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Abstract 

 

Sustainable development and biomass valorization are a primary means of reducing the non-renewable 

resources consumption and an opportunity to exploit the agricultural and forestry sectors where biomass as a 

renewable resource will play an important role. Cellulose is the most abundant bio-renewable material and its 

unique structure generates nanoparticles known as cellulose nanocrystals (CNC). Cellulose nanomaterials 

show a great promise for various applications therefore with a relatively low loading level, significant 

improvements on mechanical properties of nanocomposites could be obtained, but CNCs have a strong 

tendency to agglomerate and its hydrophilic characteristic leads to interfacial incompatibility with non-polar 

polymer matrices. 

In this work, polyaniline (PANI) is used as a support for Cellulose nanocrystals dispersion on Polypropylene 

(PP) matrix. Cellulose nanocrystals were obtained according to an experimental protocol at several stages and 

Polyaniline was deposited on CNC’s surface during polyaniline synthesis in CNC’s suspension. The obtained 

CNC/PANI nanoparticles were incorporated into the polypropylene matrix by melting compounding 

technique. Polypropylene nanocomposites and PANI/CNC particles were characterized with different 

techniques: FTIR, AFM, electrical conductivity and mechanical properties to study and assess how 

polyaniline and CNC affect microstructure, morphology and electrical properties of PP. Characterization 

technique showed that PANI was successfully synthesized on CNC’s surface and PANI/CNC material is a 

semiconductor. The enhanced mechanical properties of PP/PANI-CNC nanocomposites indicates a good 

dispersion of CNCs particles on PP matrix. 

Keywords: Cellulose nanocrystals, CNC, Polyaniline, Polypropylene, Nanocomposites 

 

 

I. Introduction 

In the era of sustainable development, it is important to 

produce high-performance, value-added materials from 

abundant renewable resources and cellulose from 

photosynthesis, is the most abundant polymer on earth [1]. 

Cellulose can be transformed into micro- and nanoscale 

materials by various chemical, enzymatic and mechanical 

treatments and depending on their morphology and 

properties; it consists of cellulose nanocrystals (CNC), 

nanofibers cellulose (CNF) and bacterial cellulose (BC) [2,3]. 

Nanocellulose enjoys specific properties such as high aspect 

ratio,  high  specific  modulus,  relatively  good  surface 

reactivity and non-toxicity, as well as being readily available, 

renewable and biodegradable [4]. The variety of dimensions, 

morphologies, degrees of crystallinity depend on the source 

of cellulosic material and the conditions under which the 

preparation is carried out [5]. Nanocellulose is easily 

accessible nanofiller for the fabrication of novel 

nanocomposites [6]. 

Thermoplastics, particularly Polypropylene (PP), are 

consumed in large quantities. PP is widely used in industry 

due to its ease of processing, low cost and good overall 

properties [7,8]. However, PP is largely limited by 

insufficient  strength  and  poor  thermal  properties  [9]. 

mailto:lilia.benchikh@gmail.com
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Therefore, PP is usually loaded by particles and fibers to 

obtain composites with better properties [10,11]. 

Polyaniline (PANI) is one of the most common conductive 

polymers due to its high electrical conductivity, high 

environmental stability in addition to relatively low cost [12]. 

Potential uses of polymer/PANI blends are in the areas of 

electronic components and coatings; and PP/PANI 

composites can be used as membranes [13,14]. Also, 

Hybridization of PANI with other materials has been 

exploited to improve PANI’s properties [15]. 

CNCs have been usually applied as nanoreinforcement in 

polyolefin, polyester, rubber, polyurethane (WPU), epoxy 

resins and natural polymers, etc.; and processable 

nanocomposites of PANI and both CNF and CNC, have 

successfully been made [16-18]. PANI lignocellulose 

composites are used as absorbents to remove commonly used 

dyes, which are non-biodegradable and toxic to humans and 

environment [17,18]. 

On the other hand, nonpolar matrices have low interfacial 

compatibility with polar nanocellulose attributed to the 

hydrogen bonds on CNCs surface forming agglomerations 

and requires various methods of modifying fillers or matrices 

to promote interactions between filler and matrix [19-21]; 

Among these techniques of modification, casting/evaporation 

nanocomposites preparation is predominant. In-situ 

polymerization has also been reported in nanocomposites 

preparation with polyolefin matrices [22]. This method 

consists of polymerizing the reactive monomers with the 

nanoparticles. 

In this present work, CNC/PANI nanocomposites 

were successfully developed by in situ polymerization of 

aniline in a CNC suspension with the main objective of 

covering the CNCs surface with PANI in order to reduce the 

hydrogen bonds between CNCs particles and allow optimal 

dispersion of PANI-CNC in PP matrix. PP/PANI composites 

with different PANI-CNC contents (0, 0.5, 1, 2 and 3 wt%) 

and compatibilized with PP-g-MA were prepared by hot 

mechanical mixing. The obtained nanocomposite materials 

were characterized by different structural, mechanical and 

rheological techniques. CNC-PANI’s dispersion state in the 

PP matrix was also observed by AFM. 

 

II. Material and methods 

 

CNCs were extracted from El Diss (Ampelodesmos 

mauritanicus). CNCs nanocrystals preparation method and 

characterization details were reported earlier by Benchikh 

and al. [23]. The used polypropylene is “HG385MO” 

produced by "Borouge", with a density of 0.91 g/cm
3
 and a 

melt flow index of 25g/10min (at 230° C and under 2.16 kg). 

The PP-g-MA used is polybond 3200, a polypropylene 

grafted with maleic anhydride, commercialized by Cromptan 

Unioroyal Chemical with a density of 0.91 g/cm
3
 and a melt 

flow index of 11.5g/10min. The reagents used for PANI 

preparation are : Hydrochloride acid (HCL), aniline, 

Ammonium persulfate (APS), purchased from CARLO 

ERBA (Cornaredo, Milan, Italia) and Biochem Chemical 

Pharma (Montreal, Quebec, Canada). 

CNC/PANI nanocomposites were prepared according to the 

procedure described as follows: An aniline solution was first 

prepared by dissolving aniline (0.2 mol /l) in concentrated 

HCl (0.1 M, 37 wt %), and then it was mixed with a 1% CNC 

suspension to obtain 1L of an homogeneous reaction mixture 

dispersion (dispersed in an ultrasound bath for 120 min). The 

obtained aqueous dispersion was put in a vial at low 

temperature water bath (5°C) under a constant stirring, 0.2 

mol/l of APS was added drop by drop during 1h. After 

polymerization at 5°C for 1h, a dark green suspension was 

formed. Finally, the suspension was washed several times. 

PP/PANI nanocomposite samples were prepared by the hot 

pressing method. PP/PANI mixtures were obtained by 

blending PP matrix with PANI-CNC powder in different 

weight percentages (0, 0.5, 1, 2 and 3% wt) in a 

Brabender (GmbH & Co.KG, Model 819952, 2010, 

Germany), at 200 °C for 8 minutes. 

 

II.1. Characterization 

A. Fourier transform infrared spectroscopy (FTIR 

spectroscopy) 

To investigate structural modifications after adding PANI- 

CNC mixture to PP, the obtained PP/PANI-CNC 

nanocomposites were characterized by FTIR spectroscopy. 

The samples were analyzed using a Perkin-Elmer (L1600400 

Spectrum TWO DTGS) spectrometer, in transmittance mode 

(4000 cm
-1

-400 cm
-1

, 2 cm
-1

). 

B. Atomic force microscopy (AFM) 

Atomic force microscopy images were obtained on the 

different samples using an AFM microscope (contact mode, a 

tip of 2 Nm
-1

) and physical characteristics of the observed 

surfaces from 3-D images were quantified by measuring their 

roughness on a scanning surface of 10µm×10µm with a 

dimension of 1552×1254 pixels. 

C. Conductivity analysis 

For measuring PANI-CNC conductivity, a pellet of (PANI- 

CNC) is prepared, and using a multimeter, a transverse 

resistance is measured and converted into volume resistivity. 

For PP/PANI-CNC nanocomposites, electrical conductivity 

measurements were carried out using the Van der Pauw 

technique. 

D. Melt flow index 

The Melt Flow Index (MFI) is a static method widely used in 

industry to determine fluidity of a polymer. To carry out this 

analysis, PP/PANI-CNC samples were subjected to the NF 

EN ISO 113 standard. 
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E. Mechanical tests 

Tensile properties were evaluated using MTS Landmark® 

(MTS Systems Corporation (USA)) universal testing 

machine. Samples were prepared according to ASTM-D 638 

and tested at a drawing speed of 5 mm/min. Izod impact 

strength of nanocomposites was measured by assessing 

samples of dimensions (62×13×3) mm
3
 using a Ceast Resil 

Impact instrument equipped with a hammer of 1.8 kg 

delivering an impact energy of 7.5 kJ. 

 

III. Results and discussion 

A. Structural characterization 

FTIR spectra of PANI-CNC and PP/PANI-CNC 

nanocomposites are shown in Figure 1. 

