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ABSTRACT: This study aimed to conduct systematic research on the design of high-density zircon
(ZrO2) grinding media (0.2-1 mm) in a laboratory-scale media mill (750 ml) for wet grinding of calcite
(CaCOs, dso= 5.4 pm). Sub-micron grinding experiments were carried out by using different amounts of
finer grinding media (25%, 50% and 75%) and different size ratio of finer-coarser media (0.2 and 0.5).
Besides, the surface areas (Svw, m?/kg) of grinding media on grinding performance were investigated. If
the best experimental results are compared (M1 and M4), it is found that the Sew of the bimodal media
(M4) is 75% larger compared to that of monosized media (M1). The experimental results were analyzed
based on product size (dso, dso), cumulative undersize curves and specific surface area (Sw, m?/g). The
findings showed that only the finer grinding media was not very effective at 600 rpm.
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Kalsitin Yas Ogiitiilmesinde Ogiitiicii Ortam Performansinin Etkisi

OZ: Bu calismada, kalsitin (CaCOs, dso=5,4 um) yas Ogiitiilmesi iizerine laboratuvar Olgekli bilyal
degirmende (750 ml) yiiksek yogunluga sahip zirkon (ZrO2) bilya (0,2-1 mm) tasarimiyla sistematik bir
calisma amacglanmistir. Farkli miktarda ince bilya (%25, %50 ve %75) ve farkli ince-iri bilya oranlari (0,2
ve 0,5) kullanilarak mikron-alt1 6giitme gerceklestirilmistir. Ayrica, 6giitiicii ortamin yiizey alanlarimn
(Sow, m?/kg) Ogiitme performansina etkisi arastirilmistir. En iyi deney sonuglar karsilastirildiginda (M1
ve M4), karisik bilya boyut dagiliminin (M4) yiizey alany, tek tip bilya boyut dagilimimin (M1) yiizey
alamindan %75 daha fazladir. Deneysel sonuglar iiriin boyutu (dso, dso), kiimiilatif elek alt1 egrisi ve
spesifik yiizey alani (Sw, m?/g) dikkate almmarak degerlendirilmistir. Sonuglar, sadece ince boyutlu
ogiitiicli ortamin 600 devir/dk hizda ¢ok fazla etkili olmadigini gosteriyor.

Anahtar Kelimeler: Bilya boyutu, Kalsit, Karistirmali bilyali degirmen

INTRODUCTION

Grinding is an important particle size reduction method that is used widely in various industries.
Nowadays, the necessity for so-called submicron particles and nanoparticles sizes keeps on rising in
industries such as paints, ceramics, water proofing materials, mining with a developing technology.
Researchers have studied several strategies to achieve better submicron and nano grinding performance
(Cho et al.,, 2009; Kumar et al., 2010; Vital et al., 2001; Yokoyama and Huang et al., 2005; Patel et al.,
2014). The product size characteristics of mills are mostly affected by media size (Mankosa et al., 1989;
Kwade et al., 1996; Patel et al., 2014; Bel Fadhel and Frances, 2001; Wang and Forssberg, 2007).

Coarser grinding media exert high stress intensity in comparison to finer media at the same media
filling ratio and stirring speed parameters. However, finer grinding media, due to their high number,
increase the number of collisions (Kwade et al., 1996; Bel Fadhel and Frances, 2001). Bilgili et al. (2004)
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reported that the use of mixed media sizes leads to improvement of nano grinding performance. If
coarser grinding media are used for finer feed, this causes usage of a lot of energy. On the other hand,
when finer grinding media are used for coarser feed, the transfer of stress energy is decreased. Finer
grinding media cause faster size reduction but profit and loss accounts should be considered (Bel Fadhel
and Frances, 2001). Nevertheless, coarser grinding media are more susceptible to wear than finer media,
although their cost is lower in comparison to finer media (Breitung-Faes and Kwade, 2008). To obtain the
desired particle size and optimize energy efficiency, one of the most useful techniques is to utilize
coarser grinding media for coarser feed and finer media for finer feed (Wang and Forssberg, 2007).

