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ABSTRACT

Artificial stone production by incorporating calcite marble waste in epoxy resin is a technical
and economical method. A huge amount of waste is annually generated during marble processing in
Egypt. This study aims at evaluating the mechanical and physical properties of produced artificial
marble based on calcite marble waste as load, epoxy resin and lime powder as a filler. The results
confirmed that the produced artificial stones have physical and mechanical properties within the
expected range for these kinds of materials. Artificial marble with a maximum flexural strength of
21.79 MPa, maximum compressive strength of 89.26 MPa, water absorption 0.01% and a
satisfactory adhesion between load and resin were obtained. Using lime powder as a filler represents
an enhancement in the produced artificial marble mechanical properties. Lime powder is very cheap
in EI-Minia region in Egypt and to the best of our knowledge has not been used for artificial marble
production before. The materials produced can be used as an alternative material for civil
construction applications.
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1. INTRODUCTION

byproducts in marble production. The calcium
carbonate obtained from waste marble
pulverization can be used in many industrial
applications.

A significant increase in extraction of
natural stones such as granite and marble is
observed recently. Marble is composed of
calcite crystallized by metamorphism ranges

from granular to compact texture. The density In addition, a thinner powder can be used

of calcite marble is 2.7 g/cm3 and it has a
porosity of 0.4% (Carlos E. Gomes Ribeiro et.
al., 2014) [1]. Every crystalline rock
constitutes mainly of minerals with a Mohs
hardness of 3-4°° is considered marble
according to UNI 8458 standard. 70-75% of
the whole extracted materials are lost as
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to for concrete production [2]. Some authors
studied the effect of using stone residues on
properties of concrete mortars and ceramic
bricks [3,4]. Polyester artificial Stones show
an excellent decorative effect. The artificial
stone products have different designs, texture,
color and patterns. The reason for that is the
usage of different types of natural stones in
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different granular sizes and qualities, different
pigments and different processing techniques.
Artificial stones have strong wear resistance
and high strength. The folding strength of
artificial marble is up to 25-40 MPa, the
compressive strength reaches up to 80-100
MPa and Brinell hardness up to 32-40 HB
which is a little lower than that of natural
marble, so it has stronger wear resistance.
Artificial stones are strongly resistant to
alkalis, acids and stains, the reason for that is
the usage of unsaturated polyester resin as
bonding agent. The production techniques of
artificial stones are very simple. Molding
technique includes pouring, pressing and large
block molding. According to design
requirements, artificial marble can be made
into different shapes, sizes, colors and glosses.
Comparing to natural marble, artificial marble
is more workable and easier for sawing,
drilling and punching. The weak thermal
resistance of polyester artificial stone (service
temperature not higher than 200°C) limits its
uses to be indoors [5]. The slab surface may
gradually lose its gloss or get quality problems
such as darkening or warpage by exposure to
light, heat or electricity in the air. In this
study, artificial marble based on marble waste
and epoxy resin was produced. In addition,
this work represents the effect of adding lime
powder as filler. Physical and mechanical
properties of the produced artificial marble
compared to natural marble were investigated.

2. MATERIALS AND METHODS

2.1 Marble Residue

The residue of "Calcite" natural marble
(NM), from EI-Minia, Egypt, was used in this
study. Scraps of plates were collected in a
discarding pile. After the material collection,
the residue was crushed using a Hummer, so
that particles could pass through a 3.15 mm
sieve. Using dry sieving, the crushed residue
was separated into three granulometric ranges.

The coarse particles used are in range 2-3.15
mm, medium particles are in range 0.8-2 mm,
and the fine particles are less than 0.8 mm.

2.2 Unsaturated Polyester

An orthophthalic unsaturated polyester
(UPR) resin with a medium viscosity was
used to formulate all composites. 1 wt%
methyl ethyl ketone peroxide (MEKP) was
used as an initiator.

