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Intumescent process Bio-based
char formers

Bio-based Developments
acid sources
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Intumescent

Fyrokysis 2

Substratedvirgin material

use of bio-based additives




_UMET _

U'"”‘: Matériaux Et Transforma! 'Om

Polymeric matrix

PLA — 60%
(Cargill)

Starch

ECOLE MATIONKLE SUPERIEURE DE CHIMIE

Blowing agent +
acid source @

APP — 30%

(Clariant)

amylopectin

CHzOH CH;OH

amylose
Cellulose
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UL-94 test
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Formulations UL-94

100 % PLA non classified
70%PLA + 30%APP V2

-

60%PLA + 30%APP + 10%starch (maize)

k60%PLA + 30%APP + 10%starch (potato)

60%PLA + 30%APP + 10%cellulose
60%PLA + 30%APP + 10%keratin

) } Most efficient carbon sources: lignin and starch
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Cone calorimetry (ASTM D 3801 or ISO 5660)

Temperature and pressure SIMTEF MEL
medarements taken here (z R H R peak

Exhau=t hiood

Spark ignitar

retainer h@
Sample
Auminium foil

Low density
cergmic wool

Time of ignition

Sample pan

Heat flux= 35 kW/m?2
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PLA/APP
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) } Decrease of the HRR with lignin and starch
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PLA/APHrice starch
== PFLA/APP/corn starch
——PLA/APPEurylon
= P_AJAPE WaxyMalze
= PLA/APPTackidex
==pure AL A

ECOLE MATIONKLE SUPERIEURE DE CHIMIE

Starch % amylopectin

Eurylon 30
Corn starch 73

WaxyMaize




pRHR THR

Formulations (KW/m2) (MI/m?)

PLA 350 48

PLA/APP/corn starch

PLA/APP/waxy starch
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Rice starch

&

GaM-Cdots 60KV 12 0mm =450 SE(M)
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PLA/APP/rice starch
=PLA/APPWaxyMaize
== PLA/APPF/Eurylon

PLA/APPIrice starch
== PLA/APPWaxyMaize
-~ PLA/APP/Eurylon
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. . Char former — 28%
Polymeric matrix

PLA — 60%
(Carqill)

Blowing agent + acid source

APP +
6% +

OR
(fruit and = - (plant, phosphorus storage)
vegetables) COOH -~

HOOC
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External heat flux = 35 kW/m?
350 7
. Acceptable performance

3001 } via an intumescent
' mechanism
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Total loading = 40 wt.-%




PLA/APP/bioFR
layer
(1.5mm)

Multilayer
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PLA/APP/Rice/Gly
=PLA + C30B
==pure PLA

PLA/APP/Rice/Gly
—PLA + C30B
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THR [MJ/m?]

Large decrease of the pRHR and THR with starch
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FILM
Thickness : 250pum nonwoven

extruder
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Horizontal and
vertical fire tests

Réti and al., J. Eng. Fibers and Fabrics, 2009, 4(2), 33-39




Development of bio-based flame retardant PLA

Use of bio-based char former in intumescent
formulation: high performance

Use of ‘full’ bio-based intumescent formulation:
acceptable performance and promising approach

Development of solutions for specific applications

Serge Bourbigot, Sophie Duquesne, Severine Bellayer,
Gaélle Fontaine

Christelle Réti, Bettina Dittrich




