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Abstract: In this study, poly (vinyl alcohol) based composite materials were produced. Fly ash and Karaman Beige and 
Rosso Levanto marble powders were taken by Alacakaya Marble and Mining Business and they were used as fillers. 
Composite materials (at the rate of 1/20 by mass) were produced. The microstructure analysis of the materials was 
examined by Scanning Electron Microscope. Fourier Transform Infrared Spectrophotometer analysis was used to get 
information about the functional groups in the structures of the materials. The thermal behavior of the materials was 
analyzed by Differential Thermal Analysis and Differential Scanning Calorimetry at the same single heating rate of 10 
C/min. X-Ray Diffraction analysis was performed to determine the crystallographic properties of the materials at room 
temperature. The mechanical and physical properties of the obtained materials were examined by stress-strain analysis. 
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1. INTRODUCTION 

Limestones (CaCO3) and dolomitic limestones 

(CaMg(CO3)2) are minerals that have undergone meta- 

morphism and can be recrystallized [1]. These stones, 

which have gained new structures, are called marble. 

This general metamorphism is formed by vigorous 

pressure at very deep and the effect of temperature. 

Marble, which is generally used as a decorative 

building material turns into powder during operations 

such as cutting, shaping, and polishing, approximately 

25% of its mass. Turkey has 40% (about 5.2x109 m3) of 

the total marble reserves in the world. In our country 

where 7.000.000 tons of marble is produced annually, 

there are significant losses in both the extraction and 

processing of marbles. 75% of the produced marble is 

processed in 5000 processing plants. Therefore, it 

becomes difficult to stock millions of tons of waste 

material accumulated in these plants [2,3]. Fly ash is 

an industrial waste obtained as a result of flue gas 

filtration in thermal power plants [4]. There are light 

metal oxides in the basic structure of fly ash, whose 

particles are spherical. Fly ash is a material that is 

widely used in composite materials, thanks to its 

lightness, micro-grain size, amorphous structure, and 

cheapness [5]. It is very beneficial to create a usage 

area for fly ash, which contains a lot of active silica and 

alumina [6]. Fly ash, which is in waste condition, causes 

both economic losses and environmental problems like 

waste marble dust. The evaluation of marble powders 

and fly ash is very important because it contributes to 

the economy and reduces environmental pollutants. 
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Marble powders that can not be used have negative 

effects not only economically but also environmentally. 

It is possible to use marble powders stored as waste in 

different branches of industry for different purposes [7]. 

In recent years, some studies increase these 

applications. Terzi et al. investigated the use of marble 

dust wastes as an alternative to aggregate dust in 

asphalt concrete as filling material. In their study, they 

showed that marble powders can be used instead of 

aggregate dust, especially in regions where marble 

dust is high and transportation/drying cost does not 

exceed stone dust filler cost [8]. Hirostova et al. 

produced a polyester matrix composite material for the 

use of marble powders as fillers. Then they examined 

the effects of marble filling material on physical aging. 

Therefore, they have achieved their goals by proving 

the model they have developed theoretically with 

experimental results [9]. Khristova et al. examined the 

formation properties of a composite material consisting 

of epoxy resin and marble powders. As a result of this 

study, they found that the material deforms in the 

interaction regions of epoxy resin and marble powders 

[10]. Garcia et al. conducted chemical analyzes of 

marble wastes. They found particles containing 99% 

carbonate in their structures. They then hypothesized 

that marble wastes could be used to obtain ceramic 

products. For this purpose, they showed that it would 

be appropriate to add marble powder into calcite and 

dolomite to produce ceramic materials used in wall 

coverings [11]. Ali et al. showed that marble powders 

can be used to eliminate the instability of traditionally 

used plaster materials such as lime and cement 

against some chemical and physical changes. In their 

study, it was determined that plasters made with a 

mailto:caksu@firat.edu.tr


Chemical Synthesis of Marble Powder-Fly Ash Doped Poly Composites Journal of Material Science and Technology Research, 2020, Vol. 7      63 

mixture of marble powder and hydraulic compounds 

are resistant to different weather conditions [12]. 

Ohama has conducted a compilation of recent studies 

on concrete-polymer composite materials [13]. 

In this study, composite materials with poly (vinyl 

alcohol) matrix have been produced. Fly ash that has 

been taken from Firat University Faculty of Technology, 

Karaman Beige, and Rosso Levanto marble powders 

that have been taken from Alacakaya Marble and 

Minning Business, have mixed with poly (vinyl alcohol) 

in the same ratio. The produced Karaman Beige 

marble powder/PVA composite is coded as CM1, Fly 

ash/PVA composite is named CM2 and Rosso Levanto 

marble powder/PVA composite is coded as CM3. 

