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Abstract

The life cycle of a product depends to a great extent on its reuse and ease of recycling. This work had developed of 
composite materials of reprocessed polypropylene composites with rice husk ash (RHA) and sugarcane bagasse ash 
(SBA) through the coextrusion and injection processes as main purpose. The polymeric matrix was reprocesed until 
six generations by the injection technique. The reprocessed PP was mixed in 80:20 proportions with respect to filler 
mineral, using maleic anhydride as coupling agent in a coextrusion machine. The new series of composite materials were 
analyzed thermal, mechanical, rheological and morphologically. The incorporation of ashes in the PP matrix achieved 
characteristics of improved tensile strength, conserving the thermal properties. For this reason, this work presents an 
alternative for the manufacture of composite materials from post-industrial waste.
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1. Introduction

In the last decade, researchers have been interested in 
reuse of organic and inorganic materials to be incorporated 
as filler in polymer matrices controlling aspects of shape, 
concentration and interface which get to contribute efficiently 
to the improvement of physicmechanical properties of the 
resulting composite material[1,2]. This practice is industrially 
known because of the reduction of cost in production. 
In general, the addition of filler mineral on the polymers 
decreases the impact energy, however, a weak interaction 
contributes to the fragmentation of it, due to the irregular flow 
of stresses which it is produced[3]. In fact, most studies on 
modification of semicrystalline polymers with rigid particles 
indicate a significant loss of tenacity in comparison with 
pure polymer[4]. In the development of composite materials, 
it has been found that isotactic polypropylene (PP) has been 
used in investigations, despite the inconvenience related to 
low impact resistance[5-7]. In the case of PP copolymers, the 
formation of covalent bonds between the PP matrix and the 
elastomer phase (rich in ethylene) avoiding the separation of 
the macroscopic phases. This elastomeric microdispersion 
phase can modify the mechanisms of plastic deformation 
of the PP matrix in such a way as to obtain high impact 
resistance[8].

Rigid particles must be separated and create a free 
volume in the blend in a submicronic size level, which 

it is explained with the mechanism of cavitation in the 
hardened rubber systems[9]. Through time, the fillers most 
commonly used in polypropylene have been calcium 
carbonate and talc[10-12], however, currently it continues 
being studied alternatives for the use of inorganic fillers 
from physic‑chemical, thermal or biological degradation 
of agricultural residues as the case of ashes[13]. Rice husk is 
one of the main products of agricultural waste, according to 
statistics of FAO, rice global production was approximately 
of 756.7 millions tons in 2017, moreover, a production of 
989.96 tons were reported by DANE in Colombia in the 
first half of 2017[14]. Therefore, the rice husk is a derivative 
of great interest for researchers and producers due to the 
challenge it means the offering alternative materials which 
generate added value to this residue.

The literature reports a series of studies about polymer 
composites and rice husk[15,16], one of the favorite fillings after 
palm oil and rubber, as well as; the product of incineration: 
Rice husk ash (RHA) compound mainly by silica between 
87-89%[1,17,18]. Some results show an 18% increase in 
mechanical strength and elongation to break of high density 
polyetilene (HDPE) composites with RHA incorporated at 
1.5% in weight in presence of maleic anhydride as coupling 
agent[19]. In other research, it was obtained the improvement 
of the stress modulus in composites of white rice husk ash 
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(WRHA) with polypropylene (PP)/natural rubber, however, 
tensile strength, elongation to break decreased with increasing 
the filler of WRHA, while the incorporation of the coupling 
agent (Silane, 2-aminopropyl triethoxysilane), reduced the 
amount of absorbed water by the composite material[20]. 
On the other hand, some proposals have been presented to 
redirect the use of sugar cane industry waste through the 
implementation of husk ash as reinforcement in rubber, 
and the results are promising, an increase of 300% in the 
stress modulus was presented[21]. Therefore, in this work 
we proposed obtaining two series of composite materials 
from recovered PP copolymer random with fillers mineral of 
Rice Husk Ash (RHA) and Sugarcane Bagasse Ash (SBA), 
due to the above, to know the influence that presented 
by incorporation of particulate inorganic material in the 
different generations of the PP on the physic properties of 
the PPnRHA y PPnSBA composite material.

