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[bookmark: _Toc164958927]Introduction 
[bookmark: _Toc164958928]Purpose:
The purpose of the experiment was to measure the specific heat capacity of metal aluminium by using the principles of calorimetry. By carefully measuring temperature changes when the aluminium was submersed in water and applying our knowledge of heat transfer the specific heat capacity of aluminum can be calculated. However, for these calculations, we also required the heat capacity of the calorimeter, so we did this by using two separate tests this test was first by measuring heat exchange between 2 known quantities of water one being heated and one at room temperature..
[bookmark: _Toc164958929]Hypothesis 
If a metal sample is immersed in a known quantity of water within a calorimeter, and the temperature changes of the water and metal are measured accurately, then the specific heat capacity of the metal can be determined. I hypothesize that different metals will exhibit different specific heat capacities, and by comparing our experimental results to known values, we can identify the metal and verify the accuracy of our measurements in this case I am expecting a result of around 0.90 J/g ° C as that is the specific heat capacity of aluminium. 
[bookmark: _Toc164958930]Variables 
1. Independent Variable
The type of metal used.
2. Dependent variable
The change in temperature of the water in calorimeter when adding hot water and metal. 
3. Control variable.
· The mass of water used.
· The type of calorimeter 
· The temperature of surroundings.









[bookmark: _Toc164958931]Calculations:
	Q  =  m    cp    ΔT
	(Eq.1)



Q is heat change
m is mass 
cp is specific heat capacity 
ΔT is change in temperature 

- Qmetal  =  Qwater + Qcalorimeter 						   (Eq.2)
Where Q = heat change 

mmetal  cp metal  ΔTmetal =                                                           (Eq.3)
= - (mwater   cp water  ΔTwater  +  HCcalorimeter  ΔTcalorimeter)
Where HCcalorimeter is heat capacity of the calorimeter. 
cp water is 4.186 J/goC
- Qhot-water  =  Qcold-water+ Qcalorimeter					(Eq.6) 
 Qcalorimeter  =  HCcalorimeter  ΔTcalorimeter				  (Eq.7)




[bookmark: _Toc164958932]Results
[bookmark: _Toc164958933]Experiment 1 results 

	THOT: 60°c
	M HOT WATER: 50G
	
ΔT hot water: -19°c


	T COLD: 24°C
	M COLD-WATER: 50G
	ΔT cold water: 17°c

	T MAX: 41°C
	
	ΔT calorimeter: 17°c

	Q COLD-WATER:3558.1J
	Q HOT-WATER: -3976.7J
	Q calorimeter: 418.6J

	HC CALORIMETER: 24.62 J/°C
	
	


[bookmark: _Toc164959734]Figure 1- Experiment 1 results.
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[bookmark: _Toc164958934]Experiment 2 Results:

Type of metal = Aluminum 
	T Hot = 75°C       
	m metal = 18.6g          
	ΔT metal = -40.5°C

	T cold = 24°C
	M water = 30g 
	ΔT water = 10.5°C

	T max = 34.5°C
	
	ΔT Calorimeter = 10.5°C

	Cp metal = 2.1 J/°g
	
	


[bookmark: _Toc164959736]Figure 3-Experiment 2 readings table.
	Time (s)
	T water (°C)
	Time (s)
	T water (°C)

	10
	34
	100
	33

	20
	34.5
	110
	32.5

	30
	34.5
	120
	32.5

	40
	34
	130
	32

	50
	34
	
	

	60
	33.5
	
	

	70
	33.5
	
	

	80
	33
	
	

	90
	33
	
	


[bookmark: _Toc164959737]Figure 4-Experiment 2 results.
[image: A piece of paper with writing on it

Description automatically generated][bookmark: _Toc164959738]Figure 5-Experiment 2 calculation.















[bookmark: _Toc164958935]Brief findings and patterns:
Experiment one
The main findings of experiment one is that the calorimeter absorbed 418.6 joules of heat during the experiment and the heat capacity was 24.62J/°C. This shows that the calorimeter absorbed a significant amount of heat which indicates its ability to store energy. 

Experiment two
The metal exhibited a higher heat loss with a temperature decrease of 40.5°C compared to the temperature increase of 10.5°C. This discrepancy in temperature changes can help us work out the aluminium-specific heat capacity which was calculated at 2.1J/°g. The higher specific heat capacity of the aluminium suggests it requires more energy to raise its temperature.

