
 

Management Systems  
in  

Production Engineering  

  
2025, Volume 33, Issue 4, pp. 531-538 
 

 

© 2025 Author(s). This is an open access article licensed under the Creative Commons BY 4.0 (https://creativecommons.org/licenses/by/4.0/) 

Date of submission of the article to the Editor: 04/2025 
Date of acceptance of the article by the Editor: 10/2025 

DOI 10.2478/mspe-2025-0054 

 
 
  

INVESTIGATION OF ULTRA-FINE GRINDING OF BASALT POWDER IN VIBRATORY MILLS: 
GRINDING EFFICIENCY AND IMPLEMENTATION POTENTIAL 

  
  
 

Paweł Tomach 
AGH University of Krakow 

 

 
 

Abstract: 
In response to the growing demand for eco-friendly materials and low-impact technologies, a study was con-
ducted on the ultra-fine grinding of basalt in vibratory mills, with the basalt used for the experiments originat-
ing from the Targowica basalt quarry. Two types of basalt were used in the study: fine basalt consisting of 
particles with a size below 200 µm, agglomerated into lumps smaller than 100 mm, and aggregate with a par-
ticle size below 5 mm. The objective was to obtain a high proportion of the 0-10 µm particle size fraction, 
applicable in agriculture, construction, and environmental protection. Grinding tests were carried out for two 
types of feed material and different sets of grinding media. The best results were obtained using a mixture of 
steel grinding balls (Ø12 and 17.5 mm) with the addition of 0.4% polypropylene glycol, aimed at reducing 
agglomeration and improving grinding efficiency. In batch-mode operation, up to 70.5% of the 0-10 µm fraction 
was achieved. Although continuous grinding produced lower results (up to 44% of the 0-10 µm fraction), it 
demonstrated industrial implementation potential, especially after introducing chamber aeration and a 
modified material discharge method. The research confirmed the high industrial potential and effectiveness 
of vibratory grinding of basalt powder and indicated directions for further studies. 
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INTRODUCTION 
A global trend in mineral engineering, particularly in raw 
material processing operations such as comminution, is 
the pursuit of reducing the energy consumption of these 
processes. It is estimated that comminution alone ac-
counts for nearly 5% of global energy use. Therefore, the 
search for alternative grinding technologies that enable 
lower energy consumption represents a crucial direction 
of development with a tangible impact on environmental 
protection – especially in the case of the highly energy-
intensive grinding required to achieve particle sizes below 
10 μm. One of the materials that, when ground to such 
fineness, can be utilized in various industries, including ag-
riculture and cement production, is basalt [2, 3, 4]. In par-
ticular, basalt is characterized by a high content of essen-
tial macro- and microelements (e.g., Ca, Mg, Fe, K), a high 
proportion of amorphous phases that favor the slow re-
lease of nutrients, as well as pozzolanic and binding activ-
ity due to its reactive silica and alumina. These features 
make finely ground basalt increasingly important in agri-
culture, where it acts as a remineralizing soil amendment, 
and in construction, where it improves the strength and 
durability of composites such as concrete fields [2, 4].  

From a process perspective, ultra-fine grinding of mineral 
raw materials aims to achieve the largest possible grain 
surface area. This translates into an increased ability of 
the particles to undergo chemical and physical reactions, 
making the product a valuable resource, for example, in 
construction (as an additive in cement production) or as a 
component of fertilizers used in agriculture. [4]. Due to its 
rich mineral composition and favorable physicochemical 
properties, it finds applications in many sectors of the 
economy. 
For many years, intensive research has been conducted to 
improve concrete parameters or maintain their perfor-
mance while simultaneously reducing production costs 
and limiting negative environmental impacts. One of the 
main areas of focus is the search for alternatives to Port-
land cement, which is responsible for a significant share 
of CO₂ emissions in the construction industry [5]. The 
most commonly studied additives include: fly ash (FA), 
which improves concrete workability and durability and 
reduces porosity-leading to better resistance to chlorides 
and sulfates [6]; ground granulated blast furnace slag 
(GGBS), which, by replacing part of the cement, improves 
long-term strength and durability in aggressive 
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environments [8, 9, 10], limestone powder [10] and basalt 
powder, which not only enhances mechanical properties 
and durability, but also contributes to CO₂ emission reduc-
tion [12, 13, 14, 15, 16]. In addition to mineral additives, 
research in concrete production also focuses on the use 
of organic and industrial waste [16], foundry sand waste 
(SFS) [17], as well as chemical admixtures, nanomateri-
als[18] and superplasticizers [19, 20]. Basalt powder can 
successfully serve as a partial substitute for cement or fine 
aggregate in concrete production. When used in proper 
amounts in cement composites, it does not reduce me-
chanical properties (e.g., compressive strength), while re-
ducing the environmental impact of cement production 
through lower CO₂ emissions and production costs. The 
use of improved, eco-friendly cements – such as those 
containing basalt powder – may help reduce production 
costs and environmental impact, even in applications such 
as waterproofing membranes that limit pollutant migra-
tion [21].  
In many mineral processing operations, ultra-fine grinding 
is commonly performed using energy-intensive ball mills. 
These mills typically have high energy consumption, large 
physical dimensions, and significant environmental im-
pacts. Moreover, achieving very fine products – such as 
those with a d90 particle size in the 10-50 µm range, which 
is increasingly demanded in certain applications – can be 
challenging and, in some cases, beyond the practical ca-
pability of conventional ball mill [22, 23]. As a result, ball 
mills are being replaced by high-energy mills, whose spe-
cific power – that is, the power per unit volume of the 
grinding chamber – is at least three times greater than 
that of a ball mill. Such mills offer significantly enhanced 
technological capabilities and include, among others [23], 
vibratory, stirred, planetary, centrifugal, and roller mills 
[24, 25, 26, 27, 28]. 
 

