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The use of a waste material as flame retardant for polypropylene (PP), i.e. flue gas desulfurization (FGD)
gypsum, has been studied. FGD gypsum has been used alone or in combination with melamine cyanurate
(MC) and a phosphate ester (SolDP), which acts also as polymer plasticizer. Several formulations have
been investigated in order to obtain UL94-V2 rated PP at 3.2 mm thickness.

The results have demonstrated that 20 wt% of FGD is the optimal amount to be used together with
15 wt% MC and 3 wt% SolDP to get UL94-V2 PP material. The flame retardancy action of MC and SolDP
can be, indeed, further strengthen by the presence of FGD filler, which is essential to guarantee the good
fire reaction obtained. The results have also shown that the control of the dripping phenomena is
essential and therefore a suitable plasticizer, acting also as flame retardant, shall be used in this system.
The content of the plasticizer shall be optimized since, from one side, it favours dripping but, on the other
side, it tends to decrease the heat stability of the polymeric matrix when used at high content (>5%).
Finally, a synergy between this phosphate ester plasticizer and MC has also been revealed.
© 2023 Kingfa Scientific and Technological Co. Ltd. Publishing services by Elsevier B.V. on behalf of KeAi

Communications Co. Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction alumina), as FRs for PP combined with traditional FR additives
Polypropylene (PP) is one of the most used polymers; for
particular applications, due to safety reason, it shall be character-
ized by a suitable fire reaction (e.g. specific UL94 rating). The flame
retardants (FRs) commonly used to reach this goal are, for example,
endothermic additives, flame-quenching (kinetic) inhibitors,
barrier-forming materials and sometimes combinations of these
approaches, as reported in the literature [1e3]. Recently, due to a
growing environmental concern, in order to improve the sustain-
ability of flame retarded PP compounds, several approaches have
been suggested: some of them are based on the use of FRs obtained
from renewable raw materials while others proposed the use of
waste.

For example the use of renewable raw materials is proposed by
Yang et al. [4] who reviewed the use of lignin-derived FRs, due to its
high thermal stability and char-forming capability; also Luda and
Zanetti [5] reviewed the use of cyclodextrin and cyclodextrin de-
rivatives as replacement of pentaerythritol in intumescent systems.

Almiron et al. [6] proposed, instead, the use of waste, like vol-
canic ash, rice husk ash and thermally treated solid waste coming
from the pyrolysis of plastics (composed mainly by silica and
Lorenzetti).
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(such as ammonium polyphosphate, APP, and pentaerythritol, PER).
They showed that these waste materials, used up to 9%, have a
synergistic action with APP and PER by increasing the fireproof
properties of polypropylene: Al2O3 reinforces the protective layer
formed by the APP and PER while silica provides flammability
reduction due to its accumulation near the surface, acting as a
thermal insulation layer [7]. Some other authors [8,9] proposed the
use of different waste, like eggshell, which leads, when used alone,
to some minor improvements of fire behaviour of PP; better results
are obtained when this waste is used together with traditional FRs
(e.g. APP). Song et al. [10] proposed the use of another waste, fly ash
(FA), and they showed that there was a significant synergistic effect
between FA (used at 0.5e1.0 wt%) and intumescent FRs (based on
APP and PER) in the PP. Indeed, FA, which is mainly composed of
SiO2 and Al2O3, could enhance the char formation process and
prevent the formation of soot during combustion. However, it shall
be kept in mind that FA is classified as dangerous waste and shall be
inertized before being used in polymers [11,12].

In this paper we analysed the use of a waste material as FR for
PP; in particular we used flue gas desulfurization (FGD) fillers, to
increase the sustainability of the flame retarded polymer. Indeed,
using awaste as a source of FR instead of a critical rawmaterial [13],
like phosphate rocks used to synthesize phosphorus FRs, will
certainly increase the natural resources saving.
sevier B.V. on behalf of KeAi Communications Co. Ltd. This is an open access article
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FGD fillers are composed of calcium sulfate dihydrate (98e99%),
i.e. they are chemically very similar to natural gypsum, whose
chemical composition, however, varies from one geographical site
to another. Indeed, natural gypsum is primarily composed of CaSO4,
associated with a wide assortment of accessory minerals, mainly
carbonates, silica, and metal oxides [14]. The FGD fillers are ob-
tained in large amounts as by-product in Flue Gas Desulfurization
units which are relevant to large electrical power producers, kiln
flue gas for cement production, potline flue gas for aluminium or
other metal foundries, flue gas from fluid catalytic cracking units in
refineries or other power or process flue gases that require SO2
removal. For example, in the US, FGD production rates have
increased from 11 million metric tons (MT) in 2006 to 29 million
MT in 2016. However, this increase in generation has not been
accompanied with a similar increase in its utilization, with utili-
zation rates decreasing from 79% in 2006 to 57% in 2016 [15]. This
has led to FGD accumulation, creating the need for extra capacity in
landfills. To reduce the amounts of disposed FGD, it is necessary an
increase in its utilization rate through new applications [15].

