

		15

		16

		17

		18

		19

		DON'T VARY THE VOLUME OF WATER FOR EACH TRIAL!!!

		ALWAYS TAP THERMOMETER WITH PENCIL BEFORE READING!!!





olive oli 2

		Temperature vs. time plots

				Calibration				Trial 1				Trial 2				Trial 3

		a=time of firing						5				5

		b=time(temp=60%final)						6.25				6.25

		c=time @ begin of const. temp						10				10

		uncorrected t(a)						24.307				24.584

		t(a)=temp at firing(corrected)						24.289				24.566

		uncorrected t©						25.97				26.26

		t(c)=temp at time c						25.955				26.243

		r1=rate(temp units/min) at which temp increases during 5 min prior to firing						0.0034				0.0024				0.0026

		r2=rate(temp units/min) at which temp incresaes during 5 min after t(C)						0.003				0.003

		c1=mm of stnd alkali sol.						5.6				5.2

		c2=% of sulfur in sample						0				0

		c3=cm fusewire consumed						6.1				7.95				10.3

		m=mass of sample						0.431				0.436				0.429

		mass of water				(in kg)		2.003				2.003

		t						1.6505				1.66275				0

		W(in calories)						2575				2575				2575

		e1						5.6				5.2				0

		e2						0				0				0

		e3						14.03				18.285				23.69

		Hg				cal/g		9815.3306264501				9766.2758027523				-55.2214452214

						joule/g		41086.9740023202				40881.6305103212				-231.156969697						Avg Heat of Comb				40984.3022563207

				accepted value				38520				38520				38520						Standard Deviation				145.1997756629

				% deviation				0.0666400312				0.0613092033				-1.0060009598

		TIME						Trial 1				Trial 2				Trial 3

		0						24.29		0		24.572		0		24.626						0

		1						24.3		0.01		24.58		0.008		24.63						0.009

		2						24.301		0.011		24.58		0.008		24.63						0.0095

		3						24.302		0.012		24.58		0.008		24.63						0.01

		4						24.305		0.015		24.582		0.01		24.633						0.0125

		5						24.307		0.017		24.584		0.012		24.639						0.0145

		5.25						24.31		0.02		24.594		0.022		24.64						0.021

		5.5						24.39		0.1		24.76		0.188		24.64						0.144

		5.75						24.705		0.415		25.1		0.528								0.4715

		6						24.98		0.69		25.34		0.768								0.729

		6.25						25.249		0.959		25.594		1.022								0.9905

		6.5						25.44		1.15		25.74		1.168								1.159

		6.75						25.55		1.26		25.87		1.298								1.279

		7						25.67		1.38		25.96		1.388								1.384

		7.25						25.73		1.44		26.04		1.468								1.454

		7.5						25.79		1.5		26.07		1.498								1.499

		7.75						25.845		1.555		26.13		1.558								1.5565

		8						25.865		1.575		26.16		1.588								1.5815

		8.25						25.899		1.609		26.18		1.608								1.6085

		8.5						25.918		1.628		26.201		1.629								1.6285

		8.75						25.93		1.64		26.22		1.648								1.644

		9						25.94		1.65		26.232		1.66								1.655

		10						25.97		1.68		26.26		1.688								1.684

		11						25.98		1.69		26.27		1.698								1.694

		12						25.982		1.692		26.275		1.703								1.6975

		13						25.985		1.695		26.275		1.703								1.699

		14						25.985		1.695		26.275		1.703								1.699

		15

		16

		17

		18

		19





Soy Oil

		a=time of firing						5				5				5

		b=time(temp=60%final)						6.5				6.25				6.25

		c=time @ begin of const. temp						11				11				10

		uncorrected t(a)						25.5				26.88				27.592

		t(a)=temp at firing(corrected)						25.483				26.858				27.576

		uncorrected t©						27.157				28.53				29.17

		t(c)=temp at time c						27.135				28.521				29.162

		r1=rate(temp units/min) at which temp increases during 5 min prior to firing						-0.0036				-0.0104				-0.0076

		r2=rate(temp units/min) at which temp incresaes during 5 min after t(C)						-0.0014				-0.004				-0.0036

		c1=mm of stnd alkali sol.						5.5				5.9				3.7

		c2=% of sulfur in sample						0				0				0

		c3=cm fusewire consumed						8.2				9.24				5.8

		m=mass of sample						0.438				0.441				0.426

		mass of water				(in kg)		2.003				2.003				2.003

		t						1.6637				1.695				1.609

		W(in calories)						2575				2575				2575				ave		40627.288250611

		e1						5.5				5.9				3.7				std		116.9338326381

		e2						0				0				0

		e3						18.86				21.252				13.34

		Hg				cal/g		9725.2682648402				9835.5396825397				9685.7629107981

						joule/g		40709.972956621				41171.5691111111				40544.603544601				Avg Heat of Vap				40808.715204111

				accepted value				38370				38370				38370				Standard Deviation				324.9368846049

