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Abstract Vicat softening point temperature (7y) and heat deflection temperature
(Ty) are important parameters for characterization of heat resistant properties of
polymeric materials. PP/A1(OH);/Mg(OH), flame retardant composites were pre-
pared using a twin-screw extruder, and the 7y and Ty of the composites were
measured. The results showed that the Ty and T4 increased nonlinearly with an
addition of the weight percentage of the flame retardant additives except for indi-
vidual data points, while the Ty and T4 decreased with increasing the filler particle
size when the content of flame retardant additives was constant. Under the same
conditions, filling small amount of zinc borate into the composites might improve
the heat resistant properties of the composite systems. Moreover, the morphology of
the impact fracture surface of the specimens was observed by means of scanning
electron microscope to understand the dispersion and distribution of the filler par-
ticles in the PP matrix.
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Introduction

Polymeric materials are used extensively more and more in industry, agriculture and
daily life owing to their good mechanical properties, processing properties, as well as
chemical stability. However, their applications are limited to a certain extent because
most of them are flammable materials. It is, therefore, the flame retardant of polymeric
materials has been paid widely attention [1-4]. Bobovitch et al. [1] proposed a new
approach to flame retardants about thermal polymerization on fillers. Chiu and Wang
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[2] studied the dynamic flame redundancy of polypropylene (PP) filled with
ammonium polyphosphate. Chen et al. [3] investigated the effect of component ratio
on the performance of intumescent flame retardant master batch synthesized through
twin-screw reactively extruding technology. Recently, Levchik and Weil [4]
reviewed the advances in the flame retardant of thermoplastic polyesters.

Aluminum hydroxide (Al(OH);) and magnesium hydroxide (Mg(OH),) in
polymeric materials have triple functions: filler, flame retardant and smoke
suppressant [5-9]. It is found that the metal to fabricate flame retardant PP
composites without halogen are major AI(OH); and Mg(OH),, they are more than
80% in inorganic flame retardant additives. Titelman and Gonen [7] studied the
discoloration of PP-based compounds containing magnesium hydroxide. Jiao and
Chen [9] investigated the flame retardant synergism of hydroxy silicone oil and
Al(OH); in ethylene/vinylacetate (EVA) composites. Zinc borate (ZB) is usually
used as a flame retardant synergist [10—13]. Bourbigot et al. [11] reviewed the recent
advances in the use of zinc borates in flame retardancy of EVA.

Polypropylene (PP) is a general resin with good insulating and processing
properties, small dielectric constant, as well as good stress crack resistance and
chemical resistance [14]. However, PP resin is restricted to applications in fields
such as electronic, electric, traffic and decorating materials because it belongs to
flammable material. In order to widen the application fields of PP resin and to
overcome the disadvantages that PP can cause molten drops and easy flame
propagation when it is burning, compounding with flame retardants was adopted to
modify PP so as to improve its flame-retarding ability.

Polymer materials will generate a series of physical and chemical variations,
including softening, melting, oxidation, degradation, crosslink and heat resolution,
and so on, with a rise of temperature. All of these variations will result in reduction
of the mechanical properties of the materials and will lose their utility. It is,
therefore, meaningful for theory and application that the heat resistant and its
mechanisms of polymer materials are studied in depth. Vicat softening point
temperature and heat deflection temperature are important parameters for the
characterization of the heat resistant properties of polymeric materials, but there is
no any theoretical correlation between them [15-17].

In the obvious work, the authors [18] prepared the PP/AI(OH)3/Mg(OH), flame
retardant composites and measured the flame retardant properties, such as the oxygen
index, the horizontal burning velocity and the smoke density rank. The objectives in
this article are to measure the Vicat softening point temperature and heat deflection
temperature of these composites, and investigate the effects of the content and particle
size of the flame retardant agents on the heat resistant properties.

Experimental
Raw materials

A PP with trade mark of CJS-700G was used as a matrix resin in this study. This
resin was supplied by Guangzhou Petrochemical Works in Guangdong province
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(P.R. China), and its density in solid state and melt flow rate were 910 kg/m> and
10 g/10 min, respectively.

