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Table 1: Selected results from cone calorimeter measurements.

Wood/PLA/APP [wt.-%] Ignition [s] pHHR
[kW/m2]

MARHE 
[kW/m2]

50/29.75/20 42 (3) 151 (7) 89 (2)

40/29.75/30 55 (7) 148 (14) 76 (10)

20/49.75/30 47 (1) 171 (3) 96 (7)

0/69.75/30 35 (3) 240 (2) 133 (0.1)

Plywood w. fire-retarded
HPL (benchmark) 67 (0) 261 (9) 128 (0.6)
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Fig. 1: Compounding of fire-retarded materials.
Fig. 2: Sheet extrusion of granulates.

At present, high-pressure laminates (HPL) are often used on wood-based 
composites such as plywood to improve durability and surface properties. 
As part of the European project BASAJAUN1 (https://basajaun-
horizon.eu), our objective was to develop thermoplastic compounds 
based on biopolymers, wood particles and fire-retardants which can be 
processed by film extrusion and hot-pressed onto plywood without the 
use of adhesives. Such sheets will allow for easier recycling compared to 
HPL and contribute to a circular approach in the use of wood-based 
composites.

Experimental

Polylactic acid (PLA), ammonium polyphosphate (APP), wood particles and a 
stabilizer were compounded using a co-rotating twin screw extruder (Fig. 1). The 
resulting granulate was extruded into a sheet using a single-screw extruder with 
a slit die (Fig. 2) and pressed onto poplar plywood without any adhesive (Fig. 3, 
4, 5). Sample size for investigations using the cone calorimeter (heat flux: 50 
kW/m2) was 100 mm x 100 mm x 12 mm. In addition, UL942 tests were 
performed to determine flammability, and surface soundness (EN 311) was 
tested with and without hot water vapour pre-treatment (EN 438-2).  

The requirement for surface soundness according to EN 312 (particleboards) is 
0.8 N/mm2 for panels for interior fitments, including furniture, for use in dry 
conditions (type P2). After the hot water vapour pre-treatment, surface 
soundness was reduced and some peeling off of the top sheets was observed 
although the technical requirement of 0.8 N/mm2 was still met.  

Conclusions and Outlook

In terms of processability, the inclusion of 70% (wt.) total filler in compounding 
can be a challenge. However, if it is accomplished to process such compounds, 
sheets with a high level of fire-retardancy can be produced which are at least 
comparable to fire-retarded HPL. For a classification of the complete composite 
according to EN 13501-1, a single-burning item (SBI) test will be the next step. 
Investigations related to bending properties, surface hardness, and screw 
withdrawal resistance of the novel top-sheets are on-going.

Regarding properties such as durability and scratch resistance, HPL are 
undoubtedly superior compared to a thermoplastic surface material. However, it 
is expected that bio-based, thermoplastic top sheets can find some applications 
in furniture and interior building applications where HPL may be over-
engineered, and where material recycling and high bio-based content are 
priorities. 

Results

Cone calorimeter results (Table 1) showed that the more PLA was included, the 
shorter the time to ignition and the higher the peak heat release rate (pHRR) 
and maximum average rate of heat emitted (MARHE). However, smoke was 
lighter and total smoke production decreased with increasing PLA content. At 
4mm sample thickness, V-0 classification (UL94) was obtained for the 
thermoplastic sheets. The inclusion of wood particles could effectively prevent 
burning dripping and off-set the costs for the polymer matrix.  
Regarding surface soundness, values of more than 1 N/mm2 were obtained, with 
wood failure in the order of 100% (“the higher the wood failure, the better”). 

Fig. 5: Plywood w. bio-based top-sheets.

Fig. 3: Preparation for hot-pressing.

Fig. 4: Hot-pressing of sheets on plywood
without adhesives.


