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Rigid polyurethane foams are widely used as thermal insulation materials. However, the foams have fairly
poor fire performance. Therefore, different flame retardants are used to enhance the fire resistance of the foams.
Meanwhile, it should be pointed out that flame retardant additions into the foams may deteriorate the thermal and
mechanical properties of the foams. In this study, intumescent flame retardants are synthesized by using ammonium
polyphosphate/melamine in different ratios, namely 3/1, 2/1 and 1/1. The flame retardants were added into the
rigid polyurethane foams in 10 wt%. The thermal conductivity, compressive strength, thermogravimetric analysis
and UL 94 burning characteristics of the foams were determined and compared. As a result of the experiments, it
was found that the best fire resistance can be satisfied with ammonium polyphosphate/melamine (3/1) addition.
However, there were slightly increasing in thermal conductivity and decreasing in compressive strength of the foam.
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1. Introduction

Polyurethane materials have recently begun to be used
more and more because of the advantages of their produc-
tion methods and their superior mechanical and thermal
properties [1, 2]. They can be produced as thermoset
(rigid foam, flexible foam) and thermoplastic material
according to the places of use. Among them, flexible
polyurethane foams (PUF) are used in automotive and
furniture sectors, while rigid polyurethane foams (PUR)
are used in heat insulation sector due to their low ther-
mal conductivity coefficients. PUR materials are also
preferred for vehicle insulations due to their low densi-
ties and adequate strength values [2].

The addition of different fillers and additives has also
become important in order to improve the thermal be-
havior and mechanical properties of polyurethane mate-
rials [3]. A wide variety of metallic and mineral fillers are
used to improve properties of PUR material and obtain
more economical products. Depending on the chemical
composition and particle size of the fillers, the thermal,
burning and mechanical properties of the PUR foams are
positively or negatively affected [3].

Intumescent flame retardants (IFR) are used in poly-
mers to produce flame resistant materials [4]. Meanwhile,
it should be pointed out that flame retardant additions
into the foams may deteriorate the mechanical proper-
ties of the foams. In general, IFR are synthesized by us-
ing an inorganic acid source and a carbonization agent.
Different chemical materials are used as carbonization
agent. Ammonium polyphosphate (APP) is widely used
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chemical material as intumescent flame retardants in
PUR materials [5]. In order to improve the flame re-
tardant performance of APP, work on different materials
is ongoing [3–5].

In this study, intumescent flame retardants (IFR)
are synthesized by using ammonium polyphosphate
(APP)/melamine (MEL) in different ratios, namely 3/1,
2/1 and 1/1. Melamine was used as foaming agent. The
aim of this work is to determine the best APP/MEL ratio
in IFR. The flame retardants were added into the rigid
polyurethane foams in 10 wt%.

2. Experimental procedure

2.1. Materials

Two main components of the rigid polyurethane foams
(polyol and isocyanate) were purchased from TEKPOL
(Technical Polyurethane Ltd-Turkey). For flame retar-
dant system; ammonium polyphosphate (APP), (Exolit
AP 423, n > 1000, phase II) was kindly supplied by
Clariant Company from Turkey. Melamine (MEL) was
kindly supplied by DSM company from Netherlands. In
Table I, the formulations of the samples and the density
values of the samples are given.

TABLE I
Formulations of PUR (138 g polyol, 162 g
isocyanate, 50 kg/m3) foam samples.

Sample
APP MEL

IFR n (30 g)
neat PUR – –
10% IFR 1 22.5 g 7.5 g
10% IFR 2 20 g 10 g
10% IFR 3 15 g 15 g

(775)
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2.1. Sample preparation and test procedure

Polyurethane materials mainly consist of polyol and
isocyanate which are in liquid form. The additives were
homogenized by adding into the polyol. The polyol
and isocyanate were mixed with a mechanical stirrer for
20 seconds at 2000 rpm in a cup. The prepared mixture
was poured into aluminum mold heated in the press un-
til the reaction is completed. After the polymerization
reaction is completed, the samples were prepared by cut-
ting in accordance with standards. The samples kept in
a climate chamber set to 23 ◦C ± 2 ◦C temperature and
50±5% relative humidity conditions for at least 24 hours
before the experiments.

Compression tests were carried out according to the
relevant ASTM D 1621-10 standards. The sizes of sam-
ples used in the tests are 50 mm × 50 mm × 50 mm.
Compression in the tests was carried out at a rate of
2.5 mm/min in the direction of expansion of the foam
material. During the tests, the compression process was
continued until 13% of the original thicknesses of the
sample was deformed.