This study, examined whether or not an improvement in submicron grinding performance of calcite
may be achieved by using monosized and bimodal size media. Grinding experiments were conducted
on calcite by using different combinations of grinding media sizes. The experiments were carried out by
finer to coarser grinding media size ratio (0.2 and 0.5) and different amounts of finer grinding media (25
wt.%, 50 wt.% and 75 wt.%). The grinding results were evaluated by four parameters as product particle
sizes (dso, dso), cumulative particle size and specific surface area (Sw).

MATERIAL AND METHOD
Material
Calcite (CaCOs, ds=5.4 um) powders that were obtained from Mikron’s (Nigde, Turkey) were used

for the experiments. Table 1 shows the chemical compositions of the calcite feed measured by X-ray
fluorescence (XRF), while Table 2 shows the physical characteristics of the calcite feed.

Table 1. The chemical composition of the calcite measured by XRF analysis (wt.%)
CaCOs MgCOs SiO:2 Fe20s AlOs LOI (1050 C°)

99.5 0.2 0.01 0.01 0.02 0.26

Table 2. Physical characteristics of the calcite feed

Specific Mohs Refractive dso dso Specific surface
gravity(kg/m?3) hardness index (um) (um) area
(m?/g)
2700 3.0 1.59 5.4 13 2.26

A pycnometer was used to determine the specific gravity of the calcite powders and found it to be
2700 kg/m?. Figure 1 shows the result of the XRD pattern analysis of the calcite. As compared to the Joint
Committee Powder Diffraction Standards (JCPDS), the main chemical component of the calcite was
CaCO:s.
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Figure 1. XRD pattern of feed calcite

Moreover, as dispersant, an amine-based grinding aid, which is commonly used in the calcite industry
was selected. The density of this chemical is 1.13 + 0.02 g/cm?, and it was used to disperse the particles of
CaCO:s in water. The chemical additive concentration was kept constant at 0.5% of calcite. Pure water
was used for preparation of all suspensions. The high-density (6000 kg/m?) yttria stabilized zirconia
(Zr0O2) grinding media (chemical composition: 93% ZrOz, 5% Y20s and 2% others) that were utilized for
the submicron grinding tests were purchased from Cenotec Co., Ltd., Korea.

Method

The grinding experiments were conducted in a vertical stirred media mill Standard-01 Model
produced by Union Process (U.S.A.). The milling chamber had a net volume of 750 ml. For minimizing
the amount of wear on the mill from the materials, the grinding chamber was made of ceramic (Al2Os).
For cooling purposes, the grinding chamber was also equipped with a water jacket. The experimental
conditions that were used in this study may be seen in Table 3. For example, M2 was carried out with a
finer to coarser media size ratio of 0.5 by mixing 25 wt.% of finer (0.5 mm) grinding media into coarser
media (1 mm). This study, considered the grinding media size of (1 mm) as coarser media, while
grinding media of sizes 0.5 mm and 0.2 mm were considered as finer media. Different proportions of 25
wt.%, 50 wt.%, and 75 wt.% finer media were used. The solid mass fraction, stirrer speed, dispersant
concentration, grinding media loading and grinding time were fixed at 20%, 600 rpm, 0.5 wt.%, 60% and
60 min, respectively.
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Table 3. Experimental conditions used in the different runs

Run number  Grinding media  Size ratio finer to coarser Proportion of finer
size (mm) grinding media grinding media (wt.%)

M1 1 0 0

M2 1+0.5 0.50 25

M3 1+0.5 0.50 50

M4 1+0.5 0.50 75

M>5 0.5 1 100

M6 1+0.2 0.2 25

M7 1+0.2 0.2 50

M8 1+0.2 0.2 75

M9 0.2 1 100

Analysis

A Laser Diffraction Particle Sizer Malvern 2000 Ver. 2.00 (Malvern Co., Ltd., UK) was used to
analyze the calcite feed and the ground product sizes and specific surface areas. Before determining
particle size, for the measurement, samples of the suspensions were diluted and dispersed via
ultrasound in 800 ml pure water. Each test had three replications. The results of the measurements are
reported as average values. The X-ray fluorescence (XRF) analysis of the feed was carried out using a
ZS5Xminill X-ray Spectrophotometer. PANalytical Empyrean was used to recover X-ray diffraction (XRD)
patterns and examine the crystal buildup of the powder that was ground. Patterns in the diffraction
angle range of 20 = 5-70° were recorded by using Ni-filtered CuKa (A=0.15418 nm) radiation with a
measuring time of 8 s at each angle. A Zeiss Evo LS 10 microscope was used to obtain the SEM pictures
of the calcite feed and the ground product.

