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ABSTRACT
The objective of this work is the preparation and the characterization of high density polyethylene /calcium carbonate (HDPE/CaCO3) composites. Polyethylene composites, containing 10–35 wt.% of CaCO3 and HDPE with
MFI (Melt Flow index) (0.550 g/10 mn) were prepared with co-extrusion process using extruder type Cincinati
90D. Thermal and mechanical studies were made in order to determine the parameters for obtaining a material (corrugated pipe) with optimal properties. The composite viscosity increased with filler content, suggesting
the formation of filler agglomerates. Thermal analysis shows that addition of 30% CaCO3 increased the thermal
stability of HDPE around 32°C, decreasing the processing temperature of composites in 15°C. Regarding to the
mechanical tests, the ring stiffness of the composites decreased with the addition of CaCO3 above 35 wt.%. According to the obtained results, we suggest that HDPE/CaCO3 composites could be used in the pipe production
where tensile strengths higher than 25 MPa are not required and for service temperatures between 30°C and 70°C.
Keywords: composite, HDPE, CaCO3, ring stiffness, MFI.

INTRODUCTION
HDPE has many advantages such as good
flexibility, resistance to chemical materials, low
cost, high impact and toughness strength. ITPTubex Oran, is a company specialized in the
transport of fluids. It produces high and low density polyethylene (PE) pipes (HDPE, LDPE) for
fuel gas transport, irrigation and drinking water
supply. The HDPE grade material used by this
company is PE100 and PE80. These grades have
low MFI and low permeability and also low thermal stability. However, for recover of this disadvantage inert mineral fillers are added. These
fillers make it possible to significantly improve
the mechanical [1, 2], thermal [3, 4] and morphological properties [5, 6]. Otherwise, simply reduce the cost price of the transformed material. It
was observed that, despite the use of precipitated
carbonate calcium as filler, particles have a very
small nucleating effect on HDPE [7, 8]. There
are no strong molecular interactions between the
polymer matrix and this filler. Its inclusion in the

HDPE matrix can act only as a diluent. The fist
advantage of CaCO3 filler is that calcium carbonate is an inorganic, low cost and non-toxic
substance. Stiffness or Young’s modulus can be
readily improved by adding either micro or nano-particles since rigid inorganic particles generally have a much higher stiffness than polymer
matrices [9, 10]. However, the impact strength
of the composites is significantly increased with
decreasing CaCO3 particle size. But HDPE ﬁlled
with CaCO3 particles stay very brittle if interface adhesion between the HDPE matrix and the
CaCO3 ﬁller is not good. To improve the interaction between HDPE and CaCO3 it is necessary,
either chemically modify the HDPE, or provide
a surface graft treatment to the ﬁller [3, 11–14].
The addition of CaCO3 to HDPE can increase the
crystallization and decrease the melting temperature and crystallization temperature using treated
CaCO3. Very pure calcium carbonate can be obtained by synthetic methods. It is known as Precipitated Calcium Carbonate; the most frequently
used form. This form has a fairly uniform particle
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size which can vary from 0.03–0.05 µm up to
8–10 µm. On the technological side, in particular,
the revision of the material flows as well as the
technical improvement of the injection molds enables composites extrusion. Created in 2003 ITPTubex-Oran, (Innovation Transformation Polymer) is the first Algerian company to manufacture
corrugated HDPE pipe reinforced for sanitation
up to diameter 2500 mm. The reinforced corrugated HDPE pipe is made from HDPE and reinforced with a PP (Polypropylene) core pipe for
better strength and flexibility and it is manufactured according to DIN 16961. It is a key product
of the company, and for economic and technical
reasons, it is currently manufactured by adding
CaCO3 as filler. The objective of this work is to
determine thermal and mechanical performances
of HDPE/CaCO3 polymer composites of different
compositions (10–35 wt.% of CaCO3).

MATERIALS AND METHODS
Polymer matrix, HDPE (PE100) supplied
by (ENIOS, Belgium) with HD 5030-UA trade
name, was used as matrix resin. Specially adapted for extrusion, its molecular structure is simple
and it contains no adjuvant (Table 1).
Pipes made from PE100 resin can withstand
a minimum required stress (MRS) of 10 MPa at
20°C for more than 50 years. PE80 resin offers an
MRS of 08 MPa at 20°C for more than 50 years
and is intended for the manufacture of pipes,
mainly for the transport and distribution of gas
and drinking water, the transport of liquids under
pressure and mobile irrigation. The use of PE100,
instead of PE80, for the production of pipes has
improved the following points: Higher pressure
especially for large diameters; Tubes with thinner walls and therefore greater throughput; Better
stiffness; higher long-term resistance.