Based on their composition, it can be supposed that FGD fillers
can act as flame retardants in a similar way to metal hydroxides, i.e.
by contributing not only to the condensed phase action (developing
an inorganic compact char layer) but also to the gas phase action
(through releasing water in the gas phase by endothermic
decomposition). In literature, there are only a few examples of the
use of calcium sulfate, coming from different sources, as FR in
polymers. Ramos et al. [16] showed that very high content (up to
70%) of lactide-gypsum, i.e. obtained as a by-product of lactic acid
production, in polyethylene is effective in reducing burning time
and rate. Murariu et al. [17] used lactide-gypsum in polylactide acid
(PLA) polymer to study its flame retardancy effect but, in order to
prevent PLA degradation from hydrolysis, they have to use b-
anhydrite AII form, i.e. formed by dehydration of gypsum hemi-
hydrate at 500 �C. In this way, part of the potential FR action of
gypsum, related to the endothermic release of hydration water, is
lost. Indeed, they found that blends which contain even a high
amount of anhydrite filler (43%) are characterized by dripping and
no charring properties. Bartolomei et al. [18] used post-
consumption gypsum from the civil industry in expanded poly-
styrene containing brominated FRs. They showed that gypsum has
a negative effect on fire reaction since composites with gypsum did
not extinguish the flame and the entire test specimen was
consumed by the combustion of the material, while in polymers
without gypsum the flame extinguished. The only paper dealing
with FGD gypsum as FR is that by Tabatabai et al. [19] who used FGD
filler in polyester resin for improving mechanical properties and
the thermal stability. They showed that the high residue at high
temperatures, although not forming a charring layer, is capable to
act as a protective barrier to shield the interior of the composite
under open flame conditions, preventing its ignition.

In order to improve the flame retardancy of FGD filler, effective
co-additives could also be added. The activity of such co-additives
would most likely be based on adding different FR modes [20]:
plausible approaches to this problem would include addition of
vapor phase inhibitors and/or materials which would form, or ca-
talyse formation of, barriers to heat andmass transfer. For example,
both Almiron et al. [6] and Song et al. [10] used ammonium poly-
phosphate and pentaerythritol combined with waste fillers (vol-
canic ash, rice husk ash, fly ash) to improve flame retardancy of PP.
The effectiveness revealed is probably related to the fact that the
waste fillers they used are basic in nature and then they can react
with the polyphosphoric acid released by APP, in a similar way to
what already reported for calcium carbonate [21]. Nevertheless,
this enhancement of the fire behaviour of PP is revealed when ash
was used in limited amount (lower than APP content). Similar
166
results are reported also by Levchick et al. [22] for APP and talc (still
a basic filler in nature); they also showed that the products of
interaction of APP with talc depend on the ratio of components in
the initial mixture. An increase in the content of APP in the blend
(e.g. 6:1 ratio with talc) results in increased amounts of amorphous
products, which comprise mostly polyphosphoric acid while for
low content of APP (e.g. 1:1 ratio with talc) polyphosphoric acid
can't be detected, thus preventing its dehydrating action on the
polymer backbone and limiting the char formation. The same au-
thors showed that there are optimal APP: talc ratio to be used in
PA6 [23]: this ratio depends on the final fire reaction target and, in
particular it is 6:1 or 2:1 when the target is maximizing the limiting
oxygen index or UL94 rating, respectively. In any case, APP is always
used in higher amount than basic fillers.

