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Abstract: In this study the effect of dry grinding on hydrophobicity, surface free energy (SFE), particle 

size distribution, surface area, porosity, oil absorption, and whiteness of talc was investigated. The dry 

grinding was performed in a vibrating ball mill at various grinding times (5-150 min) by keeping the 

grinding parameters constant such as the number of ball, ball size, the amount of talc, vibration frequency 

and amplitude. Then, the contact angle measurements were performed on disc-shaped samples produced 

under a hydraulic press by using a sessile drop method with different liquids (water, formamide, 

diiodomethane, and ethylene glycol), and surface free energies (mJ/m2) were calculated according to 

OCG-AB (van Oss-Chaudhury-Good Acid-Base) method by using the obtained contact angle values. In 

addition, the physicochemical analyses given above were carried out for each ground sample. According 

to the obtained results, the water contact angle and SFE of the original sample were 63.800 and 48.70 

mJ/m2, respectively. The lowest and highest contact angle values for the samples were obtained as 59.300 

and 70.770 at grinding times for 5 and 15 min, respectively. It was also determined that the grinding time 

over 30 min showed no significant effect on the contact angle and SFE values of the samples. Similarly, 

the grinding time vs. SFE, and the grinding time vs. contact angle curves showed a similar trend. Parallel 

to the increase in the surface area upon the grinding, a small increase in the oil absorption and whiteness 

of talc was also determined.  
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Introduction 

Talc is a hydrated magnesium silicate with a theoretical formula of Mg3(Si2O5)2(OH)2. 

Ideally, it contains 31.70% MgO, 63.50% SiO2, and 4.80% water (Grim, 1968). 

Primary properties of talc can be summarized as follows: natural hydrophobicity, 

organophilicity, lamellar structure with a high aspect ratio (the length of basal surface 
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of  layer/thickness of edge surface of layer), softness, low electrical conductivity, 

thermal resistance, and oil/surfactant/polymer adsorption ability (Grim, 1968; Van 

Olphen, 1977; Sanchez-Soto et al., 1997; Tomaino, 2000; Lopez- Galindo et al., 2004; 

Yekeler et al., 2004; Perez – Rodriquez and Sanchez – Soto, 1991; Cawood et al., 

2005; Liu et al., 2006; Wang and Somasundaran, 2005; Nkoumbou, 2008; Wallqvist, 

2009). Because of these properties, talc is used in many different industries such as 

ceramic, paint, cosmetic, paper, food, plastic, textile (Tomaino, 2000; Lopez- Galindo 

et al., 2004; Bizi et al., 2003; Martin et al., 2004; Goren et al., 2006; Neto and 

Moreno, 2007; Terada and Yonemochi, 2004). 

In order to use talc in the mentioned industries, it is necessary to convert talc into 

powder by grinding. The previous studies showed that mechanical effects (impact, 

shear, and compression) and heat treatment during the grinding process deforms 

crystal structure of minerals, and minerals can even lose their crystallinity (Perez–

Rondriquez and Sanchez–Soto, 1991; Tarada and Yonemochi, 2004; Lio and Senna, 

1992; Filio et al., 1993; Aglietti, 1994; Kano and Saito, 1998; Temujin et al., 2003; 

Yang et al., 2006; Balek et al., 2007; Dellisanti et al., 2009). Serious changes have 

been detected in physical (grain shape, aspect ratio, roughness, specific surface are, 

particle size distribution, color, and cation exchange capacity) (Sanchez-Soto et al., 

1997; Yekeler et al., 2004; Dellisanti et al., 2009; Zbik et al., 2005; Ulusoy, 2008), 

and surface properties (surface energy, hydrophobicity, and wettability) after the 

grinding process (Wu et al., 1996; Liao and Senna, 1992; Yekeler et al., 2004). 

