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Quality control in ball mill operations in the ore industry is crucial for ensuring the final 

product's quality and the equipment's efficient operation. Despite its relevance, there is a 

scarcity of studies on this topic. This bibliographic study, based on the PRISMA protocol, 

involved scientometric and qualitative bibliographic analysis. The analysis revealed that the 

topic is rarely addressed in the literature, resulting in a limited portfolio. The identified 

studies explore advanced techniques such as algorithms and mathematical modeling to 

optimize the grinding process and improve product quality. Research also discusses 

advanced control systems to ensure compliance in mill operations, leading to reduced 

variability in material granulometry, energy savings, and increased production. 

Furthermore, contributions include implementing virtual sensors to monitor cement fineness 

in real-time, optimizing operations, and enhancing the final product's quality. However, 

there is a notable lack of research focused on the particle separator, a crucial component in 

the grinding process. These findings provide valuable insights for the effective management 

and operation of ball mills in the mining industry and underscore the need for future research 

to address these gaps. 
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I. INTRODUCTION 

 

In recent years, the world has been facing sanitary, political, 

and economic crises that impact businesses across all sectors, 

prompting companies to develop strategic plans to remain 

competitive [1]. In this context, industries have been affected at 

various levels, primarily due to the COVID-19 pandemic, the 

Russia-Ukraine war, and the Israel-Palestine conflict, which have 

disrupted the production and distribution of products and 

materials[2], [3]. 

The mineral processing industry has unique characteristics, 

balancing financial returns with concerns for environmental 

preservation and impact reduction [4]. In Brazil, the mineral 

processing industry has shown symbolic and consistent growth 

each year, with a 62% increase in revenue in 2021 compared to the 

previous year and an 11% increase in cement demand [5]. 

Among the mineral processing industries, cement 

manufacturing has paralleled the growth of the real estate market, 

driven by the rise in civil and public construction projects, making 

it one of the primary materials in these products [6]. Cement 

industries are present in all regions of Brazil, covering activities 

from extraction and processing of the ore to the production, 

packaging, and distribution of cement [7], [8]. 

In cement manufacturing, the comminution process is 

considered one of the most important in the mineral industry, as it 

is responsible for reducing the size of ore particles [9]. Various 

factors can influence this type of operation, from the raw material 

to be processed to the sizing parameters directly related to the 

process [10]. 

In the comminution process, one of the most critical pieces 

of equipment is the ball mill, which performs the final 

fragmentation work. Therefore, precise operational control is 

necessary to ensure the quality of the final product [10]. 

Given the importance of this equipment in the segment's 

outcomes, the research question arises: What is the state of the 

literature on ball mill operations in the context of quality control? 
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The objective of this research is to understand the landscape 

of the literature regarding operational factors influencing quality 

control in ore milling operations, with a particular focus on ball 

mills, such an important piece of equipment in cement production. 

 

II. THEORETICAL REFERENCE 

II.1 QUALITY CONTROL IN THE ORE INDUSTRY 
 

Quality control in the industry is a set of practices and 

processes implemented to ensure that products and services meet 

established quality requirements and standards [11], [12]. Quality 

control in the mining industry is extremely important to ensure that 

extracted minerals meet established quality requirements and 

standards [13]. This industry deals with the exploration and 

processing of minerals, which are used in a wide range of sectors 

such as metallurgy, civil construction, the chemical industry, 

among others. 

Thus, the quality control process begins with the extraction 

of minerals, during which samples are collected at different points 

in the mine for analysis [14]. These samples undergo laboratory 

tests to determine the chemical composition, physical 

characteristics, and properties of the minerals [15]. This 

information is essential for evaluating the quality of the minerals 

and identifying their viability for use. 

Laboratory tests are also used to determine the presence and 

concentration of impurities in the minerals [16]. These impurities 

can include undesirable chemical elements, environmental 

contaminants, or minerals of low commercial value [17]. The 

identification and quantification of these impurities are important 

to ensure that the minerals meet the quality requirements 

established by customers and environmental regulations [4]. 

