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Abstract

Large quantities of marble blocks are produced from many new marble quarries which were
opened around Isparta (Turkey) and its surrounding region. The opened quarries are also affected
negatively by weathering as a result of karstification. Therefore, block efficiency of the quarries
is low which results in a lot of waste materials that can be used in cultured marble production.
The production of artificial marble from marble waste materials around Isparta is the main
purpose of the study. The cultured marble is an attractive, healthy and homogenous building
material. It has a wide application in the building construction sector. Artificial marble which is
composed of mineral dusts and polyesters has high mechanical strength and they are durable to
various chemical and high temperature environmental conditions. Based on physico-mechanical
properties, cultured marbles are accepted by Turkish Standards (TS). The materials used for
the production of qualified cultured marble are directly related to the hardness of the minerals
used as filler in the polyester resin. Physico-mechanical properties of cultured marble depend on
the physical properties of the filler minerals. The compressive strength of the cultured marble
material is controlled by the physical properties of the filler minerals, therefore, the hardness of
the cultured marble is determined by the hardness of the filler mineral. The following analyses
were carried out: wet unit volume analysis, dry unit volume analysis, compressive strength of
the materials, capillary water absorption analysis, analysis of ultrasound velocity (P-wave) and
the marble wastes bulk chemical analyses were investigated and the results of the data were
evaluated and discussed. In addition, natural and artificial marbles were compared with respect
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1. Introduction

Wastes of rocks similarly to all kinds of construction materials
and industrial raw materials used in our daily life may adversely
influence the environment. Evaluation of the waste materials
and turning into economic value has important issue at present
time. Large quantities of marble blocks are produced from
many new marble quarries which were opened around Isparta-
Burdur (Turkey) which has rich marble fields in its surrounding
region (Fig. 1). The opened quarries are also negatively affected
by weathering as a result of karstification. Therefore block
efficiency of the quarries is low and they produce a lot of waste
materials [1]. There are many ways to evaluate these produced
wastes [2]. Granulated artificial marble dusts in micron size
in mills mixing and molding in different ratios with resins
have been evaluated as cultured marble artificial construction
material [3]. One of the evaluation methods of waste marble is
using them in production of cultured marble. The production
of artificial marble from natural marble waste materials around
Isparta-Burdur area is the main purpose of this research.
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Fig. 1. Location map of the study area.
1. dbra A vizsgdlati helyszinek térképvdzlata

Marble blocks produced at marble quarries leave huge
quantities of marble wastes which results waste marble hills
with visual pollution (Fig. 2) [2]. Wollastonite, quartz and
other silicate minerals are significant materials used for artifical
marble production as well, additional to marble waste. Calcite
and dolomite are considered in carbonate group minerals and
the effect of the ratios of the resins and additive materials on
cultured marble materials is still under discussion [4].
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Fig. 2. Waste marble hills in Isparta-Burdur area which cause visual pollution
2. dbra  Vizudlis szennyezést okozé hulladék mdrviny dombok az Isparta-Burdur
teriileten

2. Materials and methods

2.1. Samples location

There are many marble deposits around Isparta and Burdur
area. We have collected 12 samples from waste marbles;
locations are indicated in Fig. 3.

Fig. 3. Waste marble sample locations around Burdur and Isparta.
3. dbra Hulladék mdrviny mintavételi helyek Burdur és Isparta kornyékén

2.2. Used materials for artificial marble production

Artificial marbles have been produced from calcite, quartz,
feldspar and wollastonite that can be found in waste marble dusts
mixing with polymer resin materials. Resins are used as binder,
calcite, dolomite, quartz and wollastonite minerals are used as
aggregate/filler for cultured marbles and waste glass is also used
for artificial marble production as additive material [5].