Hydrophobicity and surface free energy (SFE) concepts are encountered in many 

industries such as mining, oil, paper, pharmaceutical, paint, environment, textile, food, 

agriculture, and metal (Leja, 1982; Good and Van Oss 1992; Fowkes, 1964; Fowkes, 

1972; Yoon and Yordan 1991; Gonul, 2000; Kolluri, 1994). There are a few studies 

investigating the changes in surface energy and hydrophobicity of talc after the 

grinding process in the literature. In a PhD study carried out by Yildirim (2001), 

contact angle of talc samples, which belong to different regions of the USA was 

determined by using the thin layer wicking (TLW) method, and surface free energies 

of those samples were measured by heat of wetting method using a micro-calorimeter. 

It was observed that the SFE of talc samples changed between 21.60 mJ/m
2 

and 48 

mJ/m
2
, and decreased with the decreasing particle size while there was an increase in 

the hydrophobicity with the decreasing particle size. Yildirim (2001) explained this 

change by fracture of talc along layer planes, and increase with the ratio of basal 

surface area to total surface area. However, in a different study by Terada and 

Yonemochi (2004), it was indicated that SFE of talc samples ground for different 

periods (3, 10, and 40 min) in a vibrating ball mill increased with the increasing 

grinding time, and it started to decrease after 10 min. Yekeler et al. (2004) investigated 

the effect of different grinding methods (ball, rod, and autogenous) on surface 

properties (grain shape, surface roughness, wettability, and surface energy) of talc. It 

was observed that talc ground by rod mill showed smoother surface, lower surface 
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energy, and higher water contact angle compared to talc ground by other grinding 

methods.  

Fillers used in industries such as paint, paper, and plastic must satisfy certain 

requirements. In practice, raw materials used in plastic industry should have high 

hydrophobic property while a good dispersion of raw materials in water is desired in 

paint and paper industries. However, there is no study in the literature dealing with the 

hydrophobicity of talc used as a filler, especially in paint and paper industries. In a 

study conducted by Lefebvre et al. (2011), wettability and dispersion of talc in 

aqueous systems were investigated by coating talc surface with hydrophobic silica 

(Aerosil R972®). Their results showed that the coating process increased the 

hydrophobicity, and thus decreased wettability and dispersability of talc. However, the 

authors indicated that dispersion problem in aqueous environments created by high 

hydrophobicity could be overcome by using high speed mixing procedure (1500 rpm 

or higher). 

In this study, the effect of grinding time on surface and various physical properties 

of talc sample, which was ground by a vibrating mill used in industry for ultrafine 

grinding processes was investigated in detail. The aim of this work was to prepare 

ground talc with desired particle size (around 5-20 µm) and maximum basal surface 

area. In other words, it was intended to obtain talc samples with maximum aspect ratio 

values (thus maximum hydrophobicity) in order to improve opacity of end-product 

(talc) used in industries such as paint, paper, etc.  

Experimental 

Material 

A talc sample used in the experiments was obtained from the talc deposit which 

belongs to Ulusoy Mining Co. located 53 km from Sivas in Turkey. First, the size 

reduction procedures were applied to get appropriate size (-1 mm) for the grinding 

processes. This talc sample was assigned as an original sample with T0 code for the 

rest of the grinding processes. The mineralogical analysis of the sample was 

performed by using a Shimadzu XRD-6000 instrument with CuKα radiation and X-ray 

spectrum of the sample, and the results are seen in Fig. 1. As can be seen from the 

spectrum in Fig. 1., all peaks belong to talc mineral, and the sample showed high 

purity. The chemical analysis of the sample was carried out in a XRF (Bruker S8 

Tiger) instrument, and the results are presented in Table 1. The specific density of 

original sample was recorded in a helium picnometer (Quantachrome Ultrapycnometer 

1000e) as 2.80 g/cm
3
, and the moisture content of the sample was determined as 

1.08% (Denver IR-30). The liquids used for the contact angle measurements were of 