				% deviation				0.0609844398				0.0730145716				0.0566745777

		TIME						Trial 1				Trial 2				Trial 3

		0						25.518		0		26.932		0		27.63		0						0

		1						25.517		-0.001		26.91		-0.022		27.62		-0.01						-0.011

		2						25.512		-0.006		26.9		-0.032		27.615		-0.015						-0.0176666667

		3						25.51		-0.008		26.892		-0.04		27.608		-0.022						-0.0233333333

		4						25.505		-0.013		26.888		-0.044		27.598		-0.032						-0.0296666667

		5						25.5		-0.018		26.88		-0.052		27.592		-0.038						-0.036

		5.25						25.502		-0.016		26.88		-0.052		27.592		-0.038						-0.0353333333

		5.5				*		25.75		0.232		27		0.068		27.78		0.15						0.15

		5.75				*		25.9		0.382		27.385		0.453		28.17		0.54						0.4583333333

		6				*		26		0.482		27.675		0.743		28.38		0.75						0.6583333333

		6.25						26.15		0.632		27.87		0.938		28.58		0.95						0.84

		6.5						26.44		0.922		28.035		1.103		28.71		1.08						1.035

		6.75						26.6		1.082		28.151		1.219		28.85		1.22						1.1736666667

		7						26.75		1.232		28.242		1.31		28.925		1.295						1.279

		7.25						26.84		1.322		28.31		1.378		28.981		1.351						1.3503333333

		7.5						26.91		1.392		28.365		1.433		29.02		1.39						1.405

		7.75						26.955		1.437		28.415		1.483		29.07		1.44						1.4533333333

		8						27.01		1.492		28.445		1.513		29.093		1.463						1.4893333333

		8.25						27.04		1.522		28.455		1.523		29.11		1.48						1.5083333333

		8.5						27.06		1.542		28.475		1.543		29.14		1.51						1.5316666667

		8.75						27.09		1.572		28.505		1.573		29.145		1.515						1.5533333333

		9						27.105		1.587		28.512		1.58		29.15		1.52						1.5623333333

		10						27.145		1.627		28.523		1.591		29.168		1.538						1.5853333333

		11						27.157		1.639		28.53		1.598		29.17		1.54						1.5923333333

		12						27.158		1.64		28.529		1.597		29.17		1.54						1.5923333333

		13						27.16		1.642		28.525		1.593		29.17		1.54						1.5916666667

		14						27.16		1.642		28.522		1.59		29.16		1.53						1.5873333333

		15						27.155		1.637		28.515		1.583		29.15		1.52						1.58

		16						27.15		1.632		28.51		1.578										1.605

		17

		18

		19

						* Pincusisamaroonerror





Sheet2

		

				Canola		Olive Oil 2		Olive Oil		Soy Oil

		0		0		0		0		0

		1		0.0106666667		0.009		-0.001		-0.011

		2		0.0126666667		0.0095		-0.001		-0.0176666667

		3		0.0153333333		0.01		-0.00425		-0.0233333333

		4		0.0161666667		0.0125		-0.005		-0.0296666667

		5		0.019		0.0145		-0.006		-0.036

		5.25		0.0193333333		0.021		0.00925		-0.0353333333

		5.5		0.1103333333		0.144		0.19525		0.15

		5.75		0.4443333333		0.4715		0.54525		0.4583333333

		6		0.7276666667		0.729		0.79275		0.6583333333

		6.25		0.996		0.9905		0.9965		0.84

		6.5		1.171		1.159		1.13225		1.035

		6.75		1.292		1.279		1.244		1.1736666667

		7		1.3773333333		1.384		1.348		1.279

		7.25		1.4543333333		1.454		1.41825		1.3503333333

		7.5		1.5186666667		1.499		1.46275		1.405

		7.75		1.5606666667		1.5565		1.49875		1.4533333333

		8		1.5943333333		1.5815		1.5285		1.4893333333

		8.25		1.6213333333		1.6085		1.55075		1.5083333333

		8.5		1.6383333333		1.6285		1.56825		1.5316666667

		8.75		1.656		1.644		1.58275		1.5533333333

		9		1.6683333333		1.655		1.591535		1.5623333333

		10		1.6986666667		1.684		1.61875		1.5853333333

		11		1.7083333333		1.694		1.6236553653		1.5923333333

		12		1.7123333333		1.6975		1.6245		1.5923333333

		13		1.7146		1.699		1.6265		1.5916666667

		14		1.7141666667		1.699		1.62525		1.5873333333

		15		1.7126666667						1.58

		16		1.725						1.605

		17
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Canola Oil (2)