Structural, spectral, thermal, crystallographic, and 

mechanical properties of the produced materials were 

investigated. 

2. EXPERIMENTAL 

In this study, polyvinyl alcohol (P8136) used for 

composite material synthesis was obtained from Merck 

Firm. Its molecular weight is 30,000-70,000 g/mol and 

its hydrolysis degree is 87-90%. For fabrication of the 

PVA solution, 8 g of PVA powder was mixed with 92 ml 

of deionized water at 90 °C for 5 hours. The pH value 

of the mixture was adjusted to 4 with hydrochloric acid 

solution (HCl) [14]. After the addition of glutaraldehyde, 

5 g of Karaman Beige marble powder was added to the 

mixture and stirred until a homogeneous mixture was 

formed. Finally, the mixture was poured into a petri dish 

and dried at room temperature. After these processes, 

CM1 composite (filler/matrix; 1/20 by mass) synthesis 

was completed. The same process was done for CM2 

and CM3 composites. The fillers, whose images are 

given in Figure 1, were added to the PVA matrix after 

they were sieved by using an ordinary kitchen sieve to 

make the powder particles smaller. 

The composite materials with different additives in 

the same proportions were characterized by several 

tests. Among these, the SEM images of the samples 

taken by a Zeiss brand EVO MA10 model Scanning 

Electron Microscope (SEM). The images were taken at 

100X and 250X magnifications. By using a Shimadzu 

DSC-60A model DSC device, the DSC measurements 

for each composite sample were taken from room 

temperature to 500 °C at a heating rate of 10 °C/min 

under 100 ml/min of constant inert argon gas flow. By 

using a Shimadzu DTG-60AH model DTA-TG instru- 

ment the TGA results were obtained by heating the 

samples from 25 °C to 500 °C at a heating rate of 10 

°C/min under the same inert gas flow. The FT-IR tests 

were taken by using a Thermo Scientific ID4 ATR 

instrument at room conditions and in the range of 550-

4000 cm. The XRD tests were performed in room 

conditions, at 1.54 Å wavelength, 40 kV voltage and, 

40 mA current by using a Bruker brand D8 Advance 

model XRD instrument in the range of 5-40° scan 

angle, 0.02° scan step length and, each step of 0.02 

seconds. The tensile tests were performed at room 

temperature under the test conditions specified in DIN 

EN ISO 527-1 test standard and by using a Zwick 

brand instrument and all of the different composite 

samples were used in equal dimensions for these 

stress-strain tests. In these tensile tests, the pre-load 

value was 0.1 Mpa, the speed of tensile modulus was 

10mm/min, the test speed was 100 mm/min and the 

grip to grip at the start position was 45 mm. 

3. RESULTS AND DISCUSSIONS 

In this study, microstructure analyzes were 

performed with the Zeiss brand EVO MA10 model 

Scanning Electron Microscope (SEM). The images 

were taken at 100X and 250X magnifications of 

produced composite materials with different additives in 

the same proportions are given in Figure 2. In all three 

 

Figure 1: Images of fillers before sieving. 
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images, irregular, sharp corners and partially spherical 

grains were detected in the microstructure of the 

composites. Compared to the materials CM1 and CM2 

shown in Figure 2a and Figure 2b respectively, the best 

homogeneous distribution was seen in the material 

CM3 given in Figure 2c. This result demonstrates that 

the interaction between the additive material (Rosso 

Levanto marble powder) and the PVA matrix in this 

sample is better than the others. Among these SEM 

images, as seen in Figure 2a and 3c, both of the 

marble dust additions in CM1 and CM3 are seen like 

micro-sized particles covered by or engulfed in the 

transparent PVA matrix like a limpid glue. Therefore 

these micro-sized marble grains, resembling bricks in a 

mortar, are expected to enhance the mechanical 

strength (and flexibility) which is to be shown in the 

tensile test results ahead. In Figure 2b, the additive fly 

ash and PVA seems to form a different structure than 

the ones with marble. This is mostly due to the higher 

oxygen content in the fly ash which interacted with the 

carbon (this is to be shown in the FTIR results section 

ahead) and hydrogen atoms of PVA to form different 

amorphous forms (depending on the spatial distrubition 

and effects of metal and other elements) and this must 

also change the mechanical features to some degree 

and this is to be shown in the mechanical results, too 

[15]. 

Spectroscopic methods are applied in a wide range 

such as qualitative and quantitative analysis of organic 

substances, elucidation of their structures, finding 

stereochemical properties, and purity control [16,17]. 