2.3 Calcium Carbonate

Calcium carbonate, a widely available
natural inorganic compound, also known as
limestone, chalk or marble. In this study
calcium carbonate powder from EI-Minia
quarries was used. Pure CaCOg is an odorless,
fine white powder. It has a density of 2.71
g/mL molar mass of 100.1 g/mol and melting
point of 1,339 °C, as its calcite form.

2.4 Sample preparation

9 specimens were cast for mechanical
and physical properties determination. Based
on simplex mixture design, the waste marble
particles percentage range was chosen (coarse
particles range is 2 — 3.15 mm, medium
particles are in range 0.8 - 2 mm, and the fine
particles are less than 0.8 mm). The crushed
and classified particles were dried after water
washing. Water reduces the adhesion between
the composite components, because of that
drying the particles is a necessary step.
Calcium carbonate was added in (5-55 wt%)
range. Polyester resin was added in (23-29 wt
%) range. For homogeneous paste, a 5
minutes mixing between marble particles,
resin and lime powder was important. The
paste was poured into the prepared molds
(50*%50*50 mm) for compression water
absorption and density tests and (40*45*120
mm) for flexural strength test. The mold was
vibrated to spread the mass, and pressed. The
pressed paste was left 24 hours for drying.



Vol. 40, No. 1. January 2021

Table 1. Size analysis of Test specimens.

Specimens | Coarse %°® | Medium Fine %° UPR %" Lime %
%a
C1l 20 50 30 28.57 -
C2 15 60 25 28.57 -
C3 10 70 20 28.57 -
P1 10 70 20 28.57 50
P2 10 70 20 28.57 55
P3 10 70 20 28.57 60
R1 10 70 20 23.07 50
R2 10 70 20 25.92 50
R3 10 70 20 28.57 50

% percentage by weight of marble load (Coarse+ medium + fine).
b percentage by weight of material (Marble load+ unsaturated polymer).

: (a) :

3. RESULTS AND DISCUSSION

3.1 morphology and microstructure

Figure 1 represents the SEM micrographs
of P3 sample. Mechanical stress and particles
adhered to resin are the reason for the
intergranular ~ fractures with  mechanical
disruption present in artificial marble surface.
This morphology explains the
specimens/ingredients  effective interfacial
adhesion. In figure 1 heterogeneity and
cavities are pronounced due to unsatisfactory
adhesion between resin and load. Particles in
contact without interface with resin may act as
stress concentrators.

3.2 Physical properties

The water absorption value of the sample
having the highest compression strength (P3)

STl = : i %2

R,

(b)

Fig.1. SEM micrograph of P3 sample a-600 X and b- 43 X magnification.

was found to be 0.01% (figure 5). This value
is 45% below the minimum expected for the
industrialized artificial marble. The values
reported by artificial marble manufacturers are
in the range from 0.09 to 0.40% according to
Chiodi and Rodriguez [6]. An artificial marble
with a water absorption value below 0.1% has
a very high quality [6]. The typical range of
water absorption for natural marble is (0.8-
0.04)) [7].This low water absorption value is
due to the efficient wetting of the load by the
resin, giving a good interface for the produced
material. The recorded water absorption value
is also lower than recommended for calcite
marble (material regulated by ASTM C503)
which should have 0.2% water absorption
value at least [8, 9]. The density value of P3
specimen was found to be 2.008 gm/cm3. This
value is compatible with the value obtained by
lam dos santos et al., [10].
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3.3 Mechanical properties

3.3.1 Effect of particle size

Figure 2 and Table 2 represents the effect
of waste marble particle size on the
compressive ultimate strength. The three
composites C1, C2 and C3 are at least twice
the natural marble ultimate strength and
nearly half of the unsaturated polyester
ultimate strength. A higher dispersion is
presented by marble compared to the
unsaturated polyester resin. Furthermore, the
produced artificial marble specimens have
lower dispersion compared to natural marble.
The resin incorporation gives a more stable
behavior to the produced composites.