Aluminum hydroxide (Al(OH);) and magnesium hydroxide (Mg(OH),) were
used as the flame retardant additives in this article. They were delivered in the form
of white powder, and each additive was supplied having four different mean
diameters: 1.25, 2.7, 5 and 9 pum. The density of AI(OH); was 2420 kg/m’ and
the density of Mg(OH), was 2390 kg/m3. A zinc borate (ZB) used in this article was
as a flame retardant synergist, the density and melting point temperature were
2800 kg/m> and 980 °C, respectively. All flame retardant additives were supplied
by Foshan Jinge fire-fighting materials Co. Ltd, China. The surface pretreatment of
these flame retardant particles was made by the supplier with surface active agent.

Fabrication

The flame retardant particles were blended with PP in a high speed mixer (model
CH-10DY), and then the blends were extruded in PP melt state by means of a co-
rotating twin-screw extruder (model TSE-35A). The screw diameter was 35.6 mm,
and the length diameter ratio was 40. Finally, the extrudate was granulated to
produce flame retardant PP composites. The fraction of PP was 100, ZB content was
4 phr (parts per hundred resin), the weight ratio between Al(OH); and Mg(OH),
was 1:2 and the percentage weight fractions (¢;) of AI(OH)3/Mg(OH), were 10, 20,
30, 40 and 50 phr, respectively. In addition, these granular composites were dried
for 5 h at 80 °C before specimen preparation.

The specimens for heat resistant test were fabricated with a plastics injection
machine (model Un120A) supplied by Yizhimi Precise Machinery Co. Ltd in Foshan,
China. The injection temperature was 180 °C, the injection pressure was 7.5 MPa and
the cooling time was 18 s. The size of the specimens was 13 mm x 13 mm x 6 mm.

Instrument and methodology
Heat deflection temperature

The heat deflection temperature of polymer materials is the temperature that the
deformation reaches the stipulated deformation of the specimen under the given
load as the temperature raises with certain speed. The CEAST automotive heat
deflection-Vicat softening point tester (model P/N6921.000) supplied by Hong
Kong global technology Co. Ltd was used in this study to measure the heat
deflection temperature and Vicat softening point temperature of the composites. The
heat deflection temperature tests were conducted according to ISO75-2 standard, the
heating rate was 120 °C/h and the flexural load was 1.82 MPa. The measurement
process was as follows: the rectangle specimen was put on the two fulcrums with
span of 100 mm and was soaked in the conductive heat liquid, and the center of the
specimen was applied the flexural load, then the liquid was heated with a constant
heating rate of 120 °C/h, and the heat deflection temperature was determined as
soon as the deformation at the specimen center reached the designed value
according to the ISO75-2 standard.
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Vicat softening point temperature

The Vicat softening point temperature of polymer materials is the temperature when
a needle with cross-sectional area of 1 mm? inserts into the specimen up to 1 mm
under the conditions of constant heating rate and load. The Vicat softening point
temperature tests were carried out according to ISO306 standard, the load was 50 N
and the heating rate was also 120 °C/h. The measurement process was as follows:
the rectangle specimen was put on the two fulcrums with span of 100 mm and was
soaked in the conductive heat liquid, and the center of the specimen was applied a
needle with across area of 1 mm? and given load, then the liquid was heated with a
constant heating rate of 120 °C/h, and the Vicat softening point temperature was
determined as soon as the inserting depth of the needle into the specimen reached
1 mm.

Morphology

The impact fracture surfaces of the specimens from the experiments were examined
by means of a LEO (model 1530 VP) scanning electron microscope (SEM) to
observe the interfacial debonding, interlayer structure morphology and the filler
dispersion or distribution in the PP matrix. The specimens were gold coated before
SEM examination.

