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Abstract

The use of vegetable fibers composites in structures sometimes presents sig-
nificant fires risks because of their high flammability. This work aims to study
the impact of the addition of mineral filler (clay) on the fire behaviour of
wood-polystyrene composites and their mechanical properties. Thus, compo-
sites containing 25% of expanded polystyrene binder have been produced. On
this base material, proportions of clay ranging from 0% to 15% were gradual-
ly added. These samples were elaborated by compaction and for some them,
submitted to thermoforming after drying. Both kinds of sample were sub-
jected to flame persistence test; flexural strength and compressive strength
test were also measured. The results show that composites without mineral
filler ignite continuously until the total consumption and when the mineral
filler content increases the combustion time decreases. The addition of the
mineral filler allows these composites to pass from class M3 of moderately
flammable combustible materials to class M2 of hardly flammable materials,
according to the M classification of construction and furnishing materials.
The measurement of the mechanical properties shows that the strengths in-
crease when the filler content goes from 0% to 10% and then decrease. This
leads to set the optimum content of mineral filler around 10%.

Keywords
Composite, Expanded Polystyrene, Flame Test, Flammability, Mechanical
Properties
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1. Introduction

Synthetic polymers and plastics in particular are now part of everyday life for
both urban and rural populations. Their fields of use extend to almost all activity
area where they replace natural or conventional materials. According to [1],
about 30% of these plastics are used for packaging applications with an annual
increase of 25% in demand in this area.

In packaging industry, polystyrene is one of the most widely used plastics for
packaging brittle articles, household appliances and perishable foods [2]. After
its use, polystyrene is released into nature, which generates large amounts of
waste due to its low recycling rate and its high dissemination due to its low den-
sity [3]. So it is easily blown away by wind and runoff. As they are not biode-
gradable, these wastes accumulate and have a negative impact on environment
[4].

Also, wood, one of the first materials used by humans, is still essential for their
comfort [5]. However, its machining causes important by-products, including
wood chips. The amount of wood chips during tree processing is estimated at
40% |6]. These wood chips are not sufficiently recovered in developing countries
such as Cote d’Ivoire [7] and considered as waste. They are generally incinerated
resulting in the release of CO,, otherwise, left on site causing a healthiness prob-
lem in cities.

In order to recover polystyrene waste and wood chips, and to offer a solution
for their management, composite materials made of polystyrene (EPS) and wood
chips have been developed [8].

Using these composites can be a way to reduce the use of primary wood in
some works and thus preserve this resource. However, since these composites
are made of very flammable materials, their use in some structures can present
significant fire risks because according to [9] [10] [11], vegetable fiber polymer
composite materials generally have low fire resistance. So it is necessary to pro-
pose a solution to reduce this risk in order to allow easy use of this material in
construction. To do this, mineral filler (clay), which is a flame retardant material
[12] [13], has been added to these constituents.

This work aims to study the fire behaviour of the samples and to study their

mechanical properties according to mineral filler content.

2. Material and Methods

2.1. Raw Materials

The raw material used for this work consists of wood chips, expanded polysty-
rene and clay powder.

The wood chips used are passing of 5 mm mesh sieve. They are lamellar in
shape and 90% of particles are larger than 2 mm in size (Figure 1(a)). They were
collected in carpentry units in Abidjan (Ivory Coast).

e Expanded polystyrene (EPS) (Figure 1(b)) comes from the packaging of

household appliances. It was collected in pre-collection bins near shops in
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Abidjan. Once stripped of any labels, the polystyrene is dissolved into ace-
tone to obtain a resin. This dissolution reduces its volume by 98% [14] and
thus makes its collection profitable.

This resin will be used as a binder to make composites. The dissolution of EPS
is done in a ratio of approximately 0.7 kg of EPS per liter of solvent.