2. Materials and Methods

2.1 Materials

Polypropylene copolymer random was used (PP) 
02R01CA-1 produced by Propilco with a melt flow index 
(MFI) equal to 1.6 dg/10 min (230 °C, 2.16 kg), the coupling 
agent used was modified polypropylene with licocene 
PP‑g-MA 7452 from Clariant, presenting an addition of 7% 
maleic anhydride, 156 °C melting point, 0.91 g/cm3 density 
and high crystallinity. The ashes of rice husk and sugarcane 
bagasse ash were from a rice mill and a sugar mill in Valle 
del Cauca, respectively. The granulometric characteristics 
are presented in Table 1.

2.2 Preparation of composites

Multiple injection (six successive) were carried out 
either on DEMAG injection machine 150 tons model 1991, 
hydraulic and insertable valves. The temperature profile 

was 190 °C - 195 °C - 195 °C and 200 °C for the nozzle. 
The injection pressure was kept constant at 75.6 b, The mold 
was kept at 45 °C by a water cooling system and a constant 
injection speed of 45 cm3.s-1 was applied. The  injection 
parameters were kept constant in each cycle. The specimens 
obtained by injection were type 1b “dogbone” according 
to ISO 527-2 (step 2 or 3). Then, a part of the test pieces 
was passed through a Rotrogram Mold-tek blade mill at 
1745 rpm, where granules with a diameter of ~8 mm were 
obtained. The processing methodology is summarized in 
Figure 1 and the successive stages are detailed.

The composite materials were mixed in a double-screw 
extruder model Haake Rheomex OS PTW in co-rotating 
parallel configuration. The temperature profile with 
gradual increase of 5 °C from 155 °C to 200 °C, at the 
end of the screws, divided into 10 cylinder zones, each 
zone covering a length of 4D. Finally, the composites 
were injected and molded under the same conditions as 
the material reprocessing. The samples were differentiated 
for the next symbol PPnRHA and PPnSBA, where PP 
indicates the used matrix of polypropylene, RHA and 
SBA the incorporated mineral fillers (RHA: rice husk ash, 
SBA: sugarcane bagasse ash), n subscript corresponds to 
reprocessing cycle number.

2.3 Thermogravimetric Analysis (TGA) and Differential 
Scanning Calorimetry (DSC)

The thermal properties were determined in a 
thermogravimetric TGA/DSC 2 STAR System, Mettler 
Toledo. The samples (10±0.5 mg) were put in alumina 
crucibles in a temperature range between 25 °C to ~500 °C 
under nitrogen atmosphere (50 cm3/min) with a heating rate 
of 10 °C/min. It was worked out according to the ASTM 
E1131-98 and ASTM D3418-12 standards, respectively.

2.4 Tensile and flexural properties

The mechanical property measures were done in a 
universal Goodbrand machine according with the ASTM 
D638 standard, with a test speed of 50 mm/min and a load 
cell of 500 kgf. The enlargement values were determined 
(by extension of the jaws) to the tearing and tensions resistance. 
The environmental chamber Dies, a Baker caliper gauge 
and an Oakton thermohygrometer. The flexural tests were 
performed in Goodbrand machine according to the ASTM 
D790-10 standard, with a test speed of 5 mm/min and a 50 kgf 
cell. Modules, resistances and elongation percentages were 
obtained. Five samples were analyzed for every composites 
mix and the average values are presented.

Figure 1. Stages for process of obtaining composites and composite material development.

Table 1. Granulometric characteristics of rice husk ash (RHA) and 
sugarcane bagasse ash (SBA).

Types of Ashes RHA SBA
#Sieve Retained (%) Retained (%)

50 0.00 0.29
100 0.10 9.87
140 1.20 36.99
200 11.43 40.38
325 53.06 12.09
400 18.86 0.07

Fondo 15.35 0.29
Average particle size (µm) 63±15 106±37.5
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2.5 Microstructural analysis

The development of compounds were analyzed through 
scanning electron microscopy (SEM). Usign an SEM JEOL 
de Mesa JCM 50000. For the filler particles analysis within 
the composites, cross-section samples of composites were 
prepared through the same methodology. They were obtained 
from the middle part of the dog-bone samples. Then, they 
were submitted to a gold coverage using PVD, in a high 
vacuum and a 5 kV voltage was used. The magnifications 
were x44 to determine the dispersion, x200 to asses the 
general morphology of the particles and in order to observe 
the ash/matrix interface. It is worth to mention, that for 
every analysis the sample were conditioned to 25 °C in an 
environment of relative humidity of 50±5% during 48 h.