MATERIALS AND METHODS 
The research focused on assessing the feasibility of pro-
ducing ground basalt in vibratory mills with a maximized 
proportion of particles in the 0-10 µm size range. 
In the first stage of the research, batch-mode vibratory 
milling was applied to basalt feed material of two differ-
ent initial particle size distributions: 

− 0-300 µm (agglomerated, high moisture content) – de-
noted as BD (fine basalt); 

− 0-2 mm – denoted as BG (coarse basalt). 
The scope of the research included the following: 

− Determination of the basic physical properties of the 
obtained material (moisture content, bulk density, 
and particle size distribution); 

− Preparation of the material for dry vibratory milling 
tests; 

− Laboratory-scale investigation of the milling process 
for basalt powder with an initial grain size of 0-300 µm; 

− Investigation of the vibratory milling of basalt with a 
particle size of 0-2 mm in order to maximize the con-
tent of the 0-10 µm fraction using a batch-mode mill; 

− Particle size distribution analysis of milling products 
using laser diffraction with the Malvern Mastersizer 
3000 laser particle size analyzer; 

− Preliminary test of vibratory milling of BG basalt in a 
continuous-mode mill. 

To determine the key technological parameters of the 
comminution process and to define the operating condi-
tions adopted for the laboratory vibratory mills (filling de-
gree, composition of the grinding media charge, and the 
quantity of feed material), three fundamental physical 
properties of the ground material were determined: mois-
ture content, loose bulk density, and particle size distribu-
tion. 
The first material investigated was fine basalt (samples 
designated with the prefix “BD”). This material, sourced 
from a dedusting station, had been stored outdoors with-
out shelter, which resulted in a considerable moisture 
content causing agglomeration and hardening. The high 
moisture content of the material caused it to become “ce-
mented” into large, hard-to-break lumps. In addition, it is 
possible that the water dissolved trace amounts of miner-
als present in the basalt, and upon evaporation, these 
minerals recrystallized, further strengthening the bonds 
between particles and making the material more difficult 
to disintegrate. 
 

Water Content and Loose Bulk Density 
The water content of the received materials was deter-
mined by oven-drying a prepared sample under con-
trolled laboratory conditions. The material was dried to 
constant weight at a temperature of 110°C. Based on the 
conducted measurements, the moisture content values 
obtained were 16.6% ± 0.1 for fine basalt (BD) and 2.6% ± 
0.1 for coarse basalt (BG). The loose bulk density was 
measured following the PN-EN 1097-3:2000 standard, 
which is widely applied in aggregate testing. The reported 
values, representing the average of four individual meas-
urements, were 1.10 ± 0.02 kg/dm³ for fine basalt and 
1.51 ± 0.02 kg/dm³ for coarse basalt. 
 

Granulometric Analysis of the Feed 
The PSD (Particle Size Distribution) of the fine basalt was 
analyzed after drying and disintegrating the agglomerated 
material. The material’s appearance prior to crushing, as 
well as the crusher’s pin rotor, is shown in Figure 1. 
 

 
Fig. 1 Fine basalt before crushing and view of the impact 
crusher chamber 
 

The particle size distribution (PSD) parameters of all sam-
ples were measured using laser diffraction with a Malvern 
Mastersizer 3000 analyzer. 
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Figure 2 presents the particle size distribution parameters 
of the fine basalt (BD) following drying and crushing in the 
impact crusher. 
 

 
Fig. 2 Granulometric Characteristics of Basalt before Grinding 
 

The granulometric characteristics of the coarse material 
(BG) was determined using the sieve analysis method. Ta-
ble 1 presents the averaged results (from three measure-
ments) of the analysis, while the particle size distribution 
curve is shown in Figure 3. 
 

