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MECHANICAL TESTING

Enhanced Tensile Properties of
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High Density Polyethylene
(HDPE) Composites
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Worldwide interest in natural fibers has in-
creased due to their low cost, low density,
high hardness, good thermal resistance, and
their respective environmental friendliness
[1-3]. The use of natural fibers as reinforce-
ment for thermoplastics is desirable, since it

is based on abundant rescurces. One of

these fibers is stone wool fiber. Stone wool
fiber is a natural mineral fiber which is pro-
duced by spinning the stone into a wool
form at a temperature of about 1600 °C fol-

lowed by stream of air or steam. HDPE is a.

type of polyethylene thermoplastic which

" has a low degree of branching and thus has

stronger intermolecular forces that provide
a high tensile strength.

The tensile test represents a fundamen-
tal material mechanical engineering test,
where a sample is subjected to uniaxial
loading. The results obtained from tensile
tests are usually used for selecting a mate-
rial for engineering applications, and for
principai predicting how the material re-
acts under tension load.

In the literature, there are several stud-
fes concerning the utilization of fibers or
particles as reinforcement in composites of
HDPE. Homaeigohar et al. [4] studied the
effects of particle size and volume fraction
of tri-calcium phosphate to the mechanical
preperties of the tri-calcium phosphate-

In this study, a mineral fiber composite of stone wool-reinforced high
density polyethylene (HDPE) with different weight percentages was
tested. For preparation of the samples a hot pressing technique was
used. Significant improvement of the tensile strength was observed for
composites of stone wool HDPE with a fiber content of 20 wt-%. The
fracture surfaces of the samples were analyzed for their inter layer
bounding by scanning electron microscopy (SEM).

high density polyethylene {B-TCP/HDPE)
composite. It was observed that an increase
of the B-TCP content in composite will in-
crease its modulus of elasticity. However,
when larger J-TCP particles were used in
the preparation of the composite, a lesser
increase in elasticity modulus was found.
Besides, according to the study of Gungor
[5], iron (Fe) filled polymer composites
showed lower yield strength and lower per-
centage of elongation. Meanwhile, the mod-
ulus of elasticity of the composites is
higher than those of HDPE.

The tensile strength of zinc powder
filled HDPE composites decreased as the
volume fraction of the zinc powder in-
creased while incorporation of wheat
straw into HDPE gave higher values of
tensile strength as compared to the corn-
stalk and corncob [6, 7). The highest value
of tensile strength was achieved in the
composite containing 20 % of piassava fib-
ers and the elasticity modulus of compos-
ites increased with the fiber content what
was discovered by Suarez and Elzubair
[3]. In addition, Araujo et al. [8] also found
in their study of high performance formu-
lation in HDPE composites reinforced with
curaud fibre that there was a large in-
crease in tensile strength with the addi-
tion of 20 wt.-% curaua fiber.

Based on the above mentioned facts, the
potential of HDPE as a matrix in composites
seem promising. In this study, waste stone
wool fibers gathered from production floor
are proposed as fiber material that will re-
inforce HDPE. The study is thus investigat-
ing the tensile properties of stone wool-re-
inforced HDPE composites and their frac-
ture surfaces afier tensile testing by using
scanning electron microscopy (SEM).

Materials and Methods

Materials. The HDPE used in this study
was in pellet form. In order to dry out the
moisture of the HDPE pellet, it was spread
evenly on an aluminium foil and dried in
the Memmert drying oven for 24 hours at
70 °C constantly, Furthermore, the stone
wool fibers were provided by one of the es-
tablished rock wool industry in Malaysia,
where the waste of caking process is sacri-
ficed for the investigation.

Fiber Treatment. Stone wool fibers
which were used as filler was prepared
carefully according to the method of Joseph
et al. [9], where the fiber was cleaned by
ultrasonic cleaner using distilled water for
90 min in order to remove the wax as well
as impurities that present in the micro
composition of the wool. Water content of
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the stone wool was then wringed out, and
the stone wool was dried in the LabTech
vacuum drying oven for 8 hours at con-
stant temperature of 105 °C. This step was
carried out to ensure the entire stone wool

Rock Percentage {wt.-%)

basalt 58 - 80
dolomite 10 - 30
briquette 0-40
limestone 0-5

coke 13.5

Tabie 1. Stone wool composition (wi.-%)

used in this investigation has constant den-
sity by drying out the trapped moist inside
stone wool so that the bonding could take
place in a steady state.