In addition to laboratory tests, techniques such as real-time 

analysis and automation are used to monitor and control the 

mineral production process [18]. Sensors and devices are installed 

at facilities to collect real-time data on parameters such as moisture, 

particle size distribution, and mineral concentration [19], [20]. This 

data is analyzed to identify deviations and variations, allowing for 

immediate adjustments to keep the mineral quality within 

established standards [21]. 

Another crucial aspect of quality control in the mining 

industry is the implementation of quality management systems that 

adhere to international standards, such as ISO 9001 [22]. These 

systems assist in standardizing processes, documenting activities, 

and continuously improving operations [23]. Adopting these 

standards helps companies demonstrate compliance with quality 

requirements and build trust with customers and stakeholders. 

Continuous employee training and the promotion of a quality 

culture within the organization are also fundamental [24]. Well-

trained teams that are aware of the importance of quality control 

can identify potential problems and implement effective solutions, 

contributing to the consistency and excellence of the final products 

[23]. In this way, quality control becomes an integrated element at 

all levels of production, from extraction to the delivery of the final 

product to the customer. 
 

II.2 CEMENT MANUFACTURING PROCESS 

To better understand the grinding operation, it is essential to 

comprehend the cement production process. This operation 

involves several stages, starting with the extraction of raw 

materials and crushing, preparation of raw meal, the clinker phase 

where the raw materials are burned, the cement grinding operation, 

and finally, the packaging. Figure 1 provides a detailed illustration 

of this process. 

 
Figure 1: Cement manufacturing process. 

Source: [25]. 

 

Thus, the process begins with the extraction of the primary 

component in cement production, which is extracted from 

carbonate deposits through quarry blasting, where limestone is 

removed, transported, and classified according to the physical and 

chemical composition present in the raw material [26]. The 

extracted material has large and disproportionate dimensions, 

making loading and transport difficult, especially when the 

production unit is not in the same location or near the mining site. 

Therefore, a crushing process is carried out, which fragments the 

limestone, making it easier to handle [27]. 

Subsequently, the raw meal preparation stage involves 

mixing the limestone with other "corrective" components such as 

bauxite, iron ore, clay, and sand to achieve better chemical 

stability. Various methods can be used to determine the correct 

dosage of the mixture, including the percentage of clay or 

corrective limestone [25]. The multiple chemical analyses 

conducted to meet the strict control of cement production may 

indicate the need to add residues from the production processes of 

other industries, such as pozzolan or blast furnace slag, to replace 

the raw meal material or the fuels used for clinker burning in the 

kiln [14], [16]. 

In this context, during the preheating phase, the raw meal is 

transported and inserted into vertical heat cyclones, where it meets 

the hot gases from the kiln in the opposite direction. This preheats 

the raw meal, initiating the first chemical reactions necessary for 

clinker formation. Subsequently, the precalcination process occurs 

in a chamber located at the bottom of the preheating cyclones, just 

above the kiln, known as the precalciner. After being precalcined, 

the raw meal moves to the next phase, entering the rotary kiln, 

where it is heated by fuel in a burner that can reach temperatures 

of 1,450°C. The precalcined meal slides through the kiln, which is 

slightly inclined and rotates about three to five times per minute 

[4], [25]. 

With this, the cooling stage occurs immediately when the 

material exits the kiln at a high temperature and is directed to a 

cooler (chamber) that blows cold air from electric air blowers [27]. 

This results in heat exchange and the generation of hot air that is 

reused in the process, providing better thermal efficiency for the 

kiln. This completes the clinker production process, and this 

material is then used as the primary raw material in cement 

production. It must be mixed with gypsum, which functions to 

control the setting time, with an average addition of between 3% to 

4%. However, in addition to gypsum, it may be necessary to add 

other materials to control the quality and cost of the product [28]. 

