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In our previous studies, we observed excellent flame retardant properties of mineral reinforced polymer composites. 

However, it was investigated that some mechanical properties of the composites were deteriorated concurrently with adding 
minerals. In this study, it was aimed to improve those features by using glass fibers and glass spheres. Polyproplyene is used 
as a matrix material. Huntite hydromagnesite and glass fibers/spheres were embedded to the matrix in different loading levels. 
Prior to the composite production, crushing, grinding and screening processes were applied to the mineral. After fabrication of 
the mineral and glass fibers/spheres reinforced polyproplyene composite samples, they were characterized by using Scanning 
Electron Microscope - Energy Dispersive X-Ray Spectroscopy (SEM-EDS) to investigate the elemental analysis and morpology. 
Tensile and flexural tests were applied to determine the mechanical behaviours. Finally Flame retardancy test was undertaken to 
observe the flame retardant properties of the composites. It was concluded that the use of glass fibers is a beneficial way to 
improve mechanical properties of mineral reinforced flame retardant composites. 
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1. Introduction 

 
Almost all of the plastic materials have 

hydrocarbon based structures which gives 
flammable property. This puts them into a 
dangerous situation because they are used in all 
areas of our lives. To get rid of this problem flame 
retardant additives are used in the plastic 
materials as a solution method to prevent 
casualties based on fire. They are embedded into 
the polymeric materials in an appropriate way, 
thus modification of plastic material is performed 
chemically or physically. The new plastic material 
can reduce the chance of fire and show resistance 
to ignition. Moreover, even if ignition starts, flame 
retardant additives act to delay the spread of 
flame, provide some extra time to extinguish and 
escape from area of fire [1-5].  

Eventhough these additives vary widely 
within themselves, today can be divided into 
halogen-containing and non-halogen-containing 
ones. The use of halogen containing compounds 
has been reduced due to the detection of various 
harmful and toxic effects [6]. Ever then, the use of 
halogen-free additives began to gain importance. 
Inorganic minerals are at the head of this class; 
huntite and hydromagnesite minerals are ones of 
those. They are defined as natural mixtures 
having some useful filler properties for plastic 
applications. Huntite is calcium magnesium 
carbonate (CaMg3(CO3)4), while hydromagnesite 
is   hydrated   magnesium   carbonate  

  (Mg₅(CO₃)₄(OH)₂·4H₂O). The deposit, which has 
found important industrial use, normally consists of 
natural blends of these two minerals with varying 
ratios [2,6].  

Regarding the mechanism of the flame 
retardant property, it can be said that the 
decomposition reaction of the minerals are 
assigned for the operation. The structures 
endothermically decompose at temperatures 
between 200 oC and 400 oC and liberate water 
steam and/or carbon dioxide. Besides the cooling 
effect and extinguishing of the flames by inert 
gases, the flame retardant effect is improved by 
formation of a kind of ceramic layer formed on the 
compound surface and this surface protects the 
ignitable materials from further attacks by flames 
and heat [6-8]. 

In addition to many advantages, halogen-
free minerals have some limitations. They have to 
be added much larger quantities to get enough 
flammability compared to halogen-containing 
ones. In previous studies, we observed that this 
caused to deterioration in some mechanical 
properties which are essential to work as while 
composed materials are in service [9-11]. In this 
study, glass fibers and glass spheres have been 
used as auxiliary additives to defeat this 
worsening [12-15]. Prior to composite production, 
crushing, grinding and screening processes were 
applied to the mineral. Glass fibers and glass 
spheres were added to polyproplyene matrix in 
different loading level to see the content  
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dependence. After fabrication of composite 
samples, they were characterized by using SEM-
EDS to observe the elemental analysis and 
morpology. Tensile and flexural tests were applied 
to the specimens to determine the mechanical 
properties. Flame retardancy test was undertaken 
to observe the flame retardant properties. 
 
2. Materials and methods  
 

Polypropylene (PP) was used as a main 
polymer matrix, grade HJ325MO from Borouge, 
Austria with the melt flow index of 50 g/10 min 
(MFI; 230°C/ 2.16 kg) and density 0.910 g/cm3. 
Natural huntite/hydromagnesite mineral were 
supplied from Isparta/Tırtar region in Turkey. Two 
types of glasses were used; glass fibers and glass 
spheres. BF 1000 Glass Fibers and GB 1000 
Glass Spheres were supplied by Duratek A.S, 
Turkey. They have 1.54 g/cm3 density, white colour 
and 400 oC of decomposition temperature.  