Determination of the thermal conductivity coefficient
was carried out with the Kyoto Electronics QTM-500
heat transfer coefficient meter. As a measurement
method, hot wire method is used (ASTM C1113M). With
UL-94 burning test, burning behavior of materials and
flame propagation speed were found. The samples were
cut in sizes of 150 mm × 50 mm × 10 mm. TGA analy-
sis measures the amount of weight change of a material
depending on the temperature. Perkin–Elmer Diamond
thermogravimetric analysis equipment was used at a rate
of 20 ◦C/min under nitrogen between 40 ◦C and 800 ◦C.

3. Results and discussion

Effects of 10% IFR 1 (APP/MEL = 3/1), IFR 2
(APP/MEL = 2/1) and IFR 3 (APP/MEL = 1/1) on
the compressive strengths of the rigid foams were inves-
tigated and the results are shown in Fig. 1.

Fig. 1. Effects of IFR additions on the compressive
strength.

It was determined that IFR additions resulted in de-
creasing of the compressive strength and the reduction
increased with increasing of MEL in IFR. In other words,
the addition of 10% IFR 1 resulted in a minimal reduc-
tion in the compressive strength of the composite foam.

Although IFR 1 addition caused 3.5% reduction in the
compressive strength, IFR 3 addition decreased the com-
pressive strength in 16%. The deterioration of mechani-
cal properties with additives is mentioned in some stud-
ies in the literature [2, 5–7]. Mechanical properties are
generally dependent on density and cellular structure [8].
In this study, composite foams were produced in closed
mold to keep the densities equal. This reduction can be
explained by the deterioration of the polymeric and cel-
lular structure.

The thermal conductivity coefficients of PUR foams
slightly increased with the intumescent flame retardant
additions (Fig. 2). It was determined that 10% IFR 2 ad-
dition resulted in maximum increasing (5%) in the ther-
mal conductivity coefficient of the foam. IFR 1 addition
caused 3.2% increasing in the thermal conductivity co-
efficient. The main reasons for the increase of thermal
conductivity coefficient are the increase in density, the
decrease in the closed cell ratio. With the addition of
IFR, the viscosity of the polymer mixture increases, so
that the ratio of open cells increases [9, 10].

Fig. 2. Effects of IFR additions on thermal conductiv-
ity coefficient.

APP + MEL has shown that it is a useful intumes-
cent flame retardant formulation with a good synergis-
tic effect (Fig. 3). MEL uses a quantity of heat energy
generated during combustion to produce non-flammable
nitrogen-containing vapor products. These vapors also

Fig. 3. UL-94 Burning test results.
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dilute the flammable gas species [11]. However, it has
been observed that it has a negative effect on the car-
bonized layer formed in increasing MEL ratios in the
IFR. UL 94 burning tests of the composite foams showed
that the best fire resistance appeared with 10% IFR 1
(APP/MEL:3/1) addition.

Fig. 4. TG curves of all samples.

Fig. 5. DTG curves of all samples.

The results of thermogravimetric analysis shown in
Figs. 4 and 5 are suited with the results of the UL94
burning test. The fastest decomposition in the neat PUR
sample was found at 354.7 ◦C, while the IFR 1 added
sample was detected at 341.7 ◦C. (Fig. 5). The amount
of mass remaining at 700 ◦C in the neat PUR sample
was measured as 17.1% (Fig. 4). The thermal degrada-
tion rates of PUR materials with IFR additions are very
fast. However, this rapid thermal decomposition is then
rapidly decelerating. In the case of rapid decomposition
of IFR-added samples, an intumescent flame retardant
char layer is formed at these moments [7, 10–11]. The
highest amount of residual mass (28.6%) was obtained in
PUR material with IFR 1 addition.

4. Conclusion

In this study, the experimental results showed that ad-
dition of 10% the intumescent flame retardant system in-
cluding ammonium polyphosphate and melamine (IFR 1-
APP/MEL:3/1) significantly enhanced the fire resistance
and thermal degradation of the rigid polyurethane foam.
Although, the compression strength decreased approxi-
mately 3.5% with the addition of 10% IFR 1, the ab-
solute value, which is 148.8 kPa, is acceptable value for
many applications. Meanwhile, 10% IFR 1 caused 3.2%
increases in the thermal conductivity of the foam, but it
may be compensated with slightly increasing the thick-
ness of the insulation. As a result, IFR 1 as a non-
halogen flame retardant can be preferred for the rigid
polyurethane foams.
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