In such a way, the grinding of these materials is traditionally 

carried out by ball mills, though some industries use horizontal 

roller mills [29]. In this process, grinding occurs through the 
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interaction of grinding bodies with the particles to be ground, 

driven by the rotational movement of the mill. The control 

parameters initially consider the reliability of raw material dosing 

and the rotational speed of the particle separator, as higher rotation 

speeds result in finer material. This is a key quality parameter for 

cement, as it directly relates to the concrete's strength [30]. 

Consequently, the ground product is stored in cement silos, ready 

for bulk distribution in trucks or bagged on pallets.  

As discussed, the cement production process is complex, 

involving a series of technical parameters and critical activities 

with a high degree of risk, thus requiring a qualified workforce. 

Additionally, much of this process is automated and controlled via 

computer at a central operations panel, significantly reducing the 

risk of accidents for field operators. This is a major advantage for 

the plant, highlighting the importance of constant maintenance of 

these systems [18]. 

 

II.3 COMMINUTION PRINCIPLES AND MECHANISMS 

In the mineral processing industry, comminution is the 

process of ore fragmentation, whether by explosives or other 

methods. Thus, the crushing stage is primarily used after the 

extraction of materials in mining areas due to the size of the 

minerals and the specifications and adjustments needed for 

transport or direct commercialization [31]. 

Considering that electrical energy consumption is directly 

linked to comminution, it is the operation responsible for the largest 

share of energy usage [9]. In a competitive market, the high 

production costs associated with increased energy consumption 

directly impact the final product price for customers. This remains 

a significant challenge for equipment manufacturers, who strive to 

enable energy efficiency without compromising the operational 

effectiveness of the equipment [32]. 

 In the technological realm, mineral processing circuits 

consider that the energy required for fragmentation depends on 

material characteristics such as size, density, and composition [16]. 

Each ore presents unique characteristics, necessitating 

individualized study to determine the most suitable equipment. 

Precise adjustments of operational parameters are crucial to ensure 

the ball mill operates efficiently and produces a high-quality final 

product [19]. Therefore, it is essential that the operation and 

monitoring of operational parameters are conducted by trained and 

experienced professionals. 

 The relationship between energy consumption and the 

degree of granulometry of the product generated by the grinding 

process is direct [33]. Monitoring fragmentation through the 

particle separation process is essential to determine the 

comminution efficiency level and prevent unnecessary processing 

of raw materials. 

Determining a more economical and efficient process has 

been a significant challenge for scientists and the mineral 

processing industry. Despite being the subject of long-standing 

research, no relevant alternatives have been generated for industrial 

implementation [13]. In this context, it is evident that there are no 

comminution equipment options efficient enough to reduce the cost 

of these operations. Consequently, industries often use inefficient 

comminution mechanisms and primitive methods. These 

mechanisms typically include compression, abrasion, impact, and 

shearing [31]. 

Automation enhances industrial processes' effectiveness 

through constant parameter control [34]. The advancement of 

computational tools allows for frequent diagnostics of operations 

and simulations that relate mathematical models to previous stages 

of the process. This capability enables the establishment and 

comparison of scenarios, facilitating the projection of future 

industrial installations [9]. 

Comminution equipment operates based on the principle of 

applying mechanical energy, which results in the fragmentation of 

materials. The shape and size characteristics of the particles 

represent the operational mode [31]. The primary interaction 

mechanisms of the equipment are compression, impact, attrition, 

and abrasion, as illustrated in Figure 2. 

 

 
Figure 2: Fracture Mechanisms. 

Source: [35]. 

 

In the compression mechanism, force is applied slowly and 

successively to the rock, allowing fractures to appear and 

subsequently break. This type of mechanism typically generates 

coarser and fewer fine fragments [35]. The impact mechanism 

utilizes rapid force applied to the particles with greater intensity 

than the material's strength. In this mechanism, the particles absorb 

more energy than necessary for fragmentation, generally producing 

finer material [36].  