In the production process, firstly huntite and 
hyromagnesite were comminutioned by Retsch RS 
200 which is type of vibrator disc grinder machine. 
After grinding process, sieving was applied by 
Retsch/ AS 200 machine, at 50 amplitude for 8 
hours. The main aim of sieving was got to sub 10 
microns particles. Then mineral particles were 
heated by labelled Memmert furnace overnight at 
70oC to remove humidity. 

Composite pellets were manufactured by twin-
screw extruder branded Labtech in Budin-Akarca 
Industry and Trade Limited Company. Huntite 
hydromagnesite, glass fibers and glass spheres were 
blended during the feeding of the extruder. Zone 
temperature of the extruder was set between 185oC 
and 220 oC. Diameter of the extruder machine is 20 
mm and screw speed was adjusted 190 rpm. After 
this process, Labtech Enginerring Hydraulic Press 
machine was used to produce composite plates. 
Press was performed at two different temperatures; 
hot press at 180 oC and cold press at 25 oC. Firstly 
hot press was applied at 3 stages; 40 bar pressure 
for 240 seconds, 70 bar pressure for 210 seconds 
and 120 bar pressure for 210 seconds. After that, 
cold press was applied for 120 seconds. Coding and 
the descriptions of the produced composite samples 
are shown in Table 1. 

 To investigate of elemental and 
morphology of specimens, Scanning Electron 
Microscope (SEM) and Energy Dispersive X-Ray 
Spectroscopy (EDX) analysis were performed by 
Zeiss/Gemini Sigma 300 Vp machine by 
secondary electron detectors at 5.00kV. Before 
this analysis all samples were coated with gold for 
electron conductivity by Quorum/ Q 150R ES 
machine. SHIMADZU AGS-X 5kN tensile machine 
was used for tensile testing at room temperature 
with a crosshead speed of 50 mm/min. 3 point 
bending test was carried out according to standard 
of DIN EN ISO 178 in SHIMADZU AGS-X 5kn at a 
crosshead speed of 1mm/min. For observing flame 
retardant propert of the composites LOI test was 
undertaken. This test measures the minimum 
concentration of oxygen in a flowing mixture of 
oxygen that will just support flaming combustion of 
a material initially at room temperature. The 
sample is ignited and burns from the top 
downwards. The rating or oxygen index is 
expressed in terms of this volume percent oxygen 
concentration. According to the classification 
specifications, if the oxygen index is less than 24, 
the product is identified as flammable. 24 to 28 is 
limited flame retardant, and 29 to 34 is flame 
retardant. And above 34 is defined as extra flame 
retardant [16]. 

 
3. Results and discussion  
 

EDS scanning was performed to 
specimens of 0.5% fiber glass and sphere glass 
reinforced samples, the results can be seen in 
Figure 1. Mg and Ca elements which were related 
to huntite and hydromagnesite were detected and 
also Si element was identified in fiber/sphere glass 
reinforced composite due to SiO2 formula of glass. 

Figure 2, 3, 4 and 5 demonstrate the 
tensile and flexural tests results to determine the 
mechanical behaviours of the composites. All 
reinforced polypropylene composite samples have 
higher elastic modulus than pure polypropylene 
which has 1004 MPa (Figure 2). The sample of 
PH5F00G0, having only mineral additive as 
reinforcement, has 1550 MPa elastic modulus. By 
adding glass fibers with the ratio of 0.25%, 0.50%, 
1%, 2% and 5% the elastic modulus increased to  

Table 1 
Coding and the descriptions of the produced composite samples 

Sample Code Polypropylene Huntite 
Hydromagnesite 

Glass Fiber Glass Sphere 

PH0F00G0 100%            0      0 0 
PH5F00G0 50%          50% 0 0 
PH5F25G0 49.75% 50% 0.25% 0 
PH5F50G0 49.50% 50% 0.50% 0 
PH5F01G0 49% 50% 1% 0 
PH5F02G0 48% 50% 2% 0 
PH5F05G0 45% 50% 5% 0 
PH5F0G25 49.75% 50% 0 0.25% 
PH5F0G50 49.50% 50% 0 0.50% 
PH5F0G01 49% 50% 0 1% 
PH5F0G02 48% 50% 0 2% 
PH5F0G05 45% 50% 0 5% 
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(a) 

 
(b) 

Fig. 1 - EDS analysis of a) 5 % glass fibers and b) 5% glass spheres reinforced composites. 
 