		Temperature vs. time plots

				Calibration				Trial 1				Trial 2				Trial 3

		a=time of firing						5				5				5

		b=time(temp=60%final)						6.25				6.25				6.25

		c=time @ begin of const. temp						10				11				11

		uncorrected t(a)						25.818				24.519				23.982

		t(a)=temp at firing(corrected)						25.802				24.5				23.966

		uncorrected t©						27.5				26.225				25.657

		t(c)=temp at time c						27.483				26.209				25.6554

		r1=rate(temp units/min) at which temp increases during 5 min prior to firing						0.0008				0.0062				0.0044

		r2=rate(temp units/min) at which temp incresaes during 5 min after t(C)						0				6.00E-04				0.0026

		c1=mm of stnd alkali sol.						5.25				5.5				5.5

		c2=% of sulfur in sample						0				0				0

		c3=cm fusewire consumed						9.15				8.1				7.72

		m=mass of sample						0.44				0.437				0.429

		mass of water				(in kg)		2.003				2.003				2.003

		t						1.68				1.6984				1.67155

		W(in calories)						2575				2575				2575

		e1						5.25				5.5				5.5				41716.6373680223

		e2						0				0				0				78.3481751156

		e3						21.045				18.63				17.756

		Hg				cal/g		9772.0568181818				9952.5171624714				9978.9865967366

						joule/g		40905.829840909				41661.2368421053				41772.0378939394

				accepted value				38520				38520				38520				Average Hg				41446.3681923179

				% deviation				0.061937431				0.0815482046				0.0844246598				Standard Deviation				471.3867841597

		TIME						Trial 1		normal		Trial 2		normal		Trial 3		normal										Average

		0						25.814		0		24.488		0		23.96		0				0		0		0		0

		1						25.82		0.006		24.505		0.017		23.969		0.009				0.006		0.017		0.009		0.0106666667

		2						25.82		0.006		24.508		0.02		23.972		0.012				0.006		0.02		0.012		0.0126666667

		3						25.82		0.006		24.51		0.022		23.978		0.018				0.006		0.022		0.018		0.0153333333

		4						25.82		0.006		24.5105		0.0225		23.98		0.02				0.006		0.0225		0.02		0.0161666667

		5						25.818		0.004		24.519		0.031		23.982		0.022				0.004		0.031		0.022		0.019

		5.25						25.818		0.004		24.519		0.031		23.983		0.023				0.004		0.031		0.023		0.0193333333

		5.5				*		25.93		0.116		24.618		0.13		24.045		0.085				0.116		0.13		0.085		0.1103333333

		5.75				*		26.235		0.421		24.95		0.462		24.41		0.45				0.421		0.462		0.45		0.4443333333

		6				*		26.5		0.686		25.265		0.777		24.68		0.72				0.686		0.777		0.72		0.7276666667

		6.25						26.78		0.966		25.53		1.042		24.94		0.98				0.966		1.042		0.98		0.996

		6.5						26.95		1.136		25.705		1.217		25.12		1.16				1.136		1.217		1.16		1.171

		6.75						27.1		1.286		25.808		1.32		25.23		1.27				1.286		1.32		1.27		1.292

		7						27.18		1.366		25.889		1.401		25.325		1.365				1.366		1.401		1.365		1.3773333333

		7.25						27.26		1.446		25.97		1.482		25.395		1.435				1.446		1.482		1.435		1.4543333333

		7.5						27.325		1.511		26.038		1.55		25.455		1.495				1.511		1.55		1.495		1.5186666667

		7.75						27.362		1.548		26.082		1.594		25.5		1.54				1.548		1.594		1.54		1.5606666667

		8						27.4		1.586		26.11		1.622		25.535		1.575				1.586		1.622		1.575		1.5943333333

