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CATALOGUE

= Context
= Objective
= Methodology

= Test at small-scale
= TGA
= STA

= Thermal conductivity k

= Test bench
= Configuration of bench

= Fire test

= Numerical Simulation

= Conclusion
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Context

Increasing energy performance === Increasing building insulation

Limiting the thermal bridges between environment and building interior space
External Thermal Insulation (ETI)

plastic (PE, EPS, PIR. etc) i
RT 2012 and 2020 - Increasing the fuel mass
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Objective

= Describe the thermal decomposition process of ETI elements at small-scale
= Characterize the flame-facade 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
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Metnodology

= 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-facade interaction under controlled
heat condition.

Plane heater
«

Balance «

= A numerical model of bench test is developed in COMSOL Multiphysics.
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Constitution of coating — Analyse XRF
Finishing coating —) 68%Si, 14%Al, 9%Ca, 6%Mg

Base coating —g) 53%Ca, 24%Si, 11%Al, 7%Ti
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Fig.1 XRF spectrum of base coating Fig.2 XRF spectrum of finishing coating
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Curves TGA
_ Mm
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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 TGO
calculated @
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Curves STA
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Fig.6 STA curves of EPS in 10K/min in nitrogen
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Fig.7 STAcurves of ETI in 10K/min in nitrogen
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Thermal conductivity — Base coating (W/mK)

Curve of thermal conductivity k
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®  Thermal conductivity - Finishing coating (W/mK)
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Fig.9 k curve of finishing coating versus time
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Test bench configuration

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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Measurement of test bench

Heat flux calibration Temperature monitoring
30 mm
()

50 cm O
()
()
O ®=25mm

Thermal couple IR Camera

,, o
10 cm



d

RésoFeux

SCIENCES DES INCENDIES

Fire test of ETI STO — 0°,10cm, 43.2 kW/m?
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_ Fig.10 Temperature profile of ETI STO at front
face and back face
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Discussion of flarne retardant application
] APP 766 — Base APP

> Mixture of finishing coating and FR 4

i ADEKA — Base piperazine phosphate

> Intumescent painting FLAMEOFF

> Adding a FR layer FLAMEOFF

> Blending expandable graphite in the finishing coating

)
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Fire test of ETI EG — 0°,10cm, 43.2 KW/m? | “Pitiers
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Discussion of flarne retardant application
> Mixture of finishing coating and FR -
> Intumescent painting FLAMEOFF ot
> Adding a FR layer FLAMEOFF X

> Blending expandable graphite in the finishing coating ~/
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NUMERICAL SIMULATION




deobeds

@ i o i L Université i’ii !
~UMET C SRl & ol Univérsité

3 Units Matériqux Ef Transformations A2
ResoFeux de Poitiers

SCIENCES DES INCENDIES

. . *
Simulation — Model Stalter In the pyrolysis reaction, the polymer mass is consumed
and produces a fraction & of gas.

Char Formation

ot . k
| = Isolation = | ‘ Polymére ’ || ) Combustioon POlymer _0) 9 o GaS + (1 —_ 9) . Cha’r'
- hauffage rayonnant . .
‘| ! 'I|_. calew petoe comecive The reaction rate of polymer mass consumption :
am
P
—— = —ka'm n
ot 0 7P
The rate constant for pyrolysis, k,, is described by the In reality, x, would move to the left. By simplification, assuming
Arrhenius law : that the polymer zone (x,-x,) is constant. So concentration (or
_Ey density) changes over time.
ko = Ay - ex [—]
0 0 PIpT
dcy,
T'p = W = _kO . Cp

A,, E,, and n can be investigated using TGA

* 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.
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Simulation — Model Stalter®

_ * Heating condition in surface:
» The mass balance of the gas during pyrolysis: . . .
qurface — Qheater + Qcomplémentaire —h- (T - Tatm)
0CG ach

Tep = 50~ Dyoty "ox2 0 - ko - cp « Heat realease rate (HRR)

dcg d%cg dcg
E — Doyar - _axz =0 HRR = AH; - <—W * Denar
surface
* The heat balance in polymer: . Conversion rate
oT 0°T Ky
Proty * CPpoly e Kpoly o = —AHg - ko - ¢p + AH, Polymer —>- Gas + (1 —0) - Char
e The heat balance in char: Cpg — C
Opoty = Cpo — Cri
aT azT vg final

Pchar * Cpchar ) E - kchar ’ W

)
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Results of simulation (| CoOMSOL

Heat flow intensity
500

400

—
£ 300 40 6KWim?
E
E 32, 5KWim’
2
2 200
I 24 AkWim®
163K WIm?
100
8,13KW/m?
] T T T T T O Okwim?
20 10 0 10 20
Breadth (mm)

Fig.13 Distribution of heat flux on facade
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Fig.14 Simulated EPS Concentration at 200s
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Fig.15 Comparison of mass loss
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Corniclusion

= 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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