 

 

 
                                              a                                                                                                                    b 

Fig. 2 - Elastic modulus of a) Glass fibers and b) Glass spheres reinforced composites. 
 
1695, 1788, 1794, 1822 and 2111 MPa. Similarly, 
by adding glass spheres with the ratio of 0.25%, 
0.50%, 1%, 2% and 5% the elastic modulus 
increased to 1654, 1972, 1982, 2069 and 2096 
MPa. In fact, as we indicated in previous studies, 
there is no deterioration in the elastic modulus by 
adding mineral powders in the composites [9-11]. 
Moreover, elastic modulus was increased by 
adding glass fibers and spheres. The maximum 
elastic modulus was achieved as 2111 MPa by 
adding 5% glass fibers and 2096 MPa with %5 
glass spheres.  

Figure 3 depicts the tensile test results of 
the composites. Tensile strength of the pure 
polymer is 33 MPa. By adding mineral powder it is 
decreased dramatically to 14 MPa. This was 
observed from our previous study that the mineral 
powders decreased tensile strength [9-11]. The 
reason for this is poor compatibility between filler 
and polymer matrix. On the other hand, the plastic  

 deformation of the polymer matrix and isolated 
filler particles are related to poor adhesion, which 
is directly related with the decrease of elongation 
for the samples with higher filler content. It can be 
cleary seen that when the glass fibers and spheres 
added to the composites, tensile strength values 
were improved. 0.25% glass fibers addition 
increased the tensile strength to 20 MPa. 0.5% 
and 01% glass fiber reinforced composites have 
22 and 23 MPa tensile strength, respectively. 
However, after 1%, the tensile strength is 
decreased with 2% and 5% glass fiber content. 
This maybe related with the agglomeration of the 
fibers. The agglomerations cause disconnections 
and voids between fibers and the polymeric matrix. 
The reduction in the polymer phase leads to 
increase in phase separation. 

Related with the sphere glass additive, 
similar results were obtained. The maximum 
tensile strength was achieved as 23 MPa with  
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                                                a                                                                                                                     b 

Fig. 3 - Tensile strength of a) Glass fibers, b) Glass spheres reinforced composites. 
 
 

 

 

 

                                                  a                                                                                                                     b 
Fig. 4. Flexural strength of a) glass fibers, b) glass spheres reinforced composites. 

 

 

 

 
                                                a                                                                                                                    b 

Fig. 5. Flexural modulus of a) glass fibers, b) glass spheres reinforced composites. 
 
0.5% sphere glass reinforced polymeric composite. 
After this point, tensile strength decreased to 20 
MPa, 20 MPa and 19 MPa with 1%, 2% and 5% 
glass spheres reinforced polymer composites, 
respectively. Similar to fiber glass addition, high 
amount of glass spheres decreased the tensile 
strenght. This is due to the aglomeration of the 
glass fibers and spherese. Polymer matrix, glass 
additives and mineral particles are separated 
during the loading of the mechanical test. 
Therefore, a relatively brittle fracture occurs. This 
phenomenon may be associated with the poor 
compatibility of the additives with polymer chains, 
reducing the tensile stress with an increase in 
additive content [12,17].   

Flexural strength results obtained at the end 
of the 3 point bending test are demonstrated in 
Figure 4. Flexural strength of pure polymer sample 
is 45 MPa. Similar to tensile strength, adding of 
huntite and hydromagnesite decreased the flexural 
strength to 38 MPa. When we add glass fibers and  

 spheres flexural strength values increased again. 
However, this improvement is not as high as 
tensile strength. Remarkable point is all flexural 
strength are close each other except pure 
polyproplyne specimen. The second highest 
flexural strength is 0.25% reinforced fiberglass with 
40 MPa (Figure 4-a). The second group which is 
included reinforced sphere glass is shown figure 4-
b. The lowest flexural strength is 36 MPa at 5% 
sphere glass reinforced poylmeric composite, 
while the highest flextural strength is 40 MPa at 
0.5% sphere glass reinforced. 