Preparation Method of Composites. The
weighed matrix and filler were mixed to-
gether by the Haake Polymer Lab OS Rhe-
odrive 16 internal mixer. The processing
temperature was 165 °C with rotor speed
of 50 rpm. The duration of mixing process
was 10 min, where at the beginning stage
the matrix was put into the mixer within
30 seconds after the rotor started rotating,
to allow the matrix melt for the initial
5 min. Then, after the remaining filler was
added into the filler, both matrix and filler

Filler weight ratio (wt-%) Filler {g) Matrix {g)
0 0 280.358
Table 2. Composite 10 3.428 126.163
formulations in weight
percentage (1.5} 20 6.496 112.144
30 9.740 98.126
40 12.987 84.108
25 -| 23433
20 91 18.05
= 16.767
a
% 15 13.5
Figure 1. Varigtion of S 12.183
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Figure 2. Yield strength of investigated stone wool-reinforced HDPE composites dependent on

the fitler weight ratio
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were mixed together uniformly for a period
of 5 min. The mixture of matrix and filler
has become batches of post mixing materials
after such process. The pest mixing batches
were then hot pressed by using the motorise
hydraulic hot moulding machine (Go Tech
Testing Machine Inc., Taiwan) to form com-
posite sheets of different weight ratios. They
were first melted in the hot moulding ma-
chine within 10 min where the mould as-
sembly slightly touched the upper mould of
the hot moulding machine, no pressure is
applied during this step.

After they were fully melted, a constant
hot pressing for 10 min was uniformly ap-

_“pyi_ed to hot press the mixed material, The
" pressure of this step was gradually raised

from 0 kg/cm? to 70 kg/cm? to squeeze out
possibly formed air bubbles. Upon comple-
tion of hot pressing, the mold assembly was
taken out and put into the lower press plate
of the hot molding machine for cooling to
the level of room temperature for 10 min
and no pressure was applied during this
step. The mold assembly was then taken
out and the composite sheet was removed
from the mold cavity. Thereafter, the com-
posite sheets of each weight ratios were
then prefiled according to ASTM standard
of test specimen.

A totai of 15 specimens were manufac-
tured in order to complete the investiga-
tion. Composites formulations in filler
weight percentage [wt-%) is presented in
Table 2.

[ Results and Discussion

Tensile Strength. Figure 1 represents the
tensile behavieur of stone wool-reinforced
HDPE with filler to matrix weight ratios
between 0% to 40%. The tensile test was
conducted according to ASTM D3039 using
a universal testing machine (Shimadzu
AG-1 100KN, Japan) at room temperature,
where the c¢rosshead speed was set at
2 mm/min and a load cell capacity of
100 kN was applied to the specimen.

Table 3 shows that the 20 wt-% stone
wool-reinforced HDPE composite has the
highest tensile strength compared to pure
HDEPE. It is interesting to note that the inter-
facial strength between 20 wt-% of stone
wool reinforcement and 80 wt-% of HDPE
matrix is the strongest which resuited in
the highest tensile strength. As for mathe-
matical modeling, the parameters employed
to predict the tensile strength of HDPE-rein-
forced with variety of natural fibers includ-
ing stone wool were derived as:
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1 .
Gy =01F[1—2—°IJVF+0'M{1-—VF),121C (1)

The modified equation for ¢ylindrical fibers
was

1 .
Gy =m']VFE+ G, (I—VF),I <L {2)

The modified equation for rectangular fib-
ers was

1] W+T .
Oy =0T, [EJ[_\T\IT—}GM(I_V")’] <1.{3)

with oy;: compile tensile strength, &g in-
terfacial shear strength, o"\: maximum
stress evaluated at the peak composite
strength, I: fiber length, 1: critical fibre
length, V}: fiber volume fraction, d: cylindri-
cal fiber diameter, o clustering parameter,
W: rectangular fiber width, T: rectangular
fiber thickness [12].

Yield Strength. Table 4 and Figure 2 re-
veal the pattern of yield strength for the
tested specimens with different set of filler-
matrix composition. It can be seen that the
20 wi-% stone wool-reinforced HDPE com-
posite has the highest yield strength as
compared to all other different weight ra-
tios tested. The highest value of yield
strength was 8.79% higher than for pure
HDPE. 1t is significant that the 20 wt-%
stone wool-reinforced HDPE composite has
the greatest performance with respect to
the strength values. Materials with high
yield strength are significantly important
especially at the design stage which in-
volves materials selection, helping the en-
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gineer to understand at which stress level
the material can withstand the forces be-
fore plastic deformation takes place.
Ductility. Results in Figure 4 together
with tabulated findings in Table 6 show
that pure HDPE has the highest ductility,
since it has the highest elongation [%]
which is 28.7%. Both the 20 wt-% and
10 wt-% stone wool-reinforced HDPE com-
posites are moderately ductile among al
composite specimens, where their elonga-
tion is 17.6 % and 16.0 %, respectively. The
values for the 30 wt-% and the 40 wt-%
stone wool-reinforced HDPE composites
are 5.5% and 2.9 %, respectively. Both the

J0wt-% and 40 wt-% reinforced stone
wools experience little plastic deformation
hefore fractures take place. Presence of
tiny air bubbles In’the 30 wt-% and the
40 wt-% stone wool-reinforced HDPE might
be a contributing factor for a low elonga-
tion [%] which eventually form a crack to-
wards final fracture with little plastic de-
formation.