The mineral filler used is a gray to slightly brown colored clay. This clay has
been the subject of many characterization and valuation studies which show that
it is essentially made of kaolinite and illite [7] [15] [16]. It was dried, and
crushed. The passing of the 63 um sieve was used for this work (Figure 1(c)).

2.2. Method of Elaboration

The production method is summarized in Figure 2. The base material is made of
wood chips (75% by volume) bound by polystyrene resin (25% by volume). To
this composition, clay additions were made in proportions of 5%, 10% and 15%.
After drying, some of the samples were subjected to thermoforming. To do this,
the sample is put between two metal plates; the whole is heated at 150°C for 50
minutes and hot compacted using a manual static press.

Finally, two categories of samples are produced: non-thermoformed samples

and thermoformed samples.

2.3. Characterization of Samples

2.3.1. Study of Fire Behaviour: Fire Persistence Test
This test was carried out in accordance with standard NF P 92-504 [17]. The
sample is submitted to a heat source consisting of a gas burner. The burner is
placed at 4 cm and tilted relative to the sample (that the flame is maintained in
contact with the sample) for 5 seconds (Figure 3). For the sample the process is
repeated ten times

The duration of flame persistence and phenomena observed are recorded.

According to the behaviour, a material can be classified from Table 1.

2.3.2. Mechanical Characterizations
1) Three-point flexural strength test
The three-point flexural strength test was carried out on samples measuring

20 x 10 x 3 cm’ according to the ASTMD 790-81 standard [18]. The samples

were placed on two (2) single supports at a distance of “L”. A third support is

placed on the upper face halfway between the supports. Then a gradual loading
is exercised on the sample using the press until it breaks. The load at break “F” is

noted. The flexural strength is given by Equation (1):

_3FL
T

With: R; flexural strength (MPa), F load at break (N), Z: the distance between
the support supports (mm), / the width of the sample (mm), /: the thickness of

(1

the sample (mm).
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Figure 1. Raw materials; (a) Wood chips; (b) expanded polystyrene (c) Clay.
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Figure 2. Elaboration methods.

Figure 3. Device of the flame test.

Table 1. M Classification of arrangement and construction products (NF P 92-504).

Raning M Combustibility Flammability Examples
Mo Incombustible Non-flammable Bricks, ceramic ...
M1 Combustible Non-flammable PVC, mineral tile for false ceiling ...
M2 Combustible Hardly flammable Particle boards, wall carpet ...
M3 Combustible Moderately flammable Wood, rubber flooring ...
M4 Combustible Highly flammable Paper, polypropylene ...
NC Unclassified Unclassified
DOI: 10.4236/0japps.2020.1012059 837 Open Journal of Applied Sciences
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Table 2. Fire behaviour of composites.

2) Compressive strength test

For this test, parallelepipedal samples of dimensions 10 x 5 x 3 cm® were cut
from the basic sample. The sample tested is put on its section (3 X 5 cm?) in or-
der to obtain a slenderness of 2 [19]; necessary for an optimal assessment of
strength. It is then gradually charged until it breaks. The load at break “F’ is
noted.

R =— 2
c=g (2)
With: R: Compressive strength (MPa), F load at break (N), S Loaded section

(mm?).

3. Results and Discussion

3.1. Influence of the Mineral Filler Content on the Fire Behaviour
of Composites

The results of the fire persistence test are listed in Table 2 below. This table
shows that samples without mineral addition (0% clay) present combustion with
flame. In fact, it is a continuous combustion until their total consumption.
However, tastes do not form during their combustion.

After adding mineral filler (5% to 15%), the samples present combustion with
a flame for variable duration. The combustion time decreases when mineral filler
content increases.

The ignition time is approximately 65 seconds for samples at 5% of filler, for
samples at 15% non-thermoformed and thermoformed is respectively about 15
seconds and 11 seconds. Overall, there is no incandescence that persists after the
flame is extinguished.

The samples without mineral filler have low fire resistance due to the presence
of cellulose (a very flammable material) in the wood and the fact that EPS is a
hydrocarbon and therefore an oxidizer by nature. This explains the continuous

combustion with flame until the total consumption of these composites.