 
(a) 

 
(b) 

 

Figure 1. FTIR spectra of : (a) CNC-PANI particles, (b) PP/CNC-PANI 
Nanocomposites 

The peaks of 1563 and 1474 cm
-1

 came from the elongation 

vibration of N = Q = N and N-B-N structures, respectively 

(B and Q represent the fractions benzenoids and quinoids in 

PANI chains) and confirm that the structures are doped. The 

peaks at 1293 and 1140 cm
-1

 are assigned to C-N elongation 

vibration and the in-plane aromatic C-H bending, 

respectively. The peak corresponding to C-H band out-of- 

plane bending vibration of the para-disubstituted benzene 

ring appears at 795 cm
-1

 [24-26]. The peak at 1099 cm
-1

 is 

linked to NH+ interactions with SO
3-

 [27]. These results 

conclude that PANI was successfully formed on the surface 

of cellulose nanocrystals (CNC) during in-situ 

polymerization. 

Figure 1 (b), presents the FTIR spectra recorded on the 

developed nanocomposites. 

From FTIR spectra, it can be deduce that the obtained 

nanocomposites has the same characteristic peaks of PP. 

However, in PP/PANI-CNC at 3%, a new band at 3346 cm
-1

 

is appeared corresponding to the CNC hydroxyl groups 

elongation and a band at 1561 cm
-1

 corresponding to quinoid 

groups elongation of PANI structure [28]. 

B. Morphological characterization 

AFM images of PANI-CNC composites (figure 2) show a 

rough heterogeneous surface, with dispersed aggregates. The 

presence of these grains in large quantities is explained by a 

large quantity of polyaniline, equivalent to two times the 

quantity of cellulose particles. These results indicate a 

massive deposition of PANI’s particles on CNCs particles or 

on CNC aggregates. 

 
Figure 2. Image AFM of: (a1, a2) PANI-CNC, (b1, b2) PP, (c1, c2) PP/PANI- 

CNC 1%, (d1, d2) PP/PANI-CNC 3% 

Surfaces structure evolution (topography) of pure PP and 

nanocomposites (1 and 3%) are irregular, covered with grains 

of lateral dimensions and height between 24-34/70-140 nm, 

34-36/50-100 nm and 25-55/150 nm to 300 nm for PP, 

PP/PANI-CNC 1% and PP/PANI-CNC 3%, respectively. 
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PP/PANI-CNC 1% surface is relatively smooth compared to 

those of pure PP and PP+3%. In table 1, we have reported the 

roughness values noted on the materials. PP/PANI-CNC 1% 

shows a decrease in value of root mean square (RMS) 

roughness. Reduction of surface roughness can be attributed 

to a reduction in overall size therefore a good dispersion of 

filler at low concentration unlike PP at 3% where the 

roughness increased and can be explained by aggregates 

formation on the surface. 

Table 1. Roughness values of PANI-CNC particles and PP/PANI-CNC 
nanocomposites 

Samples PANI-CNC pp PP+1% PP+3% 

Surface 

Roughness 

Measurement 
(nm) 

35 19 16 66 

 

C. Electrochromic Properties 

PANI-CNC in powder form, is compressed to obtain a pellet 

of 13.18 mm in diameter and 4.65 mm in thickness. 

Transverse resistance is measured and volume resistivity is 

calculating as follow: 

ρ= (R*π*r2) / e 

R = 0.17 Ω, r = 1.318 cm, e = 0.465 cm 

ρ = 1.99 Ω.cm 

σ= 1/ρ=0.50 Ω
-1

cm
-1

 

The measured conductivity of (PANI-CNC) corresponds to a 

high range of semiconductors (10
-4

 S/cm < σ semiconductor 

< 1 S/cm), demonstrating a synthesis of a PANI/CNC 

composite with electronic properties improved. 

According to FTIR characterization, PANI-CNC synthesis by 

an In-situ process leads to efficient interactions between 

PANI quinoid ring and CNCs and facilitate the charge 

transfer processes between the two components [29]. 

On the other hand, when PANI-CNC particles is used as 

reinforcement in PP matrix at 0.5% and 1%, it is observed 

that the conductivity is almost the even. For PP/PANI-CNC 

3%wt, where there is a fairly significant conductivity 

reduction, this has been attributed to polyaniline 

agglomeration tendency at high rates of loads. Conductive 

properties of these composites depend on the molecular 

organization of the conductive aggregates in relation to the 

polymer matrix and the geometry of the conductive charge, 

as well as the charge-charge interaction [26]. These results 

are in agreement with the morphological properties studied 

by AFM. 

Table 2. Conductivity value of PP/PANI-CNC nanocomposites 

 
Samples Conductivity (10+8 S/cm) 

PP/PANI-CNC 0.5% 2.11 

PP/PANI-CNC 1% 2.01 

PP/PANI-CNC 2% 2.32 

PP/PANI-CNC 3% 1.63 

 

D. Melt flow index analysis 

Fluidity index evolution as a function of load rate is shown in 
Figure 3. 

 

 
Figure 3. Fluidity index evolution as a function of PANI-CNC loading rate 

By analyzing the obtained results, it is clear that PP’s MFI 

(MFI= 21, more fluid) is very high compared to PP/PANI- 

CNC nanocomposite materials. The index fluidity decreases 

as a function of charge rate, molar mass (MW) increases by 

particles or aggregates presence of PANI-CNC. Fluidity 

decreases rapidly at a low rate (0.5%) then gradually, from 

this concentration. These results indicate that at a low rate, 

PANI-CNC particles are well dispersed and however, present 

obstacles to the flow at high loading rates [30]. 

E. Mechanical characterization: 

Variations in mechanical properties (Young modulus (E), 

elongation at break and tensile strength at break) of 

PP/PANI-CNC nanocomposites as a function of PANI-CNC 

loading rate are represented in the Figures 4. 

(a) (b) 
 

 

 

 
(c)  
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Figure 4. Tensile properties of PP/PANI-CNC nanocomposites: (a) Young’s 

modulus, (b) Elongation at break, (c) Tensile strength at break 

The above figures reveal that adding PANI-CNC particles 

increase slightly the Young modulus from 7.96 GP for pure 

PP to an Emax of 9.33 GP for PP at 1% loading rate. 

With the addition of 0.5% by weight of PANI-CNC, 

nanocomposite tensile strength improved from 94 MPa for 

pure PP to 95.7 MPa, with a simultaneous decrease in 

elongation at break from 4.43% to 3.04%. 

When CNC content exceeds 0.5% by weight, tensile strength 

and elongation at break gradually decreases while the 

Young's modulus has greatly increased (PP-PANI-CNC 1%). 

When PANI-CNC content exceeds 1% by weight, tensile 

strength, elongation at break and Young's modulus decrease 

gradually while with 3% of PANI-CNC, there is an increase 

in elongation at the break. 

Composites mechanical properties are profoundly influenced 

by their composition and morphology [26], Fraysse et al [31], 

who carried out thermomechanical studies on PMMA/PANI 

composites and reported that PMMA mechanical behaviors is 

not modified with PANI addition for percentages of up to 

0.5% by weight, while a sudden change is recorded above 1% 

concentration of PANI. 

It has been reported that PANI addition to conventional 

polymers above the percolation threshold don’t alters their 

mechanical properties because the conductive phase is 

dispersed in the form of separate islands in the continuous 

polymer matrix and it does not have a significant influence 

on composite macroscopic properties, therefore, while for 

CNC rates above the percolation threshold, the crystal 

structure of the polymer matrix alters and mechanical 

properties decrease [26,32]. 

These results indicate that a concentration at 0.5 and 1% is an 

adequate concentration for optimal distribution of 

PANI/CNC particles, since it has an improvement in the 

Young modulus and a better toughness by reducing 

elongation at break. Maleated coupling agents proved their 

efficiency in improving interfacial bonding between CNC’s 

hydroxyl groups and hydrophobic polymers as PP [33]. This 

improvement confirms that PP-g-MA contributed in 

developing an interconnected structure from PP matrix and 

CNCs which are not covered by PANI through the reaction of 

MA groups and CNC’s hydroxyls groups and anchoring of 

the PP compatibilizer chains into the PP phase leading to an 

efficient stress transfer between these components. 

Accordingly, it is reported that improvement of uniaxial 

traction properties is due to the homogeneous distribution of 

CNCs in PP matrix and bonds formation with the 

compatibilizer [34,35]. 

Izod impact tests were carried out as a function of PANI- 

CNC mass percentage and represented in Figure 5. 
 

 
Figure 5. Variations of impact strength for PP/PANI-CNC nanocomposites 

versus PANI-CNC content 

Figure 5 shows the impact resistance evolution; we observed 

a drop in PP resilience with a load rate at 0.5% of PANI- 

CNC which agree with the tensile results. Above this 

concentration, a slight improvement in impact resistance is 

observed. 

 

Conclusion 

In the present paper, cellulose nanocrystals CNC were 

incorporated into a polypropylene PP matrix for the 

development of improved nanocomposites. For this, 

Polyaniline was synthesized by oxidative polymerization in 

the presence of CNCs in suspension as support for CNCs 

optimal distribution. PANI-CNC blend was incorporated into 

PP matrix. PP-grafted maleic anhydride was used to develop 

interactions between non-PANI-related CNCs with PP. 

