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A B S T R A C T

Fire retardancy of polymeric materials is a subject of major preoccupation due to the need to minimize
fire risk and meet fire safety requirements. Numerous efficient conventional flame retardants based on
halogen, mineral, and other compounds have been developed. However, some of these compounds,
particularly halogen flame retardants, are harmful to our health and the environment, and their use has
been restricted. In addition, the increasing concern about the reduction of the ecological footprint of
materials, has encouraged the development of new plastics and additives made from renewable
resources. As a result, renewed interest is emerging for the development of sustainable solutions for
flame retardants for polymeric materials. This paper focuses on the identification of biomass compounds
that have a potential as flame retardants for polymers due to their high availability and inherent
properties. The last section of this paper explores the recent progress in flame retardant systems, based
on the use of renewable products, which constitutes a promising approach to provide materials with
improved fire resistance.
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1. Introduction

Fire hazard is a constant risk in everyday life because of the
massive use of combustible materials, such as fabrics, polymeric
materials and wood. The Increased use of systems to prevent fires
or to stop them, such as smoke alarms, sprinklers and emergency
exit plans, has enabled a significant reduction in the number of
deaths by fire since the late 1900s. Even with these improvements,
fire is still an important issue, which costs approximately 1% of
global gross domestic product (GDP) per year, and causes several
thousand deaths in Europe alone [1]. Moreover, in the second half
of the 20th century, polymeric materials, which are easily
combustible, became the most universally used materials. These
multipurpose materials, which are now essential to modern life
[2], have been important to the global economy for many years,
and the plastic industry experienced yearly growth of 8.7%
between 1950 and 2012. In order to minimize fire risk and meet
fire safety requirements, solutions to prevent the ignition of the
materials, or to lower the heat released during their combustion,
have been developed and they act by interfering with the processes
involved in polymer combustion using various physical or
chemical strategies. The main categories of compounds for
improving fire behavior are mineral, halogenated, phosphorus-
containing, nitrogen-containing, silicon-containing, and nano-
metric compounds [3]. Mineral flame retardants, such as alumi-
num trihydroxide, are very efficient in decreasing fire hazard and
they are widely used. However, a large amount must be
incorporated to achieve the expected improved fire properties
and these additives can cause material defects. Halogenated flame
retardants, which have been used since the 1930s, represent a cost-
effective technology, acting in the vapor phase by scavenging
reactive free radicals by releasing halogen radicals that inhibit
combustion. However, due to environmental and health concerns,
the use of halogenated flame retardants has been increasingly
avoided and restricted [4]. Some of these products have been
proven to be linked to cancer, reproductive problems and impaired
fetal brain development. Moreover, during combustion, they
induce an increase in smoke and corrosive gases, and they are
persistent environment pollutants if they migrate out of the
polymer matrix. Three halogenated products are currently
forbidden: penta- and octa-bromodiphenyl ether and hexabro-
mocyclododecane. To address these problems, considerable
attention must be devoted to the development of halogen-free
flame retardant additives. Flame retardant systems that promote
the formation of an insulating char layer on the surface of the
burning sample are among the most promising environmentally
friendly strategies for replacing halogenated flame retardants.
They have indeed proven to be efficient in improving the fire
behavior of many polymer matrices, while reducing the amount of
smoke released as a result of their condensed phase action. Today,
new solutions of such flame retardants, based on renewable
resources, are attracting great interest, due to their availability and
the growing awareness of environmental issues linked to the
increased use of fossil feedstock. Furthermore, the development of
flame retardant systems from renewable resources is suitable for
supporting the increasingly use of bio-based polymers in many
technical fields, maintaining thus their sustainability and preserv-
ing their good environmental impact.

Moreover, the world demand in energy for the transport sector
was approximately 84 million barrels per day in 2010 and it was
estimated to increase to about 116 million barrels per day by 2030
[5]. The Intergovernmental Panel on Climate Change has
highlighted in a report that this growing demand is leading to a
rapid increase in greenhouse gas emissions [6]. To reduce CO2 gas
emissions while meeting the increased energy demand, the
utilization of renewable instead of fossil resources seems to be a
feasible option. Renewable carbon sources enable industrial
processes to be nearly CO2 neutral since bio-based products
release no more CO2 at the end of their life than was originally
metabolized in the biological production of the raw material.
During photosynthesis, plants use sunlight to convert water and
carbon dioxide from the atmosphere into carbohydrates [7]. While
in the case of fossil-based products, the CO2 released at the end of
their life was geologically sequestered for millennia, which has
been demonstrated to have an impact on the environment [8].

For several decades, the biorefinery has appeared to be an
efficient approach for the transformation of biomass components
into biofuels, bio-energy (heat and power) and bio-based chemical
products and materials, in the same way as a petroleum refinery
does for fossil based resources. The difference between the
petrochemical industry and a biorefinery lies in the highly
oxygen-functionalized bio-based feedstock in comparison to the
hydro-carbon based fossil resources [9]. Biorefineries are facilities
that convert biomass, i.e. biological materials from living or
recently living organisms, into bio-based products. A biorefinery
can use a wide range of different feedstocks as input and various
process technologies to convert them. The input products of the
first generation of biorefineries are mainly edible biomass
products, such as sugar-rich, starch-rich and oily plants, whose
can be controversial because of the need to use these resources for
food. However, the second-generation of biorefineries overcome
this problem by treating residual non-food parts of crops and other
non-food sources, such as grasses and algae. The inedible
lignocellulosic materials which are found in plants and composed
of cellulose, lignin and hemicelluloses represent a promising
feedstock to convert into useful bio-based products in biorefi-
neries. The wide development of these biorefineries made biomass
components more and more easily available for many applications.
Furthermore, the economic viability of biorefineries requires the
use of some of their production for high value applications such as
flame retardant additives [8].

This paper, which aims to present recent developments in the
valorization of biomass as flame retardant additives for polymeric
materials, provides a presentation of the main biomass compo-
nents able to generate char during their thermal decomposition
and the recent developments of bio-based flame retardant
additives.

2. Toward the development of bio-based flame retardants

Fire retardant additives have high-value applications for which
some biomass constituents are predisposed. In nature, certain
lignocellulosic plants have developed defense behaviors against
fire aggression. This is the case of cork oak that is more fire-
resistant than other trees owing to the slow combustion of cork,
containing mainly suberin (waxy substance composed of
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