For specimens such as 10 wt-% and
20 wt.-% stone wool-reinforced HDPE com-
posites, it can be expiained that there was
an extensive plastic deformation in the vi-
cinity of the advancing cracking, and the
process proceeds relatively slow. Stone wool

Filler weight ratio Tensile stregth Filter weight ratio Yield strength
{wt-%) {MPa} (wi-%) (MPa)
0 18.05 0 9.667
10 16.767 10 2.533
20 23.433 20 10.517
30 12.183 30 8.033
40 135 40 9.150

Table 3. Tensile Strength of stone \ool-rein-
Jorced HDPE with different weight ratios

Table 4. Yield strength of stene wool-reinforced
HDPE with their respective weight rations

Filler weight ratio Elasticity modulus Filler weight ratio Elongation
(wi-~%) (GPa) (wt.-%) %}
0 0.508 0 28.7
10 0.477 10 16.0
20 0.817 20 17.6
30 0.295 30 5.5
40 0.381 40 29

Table 5. Elasticity modulus of stone wool-refn-
forced HDIPE with different weight ratios
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Figure 3. Elasticity Modulus of the various ratio stone wool-reinforced

HDPE composites

HDPE composites

Table 6. Elongation of stone wool-reinforced
HDEE with different weight ratios

17.6

20 30 40

Filler weight ratio (%)

Figure 4. Elongation of the varlous stone wool-reinforced
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does not act as a good reinforcement for
HDPE matrix in term of ductility, what can
be drawn from the fact that pure HDPE has
the highest elongation value. On the other
hand, even though stone wool fiber as filler
material does not contribute an increase of
the ductility as compared to pure HDPE, it
has a positive impact as it provides resist
ance to the ductility what is desired for most
engineering application materials.
Micrographic Observations. From the
morphology study, the 10 wt.-% stone wool-

_reinforced HDPE composite (Figure 5) ex-

hibited the typical fracture surface of the
10 wt-% stone wool loaded tensile speci-
mens. A ductile failure can be observed in
the matrix region. It can be clearly seen
that the wedges are long and pulled away
(separated) from the surrounding matrix.
Wedging is one of the modes of deforma-
tion in polysthylene. Moreover, in Figure 6
it can be seen that the stone wool tensile
specimen with 40 wt-% is loaded with
wedges and air bubbles on the fracture sur-

100pm

face of the specimen correlating with a duc-
tile fracture phenomenon. However, the
specimen undergoes relatively little plastic
deformation as compared to that of the
10 wt.-% stone wool loaded specimen. It
can be explained by the presence of the air
bubbie on the surface of the 40 wt.-% stone
woo!l loaded specimen, where air bubbles
represent one of the factors that form a
crack towards fracture with little deforma-
tion. :

] Conclusions

A stone wool-reinforced high density poly-
ethylene (HDPE) was prepared with vary-
ing weight percentage. The variation of
tensile, yield, elasticity modulus, and elon-
gation percentage of stone wool-reinforced
HDPE composites have been investigated
as a function of fiber weight percentages.
The results show that the tensile properties
of the 20 wt.-% stone wool fiber are efficient
in improving the reinforcement effect in

Tino :10-33:47
Trate 35 May 2013

signal A T SE1

Tima 104302

Bignat A = SE1 J
trate 10 #hay ZO13

Figure 6, SEM micrograph of a specimen with 40 wt.-% stone wool fiber content
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the HDPE matrix. Therefore, the potential
of stone wool is highlighted with respect to
good mechanical properties in combination
with the HDPE composite preduction.

| Acknowledgement

The authors would like to thank the Minis-
try of Higher Education for awarding a re-
search grant (Grant Number: PRGS/2012/
TKO1/FKP/02/1/T00003) and also My-
Brain15 scholarship which succesded the
completion of this research. Special thanks
go to the top level management of the Uni-
versiti Teknikal Malaysia Melaka, Centre
for Research and Innovation Management