Merck Quality, and their specifications are presented in Table 2. 
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Fig. 1. Mineralogical (XRD) analysis of talc sample (Mg3Si4O10(OH)2) 

Table 1. Chemical analysis of talc sample 

Composition SiO2 MgO Fe2O3 Al2O3 CaO NiO CuO LOI 

Amount (%) 59.31 33.15 0.43 0.05 0.05 0.04 0.03 6.92 

Table 2. Properties of polar and apolar liquids used for SFE calculations 

Liquid Chemical structure Purity (%) 
Molecular 

weight (g/mol) 

Surface tension/energy 

components 

    γ γLW γAB 

Water H2O Ultra pure 18.015 72.80 21.80 51.00 

Diiodomethane CH2I2 >99% 267.84 50.80 50.80 0.00 

Formamide CH3NO >98% 45.04 58.00 39.00 19.00 

Ethylene Gliycol HOCH2CH2OH >99% 62.07 48.00 29.00 19.00 

γ = Total surface tension (or energy) (mJ/m2); 

 γLW=Lifshitz-Van der Walls (LW) component;  

γAB = Lewis Acid-Base component  

Methods 

Original talc sample with –1 mm particle size was ground in a vibrating ball mill 

(Siebtechnik GSM 06) at various grinding times (5, 10, 15, 30, 60, 90, 120, and 150 

min) by using parameters given in Table 3. In the grinding processes conducted with 

the vibrating mills, the impact, shear, and compression forces can be affective, 

depending on the grinding medium. Meanwhile, the ceramic balls were used to 

eliminate metal contamination during the grinding process. After each grinding time, 

the particle size distribution (Malvern Mastersizer 2000), specific surface area 

(Quantachrome Nova 2200), pore volume (Quantachrome Nova 2200), and color 

(Datacolor Elrepho 3000) analyses were performed for the ground samples.  
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Table 3. Equipment and grinding medium properties  

of vibrating ball mill and grinding parameters for talc 

Properties Values 

Chamber volume (cm3) 500 

Vibration amplitude (mm) 0-6 

Vibration intensity (rpm) 1500 

Grinding period (min) 5-150 

Ball diameter (mm) 13-14 

Ball density (g/cm3) 2.47 

Ball charge (%) 80 

Density (g/cm3) 2.8 

Bulk density (g/cm3) 0.76 

Charge load (%) 20 

Charge load (g) 152.16 

d10 (μm) 10.81 

d50 (μm) 606.29 

d90 (μm) 908.69 

d97 (μm) 999.10 

 

In order to determine the changes in the surface morphology after the grinding 

process, the SEM images of the samples were taken by using a Scanning Electron 

Microscope (LEO 1430 VP model) after the coverage of the sample surfaces with 

carbon prior to analysis.  

Oil absorption  

A 1 g sample of ground talc was placed on a dry and clean glass plate of 45×45 cm in 

size. First, a solid paste was prepared by dropping linseed oil from a burette onto the 

talk powder sample, and mixed with a spatula. Second, the obtained paste was thinned 

by slow addition linseed oil, and it was spread onto a glass plate as a thin film by 

using a spatula. The coating process was carried out until no cracking or swelling was 

observed. Finally, the amount of consumed oil was recorded from a burette in cm
3
, 

and % oil absorption value of the talc sample was calculated (DIN EN ISO 787-5).  