Shear comminution, while generating high energy 

consumption, produces a significant amount of superfine material. 

This mechanism is predominant in milling operations and ball 

mills, occurring when ore fragments move against each other, 

causing wear through friction [37]. Abrasion involves movement 

similar to friction fragmentation, differing by the particles moving 

in opposite directions, resulting in the production of fine material 

[31]. 

Efficient ball mill operation requires monitoring the 

grinding medium flow to ensure effective collisions. This avoids 

impact with the mill's inner lining or other grinding bodies, which 

results in energy loss during the process [29], [35]. Consequently, 

numerical simulations are necessary to address this deficiency. 

 

II.4 CHARACTERISTICS AND MECHANISMS OF THE 

BALL MILL 

Considered a commonly used equipment in the mineral 

processing industry, ball mills have a rotating cylindrical structure 

lined with steel or rubber plates [35]. Inside, they contain a charge 

of free grinding media that interact with each other due to the mill's 

rotational movement, facilitating particle comminution [30]. 

Figure 3 shows the equipment known as a ball mill. 
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Figure 3: Ball Mill. 

Source: [38]. 
 

This type of equipment is used in grinding operations 

involving coarser materials, as the balls have a larger contact 

surface, facilitating the production of fines. It should be noted that 

mills with a length/diameter ratio of 1.5 to 1m or smaller are not 

considered ball mills [39]. When they have a length greater than 3 

to 5m, they are usually divided into compartments, with different 

ball diameters in each compartment, requiring precise sizing to 

define this division [40]. 

In the mill operation, the grinding charge can assume three 

movement regimes: cascading, cataracting, and centrifugation 

[41]. Figure 4 shows the reported types. 

 

 
Figure 4: Operating Regimes. 

a) Cascading; b) Cataracting and c) Centrifugation. 

Source: [41]. 

The cascading regime (or cascade) is characterized by the 

rotational movement of the mill lifting the balls to a certain height, 

where they slide over each other in a cascading form due to the 

force of attraction [30]. This type of regime does not provide high 

energy generation from the impact between the bodies, and the 

material is broken by abrasion, making it ideal for producing a final 

product due to the capacity for fine production. 

In the cataracting regime (or cataract), the grinding load is 

carried to higher elevations and detaches, falling onto the particles 

to be ground, causing fragmentation by impact. This is ideal for 

handling coarser material [42]. It is important to note that 

operations in this regime must be well-monitored and planned to 

ensure that the falling bodies land on the material to be ground and 

not on the mill lining. If the latter occurs, it would lead to faster 

wear of the lining, consequently reducing performance in terms of 

production [43]. Besides the mechanical operating parameters, the 

raw material greatly influences the yield, with factors such as 

moisture, porosity, initial dimensions, and shapes impacting the 

mill's operational efficiency [29]. 

Finally, the centrifugation regime occurs when the mill's 

rotational movement is high, causing the grinding media to be held 

against the walls, following the circular motion [42]. The critical 

speed is defined as the point where centrifugal force and 

gravitational force act on the particles in equilibrium, resulting in 

centrifugation [44]. 

The grinding media are indispensable components in an 

operating mill, responsible for performing the comminution work 

through interaction mechanisms. They are typically spherical, 

made of cast iron or steel, and come in various sizes, depending on 

the ore particles [45]. 

Determining the size of the grinding media can present a 

problem in some situations, considering two scenarios. In the first 

scenario, increasing the size of the load favors impact interaction 

between the particles, resulting in the breakage of larger particles 

[31]. The second scenario considers smaller media, increasing the 

contact surface area and enhancing friction interaction, thus 

increasing the grinding capacity. Therefore, it is recommended to 

define a mix of sizes among the media in the same chamber, 

considering the feed granulometry and the final product 

requirements [35].  