FT-IR is a fast, reliable, precise, and inexpensive 

method used to characterize the chemical composition 

of materials [18,19]. 

FT-IR spectroscopy was used for the structural 

analysis of obtained composites. An interaction occurs 

between the compounds of the composites. This 

interaction changes the vibration modes of atoms or 

molecules in the materials. As a result of this process, 

the physical and chemical properties of the composite 

materials differ from each other. Thus, the infrared 

spectra of the materials varied. 

When the FT-IR spectra given in Figure 3 of the 

samples are examined, the characteristic bands of the 

PVA polymer can be seen at 3278, 1733, 1643, and 

1080 cm-1 [14,20]. The peaks observed between 3245-

3305 cm-1 for CM1, CM2, and CM3 composites 

represent the –OH stretching that belongs to absorbed 

water. This peak appears sharper and more violent in 

composite materials prepared with fillers other than fly 

ash. Therefore, it can be said that marble powders 

(Karaman Beige marble powder and Rosso Levanto 

marble powder) are more compatible with the PVA 

structure [21]. The stretching vibration of the C═O bond 

in the carbonyl group was observed at 1733 cm-1 and 

1730 cm-1 in the FT-IR spectra of PVA and CM2 

materials, respectively [22]. For CM1 and CM3 

composites, this peak occurred at 1789 cm-1 and 1796 

cm-1 wavenumbers, respectively, with very low 

intensity. The fact that this stretching peak seen in 

composite materials is less severe than the peak 

formed in PVA indicates that the hydrogen bond 

between C═O and –OH is not sufficiently occurred. The 

stretching vibration of the C═C bond was observed at 

1643, 1644, 1652, and 1643 cm-1 for PVA, CM1, CM2, 

and CM3 materials, respectively [23]. Especially for 

CM1 and CM3 materials, this peak is stronger and 

formed at almost the same wavenumber as the peak 

observed in the PVA structure. This result means that 

the added fillers in these composite materials do not 

disrupt and also improve the PVA structure [24]. In 

addition, C–O stretching vibration belonging to the 

alkoxy group was observed at 1080, 1084, 1080, and 

1079 cm-1 for PVA, CM1, CM2, and CM3 materials, 

respectively [25,26]. It is observed that this peak 

intensity is higher in CM1 and CM3 materials, so it can 

be mentioned that the fillers compatible with the matrix. 

Thermal characterization techniques are used to 

determine physical and chemical changes such as 

phase transitions, glass transition temperature (Tg), 

and melting temperature (Tm). The glass transition 

temperature (Tg) is an important property for all 

polymeric composites because it can significantly alter 

the mechanical behavior of the material. In DSC 

analysis, the increase in instantaneous heat capacity in 

the heat exchange curve creates the glass transition 

temperature (Tg). The glass transition temperature is a 

quadratic transition and there is no enthalpy associated 

with the transition. For DSC analysis, a temperature 

range of 0 - 250 °C was used at a heating rate of 10 

°C/min. In this work, the endothermic peaks are the 

downside peaks and bendings on the curves of the 

DSC or DTA. Here, the negative enthalpy values dis- 

played on each peak data set belong to the endother- 

mic reactions. In some other labels of DSC/DTA 

instruments, the enthalpy values of endo peaks are 

given as positive values. The DSC curves given in 

Figure 4 show the endothermic peaks of the glass 

transition temperature (Tg) and the melting temperature 

(Tm). Tg of polymer blends is a typical characteristic that 

is used in studying the miscibility and interaction 
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between polymers. Tm is mostly used in investigating 

the crystallization of polymers [27]. 

When the DSC curves are examined, three endo- 

thermic peaks are similarly seen in all three samples. 

a)    

b)      

c)       

Figure 2: SEM analysis of the samples a) CM1, b) CM2 and c) CM3.  
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The first endothermic peaks give the glass transition 

temperature of polymeric materials. The second peak 

shows the crystallization temperatures (Tc) correspond- 

ing to the conversion of the crystallizable molecular 

chains remaining in the structure into crystallized 

regions due to the temperature during the DSC scan. 

The final endothermic peak gives the melting tempera- 

ture associated with the melting of the crystallized 

regions during the DSC scan [28]. A single peak 

corresponding to the melting temperature was obtained 

in all samples. The glass transition temperatures, cold 

crystallization temperatures, and melting temperatures 

of the polymeric composites determined from the DSC 

curves shown in Figure 4 are given in Table 1. 
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Figure 3: FT-IR spectra of the produced materials. 

