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59655 Villeneuve d’Ascq cedex, France
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Abstract

Polyurethane-phosphates combination is known to form a flame retardant (FR) intumescent system. The intumescent formulation

could not be permanent because of the water solubility of the phosphate. This problem could be solved by the technique of
microencapsulation. Di-ammonium hydrogen phosphate (DAHP) was microencapsulated with a polyurethane (PU) shell.
Polyurethane for textile coating was loaded with neat or microencapsulated DAHP. We studied the thermal degradation behaviour

of DAHPmicrocapsules, PU loaded formulations and cotton coated by these PU formulations. Improvement of the thermal stability
for PU textile coating was observed with neat and microencapsulated DAHP. The flame retarding behaviour of these coated cotton
fabrics was also valued with the cone calorimeter. This new concept of phosphate encapsulated by PU shell showed a significant FR

effect. # 2002 Elsevier Science Ltd. All rights reserved.

Keywords: Polyurethane; Microencapsulation; Phosphate; Intumescence; Thermal degradation; Textile; Coating; Cotton

1. Introduction

Textile coating with polyurethane (PU) resins provides
to fabric properties such as abrasion resistance, water
repellent, leather aspect etc. This type of coating on cotton
or cotton-polyester blended fabrics is used in many fields
such as transportation industry (e.g. car seats), garments
(e.g. waterproof breathable jackets), furniture (e.g. arti-
ficial leather), but these PU coatings have a bad flame
retardancy.
The addition of a flame retardant in PU coating is

necessary to improve the fire behaviour of materials.
According to several reports [1–4], ammonium phos-
phates are efficient to develop with PU a flame retardant
(FR) intumescent system. Intumescent formulations with
ammonium phosphates are unfortunately not permanent.

Indeed, ammonium phosphates are water-soluble and
they have a poor compatibility with the polymer. Thus
problems of migration and solubility may occur. The
microencapsulation of ammonium phosphates could
avoid these problems. Microencapsulation is a process
of enveloping microscopic amounts of matter in a thin
film of polymer, which forms a solid wall [5]. This core/
shell structure allows isolation of the encapsulated sub-
stance from the surroundings and thus protects it from
any degrading factors such as water. The encapsulated
substance can be liberated by fusion or dissolution of
the impermeable shell or by diffusion across a porous
shell [6,7].
It is of interest to study microencapsulation with a

polyurethane shell for two main reasons. First, we can
expect that microcapsules with PU shell will be compa-
tible with the final PU coating on textiles and also with
other polymeric matrices. Second, combination of the
encapsulated ammonium phosphates and the PU shell
could be itself an efficient FR intumescent formulation,
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which could be introduced in different types of textiles
or materials in order to protect them. In previous work
[8], we synthesised microcapsules containing di-ammo-
nium hydrogen phosphate (DAHP) with a polyurethane
shell by the technique of interfacial polycondensation
[9–11]. The microcapsules obtained are almost spherical
with a number-average diameter of about 1 mm and a
number-average particle size distribution lower than 5
mm. This new concept of encapsulated phosphate used
as intumescent additive was shown. We demonstrated
using cone calorimeter that reaction to fire of cotton
fabrics coated by PU containing encapsulated phosphate
was efficient.
In this work, several formulations of PU with differ-

ent loading of encapsulated DAHP or neat DAHP and
also cotton fabrics coated by these different FR PU
formulations are examined by thermal analysis. The
reaction to fire of these different coated cotton fabrics is
also studied using the cone calorimeter as a fire model
[12,13].

2. Experimental

2.1. Materials

Raw materials were used without further purification.
A pure cotton fabric (146 g m�2) was coated by a com-
mercial PU paste from Allrim obtained from a mixture
of 100 parts of polyol (polyol AW) and 140 parts of
MDI prepolymer (isocyanate BY). We introduced in
this paste 15 to 50% (by weight) of neat DAHP,
(NH4)2HPO4 (purity 99% minimum) from Riedel-de
Haën AG, or 15–40% of DAHP microcapsules synthe-
sised in our laboratory [8]. The polyurethane shell of these
microcapsules is synthesised from diphenyl methylene
diisocyanate (blend of MDI isomers, 4,40-diphenyl
methylene diisocyanate principally) and polyethylene
glycol with a number average molecular weight of 400 g
mol�1 (PEG 400). We synthesised also microcapsules
with the same PU shell but without DAHP in order to
study the thermal behaviour of this PU shell.

