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ABSTRACT

The combustion of a typical thermoplastic polymer, polypropylene mixed
with three additive fire retardants, magnesium hydroxide, aluminium hydro-
xide and antimony trioxide, was assessed in a cone calorimeter . It Is found
that the increased Mg(OH) 2 content in polypropylene, further increases the
ignition time and reduces the heat release rate . Its effect on smoke density
is found to be somewhat different, when present at lower percentages it
increases the smoke density of fire effluents.

Key Words: polypropylene combustion, retardation, smoke density, heat release rate, cone calorimetry

INTRODUCTION

Polymers have widespread applications in the cons-
truction and transport industries, areas where the
behaviour of materials under fire conditions are
crucial to personal safety and property. Therefore,
most polymeric materials used in such applications
are fire retarded, by the addition of a chemical sub-
stance that will interfere with one or more of the
three requirements of combustion, heat, fuel and
oxygen . These substances known as fire retardants
when added to the polymers, will reduce or delay
the propagation of flame through mass or surface
of polymeric materials [1]. The design and use of
the fire retardants are complicated by the fact that
many of these polymeric materials are used in load
bearing structures and the addition of fire retar-
dants may alter the mechanical properties of the
materials [2] . Also they may have side effects,

which are deleterious to the overall fire behaviour
of materials . For example, many fire retardants
that successfully lower the rate of heat release tend
to increase emission of smoke and toxic gases [3].

A comparison of the effect of adding lire re-
tardants to ABS is made by Hill and Redfern [4].
They showed that, the rate of heat release has
been significantly reduced by the fire retardant,
although the time-to-ignition, a parameter reflect-
ing the ease of ignition, has been reduced as well;
and, therefore, the fire retarded material, would
ignite with greater ease than the non-retarded
material, under identical conditions . In this work
fire behaviour of polypropylene is studied utilizing
cone calorimeter.

Polypropylene is usually retarded commer-
cially by using a chlorinated cyclic compound
of antimony trioxide, aluminium hydroxide and
magnesium hydroxide . Retarded and non-retarded
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polypropylene samples are subjected to combustion
using the ASTM 1354 heat release rate, measuring
technique at a fixed irradiance of 50 kW/m2.

EXPERIMENTAL

Materials
The following products were used : polypropylene
T3054 ; magnesium hydroxide, powdered, mesh size
below 60 Merck grade ; aluminium hydroxide, a fine
powder of Merck Analar grade; and antimony tri-
oxide fine powder, obtained from a chemical distri-
butor in Iran.

Testing Equipment
Fire tests on polypropylene compositions were
carried out in the Stanton Redcroft cone calori-
meter ASTM 1354—90 heat release equipment . All
samples were tested in horizontal orientation
(Standard 10x10 cm pieces) and at a thickness of
around 1 cm . A schematic view of the cone calori-
meter is given in Figure 1 . It consists of the follow-
ing parts: the truncated cone heater and associated
control circuitry ; the sample holder and load cell;
the collecting hood; the gas sampler for oxygen
and other gas analysis; the analog to digital (AID)
convertor, computer and software ; and smoke
measurement system.

Figure 1 . Generalized view of the cone calorimeter .

Testing Method
The sample is subjected to an irradiance, which
may be varied from 10 to 110 kW/m2. The volatile
products are ignited by a spark and the cone calori-
meter monitors the oxygen depletion and the
sample weight as the sample continues to burn.

The oxygen depletion data are used to cal-
culate the heat release rate (kW) and effective
heat of combustion (mJikg) . The ignition time is
also recorded. The equipment is designed to mea-
sure the smoke and gas yields simultaneously with
heat release rate (HRR) [4].

Procedure
The inorganic fire retardants were mixed with poly-
propylene by a simple physical process at 190 'C
and 60 rpm for 5 min . The mixed samples were hot
pressed to form a 10x10 cm layer with 1 cm
thickness.

RESULTS AND DISCUSSION

The selection of an appropriate heat flux to which
samples should be exposed for defining ignitability
and combustibility involve a number of consider-
ations . If the heat flux to which the materials are
exposed is too low, then most materials appear to
be completely noncombustible . Plastic manufactur-
ers have developed products that will not ignite
unless they are exposed to a heat flux of about
60—65 kWlm2 [5]. While most cellulosic materials
will ignite when exposed to heat flux of 20—25
kW/m2, many tire retardant treated wood products
will not ignite unless they are exposed to 35—40
kW/m2 of heat flux.

In this study heat flux of 50 kWlm2 is used
which is somewhat higher than that received by
materials in a room fire immediately after flash-
over. The heat flux of 50 kWlm 2 is equivalent to
the radiation from black body at 700 "C, and the
temperature of a room fire at flashover point is
around 600 °C.

Figures 2 and 3 depict the cone calorimeter
test results on pure polypropylene and its mixture
with 60% Mg(OH)2. The retardation effects of

Laser extinction beam including
temperature measurement

Temperature and differential measure
measurements taken here
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Test number 71 ; Material identification : pp ; Beat flux : 50.0 kWlm2; Orientation : horizontal.

Figure 2. Cone calorimeter test resuts on non-retarded polypropylene at 50 kWlm 2 .