Table 1 
Particle size analysis of the feed – coarse basalt (BG) 
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5.0 > 5 0.5 0.1 0.1 0.1 99.9 

2.0 2÷5 168.0 16.9 17.0 17.0 83.0 

1.0 1.0÷2.0 463.0 46.6 63.6 63.6 36.4 

0.5 0.5÷1,0 193.0 19.4 83.0 83.0 17.0 

- < 0.5 169.0 17.0 100.0 
  

Loss [g]  6.5 0.7 100.00 

 

 
Fig. 3 Particle size distribution of the coarse basalt (BG) before 
grinding 
 

Based on the particle size distribution analyses, the con-
trol particle sizes of the BG feed were determined as fol-
lows: d10 = 0.32 mm; d50 = 1.28 mm; d90 = 3.22 mm, while 
for the BD feed these values were: d10 = 4.0 µm; d50 = 22.1 
µm; d90 = 73.2 µm. 
 

Test method and experimental setup of the batch-oper-
ating vibratory mill 
Experimental grinding tests were carried out using a la-
boratory-scale vibratory mill operating in batch mode, de-
signed and manufactured by AGH in Kraków. A schematic 

view of the vibratory mill test stand is presented in Figure 
4 [29].  
 

 
Fig. 4 Laboratory setup of the vibratory mill – view: 
1 – chamber, 2 – disc – chamber holder, 3 – drive module,  
4 – vibrator motor, 5 – control and power supply system,  
6 – supporting structure 
 

During the batch grinding tests, the mill was equipped 
with a chamber 210 mm in diameter and a capacity of 2.2 
dm³. Bearing steel balls were used as grinding media. Due 
to the intended characteristics and purpose of the ground 
product, wet grinding was not considered. The mill’s op-
erating parameters were set at a vibration frequency of 
16 Hz with an amplitude of 6 mm, and due to the mill’s 
design, the resulting vibration trajectory was circular. Dur-
ing the grinding, attempts were made to apply two grind-
ing process activators, namely: ethylene glycol and pro-
pylene glycol. Such additives are commonly used to re-
duce particle agglomeration, improve powder flowability, 
and thus enhance the efficiency and stability of the grind-
ing process. 
The mill was operated under the following conditions: 

− Steel chamber with an internal diameter of 0.21 m and 
a working volume of 2.2 dm³ 

− Chamber filling with grinding media: 70% for fine bas-
alt (BD) and 75% for coarse basalt (BG) 

− Mass of grinding media: 7.0 kg for fine basalt (BD) and 
7.6 kg for coarse basalt (BG) 

− Mass of feed: 0.68 kg for fine basalt (BD) and 0.64 kg 
for coarse basalt (BG) 

The experimental plan for fine and coarse basalt grinding 
is presented below in Table 2. 
 

Table 2 
Basalt Grinding Experimental Plan 

 Sample 
Grinding 

Media 
Set 

Media  
Diameter,  

mm 

Grinding  
Activator 

Material 
Type 

a) BD-A1 A1 17.5 – 
Fine  

basalt 

b) BD-A1-GP A1 17.5 
Propylene  

glycol 
Fine  

basalt 

c) BD-A2-GE A2 12.0 
Ethylene  

glycol 
Fine  

basalt 

d) BD-A3-GP A3 
12.0 & 17.5 

(50/50) 
Propylene  

glycol 
Fine  

basalt 

e) 

BG-A1 A1 17.5 – 
Coarse 
basalt 

BG-A3 A3 
12.0 & 17.5 

(50/50) 
– 

Coarse 
basalt 

BG-A3-GP A3 
12.0 & 17.5 

(50/50) 
Polypropylene 

glycol 
Coarse 
basalt 
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Test method and experimental setup of the continuous-
operating vibratory mill 
Based on the analysis of the batch grinding test results, 
the grinding media set A3 was selected for the continuous 
grinding tests. The material to be ground was the supplied 
coarse basalt (BG). 
In order to evaluate the potential for ultra-fine continuous 
grinding, with the highest implementation potential, a 
variant without feed drying was adopted. This feed was 
characterized by a borderline moisture content for dry vi-
bratory grinding, which for most materials should be be-
low 3% [30]. However, in most cases, including basalt, the 
lower the water content in the material, the more favora-
ble the grinding conditions. 
For the tests, a grinding chamber with a diameter of 206 
mm and a capacity of 10 dm³ was used. The chamber was 
equipped with a smooth steel liner. The following techno-
logical and process parameters were kept constant: 

− filling degree with grinding balls: 70% 

− vibration frequency: 16 Hz, 

− vibration amplitude: 6 mm ± 1 mm, 

− vibration trajectory: quasi-circular, 

− material feeding method: volumetric, using a screw 
feeder, 

− grinding process carried out with aeration — ventila-
tion of the chamber. 

The schematic diagram of the laboratory continuous-op-
erating vibratory mill test stand is shown in Figure 5. 
 

 
Fig. 5 Schematic diagram of the laboratory continuous-
operation vibratory mill test stand: 
1 – chamber; 2 – load (grinding media with material); 3 – 
vibrator; 4 – vibrator motors; 5 – belt drive; 6 – screw feeder 
with feed hopper; 7 – activator dosing pump with tank (not 
used);  
8 – ground material container; 9 – air aeration and purification 
system. 