Table 1: Thermal Properties of Polymeric Composites 

Dependent on DSC Spectrum 

Samples Tg (°C) Tc (°C) Tm (°C) 

CM1 76.2 229.9 290.1 

CM2 104.6 234.5 267.3 

CM3 71.7 221.6 276.1 

 

When the glass transition temperatures of the 

materials are examined, it is seen that the CM3 sample 

has the lowest value with 71.7 °C. This result indicates 

that this material is more flexible than the others [29]. 

The more flexible the chain, the lower the glass 

transition temperature [30]. 

Thermal analysis is used for the examination of 

polymers, alloys, complexes, salts, etc. thermal proper- 

ties and for quality control purposes [31]. Thermo- 

gravimetry (TG) is used to determine the stoichiometry 

by examining the change in the mass of the sample 

against temperature increase. This method is also used 

to interpret the thermal stability of the sample. 

Differential Thermal Analysis (DTA) is frequently used 

to determine the decomposition events and tempera- 

ture ranges of samples, enthalpy of state change, 

endothermic-exothermic reactions [32]. 
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Figure 4: DSC curves of the samples a) CM1, b) CM2 and c) 

CM3. 
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Thermograms given in Figure 5 were obtained by 

heating from 25 °C to 500 °C under argon gas at a 

heating rate of 10 °C/min. When the TGA thermogram 

of the CM1 sample given in Figure 5a is examined, a 

three-step decomposition curve appears. It is seen that 

the first mass loss is 13.2% and is caused by the 

removal of moisture generated by the water molecules 

physically contained in the polymer, which corresponds 

to the endothermic downfall on the DTA curve starting 

from the far left at room temperature to ~150 °C. The 

second and largest mass loss in the decay curve is 

30.7% and is between 271 °C and 296 °C corresponds 

to the largest endo DTA peak at around 284.5 °C. This 

region of greatest mass loss in the TGA curve is 

directly related to the degradation of the PVA structure 

[33]. In this region, the main and side chains in the PVA 

structure are separated from each other [34]. The mass 

loss in the third zone is between 308 °C and 324 °C 

and is 10.7% corresponding to the right side of the 

largest DTA peak. Mass loss in the third zone is caused 

by the breakdown (degradation) of the PVA main chain 

[33]. The mass remaining as a result of all these 

degradations is 5.9 mg. The TGA thermogram given in 

Figure 5b shows a two-stage decay curve. The first 

mass loss for the CM2 sample is observed between 

265°C - 282°C and 43.8% corresponding to the 

combination of the first and smaller endo peak and the 

largest endo peak on DTA led by the degradation of 

PVA. The second mass loss is 12.9% between 300 °C 

and 500 °C due to the combustion of residual PVA or 

the intermediate compounds from degraded PVA. 

When the TGA thermogram given in Figure 5c is 

examined, the first mass loss is caused by the removal 

of moisture in the structure and it is seen that it is 

between 57 °C - 152 °C and 7.5%. The second and 

largest mass loss caused by the degradation of PVA 

seen in the decay curve is mainly between 267 °C and 

306 °C with a value of 34.8%. The third mass loss 

caused by the combustion of residual PVA for the CM3 

sample is between 315 °C-429 °C and 13.1%. 

According to the TGA curve, the mass loss amount in 

the CM3 sample is lower than in other samples. 

Therefore, this tendency of the CM3 material is positive 

at the thermal stability issue. 

X-ray diffractometry (XRD) is a device used to 

obtain information about the crystalline structure of 

semi-crystalline polymers in the range of 0.1 to 0.5 nm 

between atoms [35]. With the X-ray diffraction method, 

detailed information can be obtained about the 

chemical composition and crystal structure of natural or 

produced materials such as rocks, crystalline, thin-film, 

and polymer. XRD method has advantages such as not 

destroying the material during analysis, being able to 

analyze amorphous materials, and even small amounts 
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Figure 5: TGA-DTA curves of the samples a) CM1, b) CM2 

and c) CM3. 
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of samples [34]. Tests were performed at 1.54 Å 

wavelength, 40 kV voltage, and 40 mA current by 

Bruker brand D8 Advance model XRD. Spectra given in 

Figure 6 were obtained in the range of 5-40° scan 

angle, 0.02° scan step length, and each step 0.02 

seconds. When Figure 6 is examined, a sharp peak in 

the range of 0-30° is not seen. This result may be due 

to the small size of the crystalline portions of the 

materials, the density of the amorphous region, or the 

distribution of the crystalline region within the structure. 

