
 

1 

Open Journal of Nano - Abdül Vahap KORKMAZ 

Open Journal of Nano  
(2019) 4–1 

Grinding of Calcite to Nano-Size: Effect of Mill Capacity and Grinding Media 
Shape 

Abdul Vahap Korkmaz1 , Hasan Hacıfazlıoğlu1  
 1Istanbul University-Cerrahpaşa, Mining Engineering Depart., Istanbul, Turkey.  

Corresponding author, e-mail: av.karkmaz@hotmail.com ,  
 

Geliş Tarihi: 11.02.2019 Kabul Tarihi: 18.03.2019 
 
        The fabrication of nano-sized materials with conventional ball mill is a very difficult process. 

But it is not impossible. When the capacity of the mill is reduced, the nano-sized product can be 
reached. In this study, nano-sized calcite was produced by conventional ball mill. Firstly, the mill 
capacity (feed amount) was reduced, then, the effect of the grinding media type was investigated. 
Spherical ball and cylindrical shaped “Cylpebs” are used as grinding media. Comparative tests have 
been performed using Cylpebs and spherical balls in a 20 tph capacity industrial ball mill under the 
same conditions. The results showed that Cylpebs was more efficient than conventional spherical 
balls. In addition, the capacity of the conventional ball mill for the fabrication of nano-sized 
products should be significantly reduced. When the mill capacity is reduced by 75% (5 tph) and 
grinded with Cylpebs, the fineness (d90) of the product reaches 1300 nanometers. 
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1. Introduction 
 

In many different industries today, such as, plastics, ceramics, cement, metallurgy, paint, 
food, cosmetics and energy, there is a growing need for materials identified as nano-sized.  
Nanomaterials fabrication methods can be classified according to whether their assembly followed 
either the so called “bottom-up” approach or the “top-down” approach. The bottom-up approach is 
one where smaller components of atomic or molecular dimensions self-assemble together, 
according to a natural physical principle or an externally applied driving force, to give rise to larger 
and more organized systems. The top-down approach is where a process starts from a large piece 
and subsequently uses finer and finer tools for creating correspondingly smaller structures [1]. 
Namely, nano-sized grains are produced by physical processes such as grinding. In the top-down 
approach there are two options such as wet and dry grinding. In this study, dry grinding was 
preferred to eliminate the cost of drying. The general flow diagram of the nano-calcite fabrication 
using an industrial scale ball mill is given in Figure 1.  
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Figure 1. Nano calcite fabrication flow diagram [“top-down” approach] 

 
The primary function of grinding media is to crush and grind ore particles inside rotating 

mills, such as ball, rod, and semi-autogenous mills, and sometimes in stirred mills such as Vertimill, 
SVM mills, Sala Agitated Mill, HIGMill, Tower Mill, and ISAMill [2]. In recent years, grinding 
charges with unconventional shapes have appeared on the market. One example is the cylindrically 
shaped media called Cylpebs. Cylpebs have greater surface area and higher bulk den-sity than balls 
of similar mass and size, due to their shape. Cylpebs of the same diameter and length have 50% 
greater surface area, and 45% greater weight, than balls of thesame material. In addition, they have 
9% higher bulk density than steel balls, and 12% higher than cast balls. The objective of this paper 
is to compare Cylpebs and ball grinding media in terms of grinding efficiency for fabrication of 
nano sized calcite [3-4].  Calcite (CaCO3 ) was chosen as test material for this study. It is a salt, 
widely used in the ground nano-form, in paints, food or pharmaceuticals industries and as filler in 
the paper making process (Garsia et al., 2002). 

 

2. Materials and Methods 
Experimental studies were carried out in an industrial-scale ball mill shown in Figure 2. The 

diameter of the mill is 3 m in length and 7 m in length. The total internal volume of the mill is 49 
m3. The mill capacity for the production of d90 ~ 60-100 microns calcite is 20 tph. The Cylpebs and 
spherical balls shown in Figure 3 were separately charged and their grinding performances tested. 
The charging rates of Cylpebs and spherical balls are given in Table 1. The material (calcite) which 
is grinded to the nano size is taken with the Alphine type air separator. The calcite mineral was 
broken to -8 mm by impact crusher before feeding to the mill. The grain size (d90) of the calcite feed 
to the mill is ~ 4 mm. 