In order to increase the sustainability of the FR-PP developed as
much as possible and reduce its cost (thanks to the use of a waste
material), one aim of this paper is to use high FGD filler content. For
this reason, we avoided the use of common APP/PER FRs system (in
which the basic filler content shall be low) and employed, instead,
melamine cyanurate, which is a well-known FR for PP: similarly to
FGD gypsum, it acts by endothermically releasing diluting non-
flammable compound (ammonia instead of water) in the vapor
phase as well as through the formation of melem, melam and
melon compounds in the solid phase [24,25]. Furthermore, to
include also a compound acting through flame inhibition, we used a
phosphate ester. This compound is expected to actmainly in the gas
phase [26,27] although additional, but limited, condensed phase
action has also been reported [27]. Several formulations have been
investigated in order to obtain PP rated as UL94-V2 at 3.2 mm
thickness.
2. Materials and methods

The polypropylene (PP) homopolymer used for sample pro-
duction is PP HE125MO (Melt flow rate. 230 �C, 2.16 kg ¼ 12 g/
10 min) produced by Borealis AG (Austria). Small amount (0.3%) of
primary phenolic antioxidant Irganox 1010 (BASF, Germany) has
been used to prevent polymer degradation during processing. The
FRs used are melamine cyanurate (Melagard MC), kindly supplied
by Italmatch Chemicals (Italy), and Fyrolflex SolDP, kindly supplied
by ICL-Europe (Netherlands) which is a solid aryl phosphate of
proprietary composition. Flue gas desulfurization (FGD) fillers,
supplied by a refinery plant, have been obtained by wet limestone
scrubbing process. The overall reactions involved in this process
leads to the formation of calcium sulfite dihydrate [28]:

CaCO3 þ SO2 þ 2 H2O / CaSO3$2 H2O þ CO2

which is further oxidized by the dissolved oxygen in the slurry
to calcium sulfate dihydrate:

CaSO3$2 H2O þ ½ O2 / CaSO4$2 H2O

The FGD fillers used in this work are composed by 97 wt% of
calcium sulfate dihydrate, 2% of calcium sulfate hemihydrate and
1% of calcium carbonate as shown by XRD analysis (Figure S.1); the
mean particle size (D50) of the filler, as produced by the plant, is
35 mm (Figure S.2).

Flame retarded PP samples have been prepared by a Brabender
plastograph, setting the temperature at 180 �C, mixing time at
10 min and screw speed at 50 rpm. The samples prepared are re-
ported in Table 1. Formulations comprising different amounts of
FGD have been prepared as well as formulations where FGD are
used together with other FRs, for the reason explained before. For



Table 1
Flame retarded polypropylene formulations prepared.

Sample PP [%] FGD [%] SolDP [%] MC [%]

FGD15 85 15 0 0
FGD20 80 20 0 0
FGD25 75 25 0 0
FGD30 70 30 0 0
FGD35 65 35 0 0
FGD60 40 60 0 0
MC15 85 0 0 15
MC20 80 0 0 20
MC30 70 0 0 30
FGD20_MC15 65 20 0 15
FGD25_MC15 60 25 0 15
SolDP5 95 0 5 0
FGD25_SolDP5 70 25 5 0
FGD25_SolDP5_MC15 55 25 5 15
FGD20_SolDP5_MC15 60 20 5 15
FGD20_SolDP5_MC10 65 20 5 10
FGD20_SolDP5_MC5 70 20 5 5
FGD20_SolDP3_MC15 62 20 3 15
FGD20_SolDP1.5_MC15 63.5 20 1.5 15
FGD15_SolDP3_MC15 67 15 3 15
SolDP3_MC15 82 0 3 15
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comparison, also PP filled with MC and/or SolDP only have been
prepared.

The materials obtained from the plastograph have been
compression moulded to obtain specimens for the testing phase.
This step is performed using a Collin P200 compression moulder at
190 �C. Before testing, the specimens have been conditioned at
23 �C and 50%R.H. for at least 48 h.

The thermal stability of neat FRs and PP filled samples have been
evaluated by thermogravimetric analysis (TGA), using SDTQ600 (TA
Instruments), in air atmosphere, from room temperature to 800 �C
with a heating rate of 20 �C/min and employing alumina pans.

The fire behaviour of flame retarded PP have been characterized
by UL94 tests, performed according to the ASTM D 3801 standard.
The specimens used have a length of 125 ± 5 mm, a width of
13 ± 0.5 mm and a thickness of 3.2 mm.
3. Results

The TGA analysis of the FGD filler is reported in Fig. 1, where also
the differential temperature analysis (DTA) signal as well as the first
Fig. 1. TGA, DTA and derivative we
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derivative of weight with respect time are reported. As it can be
noted, the FGD filler loses weight mainly up to 180 �C and the
weight loss is about 20% by an endothermic process, as it can be
inferred from DTA signal. This weight loss takes place in two steps,
as revealed by the derivative weight curve, with two relative peaks
at 149 and 167 �C, respectively. There is also a small weight loss
(about 0.5%) at around 650 �C which is due to the decomposition of
the small amount of calcium carbonate (due to a slight excess of
reagent used in the desulfurization process), in agreement with
XRD results. Moreover, at about 400 �C there is a small exotherm
event which does not correspond to any weight loss.