Another critical parameter for 3 point 
bending test is flexural modulus values. The 
flexural modulus was not deteriorated with mineral 
powders like elastic modulus. In contrast, adding 
huntite and hydromagnesite increased flexural 
modulus of the polymer from 1350 MPa, to 2400 
MPa. Similar with the elastic modulus, glass fibers 
and spheres increased the flexural modulus. The 
maximum value is achieved as 3100 MPa with  
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PH5F25G0 PH5F50G0 

 
 

PH5F01G0 PH5F05G0 
Fig. 6 - SEM images of glass fibers reinforced composite. 

 

  
PH5F0G25 PH5F0G50 

  
PH5F0G01 PH5F0G05 

Figure 7 - SEM images of glass spheres reinforced composite. 
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glass fibers, and 2750 MPa with glass spheres 
(Figure 5). So it can be said that glass fibers are 
more succesful in this area. It can be clearly seen; 
there is a linear increasing in both graphs. 5% 
fiberglass reinforced and 5 % spherical fiberglass 
reinforced composite have greatest flexural 
modulus with 3133 MPa and 2856 MPa, 
respectively. 

Figure 6 and Figure 7 demonstrate SEM 
images of the composite fracture zones after 
mechanical tests. It can be seen that all additives 
clearly were seen in surface image. Structure of 
composite consisted of mineral particles and glass 
spheres or fibers surrounded by a polymer 
network. Regarding the morphology, huntite and 
hydromagnesite minerals have irregular shapes 
and consist mainly of aggregated ellipsoidal 
micelles structures. It was found that the dispersion 
of glass spheres and fibers in the matrix is roughly 
uniform. The gaps visible around the mineral 
additive indicate that there is a lack of bonding 
between the matrix and the additive. This explains 
the deterioration in mechanical properties when the 
mineral additives are embedded [13-15]. It is also 
seen that glass fibers are better bonded than 
spherical ones. It is explained in this way that the 
mechanical properties of the glass fibers reinforced 
composites are better than that of the spheres 
reinforced ones.  

 
Fig. 8 - Flammability properties of samples. 

 
Figure 8 depicts the measured oxygen index 

values of the composite samples. It can be easily 
seen that huntite and hydromagnesite minerals are 
effective in fireproofing. It is not surprising that this 
mineral makes polypropylene matrix fireproof. 
Such that, pure polypropylene initially had an 
oxygen index value of 17, but with the addition of 
minerals this value increased rapidly to 29. This 
has been proven in previous studies [6,17]. It was 
observed that this value did not change much in 
glass fiber or spheres embedded samples. The 
highest flammability performance was obtained in a 
5% GFR sample having an oxygen index value of 
30. 
4. Conclusion 
 

The main aim of this study is to improve the 
mechanical properties of mineral reinforced flame  

 retardant composites. It can be said that the elastic 
modulus of the specimens were increased 
proportionally with fiberglass/sphereglass content. 
The highest elastic modulus value is 2111 MPa 
achieved with 5% fiberglass reinforced composite. 
The elastic modulus is 2096 MPa at 5% spherical 
fiberglass reinforced composite. At the end of the 3 
point bending test it is resulted that pure PP has 
the highest flexural stress value with 45 MPa. The 
greatest flexural modulus is 3133 MPa which has 
5% fiberglass reinforced composite. The strength 
of fiberglass reinforced composite was increased 
with increased fiberglass amount. Glass fibers are 
better bonded than spherical, this can be seen 
from SEM analysis. Thus, mechanical properties of 
fiberglass reinforced composites are better than 
the spherical reinforced ones. 
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ICMAC 2020 

12th International Conference on Manufacturing of Advanced 
Composites 

 
26 Aug 2020 - 27 Aug 2020 

Edinburgh 

Organised by IOM Communications on behalf of the British Composites Society 

 

In August 2020 the University of Edinburgh, in association with the EPSRC Future Composites 
Manufacturing Research Hub, welcomes the 12th International Conference on Manufacturing of Advanced 
Composites. The conference is being organised on behalf of the British Composites Society (one of the technical 
divisions of the Institute of Materials, Minerals and Mining), which aims to provide a single authoritative voice for 
individuals who are practising science and engineering within the field of composites. 

ICMAC 2020 will provide a forum for both academic and industrial delegates to share ideas and approaches 
and showcase world-leading manufacturing research for advanced composites, recognising and responding to 

industry needs. 
 

The conference will offer a mix of keynote papers presented by internationally renowned experts and presentations 
chosen from peer-reviewed abstracts, all of which will cover a diverse range of industry sectors. 

 
https://www.iom3.org/british-composites-society/event/icmac-2020 
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