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Introduction
conventional micrometric magnesium dihydroxide (MDH) have been widely used as flame retardant additives for thermoplastics owing to its endothermi c decomposition associated with water
release betw een 300 and 400 °C [1]. However, the fire-resistant properti es of MDH-filled polymers proved relevant only at high loading levels (> 50% wt.%) and the flame retardant action of MDH is
not effective above 400°C. In this context, MDH nanoparti cles represent an interesting alternati ve to the use of high loading of conventional metallic hydroxides since the incorporation of (high
specific surface) nanoparti cles at lower rate often l eads to an enhanc ement of the polymer thermal stability and fire behaviour [2].
In this work, we study the i nterest of nanometric MDH as flame retardant agents in poly(methyl methacrylate) (PMMA) and the effe ct of the nanoparticle shape, either lamellar or fibrous, on both the
thermal resistance and combustion behaviour of the rel ated PMMA nanocomposites.

Nanoparticle synthesis
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MDH nanoparti cles were synthesized via a sol-gel technique by the reac tion of MgCl 2 with given alcaline solution.
Different shapes can be obtained for the MDH nanoparti cles dependi ng on the nature of the alkaline solution. When
NH4OH was used, lamellar MDH nanoparti cles (10-20 nm i n thickness and 250–300 nm in length) w ere obtained while
the use of NaOH favours the formation of fibrous MDH nanoparti cles (ca. 20nm in a diameter and 250-300 nm in
length) ac cording to the following reactions:
MgCl 2 + 2NH 4OH à Mg(OH) 2 + 2NH 4Cl (a)

MgCl 2 + 2NaOH à Mg(OH)2 + 2NaCl (b)

Nanocomposite processing
PMMA / MDH nanoc omposites were prepared by m elt blending in a Brabender internal mixer at 225 °C (10 min mixing
at 50 rpm ). Plates (100x100x4 mm 3) for cone calorimeter testing were compression moulded at 250 °C using an Agila
PE20 hydraul ic press.

Thermal analysis and fire testing
Thermogravimetric analysis was used to study the thermal degradati on of unfilled PMMA and PMMA nanocomposites: temperature ram p from 25 to 700 °C at a heati ng rate of 10 °C/min using a
TGA 2950 de vice from TA Instruments.
The fire beha viour was tested by cone calorimeter (Fire Testing Technology) (35 kW /m 2).

Thermal resistance

Under He

Under air

- Both type of MDH nanoparti cles increase significantly the thermal resistance of the PMMA
matrix, either in air or inert (under He) atm osphere.
- The therm al degradati on of the nanoc omposite occurs at significantly higher temperature
when the l oading in MDH nanoparti cles rate is increased.
- The enhanc ement level is much more important when lamellar MDH is concerned
- MDH nanoparti cles modify the thermal degradati on pathway of PMMA and lead to the
formation of a char (see hereunder).

Fire behaviour during cone calorimeter test

After 200 seconds

- Overall decrease of the peak of heat release rate (pHRR) for all compositions dependi ng on the filler content.
- The HRR reduction is more marked when lamellar MDH nanoparti cles are used
- Formation of an intumescent char layer with both types of MDH nanoparti cles
- At the end of the test, the char formed after combustion of compositions containing lamellar MDH nanoparti cles

Intumescent
char layer

appears more cohesive and m ore thermally resistant.

At the end of the tes t

Cohesive and
thermally
resistant char

Conclusion
MDH nanoparti cles and more specifically lamellar type of MDH nanoparti cles appear to be a very promising new flame retardants for polymers as illustrated here for P MMA matrix.
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