 
Results and discussion – batch-operating vibratory mill 
In accordance with the previously outlined research plan 
(Table 2), the following section presents the results of bas-
alt powder grinding obtained for the selected technologi-
cal variants: 
a) To evaluate the grinding kinetics for the first process 
variant, grinding was carried out using 17.5 mm balls, and  
 

the grinding times along with the corresponding granulo-
metric parameters of the resulting products are pre-
sented in Table 3. 
 

Table 3 
Results of Grinding Tests – BD-A1 

Sample ID 
Milling 
Time, 
min 

Particle Size, 
µm 

Fraction 
0-63μm, 

% 

Fraction 
0-10μm, 

% d10 d50 d90 

Feed: BD-Nadawa 0 4.0 22.1 73.2 86.5 25.4 

BD-A1-t2.5 2.5 3.5 19.7 59.8 91.1 28.0 

BD-A1-t5.0 5.0 3.3 17.5 53.5 93.5 31.8 

BD-A1-t10.0 10.0 2.7 15.0 44.1 97.0 36.8 

BD-A1-t20.0 20.0 2.5 13.8 40.3 98.1 39.1 

 
It occasionally occurs that during ultra-fine grinding, small 
particles tend to agglomerate and adhere to the grinding 
media and the mill chamber. This undesirable phenome-
non, known as coating, can lead to a significant slowdown 
or even a halt of the grinding process. The onset of this 
effect was observed after 10 minutes of grinding. The ap-
pearance of the ground material in the chamber after 20 
minutes of grinding is shown in Figure 6.. Consequently, in 
the subsequent test, it was decided to perform the exper-
iment with the application of a grinding aid – polypropyl-
ene glycol. 
 

 
Fig. 6 View of the chamber load – test BD-A1-t20.0 

 
b) In the next stage of the study, grinding media with a 
diameter of 17.5 mm and a grinding activator (propylene 
glycol) were used. The addition of this activator aims to 
prevent excessive particle agglomeration and the occur-
rence of coating on the grinding media and mill chamber. 
The activator was added to the material before grinding 
at a dosage of 0.2% by mass of the ground basalt. After 20 
minutes, an additional 0.2% of glycol was added. The par-
ticle size distribution results obtained in this series of tests 
are presented in Table 4. In this table, measurements car-
ried out with particle disintegration using ultrasound are 
highlighted in blue. The use of ultrasound revealed the 
presence of agglomerates in the ground material, consist-
ing of fine particles stuck together. 
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Table 4 
Results of Grinding Tests – BD-A1-G 
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d10 d50 d90 

Feed: BD-Nadawa 0. 4.0 22.1 73.2 86.5 25.4 

BD-A1-G0.2-10 10. 2.8 14.9 44.5 96.6 36.8 

BD-A1-G0.2-20 20. 2.8 13.4 39.2 98.0 39.5 

BD-A1-G0.2x2-30 30. 2.2 11.1 33.8 99.2 46.4 

BD-A1-G0.2x2-30+US2x60s 30. 2.1 10.2 32.1 99.4 49.5 

BD-A1-G0.2x2-30+US3x60s 30. 2.0 9.4 31.1 99.6 52.2 

BD-A1-G0.2x2-30+US4x60s 30. 1.9 9.0 31.3 99.4 53.5 

 
c) The next series of tests was conducted using grinding 
media set A2, consisting of 12 mm balls, along with a dif-
ferent activator – ethylene glycol. Based on the results ob-
tained in previous trials, the grinding kinetics were stud-
ied for durations of 20, 40, and 60 minutes. After perform-
ing the grinding tests for 20 and 40 minutes, agglomera-
tion of the particles and coating of the chamber and grind-
ing media were observed, despite the use of the activator. 
Consequently, it was decided to add a different activator 
in powder form after 40 minutes of grinding. This activa-
tor was: AEROSIL® 200, which is a fumed silica with a high 
specific surface area. Its addition was intended to improve 
the dispersion of fine particles and to reduce their ten-
dency to agglomerate during the grinding process. The re-
sults of the granulometric parameters of the grinding 
products for these trials are presented in Table 5. 
 

Table 5 
Results of Grinding Tests – BD-A2-GE 
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d10 d50 d90 

Feed: BD-Nadawa 0 4.0 22.1 73.2 86.5 25.4 

BD-A2-GE0.2-20 20 2.9 13.9 32.5 100.0 36.6 

BD-A2-GE0.2+.02-20+20 40 2.3 11.5 34.1 99.0 45.1 

BD-A2-GE0.2+.02-20+20-
US4x60s 

40 1.7 7.1 23.3 100.0 62.1 

BD-A2-GE0.4-T60-Aeo1 60 2.2 11.2 35.1 99.2 46.4 

BD-A2-GE0.4-T60-Aeo1-
US4x60 

60 1.6 6.6 21.6 100.0 63.5 

BD-A2-GE0.4-T60-Aeo1-
US6x60 

60 1.5 6.3 21.1 100.0 64.6 

BD-A2-GE0.4-T60-Aeo1-
US8x60 

60 1.4 5.9 19.7 100.0 66.7 

 
 
 
 
 
 

d) The final variant of fine basalt grinding involved tests 
using a mixture of grinding media with diameters of 12 
mm and 17.5 mm in a 1:1 mass ratio, along with the use 
of a grinding activator – propylene glycol. The grinding 
times were the same as those applied in the previous trial. 
The particle size distribution results for this test are pre-
sented in Table 6. 
 