Results and discussion
Influence of flame retardant content and particle size on Ty

Figure 1 shows the relationship between the percentage weight fractions (¢;) of
Al(OH)3/Mg(OH), and the Vicat softening point temperature (7y) of the composites
when the mean diameter of the flame retardants is 5 pum. It can be seen that the T+, of
the composites increases nonlinearly with increasing ¢; when ¢y is less than 40 phr,
and then reduces somewhat. Vicat softening point temperature reflects the movement
ability of molecular chains in a certain extent. The higher the Ty is the more difficulty
for molecular chain movement is. The results shown in Fig. 1 indicate that molecular
chain movement becomes difficulty due to addition of the flame retardant agent,
leading to an increase of the Vicat softening point temperature. However, the Vicat
softening point temperature decreases somewhat in a case of higher concentration of
the flame retardant agent. This might be that a part of flame retardant agent is not
uniform in the PP matrix and does not generate good structure state, resulting in a
reduction of the Vicat softening point temperature.

Figure 2 illustrates the dependence of the Vicat softening point temperature on
the particle diameter (d) of AI(OH); and Mg(OH), for the PP flame retardant
composite systems. When ¢; is constant, the 7y of the PP flame retardant
composites reduces with increasing d. This is because of the fact that the surface
area of the filler increases with decreasing d under the same inclusion concentration,
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Fig. 1 Relationship between Vicat softening point temperature and flame retardant content (d = 5 pm)
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Fig. 2 Dependence of Vicat softening point temperature on flame retardant diameter

leading to enhancing the interfacial effect between the filler and matrix. In this case,
the movement ability of the molecular chains reduces while the Vicat softening
point temperature increases correspondingly.

Influence of flame retardant content and particle size on Ty

Figure 3 displays the relationship between the percentage weight fractions of
Al(OH)3/Mg(OH), and the heat deflection temperature (7y) of the composites when
the mean diameter of the flame retardants is 5 pm. It may be observed that the T4
increases with an addition of ¢y when ¢y is less than 50 phr, and the Ty reaches
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Fig. 3 Relationship between heat deflection temperature and flame retardant content (d = 5 pm)
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Fig. 4 Dependence of heat deflection temperature on flame retardant diameter

122.6 °C at ¢, = 40 phr. Namely, the heat deflection temperature of the composites
increases up to 15.82% comparing neat PP. This indicates that there is obvious
effect of AI(OH)3; and Mg(OH), on increasing the heat deflection temperature of PP
resin. The reason might be that the particles of AI(OH); and Mg(OH), have
blocking action on the molecular chain movement, and this blocking action would
enhance with an increase of the flame retardant content, resulting in raising the heat
deflection temperature of the composite systems.

Figure 4 illustrates the dependence of the heat deflection temperature on the
particle diameter of Al(OH); and Mg(OH), for the PP flame retardant composite
systems. When ¢; is, respectively, 20 and 40 phr, the heat deflection temperature of
the flame retardant composites decreases with increasing the d; the variation of Ty4
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owing to different particle diameter is up to 6% under the same ¢;. This indicates
that the influence of the variation of the particle diameter on the heat deflection
temperature is significant. As discussed above, the contacting area between the filler
and matrix increases with decreasing the particle diameter under the same inclusion
concentration, and the interaction effect between the filler and matrix will be
enhanced, leading to reduction of the movement ability of molecular chains and
increase of the heat deflection temperature of the composites.

Influence of zinc borate on heat resistant property

Figure 5 shows the relationship between the percentage weight fractions of flame
retardant agent and the Vicat softening point temperature of the PP/AI(OH)s/
Mg(OH), and PP/AI(OH)3/Mg(OH),/ZB composites when the mean diameter of the
flame retardants is 5 pm. It can be seen that the variation of the Vicat softening
point temperature with the flame retardant agent content for the two composites is
similar. That is, 7Ty increases first when ¢; is varying from 0O to 40 phr and then
decreases with increasing ¢; when ¢ is higher than 40 phr. However, the Ty of
PP/A1(OH)3/Mg(OH),/ZB system is higher than that of PP/Al(OH);/Mg(OH),
system under the same ¢¢ This indicates that the addition of ZB is beneficial to
enhance the blocking effect of the movement ability of molecular chains, resulting
in increase of the Vicat softening point temperature of the composite. It can also be
seen that the Ty of the two composites decreases sharply as ¢, is more than 40 phr,
and the Ty of the PP/AI(OH)3/Mg(OH)2/ZB system lower than that of the pure PP,
it might be related to the dispersion state of the filler particles in the matrix resin.