Calcium Carbonate filler with an average particle diameter of 40 nm was supplied by Pasper
Company, Spain (Ref E131C based on PE). The
ﬁller was surface treated with a coupling agent.
Melt-extrusion technique was applied to produce different compositions of PEHD/CaCO3 by
a (Cincinati 90D – Germany) co-rotating twinscrew extruder with a barrel temperature profile
ranging from 160°C near the hopper to 200°C at
the die and a screw speed of 400 rpm. The optimum values of different settings were obtained to
produce samples free of defects.
The preparation of the test pieces intended
for mechanical characterization was carried out
on a manual press. Mechanical properties (Ring
stiffness index), ITP-Tubex-Oran is renowned
for its products which comply with European
standards: EN ISO 13476, ISO 12201, DIN
16961. A permanent quality control process is
set up from the arrival of the raw material to the
delivery of the finished products. Ring stiffness
index (RS) of HDPE/CaCO3 composites was determined according to EN ISO 9969.
The presence of calcium carbonate leads to
varying the setting of the machines to a greater
or lesser extent because of its influence on the
viscosity and / or the rheology of the melts. For
this, the study of the MFI of filled polymers in the
molten state is of great importance for the plastics
industry. The presence of the particles of CaCO3
filler increases the viscosity of the molten phase.
MFI of HDPE and its HDPE/CaCO3 composites
are determined according to ISO 1133, NA 357
and measured using a Chenged JINGMI Testing
fluidimeter, type XRL-400A. The principle of this
test is to measure the mass of the thermoplastic
material passing through a die with 2.09 mm in
diameter and 8 mm long, under the action of pressure exerted by a defined force applied to the piston. The test was carried out at a temperature of
80°C under a load of 2.16 kg. The hot melt flow

Table 1. Characteristics of the PE100 polymer
Properties

Standards

Units

Values PE100

Values PE80

DIN 53479
ISO 1183

g/cm3

0.960

0.950

Elastic modulus
(Short-term)

ISO178

N/mm

1200

1000

Melt flow index

ISO 1183
(190 °C, 5 kg)

g/10 mn

0.45

0.43

Breaking elongation

DIN53495

%

>600

Thermal expansion factor

DIN53752

1/C

1.8 10

Density
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>600
4

1.8 104
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Table 2. Characteristics of CaCO3 filler
Properties

Standards

Units

Values

Limits

M FI
(190 °C / 2.16 kg)

ISO 1133

g/10 mn

0.53

0.25–0.75

IT-005

%

82.52

82.00–84.00

Ashes

index by mass is obtained in grams per 10 minutes according to the following formula:
MFI = 600 ∗M/t

(1)

where: M = the mass of material in grams flowing
out;
t = constant time for all samples in seconds. The time used in this case was
45 seconds.

RESULTS AND DISCUSSIONS
A marked increase in the rigidity of the pipe is
noticed according to the the increase in the CaCO3
filler content. This is explained by the impact
of the filler on the mechanical properties of the
system. By increasing the percentage of CaCO3
greater than 35%,we have noticed a gradual regression of the rings stiffness and a clear decrease
in the flexibility of the product which is explained
by the negative effect of the filler. The filler content limit set at a value of 35% allowed us to have
a 25% reduction in the production cost in terms of
raw material (PEHD) (Figure 1).

Figure 2, indicates that the addition of CaCO3
considerably reduce the melt flow index. The decrease of MFI can facilitate the injection molding
and can lead to the reduction of energy consumption of molding process. The melt flow index
(MFI) is a physical parameter that is widely used
to evaluate the ability of a polymer to low when
melted. With the addition of 10% by weight of
CaCO3, the MFI decreased by 0.9%, while for a
filler content of 25% wt the decline was 13%.
The density is determined according to standard NF EN 1183, NA7706. The variation of density of composite with filler content is shown in
Figure 3.
Density increases when the filler content increases, that means an improvement in physical
and mechanical properties.
FTIR spectra are obtained using a Perkin
Elmer spectrometer in transmission mode. The
transmittance measurements are carried out in
the range of 450–4000 cm−1. For calcium carbonate filler presence in HDPE matrix is reveled by the appearance of peaks characteristic
of calcite (CaCO3) at 717 cm-1, 875 cm-1 and
1471 cm-1, corresponding to the ʋ3–3 vibration and ʋ3–4 vibration of the CO3–2 group. The

Figure 1. Ring stiffness index of composites HDPE/CaCO3
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Figure 2. MFI of composites HDPE/CaCO3

Figure 3. Density of composites PEHD/ CaCO3

Figure 4. PEHD/CaCO3 (15%) composite FTIR spectr
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appearance of a band between 1709–1740 cm-1
corresponds to the carbonyl group (–C = O)
of calcium carbonate. The infrared spectra of
modified CaCO3 show intense bands at 2940
and 2848 cm-1, these are attributed to the alkyl
groups (-CH, -CH2, -CH3) (Figure 4).
The optical microscopy analyzes in this
study are performed on films obtained by compression molding of a few sample granules. This
technique does not change the state of filler dispersion; the thickness of the sections in this case
is greater. Sections were observed on an optical microscopy occupied by a portable phone
camera. This study allowed us to observe the
presence of agglomerates on the surface sample
HDPE/CaCO3 (15%)(Figure 5).
Figure 5. Optical micrographs of HDPE/CaCO3
(15% ) composites (magnification x100)