Durati ffl bilit A length F ti
Clay content (%) uration of flammability verage leng ormation Classification
(seconds) destroyed (mm) of tastes
0 total combustion of the samples with flame 2350 No M3
Non 5 65.93 25 No
thermoformed 10 272 2133 No M2
15 15.4 14 No
0 total combustion of the samples with flame 33 No M3
5 65.12 33 No
Thermoformed
10 21.57 19.66 No M2
15 11.03 18 No
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When the mineral filler is added to the EPS-Wood chips mixture, the clay
particles become intercalated into the matrix and hinder the propagation of the
flame because clay is not combustible. This discomfort becomes more and more
important when clay content increases. This could explain the fact that compo-
sites become less flammable. The mineral filler behaves like a flame retardant.
Indeed clay particles cover the wood chips by constituting a barrier between the
flame and the chips.

Similar results have been reported by [20] [21] on the incorporation of glass
silicon carbide and basalt fiber into composites. They explain that these mineral
filler reduce the ignition time and the rate of flame propagation considerably.
These fillers behave like a barrier layer.

Likewise [22] during their studies on polypropylene composites filled with
natural fibers (Kenaf) made the same observations.

For these authors, a carbonized layer is formed at the surface of the polymer
during thermal degradation. As an insulating barrier, this carbonized layer re-
duces; the transfer of the flame to the polymer as well as the diffusion of oxygen
into the material.

According to the M classification of construction and arrangement materials
(standard NF P 92-504), samples without mineral addition are of class M3, ie.
moderately flammable combustible materials while those with mineral filler are
of class M2: flame retardant materials such as particle board, wall carpets, etc.

Class M2 composites are conform with (French) fire safety legislation [23].

3.2. Influence of the Mineral Filler Content on the Mechanical
Properties of Composites

The flexural (three-point) and compressive strength of non-thermoformed and
thermoformed composites are shown in Figure 4.

When the mineral filler is added to the EPS-Wood shavings mixture, the flex-
ural strength increases up to 10% of filler, beyond that the strength drops
(Figure 4(a)), both for samples which have sustained thermoforming or not.
The flexural strength for thermoformed samples range from 11.73 MPa at 0% of
filler to 12.34 MPa at 10% then drop to 9.2 MPa with 15% filler.

For non-thermoformed samples, their flexural strength drop from 5.4 MPa
(0% filler) to 7.45 MPa (10%) then drop to 6.28 MPa (15%).

The compressive strength of non-thermoformed samples increases from 14.24
MPa to 15.94 MPa and then drop to 13.32 MPa when filler content goes from 0%
to 10% and then to 15%. After thermoforming, the strength range from 18.67
MPa to 21.72 MPa before dropping to 18.13 MPa (Figure 4(b)).

This variation can be explained by the fact that when mineral filler is added,
during the stress in flexural or in compression, the force which was previously
supported only by the EPS matrix and the wood chips, is now supported by these
two constituents and by clay. Hence the strength increases as the mineral filler

increases.
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Figure 4. Variations in mechanical properties as a function of mineral load content.

The drop in strength for more than 10% mineral filler would be due to the fact
that because of high quantity of mineral filler in the mixture, the action of the
binder becomes ineffective. It promotes existence of contacts between clay par-
ticles. These contacts weaken the composites, and leading to the drop in me-
chanical strength.

The same observation was made by [4] in his work on sand-plastic composites
filled with clay and by [24] on the incorporation of mineral filler into a biocom-
posite reinforced with rice husks and sawdust.

Incorporating fibers into a polymer matrix also gives similar results [24] [25].
These authors explain the drop in mechanical strengths after optimal filler rate,
by the fact that from this rate, the bringing together of the fibers seem to hinder
fluidity of the matrix, and causing weakening of fiber-matrix bonds. This beha-
viour can reduce mechanical strength of composite materials.

