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Abstract 

In recent years, the field of mineral processing has witnessed significant advancements aimed at 
improving the efficiency, sustainability, and economic viability of mineral extraction and processing 
techniques. These advancements encompass a broad spectrum of practices, from ore sorting and 
comminution to flotation and tailings management. This paper reviews the latest innovations in mineral 
processing, focusing on key areas such as: Ore Sorting and Pre-Concentration: Implementation of 
sensor-based sorting technologies that enhance the grade and recovery of ore by detecting and 
separating valuable minerals from waste rock early in the process. Advanced Comminution 
Techniques: The creation of energy-saving grinding technologies, such as vertical roller mills and high-
pressure grinding rolls (HPGR), which lower energy consumption and enhance particle size 
distribution. Hydrometallurgical Advances: Improvements in leaching and solvent extraction 
techniques that allow for more efficient recovery of metals from low-grade and refractory ores, 
reducing environmental impact. Tailings Management and Water Reclamation: Adoption of sustainable 
practices for tailings disposal, such as thickened and paste tailings, as well as advanced water treatment 
technologies that enable the reuse of process water and minimize freshwater consumption. The paper 
highlights case studies demonstrating the successful implementation of these advanced techniques in 
various mining operations worldwide. Together with the social and environmental ramifications, the 
possible economic advantages are also covered. These advancements represent a transformative shift 
towards more sustainable and efficient mineral processing practices, aligning with global efforts to 
meet the increasing demand for minerals while minimizing the ecological footprint of mining activities. 
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INTRODUCTION 

"Advance Mineral Practices Techniques" refers to modern and innovative methods used in the field 

of mineral extraction, processing, and utilization. The goal of these advanced techniques is to enhance 

efficiency, improve environmental sustainability, and optimize the recovery of valuable minerals from 

ores. Here's an introduction to some of these advanced techniques: 

 

The mining and minerals industry plays a crucial role in the global economy, supplying raw materials 

essential for various industries. The sector faces 

many obstacles as the demand for minerals rises, 

including as resource depletion, environmental 

effects, and the requirement for greater efficiency. 

To address these challenges, advanced mineral 

practices and techniques have been developed, 

leveraging cutting-edge technology and innovative 

methodologies [1]. 

 

Exploration and Resource Assessment 

Geophysical and Geochemical Techniques: 

Utilization of sophisticated geophysical methods 

such as seismic, magnetic, and electromagnetic 

surveys, along with geochemical analysis, to 

identify and evaluate mineral deposits. Remote 
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sensing and GIS: Mapping and analyzing mineral resources over broad regions using satellite imaging, 

aerial photography, and Geographic Information Systems (GIS) [2]. 

 

Mining Techniques 

Automation and Robotics: Implementation of autonomous drilling, hauling, and ore processing 

systems to increase efficiency, reduce labor costs, and improve safety. In-Situ Mining: Techniques like 

in-situ leaching, where minerals are dissolved underground and pumped to the surface, minimizing 

surface disturbance [3]. 

 

Mineral Processing and Beneficiation 

Advanced Comminution and Separation: Development of high efficiency crushing, grinding, and 

separation technologies to reduce energy consumption and increase recovery rates. Hydrometallurgical 

and Pyrometallurgical Processes: Innovative methods for extracting metals from ores using 

environmentally friendly solvents and high-temperature processes [4]. 

 

Environmental Management 

Tailings Management: State-of-the-art methods for recycling and safely disposing of mining tailings, 

such as dry stacking and using tailings for building materials. Water Treatment and Recycling: 

Implementation of water treatment technologies to minimize water usage and contamination, ensuring 

sustainable water management [5]. 

 

Data Analytics and Machine Learning 

Predictive maintenance is the process of using machine learning and data analytics to forecast 

equipment breakdowns and improve maintenance schedules. Resource Modeling: Application of 

machine learning algorithms to improve the accuracy of resource estimation and mine planning [6]. 

 

Sustainable Practices 

Circular Economy: Strategies to recycle and reuse materials, reduce waste and minimize 

environmental impact. Green technologies: Using energy-efficient equipment and renewable energy 

sources to lessen mining operations' carbon footprint [7]. 

 

The mining industry is changing, becoming more ecologically conscious, sustainable, and efficient 

thanks to advanced mineral practices and technology. By leveraging modern technologies and 

innovative approaches, industry can meet the growing demand for minerals while minimizing its impact 

on the planet. These developments support the broader objective of sustainable development in addition 

to increasing the mining ventures' economic viability [8]. 

 

LITERATURE 

High-Pressure Grinding Rolls (HPGR) 

Two counter-rotating rolls—one fixed and the other floating—are used in HPGR. The ore is fed 

between the rolls and crushed by compressive forces. Energy-efficient, improves downstream 

processing, and produces finer particles [9].  

