
Tuteur: Serge BOURBIGOT

Cotuteur: Thomas ROGAUME  

Cotuteur: Benjamin BATIOT

Cotutrice: Tsilla BENSABATH 

Mingwei TANG



o ANR project FRENETICS (Fire REsistaNce of External Thermal Insulation Composite Systems)

2

TANG Mingwei 

Université de Lille

BOURBIGOT Serge BENSABATH-PEREZ Tsilla

ROGAUME Thomas

Pprime –Université de Poitier

BATIOT Benjamin



 Context

 Objective

 Methodology

 Test at small-scale
 TGA
 STA
 Thermal conductivity k

 Test bench
 Configuration of bench
 Fire test

 Numerical Simulation

 Conclusion

3



Increasing building insulationIncreasing energy performance

External Thermal Insulation (ETI) 
plastic  (PE, EPS, PIR. etc)

Limiting the thermal bridges between environment and building interior space  
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Increasing the fuel massRT 2012 and 2020



 Describe the thermal decomposition process of ETI elements at small-scale

 Characterize the flame-façade interaction and propagation at intermediate-scale

 Studying some flame retardant coating for the fire protection and building a digital model 
which can be used in large scale

5



 At the lab-scale: 

Investigation of thermal decomposition of ETI by TGA-FTIR, DSC and Hot disc.

 New insulation material is developed by introducing flame retardants.

 At the intermediate-scale: 

A test bench, with a horizontal and rotational motion, is developed to study the fire-façade interaction under controlled 
heat condition.

 A numerical model of bench test is developed in COMSOL Multiphysics.
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Finishing coating

Base coating

68%Si, 14%Al, 9%Ca, 6%Mg

53%Ca, 24%Si, 11%Al, 7%Ti 

Fig.1  XRF spectrum of base coating Fig.2  XRF spectrum of finishing coating 8
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10
Fig.3  TG fit curves of EPS in air Fig.4  TG fit curves of final render in air Fig.5  Comparison of TG tested and TG 

calculated 
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Fig.6  STA curves of EPS in 10K/min in nitrogen Fig.7  STA curves of ETI in 10K/min in nitrogen



12

Fig.8  k curve of base coating versus time Fig.9  k curve of finishing coating versus time
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𝜃𝜃

The lower edge of facade and the radiator as well as the igniter are at the same level – External heat source scenario
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Fig.10  Temperature profile of ETI STO at front 
face and back face 



Mixture of finishing coating and FR

 Intumescent painting  FLAMEOFF 

Adding a FR layer  FLAMEOFF

Blending expandable graphite in the finishing coating 

APP 766 – Base APP

ADEKA – Base piperazine phosphate 
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Fig.11  Temperature profile of ETI FlameOFF at 
front face and back face 
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Fig.12  Temperature profile of ETI EG at front 
face and back face 



Mixture of finishing coating and FR 

 Intumescent painting FLAMEOFF

Adding a FR layer FLAMEOFF

Blending expandable graphite in the finishing coating 

APP 766

ADEKA
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𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃er →
𝑘𝑘0 𝜃𝜃 � 𝐺𝐺𝑎𝑎𝑎𝑎 + 1 − 𝜃𝜃 � 𝐶𝐶𝐶𝐶𝐶𝐶𝐶

In the pyrolysis reaction, the polymer mass is consumed 
and produces a fraction θ of gas. 

The reaction rate of polymer mass consumption :

𝜕𝜕𝑚𝑚𝑝𝑝

𝜕𝜕𝑡𝑡
= −𝑘𝑘0 � 𝑚𝑚𝑝𝑝

𝑛𝑛

The rate constant for pyrolysis, k0 , is described by the 
Arrhenius law :

𝑘𝑘0 = 𝐴𝐴0 � 𝑒𝑒𝑒𝑒𝑒𝑒
−𝐸𝐸𝐴𝐴0
𝑅𝑅 � 𝑇𝑇

* Jr, David L Statler, and Rakesh K Gupta. “A Finite Element Analysis on the Modeling of Heat Release Rate, as Assessed by a Cone Calorimeter, of Char Forming Polycarbonate,” n.d., 7.

