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Disclaimer
Some of the data in this presentation has not been through the NIST review process and
should be considered experimental / draft results. However, the data has been analyzed
by subject matter experts within the research team and is believed to be scientifically
sound and consistent with the integrity expected of NIST research.
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• Model validation
• Small scale: input for modelling
• Large scale: validation of models 
• E.g. Christifire [1],[2] 

• Comparison of material for reconstructive fire testing [3]
• Similarity of material based on MCC or cone

• Assessing fire hazard from small-or bench scale data (e.g. [4,5])
• Comparison between black cast and transparent extruded PMMA [6]
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CaCO3 à CaO + CO2



Introduction

Ø Objective of thesis: Study the pyrolysis of cable fires  

• Potential source of fire: residential buildings, 
nuclear power plants, aircrafts, spacecrafts,…

• Complex combined system of metal core and insulation 

• Gap between experimental data and modeling

• Different boundary conditions

Ø Experiments with well-known boundary conditions
to improve modelling
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Ref. fig: [8]
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Thermogravimetric analyser Tube furnace Cone calorimeter
Sample size: mg Sample size: 60 cm Sample size: 10 cm x 10 cm

• Heating rate 
• Radial symmetric heating

• Heating rate of temperature
• Radial symmetric heating

• Heat flux
• Top heating 

Ref. fig: [9]
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Thermogravimetric analyser Tube furnace Cone calorimeter
Sample size: mg Sample size: 60 cm Sample size: 10 cm x 10 cm

✚ Well controlled boundary 
conditions 

Amount of material
Lack of heat feedback

✚ Well controlled boundary 
conditions

✚ Representative amount of 
sample material

✚ Representative amount of 
sample material

Open à boundary conditions 
not controlled

Ref. fig: [9]
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• Specimen size: 60 cm to 80 cm (by 5 cm by 2 cm)
• Inner diameter: 10 cm
• Movable specimen boat
• Experiments at specific temperature
• Experiments with a certain heating rate 

• Maximal temperature: 1000˚C 
• Maximal heating rate: 5 ˚C/min
• Analytics: CO, CO2,O2

à Heat release rate 
• Controlled atmosphere 

Specimen boat radiation

radiation

Nitrogen
inlet

Gas analyser
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• Both for isothermal as for dynamic experiments 
• Cantilever from quartz glass: 

sample on one side, weighing cell on the other side 

𝐹!"#"$%&=
𝑚'𝑔 𝑑'
𝑑(

• Validation with reference weights

𝐹!"#"$%&: force on the balance 
𝑔: gravitational constant
m1: sample mass
d1: sample position
d2: balance position
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• Goal: 
• Demonstrate balance is working 
• Compare with TGA data

• CaCO3 à CO2 + CaO
Single reaction, releasing only CO2

CaCO3 à CaO

CO2
analyser N2
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Averages of 3 repetitions
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60 min at 900˚C

Without powder

With powder

With powder
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• Corrected with 
baseline

• Gas analyser uncertainty:
given by manufacture 

• Balance uncertainty: 
0.1 g on start and 
end mass
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• Deviation due to 
unsymmetrical mass loss
wrt centre of mass
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DATA PROCESSING
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Zero curve correction
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Balance factor:

𝑓𝑎𝑐𝑡𝑜𝑟 =
𝑚!"#$" −𝑚%&'

𝑚(%)),!"#$" −𝑚(%)),%&'

= 0.848
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Mass loss: 3.64 g
Mass loss starting from 7000s:
3.44 g
Mass loss over CO2: 3.17 g



• Uncertainty on CO2: 
• 1% of maximum callibration
• 0.1 Vol% of Co2
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Start mass - end mass
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Start mass: 8.61 g
End mass: 4.97 g

Limits: 
Up: 
- start +0.1g 
- end -0.1g
Lower:
- start -0.1g 
- end +0.1g



Temperatures without powder
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60 min at 900˚C



Tube furnace vs. cone

• Challenge: creating similar conditions to compare

• Temperature measurements from inert samples?

• Temperature measurements from PMMA samples? 
• IR camera

• Thermocouples

• Suggestions? 
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