Contact angle measurement by sessile drop method  

After the drying process of the ground solid samples in an oven at 105 
o
C, the discs 

having 2 cm in diameter were prepared by using a manual hydraulic press (Specac 

GS15011). The labelled discs were kept in a desiccator until the contact angle 

measurements were performed. No binding additives were utilized for preparation of 

the disk-shaped test samples. The contact angle of each sample was obtained by using 

the sessile drop technique at room temperature (25 ± 2 
o
C) using various polar (water, 

formamide, and ethylene glycol) and apolar (diiodomethane) liquids with a “KSV 

Attension ThetaLite TL 101 Optical Tensiometer” instrument. An operation principle 
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of the instrument is based on addition of a liquid with known surface tension onto a 

disc with a Hamilton syringe and taking pictures of the drop formed on the solid 

surface by a video camera. Later, the picture was analyzed, and contact angle was 

measured by a digital goniometer. Ten different pictures of the droplet were recorded 

in a very short time interval (millisecond) after the addition of liquid on the solid 

surface. Finally, the contact angle of each droplet with solid surface was determined, 

and an average value was obtained by taking arithmetic mean of the contact angle 

values. This process was repeated on two different points on the disc, and the contact 

angle values were obtained for the total of three different points. An average of these 

three values gave the final contact angle value for that liquid. Standard deviation of the 

measured contact angle values is ± 0.40 degree.   

Surface Free Energy (SFE) calculations 

Surface free energy (SFE) is a direct measurement of intermolecular forces, and it is 

defined as the amount of external work done on a material to create a new unit surface 

area in a vacuum. SFE is normally presented in units of mJ/m
2
 (Bhasin et al., 2006; 

Courard et al., 2011). It is known that SFE of solids cannot be determined directly 

from an experimental measurement. However, it can be obtained indirectly either from 

wetting heat values obtained from micro calorimeter or contact angle values of solids 

with various liquids. These two approaches are the most common methods used for 

this purpose. The results obtained from the contact angle measurements are calculated 

automatically using different approaches. Some of them were Zisman, Fowkes, Wu, 

and OCG-Acid Base approaches (Shen et al., 2000). In this study, OCG-AB approach, 

which is inferred as more appropriate for mineral surfaces was utilized (Zenkiwicz, 

2007). Equation 1 defines the OCG-AB method: 

 (1+ cos θ) γL= 2(√γS
LWγL

LW + √γS
+γL

− + √γS
−γL

+). (1) 

In Eq.1 𝛾𝐿 represents the total surface energy of the liquid; 𝛾𝑆
𝐿𝑊 and 𝛾𝐿

𝐿𝑊show 

Lifshitz-Van der Walls components of surface energy for solid and liquid, 

respectively; 𝛾𝑆
+  and   𝛾S

− represent Lewis electron accepting and donating capacity of 

solid, respectively; 𝛾𝐿
+  and   𝛾𝐿

− show Lewis electron accepting and donating capacity 

of liquid, respectively. The Lewis electron accepting and donating capacity also 

represents polar component (acid/base) of surface energy for solid or liquid. 

Consequently, addition of these three components (𝛾𝑆
𝐿𝑊, 𝛾𝑆

+, and 𝛾𝑆
−) are formed total 

surface free energy of the solid. In order to find these three unknowns, it is necessary 

to measure contact angle of three liquids with known surface energy and its 

components. In this way, surface energy of solids can be calculated from three 

equations with three unknown. SFE calculations of the ground talc samples were 

performed by the contact angle measurement instrument automatically using special 
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software according to OCG-AB methods. Standard deviation of the calculated SFE 

values is ± 0.40.   

Results and discussion  

Relationship between particle size and surface area 

Only grinding time (5-150 min) was changed during the grinding operations 

performed in a vibrating ball mill by keeping other parameters constant (Table 3). The 

particle size distribution (PSD) curves of the feed and ground materials are given in 

Fig. 2, and the change in d10, d50, and d90 grain size of the ground samples are shown in 

Fig. 3. The results showed that the particle size of talc was reduced with the increasing 

grinding time in the first 30 min. After 30 min of the grinding time, only a small 

decrease in the d90 size was observed while other two sizes almost stayed constant. 

This difference was caused from the longer exposure of coarse particles due to the 

balls impacts since grinding action was caused from the impact force when the balls 

were used in a vibrating ball mill as a grinding medium. Similar results were also 

obtained in literature (Lio and Senna, 1992). The effect of the grinding time on d50 and 

specific surface area is given in Fig. 4.  