2.2. Coating processing

Coatings were carried out by using a coating table K
Control Coater (Erichsen). This coating technique is close
to coating with a scraper, except the coated support is
fixed and the coating paste is spread with a threaded
rod. The coating thickness increases with the threading
size of the rod. We used a rod with a medium thread to
obtain an expected coating thickness of 36 mm. The
weight of deposited coating was about 210 g m�2. The
coated fabric was placed in a drying oven at 80 �C for 4 h.
The various formulations of PU coating are described

in Table 1. We compared the PU coatings including

encapsulated DAHP with those including neat DAHP,
at different loading ratios.

2.3. TGA experiment

All TGA tests were carried out using TGA 2950 from
TA Instruments at a linear heating rate of 10 �C min�1

under air 60 ml min�1 (Alphagaz from Air Liquide).
The weight of all samples was kept within 9–10 mg. The
temperature range was from ambient to 800 �C (all the
graphs are presented from 100 �C). Concerning thermal
analysis of PU formulations and PU coatings, curves of
weight difference between the experimental and theoretical
TG curves are computed as follows:

WexpðTÞPU: TG curve of neat commercial PU for textile
coating,
WexpðTÞloading: TG curve of neat loading (neat or
encapsulated DAHP),
WexpðTÞ½PU=loading�: TG curve of the blend PU/neat or
encapsulated DAHP,
WthðTÞ½PU=loading�: theoretical TG curve computed by
linear combination between the TG curves of PU and
loading where x, y are the weight percentage of PU and
loading in the blend.
WthðTÞ½PU=loading� ¼ x: WexpðTÞPU þ y: WexpðTÞloading;
xþ y ¼ 1
�ðTÞ½PU=loading�: curve of weight difference:
D ðTÞ½PU=loading� ¼WexpðTÞ ½PU=loading� �WthðTÞ½PU=loading�
WexpðTÞcotton: TG curve of neat cotton fabric,
WexpðTÞ½cotton=PU=loading�: TG curve of cotton coated by
the blend PU/neat or encapsulated DAHP,
WthðTÞ½cotton=PU=loading�: theoretical TG curve computed
by linear combination between the TG curves of cotton,
PU and loading where x, y, z are the weight percentage
of PU, loading and cotton.
WthðTÞ½cotton=PU=loading� ¼ x:WexpðTÞPU
þ y:WexpðTÞloading þ z:WexpðTÞcotton;
xþ yþ z ¼ 1
�ðTÞ½cotton=PU=loading�: curve of weight difference:

Table 1

Different coating formulations tested

Formulation name Composition of coating on

cotton fabrics

cotton+virgin PU PU (reference sample)

cotton+80/20 PU-DAHP PU with 20 wt.% neat DAHP

cotton+60/40 PU-DAHP PU with 40 wt.% neat DAHP

cotton+50/50 PU-DAHP PU with 50 wt.% neat DAHP

cotton+85/15 PU-mDAHP PU with 15 wt.% microcapsules

of DAHP

cotton+70/30 PU-mDAHP PU with 30 wt.% microcapsules

of DAHP

cotton+60/40 PU-mDAHP PU with 40 wt.% microcapsules

of DAHP
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D ðTÞ½cotton=PU=loading�¼WexpðTÞ½cotton=PU=loading� �

WthðTÞ½cotton=PU=loading�

The �T curves allow the observation of an eventual
increase or decrease in the thermal stability of the for-
mulations compared to the combination of components
analysed separately.