3. Results and discussions

3.1. Texture of artificial marbles

Polarization microscopy analysis was made first to study the
texture of artificial marble raw materials. For the inspection,
sections of 30 pm thickness were prepared to identify the
mineral composition of the waste marble samples. Some of
the samples could not be determined by means of polarization
microscopy due to the grain size smaller than 2 um. Those
samples were investigated by differential thermal analysis
(DTA) and scanning electron microscope (SEM). The texture
of sedimentary marbles was found to be micritic texture; the
andesites have porphyritic texture which has phenocrysts in
glass. The scanning electron microscope investigation of the
texture of the produced cultured marble is shown in Fig. 4.
It has clastic texture where the grains are marble surrounded
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by the resin. The resin is amorphous material, therefore, the
light cannot be transmitted through it (appears in dark colour
in Fig. 4). Calcite grains are transparent and permit the light
transmitting through them (appear in light colour in Fig. 4).

Fig. 4. Clastic texture of artificial marble through secondary electron SEM images of
calcite grains (Sample-1, Sobiidag Limestone, North of Isparta).
4. dbra  Mesterséges mdrvdny klasztikus szovete, kalcit szemcsék pdsztdzé
elektronmikroszkdpos felvételén (1. sz. minta, Sébiidag mészké, Eszak-
Isparta).

3.2. Characterization of the artificial marble

For the characterization of the calcite and dolomite minerals,
SEM and DTA analyses were carried out (Fig. 4 and 5).
Sedimentary marbles have micritic texture containing micritic
types of calcite and dolomite minerals depending on their
composition. They could not be determined by polarization
microscopy, therefore, we applied differential thermal analysis
(DTA) to study the mineralogical composition, by preparing
powder sample. The sample was heated up to 1200°C and
exothermic and endothermic peaks were noted at certain
points. Endothermic peaks between 800 and 900°C belong to
calcite and dolomite. The obtained results were evaluated by
ASTM cards which confirmed the composition of minerals
being a mixture of dolomite and calcite.
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Fig. 5. DTA diagram of carbonate mineral (Sobudag, North of Isparta).
5.dbra Karbondtos dsvany DTA diagramja (Sobudag, Eszak-Isparta).

3.3. Properties of the artificial marbles

Chemical composition of marble is changing with respect to the
type of marbles. Igneous marbles have high SiO, but sedimentary
types of marbles have higher Ca-Mg-CO, (Table I).

Mineralogy of the minerals used as an additive in artificial
marbles controls the quality of the cultured marbles. Therefore,
mineralogy of the used additive materials has to be investigated
in detail with respect to physical properties. These are especially
hardness, grain size and morphology and thermal properties.
Raw waste marble samples contain calcite, dolomite, quartz,
mica, feldspar, serpentine group minerals and wollastonite.
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Sample Limestone Trachy- Travertine
andesite

Number GY1 GY2 GY3 GY4 GY5 GY6 GY7 GY8 GY9 GY10 GY11 GY12
Sio, 0.11 0.09 0.02 0.16 0.07 0.01 0.1 0.02 0.07 57.6 0.21 0.03
Tio, 0 0 0 0 0 0 0 0 0 0.43 0.00 0.00
ALO, 0.01 0.01 0.02 0.01 0.01 0.02 0.04 0.01 0.04 17.1 0.02 0.01
Fe,0, 0.06 0.04 0.03 0.05 0.04 0.02 0.09 0.02 0.07 4.14 0.20 0.05
MnO 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.13 0.04 0.01
Mgo 0.61 0.56 0.74 0.54 18.4 0.43 0.5 0.44 0.47 1.33 0.40 0.47
ca0 53.3 54.1 53.8 54.8 33.8 54.7 53.5 54.8 54.5 4.89 53.70 54.7
Na,0 0.52 0.5 0.49 0.49 0.51 0.47 0.53 0.47 0.5 5.0 0.46 0.50
K,0 0.58 0.56 0.56 0.57 0.55 0.53 0.6 0.52 0.57 4.86 0.57 0.58
P,0, 0.02 0.02 0.02 0.03 0.04 0.01 0.03 0.02 0.02 0.24 0.02 0.01
Ignition lost 43.7 431 43.4 43.2 46.5 43.2 43.2 43.2 42.8 3.21 43.90 43.30
Total 98.9 98.9 99.2 99.8 99.8 99.5 98.6 99.6 99.2 98.9 99.60 99.70

Table 1. Chemical composition of natural marbles which used for artificial marble production.