Characterization by measuring conductivity by a multimeter 

confirmed the conductive nature of the PANI/CNC 

composites and therefore of the synthesized Polyaniline. 

Conductivity measurement is in the high range of 

semiconductors. 

FTIR characterization shows that PANI was polymerized on 

cellulose nanocrystals surface illustrated by appearance of 

CNC’s and PANI characteristic peaks in the infrared 

spectrum of PANI/CNC composites. AFM results also 

showed that PANI covered the CNCs. 

PP/PANI-CNC nanocomposites development was carried out 

by melt mixing. Mechanical characterization of composites 

based on PP loaded with PANI/CNC particles shows an 

improvement  in  mechanical  performance  of  these 
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nanocomposites, this improvement is due to the particles 

good dispersion within the matrix, especially at low loading 

rates 0.5 to 1%. 

We observe a drop in resilience with a CNC-PANI loading 

rate of 0.5%, which is in agreement with tensile results, a 

progressive improvement up to 3%, this is due to the particles 

morphology, their dispersion, their orientation and 

interactions. 

Electrical characterization carried out by the four-point 

method on the composite materials shows that the produced 

films have a low conductivity and the highest value is noted 

on the nanocomposites with 2% PANI-CNC. However, the 

resulting composites did not achieve the conduction levels 

shown by PANI-CNC blend alone. 

At high PANI-CNC loading rates, it tend to agglomerate into 

aggregates. 
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Abstract 

 

Plant-based fiber composites are currently experiencing strong growth due in particular to the growing 

interest in them from the automotive industry. These fibers present an excellent alternative to glass fibers 

from an environmental point of view due to their biodegradability and their much more neutral combustibility 

in terms of the release of harmful gases or solid residues. However, the incorporation of cellulosic materials 

in the thermoplastic matrix affects a large number of properties. Many factors such as the nature and size of 

the filler incorporated may influence the properties of composites. 

This present work consists, to study the effect of the particle size of a natural waste on the mechanical and 

physical properties of a polymer matrix. Different formulations based on HDPE/ Coffee grounds flour were 

prepared with loading rate of 20 % and different sizes of coffee grounds flour particles (125, 180 and 250 

μm). They were, characterized by mechanical tests using the tensile and the impact test. The Physical 

properties of composites are, obtained by the density measurement. 

Keywords: Mechanical properties, natural waste, physical treatment, polymer composites  

 

 

 

I. Introduction 

As an alternative to metals and ceramics, polymer materials 

have the potential to reduce weight and enhance part 

performance polymer materials possess a wide range of 

distinctive properties that are beneficial in a diverse range of 

applications [1]. The dramatic increase in demand for 

produced products prompts the development of composite 

materials offering new opportunities for advanced technology 

[2]. Furthermore, industrial waste as natural fibers can be, 

used and reduced the fabrication expense of the polymer 

composites. Therefore, they can play a significant role to 

enhance their mechanical properties of the latter. Different 

types of reinforcement are, used with different ratios, and 

sizes to reveals, the influence of reinforcement on the 

physical and mechanical properties of polymer matrix 

composite material. Recently, industrial waste as filler 

particles with different sizes are widely used in polymer 

matrix composites and are extensively employed now a, days 

world, wide are in industrial applications. These industrial 

wastes used to improve physical, mechanical, thermal and 

wear resistance properties [3–5]. This present work consists 

of studying the effect of the particle size of coffee grounds on 

the mechanical and physical properties of HDPE/coffee 

grounds composites. 

 

 

II. Material and methods 

The HDPE 5502 type and coffee grounds flour (CGF) are, 

mixed until the mixture becomes homogeneous. Four 

formulations were prepared, the pure HDPE (formulations 

noted F0) and mixtures of 80% HDPE and 20% coffee 

grounds flour particles size of 250 µm (formulations noted 

F20/250 µm) , particles size of180 µm (formulations noted 

F20/180 µm) and particles size of 125 µm (formulations 

noted F20/125 µm) . The mixtures obtained are, mixed in a 

two-cylinder mixer (Calendrer). The rotation speed of the two 

cylinders is around 16 rpm at a temperature of 177°C for a 

residence time of 15 min. The leaves obtained were, cut into 

small strips of 2 to 3 cm in length then crushed into small 

particles. For the preparation of the specimens, the small 

pieces that have already been cut are put into molds to 

prepare plates using automatic hydraulic press under a 

pressure of 100 Kg/cm² at a temperature of 177°C and a time 

(preheating: 10 min, degassing: 1 min and compression: 7 
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min). The plates obtained were, cut into the appropriate 

shapes to characterize them. 

The properties of the HDPE/CGF composites developed are 

then determined by the tensile test, the impact test and by 

measuring the density. 

 

III. Results and discussion 

A. Mechanical properties of HDPE/CGF composites 

determined by the tensile test 

The effect of the particles size of coffee grounds flour (CGF) 

on the mechanical properties of HDPE/CGF composites was, 

studied and the results obtained are, illustrated in the figures 

1, 2 and 3. 

The stiffness of a material and its resistance to elastic 

deformation are, often represented by the Young's modulus, 

measured by the slope of the linear part of the stress/strain 

curve obtained by the tensile test. Figure 1 shows the 

evolution of the Young's modulus of HDPE/Coffee grounds 

flour composites at different filler particle sizes. 
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Figure 1. Evolution of the Young's modulus of HDPE/Coffee grounds flour 

composites at different filler particle sizes 

 

The introduction of the filler into the HDPE matrix increases 

the rigidity of the material, and reduces their elasticity, which 

explains the increase in Young's modulus. In addition, the 

increase in the latter is all the more significant as the size of 

the CGF particles is high. 

The results obtained are similar to those obtained by H. 

Djidjelli et al., for composites (PVC/olive pomace) and M. 

Kaci for low-density polyethylene/olive husk flour 

composites [6, 7]. 

This result highlights the reinforcing character played by the 

CGF, this could be, explained by the fact that the particles of 

the rigid character tend to form a reinforcement inside the 

composites leading to high resistance. 

Figure 2 shows the evolution of the tensile stress at break of 

HDPE/Coffee grounds flour composites at different filler 

particle sizes. 
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Figure 2. Evolution of the tensile stress at break of HDPE/Coffee grounds 

flour composites at different filler particle sizes 

 

According to figure 2, one can clearly see a decrease in the 

breaking stress of the composites after incorporating the filler 

into the matrix and increasing the particle size of the coffee 

grounds filler. 

This reduction is, attributed to the weak intefaciale adhesion 

between the filler and the polymer matrix and this is due to 

the fact that, the CGF particles gradually occupy a larger 

volume with a tendency to group together and agglomerate 

generating heterogeneities. They create defects in the 

polymer matrix consequently these areas of weakness reduce, 

the cohesion of the material, which is directly, linked to the 

filler/matrix interfacial adhesion. 

Figure 3 shows the evolution of the tensile strain at break of 

HDPE/Coffee grounds flour composites at different filler 

particle sizes. 
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Figure 3. Evolution of the elongation at break of HDPE/Coffee grounds 

flour composites at different filler particle sizes 
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The incorporation of rigid coffee grounds filler into the 

HDPE matrix considerably reduces the mobility of the 

polymer chains and loses its flexibility, which accelerates the 

rupture of the specimens at low stresses, and this is, 

translated by a reduction in elongation at break, due to poor 

filler/matrix intefacial adhesion. The same observations were, 

made by Maldas D. et al. [8], Kamdem D. et al. [9] and 

Mulhaupt R. et al. [10]. 

 

B. The mechanical properties of composites 

obtained by the impact test 

The resilience test (impact test) consists of breaking, with a 

single impact, a notched specimen and measuring the 

resilience R in (J/m2) absorbed by the break. 

The impact resistance results are shown in Figure 4. 
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Figure 4. Evolution of the transverse resilience of HDPE/coffee grounds 

composites as a function of the particles size of the filler. 

 

We find that the impact resilience of HDPE/coffee grounds 

composites decreases after the addition of the filler and with 

the increase in the size of the coffee grounds. 

Coffee grounds flour, which has a greater rigidity than 

polyethylene, considerably increases the rigidity of the 

composite material, which also causes a reduction in impact 

resistance. This can be, attributed simply to the weak 

filler/matrix interfacial adhesion. The same observations 

were, made by Bendgtsson and Osman for composites (PE / 

Wood flour) [11]. 

 

C. Physical properties of composites obtained by the 

density measurement 

The results obtained by measuring the density of the different 

samples are, summarized in table 1. 

Table 1: Variation of HDPE/Coffee grounds flour composites density as a 

function of filler particle sizes 

 

The density of composite depends, on CGF content and 

filler particle sizes. By the presence and increasing the filler 

particle sizes, the hydrophilicity of the composites will 

increase. The densities of HDPE and F20 composites at 

different filler particle sizes were from 0.95 up to greater than 

1, respectively (Table I). The obtained data showed 

comparable results found by A. R. Oromiehie et al. [12]. 