The degree of filling is referenced according to the 

percentage of the mill's occupancy, which, in practice, does not 

exceed 50% of the mill's internal volume. This factor directly 

affects the grinding performance due to the motor's power, 

potentially damaging the equipment if the load exceeds the 

capacity [31]. 

The primary factor for the efficiency of the grinding 

operation is the mill's rotational speed. Literature and manufacturer 

manuals present varying values, making them questionable due to 

discrepancies when compared [30]. 

The mill's internal lining is crucial for operation, requiring 

perfect condition for optimal performance. High operational speed 

is a factor that can quickly wear down the lining. In the 1920s, it 

was common to use around 80% of the critical speed, but studies 

have shown that operating at about 57% of the critical speed 

reduces energy consumption without significantly affecting the 

mill's production [7]. 

The rotational speed determines the flow regime of the load 

inside the mill. Low speeds reduce the rotation number, causing the 

load to roll over itself, producing a cascading motion [10]. 

Conversely, high rotation speeds cause the load to follow parabolic 

trajectories, a movement known as cataracting. 

The dynamic separator used in grinding operations 

classifies the particle size of the ground material, directing it to the 

end of the process or back to the beginning for reprocessing until it 

reaches the specified fineness [37]. The internal structure consists 

of a cage made of vertical bars and blades. In this type of operation, 

three simultaneous forces interact: the weight of the particles, the 

drag force of the air current, and the centrifugal force. Besides the 

physical aspect, there are three types of separators: first-generation, 

second-generation, and third-generation, all serving the same 

function [30].  

Efficiency is achieved through the mass balance between 

two sub streams: the final product and the reject. When the 

rotational speed of the separator is high, there is an increase in both 

production and fines, leading to more material being rejected. 

Consequently, the finished product tends to decrease [46]. This 

occurs due to the overload factor of the mill. With the increase in 

the separator's rotation, the operation tends to reduce the feed to 

avoid overload. In other words, the production volume tends to fall 

with fine parameter requirements. In most scenarios, the separator 

a) b) c) 
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retains about 20% of the material, with the remaining 80% being 

the finished product [30]. 

III. MATERIALS AND METHODS 

This research can be classified as a Literature Review [47], 

which was based on the following steps of the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses (PRISMA) 

Protocol: (i) selection of Bibliographic Portfolio (BP) on quality in 

ball mill operations (ii) bibliometric analysis of the selected 

portfolio; (iii) systemic analysis of BP articles; and (iv) research 

question and opportunities highlighted based on the knowledge 

built during the process (Figure 5). 
 

 
Figure 5: Article selection process based on PRISMA. 

Source: Authors, (2025). 
 

The academic database used was Scopus, employing the 

combination of the terms "ball mills," "quality," and "operations," 

with the following search string: ( TITLE-ABS-KEY ("ball mills" 

)  AND  TITLE-ABS-KEY ( operation* )  AND  TITLE-ABS-KEY 

(quality)). 

Inclusion criteria were defined as follows: only journal 

articles, only articles aligned with the topic, and only empirical 

articles. Exclusion criteria included: duplicate articles, articles not 

aligned with the topic, articles that do not address the impacts on 

quality due to operational factors in ball mill operations, and 

articles that do not meet the other inclusion criteria. 

After the selection process, the portfolio contained only 3 

aligned articles. To complement the research, the same search was 

conducted on Google Scholar, seeking documents aligned with this 

study. Only 3 aligned documents were found, resulting in a 

Bibliographic Portfolio of just 6 scientific documents aligned with 

the research, as shown in Table 1. 
 

Table 1: Bibliographic Portfolio on Quality in Ball Mill 

Operations. 

Authors Source Capes 2017-2020 Percentil 

[43] 
Mining Informational 

and Analytical Bulletin 
- 49 

[40] Holos A1 - 

[48] 
IEEE Transactions on 

Industrial Informatics 
A1 98 

[49] 
Panduan Konseling 

Behavioral dengan 
- - 

[50] Powder Technology A1 88 

[29] 
Federal Institute of 

Espírito Santo 
- - 

Source: Authors, (2025). 