2.6 Rheological analysis

The rheological measurements were performed at 190 °C 
and the shear rate was in the range of 0.001 to 300 s-1. 
The dynamo-mechanical tests settings were: the percentage 
of deformation between 1 and 10%, with a frequency range 
of 0.1 to 628.10 rad/s, to determine the storage modulus 
and the loss modulus.

3. Results and Discussions

3.1 Thermal analysis

The results obtained from the curves of thermogravimetric 
analysis (TGA) and differencial scanning calorimetry (DSC) 
are shown in the Table 2, which indicates in every cases 
that initial degradation for generations 1, 3 and 6 of PP and 
developed composite materials (PPnRHA and PPnSBA) are 
fewer than required temperature to transform them under the 
process of injection and extrusion, without exceeding 200 °C, 
as a result, the integrity of the reference reprocessed materials 
and the blend of composite material is guaranteed. In addition, 
the temperatures and fusion enthalpy were evaluated.

In the Table 2 it is shown that fusion temperatures 
of composite materials PPnRHA y PPnSBA remained in 
values of 147 °C; this in comparison with the two departure 
reprocessed materials of PP. The temperatures of initial 
degradation presente a more pronounced increase of PPnSBA, 
which it evinces the influence of ashes in absortion of the 
heat generated in the degradation processes, producing a 
deceleration of itself[22,23]. This behavior is also attributed to 
a set of characteristics produced by the presence of ashes in 
composite materials of the polymeric matrix, within them 
it is possible to find the effect that inorganic ashes have as 
nucleating agent, causing a foretaste in the beginning of 
crystallization of PP. Besides, the limitation in mobility of 
the polymeric chains which get to delay the volatilization of 
the generated products in the temperature in which occurs 
the break of the carbon-carbon junctions[18,22].

3.2 Mechanical properties

3.2.1 Flexural and stress resistance

In Table 3 can be found the results of maximum resistance 
obtained for the reprocessed materials until the sixth cycle, 
which refer to a stable behavior with an average value of 
25.38 ± 1.40 MPa.

The results of the tensile test for the sample of PPnRHA 
and PPnSBA composite samples are presented in Table 4, 
where the conservation of the properties is appreciated, 
which is attributed to the good dispersion of the particles 
within the matrix by the presence of the coupling agent 
(PP‑g-MA) which in turn it facilitates the transfer of 
properties between both materials, allowing the ash particles 
which present high stiffness to generate difficulty in the 
deformation of composites, making them less ductile[24]. 
This way, the addition of ashes to PP lead to the increses of 
stiffness with values over to 50% in composite materials with 
respect to the reprocessed starting materials (see Table 3)[25]. 
The stiffness in the PPnSBA was more notorious in a 25% 
than the PPnRHA.

Table 5 shows an increase (~10%) for the values of 
maximum stress obtained by the flexural test for PPnRHA 
and PPnSBA in relation to the PP resin. On the other hand, 

Table 2. Result of TGA and DSC obtained for the processed 
polypropylene and composed materials of RHA and SBA.

Sample
Temperatures

Ti Tmax Tm

PP1

PP3

PP6

PP1RHA
PP3RHA
PP6RHA
PP1SBA
PP3SBA
PP6SBA

239.4
231.2
229.0
219.5
229.1
229.9
233.2
241.4
249.0

436.2
428.9
429.8
423.1
390.3
415.5
413.1
428.9
456.5

149.1
147.5
146.5
145.4
145.8
146.7
143.7
146.1
146.7

Ti = Temperature of initial degradation; Tmax = Temperature of 
maximum degradation; Tm = Melting temperature.

Table 4. Results of the tests of stress of the composite materials 
with ashes.