IV. Conclusions 

The objective of this work was to study the effect of the 

particle size of coffee grounds on the properties of HDPE/ 

coffee grounds composites. Three particle size classes were, 

studied: 250, 180 and 125µm. The composites obtained are, 

characterized by the determination of the mechanical and 

physical properties. 

The analysis of the experimental results allowed us to draw 

the following main conclusions: 

 The mechanical behavior of the HDPE/CGF 

composites shows that with the incorporation of 

20% of CGF and with the increase in the particle 

size of the filler in the HDPE matrix, the impact 

resilience, tensile stress and elongation at break 

decreases, while the modulus of elasticity increases 

progressively. 

 The density of HDPE/CGF composite increased by 

increasing the particle size of the filler in the HDPE 

matrix. 
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Abstract 

 

Natural fibers have recently attracted the attention of scientists because of their low-cost, low-density, 

renewable, biodegradable and non-abrasive properties. The growing use of composite materials is giving rise 

to problems of waste management. As a result, there is a growing trend towards the use of biodegradable 

products, either by using biodegradable polymers, or by incorporating biodegradable fibers into polymeric 

materials. 

In this context, various high-density polyethylene-based formulations have been prepared (HDPE/Wood 

Flour, HDPE/Wheat Bran, and HDPE/Wood Flour/Wheat Bran). 

The various composites were initially blended in a calender before the various samples, with average 

thicknesses of 2 and 3 mm, were prepared by compression at 190°C and characterized by mechanical test. 

Keywords: Wood flour, Wheat bran, Composite materials, High-density polyethylene. 
 

 

I. Introduction 

In today’s world, the growing demand for more advanced 

materials has compelled humans to combine two or three 

different components to create new products with improved 

properties. The combination of components with 

complementary characteristics results in attractive and 

essential properties for specific applications. Materials 

obtained in this manner are called “composites,” and they 

currently represent a privileged area of scientific research 

[1,2]. 

One of the most significant advantages of polymers is their 

ease of processing, productivity, and cost reduction. For 

many applications, the properties of polymers are modified 

by using reinforcements and fillers [3]. 

The use of natural resources in composite materials is 

becoming increasingly common. Studies are dedicated to the 

valorization of lignocellulosic materials derived from wood 

and natural fibers as fillers in plastic matrices [4]. 

As a result, considerable attention in the research community 

is focused on the use of natural fibers as reinforcements in the 

design of composite materials, allowing for a combination of 

materials that are strong, lightweight, non-abrasive, 

structured, and cost-effective. However, despite these 

advantages, natural fibers present a major drawback when 

combined with plastics, especially polyolefins (such as 

polypropylene, polyethylene, polystyrene). Wood-based 

materials  have  a  strong  affinity  for  water  (strongly 

hydrophilic character), which creates an interface 

incompatibility between lignocellulosic materials and highly 

hydrophobic thermoplastics. This interfacial incompatibility 

affects the synergy between the different constituents of the 

composite, knowing that the interface is the preferred 

location for stress transfer between the reinforcement and the 

matrix. To address this issue, many research efforts have 

been conducted to reduce the surface tension between plant 

fibers and thermoplastics [5]. 

The incorporation of cellulosic materials into high-density 

polyethylene matrices affects a wide range of properties. 

However, it has been found that the quality of adhesion alone 

does not dominate the properties of the composites, and other 

factors, such as the fraction, nature, or size of the 

incorporated filler, also come into play [6]. 

 

II. Material and methods 

 

II.1 Raw Materials 

The polymer used is high-density polyethylene of the type 

HDPE 5502. It is produced by the CP2K complex in Skikda 

and is marketed in the form of a white powder. 

The WF was extracted from Aleppo pine trees, growing in 

the Djelfa region in the south of Algeria. The average particle 

size was approximately 63 μm. 

Wheat bran is obtained after wheat grinding. Subsequently, 

all the grains are removed to retain only the bran. The wheat 

bran powder is processed to achieve a fine filler with a 
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uniform particle size, with a diameter less than 63 μm 

(<63μm). 

II.2 Preparation 

The different formulations chosen for the preparation of our 

samples are provided in the following table: 

 
Table 1 The mass compositions of the various formulations. 

 

Compositions 
HDPE 

(%mass) 
Wood flour 
(% mass) 

Wheat bran 
(% mass) 

HDPE 100 0 0 

HDPE/WF 80 20 0 

HDPE/WB 80 0 20 

HDPE/WF/WB 80 10 10 

 

The pre-blends of HDPE/Wood Flour, HDPE/Wheat Bran, 

and HDPE/Wood Flour/Wheat Bran are prepared in a double- 

roll mixer (Calender) of the brand IQAP LAP at the "CP2K, 

Skikda" facility. The rotational speed of the two cylinders is 

approximately 32 rpm, and their temperature is set at 170°C. 

After 8 minutes, composite films with a thickness of 1mm are 

obtained. 

After the mixing process, we obtained a mixture of 

HDPE/Wood Flour, HDPE/Wheat Bran and HDPE/Wood 

Flour/Wheat Bran, which we cut into small pieces (2 to 3 cm) 

using a manual cutter. These pieces are then placed in molds 

to create samples in the form of dumbbells and squares for 

subsequent use in various characterization tests. 

The films obtained through calendering are cut into small 

pieces and then placed between two insulating Teflon sheets, 

which are interleaved between two metal plates in a hydraulic 

press. They are heated to a temperature of 190°C for a total 

dwell time of 15 minutes, with 7 minutes allocated for 

preheating and 8 minutes for compression and degassing. 

Upon exiting the press, the samples are cooled in the open air 

and carefully removed from the mold. Various shapes of 

samples with a thickness of 3mm are obtained, which will be 

subjected to various characterizations. 

 

III. Characterization 

The measurement of mechanical properties at the point of 

rupture of the samples is conducted using a TesTGmbH 

tensile testing machine at room temperature. The samples are 

cut into dumbbell-shaped specimens of "H" type with 

dimensions of (92 x 13 x 3) mm³, following the ASTM D638 

standard. The deformation rate is set at 20 mm/min. 

Shore D hardness tests samples with a thickness of 6 mm are 

prepared using a press, and they are then placed beneath the 

needle. By operating the lever arm until the needle penetrates, 

three tests are conducted at different points, and then the 

average is calculated [7]. 

From a 3.17 mm thick plate, Izod impact test samples with 

dimensions L = 100 mm and l = 12.7 mm are prepared using 

a cutter. A central V-notch, 2.5 mm deep, is created on these 

samples. Three tests are conducted and the average value is 

recorded [7]. 

Morphological Characterization by Optical Microscopy to 

study the material's morphology and verify the dispersion of 

fibers in composite materials, optical microscopy is used to 

capture surface images of the obtained films. The equipment 

used is an optical microscope from OPTIKA Microscopes 

ITALY. 

 

IV. Results and discussion 

IV.1 Impact strength IZOD 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Evolution of the resilience of different composites developed with 
HDPE/Wood Flour, HDPE/Wheat Bran, and HDPE/Wood Flour/Wheat 

Bran. 

 

According to figure 1, which illustrates the variations in the 

resilience of the HDPE/WF, HDPE/WB and HDPE/WF/WB 

composites, there is a clear decrease in impact resistance after 

the incorporation of Wood Flour and Wheat Bran into the 

HDPE matrix. This decrease is due to the increased rigidity 

and interfacial phenomena. 

The HDPE/WF and HDPE/WB composites exhibit lower 

impact resistance values compared to pure HDPE. This 

indicates that wood flour and wheat bran have higher rigidity 

than high-density polyethylene, significantly increasing the 

composite material's rigidity, which, in turn, results in 

reduced impact resistance. This decline in impact resilience is 

also attributed to weak interactions (physical interactions) 

between the matrix and the filler, indicating poor interfacial 

adhesion. This has been previously confirmed by the work of 

Andrzej K. Bledzki et al and Ajay Karmarkar et al [8, 9]. 

 

 

 

IV.2 Shore D hardness test 
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Figure 2. Evolution of the Shore D hardness of different composites 

developed with HDPE/Wood Flour, HDPE/Wheat Bran, and HDPE/Wood 

Flour/Wheat Bran. 

 

According to figure 2, there is an increase in hardness with 

the incorporation of two types of fillers (Wood Flour and 

Wheat Bran) into the HDPE matrix. This increase is 

particularly significant for the hybrid composite 

(HDPE/Wood Flour/Wheat Bran). 

These results are expected because the fillers consist of 

microcellulose fibrils, which are classified among hard fibers, 

making it more challenging for the durometer needle to 

penetrate the composite material. This outcome has been 

confirmed by Md. Rezaur Rabman et al and S. Th. 

Georgopoulos et al [10, 11]. 

 

IV.3 Tensile Test 

IV.3.1 The evolution of tensile strength 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Evolution of the tensile strength of different formulations: HDPE, 

HDPE/Wood Flour, HDPE/Wheat Bran, and HDPE/Wood Flour/Wheat 

Bran. 

A decrease in the breaking strength is observed for the 

various composites loaded with wood flour, wheat bran flour, 

and wood-wheat bran flour compared to the unloaded HDPE. 

