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Experiment paraffin vs “Used Cooking 

Oil waste” candle - Combustion 

 

Materials 

- Paraffin Candle 

- DIY Greatest CandleTM Candle Kit 

- Used Cooking Oil (100 mL) 

- Scale (± 0.01g) 

- Microwave (1000 W) 

- Power Monitor 

- Glass Dome (V= 5.9 L) 

- Water 

- Lighter 

- Stirring rod 

- Beakers (150 mL and 200 mL) 

- Candle containers 

- Filter  

- Sensor SCD-30 (NDIR detects and 

monitors CO2 in air based on the 

absorption of infrared light at a given 

wavelength, measures also 

temperature, humidity) 

- Sensor BME280 (measures  

barometric pressure, temperature, 

and humidity) 

-             Processor Arduino UNO  

- Multiplexer TCA9548A (Connects   

devices with the same I2C address, 

gatekeeping the commands) 

  
 

 

 

 

 

 

 

 

 

 

Fig.1 Overview of the experimental set-up 
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Experimental procedure: 

i) Density measurements 

• choose a beaker and register its weight; 

• fill the beaker with UCO and register its volume; 

• weight the beaker filled with UCO and register its value; 

• determine UCO density (kg/L). 

ii) UCO candle manufacturing 

• check if the UCO has any suspended materials that needs to be filtered out; 

• Pour 100 mL of UCO to the 250 mL beaker, in order to heat up the content using the 

microwave for 1 minute; 

• add the chemical compound to the UCO and with the help of a stirring rod, stir until 

the mix is homogeneous, fill the candle recipient with cotton wick and let it rest for 

several minutes; 

• weight the candle and register its value; 

• 1 candle will be used for the dome, other to outside dome combustion. 

iii) Ambient conditions 

• start measurements with the low-cost equipment to observe ambient conditions prior 

to combustion, register ambient temperature, CO2, pressure, humidity. 

iii) Combustion 

• lit the candles and continue the data monitoring until the candles burn-out; 

• Let 1 h combustion outside the dome register the final candle weight after burn-out. 

iv) Data   

• download data of dome interior regarding temperature, pressure, humidity and CO2 

concentration.  

Analysis: 

i) Compare the UCO density with water (1 kg/L) and diesel (0.845 kg/L). Try to find in a google 

search a value for UCO register this value and the reference you retrieve the information from. 

Comment. 

ii) Relate the amount of water sucked in the dome and the air inside the dome (assume air 

79% N2 21% O2). 

iii) Represent graphs with the evolution of temperature, pressure, humidity and CO2 

concentration along time and discuss the evolution relating with beginning and end of 

combustion. 

iv) At the time the candle burns-out, the volume of oxygen consumed is known and also the 

mass of CxHy consumed.  

Estimate the Air Fuel ratio (A/F) 

mailto:camsilva@ciencias.ulisboa.pt


camsilva@ciencias.ulisboa.pt  3 
 

v) Find the ratio Carbon (x)/Hydrogen (y) of the candles by mass balance and combustion 

products knowledge, in this case CO2 and H2O.  Compare with the literature values for UCO 

CnH2nO0.14n and parafine CnH2n+2. 

Consider the final temperature, pressure, humidity ( = pH2O/psat) and CO2 concentration at 

the end of combustion. Also consider, Perfect gas law pV = nRT, Dalton’s law of partial 

pressure, H2O tables provided in Appendix and the following equations,  

CxHYOz + a(O2+3.76N2) -> xCO2 + y/2H2O + 3.76*aN2 

estimate “ncarbono” by using, 

[CO2] = ncarbono /ntotal  

ntotal = pV/RT 

V ~ Vinit-Vwater 

ncarbono = [CO2]*ntotal 

nfuel*x = ncarbono 

 

estimate “nhidrogénio” by using, 

pH2O/pTotal = nH2O/nTotal 

pH2O = nH2O*ptotal/ntotal = *psat = nH2O*RT/V 

mH2O/V = *psat*MH2O/(RT) 

nH2O /2= nH2O = mH2O/MH2O 

nfuel*y = nhidrogénio 

 

vi) Stoichiometric complete combustion without dissociation: Estimate the stoichiometric 

(A/F)s and compare with the value calculated in iv. Comment. 

vii) Convert ambient dome [CO]2initial into %vol/vol and humidity into %vol/vol and comment 

on the approximation of air in ii). 

viii) The energy from the flame is from the candle wax burning. Energy is released as the bonds 

in the candle wax molecules and air molecules break. Some of the energy remains in the 

chemical bonds of the products, carbon dioxide and water. The rest of the energy is released 

as heat and light. 

Assume the chemical formula CnH1.9nO0.14n and CnH2n+2 and stoichiometry mass balance 

calculations. Estimate the energy release in the combustion reaction in MJ/kg (LHV) and 

comment on what candle would have higher Tad. Additionally, which candle do you think will 

form more NOx pollutant.?Justify. 
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Tip: for hydrocarbon enthalpy of formation, combustion is the break of chemical bonds of an 

hydrocarbon and the formation of other chemical bonds e.g. determine the enthalpy of 

formation of CH4, C+2H2 -> CH4, https://www.youtube.com/watch?v=BgaiOf0-2xo 

Or, alternatively, use the Dulong’s correlation (S. Hosokai, K. Matsuoka, K. Kuramoto, and Y. 

Suzuki, “Modification of Dulong’s formula to estimate heating value of gas, liquid and solid 

fuels,” Fuel Process. Technol., vol. 152, pp. 399–405, Nov. 2016): 

LHV [kJ/g] = 38.2 mC + 84.9 (mH − mO/8) – ΔHl, where ΔHl described latent heat. When the 

equation applied to gas, liquid and solid fuels, ΔHl should be 0, 0.5 and 0.62 kJ/g, respectively. 
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APPENDIX 

The table shows the “absolute humidity“ in g/m3 (upper line) and the “dew point 

temperature“ of the air in°C (lower line) for certain air temperatures as a function of relative 

humidity. 

 

Example: At an air temperature of 50°C and a relative humidity of 70%, the absolute humidity 

is 58.1 g/m3 and the dew point temperature is 43°C. 
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