 

Fig. 2. Particle size distribution (PSD) of feed and ground samples  

Surface area is a physical property which depends on particle size and porosity of 

material. Since the available surface would increase with decreasing particle size, an 

increase in surface area was observed upon grinding. As can be seen in Fig. 4, the 

decrease in d50 value caused an increase in the surface area of material. Highest 

surface area (18.986 m
2
/g) was obtained at the lowest d50 size (11.27 µm). It is known 

from the literature that surface area of talc mineral changes between 9.53 to 24.40 
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m
2
/g with the changing particle size (Holland and Murtagh, 2000; Foster and Doll, 

2004). Even there was no a big change in the particle size after 30 min of the grinding 

time, the surface area of sample kept increasing. This could be explained by 

conversion of closed pores into open pores and a consequent increase in the total pore 

volume during the grinding process (Table 4).  

 

Fig. 3. Change in particle size (d10, d50, and d90) 

with grinding time 

Fig. 4. Changes in d50 size and specific surface 

area of talc 

Table 4. Effect of grinding period on specific surface area, pore volume, color, and oil absorption of talc 

Grinding 

time 

(min) 

Surface area 

(m2/g) 

Pore volume 

(cm3/g) 

Oil absorption 

capacity 

(%) 

Contact angle 

with water 
Color 

(degree) L a b 

0 10.173 4.162 39.8 63.8 92.05 -0.32 2.4 

5 10.734 4.417 43.5 59.3 94.14 -0.26 1.9 

10 12.021 4.82 47 60.24 94.70 -0.26 1.94 

15 12.361 5.041 48 70.77 94.93 -0.25 1.98 

30 13.693 5.548 48.5 65.38 95.22 -0.21 1.83 

60 15.027 6.078 50 61.31 96.32 -0.22 2.13 

90 17.581 6.836 52.1 63.41 96.41 -0.19 1.97 

120 18.256 7.308 52.5 62.05 96.12 -0.12 1.56 

150 18.986 7.568 52.7 61.2 95.87 -0.1 1.45 

Effect of grinding on crystallinity 

In order to understand the effect of grinding process performed in the vibrating ball 

mill on crystal structure of talc, the XRD analyses of samples were performed before 

and after the grinding process (Fig. 5). Basing on the XRD peak intensities no loss in 

the crystallinity was observed. However, as it is indicated in a related study in 

literature, an important amount of crystallinity loss takes place in talc samples after 60 

min of grinding in a planetary ball mill (Sanchez-Soto et all., 1997). This discrete 
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result can be explained by differences in the grinding mechanism of mills. Impact, 

pressure, and scissors type forces act on particles in vibrating mills. However, pressure 

and scissors type forces are negligible, and impact is the effective force on grinding. In 

other words, grinding takes place with impact forces in vibrating ball mills (Stein, 

2005; Andres and Haude, 2010). 

 

Fig. 5. XRD pattern of feed and ground products 

Relationship between grinding, oil absorption, and contact angle 

Knowledge on the oil adsorption value of talc is especially important in paint industry 

in terms of rheology of paint suspension. Therefore, these tests are routinely 

performed during production. Oil absorption property of a material depends on various 

factors such as properties of adsorbent (surface area, pore volume, surface electrical 

charge, hydrophobicity etc.), structure of adsorbate (ionic/nonionic, HC chain length 

etc.), and medium conditions (pH, temperature, type and amount of ions etc.) (Bilgin, 

2009; Arsoy, 2014; Peng et al., 2014). Table 4 shows that the oil absorption value of 

talc changes in parallel to the surface area and pore volume. The increasing surface 

area and opening of the closed pores upon the grinding created more surface for oil 

absorption. Therefore, talc sample attains maximum oil absorption ratio (52.70%) after 