Sample Ultimate 
stress (MPa)

Fracture
Stress (MPa)

Strain  
(%)

PP1RHA
PP3RHA
PP6RHA
PP1SBA
PP3SBA
PP6SBA

22.66±0.71
24.07±0.10
24.91±0.04
25.28±0.71
25.03±0.34
26.342±0.09

15.88±0.50
15.90±0.44
16.23±0.33
21.39±1.00
23.25±0.76
23.16±0.30

46.86±3.99
48.82±1.24
49.97±2.45
19.29±0.75
18.20±0.84
18.47±0.67

MPa = Megapascals.

Table 3. Characterization of the mechanical properties of the matrix 
of reprocessed polypropylene.

Sample 
PP

Stress Flexural
Ultimate 

stress 
(MPa)

Fracture 
stress 
(MPa)

Strain  
(%)

Ultimate 
stress 
(MPa)

Fracture 
stress 
(MPa)

PP1

PP3

PP6

25.46±0.21

23.95±0.51

26.74±0.38

16.59±0.23

15.95±0.23

17.47±0.24

85.04±3.58

132.75±1.34

130.12±0.41

0.99±0.04

0.97±0.04

1.05±0.01

2.16±0.12

2.45±0.21

2.73±0.33

MPa = Megapascals.
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the modulus of elasticity for the compounds with the highest 
number of reprocesses decreases by 50%. These results 
present a relation with the stress results previously explained.

3.3 Microstructural analysis

The SEM micrographs of the fracture surfaces of the 
polypropylene compounds with 20% by weight of the ashes 
are shown in Figure 2. It is clearly seen in these images that 
the ash particles were detached from the matrix (PP) in 

Table 5. Results of the flexural tests of the composite materials 
with ashes.

Sample Ultimate stress 
(MPa)

Fracture Stress 
(MPa)

PP1RHA
PP3RHA
PP6RHA
PP1SBA
PP3SBA
PP6SBA

1.15±0.04
1.10±0.02
1.15±0.03
1.21±0.02
1.24±0.04
1.22±0.03

2.45±0.21
1.91±0.25
1.70±0.22
1.71±0.20
1.40±0.18
1.27±0.15

MPa = Megapascals.

Figure 2. Micrographs obtained by SEM of PPnRHA and PPnSBA compounds at 200x magnification.

the material which underwent ductile tearing around these 
particles. When comparing the images of Figure 2b and 2c, 
it can be seen that the PPnRHA composites exhibited a 
lower degree of ductile tearing of the filler present in the 
matrix, due to the presence of PP fibrils. The above is in 
agreement with the significant increase in the maximum 
effort found for PPnSBA compounds. It should be mentioned 
that Figure 2c (PP6SBA) shows particles with a cenosphere 
morphology of fly ash[26].

The Figure 3 shows a view furthest from the compounds 
that allows observing an increase in the concentration of 
fillers is greater in the center of the specimen, which can 
be evidenced by the presence of pores and agglomerates 
that with the increase of generations is less noticeable 
due to the easy dispersion of filler at low viscosity. These 
are responsible for facilitating the rupture at the time of 
stressing the material. The holes with measured lengths 
of 0.65 to 0.85 mm denote the presence of agglomerates. 
These are observed more exposed in the PPnSBA resulting 
in rougher surfaces; while for PPnRHA a behavior similar 
to the matrix is shown when generating short fibers.
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3.4 Rheological analysis

The complex viscosity values found for the compounds 
decrease as the matrix increases the number of reprocesses 
(Figure 4), this behavior is due to the degradation suffered 
by the polymer due to the temperature and mechanical stress 
demonstrated in a previous study[27]. In general, the fillers 
generate a strong shearing thinning effect, this dependence 
against frequency is less noticeable for the pure polymer. 
It  is interesting to observe the influence of the type of charge 
in the viscosity curves at low frequencies, in this case, rice 
husk ash has a lower dispersion compared to sugarcane 
bagasse ash, keeping the trend of the matrix which in turn 
reflects a less stable behavior.

On the other hand, the curves corresponding to the 
storage and loss modules were analyzed as a function of 
the angular frequency for the PP and the composites with 
ashes, which are presented in Figure 5. These exhibit a 
directly proportional increase of the modules with respect 
to the angular frequency, similar behavior among the 
samples developed.