 

For the bibliometric analysis, the software tools used were 

Mendeley, R-Studio with Bibliometrix, and VOSviewer for word 

clouds. The qualitative analysis was conducted based on the 

complete reading of the texts, highlighting their main 

contributions. 

 

IV. RESULTS AND DISCUSSIONS 

IV.1 SCIENTOMETRIC ANALYSIS 

Quality control in ball mill operations in the mining industry 

is a topic that has been inadequately addressed in the literature and 

has shown irregular trends over the years, with significant 

variations. There is a noticeable gap between 2005 and 2013, 

during which there were no publications focused on quality control 

in milling operations using ball mills. After 2015, there is a higher 

frequency of publications involving the topic, but these are 

sporadic and include only specific studies. This irregularity 

suggests a need for greater attention and investment in research in 

this area to promote a more consistent and comprehensive 

understanding of the operational factors that influence quality in 

the use of ball mills. 

When examining the co-occurrence of keywords, it is 

observed that out of 45 keywords, only 39 form a connected set. 
Figure 6 illustrates the co-occurrence network of keywords, 

showing the relationships and interactions between different terms. 

The red and green clusters are visually distinct, with "particle size" 

positioned centrally, highlighting its role in bridging the 

equipment-related and operation-related aspects of research. These 

keyword clusters help identify the core areas of research and 

highlight the interconnected nature of equipment characteristics 

and operational factors in quality control processes within ball mill 

operations in the mining industry. 

 

 
Figure 6: Keyword Clusters on Quality Control in Ball Mill 

Operations in the Ore Industry. 

Source: Authors, (2025). 

 

The analysis of keyword clusters in the context of quality 

control in ball mill operations within the mining industry reveals 

two main groups that are interconnected through the keyword 

"particle size": Ball Mill Equipment and Activities (Cluster 1 – red; 

Keywords: ball mills, grinding, milling, energy consumption, 

efficiency, operational parameters, etc.); and Operational Factors 

(Cluster 2 – green; Keywords: quality control, process 

optimization, monitoring, performance, product quality, etc.). 

The Cluster 1 focuses on the ball mill equipment and the 

various activities involved in its operation. It is notable for having 

a larger number of interconnected keywords, suggesting that the 

characteristics and functionality of the equipment are of significant 

relevance in related studies. The higher density of keywords in this 

cluster indicates a strong emphasis on understanding and 

optimizing the physical and mechanical aspects of ball mills. 

The Cluster 2 is concentrated on the right side of the figure 

and pertains to the operational factors affecting ball mill 

performance. It encompasses research on quality control measures, 

monitoring systems, and optimization techniques aimed at 

enhancing the efficiency and output quality of the milling process. 

The keywords in this cluster emphasize the importance of process 

management and operational adjustments in achieving optimal 

performance.  

The keyword "particle size" serves as a crucial link between 

the two clusters. It is central to the discussion on quality control in 

ball mill operations, as it relates to both the characteristics of the 
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equipment and the operational factors. Particle size is a key 

parameter in assessing the efficiency of the milling process and the 

quality of the final product. 

One can observe a low interaction among authors and a 

restricted collaboration network in the research on the topic. Only 

two groups are connected in the same study. In this Bibliographic 

Portfolio, the significant number of citations attributed to the 

articles by [48] and [40] stands out. This observation suggests that 

these works have been widely recognized and referenced in the 

literature on the subject in question. 

The relevance of these articles may lie in their contribution 

to advancing knowledge in the field, possibly presenting 

innovative approaches, robust methodologies, or impactful results. 

Furthermore, their influence may reflect their acceptance by the 

academic community and their ability to provide valuable insights 

that have significant implications for research and practice in the 

studied area. 