These results are predictable and are in accordance with the 

findings of NM. Stark and R. E. Rowlands [12], B. 

Sanschagrin [13] and J. Simonsen [14]. They attributed this 

decrease to the reduction in the bond strength between the 

fillers and the matrix, which obstructs the transfer of stress 

and leads to a tendency to cluster together, forming 

agglomerates that induce heterogeneities and non-uniform 

stress transfer within the matrix, consequently resulting in a 

weakening of the composite material. In addition, there is a 

low interfacial adhesion between HDPE/Wood Flour, 

HDPE/Wheat Bran, and HDPE/Wood Flour/Wheat Bran due 

to the antagonistic nature (HDPE matrix being hydrophobic, 

while WF and WB fillers are hydrophilic). These results are 

consistent with those presented by K. Oksman and C. 

Clemons [15]. 

 

IV.3.2 Evolution of the Young's Modulus 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4. Evolution of the Young's Modulus of different formulations: 
HDPE, HDPE/Wood Flour, HDPE/Wheat Bran, and HDPE/Wood 

Flour/Wheat Bran. 

 

The introduction of wood flour, wheat bran flour, and wood- 

wheat bran flour into the HDPE matrix increases the 

material's rigidity and reduces its elasticity. In other words, 

the Young's Modulus increases, and this increase is even 

more significant for the hybrid composite HDPE/Wood 

Flour/Wheat Bran. This can be explained by the fact that the 

rigid particles of wood flour and wheat bran flour tend to 

form a reinforcement within the composites, leading to 

greater strength. This is what NM. Stark and R. E. Rowlands 

[12] observed. 

IV.3.3 Evolution of the elongation at break 
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Figure 5. Evolution of the elongation at break of different formulations: 

HDPE, HDPE/Wood Flour, HDPE/Wheat Bran, and HDPE/Wood 
Flour/Wheat Bran. 

 

There is a decrease in the elongation at break for the 

HDPE/Wood Flour and HDPE/Wheat Bran composites when 

compared to that of virgin HDPE, and this decrease is more 

significant for the hybrid composite HDPE/Wood 

Flour/Wheat Bran. This observation is in perfect agreement 

with many authors, such as B. A. Acha et al [16], T. T. L. 

Doan et al [17], S. J. Kim et al [18]. The deterioration of this 

property is primarily due to the incorporation of rigid wood 

flour and wheat bran flour into the HDPE matrix, which 

reduces the mobility of the polymer chains, leading to the 

premature failure of test specimens at low stresses. 

 

IV.4. Morphology Analysis by Optical Microscopy 
 

Figure 6. Optical microscopy micrograph of the surface of virgin HDPE. 

 

 
 

 

 

 

Figure 7. Optical microscopy micrograph of the surfaces of HDPE/Wood 

Flour, HDPE/Wheat Bran, and HDPE/Wood Flour/Wheat Bran composites. 

 

The micrographs of the composites in figure 5 concerning the 

incorporation of wood flour, wheat bran flour and wood 

flour-wheat bran flour into the HDPE matrix, clearly depict a 

heterogeneous and irregular surface with the presence of 

aggregates that are completely separated from the high- 

density polyethylene matrix. 

These aggregates increase in number in the hybrid composite 

HDPE/Wood Flour/Wheat Bran. This is due to the 

incompatibility of the two phases because of the low 

interfacial adhesion between wood flour and wheat bran 

flour, which have a hydrophilic nature and HDPE, which is 

hydrophobic. 

 

V. Conclusions 

The analysis of the experimental results has allowed us to 

draw the following main conclusions: 

 The mechanical characterization of the developed 

composites has allowed for the deduction that: 

 He hardness of the developed composites 

HDPE/Wood Flour/Wheat Bran, is higher than that 

of virgin HDPE. 

 The resilience of the different developed composites 

HDPE/Wood Flour/Wheat Bran has decreased 

compared to that of virgin HDPE. 

 The mechanical behavior of the HDPE/Wood 

Flour/wheat Bran composites shows that both stress 

and elongation at the rupture decrease while the 

elasticity modulus increases progressively. 

 The morphological characterization through optical 

microscopy of the HDPE matrix shows a 

homogeneous and regular surface, unlike the 

HDPE/Wood Flour, HDPE/Wheat Bran, and 

HDPE/Wood Flour/Wheat Bran composites, which 

clearly exhibit a heterogeneous and irregular surface 

with the presence of aggregates. 
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Abstract 

 

Electrodeposition polyaniline (PANI) and polyaniline doped (PANI-MoO 
-2

) coatings on steel was prepared in 

oxalic acid solution by potentiodynamic polarization technique. Morphology of the surface coatings was 

analyzed by scanning electron microscopy (SEM). The protective properties and electrochemical behavior of 

such coatings in 0.5MH2SO4 pH0.3 solution were investigated using open-circuit potential versus time of 

exposure and electrochemical impedance spectroscopy (EIS). It was shown that PANI coating presented an 

anodic protection and their doping by molybdate ions increased considerably the protection time. 

Keywords: Anodic protection, Corrosion, Polyaniline, Sodium molybdate, Steel. 

 

 

 

 

I. Introduction 

The protection of mild steels against corrosion by a layer of 

conductive polymer CP has gained significant attention in 

recent years. Conductive polymers such as polyaniline 

(PANI), polypyrrole (PPy), and polythiophene (PTh) have 

been studied for their potential in providing corrosion 

protection to mild steel [1-5]. Research literature has 

demonstrated a noticeable enhancement of protection of 

ferrous materials against corrosion using conducting 

polymers as coatings, making them an ideal potential for 

corrosion protection of mild steel and other ferrous alloys. 

These CP produce a galvanic effect characterized as anodic 

protection, where the oxidizing power of the CP is capable of 

setting the metal in a passive state. This has been particularly 

observed in the case of iron and ferrous metals [3, 6]. 

The electropolymerization of aniline has been the subject of 

numerous studies since its first use in 1985, when DeBerry 

showed that the PANI deposited electrochemically reduced 

significant the rate of corrosion of steel in acidic environment 

[7]. These coatings can be applied individually or as a primer 

layer in a coating system [8]. Research has shown that the 

addition of dopants can influence the corrosion protection 

behavior of polyaniline coatings on metals such as mild steel 

[9] and 304 stainless steel [10]. The influence of molybdate 

ion dopants in corrosion protection behavior of polyaniline 

coating on mild steel has been investigated, and it was found 

that the dopants can affect the long-time corrosion resistance 

of the coated metal [11]. 

Different protection mechanisms of polyaniline (PANI) 

coatings have been proposed, including anodic protection, 

barrier protection, corrosion inhibition, and the shift of the 

electrochemical interface. Studies have shown evidence of 

the anodic protection of PANI coatings, as indicated by the 

shift in the corrosion potential to the passive region and an 

increase in the polarization resistance for the metal [10]. 

In this work, a description of the synthesis conditions of 

doped PANI-MoO 
-2

 and non-doped PANI coatings and 

corrosion tests in H2SO4 pH0.3 will be reported. 

 

II. Material and methods 

PANI (ANI from PanReac AppliChem, purity 99 %) coatings 

were deposited on the pretreated steel surface at the potential 

300 V/SSE in oxalic acid solution (C2H2O4) containing 0.1 M 

of aniline. The various concentrations of ions (MoO 
-2

) are 

added to the synthesis medium in the form of sodium 

molybdate Na2MoO4 (from Fluka, purity 99 %). Oxygen 

bubbles evolved at the beginning of the process during 

synthesis and by consequent, a rotating disk electrodes was 

necessary for remove it. 

All electrochemical experiments were carried out at room 

temperature (θ = 25 ± 0.1°C) with a three electrode cell 

arrangement; a counter electrode made of a large platinum 
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grid, a working electrode (steel, Φ = 10 mm) and a sulfate 

reference electrode in saturated K2SO4 solution (SSE). 

Before each measurement, the exposed area of the working 

electrode was polished and washed with double deionized 

water to ensure the same initial surface state. 

Corrosive tests were carried out in 0.5M H2SO4 solutions 

with OCP versus time of exposure and electrochemical 

impedance spectroscopy (EIS). 

The morphology and the elemental composition of the PANI 

and PANI-MoO 
-2

 coatings was examined with FEI Quanta 

200 Scanning electron microscope (SEM) coupled with an 

Isis X-Ray analysis system energy dispersive X-rays (EDX). 

 

III. Results and discussion 

 

A. Influence of electrolyte concentration 

As we know, the electrodeposition of polymers on steel 

surface directly is difficult, the formation of a passive layer is 

required [12, 13]. Based on the search results and after 

preliminary experiments [8, 14], a potentiostatic 

electropolymerization at 300 mV/ SSE was chosen. 

We have tested several electrolyt at different concentrations 

(oxalic acide, phosphoric acide, sulfuric acide) and the best 

result after the corrosion test is obtained in oxalic acid 

medium at different concentrations as shown in figure 1. 

After synthesis, PANI coatings are rinsed with distilled 

water, dried and then immersed in H2SO4 0.5M (pH 0.3). 