It can be notice that mechanical performance of thermoformed samples is
greater than those of non-thermoformed samples. This is explained by the fact
that thermoforming ensures a good distribution of the EPS matrix into the
composites.

The combined effect of heat and pressure induces reorganization of matrix
and wood chips, reducing voids in the mixture while strengthening the bonds
between the EPS matrix and the wood chips.

Therefore the optimal rate of mineral filler would be around 10% for these
composites.

For some authors [26] [27], this rate depends on kind of polymer in the mix-
ture. For example [25] shows that the optimal filler rate is 5% for polypropylene
while [26] place this rate at 20% for corn starch. For the same polymer, this rate
may vary when its structure is modified, then the optimal filler rate drops from
5% to 3% for modified propylene [28] [29].

4. Conclusions

The study shows that the addition of mineral filler increases fire resistance of
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composites. These pass from moderately flammable combustible materials (class
M3) to hardly flammable materials (class M2). The addition of mineral filler can
allow easy use of these composites in construction and laying-out.

This mineral filler also increases mechanical performances by addition of
10%.

However, an excessive amount of mineral filler (more than 10%) can alter the
mechanical properties even if it allows better resistance to fire. This therefore

leads to setting the optimum filler content around 10%.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

[1] Jayasekara, R., Harding, I., Bowater, I. and Lonergan, G. (2005) Biodegradability of
a Selected Range of Polymers and Polymer Blends and Standard Methods for As-
sessment of Biodegradation. Journal of Polymers and the Environment, 13, 231-251.
https://doi.org/10.1007/s10924-005-4758-2

[2] Shah, A.A., Hasan, F., Hameed, A. and Ahmed, S. (2008) Biological Degradation of
Plastics: A Comprehensive Review. Biotechnology Advances, 26, 246-265.
https://doi.org/10.1016/j.biotechadv.2007.12.005

[3] Zalasiewicz, J., Waters, C.N., Ivar do Sul, J., Corcoran, P.L., Barnosky, A.D., Cear-
reta, A., Edgeworth, M., Galuszka, A., Jeandel, C., Leinfelder, R., McNeill, ].R., Stef-
fen, W., Summer-Hayes, C., Wagreich, M., Williams, M., Wolfe, A.P. and Yonan, Y.
(2016) The Geological Cycle of Plastics and Their Use as a Stratigraphic Indicator of
the Anthropocene. Anthropocene, 13, 4-17.
https://doi.org/10.1016/j.ancene.2016.01.002

[4] Traoré, B. (2018) Elaboration et caractérisation d’une structure composite (sable et
déchets plastiques recycles): amélioration de la résistance par des charges en argiles.
These de Doctorat, Université Félix Houphouét Boigny, Abidjan, 140 p.

[5] Trouy, M.C. and Triboulot, P. (2019) Materiau bois: Structure et caractéristiques.
Technique de I'ingénieur Construction bois, 253, 11-18.

[6] AQPER (2020) Association Québécoise de la Production d’Energie Renouvelable.
Colloque 5 et 6 février 2020 Chateau Laurier Québec.
https://www.agper.com/fr/colloque-2020-4

[7] Ouattara, S. (2013) Recherche de briques légeres: Conception et caractérisation de
briques crues a base d’argile et sciure de bois, stabilisées au ciment Portland. These
de doctorat, Université Félix Houphouét Boigny, Abidjan, 160 p.