2.4. Cone calorimeter

Our samples were exposed in a Stanton Redcroft
Cone calorimeter following the procedure defined in
ASTM E 1354. They were put in horizontal orientation
between two cut steel sheets. The surface exposed to the
external heat flux was 9
9 cm2. The external heat flux
chosen was 35 kW m�2 because it corresponds to a
common heat flux in a mild fire scenario. We obtained
conventional data on principal fire properties using
software developed in our laboratory: rate of heat
released (RHR), cumulative heat released (total heat
evolved: THE), volume of smoke production (VSP) [14],
CO and CO2 production, and FIGRA (Fire Growth
Rate) index [15]. VSP measures the flow of smoke in a
ventilated room. FIGRA, computed as FIGRA=RHR
(W)/Time (s), provides an estimate of both the spread
(rate) and the size of a fire. The experiments were repe-
ated 3 times. When measured at 35 kW m�2 flux, RHR
and VSP values are reproducible to within �10% and
weight loss, CO, CO2 are reproducible to within �15%.
The results presented here are the average of three
measurements. The cone data reported in this work are
the average of three replicated experiments.

3. Results and discussion

3.1. Thermal degradation study

The thermal behaviour of DAHP microcapsules was
studied. TG curves of the neat DAHP, encapsulated
DAHP and the virgin PU shell (microcapsule without
DAHP) are reported in Fig. 1. The weight loss of neat
DAHP starts at 100 �C and corresponds to evolving
adsorbed water. The peak at 200 �C of the weight loss
rate can be assigned to ammonia. At higher tempera-
ture, DAHP is transformed into polyphosphoric acid
(PPA) [16] and then, PPA dehydrates to phosphorus
oxides (P4O10 type). At 500

�C, P4O10 is sublimed. No
residue is observed at 550 �C. Neat PU shell of micro-
capsules without DAHP degrades in two main steps.
The first starts at 200 �C with a peak of weight loss rate
(9% min�1) at 280 �C and the second starts at 400 �C
with a peak of weight loss (6% min�1) at 530 �C. No
residue is observed at 600 �C. The TGA curve is similar
to the one obtained by Grassie and Perdomo Mendoza
[17] for a polyurethane derived from MDI and PEG of

molar mass 200. These authors identified the onset of
degradation with the depolymerisation of the urethane
bonds to produce the starting monomers. Under atmo-
spheric pressure, the monomers volatilise only slowly
from the condensed phase and undergo a series of further
reactions, some of which are scission reactions that
produce more volatile chain fragments and rearrange-
ment products (for example, acetaldehyde from the PEG
sequences and carbodiimide formed by dimerization of
newly formed isocyanates with evolving CO2). The
decomposition of encapsulated DAHP is rather more
complex and showsmore than two stages. The weight loss
starts at 140 �C with water evolution. Then the second
step of weight loss corresponds to ammonia evolving from
DAHP and at the same time the degradation of PU. PU
shell of DAHP microcapsules degrades earlier than neat
PU shell. Indeed the depolycondensation is catalysed by
acidity from decomposition of DAHP. Several studies
[18–21] showed the intumescent mechanism between
phosphorus compounds and polyurethane. Polypho-
sphoric acid accelerates and increases the formation of
char by carbonisation and additional crosslinking reac-
tions, also the quantity of inflammable volatile products
is decreased. Thus, for PU shell of DAHP micro-
capsules, the first peak of weight loss rate is delayed at
320 �C instead of 280 �C for neat PU shell and this peak
of weight loss rate is smaller (4% min�1) than one of
neat PU shell (9% min�1). The thermal stability is
slightly enhanced (temperature range 300–800 �C) and a
residue of 5 wt.% is observed at 650 �C.
Fig. 2 shows the TG curves of the commercial PU for