. and Faculty of Manufacturing Engineering

for providing continuous technical and
moral support.

i References

1 E. Z. Arrakhiz, E. Ei Achaby, M. Malha,
M. 0. Bensalah, 0. Fassi-Fehrl, R. Bouhfid,
K. Benmoussa, A. Qaiss: Mechanical and
thermal properties of natural fibers-reinforced
polymer composites: Doum/low lensity poly-
ethylene, Materials and Design 23 (2013),
pp. 200-205

2 A. Sdrobis, R. N, Darie, M. Totolin, G. Cazacu,
C. Vasile: Low Density Poylethylene compos-
ites containing cellulose pulp fibers, Compos-
ites Part B, Engeneering 43 (2012), No. 4,
pp. 1873-1880

3 J.C. M. Suarez, A, Elzubair: Mechanical behav-
jour of recycted polyethylene/piassava fiber
composites, Materials Science & Engineering
A 55 {2012}, pp. 29-35

4 S.5. Homaeigohar, A. Y. Sadi, . Javadpour,
A. Khavandi: The effect of reinforcement vol-
ume fraction and particle size on the mechani-
cal properties of f-tricalcium phosphate high
density pelyethylene composites, Journal of
the Eurepean Ceramic Society 26 {2006},
pp- 273-278

5 A. Gungor: Mechanical properties of iron
powder filled high density polyethylene
composites, Materials and Design 28 (2007),
pp. 1027-1030

6 M. Rusu, N. Sofian, D. Rusu: Mechanical and
thermal properties of zinc powder filler Righ
density polyethylene composites, Polymer
Testing; 20 (2001), pp. 409-417

7 S. Panthapulakkal, S. Mohini: Agro-residue-
reinforced high-density polyethylene: Fiber
characterization and analysis of composite
properties, Composites Part A 38 {2007,

. pp. 1445-1454

8 J. R. Araujo, G. M. Teixeira, M. A. 5. Spinace,
M. A. D. Paoli: Biomicrefibrillar composites of
high density polyethylene-reinforced with
Curaué fibers: Mechanical, interfacial and
morphological properties, Composites Science
and Technology 70 (2010}, pp. 1637-1644

9 K. Joseph, 5. Thomas, S. Pavithram: Effect of
chemical treatment on the tensile properties
of short sigal fibre-reinforced polyethylene



154

MECHANICAL TESTING

composites, Polymer Vol. 37 (1996), No. 23,
pp. 5239-5149

10 R. D. K. Misra, P. Nerikar, K, Bertrand,
D. Murphy: Some aspects of surface deforma-
tion and fracture of 5-20 % calcium carbonate-
reinforced polyethylene composites, Materials
Science and Engineering A Vol. 384 (2004),
No. 1-2, pp. 284-208

11 A. G. Facca, M. T. Kortschot, N. Yan: Predicting
the tensile strength of natural fiber-reinforced
thermoplastics, Composites Science and Tech-
nolegy 67 {2007}, pp. 2454-2466

E Bibliography

DOI 10.3139/120.110539

Materials Testing

56 (2014) 2, page 150-154

© Carl Hanser Verlag GmbH & Co. KG
ISSN 0025-5300

E The Authors of This Contribution

Sivaraos is associate professor at the Fagulty of
Manufacturing, Universiti Teknikal in Melaka,
Malaysia. He has received his first degree, master
degree and PhD in Mechanical Engineering. He is
also a professional engineer in the same field. His
research intercsts are advanced materials pro-
cessing, process modeling, artifial intelligence,
and innovative system engineering.

S. Mallisi is undergoing his post graduate stud-
ies at the Faculty of Manufacturing Enginecring,
Universiti Teknikal in Melaka, Malaysia. He is cur-
rently in the process of developing stone-wool rein-
forced polymer-based composite materials.

Abstract

Verbesserte mechanische Eigenschaften von steinwollefaserverstirk-
ten Hartpolyethylen-Kompositen. In der diesem Beitrag zugrunde lie-
genden Studie wurde ein Mineralfaserkomposit aus einem mit verschie-
denen Prozentsidtzen steinwolleverstirkten Hartfaserpolyethylen (high
density polyethylene (HDPE)) untersucht. Zur Probenvorbereitung wurde
eine HeiBpresstechnik eingesetzt. Es wurde eine signifikante Verbesse-
rung der Festigkeit der Komposite aus Steinwolle-HDPE fiir einen Faser-
anteil von 20 gew.-% beobachtet. Die Oberflichen der Probenbruchstellen
wurden mittels Rasterelektronenmikroskop (REM) hinsichtlich ihrer Zwi-
schenlagenbindung analysiert.
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