 

Figure 1. OCP curve versus time in H2SO4 pH 0.5 solution for PANI-coated 

steel polymerized at different oxalic acid concentrations. Synthesis time = 6 
hours. i = 2 mA.cm-2 

 

The sudden drop in potential is used to estimate the time tc at 

which the PANI coating loses its protective properties. 

However, after this drop, the PANI coating still provides 

some protection to the steel substrate through a simple 

polymer barrier effect. It is important to note that this effect 

is not taken into consideration when estimating the time of 

loss of protection [15]. 

According to figure 1, all the curves have the same starting 

with a positive potential but show different protection times. 

The PANI layer synthesized in 0.25M oxalic acid shows a 

longer protection time, this result is linked to the quality of 

the film under these synthesis conditions, which provides 

galvanic anodic protection [8]. 

 

B. Influence of synthesis time 

Figure 2 shows the corrosion test results obtained on PANI 

films at different synthesis times. 

 

Figure 2. OCP curve versus time in H2SO4 pH 0.5 solution for PANI-coated 

steel polymerized in 0.25M oxalic acid at different synthesis times. 
i = 2 mA.cm-2 

 

It is noted that the protective effectiveness of the steel 

increases proportionally with the synthesis time of PANI 

films. This result is linked to the thickness of film formed and 

to quantity of electric charge available (see Table 1) that the 

film can deliver to ensure galvanic anodic protection. The 

thickness of the layer has considerable effects on the 

corrosion behavior of steel. 

Table 1. Quantity of electricity consumed Qp for current density i = 2 

mA.cm-2 at different synthesis times. 

 
Synthesis time (h) 3 4 6 24 

Qp (mC.cm
-2
) 316 547 556 2122 

Protection time (min) 12 24 28 88 

 

The SEM analysis of the formed film at 6h of synthesis 

shows a uniform and homogeneous deposit, as shown in 

figure 3 (A). After 30 minutes immersion in H2SO4 pH0.3 

(figure 3 (B)), we notice attacks depths of the coating 

translated by the development of lesions on the surface, 

leaving thus steel in its bare state. 

 

 
Figure 3. SEM picture of PANI-coated steel polymerized in 0.25M oxalic 

acid solution : (A) before and (B) after 30 min immersion in H2SO4 pH0.3 
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EIS studies 

Electrochemical Impedance Spectroscopy (EIS) was used as 

a powerful complementary method to obtain additional 

information about the corrosion inhibition properties of PANI 

coatings. The impedance response represented on Nyquist 

diagram of PANI coating as a function of the immersion time 

in H2SO4 solution at 0.5 M is presented in figure 4. The 

synthesized time of the films is 6 hours. 

 

Figure 4. Impedance diagrams in H2SO4 pH0.3, at different immersion times 

of PANI coated. Synthesis time: 6 hours 

 

It can be seen that the immersion time has a significant effect 

on the impedance of PANI coatings. Result of impedance 

plots obtained at a short immersion time shows a linear 

region which means that film behaves as a blocked electrode 

[8] exhibiting the characteristics of a corrosion reaction 

inhibited by mass transfer limitations [16]. PANI act as a 

barrier against the diffusion of the electrolyte (H2SO4) and 

aggressive ions (SO 
-2

), protecting the metal. 

When the immersion time is longer, the linear region is 

transformed into a semicircle possibly having the 

characteristics of a diffusion impedance and attributed to 

various factors related to the corrosion behavior of the metal 

in the given environment. The size of the loop corresponds to 

the charge transfer resistance Rct, and the increase in the 

values of the capacitance Cdl shown on the figure 5 may be 

due to acid attack on metal [17, 18]. 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
Figure 5. Evolution of the capacity and the free potential as a function of 

immersion time. 

 

C. Influence of MoO 
-2

 concentration 

Results of corrosion tests carried out on PANI-MoO 
-2

 films 

doped with molybdate ions at different concentrations are 

shown in figure 6. We see that the coatings doped with 

molybdate ions provide a clear improvement which is 

traducted by a significant increase of the protection time. 

This 

behavior has already been observed in the works by Ohtsuka 

and al. [19] on films from polypyrrole. The presence of 

molybdate ions in coating seems to stabilize the passive film 

on surface of steel. 
 

 

Figure 6. OCP curve versus time in H2SO4 pH 0.5 solution for PANI-coated 
steel doped with molybdate ions. Synthesis time = 6 h. 

 

 

We have grouped in Table 2 the quantity of electricity 

applied and the protection time values to the different 

concentrations of molybdate studied. A better protection of 

the steel was obtained for an optimal concentration of 0.05 

M. 

Table 2. Quantity of electricity consumed Qp for current density i = 2 

mA.cm-2 at different concentartions of MoO -2. 

 
Na2MoO4 concentration (M) 0 0.02 0.05 0.075 

Qp (mC.cm
-2
) 556 5231 1712 2894 

Protection time (min) 28 34 55 45 

4 
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IV. Conclusions 

This study allowed us to identify the most appropriate 

experimental conditions for the synthesis of organic coatings 

based on polyaniline on a steel surface. The coatings are able 

to offer protection in the acidic medium H2SO4. 

An improvement in the performance of these coatings has 

been proposed by doping anions in the structure of the films 

produced. This improvement could be the result of self- 

healing of the underlying passive layer. As a result, when the 

steel surface is attacked by corrosive agents, the conductive 

polymer is reduced resulting in the expulsion of counter 

anions. These once released can self-repair the film by the in- 

situ formation of a passive layer at the site of the lesions. 

These findings suggest that doping polyaniline coatings holds 

promise for corrosion protection of steel, although further 

research is needed to fully understand the mechanisms and 

optimize the effectiveness of these coatings. 

The use of conducting polymers in corrosion protection 

offers a promising avenue for addressing the challenges 

associated with metal corrosion, providing innovative 

solutions for preserving the integrity of metal surfaces. 
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Abstract 

In extrusion process of polyethylene tubes, it is known that residual stresses are the consequences of 

manufacturing process, which requires homogeneous geometric dimensions of diameter and thickness. These 

impose rapid cooling from the outer tube surface. Ring specimens’ were cut along a generatrix from a High 

Density Polyethylene (HDPE) tube to evaluate the residual stress evolution. Technique used in experiments as 

presented in a later study, involves on assessing residual deformation as function of ratio (L/D) over a period 

of time. Then, after determining the creep modulus, residual stress was measured for each ratio (L/D). 

Deformation values increase towards a plateau after 120h, showing a trend approaching a constant over time. 

This result is corroborated further by L/D=2, the greater is the diameter, the more this pattern is supported. 

We can presume that the deformations progress towards a condition of plane deformation. Strain-time curves 

show typical creep behavior of semi-crystalline viscoelastic materials such as HDPE. Results indicate that the 

calculated residual hoop stress is negative. In plastic pipe manufacturing, low quench water temperature 

results in high compressive residual stress at the outer pipe surface. 

Keywords: HDPE, Extrusion, Ratio (L/D), Creep modulus, Residual hoop stress. 

 

 

I. Introduction 
 

High Density Polyethylene (HDPE) ranks third in the world 

by volume among commodity plastics, after polyvinyl 
chloride and polypropylene. The HDPE market is expanding, 

with production and demand expected to increase sharply 

between 2022 and 2027. Asia continues to be the preferred 

place for demand. The recent expansion of the polyethylene 

sector has pushed manufacturing centers to relocate to 

regions with access to raw materials, such as the Middle East, 

or to regions with strong domestic demand, such as mainland 

China [1]. Numerous sectors have seen a surge in the 

utilization of polymer materials. Applications utilizing 

pressure pipes, such the distribution of natural gas, the 

purification of drinking water, and the disposal of 

wastewater, are recognized as examples of large-scale 
technological advancement. In fact, because of their 

appealing mechanical qualities, affordable production costs, 

and simplicity of processing, customers have chosen this 

class of materials. Polymer constructions need to be sized and 

manufactured correctly in order to endure the numerous 

mechanical and/or environmental loads to which they are 

subjected during their service [2]. We may mention two 

industrial thermoplastic shaping processes: injection and 

extrusion molding, the latter of which is primarily utilized in 

the manufacturing of long items like polyethylene 

connectors. The idea is to use an extruder to melt and 

plasticize polymer grains, then an extrusion head to shape the 

material [3]. It is acknowledged that residual stresses and 

morphological variations in extruded tubes result from the 

manufacturing process, which necessitates homogeneous 

geometric dimensions in terms of thickness and diameter, 

which calls for quick cooling. As a result, during the 

extrusion process, the tube's outer layers experience 

compressive stresses while its inner layers experience 

positive stresses. These residual stresses play a major role in 

determining the resistance to crack propagation. Additionally, 

it has been demonstrated that in outer layers that are subject 
to compressive residual stresses, the propagation of cracks is 

slower [4,5]. It is well known that residual stresses from 

manufacturing processes are present in all polymer tubes. 

