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Introduction

Thermoset based composites are extensively used for interior applications and 

structure applications due to weight saving. The recyclability of thermosets is 

still limited and challenging. Vitrimers show very similar mechanical properties 

to thermosets. However, vitrimers consist of a dynamic covalent network, 

which changes its topology by thermal activation – offering a great potential 

to be more safe-, sustainable- and recyclable-by design. 

For application in the transportation sector, the thermal behavior and flame 

retardant (FR) properties of vitrimers are of great importance. 

Conclusions

Flame retardant epoxy vitrimers were obtained. Vitrimers containing gas phase 

active FRs show higher flame resistance in the UL94 test and cone calorimeter 

tests. EV-FR9 and EV-FR10 show LOI values >35 O2%. Mechanical recycling 

influences the flame retardancy measured by LOI of gas phase active FRs.

Flame retardancy 

Experimental

An epoxy vitrimer (EV) based on Bisphenol A diglycidyl ether (DGEBA) and 4-

aminophenyl disulfide with 2 wt% of phosphorous-based FRs and 30 wt% of 

aliphatic resins were studied. Abbreviations: EV: no FR; EV-R1: Araldite® CY-D; 

EV-R2: Araldite® CY-C; EV-R3: Araldite® CY 184; EV-FR1: MPO; EV-FR2: 

Exolit® RP 6500; EV-FR3: DOPO (additive); EV-FR4: DOPO (covalent); EV-FR5: 

Me-DOPO; EV-FR6: Polyphlox® 3735; EV-FR7: Polyphlox® 3742; EV-FR8: 

Exolit® OP 930; EV-FR9: Exolit® EP 360; EV-FR10: Exolit® EP 390; EV-FR11: 

ALFAMMIT® PLF 822; EV-FR12: ALFAMMIT® PCO 900; EV-FR13: Exolit® AP 

423; EV-FR14: Exolit® AP 750; EV-FR15: Exolit® 5060 PK; EV-FR16: NORD-

MIN RDP.

Mechanical recycling process.

Table 2 Cone calorimetry results. Irradiation: 50 kW·m-2; thickness: 4 mm.

# TTI / s PHRR /  kW·m-2 THR / MJ·m-2 MAHRE / kW·m-2

EV 43.5 ± 1.0 868.3 ± 142.9 116.8 ± 5.4 424.8 ± 11.9

EV-FR7 38.5 ± 6.4 497.3 ± 10.4 82.3 ± 4.5 273.1 ± 7.4

EV-FR9 33.5 ± 10.6 533.1 ± 51.5 77.0 ± 5.0 272.4 ± 24.6

Left: Cone calorimetry HRR curve; Right: Char formation of the EV samples during the test.

Left: DSC curves (exo up) of reactive and cured epoxy vitrimer EV; Right: TGA of epoxy vitrimer EV
(N2 atmosphere).

Thermal properties

Table 1 Thermal properties of the epoxy vitrimer EV.

Tg / °C T2% / °C TdMax / °C Residue (1000 °C) / %

128 274 331 13.6    

Left: LOI of EV containing different aliphatic epoxy resins and different P-based FRs; Right: UL94 
test results of EV containing different aliphatic epoxy resins and different P-based FRs.

Table 3 LOI before and after recycling. 

# LOI / O2% LOI / O2%_r

EV 20.9 ± 0.4 21.3 ± 0.7

EV-FR4 30.6 ± 0.3 30.6 ± 0.4

EV-FR5 31.7 ± 0.5 30.2 ± 0.5

EV-FR7 29.0 ± 0.4 29.3 ± 0.5

EV-FR9 38.5 ± 0.4 33.5 ± 0.4

Mechanical recycling

Hot Pressing:

1. 220 °C, 2 bar, 5 min

2. 220 °C, 100 bar, 6 min

3. Cooling to 60 °C, 100 bar, 
5 min
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