This degradation path agrees with the literature [29] since the
reactions which take place during degradation of calcium sulfate
dihydrate are the following:

CaSO4 $ 2H2O $ b CaSO4 $ 1/2 H2O þ 3/2 H2O (1)

b CaSO4 $ 1/2 H2O $ g CaSO4 þ 1/2 H2O (2)

g CaSO4 / b CaSO4 (3)

Reactions (1) and (2) take place at 150e180 �C and are related
with the endothermic release of water, which takes place by a two-
step degradation process [29] while reaction (3) takes place at
375e400 �C and it is attributed to a lattice modification from a
hexagonal to anorthorhombicunit cell and gives rise to anexotherm
[29], although it is extremely small. Based on this degradation path,
the FGD filler is expected to act as FR by releasing water of crystal-
lization through an endothermic process; at higher temperatures, it
will also form an inorganic layer that can shield the polymer from
the flame and prevent or hinder the diffusion of oxygen toward the
polymer surface and thus protect the polymer from the ongoing
degradation, in a similar way to magnesium hydroxide [20].

Indeed, by considering the UL94 rating of FGD filled samples
(Table 2), it can be noted that FGD contents higher than 15 wt% are
able to guarantee the extinguishment of the samples after the first
flame impingement; however, the FGD filler alone is not enough to
reachUL94-V2 rating because of the long second extinguishment
time. The apparently surprising result for the highest FGD content
(60%) can be rationalized considering that such high amount raises
the viscosity of the decomposing polymer, inhibiting its tendency
to drip, which is the common mechanism that promotes extin-
guishment in V2-rated PP [30].
ight signals of FGD under air.



Table 2
UL-94 results for polypropylene formulations (t1 and t2 are the extinguishing time
after the first and second flame impingement, respectively).

Sample t1 [s] t2 [s] V2 rating

FGD15 >30 e No
FGD20 7 >30 No
FGD25 6 >30 No
FGD30 8 >30 No
FGD35 8 >30 No
FGD60 >30 e No
MC15 12 >30 No
MC20 14 >30 No
MC30 >30 e No
FGD20_MC15 >30 e No
FGD25_MC15 >30 e No
SolDP5 >30 e No
FGD25_SolDP5 >30 e No
FGD25_SolDP5_MC15 >30 e No
FGD20_SolDP5_MC15 8 8 Yes
FGD20_SolDP5_MC10 >30 e No
FGD20_SolDP5_MC5 >30 e No
FGD20_SolDP3_MC15 6 9 Yes
FGD20_SolDP1.5_MC15 >30 e No
FGD15_SolDP3_MC15 12 >30 No
SolDP3_MC15 13 >30 No

(*) “> 30” means that at least one sample has burnt completely.