		8.25						27.428		1.614		26.135		1.647		25.563		1.603				1.614		1.647		1.603		1.6213333333

		8.5						27.442		1.628		26.155		1.667		25.58		1.62				1.628		1.667		1.62		1.6383333333

		8.75						27.46		1.646		26.175		1.687		25.595		1.635				1.646		1.687		1.635		1.656

		9						27.472		1.658		26.185		1.697		25.61		1.65				1.658		1.697		1.65		1.6683333333

		10						27.5		1.686		26.214		1.726		25.644		1.684				1.686		1.726		1.684		1.6986666667

		11						27.505		1.691		26.225		1.737		25.657		1.697				1.691		1.737		1.697		1.7083333333

		12						27.5075		1.6935		26.23		1.742		25.6615		1.7015				1.6935		1.742		1.7015		1.7123333333

		13						27.508		1.694		26.23		1.742		25.6678		1.7078				1.694		1.742		1.7078		1.7146

		14						27.505		1.691		26.23		1.742		25.6695		1.7095				1.691		1.742		1.7095		1.7141666667

		15						27.5		1.686		26.23		1.742		25.67		1.71				1.686		1.742		1.71		1.7126666667

		16										26.228		1.74		25.67		1.71						1.74		1.71		1.725

		17

		18

		19

		DON'T VARY THE VOLUME OF WATER FOR EACH TRIAL!!!

		ALWAYS TAP THERMOMETER WITH PENCIL BEFORE READING!!!





Canola Oil

		Temperature vs. time plots

				Calibration				Trial 1				Trial 2				Trial 3

		a=time of firing						5				5				5

		b=time(temp=60%final)						6.25				6.25				6.25

		c=time @ begin of const. temp						10				11				11

		uncorrected t(a)						25.818				24.519				23.982

		t(a)=temp at firing(corrected)						25.802				24.5				23.966

		uncorrected t©						27.5				26.225				25.657

		t(c)=temp at time c						27.483				26.209				25.6554

		r1=rate(temp units/min) at which temp increases during 5 min prior to firing						0.0008				0.0062				0.0044

		r2=rate(temp units/min) at which temp incresaes during 5 min after t(C)						0				6.00E-04				0.0026

		c1=mm of stnd alkali sol.						5.25				5.5				5.5

		c2=% of sulfur in sample						0				0				0

		c3=cm fusewire consumed						9.15				8.1				7.72

		m=mass of sample						0.44				0.437				0.429

		mass of water				(in kg)		2.003				2.003				2.003

		t						1.68				1.6984				1.67155

		W(in calories)						2575				2575				2575

		e1						5.25				5.5				5.5				41716.6373680223

		e2						0				0				0				78.3481751156

		e3						21.045				18.63				17.756

		Hg				cal/g		9772.0568181818				9952.5171624714				9978.9865967366

						joule/g		40905.829840909				41661.2368421053				41772.0378939394

				accepted value				38520				38520				38520				Average Hg				41446.3681923179

				% deviation				0.061937431				0.0815482046				0.0844246598				Standard Deviation				471.3867841597

		TIME						Trial 1				Trial 2				Trial 3

		0						25.814				24.488				23.96

		1						25.82				24.505				23.969

		2						25.82				24.508				23.972

		3						25.82				24.51				23.978

		4						25.82				24.5105				23.98

		5						25.818				24.519				23.982

		5.25						25.818				24.519				23.983

		5.5				*		25.93				24.618				24.045

		5.75				*		26.235				24.95				24.41

		6				*		26.5				25.265				24.68

		6.25						26.78				25.53				24.94

		6.5						26.95				25.705				25.12

		6.75						27.1				25.808				25.23

		7						27.18				25.889				25.325

		7.25						27.26				25.97				25.395

		7.5						27.325				26.038				25.455

		7.75						27.362				26.082				25.5

		8						27.4				26.11				25.535

		8.25						27.428				26.135				25.563

		8.5						27.442				26.155				25.58

		8.75						27.46				26.175				25.595

		9						27.472				26.185				25.61

		10						27.5				26.214				25.644

		11						27.505				26.225				25.657

		12						27.5075				26.23				25.6615

		13						27.508				26.23				25.6678

		14						27.505				26.23				25.6695

		15						27.5				26.23				25.67

		16										26.228				25.67

		17

		18

		19

		DON'T VARY THE VOLUME OF WATER FOR EACH TRIAL!!!

		ALWAYS TAP THERMOMETER WITH PENCIL BEFORE READING!!!
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