150 min of grinding where maximum surface area (18.986 m
2
/g) was obtained. It is 

indicated in literature that sponges (Peng et al., 2014) and cellulose aerogels (Feng et 

al., 2015) with improved hydrophobic properties showed enhanced oil absorption 

capacity. However, no logical relation could be established between hydrophobic 

property and oil absorption capacity of talc in this study. As it can be seen in Table 4, 

that the highest contact angle (maximum hydrophobic property) was obtained after 15 

min of the grinding of talc while its oil absorption value was about 48%. The oil 

adsorption values of talc products used commercially in industry are between 36% and 

52% (Imifabi, 2013). High oil absorption property of talc provides various advantages 

depending on its usage. According to practical observations, high oil absorption value 

provides appropriate rheological properties, and adjusts viscosity of mixtures and 
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prevents sedimentation in paint and paper industries (Arsoy, 2013). In addition, talc 

with high oil absorption properties increases print quality in paper and cardboard 

coating processes by balancing ink absorption (Arsoy, 2013). It is desired that clays 

used in paper coating, paint production, cardboard coating, and relative applications 

should have appropriate color besides mineralogical purity and a certain particle size 

distribution (Gamiz et al., 2005).  

Relationship between grinding and color  

As known from literature, the whiteness of talc directly affects its usability in 

cosmetics, paint, and paper industries (Soriano et al., 2002). A color of a substance 

changes with its chemical/mineralogical structure, grain shape/size, and surface 

porosity (Bizi et al., 2003; Bilmeyer and Saltzman, 1981). Color properties of powder 

samples are calculated from its X, Y, and Z tristimulus values according to the CIE 

(International Commission on Illumination) color space system, which is given in Fig. 

6 as L, a, and b parameters. In this system, L is a scale for darkness or lightness of a 

color varying in an interval from white (L=100) to black (L=0), a is scale changing 

from green (−a) to red (+a), and b is another scale varying from blue (−b) to yellow 

(+b) (Billmeyer and Saltzman, 1981). As it can be seen from Table 4, L value of talc 

increases slightly parallel to the decrease in particle size. Color values of the ground 

talc samples (L= 95.87%, a= - 0.1 and b= -1.45) are considerable close to the values of 

commercially available talc samples (L= 96.92%, a= 0.37 and b= 2.33). The whiteness 

of Sivas talc is above the desired values given in Turkish standards (TS 10521; Ersoy 

et al., 2013).   

 
Fig. 6. CIE L×a×b color plane (based on Billmeyer and Saltzman, 1981) 

SEM analysis 

Secondary electron images of original and ground talc samples obtained from the 

scanning electron microscope (SEM) are seen in Fig. 7, and fracture mechanism of 

talc during the grinding process is depicted in Fig. 8. Also, the aspect ratios (the length 

of basal surface of layer / the thickness of edge surface of layer) of each talc sample 

were roughly calculated by using the SEM images, and results are presented in 

http://en.wikipedia.org/wiki/International_Commission_on_Illumination
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Table 5. The SEM images show that there is an important difference between the 

particle size and morphology original and ground samples. It can be seen from Table 5 

that the sharp corners of talc layers became rounded with the increasing grinding time, 

and length of layers got smaller upon the grinding (fracture) process. The similar 

results were already obtained in the previous studies in the literature (Zbik and Smart, 