textile coating alone and with different DAHP or
encapsulated DAHP loading: 40 or 50 wt.% of neat
DAHP and 30 or 40 wt.% of encapsulated DAHP. For
the degradation of commercial PU, one finds again the
two main steps described previously for PU of micro-
capsule shell. But the commercial PU degrades faster
than the neat PU shell, the first step has a really impor-
tant peak of weight loss rate (22% min�1) at 325 �C.
The char residue is 15% at 450 �C and 0% at 600 �C.
The degradation for the four formulations of commer-
cial PU loaded is similar, with three main steps. The first
takes place at 200 �C and corresponds to evolving
ammonia and the start of PU decomposition by DAHP.
This weight loss is inversely proportional to the loading
of DAHP (at 200 �C, 6.5% for the biggest load, 50/50
PU-DAHP formulation, and 1.5% for the weakest load,
70/30 PU-mDAHP formulation). The two next steps can
be assigned to the two degradation steps of commercial
PU. In the temperature range 200–300 �C, the loaded PU
formulations decompose faster than neat commercial
PU, because the decomposition of DAHP catalyses the
depolycondensation of PU. Then the products from
DAHP decomposition react with starting monomers of
PU to decrease production of inflammable volatile
compounds and to increase at higher temperature the
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formation of cross-linked char. From 300 �C, the ther-
mal stability and the char residue of PU formulations
are improved with the increase of neat DAHP or
encapsulated DAHP loading. Thus at 450 �C, the char
residue for 50/50 PU-DAHP, 60/40 PU-DAHP, 60/40
PU-mDAHP, and 70/30 PU-mDAHP formulations is
respectively 42, 33, 30 and 28%. We can observe for 50/
50 PU-DAHP and 60/40 PU-mDAHP formulations that
the peak of weight loss rate at 325 �C (10% min�1) is
decreased by more 50% in regard to virgin commercial

PU. At 600 �C, 50/50 PU-DAHP and 60/40 PU-DAHP
formulations show 15% char residue. The latter is 7%
and 2.5% for 60/40 PU-mDAHP and 70/30 PU-mDAHP
formulations respectively. Concerning the last step of
degradation, we can also observe that the peak at 520 �C
of weight loss rate for virgin PU is delayed at least 40 �C
for 50/50 PU-DAHP, 60/40 PU-DAHP and 60/40
PU-mDAHP formulations.
Fig. 3 shows the weight difference curves (explained in

the part of TGA experiment) for the four loaded PU

Fig. 1. TG and DTG curves of neat DAHP, microcapsules of DAHP with PU shell, and PU shell of microcapsules without DAHP.
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formulations. These curves allow us to investigate inter-
actions between the different components. The weight
loss difference for PU-DAHP formulations in the tem-
perature range 100–250 �C is positive. Indeed, there is no
weight loss due to the evolving water adsorbed on the
isolated DAHP. Moreover the quantity of evolving
ammonia is weaker because it is retained partially by the
PU coating. At 300 �C, PU-DAHP formulations have a

small destabilisation that can be attributed to development
of intumescent formulation. Then PU-DAHP formula-
tions in particular 50/50 are stabilised in the temperature
range 350–800 �C with an important quantity of thermal
stable char produced from reaction between the pro-
ducts of decomposition for PU and DAHP (maximal
difference weight 27% around 550 �C). We can observe a
strong stabilisation of PU-mDAHP formulations in the

Fig. 2. TG and DTG curves of PU formulations with different loads of neat or microencapsulated DAHP.
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temperature range 300–400 �C. For the same loading,
the quantity of DAHP is weaker for PU loaded with
microcapsules than PU loaded with neat DAHP. Thus
we can suppose that the quantity of DAHP is not
enough in the case of 70/30 PU-mDAHP formulation to
have an appreciable stabilisation at high temperature.
60/40 PU-mDAHP formulation shows an interesting
stabilisation in temperature range 500–800 �C with a
maximum of 5% at 550 �C.
TGA experiments were also carried out on cotton