Table 2. Effect of particle size on compressive ultimate

m Flexural ultimate strength (Mpa)
100 m Ultimate compression strength (Mpa)
80
60
40
20 I
0
P1 P2 P3 NM
Speciments

Fig.3. Effect of lime addition on compressive ultimate
strength and flexural ultimate strength.

Table 3. Effect of lime addition on flexural ultimate
strength and ultimate compression strength.

Specimen | Flexural Ultimate
ultimate compressive
strength strength
(MPa) (MPa)

Cl 18.26 70.80

C2 19.4 69.70

C3 20.11 89.26

NM 6.7 29.3

UPR 95.3 150

strength.
Specimen Ultimate compressive strength
P (MPa)
C1 67.03
C2 68.08
C3 70.77
NM 29.3
UPR 150
. 8
5 70
= 60
£ 50
£
B
2730
g 2 I
Qo
£ 10
© 9
c1 C2 c3 NM
Speciments

Fig.2. Effect of particle size on compressive ultimate
strength.

3.3.2 Effect of Lime addition

As shown from Figure 3, the flexural
ultimate strength for the produced composites
is 5 times lower than the polyester resin
resistance.

In addition, the ultimate compression
strength is nearly half the polyester resin
strength. Powdered fillers incorporation
decreases the flexural strength and the
compression strength of the polyester resin
[11]. Compared to natural marble, the
produced composites have three times greater
flexural ultimate strength. Furthermore,
increasing the lime content in the composite
samples increased the compression ultimate
strength to reach 89.26 MPa at 60% Lime.
This value is nearly five times greater than the
natural marble resistance. In addition,
comparing Figures 2 and 3, enhancement in
compressive ultimate strength can be noticed
by increasing the lime powder filler content.
The obtained enhancement can be attributed
to the reduction in the specimen’s voids and
porosity by adding the filler. Furthermore, the
presence of the filler enhances the mechanical
properties of the produced composites. This is
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because the filler reduces the movement of the
molecular network and increases the
molecular interconnection between the matrix
and the load.

3.3.3 Effect of resin content

Figure 4 and Table 4 represent the effect
of increasing resin content on the compressive
strength of the produced artificial stone
samples. The compressive strength of the
three tested samples lying between their
constituents, as expected for a mixture.
Increasing resin percentage, results in a
considerable increase in compressive strength.
This can be due to the increase in the degree
of molecular interconnections between the
matrix and the load by increasing the resin
content. Natural marble crystal planes
mobility is easier at time of compressive
strength effort due to its particle’s
imperfections. This phenomenon is reduced
by artificial marble production.

Table 4. Effect of resin content on ultimate
compression strength.

100
90
80
70
60
50
40
30
20
10

0

Ultimate compression
strength (MPa)

Cl1 C2 C3 P1 P2 P3 R1 R2 R3NM

Speciments

Specimen | Ultimate compressive strength
(MPa)
C1 64.65
C2 74.64
C3 89.26
NM 29.3
UPR 150
100
5 90
o 80
2 70
S _ 60
8 50
g2 4
S 30
© 20 I
% 10
> 0
R1 R2 R3 NM

Speciments

Fig.4. Effect of resin content on ultimate compression
strength.

Fig.5. Comparison between the ultimate compression
strength of all the samples.

4. CONCLUSIONS

In this study artificial marble slabs have
been  manufactured  successfully.  The
produced  specimens have  maximum
compressive strength of 89.26 MPa, Flexural
ultimate strength of 21.79 MPa, water
absorption of 0.01% and density of 2.008
gm/cm3. Mechanical and physical tests
confirm that the prepared samples properties
lie within the expected specification standard
range. Adding lime powder as a filler
enhanced the mechanical properties of the
produced artificial marble. Lime powder is
very cheap in this region in Egypt and to the
best of our knowledge has not been used
before for artificial marble production.
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