2005; Sanchez–Soto et al., 1997). Especially for first 5 min, it can be said that layers 

were fractured vertically to the cleavage surface of talc (Figs. 7 and 8), and new layer 

edge surfaces were formed during the grinding process (Fig.7 a-c and Fig. 8) instead 

of cleavage of the layers. Correspondingly, the aspect ratio value of samples 

decreased, and it dropped from 7.8 to 4.5. After 5-15 min of grinding, talc was mostly 

ground under the direction of the cleavage plane as flakes (Figs. 7d and 8). Therefore, 

the aspect ratio value reached 19.3 with the increase after 15 min. This is the highest 

aspect ratio value among all samples, and it is in agreement with the data 

corresponding highest contact angle (See Fig. 10). It is thought that talc fractured 

again vertically to the cleavage surface after 15-30 min of grinding process by 

decreasing aspect ratio (Figs. 7e and Fig. 8, and Table 5). It can be seen in both curves 

in Fig. 3 and SEM pictures (Fig. 7 f-i) that there is no significant decrease in the 

particle size of talc, and the particle size stayed almost constant for further grinding 

time after 30 min. The aspect ratio values in Table 5 support this observation.   

 

Fig. 7. SEM images of (a) original (-1 mm) talc sample, (b) 5 min, (c) 10 min,  

(d) 15 min ground talc samples 



Influence of dry grinding on physicochemical and surface properties of talc 299 

 

Fig. 7. SEM images of (e) 30 min, (f) 60 min, (g) 90 min, (h) 120 min, (i) 150 min ground talc samples 

Table 5. Roughly calculated aspect ratio values of original  

and ground talc samples obtained from SEM images 

Sample 

code 

Grinding time 

(min) 

Aspect ratio 

(the length of basal surface of layer / the thickness of edge surface 

of layer) 

T0 0 7.8 

T1 5 4.5 

T2 10 7.9 

T3 15 19.3 

T4 30 8.7 

T5 60 7.1 

T6 90 7.6 

T7 120 7.7 

T8 150 7.7 
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Fig. 8. Fracture mechanism proposed for layered talc in grinding process.  

A: fracture vertical to the cleavage plane; B: fracture along the layer plane;  

C: fracture of ground layers again vertical to slicing plane 

 

Fig. 9. Layered structure of talc and cleavage direction 

Effect of grinding on contact angle and surface free energy (SFE)  

Figure 10 shows the changes in the contact angle (with water) and SFE of talc with 

changing the grinding time. The analysis of the curves revealed that our findings are in 

agreement with the observations in the literature that the hydrophobicity of solids 

increases and their SFE decreases with the increase in their contact angle in the water. 

On the contrary, this statement is not valid for liquids such as mercury (Drzymala, 

1994; Meiron et al., 2004; Sato and Ruch, 1980; Ralph and Nelson, 1988). The contact 

angle and SFE of original talc sample were 63.80°± 0.40 and 48.70±0.40 mJ/m
2
, 

respectively. There is a small decrease in the contact angle (60.30°), and SFE (50.50 

mJ/m
2
) increased slightly in 5 min of the grinding time. After 5-15 min of the grinding 

time, the contact angle value reached 70.70° with a sudden increase, and SFE drop to 

41.80 mJ/m
2 

with a sudden decrease. After 30 min of the grinding time, the contact 

angle fall to 65.40°, and the SFE increased to 47.50 mJ/m
2
. These two parameters 
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T : Silica tetrahedral layer 
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stayed almost the same for rest of the grinding time. It is believed that the increase in 

the contact angle and SFE in 30 min is related with a fracture mechanism of talc 

caused from the change in the “hydrophobic basal surface/ hydrophilic edge surface” 

ratio. Due to the fracture of talc sample vertically to the cleavage plane (Fig. 9), the 

contact angle of samples decreased, and the SFE increased with the formation of 

hydrophilic surfaces in the first 5 min of the grinding time.  