1. tdbldzat A mesterséges mdrvdny készitésére haszndl mdrvinyok kémiai Gsszetétele

Calcite and dolomite belong to carbonate group minerals.
Their hardness values are 3 and 4 with respect to Mohs
hardness scale, respectively. When artificial marble is produced
by using carbonate minerals its compressive strength is lower.
As hardness of the minerals increases, its compressive strength
increases too. On the other hand, trachy-andesites containing
feldspar and quartz which belong to silicate group minerals
give higher compressive strength and have higher hardness
value between 6 and 7 with respect to Mohs hardness scale.

In artificial marble production, grain size morphology is
important if high temperature resistant material is intended
to be produced. Wollastonite has fiber grain morphology and
is resistant to high temperature [6]. It has a unique property
with fibrous morphology and also refractory feature (Fig. 6).
The materials containing wollastonite can be used effectively
in high temperature conditions. It has also high corrosion
resistance. When it is used as an additive material in artificial
marbles it may result higher compressive strength, higher
durability, refractory feature and corrosion resistance.

Fig. 6. Fibrous structure of wollastonite (http://www.google.com.tr/imgres)
6. dbra  Wollastonit szdlas szerkezete (http://www.google.com.tr/imgres)

Sample Dry After After After Water
Number Weight 24 Hours 48 Hours 72 Hours Absorption
(g) & (2) (g) )
GY-1 250.70 250.70  250.70  250.73 0.03
GY-2 250.70 250.70 250.80 250.80 0.04
GY-3 250.57 250.57 250.60 250.60 0.03
GY-4 249.53 249.53 249.57 249.57 0.01
GY-5 253.70 253.70 253.77 253.77 0.03
GY-6 233.67 233.67 233.83 233.83 0.07
GY-7 246.00 246.00 246.00 246.00 0.00
GY-8 247.83 247.83 247.97 247.97 0.05
GY-9 243.43 243.43 243.43 243.43 0.00
GY-10 245.30 245.40 245.50 245.50 0.08
GY-11 250.70 250.73 250.83 250.83 0.05
GY-12 248.93 249.00 249.10 249.10 0.07
Table 2. Water absorption of cultured marble samples according to Turkish Standards
2. tdblézat I(fxT:festerséges mdrvdny mintdk vizfelvétele a Torok Szabvinyok (TS) szerint
vizsgdlva

Grain morphology also controls the quality of artificial
marble. Wollastonite and chrysotile have fibrous grain
morphology. They contribute to higher strength of the materials
similarly to steel reabrs in concrete. Although wollastonite and
chrysotile are useful for the best quality of the artifical marble
but chrysotile is considered to be carcinogenic so it is not
preferred for the production of the cultured marble [7,8].

Weights of wet unit volume (WWUYV) of artificial marble
cubic samples were evaluated (Table 3). Natural marbles
have some porosity which adversely affects the quality of the
marble. When natural marbles have porosity of percolated
capillaries, water may be absorbed into the material and cause
the weathering physically and chemically. Therefore, porosity
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of the marbles should be close to zero (Table 3). The water
absorption was found to be low (values vary between 0.00 %
and 0.08 %) for the cultured marble samples tested (Table 3).
It means that the products are compact and have negligible
amount of porosity. The low porosity can make the material
durable against water and air.

Sample WDUV WWUuUV Porosity
Number (kg/m?3) (kg/m?®) (n) %
GY-1 1993.12 2004.01 5.32
GY-2 2015.24 2021.15 412
GY-3 2012.89 2014.83 5.36
GY-4 1994.60 1997.34 6.68
GY-5 2044.84 2060.28 5.08
GY-6 1903.50 1888.97 3.88
GY-7 1976.40 1972.66 3.88
GY-8 2010.73 2011.22 2.40
GY-9 1989.50 1996.51 6.80
GY-10 1908.49 1908.40 10.00
GY-11 2026.56 2024.98 10.00
GY-12 1971.53 1981.90 11.72

Table 3. Weights of dry unit volume (WDUYV), weights of wet unit volume (WWUV)
and apparent porosity of artificial marble cubic samples
3. tdblazat A mesterséges mdrvdny probakockdk mért nedves testsiiriisége, szdraz
teststiriisége és litszolagos porozitdsa

Table 4 summarizes the compressive strength, the ultrasound
pulse velocity and the rebound index values corresponding to
the artificial marbles produced.