Table 6 
Results of Grinding Tests – BD-A3 
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d10 d50 d90 

Feed: BD-Nadawa 0 4.0 22.1 73.2 86.5 25.4 

BD-A3-GP0.4-20 20 2.4 11.8 37.9 98.4 44.6 

BD-A3-GP0.4-20-US 8x60 20 1.8 7.5 22.6 100.0 60.2 

BD-A3-GP0.4-40 40 2.2 11.6 33.1 99.9 44.9 

BD-A3-GP0.4-40-US8x60 40 1.6 6.6 19.3 100.0 64.0 

BD-A3-GP0.4-60 60 2.2 11.3 36.7 98.8 46.0 

BD-A3-GP0.4-60-US8x60 60 1.4 5.6 17.6 100.0 69.5 

BD-A3-GP0.4-60-US14x60 60 1.3 5.2 17.0 100.0 70.9 

 
e) The particle size distribution parameters of the coarse 
basalt (BG) grinding products obtained under the adopted 
vibratory grinding conditions are summarized in Table 7 
and illustrated as particle size distribution curves (fre-
quency histograms) in Figure 7 
 

Table 7 
Results of coarse basalt (BG) grinding in a batch-operated mil 
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d10 d50 d90 

BG-Nadawa 0 320.0 1280.0 3220.0 - - 

BG-A1-5 5 11.7 259.0 1570.0 25.8 8.9 

BG-A1-10 10 5.1 62.9 472.0 50.0 17.8 

BG-A1-20 S 20 2.7 22.1 107.0 78.6 32.0 

BG-A1-40 S 40 1.6 9.8 37.9 99.1 50.7 

BG-A1-60 S 60 1.3 7.9 33.6 99.7 56.3 

BG-A3-10 S 10 3.0 21.8 99.9 80.8 30.5 

BG-A3-20 S 20 1.7 10.4 38.1 99.0 48.9 

BG-A3-40 S 40 1.2 7.2 31.4 99.9 58.4 

BG-A3-GP 0.4- 20 S 20 1.7 10.2 33.7 99.8 49.6 

BG-A3-GP 0.4- 40 S 40 1.2 6.7 24.1 100.0 61.8 
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Fig. 7 Comparison of PSD Curves for Coarse Basalt Grinding Products 
 

SUMMARY OF PERIODIC GRINDING TEST RESULTS 
The batch ultra-fine grinding tests of basalt conducted in 
a vibratory mill demonstrated the high efficiency of com-
minution for this type of material in vibratory mills, even 
when standard and moderate vibration parameters were 
applied. The most favorable particle size distribution was 
achieved using a mixture of grinding media (set A3) com-
bined with propylene glycol as a grinding activator. For 
this variant, a 70% fraction of the 0-10 µm particle size 
class was obtained. 
A significantly better growth dynamics of the 0-10 μm par-
ticle size fraction was observed during the grinding of 
coarse basalt (BG). Despite the fact that the feed particle 
size of this material was nearly 25 times coarser (100% 
passing 5 mm for BG compared to 100% passing 200 μm 
for BD), for the most effective grinding media set (A3), and 
with the use of polypropylene glycol as a grinding aid, the 
following proportions of the 0-10 μm fraction were ob-
tained: 

− 49.5% after 20 minutes of grinding; 

− 61.8% after 40 minutes of grinding. 
Only slightly lower results were achieved for the same 
grinding media set (A3) without a chemical aid: 48.9% af-
ter 20 minutes and 58.4% after 40 minutes of grinding. 
It should be emphasized that achieving such favorable re-
sults was undoubtedly influenced by the complete drying 
of the material prior to grinding (the moisture content be-
fore drying was 2.6%). 
Based on the conducted batch grinding tests, the grinding 
media set A3 – consisting of steel balls with diameters of 
12.0 mm and 17.5 mm in a mass ratio of 1:1 – was selected 
for the continuous grinding trials. 
 