Fig. 2. TGA curves in air of PP and FGD25 samples (inset represents the zoom around
200 �C).
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The TGA curve of 25 wt% of FGD filled PP (FGD25 in Fig. 2) shows
that the residue at temperature higher than 450 �C is obviously
higher than that of neat PP and it is about 20%, in line with what
expected based on the FGD content. It is however interesting to
note that FGD25 shows a small step of weight loss (about 2%)
around 200 �C, as shown in the inset of Fig. 2, which is related to the
loss of hydration water of FGD. In other words, although after
processing at 180 �C, we can expect that the FGD filler loses
completely its hydration water, the TGA curve of the PP filled with
25 wt% of FGD shows that the filler still retains some hydration
water instead (around 1.5%). This water can be useful for flame
retardancy, though, due to its low amount, its effect is limited. This
specific behaviour can be explained considering that the reaction
(1) is an equilibrium one and therefore, if water is not completely
removed from the system, the reaction does not proceed
completely to the right, limiting the loss of water during processing.
While during TGA analysis the water lost is continuously removed
by the gas flow inside the furnace, in the plastograph this is not
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possible because of the higher viscosity of the molten mass.
Moreover, also the different pressure inside the TGA and plasto-
graph chamber can help in explaining this specific behaviour.
Indeed, it shall be considered that the temperature at which the
FGD filler starts to lose hydration water is influenced by the pres-
sure: in particular it increases by increasing the pressure [29]. For
example, Tang et al. [31] compared experimental results and ther-
modynamic data related to FGD dehydration and showed that the
transition temperature from di-hydrate to hemi-hydrate gypsum
form, which corresponds to the water loss shown in the TGA
analysis in Fig. 1, is a function of the pressure: the higher the
pressure, the higher the temperature at which this water loss takes
place. Also Borrachero et al. [32] carried out TGA analysis of FGD in
crimped, closed, pan to increase the pressure during the FGD
degradation and showed that the degradation temperature of FGD
moves to higher temperature value. In particular, the two DTG
peaks move from 149 and 167 �C to 160 and 200 �C, respectively. In
other words, this implies that the water loss is not complete inside
the plastograph since the processing temperature is 180 �C. Ac-
cording to Borrachero's data, at 180 �C, the water loss under pres-
sure is around 15% compared to 20% at atmospheric pressure, i.e. is
there is a 5% difference in the weight loss of FGD because of the
increased pressure. This result agrees with the evidence provided
by Fig. 2. Indeed, the water loss in Fig. 2 is around 1.5%, which
corresponds to the 6% of FGD content (25% of the total weight), very
similar to what can be expected based on Borrachero's data.

As shown so far, the use of the FGD filler alone cannot guarantee
the UL94-V2 rating, and, thus the additional use of melamine cya-
nurate (MC) has been considered. Although it is awell-knownFR for
PP, data in Table 2 show that MC is not able alone to give UL94-V2
rated PP, at least for contents up to 30wt%. MC acts in the gas phase,
by endothermic release of non-combustible ammonia, and in the
solid phase, through the formation of multi-ring melamine de-
rivatives,which are non-volatile and no doubt scarcely combustible.
These compounds may add to the ash/char barrier, serving to
impede heat- and mass-transfer and retarding afterglow [25]. At
low contents (15e20%), the presence of MC is able to guarantee the
first flame extinguishment but its action is not enough to extinguish
the flame in the second impingement, in a similar way to what
already observed for the FGD filler. Increasing the MC content up to
30% leads toworse results since dripping is preventedbecause of the
highermelt viscosity. Combining FGDandMCdoes not lead to better
results: the negative effect on UL94 rating related to the increase of
the melt viscosity prevails on the beneficial effect of gas phase
dilution and barrier formation, as it can be seen by considering
samples FGD20_MC15 and FGD25_MC15.

We can then state that the control of melt viscosity is vital to
improve fire reaction. For this reason, a phosphate ester, SolDP, has
been added to the formulation; this compound acts not only as
plasticizer, thus lowering melt viscosity, but also it is expected to
show a gas phase action and, to a limited extent, condensed phase
activity [26,27]. Based on the experimental trials, we observed that
the content of SolDP in PP formulation shall be limited to no more
than 10 wt% or, better, less than 6 wt% because of the blooming
problem. Although SolDP has its own flame retardancy action, it is
not able alone to guaranteed UL94-V2 rating, as it can be observed
in Table 2 for SolDP5 sample. Surprisingly, when it is combined
with FGD (sample FGD25_SolDP5), it makes the UL94 rating worse
than the corresponding sample with FGD only. While the use of
FGD does not alter the onset of thermal degradation of PP (Fig. 2), it
can be observed that, when SolDP is added to PP, although it is
thermally more stable than neat PP (Fig. 3), it shifts the onset
temperature to a lower value and this is probably the reason for the
worse results obtained by the sample FGD25_SolDP5. The lowering
of the onset degradation temperature because of the presence of



Fig. 3. TGA curves in air of neat SolDP, PP and sample SolDP5. Fig. 5. TGA curves in air of neat MC, neat SolDP and a mixture of SolDP-MC with
weight ratio 1:5. The calculated curve is obtained as weighted mean of the two neat
additives curves.

F. Ulisse, C. Boaretti, M. Roso et al. Advanced Industrial and Engineering Polymer Research 6 (2023) 165e171
SolDP could be related to its plasticizing effect which promotes
diffusion, favouring the migration to the surface, of the primary
phenolic antioxidant (i.e. Irganox 1010), in a similar way to what
already shown in the literature [33,34], reducing the heat stability
of the polymer. We can then conclude that SolDP can be used to
favour dripping, because of the reduction of melt viscosity, but its
amount shall be limited since it reduces also heat stability of the
polymer.