Sample Compressive Ultrasound Rebound
Number strength pulse velocity index
N/mm? Vp (m/s)

GY-1 106.13 3555 34
GY-2 98.69 3509 34
GY-3 91.21 3478 34
GY-4 72.17 3503 34
GY-5 64.93 3406 34
GY-6 83.51 3271 34
GY-7 82.29 3440 34
GY-8 97.11 3461 34
GY-9 71.86 3426 34
GY-10 61.16 3399 34
GY-11 76.32 3516 34
GY-12 68.88 3601 34

Table 4. Compressive strength, ultrasound pulse velocity and rebound index of artifi-
cial marble cubic samples
4. tdblazat A mesterséges mdrvdny probakockdkon mért nyomészildrdsdg, ultrahang
terjedési sebesség és visszapattandsi érték

Construction materials should have some physico-
mechanical values required in building industry. Required
values for natural building stones are summarized in Table 5
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[9].When we compared cultured marble with natural building
stone, our results were found above the required values.
Therefore, our produced artificial marbles can be safely used in
the building industry as a constructional material.

Standard Uniaxial

compressive
strength N/mm?

11137 Limestone Floor covering 50 N/mm?
Wall covering 30 N/mm?
10835 Andesite Floor covering 100 N/mm?
Wall covering 60 N/mm?
11135 Trachyte Floor covering 80 N/mm?
Wall covering 50 N/mm?
10449 Macr:rlf)éﬁzlt(z; m Floor covering 50 N/mm?
Wall covering 30 N/mm?
11143 Travertine Floor covering 48 N/mm?
Wall covering 30 N/mm?

Table 5. Minimum values required by the uniaxial compressive strength (TS EN 1926)
5. tabldzat  Egytengelyti nyomdszildrdsdg el6irt legkisebb értékei (TS EN 1926)

4. Conclusions

Large quantities of marble blocks are produced from many
new marble quarries which were opened around Isparta
(Turkey) and its surrounding region. Block efficiency of the
quarries is low which results in a lot of waste materials that can
be used in cultured marble production. The cultured marble
is an attractive, healthy and homogenous building material. It
has a wide application in the building sector. Artificial marble
which is composed of mineral waste materials and polyester
resins has high compressive strength, durable to various
chemical and high temperature environmental conditions.
Based on physico-mechanical properties, cultured marbles are
accepted by the Turkish Standards (TS). Physico-mechanical
properties of cultured marble depend on the physical properties
of the filler minerals. The following analyses; wet unit volume
analysis, dry unit volume analysis, compressive strength of the
materials, capillary water absorption analysis, ultrasound pulse
velocity analysis and the marble wastes bulk chemical analyses
were carried out and the results were evaluated and discussed
with respect to the physico-mechanical properties.

Tensile Strength 45 MPa 1ISO 527
Breaking Elongation 1.3 % ISO 527
Tensile Modulus 3800 MPa ISO 527
Bending Strength 70 MPa ISO 178
Bending Modulus 3900 MPa ISO 178
HDT 95 °C ISO 75A
Hardness 45 Barcol 934-1

Table 6. Various physico-mechanical values of resins
6. tdbldzat  Miigyantdk kiilonféle fizikai/mechanikai jellemzéi
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Construction materials should have important physico-
mechanical values required in building industry. When we
compared our artificial marbles with natural building stones, our
results all met the requirements. Therefore, our artificial marbles
can be safely used in the building industry as a construction
material. The artificial marbles are resistant to acids, alkalis and
they are cheap and durable so there is a huge potential in them to
be used in harsh environments. Artificial marble has anti-bacterial
property so it has been widely used in baths, hospitals, hotels,
restaurants. Artificial marble production has positive effect on
environmental concerns by elimination of marble wastes as well.
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A Lake District kézetek (Isparta, Torokorszag)
asvanytani és kdzettani jellegzetességeinek hatasa
mesterséges marvanyok minéségére