CONCLUSIONS
HDPE pipe industries are always trying to
reduce the production costs. An alternative could
be the use of inorganic fillers. Composites of
polyethylene/calcium carbonate are currently
very popular. It is confirmed that the calcium
carbonate can improve preparation and mechanical properties effectively with of reduction in the
production cost (in terms of raw material). The
30 wt.% calcium carbonate additive could effectively improve the melt fluidity of the composites
and reduce the energy consumption in the processing. We suggest that HDPE/CaCO3 composites (30 wt.% CaCO3) could be used in the pipe
production where tensile strengths higher than
25 MPa are not required and for service temperatures between 30°C and 70°C.

4.

5.

6.

REFERENCES
1. Lazzeri A., Zebarjad S.M., Pracella M., Cavalier
K., Rosa R. Filler Toughening of Plastics. Part I–
The Effect of Surface Interactions on Physico-Mechanical Properties and Rheological Behavior of
Ultrafine CaCO3/HDPE Nanocomposites. Polymer.
2005; 46: 827–844. http://dx.doi.org/10.1016/j.
polymer.2004.11.111
2. Kiass N., Khelif R., Bounamous B., Amirat A.,
Chaoui K. Experimental study of mechanical and
morphological properties in HDPE-80 gas pipe.
Mécanique & Industries. 2006; 7(4): 423–432.
https://doi.org/10.1051/meca:2006056
3. Saeediand M., Jiryaie Sharahi S. Morphological
and Thermal properties of HDPE/CaCO3 Nano-

7.

8.

9.

composites: Effect of Content of Nano and MFI.
In: proc of 25 International Conference on Nanotechnology and Biosensors, Singapore 2011.
Elleithy R.H., Ali I., Alhaj Ali M., Al-Zahrani S.M.
High Density Polyethylene/Micro Calcium Carbonate Composites: A Study of the Morphological,
Thermal,and Viscoelastic Properties. Journal of
Applied Polymer Science. 2010; 117: 2413–2421.
https://doi.org/10.1002/app.32142
Huang R., Xu X., Lee S., Zhang Y., Kim B.J., Wu
Q. High Density Polyethylene Composites Reinforced with Hybrid Inorganic Fillers: Morphology, Mechanical and Thermal Expansion Performance. Materials. 2013; 6: 4122–4138. https://doi.
org/10.3390/ma6094122
Shi X., Wang J., Cai X. Preparation and Characterization of CaCO3/High Density Polyethylene Composites with Various Shapes and Size of CaCO3.
International Polymer Processing. 2004; 28(2):
228–235. https://doi.org/10.3139/217.2695
Baek C.S., Cho K.H., Ahn J.W. Effect of Grain
Size and Replacement Ratio on the Plastic Properties of Precipitated Calcium Carbonate Using
Limestone as Raw Material. Journal of the Korean
Ceramic Society. 2014; 51(2): 127–131. http://
dx.doi.org/10.4191/kcers.2014.51.2.127
Shi X., Lazzeri A., Rosa R. On the coating of
precipitated calcium carbonate with stearic acid
in aqueous medium. Langmuir. 2010; 26(11):
8474–8482.
Garbarski J., Fabijanski M. The mechanical properties of a mixture of high density polyethylene and
calcium carbonate dedicated for packaging. Ad-

217

Advances in Science and Technology Research Journal 2022, 16(3), 213–218
vances in manufacturing science and technology.
2013; 37(2): 91–96.
10. Mohd Zain A.H.., Wahab M.K.A., Ismail H. Effect
of Calcium Carbonate Incorporation on the Properties of Low Linear Density Polyethylene/Thermoplastic Starch Blends. Journal of Eng Sci. 2019;
15(2): 97–108.
11. Li Y., Zhao Z. F., Lau Y.T.R., Lin Y., Chan C.M.
Preparation and characterization of coverage controlled CaCO3 nanoparticles. Journal of Colloid
and Interface Science. 2010; 345: 168–173.
12. Lin Y., Chen H., Chan C.M., Wu J. Nucleating

218

effect of calcium stearate coated CaCO3 nanoparticles on polypropylene. Journal of Colloid and Interface Science. 2011; 354: 570–576.
13. Sahebian S., Hamed Mosavian M.T. Thermal stability of CaCO3/polyethylene (PE) nanocomposites. Polymers and Polymer Composites. 2019;
27(7): 371–382.
14. Ozen I., Simsek S., Eren F. Production and Characterization of Polyethylene/Calcium Carbonate Composite Materials by Using Calcium Carbonate Dry
and Wet Coated With Different Fatty Acids. Polymers & Polymer Composites. 2013; 21(3): 183–187.