Regarding the sources, only 3 are indexed in Scopus/Web 

of Science, with percentiles, and three of them are classified by 

Capes in the 2017-2020 quadrennium with an A1 rating. 

The scientometric analysis reveals that the topic of quality 

control in milling operations using ball mills is still underexplored 

in the scientific literature. The earliest publication dates to 2005, 

authored by only one author. There is a significant gap until the 

publication by Gedraite et al. in 2014 [40]. Since then, there has 

been an average of one publication every two years. 

This irregular behavior and the presence of gaps between 

publications indicate the need for greater focus and investment in 

research in this area, aiming to develop a deeper and more 

comprehensive understanding of the operational factors that impact 

quality in ore milling using ball mills. 

 

IV.2 QUALITY CONTROL IN BALL MILL OPERATIONS 

Quality control in ball mill operations, especially in the 

mining industry, is essential to ensure the quality of the final 

product, improve equipment operationalization, and prevent waste, 

environmental impacts, among other factors [20]. 

Upon analyzing the BP, it is noticeable that this topic, 

although very relevant and essential for the operations of this type 

of equipment, lacks associated studies. However, there is a 

technical deepening aimed at optimizing the equipment through the 

use of algorithms and mathematical modeling [48]. 

According to [43], the study addresses the efficiency of the 

milling process itself but emphasizes that as a consequence, this 

should increase the quality of the materials obtained. Thus, the 

research aims to combine two methodologies that simulate possible 

scenarios of the milling process in two fields of operation, and 

ultimately apply the combination of these methods directly to the 

process, with the aim of expanding the operating capacity. 

The first method addresses the movement of the medium in 

a ball mill, for which the discrete element method (DEM) is used. 

However, processes in the mining industry are linked to particle 

movement in a fluid flow, for which the process can be modeled 

by computational fluid dynamics (CFD). Thus, the direction of the 

study is to explore the possibility of combining and applying the 

two DEM-CFD methods. 

From Chimwani, Mulenga, and Hildebrandt's perspective 

[50] the distribution of ball sizes is crucial for controlling product 

quality and ensuring maximum production. Thus, the study's 

objective is to find the ball mixture that ensures compliance with 

this requirement. In this context, the authors developed an 

algorithm capable of simulating grinding circuits focused on ball 

wear, and this model was validated, providing relevant results for 

the issue. Therefore, this work has significant characteristics as it 

addresses the problem and approaches the topic with technical 

relevance, well-explained by the authors.  

Following the same research line, [48], also developed a 

study based on algorithms and simulations, which concerns the 

efficiency of the ore grinding process. According to the authors, 

this efficiency depends on the circulating load and the particle size 

of the product, making these two operational points crucial for 

quality control in the operation. Simulations were conducted, 

obtaining significant results. 

Considering the approach of the three studies mentioned 

earlier, these belong to the empirical reports extracted from Scopus, 

having relevance due to the recognition of the database. Thus, we 

observe an important point regarding the methodology model, as 

both studies use mathematical modeling to conduct simulations. 

Such observation is essential due to the positive outcome presented 

by the journals, contributing safely and accurately to the operation. 

The three reports retrieved from Google Scholar focus on 

the installation of systems and hardware in computers, aiming to 

monitor the grinding process and improve operational practices 

that contribute to the operation itself, consequently presenting 

elevated aspects regarding quality control. 

The study conducted by [49], aims to control the speed and 

rotation in the grinding process using a ball mill. To optimize this 

process, a frequency inverter controlled by Compact Field point 

hardware and LabVIEW software was employed. The system was 

studied, and a speed control application for the grinding process 

was developed within the programming environment. This 

application allows for the combination of different speeds 

according to the mill's load. Subsequently, tests were conducted in 

a laboratory setting, where the operation was managed by 

considering a series of factors to ensure reliable results. The results 

of the laboratory simulations showed that the optimization 

objective was satisfactorily achieved, as expected by the authors. 