Depending on the manufacturing processes used, residual 

stresses can vary greatly in size and distribution. In the course 

of cooling, differential shrinkage across the tube wall is one 

of the primary causes of residual stress [6]. The residual 

stresses in polyethylene pipes are calculated in this study 

using an experimental methodology. In fact, L/D ratio where 

L and D are ferrules length and diameter and the change in 

creep modulus are used to measure these stresses. 

 

II. Material and methods 

 

Material 
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In this study, high-density polyethylene (HDPE-100) material 

was employed, it was manufactured by the Algerian plastic 

pipe company TUBOGAZ of ANNABA in its tubular form, 
they have a standard dimension ratio of 17 and two diameters 

of 90 mm and 110 mm, and they are designed for the 

distribution of drinking water [7]. 

 
Table 1. Technical Specifications of HDPE-100 [7] 

Properties Values Standards 

Density [kg/m³] 956- 961 ISO 1183 

Melt Flow Index MFI [g/10min] 0.2- 0.5 ISO 1133 

Young’s Modulus[N/mm²] ~ 1200 DIN 53457 

Failure Stress [N/mm²] ~ 24 ISO 6259 

Failure Strain [%] >500 ISO 6259 

Hardness Shore at 20°C [-] 59 ISO 868 

Resilience at 23°C [J/m²] 

Ultimate Elongation (%) 

Yield Elongation at 23°C (%) 

>600 

≥350                     

9 

ASTM D256 

- 

- 

   

 

Ring slitting method 
The method for preparing test specimens involves slitting or 

cutting the tube on a universal turning machine altering the 

longitudinal progress. A wooden mandrel is created to retain 

the tube during machining. High speed steel with a thickness 

of 5 mm is the cutting material. A speed of 45 rpm is chosen 

to reduce the impact of the generated heat during cutting at 

25°C (Fig 1). 

The chosen specimens are shaped like rings of various 

widths, as seen in Fig 1 (c). Using a cutter blade attached in 

the tool holder and a slow rotating speed, the two pipes are 

formed into rings. The widths of the specimens, which were 
machined from two 110 and 90 mm tubes, are a function of 

the diameter. L/D = (0.1, 1, and 2) is one of the eight L/D 

ratios examine [8]. 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 
Figure1. Ring slitting method, (a): HDPE Pipe, (b): Pipe cutting operation, 

(c): Specimens in rings shape. 

Residual displacement 

The behavior-deformation as a function of diameter D and  

ratio L/D in time is the center of the observations made 

during the experiment.  

Three ratio cuts from the 90 mm and 110 mm diameter tubes 

are used to represent the deformations as a function of time. 

As expected, it is seen that the deformation rises with t and 

approaches a nearly constant plateau at t around 7 days. 

 

 

 
 

Figure2. Residual displacement vs. time curves for diameters: (a) D 90mm, 

(b) D110 mm. 

 

III. Calculation approach 

 

Residual stress measurements 

The residual stress is based on the deflection that shows the 
change in the periphery of the ring which decreases or 

increases over time. By measuring the ring diameter at a 

specific time, the maximum residual hoop stress can be 

calculated by the relation (1) developed by Broutman et al., 

[9]. 

 

𝜎(𝑀𝑎𝑥) = ±
E(t)h₀

1 − 𝜈²
(
𝐷₁(𝑡) − 𝐷₀

𝐷₁(𝑡). �̥�
)                    (1) 

 

Where: 

𝜎(Max): Maximum residual hoop stress, (MPa) 

E (t): Creep Modulus at time t, (MPa),  

h₀:  Pipe thickness, (mm),  

D₀: Mean diameter before slitting, (mm),  

D₁ (t): Mean diameter after slitting at time t, (mm),  

t: Time, (hours),  

ν: Poisson ratio.  

 

 

Creep modulus 

The Creep modulus can be calculated using the relation (2) 

developed by Broutman et al., [9], with the constants 
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 a = -49.32 and b =509.99 taken from curve shown in  

(Fig3). 

E(t) = a ln(t) + b     (2) 

 

Figure3. Creep modulus E (t) vs. time for HDPE in comparison with 

literature. 

Plastics display distinct viscoelastic behavior, i.e. the reaction 

to a mechanical load depends not lone on temperature but 

similarly on time. The time-delayed deformation owing to a 
constant external load is devoted to as creep. The creep 

modulus curve was an upper limit curve agreeing to 0 applied 

stresses resulting from the creep modulus curves found in the 

literature because creep modulus increases with decreasing 

applied stress and there is no applied stress during the 

residual stress measurements [10]. Figure 3 shows a 

summary of available creep modulus values of thermoplastic 

materials, especially HDPE [9,10]. 

Creep is the physical phenomenon which causes the delayed 

irreversible deformation, i.e. not instantaneous, of a material 

subjected to a constant stress (thermal or mechanical), even 

lower than the elastic limit of the material. For a period of 

time, creep modulus is high enough in the short term, and it is 

reduced in the long term. The creep behavior can be 

separated in primary creep with regressive behavior where 

the creep rate decreases and a secondary creep where the 

creep rate is almost constant (Fig.3). 

 
 

Figure4. Residual hoop stress vs time, D 90mm. 

 
 

Figure5. Residual hoop stress vs time, D 110 mm. 

 

Fig. 4 and Fig. 5 describes variations of the maximum 
residual hoop stress on the outer surface vs. time after the 

ring-slitting, which are resultant of substituting the variations 

of creep modulus in Fig. 3 into the Eq. (1). From the 

calculated values, it can be found that residual hoop stresses 

close to outer surface are compressive. These compressive 

residual stresses are common phenomenon of the HDPE 

pipes manufactured by extrusion process [4]. As depicted in 

Fig.4 and Fig. 5, after the ring-slitting, total values of the 

maximum residual hoop stresses instantly increase and then 

slowly increase. After more than 120hours (5 days) the 

maximum residual hoop stresses are almost constant.  

 
For the tube with a diameter equal to 90 mm, and in the three 

ratios studied, we found that the value of the residual stress 

varies from -1.61MPa to -1.79MPa when L/D=0.1, from -

2.05MPa to -2.11MPa when L/D=1, and finally from -

2.28MPa to -2.46MPa at L/D=2 (Fig. 4).  

 

In the second case studied, where the diameter is equal to 

110mm, and in the three ratios we found that the value of the 

residual stress varies for example in the case where L/D=0.1 

from -0.06MPa to 0.53MPa, when L/D=1 it varies from -

0.71MPa to -0.85MPa, and for L/D=2, it varies from -
0.77MPa to -0.97MPa (Fig. 4). 

 

IV. Conclusions 

 

In this work, experimental approach was used to evaluate 

residual stresses in polyethylene pipes at two distinct 

diameters (i.e., 90mm and 110mm), and for three different 

ratios (L/D) = (0.1, 1, 2). The experimental procedure 

consists of measuring the deformation over time in relation to 

the width (length) and diameter of the test piece: 

 

1. Extruded HDPE pipes exhibit compressive negative 

residual stress. 

2. For tube with D=90 mm, in the three ratios studied, values 

of residual stress varies from -(1.61 to 1.79)MPa   for 

L/D=0.1, from         -(2.05 to 2.11)MPa for L/D=1, and from 

-(2.28 to 2.46)MPa at L/D=2. 
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3. For D= 110mm, residual stress varies for L/D=0.1 from -

(0.06MPa to 0.53)MPa, when L/D=1 it varies from -(0.71 to 

0.85)MPa, and for L/D=2, it varies from -(0.77MPa to 

0.97)MPa. 

4. After ring-slitting, global values of residual hoop stress 

instantly increase and then slowly increase. Later more than 

120 hours residual hoop stress values are almost constant. 
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Abstract 

In this work it was investigated the incorporation of corn flour (CF) as filler with different content in 

poly(vinyl cloride) (PVC) in the aim to decrease the plastics wastes in the environment. The corn flour were 

mixed to the PVC using the technique of calendaring and hot compression. The characterization of those 

compounds was done using phisyco-mechanical analysis. The results indicated that the increase of the corn 

flour content in the matrix was responsible for the reduction of the elongation and stress of the resulting 

composites and increased the stiffness, the hardness and water adsorption if compared with pure PVC. 

 

Keywords: Polyvinyl chloride, corn flou, composite materials, physico-mechanical properties 

 

 

I. Introduction 

In recent years, the use of composite materials has seen 

considerable development in different areas; aeronautics, 

automobiles, packaging, construction, etc. 

A considerable part of these innovative materials is intended 

for the packaging sector, in order to replace plastic materials 

which are used over a very short period of time and which 

quickly generate a significant volume of waste. 

Recent advances in composite science and the development 

of natural reinforcements offer significant opportunities to 

develop new materials from renewable resources [1, 2].  

Among the plastic materials most used for the preparation of 

organic composites is polyvinyl chloride (PVC). The latter is 

one of the most produced plastic materials. Its global 

production is 35 million tonnes per year. It is a thermoplastic 

polymer widely used in various sectors, it is ranked third in 

terms of tonnage after polyethylene (PE) and polypropylene 

(PP) [3]. In this context, we have chosen to reinforce this 

thermoplastic polymer (PVC) with corn flour, which is a 

vegetable filler. 