IMPLEMENTATION AND RESULTS OF CONTINUOUS  
VIBRATORY GRINDING TESTS 
Ultrafine grinding trials were carried out for the following 
technological variants: 

− no chamber aeration; material feed rate: Q = 6.5 kg/h; 
bottom discharge (MC-A3-Q6.5), 

− chamber aeration; material feed rate: Q = 12.5 kg/h; 
top discharge, vacuum level “1” (MC-G-A3-Q6.5), 

− chamber aeration; material feed rate: Q = 12.5 kg/h; 
top discharge, vacuum level “2” (MC-G2-A3-Q12.5), 

− chamber aeration; material feed rate: Q = 12.5 kg/h; 
top discharge, vacuum level “3” (MC-G3-A3-Q12.5), 

− chamber aeration; material feed rate: Q = 6.5 kg/h; top 
discharge, vacuum level “3” (MC-G3-A3-Q6.5). 

The results of particle size distribution measurements for 
the grinding products obtained under the adopted pro-
cess conditions are summarized in Table 8. The presented 
data refer to the particle size distribution parameters af-
ter reaching a stable mill operation. Process stability was 
assessed after two complete material retention cycles in 
the chamber. 
 

Table 8 
Results of coarse basalt (BG) grinding in a continuously  

operated mill 

Sa
m

p
le

 ID
 

Fe
e

d
 r

at
e

 

[k
g/

h
] 

P
ar

ti
cl

e
 

Si
ze

, µ
m

 

Fr
ac

ti
o

n
 

0
-6

3
μ

m
, %

 

Fr
ac

ti
o

n
 

0
-1

0
μ

m
, %

 

d10 d50 d90 

BG-Nadawa - 320 1280 3220 - - 

MC-A3-Q6.5-t60 6,5 1.62 12.7 154 82.36 43.96 

MC-G3-A3-
Q6.5-t100 

6,5 2.09 15.2 61.2 90.49 38.3 

MC-G-A3-
Q12.5-t 60 

12,5 4.15 27.1 98.6 78.23 23.33 

MC-G2-A3-
Q12.5-t 60 

12,5 3.84 24.5 82.7 82.99 25.06 

MC-G3-A3-
Q12.5-t 60 

12,5 2.65 20.1 80.7 84.71 31.56 

 
The results of continuous coarse basalt (BG) grinding ob-
tained under the assumed process parameters demon-
strated the feasibility of ultrafine basalt grinding in a con-
tinuous mode. The experiments confirmed the high po-
tential of vibratory grinding for this type of material, while 
also indicating the necessity for broader-scale studies. 
In the first technological variant (throughput of 6.5 kg/h, 
with bottom discharge of the ground product), where no 
chamber aeration was applied, the highest proportion of 
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the 0-10 μm particle size fraction was obtained – approx-
imately 44%. However, under this feeding and discharge 
arrangement, the mill chamber could not be adequately 
filled with material, which resulted in unfavorable mill op-
erating conditions (noise, wear of the grinding media and 
chamber lining). Therefore, in the subsequent tests, it was 
decided to modify the material discharge to the upper 
part of the chamber cover and to apply chamber aeration, 
with vacuum levels (1-3) measured at the mill outlet. The 
vacuum was generated to provide aeration of the cham-
ber, with a higher number corresponding to a lower vac-
uum level. The trials conducted with chamber aeration 
showed that such a feeding and discharge system could 
be successfully applied, significantly improving the envi-
ronmental and operational conditions of the mill (lower 
noise levels and reduced wear of working components), 
while achieving seemingly satisfactory particle size pa-
rameters. In this case, the most favorable result was ob-
tained with the application of vacuum level “3” (the low-
est value), at which the proportion of the 0-10 μm fraction 
reached approximately 38% for a throughput of 6.5 kg/h 
and 31% for a throughput of 12.5 kg/h. 
The particle size characteristics obtained were inferior to 
those achieved in batch grinding tests of this material. 
This may be attributed to the fact that the material was 
not dried prior to grinding, but more importantly, to the 
fact that optimal parameters for continuous grinding have 
not yet been established. Selecting the appropriate pro-
cess parameters will require more extensive research. 
Nevertheless, from the grinding perspective, the obtained 
results can be considered highly satisfactory. 
 
SUMMARY AND CONCLUSIONS 
The conducted studies demonstrated the high potential 
of applying vibratory grinding for the ultrafine comminu-
tion of both fine basalt (BD) and coarse basalt (BG). The 
obtained results confirmed that the appropriate selection 
of technological parameters, such as the grinding media 
set and the use of a grinding aid, has a significant impact 
on process efficiency. 
Final conclusions: 

− The results confirm the effectiveness of vibratory 
grinding for basalt, particularly under batch operation 
conditions. 

− Future research should focus on further optimization 
of continuous grinding parameters, particularly on se-
lecting an appropriate system for material feeding and 
discharge. 

− Even better results may be achieved through contin-
ued experiments involving chamber aeration, vacuum 
level adjustment, and, if necessary, drying the material 
prior to grinding. 

− Despite the need for further studies, the achieved de-
grees of comminution should be considered very 
good. 

− In many cases, especially when applying chamber aer-
ation in continuously operated mills, it is possible to 
obtain better particle size characteristics than in batch 
grinding. 