When also MC is added to FGD and SolDP, better results are ob-
tained: while FGD25_SolDP5_MC15 sample burn completely,
FGD20_SolDP5_MC15 can be rated as UL94-V2. In this last sample,
because of the slightly lower filler content, a 5 wt% SolDP content is
enough to promote dripping and therefore extinguishment. How-
ever, promotion of dripping is not the only reason for this rating.
Indeed, considering TGA analyses of neat PP, PP filled with each FR
andwith the “ternary”mixture of FRs (Fig. 4), it can be observed that
both FGD andMC do not alter the thermal stability of PP, i.e. the TGA
curves are the same as expected based on the weight residue
calculation of each component. On the contrary, PP filled with the
ternary mixture shows thermal stability higher than expected, in
particular the degradation curve is shifted toward higher
temperatures.
Fig. 4. TGA curves in air of neat PP and samples MC20, SolDP5, FGD20, FGD20-
SolDP3_MC15.
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Based on what reported before, we have already shown that
there is no synergy for the binary system FGD-SolDP and FGD-MC
because of the bad results obtained. Considering instead the TGA
curve of the binarymixture of the additives SolDP andMC (Fig. 5), it
can be observed that, in this case, a synergistic effect takes place. To
prove this, a “calculated” curve, i.e. a TGA curve obtained as a
weighted mean of the neat components, is compared in Fig. 5 with
the real TGA of a SolDP-MC mixture (1:5); the “calculated” curve
represents the TGA curve that is obtained by simply adding the
degradation path of the two neat components. By comparing these
two TGA curves, it is clearly evident that the thermal stability at
temperature higher than 430 �C obtained for the “real” SolDP-MC
mixture is higher than that expected for a simple “additive” ef-
fect. For example, the expected residue (i.e. the “calculated” one) at
500 �C is 0.5% while the real TGA curve shows a 7.2% residue at the
same temperature. This means that the SolDP-MC mixture shows a
better effect than the additive one, i.e. a synergy is proved. In other
words, SolDP and MC react in the solid phase giving a very stable
residue. This residue is able to hinder the further degradation of the
polymer, thus increasing thermal stability and leading to UL94-V2
rating. Based on the literature, it is possible that MC reacts with the
polyphosphoric acid deriving from SolDP degradation [35], leading
to the formation of melamine phosphates, which are thermally
more stable than MC itself [25].

In an attempt to reduce the total FRs content, we tried to reduce
FGD, MC and SolDP content. Based on data in Table 2, we can state
that MC is needed at least at 15 wt%, while for lower content (e.g. 5
and 10 wt%) its flame inhibition effect is too limited. SolDP content
can be reduced up to 3 wt% and this content is still enough to
promote dripping while smaller content (1.5 wt%) is not enough. In
any case, FGD content of 20 wt% is vital to get UL94-V2 rating
because of the formation of an effective inorganic layer which
protects the polymer from further degradation: indeed, sample
without FGD (SolDP3_MC15) or with lower content (FGD15-
SolDP3_MC15) cannot be rated as V2. Higher FGD content are not
suitable because of the high increase in melt viscosity which pre-
vents dripping.

4. Conclusions

The use of a waste material as FR for PP; in particular flue gas
desulfurization (FGD) filler, obtained as by-product in FGD process,
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has been shown. In particular, the results have demonstrated that
20 wt% of FGD is the optimal content to be used together with 15wt
% MC and 3 wt% SolDP to get UL94-V2 PP material. The flame
retardancy action of MC and SolDP can be, indeed, further
strengthen by the formation of an inorganic layer formed after FGD
decomposition, which is essential in guarantee the good fire reac-
tion obtained. The results have also shown that the control of
dripping phenomenon is essential and therefore a suitable plasti-
cizer, acting also as FR, shall be used in this system. The content of
the plasticizer shall be optimized since, from one side, it favours
dripping but, on the other side, it tends to decrease the heat sta-
bility of the polymeric matrix when used at high content. Finally, a
synergy between this phosphate ester plasticizer and MC has also
been revealed. Furthermore, a higher thermal stability has been
demonstrated by TGA analysis when FGD, MC and SolDP are used
together, since the curve is shifted toward higher temperatures.
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