The choice of using this filler was based on the fact that it 

naturel reinforcement and it has low cost compared to corn 

starch. So, the corn flour can be valorized by introducing 

them into a thermoplastic matrix 

such as PVC. The resulting materials can be used in a several 

domains, such as packaging. 

However, further studies on the reinforcement of PVC with 

other filler such as ligno-cellolic fibers are being carried out 

by several researchers [4-5]. 

The aim of the present study is to study the phisyco-

mechanical properties of polyvinyl chloride (PVC) matrix 

composites reinforced with corn flour (CF), using a variety of 

analytical techniques such as: tensile test, hardness test, 

density test and water absorption measurement. 

 

II. Material and methods 

II.1 Materials 

The different PVC/corn flour formulations developed for this 

study were based on PVC from type SE-120 supplied by the 

company CABEL “Cableworks electric” from Algiers, 

Algeria. This polymer has the properties physical values: K-

Wert, from 70.2 to 72.0; a density of 0.52. Additives have 

been added for the preparation of the different formulations 

and which are the phthalate of dioctyl (DOP) as a plasticizer, 

a thermal stabilizer based on Ca/Zn and stearic acid as 

lubricant. Corn flour with a particle size ≤ 100 µm and a 

relative humidity of 7% was provided by the company 

AGRO CEREAL/Moulin Royal Akbou, Algeria. PVC type 

SE-1200 was used as a matrix for the production of 

composites.  

II.2 Methods 

Determination of dry matter and moisture content of corn 

flour 

A mass of CF is weighed (P0) into a ceramic mass crucible 

(P1). It is placed in an oven at 105°C. After 24 hours, the 

crucible is removed from the oven and weighed (P2). The dry 

matter content is given by the following formula: 
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% DM = 
𝑃2−𝑃1

𝑃0
 * 100    (1) 

The moisture content (Mc) is determined by the following 

expression: 

          % Mc = 100 - % DM    (2) 

The density of corn flour (dCF) is determined by pycnometer 

method using the relation (3):  

 

          déch = 
𝑊2

𝑊1+𝑊2−𝑊3
 dwater   (3)  

With :   

w1 : the mass of the pycnometer full of liquid (water) (gr).  

w2 : mass of CF (gr).  

w3: mass of pycnometer full of liquid with CF immersed (gr). 

dwater: density of the liquid used (water).  

Samples preparation 

The different formulations presented in Table 1 were 

prepared by two transformation processes, namely: 

calendaring and compression molding. The PVC and its 

additives were introduced into a T6HK8 type turbo-mixer for 

15 min. The resulting mixture is introduced into a two-roll 

mixer at a temperature of 140°C. Then, the filler (PCF) is 

added to obtain the mixture for each formulation. 

The prepared mixture is introduced into the plates of the 

TONJINE brand table press at a temperature of 170° C under 

a pressure force of 300 kN for 5 min. Plates of 250×250×2 

mm3 are obtained and cooled to room temperature, which 

will be used for cutting samples in the form of dumbbells. 

Table 1. Mass composition of the different formulations. 

              Formulations 

Products 

F0 F10 F20 F30 

PVC compound 100 90 80 70 

CF 0 10 20 30 

 

Water absorption test  

The water absorption test is carried out according to ASTM 

D7031-04. The samples immersed in distilled water at room 

temperature with stirring. The samples are weighed every 24 

hours until their mass is stabilized. The variation of mass is 

given by the following formula : 

𝑊𝐴(%) =
𝑤−𝑤0

𝑤0
× 100              (4) 

where :  

WA : the water absorption (%),  

W : the final mass of the sample 

W0 : the initial weight of the sample 

Density test 

Sample density was determined using a DSM density Meter. 

Tensile testing 

The mechanical behavior of the composites produced was 

determined using an MTS Criterion tensile testing machine, 

in accordance with NFC 32-200. 

For each formulation five specimens were tested. As a result, 

Young's modulus, strain and stress were determined. 

Shore D hardness test 

Shore D hardness is measured by applying a force the pointed 

steel needle of a shore D durometer, on plates of shore D 

durometer, on 5x5 cm2 plates of a different thickness. 

III. Results and discussion 

Physical properties of corn flour 

The results recorded (Table 2) show that the density of CF is 

1.58. This result is similar to the density values given by 

Benjamin et al. [6], which is 1.62.  

Dry matter content and moisture content are 88.37% and 

11.63% respectively. These results corroborate previous 

research [6, 7]. 

Table 2. Physicochemical characteristics of corn flour. 

Caracteristics CF 

Density 1,58 

Mc (%) 11,63 

DM (%) 88,37 

Water absorption test  

The evolution of the water absorption of PVC and PVC/CF 

composites as a function of filler ratio and immersion time in 

distilled water is illustrated in figure 2. The results show that 

the water absorption of virgin PVC is negligible, due to the 

hydrophobic nature of this polymer, whereas the addition of 

filler to the PVC matrix increases water absorption with 

increasing filler ratio and immersion time in distilled water. 

This can be explained by the presence of hydroxyl groups in 

starch (a major constituent of corn flour). These groups form 

hydrogen bonds with water molecules, giving starch-based 

materials their hydrophilic character. The higher the loading 

rate, the higher the OH concentration in the composites, and 

the greater the rate of water absorption. The water absorption 

rate after 34 days' immersion is 0.27% for virgin PVC and 

2.19, 4.8 and 10.7% for F10, F20 and F30 formulations 

respectively. Similar results have been recorded by several 

authors who have introduced plant fillers into different 

hydrophobic matrices [8, 9]. 
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Figure 1. Evolution of the water uptake of PVC and PVC/CF composites. 

Density test 

The results of the density test on PVC/FM composites as a 

function of filler ratio are shown in Fig. 4. It is clear that the 

addition of corn flour to the PVC matrix results in a slight 

increase in density, which is not significant. It increases from 

1.23 for PVC compound to 1.25, 1.25 and 1.27 for filler 

contents of 10, 20 and 30% respectively. This is explained by 

the fact that CF has a low density (Table 2). This result is in 

agreement with the results recorded by Kormin et al. [8] who 

introduced different types of starch as filler in LDPE. 

 

Figure 2. Density of PVC and composites PVC/CF with 10, 20 and 30% of 

the charge. 

Tensile testing 

The comparison in tensile properties of pure PVC and PVC 

reinforced with CF for different formulations is illustrated in 

figure 3.  

For tensile strength (Figure 3-a), a decrease in this property is 

recorded with the introduction of CF into the PVC matrix. A 

decrease of 36.38%, 48% and 67.48% is recorded for F10, 

F20 and F30 formulations respectively, compared with 

unfilled PVC. These results are in agreement with those 

obtained by other researchers who have worked on 

LDPE/corn starch composites [7]. They explained this result 

by the tendency of corn flour particles to group together, 

forming agglomerates that induce heterogeneities and non-

uniform stress transfer within the matrix, resulting in material 

embrittlement. 

Figure 3-b shows the Young's modulus of PVC/CF 

composites as a function of filler ratio. These results indicate 

that the introduction of filler into the matrix increases the 

stiffness of the materials in formulations F10 and F20, which 

translates into an increase in Young's modulus, but a decrease 

is recorded in formulation F30. This can be explained by the 

rigid nature of CF compared with soft PVC. Above 20% 

plant filler, there is poor dispersion of this filler in the 

polymer matrix. At high filler contents, the material becomes 

rough and the surface cracks [10]. 

For elongation at break, it can be seen that this parameter 

tends to decrease significantly with the introduction and 

increase of filler content into the matrix.  The elongation at 

break drops from 118.75% for PVC to 75.99%, 61.99% and 

33% for composites filled with 10, 20 and 30% CF 

respectively. Similar results were observed for LDPE/starch 

[7] and PVC/wood pulp composites [11]. 

 
 
Figure 3. Tensile properties of PVC and PVC/CF composites: (a) tensile 

strength (b) Young’s modulus and (c) elongation at break. 

Shore D hardness test 

Figure 4 shows that the hardness of PVC/CF composites 

increases as the filler content in the PVC increases. This 

behavior can be explained by the fact that corn flour is stiffer 

than soft PVC, consequently, the material gains more 

resistance to penetration, so the hardness will be higher.  This 

observation is in perfect agreement with others studies [3, 12, 

13] which reported similar results. 
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Figure 4. Hardness of PVC and composites PVC/CF with 10, 20 and 30% of 

the charge. 

Conclusions 

The results obtained in this study showed that: 

- CF has a low density, very rich in dry matter with a low 

moisture content. 

- The introduction of CF as a filler in PVC had no effect on 

the density of the composites elaborated.  

- Water absorption increases with increasing filler content in 

PVC and immersion time in water. 

- A study of the tensile properties of PVC/CF composites 

showed a decrease in tensile strength and in elongation at 

break with increasing filler ratio in the PVC matrix. On the 

other hand, an increase in stiffness was recorded.  

- The hardness of composites elaborated increased with 

increasing CF filler ratio in the PVC. 

Although the properties of some blends are acceptable for 

certain applications, further improvements will be needed, 

mainly by optimizing the characteristics of the charge-matrix 

interface. 
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