In reality, x2 would move to the left. By simplification, assuming 
that the polymer zone (x2-x1) is constant. So concentration (or 
density) changes over time.

𝑟𝑟𝑝𝑝 =
𝜕𝜕𝑐𝑐𝑝𝑝
𝜕𝜕𝑡𝑡

= −𝑘𝑘0 � 𝑐𝑐𝑝𝑝A0 , EA0 and n can be investigated using TGA
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• The mass balance of the gas during pyrolysis:

𝑟𝑟𝐺𝐺°𝑃𝑃 =
𝜕𝜕𝑐𝑐𝐺𝐺
𝜕𝜕𝑡𝑡

− 𝐷𝐷𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 �
𝜕𝜕2𝑐𝑐𝐺𝐺
𝜕𝜕𝑥𝑥2

= 𝜃𝜃 � 𝑘𝑘0 � 𝑐𝑐𝑝𝑝

𝜕𝜕𝑐𝑐𝐺𝐺
𝜕𝜕𝑡𝑡

− 𝐷𝐷𝑐𝑐𝑐𝑐𝑐𝑐𝑐 �
𝜕𝜕2𝑐𝑐𝐺𝐺
𝜕𝜕𝑥𝑥2

= 0

• The heat balance in polymer:

𝜌𝜌𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 � 𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 �
𝜕𝜕𝑇𝑇
𝜕𝜕𝑡𝑡

− 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 �
𝜕𝜕2𝑇𝑇
𝜕𝜕𝑥𝑥2

= −∆𝐻𝐻0 � 𝑘𝑘0 � 𝑐𝑐𝑝𝑝 + ∆𝐻𝐻𝑒𝑒

• The heat balance in char:

𝜌𝜌𝑐𝑐𝑐𝑐𝑐𝑐𝑐 � 𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐 �
𝜕𝜕𝑇𝑇
𝜕𝜕𝑡𝑡

− 𝑘𝑘𝑐𝑐𝑐𝑐𝑐𝑐𝑐 �
𝜕𝜕2𝑇𝑇
𝜕𝜕𝑥𝑥2

= 0

• Heating condition in surface:

𝑄̇𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑄̇𝑄ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 + 𝑄̇𝑄𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 − ℎ � 𝑇𝑇 − 𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎

• Heat realease rate (HRR)

𝐻𝐻𝐻𝐻𝐻𝐻 = ∆𝐻𝐻1 � �−
𝜕𝜕𝑐𝑐𝐺𝐺
𝜕𝜕𝑥𝑥

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

� 𝐷𝐷𝑐𝑐𝑐𝑐𝑐𝑐𝑐
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• Conversion rate

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃er →
𝑘𝑘0 𝜃𝜃 � 𝐺𝐺𝑎𝑎𝑎𝑎 + 1 − 𝜃𝜃 � 𝐶𝐶𝐶𝐶𝐶𝐶𝐶

𝜃𝜃𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 =
𝑐𝑐𝑣𝑣𝑣𝑣 − 𝑐𝑐

𝑐𝑐𝑣𝑣𝑣𝑣 − 𝑐𝑐𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
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Fig.13 Distribution of heat flux on facade Fig.14 Simulated EPS Concentration at 200s  

Fig.15 Comparison of mass loss



 An original test bench at intermediate scale is introduced, equipped with a plane radiator movable
horizontally and rotationally, to study the thermal decomposition and the flame propagation.

 The new insulation coating by adding FlameOFF or Expandable graphite works well in heat protection.
Although, for EG, the mechanical properties of resulting char should be improved.

 With kinetic parameters investigated in small-scale, it is possible to define a pyrolysis model in
calculation and using digital simulation, which contribute to understanding the observed phenomena.
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