In summary, the vibratory grinding of coarse basalt shows 
high technological and implementation potential; how-
ever, it requires further optimization to ensure maximum 
process efficiency under continuous operating conditions. 
 
REFERENCES 
[1] J.B. Richardson, ‘Basalt Rock Dust Amendment on Soil 

Health Properties and Inorganic Nutrients – Laboratory 
and Field Study at Two Organic Farm Soils in New England, 
USA’, Agriculture, vol. 15, no. 1, p. 52, Dec. 2024, doi: 
10.3390/agriculture15010052. 

[2] L.T. Conceição et al., ‘Potential of basalt dust to improve 
soil fertility and crop nutrition’, Journal of Agriculture and 
Food Research, vol. 10, p. 100443, Dec. 2022, doi: 
10.1016/j.jafr.2022.100443. 

[3] D.J. Beerling et al., ‘Farming with crops and rocks to ad-
dress global climate, food and soil security’, Nature Plants, 
vol. 4, no. 3, pp. 138-147, Feb. 2018, doi: 10.1038/s41477-
018-0108-y. 

[4] A.C. Dalmora et al., ‘Nanoparticulate mineral matter from 
basalt dust wastes’, Chemosphere, vol. 144, pp. 2013-
2017, Feb. 2016, doi: 10.1016/j.chemo-
sphere.2015.10.047. 

[5]  ‘4 ways to make the cement industry more sustainable’, 
World Economic Forum. Accessed: Aug. 29, 2025. [Online]. 
Available: https://www.weforum.org/stories/2024/09/ce-
ment-production-sustainable-concrete-co2-emissions/ 

[6] Z. Liu, K. Takasu, H. Koyamada, and H. Suyama, ‘A study on 
engineering properties and environmental impact of sus-
tainable concrete with fly ash or GGBS’, Construction and 
Building Materials, vol. 316, p. 125776, Jan. 2022, doi: 
10.1016/j.conbuildmat.2021.125776. 

[7] A. Gholampour and T. Ozbakkaloglu, ‘Performance of sus-
tainable concretes containing very high volume Class-F fly 
ash and ground granulated blast furnace slag’, Journal of 
Cleaner Production, vol. 162, pp. 1407-1417, Sep. 2017, 
doi: 10.1016/j.jclepro.2017.06.087. 

[8] P. Chindaprasirt, C. Jaturapitakkul, and T. Sinsiri, ‘Effect of 
fly ash fineness on compressive strength and pore size of 
blended cement paste’, Cement and Concrete Composites, 
vol. 27, no. 4, pp. 425-428, Apr. 2005, doi: 10.1016/j.cem-
concomp.2004.07.003. 

[9] Y. Hefni, Y.A.E. Zaher, and M.A. Wahab, ‘Influence of acti-
vation of fly ash on the mechanical properties of concrete’, 
Construction and Building Materials, vol. 172, pp. 728-734, 
May 2018, doi: 10.1016/j.conbuildmat.2018.04.021. 

[10] Y. Dhandapani, M. Santhanam, G. Kaladharan, and S. Ra-
manathan, ‘Towards ternary binders involving limestone 
additions – A review’, Cement and Concrete Research, vol. 
143, p. 106396, May 2021, doi: 10.1016/j.cemcon-
res.2021.106396. 

[11] G.L. Golewski, ‘Green Concrete Based on Quaternary Bind-
ers with Significant Reduced of CO2 Emissions’, Energies, 
vol. 14, no. 15, p. 4558, Jul. 2021, doi: 
10.3390/en14154558. 

[12] S. Unčík and V. Kmecová, ‘The Effect of Basalt Powder on 
the Properties of Cement Composites’, Procedia Engineer-
ing, vol. 65, pp. 51-56, 2013, doi: 10.1016/j.pro-
eng.2013.09.010. 

[13] G.G.D. Ponzi et al., ‘Basalt powder as a supplementary ce-
mentitious material in cement paste for CCS wells: chemi-
cal and mechanical resistance of cement formulations for 
CO2 geological storage sites’, International Journal of 
Greenhouse Gas Control, vol. 109, p. 103337, Jul. 2021, 
doi: 10.1016/j.ijggc.2021.103337. 



538 Management Systems in Production Engineering 2025, Volume 33, Issue 4 
 

 

[14] M. Dobiszewska, W. Pichór, and P. Szołdra, ‘Effect of basalt 
powder addition on properties of mortar’, MATEC Web 
Conf., vol. 262, p. 06002, 2019, doi: 10.1051/matec-
conf/201926206002. 

[15] M.S. Moawad, S. Younis, and A.E.-R. Ragab, ‘Assessment 
of the optimal level of basalt pozzolana blended cement 
replacement against concrete performance’, J. Eng. Appl. 
Sci., vol. 68, no. 1, p. 42, Dec. 2021, doi: 10.1186/s44147-
021-00046-4. 