It is known that surface of talc layers has hydrophobic silanol groups (Si-O-Si), and 

Mg-OH, and Si-OH groups form hydrophilic edge surfaces (Chiem et al., 2006; Ersoy, 

2011). Fracture of talc in the direction vertical to the cleavage plane could be 

explained by the higher exposure possibility of basal surface of the talc layers to the 

impacts of balls in grinding media since “hydrophobic basal surface/ hydrophilic edge 

surface” ratio would be the highest at the beginning. The obtained SEM images 

support this observation (Figs 7 a-c). During 5-15 min of the grinding time, the layers 

separated mostly parallel to cleavage direction along with the basal surface by creating 

new hydrophobic surfaces. Consequently, an increase in the contact angle and a 

decrease in the SFE were observed. This is caused by the increase in the total edge 

surface area in the prior grinding step and ascending impact of the balls on these edge 

surfaces. During 15-30 min of the grinding time, vertical fracture to the cleavage plane 

took place, resulting in new hydrophilic surfaces, decreased contact angle and 

increased SFE as depicted in Fig. 7c. 

 

Fig. 10. Change in SFE and contact angle of talc with grinding  

As stated before, the grinding process over 30 min does not have any important 

effect on the reduction of talc particle size (Figs. 2 and 3), and both contact angle and 

SFE values stayed almost the same after this period. A similar result was obtained by 

Terada and Yonemaochi (2004), and a decrease in SFE was detected after an increase 

in the first 10 min of grinding process carried out in a vibrating ball mill during 

different periods (3, 10, and 40 min.) In the study conducted by Yildirim (2001), it 
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was observed that the SFE and contact angle of two talc samples with different 

particle sizes were different from each other, and the sample with a smaller particle 

size showed lower surface and higher contact angle. In a similar study, Malandrini et 

al. (1997) worked on 3 different talc samples with different talc contents and particle 

sizes. They obtained lower surface energy and higher contact angle with the increasing 

talc content and decreasing particle size. Difference between the findings of these two 

studies and our results is that they are not systematic studies conducted on the same 

sample for different grinding periods, and obtained from different parts of the samples. 

Therefore, it is not possible to make one to one comparison between their results and 

our findings.   

Conclusions 

In this study, changes in various physical and surface properties of talc obtained from 

Sivas in Turkey were followed by applying dry grinding in a vibrating ball mill. The 

results obtained from this study can be summarized as follows. 

Thirty minutes of the grinding time was enough to obtain talc with small particle 

sizes under the working conditions. Longer grinding periods created a slight increase 

in the total surface area and pore volume instead of decreasing particle size.   

Oil absorption capacity of talc depends on specific surface area, and porosity 

instead of particle size and hydrophobicity. Highest oil absorption value (52.70%) was 

obtained with 150 min ground talc sample, which had highest surface area 

(18.98 m
2
/g).   

Effect of grinding on the color of talc is marginal, and whiteness increased in a 

certain amount while green and yellow values of talc decreased slightly.  

The first 30 min of grinding played an important role for both contact angle (thus 

hydrophobicity) and SFE of talc, and no important change occurred for these 

properties in the consequent grinding time (between 30-150 min). The changes in the 

hydrophobicity and SFE can be explained by fracture mechanism of talc and by 

consequent changes in the aspect ratio. The SEM images and particle size analysis 

results supported the proposed mechanism. When talc fractures are vertical to basal 

plane, the layer surface area/edge surface area ratio of the sample decreases and 

hydrophilic character increases. If fracture takes place parallel to the cleavage plane, 

the ratio increases and SFE decreases with increasing contact angle and hydrophobic 

character.  

The contact angles of original and ground samples with water were between 59.3
0
 

and 70.8
0
, and surface free energies were calculated according to Oss-Chaudhury-

Good acid-base method were between 48.7 and 41.8 mJ/m
2
 range in accordance with 

the contact angle data. The talc sample with highest hydrophobicity and lowest surface 

free energy was obtained after 15 min of the grinding time.  

The results showed that it was possible to obtain a talc powder with the high aspect 

ratio value of talc after 30 min of grinding time in a vibrating ball mill (with high 
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hydrophobicity and low surface energy). It is possible to say that usage of this powder 

as filler would increase the opacity value of the products in the paint and paper 

industries. However, a detailed study is needed to make a correlation between 

hydrophobicity and paint/paper properties. 
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