The maximum peaks of the materials were seen at 30-

33°. When the XRD curve of the CM3 sample is 

examined, it is seen that the characteristic peak density 

is more pronounced than the others. This means that 

cross-linking induced by the addition of Rosso Levanto 

marble powder increases the crystallinity of the 

composite material to some extent. In the CM1 sample, 

some microcrystals remain in the polymer chain, 

probably due to the high crystallinity of PVA. Therefore, 

the cross-links partly reduce the degree of freedom in 

the polymer chains and limit the formation of crystalline 

regions.  
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Figure 6: XRD curves of composite materials. 

To determine the elastic and plastic behavior of the 

materials under static load, a stress-strain test was 

performed. The tests were carried out under the test 

conditions specified in ISO 527-1 standard and on 

Zwick brand device. All materials were used in equal 

dimensions for the stress-strain test. The results are 

given in Table 2. 

Table 2: Results of the Stress-Strain Test. 

Samples Et (MPa) σm (MPa) εm (%) σb (MPa) εb (%) 

CM1 17.2 1.0 5.8 0.8 6.3 

CM2 3.0 2.8 10.0 2.8 10.0 

CM3 53.1 4.0 5.8 0.8 13.0 

Here Et (modulus), the slope of the stress/strain 

curve σ(ε) in the strain interval between ε1=0.05% and 

ε2=0.25%. εm (strain at strength), strain at which the 

strength. εb (strain at break), strain at the last recorded 

data point before the stress is reduced to less than or 

equal to 10 % of the strength if the break occurs before 

yielding. σm (strength), stress at the first local maximum 

observed during a tensile test. σb (stress at break), 

stress at which the specimen breaks [36]. When the 

tensile test results given in Table 2 are examined, it is 

seen that the tensile strength of the CM3 material is 4.0 

MPa and the strain value is 5.8%. The modulus of 

elasticity is defined as bond strength containing two 

atoms. This value refers to the strength of the material. 

According to tensile test results, the material with the 

highest strength value is CM3. The value of elasticity is 

a characteristic property that belongs to the material. 

As the elasticity value increases, it can be said that the 

bond strength between atoms increases. And also, it 

can be said that strength and yield stress are 

increased.  

4. CONCLUSIONS 

In this study, when the SEM images of polymeric 

composite materials produced in a ratio of 1:20 by 

mass are compared, it is seen that the best homogen- 

eous distribution is CM3. This result shows that the 

interaction between the additive (Rosso Levanto 

marble powder) and the PVA matrix in this example is 

better than CM1 and CM1 composite materials.  

The ratios of the atoms and compounds that make 

up the used fillers are different from each other. This 

difference causes the physical and chemical properties 

of the composite materials to differ from each other. 

Therefore, the intensity of the obtained characteristic 

peaks as a result of FT-IR analysis varies for each 

material. FT-IR spectra clearly show the difference 

between these materials. 

When the DSC analysis results are examined, it is 

seen that the material with the lowest glass transition 

temperature and the lowest crystallization temperatures 

is CM3. If the chain in the material structure is flexible, 

the glass transition temperature is also low. Therefore, 

it can be concluded that the most flexible material with 

the lowest glass transition temperature value is CM3 

among these materials. 

Thermogravimetric analysis of CM1 and CM3 

samples show three distinct steps of weight loss, the 

first step corresponds to the removal of water, the 
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second step is due to thermal degradation of 

intermolecular hydrogen bonding and the third step 

leads to the decomposition of the main backbone 

chain. The TGA thermogram of the CM2 sample shows 

a two-step decomposition curve. As a result, it can be 

said that all three materials have approximately the 

same mass loss between the same temperature 

values. 

According to XRD analysis results, maximum peaks 

of all three materials were observed between 30-33°. 

The characteristic peak density of the CM3 sample is 

more pronounced than the others. This means that 

crosslinking induced by the addition of Rosso Levanto 

marble powder increases the crystallinity of the 

composite material to some extent. This data is 

consistent with other analysis results. 

When tensile test results are examined, it is seen 

that CM3 material is the most flexible material with a 

tensile strength value of 4.0 MPa and a strain value of 

5.8%. The elasticity modulus of this material is higher 

than other materials with a value of 53.1 MPa. This 

result indicates that the strength property of CM3 

material has the highest value. When all these analysis 

results are taken into consideration, it can be 

concluded that Rosso Levanto marble powder is the 

most compatible with PVA in different fill materials used 

in the same proportions. The homogeneity of the 

structure of this material, which has the highest 

elasticity and strength, makes this material more 

preferable according to need. 
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