Figure 6 indicates the relationship between the percentage weight fractions of
flame retardant agent and the heat deflection temperature of the PP/AI(OH)s/
Mg(OH), and PP/AI(OH)3/Mg(OH),/ZB composites when the mean diameter of the
flame retardants is 5 pm. It may be observed that the variation of the heat deflection
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Fig. 5 Influences of zinc borate on Vicat softening point temperature (d = 5 um)
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Fig. 6 Influences of zinc borate on heat deflection temperature (d = 5 pm)

temperature with the flame retardant agent content for the two composites is similar:
the T4 increases roughly linearly with increasing ¢, and the T4 of PP/AI(OH)s/
Mg(OH),/ZB system is higher than that of PP/A1(OH);/Mg(OH), system under the
same ¢;. This because that the combination between Al(OH)3;, Mg(OH), and ZB
might change the morphological structure of the filler particles in the matrix resin,
leading to increasing the blocking action to the movement ability of molecular
chains. However, the increase of the heat deflection temperature is not significant
owing to small concentration of the zinc borate.

Morphology analysis of fracture surface

Figure 7 illustrates the SEM photographs of the V-notched impact fracture surface
of the PP/AI(OH);/Mg(OH), composites when d is 5 pm and ¢; is 20 and 50 phr,
respectively. Here, the magnifying multiples are 500 and 3000, respectively. It may
be observed by comparing Fig. 7a—d that there is an aggregation phenomenon for
part of flame retardant agent particles in the matrix at ¢; of 50 phr. It may be that
the particles are difficult to be dispersion uniform in the matrix in the case of high
filler concentration, resulting in relevant reduction of the heat deflection temperature
and Vicat softening point temperature at ¢; of 50 phr.

In general, the type, size, shape and content of fillers as well as the distribution
and dispersion state of particles in the matrix will affect significantly the heat
resistant properties of the filled polymer composites. The more the dispersion
uniform of the filler in the matrix is, the higher the heat resistant properties of the
composites are.

In the previous study, Liang and Zhang [18] investigated the effects of the flame
retardant content and the particle size on the flame retardant properties of the
PP/A1(OH)3/Mg(OH), flame retardant composites. It was found that the oxygen
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Fig. 7 Impact fracture SEM photograph of PP/AI(OH)3/Mg(OH), (d = 5 um): a ¢, = 20 phr, x3000,
b ¢, = 20 phr, x500, ¢ ¢, = 50 phr, x3000, d ¢, = 50 phr, x500

index increased with an increase of the flame retardant content and decreased with
an increase of the filler diameter. These are similar to the relationship between the
T4, Ty and the flame retardant content and size.

Conclusions

The heat resistant properties of PP flame retardant composite systems could be
improved obviously by filling with AI(OH); and Mg(OH), particles, and a small
amount of ZB might also have positive effect on the improvement of the heat
resistant properties for PP/A1(OH);/Mg(OH), flame retardant composites. It might
be attributed as the blocking action of the flame retardant particles on the molecular
chain movement of the matrix, and this blocking action would enhance with an
increase of the flame retardant content, resulting in improvement of the heat
resistant properties of the PP composite systems.

The Vicat softening point temperature and heat deflection temperature of
PP/A1I(OH)3/Mg(OH), composites increased with increasing the percentage weight
fractions of the flame retardant agent when ¢ is varying from 0 to 40 phr, and then
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decreased as ¢; is more than 40 phr. It was observed by SEM that there was a
aggregation phenomenon for part of flame retardant agent particles in the matrix in
the case of high filler concentration (e.g. ¢ = 50 phr), resulting from reduction of
the heat resistant properties.

The Vicat softening point temperature and heat deflection temperature of
PP/AI(OH)3/Mg(OH), composites decreased with increasing the filler particle
diameter under the same content of the flame retardant agent. Moreover, the
dependence of the Vicat softening point temperature and heat deflection temperature
on the flame retardant agent content were similar for the two composites, and the
Vicat softening point temperature and heat deflection temperature of PP/A1(OH)3/
Mg(OH),/ZB composite system were higher than those of PP/Al(OH);/Mg(OH),
composite system in the case of the same ¢;.
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