The Figure 5a shows in the frequency range studied, 
that the material between 10 and 51.05 rad/s, has a viscous 
behavior as liquids, but at 51.05 rad/s, the viscous to elastic 

transition occurs, since G’ > G” (behaves like a solid), this 
behavior is typical of thermoplastic materials however for 
this material it is mainly elastic. In the Figure 5b, the PPRHA 
sample has the highest elastic behavior, since the transition 

Figure 3. Micrographs obtained by SEM of PPnRHA and PPnSBA compounds at 44x magnification.

Figure 4. Complex viscosity of PP, PPnRHA and PPnSBA.
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from viscous to elastic (G’ > G”) occurs at 21.24 rad/s, the 
sample PP3RHA, the sample PP3RHA, follows in this order, 
since the viscous to elastic transition occurs at 25.51 rad/s. 
The sample PP6RHA has a higher viscous behavior, since 
the angular frequency at which G’ > G” has a value of 
69.37 rad/s. These results denote a viscoelastic behavior. 
Finally, the PP1SBA sample of Figure 5c showed the highest 
elastic behavior, since the viscous to elastic transition was 
given at an angular frequency of 22.57 rad/s, in the case of the 
samples PP3SBA and PP6SBA the angular frequency values ​​
a which occurred the transition were 37.53 and 25.08 rad/s, 
respectively. This result indicates that the PP3SBA sample has 
the highest viscous behavior. In addition, the reprocessing 
of the material increases its fluidity, which may be due to a 
better dispersion or orientation of the reinforcer. An important 
aspect is that the sample reprocessed six times (PP6SBA), 
showed lower viscous behavior than the one processed 
3 times (PP3SBA), due to a greater interaction of the 
reinforcing material with the PP than the PP3SBA sample. 
In addition, according to the results, no direct relationship 
of the viscoelastic behavior with the reprocessing number is 
observed. On the other hand, the polydispersity indices for 
the compounds were estimated with respect to the PP, which 
presents a value of 3.1 and values between 3.9 and 5.1 were 
found for PP6RHA and PP3SBA, respectively. The above is 
indicative of the loss of crystallinity in these compounds.

4. Conclusions

The results obtained show that the use of post-industrial 
ashes from the production of rice and cane are promising 
for the development of composite materials, as well as, the 
use of recovered polymeric material (PP). The developed 
composite materials showed a stable behavior for the melting 
temperatures. The degradation temperatures showed more 
pronounced increases for the PPnSBA series. In the same 
way, in the mechanical results, the rigidity of the PPnSBA 
composite materials was favored about 25% more than the 
PPnRHA series. However, the filler of ash had an effect 
on the stiffness of the composite materials, this occurs as 
a consequence of the suitable dispersion generated by the 
coupling agent (PP-g-MA), which facilitated the transfer 
of the matrix to the fillers.

The images captured by SEM showed important 
characteristics that complemented the mechanical analysis, 

Figure 5. Storage and loss modules of (a) PP; (b) PPnRHA; and (c) PPnSBA.

with this it is possible to conclude that the rice husk ash 
favor the modulus of elasticity with respect to those 
obtained with sugarcane bagasse ash with the presence of 
fibrils. The rupture caused in the tension test was favored 
by agglomerates of the filler and cenosphere particles for 
the case of the PPnSBA compounds. The process used was 
adequate to disperse the reinforcing material, in the enlarged 
images the presence of pores and particles was observed 
homogeneously. In  the rheological analysis, the angular 
frequency range that corresponds to the viscous to elastic 
behavior studied, it was found that the PP object of study is 
mainly elastic, while PPnRHA and PPnSBA are viscoelastic. 
The reprocessing of the materials produced a greater fluidity 
of the mixtures, because the elastic behavior of the solids 
decrease with the reprocessing of the material and incorporation 
of the ashes, this possibly is due to a greater dispersion of 
the reinforcement or a smaller interaction of this with the 
matrix. In general, the storage module exceeded the loss 
module at lower frequencies for the compounds (between 
20 and 30 rad/s) compared to the PP (55 rad/s), which stand 
out the high viscosity of these compounds. The PP6RHA 
sample, despite revealing elasticity conditions higher than 
70 rad/s, presents modules 25% lower than the PP.
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