 
 
 
 



 

3 

Open Journal of Nano - Abdül Vahap KORKMAZ 

Open Journal of Nano  
(2019) 4–1 

 
Figure 2. Image of calcite grinding mill (Classic ball mill) 

 

 
Figure 3. Image of different types of grinding media 

 

Table 1. Grinding media features and charging rates 
Grinding 
Media  
Types 

Sizes and Weights 
 of  

Grinding Media 

Total 
Media 
Weight 

Media 
Charge 

Rate 
Conventional 
Balls  

15-20mm 
14520 kg 

20-30mm 
14700 kg 

30-40mm 
14700 kg 

40-55mm 
14700 kg 

 
70630 

 
37% 

 
Cylpebs 

14x17x16mm 
28000 kg 

21x25x26mm 
2100 kg 

29x35x34mm 
2100 kg 

- 
- 

 
7000 

 
31% 

 
3. Results and Discussions 
 
Table 2 shows the d90 dimensions of the products obtained depending on the capacity of the 

mills. Accordingly, when the capacity of the mill was reduced from 20 tph to 5 tph, the fineness of 
the product was reduced from 60 microns to 3.9 microns (Figure 4). Reducing the capacity means 
increasing the contact time of the material (calcite) with the grinding media. The same applies if 
Cylpebs are used. When the capacity was reduced from 20 tph to 5 tph, the fineness of the product 
obtained decreased from 30 microns to 1.3 microns. Cylpebs grinder media has more efficient 
grinding than conventional balls. For example, if the mill is operated with a capacity of 10 tons per 
hour, the products obtained are 10 microns with cylpebs balls and 20 microns with conventional 
balls. 
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Table 2. d90 sizes vs mill capacity of products using with Balls and Cylpeps 

Conventional Spherical Balls Cylpebs 
Mill 

Capacity 
d90 sizes of 
product 

Mill 
Capacity 

d90 sizes of 
product 

20 tph 60 µm 20 tph 30 µm 
10 tph 20 µm 10 tph 10 µm 
5 tph 3.8 µm 5 tph 1.3 µm 

 
 

 
Figure 4. Particle size distribution in grinding with Spherical Balls (5 tph capacity) 

 

 

 
 

Figure 5. Particle size distribution in grinding with Cylpebs (5 tph capacity) 

 

4. Conclusions 
In this study, industrial scale grinding tests were carried out for the fabrication of nano calcite. 

The normal capacity of the mill used in the tests is 20 tph. However, it was not possible to produce 
nano-sized calcite with this capacity. Therefore, the capacity of the mill has been reduced. In other 
words, the amount of calcite feed is reduced. This increases the contact time between the calcite and 
the balls. When the residence time of Calcite in the mill was increased by 4 times, the fineness (d90) 
of the products obtained fell below 4 microns. When the mill capacity was 20, 10 and 5 tph, 
respectively, the fineness of the products were 60, 20, and 3.8 microns, respectively. These results 
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were obtained in case of grinding with conventional balls. In case of using Cylpebs instead of 
conventional balls, the product fineness was 30, 10 and 1.3 microns, respectively. According to 
these results; the fineness of the products is inversely proportional to the mill capacity. As the mill 
capacity is reduced, finer products are obtained. This is due to increased grinding time and material-
to-ball contact. 

As a result, mill capacity is an important operating parameter in the fabrication of nano-sized 
calcite. It is not possible to fabricate nano-sized material with a conventional ball mill operated with 
normal capacity (20 tph). If the capacity is reduced by 75%, it is possible to produce nano-sized 
material. Furthermore, cylpebs should be used instead of conventional balls in this grinding process. 
Cylpebs gives finer products than conventional spherical balls. 
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