coated by commercial PU and the four PU formula-
tions, 40 or 50 wt.% of neat DAHP and 30 or 40 wt.%
of encapsulated DAHP (Fig. 4). The analysis of the
results obtained on cotton fabric indicates that the
decomposition takes place in two stages: a very fast
main stage with a maximum rate of weight loss (27%
min�1) at 330 �C, representing 70% weight loss; and
from 440 �C a second degradation stage accounting for
15% of the original weight of sample. The weight loss of
cotton coated by virgin PU is almost a linear combina-
tion of weight loss for cotton and PU analysed sepa-
rately. With respect to cotton fabric coated by neat PU,
the first degradation stage of cotton fabrics coated by
the four formulations of loaded PU starts earlier (180 �C
instead of 250 �C). Especially for 50/50 PU-DAHP
coating, the peak of weight loss rate is 18% min�1 at
295 �C instead of 31% min�1 at 315 �C for virgin PU
coating. From 320 �C, the thermal stability of cotton
with loaded PU coating is improved with increased neat
DAHP or encapsulated DAHP loading. For 50/50 PU-
DAHP, 60/40 PU-DAHP, 60/40 PU-mDAHP, 70/30

PU-mDAHP and virgin PU coatings, the char residue is
respectively 37, 32, 24, 20 and 14% at 450 �C, and at
600 �C after the second degradation stage 21, 15, 2, 1.5
and 0%. We can consider in the case of cotton coated
by PU-DAHP formulations that the end of the second
degradation stage is strongly delayed up to 700 �C (3%
of residue at 750 �C).
Fig. 5 is the weight difference curve for cotton fabrics

coated by the different PU formulations. All the sam-
ples show an important zone of destabilisation in the
temperature range 250–350 �C. But the DAHP-PU
coatings are the only formulations to have a positive
weight loss zone from 350 to 800 �C showing the strong
interaction between cellulose and phosphate. The
degradation mechanism of cotton fabrics flame retarded
with inorganic phosphorus salts has been studied
extensively [22–25]. Cellulose undergoes successive
reactions catalysed by phosphoric acid or PPA, leading
to stable conjugated unsatured structures, which are
precursors for the formation of char. Thus, as for poly-
urethane, cellulose forms in the presence of phosphates
important quantity of char with a significant decrease of
volatile flammable products. Encapsulated DAHP cer-
tainly develop char only with PU coating. With respect
to PU-DAHP formulations, PU-mDAHP formulations
have for a same loading a quantity of phosphate not
high enough in order to develop char also with cotton.
Moreover we can suppose that DAHP is much less
available for cotton in the case of formulations with
encapsulated DAHP than in the case of formulations
with neat DAHP.

Fig. 3. Curves of weight difference for PU formulations with different loads of neat or microencapsulated DAHP.
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3.2. Reaction to fire of cotton fabrics coated by FR PU

The rate of heat release (RHR) is recognised to be the
most important factor quantifying the size of a fire [14].
RHR curves (Fig. 6) show that a significant FR effect is
obtained in the case of cotton coated by PU loaded with
the DAHP microcapsules. Cotton coated by virgin PU
shows a RHR peak at 340 kW m�2. With respect to cot-
ton coated by virgin PU, the RHR peak decreases by

10% with 85/15 PU-mDAHP coating and by almost 25%
with 70/30 PU-mDAHP coating. As far as PU-DAHP
coatings are concerned, the RHR peak decreases by
20% with formulation 80/20 and almost 45% with for-
mulation 60/40. For the same loading of neat DAHP or
DAHP microcapsules, the quantity of DAHP incorpo-
rated in the PU coating is smaller in the case of micro-
capsules. In comparison with DAHP used alone in PU
coating, the performance may be assumed similar. If the

Fig 4. TG and DTG curves of cotton fabric non-coated and coated with different PU formulations loaded with neat or microencapsulated DAHP.
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RHR peak value is approximately considered inversely
proportional to the quantity of neat DAHP loading, 15
and 30 wt.% loading of microcapsules corresponds
approximately to 8 and 18 wt.% neat DAHP respectively
in the PU coating. But the RHR peak does not decrease
any more for 60/40 PU-mDAHP coating in regard with 70/
30 PU-mDAHP coating. In the same way, the RHR peaks
of coating with 60/40 and 50/50 PU-DAHP are equal.

