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Assessment of the the flame retardancy properties

In order to describe a realistic fire scenario, it is important to test both the ignitability of a sample in
presence of a flame spread (flammability) and the combustion behaviour of the same sample under
an irradiative heat flow, developed as a consequence of the flame exposure. Therefore, the flame
retardancy properties of the untreated and sol-gel treated samples were measured through two

different tests.

The flammability test in vertical configuration was carried out by applying a methane flame for 5s
at the bottom of a fabric specimen (50 x 150mm?) and repeating the application at least two times.
This test aims to mimic the procedure described in ISO15025 standard, commonly employed for the
protective garments, although the specimen size used in the present work is smaller (i.e. 50 x
150mm? vs. 160 x 200mm? in ISO15025).

Alternatively, when the test was performed in horizontal configuration, the flame was applied on
the short side of the specimen (50 mm). These tests were repeated 5 times for each formulation.
Total burning time and rate after the flame applications and the final residue were evaluated.

A similar test was used by Brancatelli et al. [S3], according to ASTM 1230.

Cone calorimetry (Fire Testing Technology, FTT) was employed to investigate the combustion
behaviour of square samples (100 x 100 x 0.5mm’) under an irradiative heat flow of 35kW/m” in
horizontal configuration, following the procedure described elsewhere [S1]. Such procedure was
designed following ISO5660 standard for plastic substrates.

The fabrics were placed in a sample holder and maintained in the correct configuration by a metallic
grid. Time To Ignition (TTIL, s), Total Heat Release (THR, kW/m?), Heat Release Rate (HRR,
kW/m?) and peak (pkHRR, kW/m?). The higher the TTI, the lower THR and pkHRR, the better is
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the flame retardancy performance [S2]. Total Smoke Release (TSR, m*/m?), Specific Extinction
Area (SEA, directly proportional to the smoke optical density, m*/kg), CO and CO, yield ([CO] and
[CO,], kg/kg or ppm/%) were evaluated, as well. Obviously, the lower the TSR and SEA, the better
is the flame retardancy.

For each sample, the experiments were repeated four times in order to ensure reproducible and

significant data.
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