Mg(O14) 2 on all six fire parameters ; heat release
rate, effective heat of combustion, specific extinc-
tion area, mass loss of CO, and CO2 ratio could be
observed from the time dependent curves . In Table
1 the seven most important fire characteristics
measured for each composition are summarized . If
we compare the time to ignition (TTI), we notice
that with Mg(OH) 2, it increases with the increase
of Mg(OH)2 content, whereas Al(OH)3 and Sb20 3
show somewhat different effects . The resistance to
ignition with different fire retardants are compared
in Figure 4.

A typical characteristic of the cone calori-
meter is the measurement of the mass loss during

combustion test which allows a mechanistic insight
in the combustion process . Costa et al. [b] consid-
ered the shape of mass loss, heat release and
smoke release rate, and stated that the similarities
of the shape of these curves for polypropylene are
an indication of the combustion being completely
controlled by degradation process.

In Figure 5, the maximum heat release rate
for all compositions are compared, it can be seen
that, with the addition of Mg(OH)2 and Al(OH) 3
heat release rate is reduced. However, this effect is
more pronounced with Mg(OH)2 compositions.
With Sb 203 mixtures, at low percentages around
5%, the heat release rate is reduced, but with the
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Figure 3 . Cone calorimeter test results on polypropylene mixture with 60% Mg(OH) 2 at 50 kWjm2 .

	

80	 	 600

	

70-

	

n Mg(OH)2 ® AI(OH) 3	Sb2O3

	

500

0

	

oC

	60

	

E

	

E 50

	

400

	

40-

	

0~ 300

	

or i

	

m 200

	

— 20

	

a

	

10

	

100

	

0

	

'0 5 10

	

20

	

40

	

65

	

0 5 10
Loading (%)

	

Loading (%)

Figure 4. Comparison of ignition time at an irradiance of

	

Figure 5. Comparison of heat release rate at an irradiance

50 kWJm2 tested by cone calorimeter.
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Table 1 . Seven most important fire parameters of polypropylene and its mixture with fire retardants, obtained at incident
radiation 50 kWlm2.

Sample Time to Max HRR* Ave. HRR** SEA*** CO mass ratio Effective heat Ratio of time/
ignition (s) (kWlm2) of combustion

(mJ/kg)
ignition/peak

HRR (m 2s 2/mJ)3 min after ignition (kWlm2)

PP 36 1092.6 464 .1 467 .4 0026 41 .1 33 .0
PPMG10 41 958.8 452 .5 394 .0 0.019 37.3 42 .8
PPMG20 44 529.7 375 .0 405 .9 0.019 36.1 83 .0
PPMG40 48 289.5 223 .9 375 .9 0.019 31 .2 165 .8
PPMG60 70 114.2 94 .9 204.9 0.011 18.6 613 .0
PPAL190 23 754.2 483 .4 471 .2 0.023 41 .0 31 .0
PPAL20 25 584.1 454 .4 447.6 0.220 39.1 42 .8

PPAL40 32 374.2 243 .6 384.8 0.018 32.3 85 .6
PPAL60 46 211 .4 129 .0 204.3 0.011 18.1 217 .6

PPSB2.5 32 1079.8 479 .8 558.0 0.029 43 .0 29 .6

PPSB5 33 958 .7 394 .7 539.6 0.027 40 .0 34 .4
PPSB10 35 9040 .8 543 .6 527.5 0 .030 44 .5 33 .6

* Max HRR : Maximum heat release rate; ** Ave. HRR : Average heat release rate: *** SEA: Specific extinction area_

increase of Sb20 3 to 10% and above the retard-
ation effect, diminished and heat release rate
approached to the non-retarded polypropylene.

When polypropylene is flame retarded com-
mercially Sb 2 03 is added at a 13% level as a
synergist in conjunction with other retardants, such
as chlorinated cyclic compounds [7].

The ratio of time to ignition/max heat resist-
ance rate is an important parameter on fire charac-
terization of materials, and the low value of this
parameter is an indication of intense fire perform-

once by the material . In Figure 6, this parameter is
compared for all three fire retardant compositions
with polypropylene . The maximum value of 613
m2s 2/mJ is obtained with 60% Mg(OH) 2 . When
compared with non-retarded polypropylene which
has the value of 33 m2s2/mJ, an improvement by
the order of 18 on fire performance is observed.
Considering the smoke density or specific extinc-
tion area, with Mg(OH) 2 present up to 10% this
parameter is reduced, and as the Mg(OH) 2 content
increases the specific extinction area begins to
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Figure 6. Comparison of TTf/PkHRR at an irradiance of 50

kWlm2 tested by cone calorimeter.

Figure 7. Comparison of specific extinction area at an
irradiance of 50 kWlm2 tested by cone calorimeter.

Iranian Polymer Journal / Volume 6 Number 2 (1997)

	

125



Combnuttbility at Polypropylene

increase, and finally, at above 60% it is reduced
again. Al(OH) 3r when present at lower precentage,
implements an increase on specific extinction area,
and at above 60% it reduces the smoke density.
Sb2O 3 influence on specific extinction area is very
similar to its effects on time to ignition and heat
resistance rate [81.

CONCLUSION

This study shows that, on the combustion of poly-
propylene when Mg(OH) 2 is used as a fire retar-
dant, its rate of heat release and resistance to igni-
tion are improved with the increase of Mg(OH) 2
content and burning is less intense . However, it has
an adverse effect on specific extinction area or
smoke density when present at below 60%.

Overall, fire retardation effect of Mg(OH) 2 is
better than AI(OH) 3 and Sb2O 3 when examined on
polypropylene .
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