Torokorszagbhan, Isparta varos kornyezetében szamos
marvanybanya nyilt az elmdlt évtizedekben. A helyenként
szamottevd karsztosodas miatt a kdzettdombok kitermelésé-
nek hatékonysaga nem optimalis, és nagy mennyiségl hul-
ladék marvany toret keletkezik. A hulladék anyag depdniak
jelentds vizudlis szennyezést eredményeznek. A hulladék
marvany alkalmas mesterséges marvany készitésére,
poliészter gyantaval kombinalva. A mesterséges marvany
nagy tartéssagu épitbanyag, ellenall agressziv kémiai ha-
tasoknak és esetenként magas homérsékletnek is, ezért a
Torok Szabvanyok (TS) elfogadjak a mesterséges marvany
épitbanyagként torténé alkalmazasat. A mesterséges
marvany fizikai/mechanikai jellemzéi elsésorban a marvany
zUzalék és por jellemzditdl fuggnek, igy azok kémiai elemzése
kiemelt jelentdségi. A cikk az Isparta kozelében elhelyezkedd
egyes marvanybanyakboél szarmazé hulladék marvany fel-
hasznalasaval készitett mesterséges marvany mintak vizs-
galatait mutatja be. Elemzi a vizfelvételi, tdmegeloszlasi,
porozitasi, nyomészilardsagi, ultrahang terjedési és fellleti
keménységi vizsgalatok eredményeit, illetve bemutatja a
vizsgalatokhoz kapcsol6dd termogravimetriai és pasztazd
elektronmikroszképos vizsgalatok egyes eredményeit. A be-
mutatott eredmények aldtdmasztjak a megvizsgalt mester-
séges marvanyok épitbipari alkalmazhatésagat.
Kulcsszavak: mesterséges marvany, poliészter
marvanybanya, nyomészilardsag

gyanta,

vizsgalatat. Az adalékanyag feltarasat kdveten annak szemeloszlasi és
petrogréfiai jellemz6it is meghataroztak. Az eredmények szerint a szerkezeti
elemek cement tartalma (c, kg/m®) és nyomoszilardséga (f_, MPa) valtoza-
tos volt: pillérek ¢ = 131-144 kg/m® és f = 19,7 MPa; gerendak ¢ = 247-273
kg/mé és f_ = 34,6 MPa; lemezek ¢ = 291-308 kg/m® és f_ = 54,2 MPa. A
petrogréfiai vizsgalatok szerint az adalékanyag egy, a kozelben megtalal-
hat6, nagy szilardsagu, de eréziora hajlamos, andeztit-dacit tipusu, porfiros
kézetanyaghol készilhetett. A szemeloszlasi vizsgalatok szerint az adalék-
anyag 0,5 mm/2,0 mm frakcija csaknem teljesen hianyzott a keverékbdl,
ezzel szemben a 0,25 mm/0,5 mm frakcié a napjainkban megszokottnal
nagyobb mennyiségben kerillt a betonba. A karbonatosodas atlagos mély-
sége 18,6 mm volt a pilléreknél, 18,7 mm volt a gerendaknal és 8,3 mm volt
a lemezeknél. A betonacélokat a karbonatosodas mélysége csak kevés he-
lyen érte el. A szerkezeti beton klorid-ion tartalma a kritikus klorid-ion tarta-
lom (0,4 m%/cement) egy tizedét sem érte el, amely a korabeli kalcium-klorid
adalékszerbdl szarmazott. A vizsgalatok bizonyitottak, hogy a XX. szazad
elején elérhetd anyagokkal és technologiakkal is lehetett nagy tartossagu
betonszerkezeteket épiteni abban az esetben, ha az anyagvélasztas, a ter-
vezés és a kivitelezés megfeleld és gondosan ellenérzétt volt.
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