[8] Kaho, S.P., Kouadio, K.C., Kouakou, C.H. and Eméruwa, E. (2020) Development of
a Composite Material Based on Wood Waste Stabilized with Recycled Expanded
Polystyrene. Journal of Composite Materials, 10, 66-76.
https://doi.org/10.4236/0jcm.2020.103005

[9] Kim, N.K,, Dutta, S. and Bhattacharyya, D. (2018) A Review of Flammability of
Natural Fibre Reinforced Polymeric Composites. Composites Science and Technol-
ogy; 162, 64-78. https://doi.org/10.1016/j.compscitech.2018.04.016

[10] Zhou, B., Yoshioka, H., Noguchi, T. and Ando, T. (2018) Experimental Study of
Expanded Polystyrene (EPS) External Thermal Insulation Composite Systems

DOI: 10.4236/0japps.2020.1012059

841 Open Journal of Applied Sciences


https://doi.org/10.4236/ojapps.2020.1012059
https://doi.org/10.1007/s10924-005-4758-2
https://doi.org/10.1016/j.biotechadv.2007.12.005
https://doi.org/10.1016/j.ancene.2016.01.002
https://www.aqper.com/fr/colloque-2020-4
https://doi.org/10.4236/ojcm.2020.103005
https://doi.org/10.1016/j.compscitech.2018.04.016

K. C. Kouadio et al.

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

[20]

(21]

(22]

(23]

(24]

(25]

(ETICS) Masonery Fagade Reaction-to-Fire Performance. Thermal Science and En-
gineering Progress, 8, 83-92. https://doi.org/10.1016/j.tsep.2018.08.002

Kandola, B.K. and Kandare, E. (2008) Composites Having Improved Fire Resis-
tance. In: Advances in Fire Retardant Materials, University of Bolton, Bolton,
398-442. https://doi.org/10.1533/9781845694701.3.398

Renaut, N. (2008) Amélioration des propriétés thermomécaniques et ignifuges du
polypropyléne. Thése de I'Université des Sciences et Technologies de Lille, 242 p.

Hagege, S. and Verger, L. (2004) Les nanocomposites aux Etats-Unis: vers une
émergence des premieres applications. Sciences physiques, nanoscience, microélec-
tronique, matériau, 13 p.

Almusawi, A.M. (2017) Mise en ceuvre et optimisation des propriétés d’une struc-
ture Sandwich en Matériaux Biosourcés (Fibre et Bois de chanvre) avec une Matrice
en Polystyréne pour le Batiment”. These de doctorat, Belfort-Montbéliard, 156 p.

Kouadio, K.C. (2010) Elaboration et caractérisation de blocs d’argile stabilisée au
ciment (cimarg): Influence de I'apport de dégraissant sur les caractéristiques physi-
ques et mécaniques desblocs. Thése de Doctorat, Université Félix Houphouét Boig-
ny, Abidjan, 152 p.

Kouakou, C.H. (2005) Valorisation des argiles de Cote d’Ivoire: Etude de la stabili-
sation de blocs d’argile comprimée et stabilisée au ciment a I'aide de liants hydrau-
liques. These de Doctorat Sciences de la terre option Géomatériaux, Université de
Cocody, Abidjan, Cote d’Ivoire, 186 p.

Jolissaint (2015) Conception de briquettes de fagade flexibles pour les murs arron-
dis. Thése de Doctorat, Université Félix Houphouét Boigny, Abidjan, 171 p.

Rouby D. (2005) Introduction aux matériaux composites: Propriétés mécaniques
des composites dans la pratique des essais, Cours M6 de 'INSA de Lyon, 9 p.

Bavelard, G. and Beinish, H. (2006) Guide de bonnes pratiques des essais de com-
pression sur éprouvettes. Centre d'Etudes et de Recherches de 1'Industrie du Béton,
28 p.