[16] P. Hobson and S.N. Bikes, ‘Australian researchers turn 
morning coffee waste into greener concrete’, Reuters, 
May 22, 2024. Accessed: May 06, 2025. [Online]. Available: 
https://www.reuters.com/business/environment/austral-
ian-researchers-turn-morning-coffee-waste-into-greener-
concrete-2024-05-22/ 

[17] E.S. Bakhoum and Y.M. Mater, ‘Decision Analysis for the 
Influence of Incorporating Waste Materials on Green Con-
crete Properties’, Int J Concr Struct Mater, vol. 16, no. 1, p. 
63, Dec. 2022, doi: 10.1186/s40069-022-00553-5. 

[18] F.J. O’Flaherty, F.J. Khalaf, and V. Starinieri, ‘Influence of 
additives on strength enhancement and greenhouse gas 
emissions of pre-cast lime-based construction products’, 
Low-carbon Mater. Green Constr., vol. 1, no. 1, p. 26, Oct. 
2023, doi: 10.1007/s44242-023-00026-2. 

[19] R. Huang, L. Xu, Z. Xu, Q. Zhang, and J. Wang, ‘A Review on 
Concrete Superplasticizers and Their Potential Applica-
tions for Enhancing the Performance of Thermally Acti-
vated Recycled Cement’, Materials, vol. 17, no. 17, Art. no. 
17, Jan. 2024, doi: 10.3390/ma17174170. 

[20] K. Witecki, A. Jakubcewicz, I. Kruszwicka.: Sustainable de-
velopment, i.e. environmental, technological and eco-
nomic aspects in mineral engineering. Min. Mach. 2024, 
vol. 42 issue 3, pp. 183-192. DOI: 
https://doi.org/10.32056/KOMAG2024.3.2 

[21] A. Stempkowska, T. Gawenda, A. Chajec, and Ł. Sadowski, 
‘Effect of Granite Powder Grain Size and Grinding Time of 
the Properties of Cementitious Composites’, Materials, 
vol. 15, no. 24, Art. no. 24, Jan. 2022, doi: 
10.3390/ma15248837. 

[22] O. Labahn, Cement engineers’ handbook, 4th English ed. 
Wiesbaden: Bauverlag, 1983. 

[23] S. Morrell, ‘The Prediction of Power Draw in Wet Tumbling 
Mills’, 1993. doi: 10.13140/RG.2.1.3189.2248. 

[24] J. Sidor, D. Foszcz, P. Tomach, and D. Krawczykowski, 
‘Młyny wysokoenergetyczne do mielenia rud i surowców 
mineralnych’, Cuprum: czasopismo naukowo-techniczne 
górnictwa rud, vol. nr 2, 2015, Accessed: Apr. 13, 2025. 
[Online]. Available: http://yadda.icm.edu.pl/baztech/ele-
ment/bwmeta1.element.baztech-a0b9a183-9218-447c-
883d-3937cfa63c76 

[25] J. Sidor and P. Tomach, ‘Możliwość intensyfikacji procesu 
wytwarzania nanoproszku grafitu w młynie wibracyjnym’, 
Materiały Ceramiczne = Ceramic Materials, vol. 68, no. 4, 
pp. 335–339, 2016. 

[26] J. Sidor and P. Tomach, ‘The development of vibratory 
tube mills’, Maszyny Górnicze, vol. R. 28, no. 1, 2010. 

[27] K.R. Rajaonarivony, C. Mayer-Laigle, B. Piriou, and X. 
Rouau, ‘Comparative comminution efficiencies of rotary, 
stirred and vibrating ball-mills for the production of ul-
trafine biomass powders’, Energy, vol. 227, p. 120508, Jul. 
2021, doi: 10.1016/j.energy.2021.120508. 

[28] F. Shi, R. Morrison, A. Cervellin, F. Burns, and F. Musa, 
‘Comparison of energy efficiency between ball mills and 
stirred mills in coarse grinding’, Minerals Engineering, vol. 
22, no. 7, pp. 673-680, Jun. 2009, doi: 
10.1016/j.mineng.2008.12.002. 

[29] P. Tomach, ‘The Influence of the Grinding Media Diameter 
on Grinding Efficiency in a Vibratory Ball Mill’, Materials, 
vol. 17, no. 12, p. 2924, Jun. 2024, doi: 
10.3390/ma17122924. 

[30] J. Sidor, Badania, modele i metody projektowania młynów 
wibracyjnych – Basic research, models and engineering de-
sign of vibratory mills. in Rozprawy Monografie. Akademia 
Górniczo-Hutnicza im. Stanisława Staszica w Krakowie. 
Uczelniane Wydawnictwa Naukowo-Dydaktyczne AGH, 
2005. 

 

 
 
Paweł Tomach  
AGH University of Krakow 
Faculty of Mechanical Engineering and Robotics 
Department of Machinery Engineering and Transport 
Al. Mickiewicza 30, 30-059 Kraków, Poland 
e-mail: tomach@agh.edu.pl  