According to [40] developed an advanced control system 

that incorporates a multivariable controller coupled with a 

regulatory control system. The implementation of this system in a 

ball mill allows the operation to achieve compliance conditions, 

ensuring maximum efficiency and improving the final product's 

milling finish. As a result, the system demonstrated significant 

benefits, including reduced variability in the material's particle size 

distribution after grinding, decreased energy consumption, and 

increased production output. 

Finally, [29] believes that providing online information 

about cement fineness is a significant opportunity for the cement 

grinding process using ball mills. This approach can optimize 

operations, reduce energy consumption, and enhance the quality of 

the final product. The study presents three types of supervised 

regression models for predicting cement fineness: Multilayer 

Perceptron Neural Network (MLP), Support Vector Machine 

(SVM), and Radial Basis Function Neural Network (RBFNN). 

Tests were conducted on a laboratorial scale to obtain 

fineness data for the material entering and exiting the mill. 

Subsequently, a virtual sensor based on the MLP model was 

designed and implemented. The system was tested in a real-world 

setup, and despite the complexity of deploying this system, data 

preprocessing enabled advantageous results, providing greater 

accuracy in monitoring cement fineness. 

Regarding the operational factors addressed in the studies, 

applications involving software, system automation, and 

mathematical modeling focused on quality control in grinding 

operations were evident. However, the entire Bibliographic 
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Portfolio lacked research directed towards the particle separator, an 

essential component in the grinding process responsible for 

classifying the size of comminuted material particles. The integrity 

and operation of this equipment are crucial for maintaining quality 

parameters in the process. 

V. CONCLUSIONS 

This study revealed that quality control in ball mill grinding 

operations is still an underexplored topic in the scientific literature, 

despite its industrial importance, especially in mining. Through a 

systematic analysis of the existing literature, it was possible to map 

the conducted studies, identify significant gaps, and better 

understand the methods and approaches used so far. 

The bibliographic analysis of the portfolio revealed that the 

existing studies predominantly focus on strategies for controlling 

the fineness of the mill's output material, highlighting the 

importance of this parameter in ensuring the quality of the final 

product. These studies also emphasize benefits in terms of costs 

and operational efficiency. The bibliometric analysis revealed a 

scarcity of authors and a limited collaboration network, suggesting 

that the participation of larger groups could enrich and enhance 

ideas in this complex area. However, there is a growth trend driven 

by new technologies and market demands. 

The studies indexed in Scopus stand out for their process 

simulations aimed at resource optimization and operational cost 

reduction, while the studies identified in the Google Scholar 

database focus on practical applications in a laboratorial scale. 

There is little intersection between these types of studies, indicating 

the need for greater integration between theoretical and practical 

approaches. 

The analyzed studies do not sufficiently address the use of 

the particle separator, a crucial component for quality control and 

the proper functioning of the ball mill. Additionally, the control of 

the mix of ball sizes, which is essential for optimizing the grinding 

process, deserves more in-depth study. 

This study is pioneering in bringing theoretical elements 

that support scientific work in the mining industry, which 

extensively uses ball mills. It significantly contributes to the 

literature by identifying new directions for future research, 

highlighting opportunities for both empirical and theoretical 

studies. 

For future work, it is recommended to conduct empirical 

research that directly involves command centers, exploring 

practical applications in the industrial environment. Comparative 

studies between laboratory experiments and applications on real 

equipment would enrich discussions on the topic. Furthermore, 

future studies could focus on the use of particle separators and 

deepen the study of the ball mix to ensure quality control in the 

mineral grinding process using ball mills. 

In this interim, it is concluded that although the topic is 

crucial for the industry, the literature on quality control in ball mills 

is limited and dispersed. This study not only fulfills the objective 

of mapping the current state of research but also establishes a 

robust starting point for future investigations, encouraging the 

continuity and deepening of research in this vital area. 
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