[bookmark: _Toc164958936]Discussion
[bookmark: _Toc164958937]Interpreting results and their significance 
As we know the main aim of the experiment was to find the specific heat of a metal in this case aluminium with a known mass of 5.6g. The large temperature change of the aluminium of 40.5°C compared to the water's smaller temperature change of 10.5°C revealed the aluminium's higher specific heat capacity. The calculated specific heat capacity of the aluminium using our experimental results was 2.1J/°g which tells us it requires 2.1 Joules of energy to raise its temperature of 1 gram by 1 degree Celsius. The success of our experiment in putting a quantity to aluminium-specific heat contributes to understanding its thermal properties along with showing the practical application of calorimetry in characterizing materials.  
[bookmark: _Toc164958938]Limitations and potential sources of error 
Firstly it could be worth noting that the 40.5°C temperature change for aluminium is a fairly large temperature change which could suggest we have some sources of error. Possibly due to the equipment such as the thermometer not being calibrated correctly although the calculated specific heat can provide valuable information, the results could have been more accurate. To avoid this in the future ensure that accurate results are obtained things such as calibration techniques on the equipment should be carried out.  
[bookmark: _Toc164958939]OME relevance  
The calorimetry experiment can have many links to OME industry. The experiment can cast light into the thermal properties of materials which are essential for assessing and improving thermal stability over time. Such as thermal stability of aluminium alloys which has applications to OME as noted in recent research “efforts to improve the thermal stability of aluminium alloys aim to enhance their ability to retain properties over extended service time, addressing a critical need in OME technology.” [1] By developing materials with superior thermal stability advancements can be made in ensuring reliability and safety of OME components and systems in extreme environments. 
In addition to this as we know the calorimetry experiment can provide insights into thermal behavior and stability as highlighted “heat generation rates are often very low or undetectable at normal storage temperature.” [2] while our experiment differed in materials being aluminium and this article being in high explosives it for one shines light on the relevance to OME for safety ands reliability of materials but also contributes to understanding specific heat capacity, heat transfer and thermal behaviour.
Calorimetry is also used by NATO as shown in STANAG 4582 JAS (EDITION 1)- EXPLOSIVES, NITROCELLULOSE BASED PROPELLANTS, STABILITY TEST PROCEDURE AND REQUIREMENTS USING HEAT FLOW CALORIMETRY. [3] This STANAG provides guidance on how to ensure the safety of propellants used in military equipment, with a focus on making sure they remain stable under different conditions. It emphasizes the need to carefully understand how these materials react to changes in temperature and time to prevent accidents. It outlines that one of the main challenges is figuring out how quickly these materials might break down and produce heat, which could lead to dangerous situations. The STANAG suggests using calorimetry to measure these changes accurately. By doing so, it ensures that the propellants remain stable and safe for use in military equipment, ultimately protecting the lives of those who rely on them.
Calorimetry can also be used for shelf life assessment particularly differential scanning calorimetery by providing quantative data on thermal behaviour and stability of ordnance materials over time. Which enables OME specialists to evaluate the effects of aging, Predict shelf life and optimize storage conditions to ensure reliability and safety of equipment. [4] 
[bookmark: _Toc164958940]Conclusion
The findings support the hypothesis which was that different metals exhibit different specific heat capacities. The calculated specific heat capacity of aluminium was 2.1J/°g which within experimental error aligns with the known value for aluminium being 0.90J/°g.
Based on my experiment future research could focus on refining experimental techniques to acquire more accurate results, along with exploring advanced CALORIMETERY TECHNIQUES. 

[bookmark: _Toc164958941]Appendix
[bookmark: _Toc164958942]Materials:
· Styrofoam cups
· Lid
· Thermometer
· Stirring rod 
· Stand 
· Clamp
· Beaker
· Aluminium metal samplem 
· Bunsen burner 
· Tongs 
· Stopwatch 
[bookmark: _Toc164958943]Method 
Measurement of HCcalorimeter:
1. Assemble the calorimeter by using two Styrofoam coffee cups stacked together, a lid and thermometer and a stirring rod and secure in place with stand and clamp.
2. Add 50ml of water to calorimeter.
3. Heat 50ml of water in separate beaker to around 80°c
4. Record initial temperatures, so water in calorimeter as Tcold and hot water as Thot 
5. Mix hot water and water in calorimeter and record maximum equilibrium temperature as Tmax
6. Calculate HCcalorimeter using the equations provided.
Measurement of metals specific heat capacity cp metal:
1. Weigh metal sample and record it as mmetal and place into boiling water wait 5 mins to allow the metal to reach same temperature as water then close gas and wait 2 mins for metal and water to equilibrate 
2. While this is being done ad 30ml of water to calorimeter and record as Tcold 
3. Once metal and water have reached thermal equilibrium record temperature of boiling water as Thot  
4. Stir and record temperatures every 10 seconds until stabilized and then record result as Tmax 
5. Calculate the metals specific heat capacity (cp metal) using the provided equations. 
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