Bharath Kumar, T., Haseebuddin, M.R., Raghavendra, N. and Vishnu Mahesh, K.R.
(2018) Influence of Sic on Mechanical, Thermal, Fire and Wear Studies of Vinyle-
ster/Glass Fibre Composites. Materialstoday: Proceedings, 5, 22675-22686.
https://doi.org/10.1016/j.matpr.2018.06.644

Bhat, T., Chevali, V., Liu, X., Feih, S. and Mouritz, A.P. (2015) Fire Structural Re-
sistance of Basalt Fibre Composite. Composites Part A,71, 107-115.
https://doi.org/10.1016/j.compositesa.2015.01.006

Arjmandi, R., Ismail, A., Hassan, A. and Abu Bakar, A. (2017) Effects of Ammo-
nium Polyphosphate Content on Mechanical, Thermal and Flammability Properties

of Kenaf/Polypropylene and Rice Husk/Polypropylene Composites. Construction
and Building Materials, 152, 484-493.
https://doi.org/10.1016/j.conbuildmat.2017.07.052

Peroni (2010) Réglementation sur le classement au feu et la réaction au feu. 17 p.
https://www.peroni.com/lang_FR/_download/ClassementReactionFeu.pdf

Hamid, M.R.Y., Ab Ghani, M.H. and Ahmad, S. (2012) Effect of Antioxidants and
Fire Retardants as Mineral Fillers on the Physical and Mechanical Properties of

High Loading Hybrid Biocomposites Reinforced with Rice Husks and Sawdust. /n-
dustrial Crops and Products, 40, 96-102.
https://doi.org/10.1016/j.indcrop.2012.02.019

Rajaei, M., Kim, N.K., Bickerton, S. and Bhattacharyya, D. (2019) A Comparative

DOI: 10.4236/0japps.2020.1012059

842 Open Journal of Applied Sciences


https://doi.org/10.4236/ojapps.2020.1012059
https://doi.org/10.1016/j.tsep.2018.08.002
https://doi.org/10.1533/9781845694701.3.398
https://doi.org/10.1016/j.matpr.2018.06.644
https://doi.org/10.1016/j.compositesa.2015.01.006
https://doi.org/10.1016/j.conbuildmat.2017.07.052
https://www.peroni.com/lang_FR/_download/ClassementReactionFeu.pdf
https://doi.org/10.1016/j.indcrop.2012.02.019

K. C. Kouadio et al.

(26]

(27]

(28]

(29]

Study on Effects of Natural and Synthesised Nano-Clays on the Fire and Mechanical
Properties of Epoxy Composites. Composites Part B, 165, 65-74.
https://doi.org/10.1016/j.compositesb.2018.11.089

Benbayer, C. (2014) Nanocomposites & base d'argile et de surfactants polymérisables
(surfmers): Synthése et propriétés. Thése de 1'Université de Nice-Sophia Antipolis.
195 p.

Mbey, J.A. (2013) Films composites amidon de manioc-kaolinite: Influence de la
dispersion de l'argile et des interactions argile-amidon sur les propriétés des films.
Theése de I'Université de Lorraine, 137 p.

Peurton, F. (2008) Nanocomposites a matrice thermoplastique et renfort plaquet-
taires: Relations élaboration-structure-propriétés. Thése Université des Sciences et
Technologies de Lille, 200 p.

Wiboon, L. (2006) Réalisation de nanocomposites polypropyléne/argile par extru-
sion bivis. These de I’école des Mines de Paris. Spécialité “Sciences et Génie des
Matériaux”, 245 p.

DOI: 10.4236/0japps.2020.1012059

843 Open Journal of Applied Sciences


https://doi.org/10.4236/ojapps.2020.1012059
https://doi.org/10.1016/j.compositesb.2018.11.089

	Influence of a Mineral Filler on the Fire Behaviour and Mechanical Properties of a Wood Waste Composite Material Stabilized with Expanded Polystyrene
	Abstract
	Keywords
	1. Introduction
	2. Material and Methods
	2.1. Raw Materials
	2.2. Method of Elaboration
	2.3. Characterization of Samples
	2.3.1. Study of Fire Behaviour: Fire Persistence Test
	2.3.2. Mechanical Characterizations


	3. Results and Discussion
	3.1. Influence of the Mineral Filler Content on the Fire Behaviour of Composites
	3.2. Influence of the Mineral Filler Content on the Mechanical Properties of Composites

	4. Conclusions
	Conflicts of Interest
	References