RESULTS AND DISCUSSION

Effect of Monosized and Bimodal Media Size on Submicron Grinding of Calcite
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Figure 2. ds, dso and specific surface area (Sw) as a function of bimodal and monosized media

In Figure 2, the dso, dso and specific surface area are shown as a function of bimodal and monosized
media. When grinding experiments were carried out with coarser media (1 mm), the mean particle size
(ds0) was obtained as nearly 1.1 um (M1). When 25 wt.% of finer media of size (0.5 mm) was combined
with 1 mm media, the particle size that was obtained about 0.7 um (M2). When the coarser media were
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mixed with higher amounts of finer media, the observed results were improved (M3 and M4). This
clearly revealed that addition of finer media improved the grinding performance. By adding higher
ratios of finer (0.5 mm) media to coarser media (1 mm), further improvements were obtained the
grinding results (M4). The mean particle size, dso and specific surface area were obtained as 0.68 um, 1.3
pum and 13.2 m?/gr, respectively. The mean particle size of about 1.3 um was obtained in M5. However,
when 25-50-75 wt.% of finer media of size 0.2 mm was mixed 1 mm media, the product sizes increased
(M6-7-8). The mean particle size of about 3.2 pm was obtained in M8. When grinding was carried out
with only the finer media size of 0.2 mm, the mean particle size was about 4.3 um (M9). Figure 3 shows
the cumulative particle size distribution of calcite under different experimental conditions. The best
results were provided by M4 in terms of particle size.
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Figure 3. Cumulative particle size distribution under different experimental conditions

Figure 4 shows the effects of monosized media (0.2, 0.5 and 1.0 mm), (M1, M5 and M9) on the
particle size distribution. M1 provided the best mean particle size.
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Figure 4. Effect of monosized grinding media on product particle size of calcite

By creating high energy intensity, stirrer speed increases the possibility of media-particle collision in
the main chamber. When finer media were used under a lower speed, there was very little effect.

As a result of the experimental studies conducted by Tiiziin (1994) and Yue et al. (2006), while it was
more efficient to use coarser grinding media in comparison to finer grinding media at low stirrer speeds,
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it was more efficient to use finer grinding media in comparison to coarser grinding media at high stirrer
speeds.
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Figure 5. Scanning electron micrographs of calcite: (a) feed and (b) the best result (M4)
Effect of Surface Area of Grinding Media on Submicron Grinding Process

Calculation of the surface area for monosized and bimodal grinding media were evaluated using Eq.
1. The surface area (m?/kg) (Svw) derived from Kotake et al. (2014) is:

Sow = Tia g (1)

Where Svw (m%kg) is the surface area for monosized and bimodal grinding media, Dui is the media
diameters, fi is the mass fraction for each media diameter, and p (kg/m?) is the true density of grinding
media.

The most effective grinding in the media mill was achieved by an increased number of collisions
between grinding media and particles. Figure 6 shows the experimental run versus surface area (Sow).
From the results, maximum surface area (Sew) was obtained with experimental run M9. But when finer
media was used at a lower speed, the effects on particle size were very little. If the best experimental
results are compared (M1 and M4), it is found that the Sbw of the bimodal media (M4) is 75% larger
compared to that of monosized media.
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Figure 6. Surface area (Svw) for monosized and bimodal grinding media

CONCLUSION

In this study, the influence of monosized (0.2, 0.5 and 1.0 mm) and bimodal (0.2-1 mm) media size
grinding design on wet grinding of calcite were investigated. The performance of finer to coarser
grinding media size ratio of 0.2 and 0.5 were analyzed. The grinding tests carried out with stirred media
mill showed that:

e Experimental results show that only the finer grinding media was not very effective at 600 rpm.
Much smaller product particles with finer grinding media can be obtained with a high stirrer speed.
e Proper selection of media size improves the grinding efficiency.

e The optimum conditions for the grinding performance were obtained with bimodal media (M4)
and average particle size (dso) is 0,68 pum.

e If the best experimental results are compared (M1 and M4), it is found that the Svw of the
bimodal media (M4) is 75% larger compared to that of monosized media (M1).
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