It is worth noting that a second peak is observed for
Virgin PU and PU-mDAHP coatings. In the case of
virgin PU coating, this second peak appears quickly
followed by the total decomposition of the sample. The
second peak for 85/15 PU-mDAHP is very flat and
occurs at longer time (150 s). For the 70/30 PU-
mDAHP, the second peak occurs at 90 s, then a third
peak occurs 145 s. We can think that the intumescent

Fig. 5. Curves of weight difference for cotton fabric coated with different PU formulations loaded with neat or microencapsulated DAHP.

Fig. 6. RHR curves of different PU coatings on cotton fabrics.
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system is not strong enough because all these peaks
correspond to a crack of the intumescent char with a
part resumption of the combustion. It is interesting to
note that in contrast to the other PU-mDAHP coatings,
the rate of heat released for 60/40 PU-mDAHP is low as
early as 90 s, after two peaks. At the same time, coatings
with 40 and 50% DAHP have a low rate of heat release
and their RHR curves do not present any additional
peak. It means that the intumescent system is more
resistant to heat and flame stresses.
Fig. 7 presents the total heat evolved (THE) for all

coating formulations. As early as 25 s, THE of 50/50
PU-DAHP coating is still practically unchanged, three
times weaker than THE of virgin PU coating (55 kJ).
THE of 60/40 PU-DAHP coating is quite similar to 50/
50 PU-DAHP coating. Those latter coatings show the
best fire resistance. Until 400 s, THE of 80/20 PU-
DAHP is weaker than virgin PU coating, but THE
increases continuously up to 68 kJ at the end of com-
bustion. For 85/15 and 70/30 PU-mDAHP coatings,
THE is weaker than virgin PU coating until 140 s but
combustion continues and finally THE reaches 75 and
65 kJ respectively. The end of combustion for 60/40 PU-
mDAHP coating shows a lower THE (43 kJ) than virgin
PU coating. This means that 60/40 PU-mDAHP coating
provides not only a flame retardant effect but also an
enhancement of fire resistance.
The fire growth rate (FIGRA) index is a good indi-

cator of the contribution to fire growth of a material.
FIGRA curves of the PU coatings are shown in Fig. 8.

All coatings have a peak between 15 and 18 s. From 50 s
their FIGRA is close to zero meaning that they have no
contributing to the propagation of fire. Nevertheless, we
can observe that the contribution to the fire growth
stops faster for PU-DAHP coatings than for PU-
mDAHP coatings, and the contribution to the fire
growth stops faster for PU-mDAHP coatings than virgin
PU coating. 60/40 and 50/50 PU-DAHP coatings have
the same FIGRA with the smallest peak (84 W s�1)
comparatively to other coatings. It is important to note
that the FIGRA peak of PU-mDAHP coatings is infer-
ior to the peak (145 W s�1) of 80/20 PU-DAHP coat-
ings which is only slightly smaller than the peak (152 W
s�1) of virgin PU coating. Moreover, among PU-
mDAHP coatings, 60/40 formulation has the smallest
contribution to fire spread (118 W s�1).
The volume of smoke production (VSP) for the

coated fabrics during combustion is illustrated in Fig. 9.
All the coatings evolve smoke with a main peak between
9 and 15 s. PU-mDAHP coatings show the highest pro-
duction of smoke (0.005–0.006 m3). In comparison
with virgin PU coating (0.004 m3), smoke obscuration
is lowered only with 60/40 and 50/50 PU-DAHP coat-
ings (below 0.0025 m3). From 25 s these formulations
have a weak but constant production of smoke,
whereas PU-mDAHP formulations do not release any
more smoke.
Figs. 10 and 11 show the CO production versus time

and the total quantity of CO (TCO) evolved respectively
in the experimental conditions of the cone calorimeter,

Fig. 7. THE curves of different PU coatings on cotton fabrics.
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close to the conditions of a well ventilated room. From
125 s, the total release of CO for all FR coatings is more
significant than for virgin PU coating. Indeed, FR
coatings release more CO due to an incomplete com-
bustion related to the development of the intumescent
system. However we observe that the higher the loading
in neat or encapsulated DAHP is, the lower the total

production of CO at the end of combustion is. 80/20
PU-DAHP coating has the biggest raised production
(34 cm3). Then we have the following decreasing total
quantity of CO for the other coatings: 85/15 PU-
mDAHP (30 cm3), 70/30 PU-mDAHP (26 cm3), 60/40
PU-DAHP (23 cm3), 60/40 PU-mDAHP (21 cm3), and
50/50 PU-DAHP (19 cm3). It is notable that in spite of a

Fig. 8. FIGRA curves of different PU coatings on cotton fabrics.

Fig. 9. VSP curves of different PU coatings on cotton fabrics.
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high peak of CO release at 24 s, 60/40 PU-mDAHP
coating does not produce high quantity of CO at the
end of combustion.
Figs. 12 and 13 present respectively the CO2 produc-

tion versus time and the total quantity of CO2 (TCO2)
evolved. At 27 s, we observe the main peak of CO2 for
all the coatings. The peak of virgin PU coating is higher
than that of PU-DAHP coatings and smaller than that

of PU-mDAHP coatings. For 85/15 and 70/30 PU-
mDAHP coatings, the final quantity of produced CO2 is
more than 340 cm3 i.e. quite higher than one of virgin
PU coating (260 cm3). We can observe that 60/40 PU-
mDAHP presents a final quantity of CO2 (185 cm3) little
smaller than 80/20 PU-DAHP coating. The 60/40 and
50/50 PU-DAHP coatings product the smallest quantity
of CO2 respectively 120 and 85 cm

3.

Fig. 10. CO curves of different PU coatings on cotton fabrics.

Fig. 11. Total evolved CO curves of different PU coatings on cotton fabrics.
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4. General discussion and conclusion

Microcapsules of di-ammonium hydrogen phosphate
with PU shell were evaluated as FR intumescent agent
in a commercial PU coating for textiles. The expected
advantages of this new concept of encapsulated FR
agent are to be compatible with polymeric matrix to

give a permanent FR effect and to be itself an efficient
FR intumescent formulation for many materials. We
showed that the thermal stability of commercial PU for
textile coating is improved by loading of encapsulated
DAHP, in particularly with a ratio 60/40 PU-mDAHP.
In comparison with encapsulated DAHP, the thermal
stability of commercial PU with neat DAHP is more sig-

Fig. 12. CO2 curves of different PU coatings on cotton fabrics.

Fig. 13. Total evolved CO2 curves of different PU coatings on cotton fabrics.
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nificant because the DAHP quantity is higher in formula-
tions with neat DAHP than in formulations with encap-
sulated DAHP for a same loading. We studied heat and
fire resistance of cotton coated by FR PU containing dif-
ferent ratio of neat or encapsulated DAHP. The thermal
degradation of cotton fabric coated by commercial PU
loaded with neat or encapsulated DAHP is delayed to
higher temperature than for cotton coated by virgin
commercial PU. Nevertheless in contrast to neat DAHP
formulations, encapsulated DAHP formulations did not
really show an increase of the thermal stability. Indeed
contrary to neat DAHP formulations for the same
loading, the quantity of DAHP for encapsulated DAHP
formulations is not enough to develop interactions both
with cotton and commercial PU. Moreover encapsu-
lated DAHP is less available than neat DAHP to
develop char with cotton. The results obtained with
cone calorimeter as fire model confirm thermal analyses.
The coatings with neat DAHP and encapsulated DAHP
give a significant flame retardant effect with regard to
virgin PU coating. But in comparison with encapsulated
DAHP formulations, neat DAHP formulations present
a stronger enhancement of fire resistance. We can sup-
pose that encapsulated DAHP develop intumescent
system only with PU and this FR intumescent system is
not strong enough to resist to heat and flame stresses
(formation of cracks in the intumescent structure). The
cotton coated by the formulation 60/40 PU-mDAHP
presents several elements proving the formation of a
more efficient intumescent system than other PU-
mDAHP formulations. Further work is going on to
improve the formulation in particular to increase the
encapsulation yield of DAHP.
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