 

Advanced Gravity Separation 

Techniques like Falcon concentrators and Knelson concentrators enhance gravity separation 

processes. Improved recovery rates for fine particles, less environmental impact [10]. 

 

Sensor-Based Ore Sorting 

 Utilizes sensors (e.g., X-ray, near-infrared) to detect valuable minerals and separate them from waste 

rock.  Reduces processing costs, improves ore grade, and minimizes environmental footprint. These 

methods are notable developments in the field of mineral processing, with the goals of lowering 

expenses, maximizing benefits to the environment, and boosting productivity [11]. 
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METHODOLOGY 
"Advanced Mineral Processing Techniques" typically involve sophisticated methodologies aimed at 

optimizing mineral extraction, separation, and purification processes. To increase productivity and 
lessen their negative effects on the environment, these methods frequently incorporate automation, data 
analytics, and sophisticated computer modeling [12]. 

 
Mass properties are important in the processing of minerals. The chemical makeup and geological 

conditions affect the hardness of all minerals, rock, and ore deposits. Depending on their chemical 
makeup and the geological setting, all mineral, rock, and ore deposits have varying degrees of hardness 
[13] (Table 1).  

 
Methods of mechanical separation a collection of manufacturing and laboratory procedures wherein 

a polyphase mixture's constituent parts are mechanically divided into two or more fractions with various 
mechanical properties. Particulate or nonparticulate, homogenous or heterogeneous, can be found in the 
separated fractions. The mechanical separation methods rely on variations in phase density, phase 
fluidity, and particle mechanical qualities like size, shape, and density; additionally, they consider 
particle characteristics like surface charge, magnetic susceptibility, and wettability. Figure 2 shows 
Minerals identification [14]. 

 
Enhancement – tidying up Washing is the simplest enrichment method for raising the value of rock 

and mineral fractions from sand size and above. For a product to be sold, surface contaminants like 
clay, dust, organics, or salts must frequently be removed. Depending on how firmly these contaminants 
are adhered to the surface of the rock or mineral, different methods are employed [15]. 

 

 
Figure 1. Minerals processing and hardness. 
 

Mineral processing is required because ore is a collection of economically significant minerals that 
may be mined and processed profitably to yield a valuable metallic component. Most rock deposits 
contain some form of metal or mineral. Waste, also known as gangue material, is what's left over when 
the concentration of valuable minerals or metals is too low to warrant mining. The gangue minerals 
encircle the precious minerals within an ore body. This is the main reason why we must proceed with 
mineral processing. Those important minerals must be separated and concentrated from the bulk 
material using an appropriate mechanical treatment [16]. 

 
Mineral Identification 

Instruction 

Identify the different properties of minerals below and plot it in the table on the next page. You may 

use the internet to check other characteristics of the minerals. Write it in a whole sheet of paper 
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Figure 2. Minerals Identification. 

 

Computational Modeling 

Using computer simulations to predict and optimize processes like flotation, leaching, and separation 

techniques. Advanced Analytical Techniques: Employing tools such as spectroscopy, X-ray diffraction, 

and electron microscopy for detailed mineral characterization. Process Automation: putting in place 

automated systems to monitor and manage mineral processing activities in real time. Process 

Optimization: Employing mathematical modeling, simulation, and statistical techniques to optimize 

process parameters such as temperature, pressure, pH, and reagent dosages [17]. 

 

 Environmental Considerations: using sustainable techniques to cut down on waste and emissions, as 

well as energy and water use. Process Optimization: Employing mathematical modeling, simulation, 
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and statistical techniques to optimize process parameters such as temperature, pressure, pH, and reagent 

dosages. Innovative Reagent Development: Developing and utilizing novel reagents and chemical 

additives to enhance selectivity and recovery of valuable minerals.  Data Analytics and Control 

Systems: Integrating advanced data analytics, real-time monitoring, and control systems to improve 

process stability, predictability, and operational efficiency [18]. 

 

These techniques are essential to modern mineral processing in order to satisfy the growing needs for 

economic viability, sustainability, and efficiency [19]. 

 

APPLICATIONS 

It sounds like you're interested in advanced techniques related to mineral processing or extraction. 

Could you specify what particular aspect or application you're looking into? This field covers a broad 

range of technologies and methodologies, from extraction and beneficiation to refining and processing 

of minerals. Figure 3 shows economic developments tools [20]. 

 

 
Figure 3. Economic Development Tools. 

 

CONCLUSION 

The mining and mineral processing sectors have seen a transformation thanks to developments in 

mineral practices and procedures, which have resulted in more effective, long-lasting, and 

environmentally friendly operations. Here are some key conclusions from these advancements: 

Enhanced Efficiency and Productivity, Automation and Digitalization: Implementation of advanced 

automation and digital technologies, such as AI, IoT, and machine learning, has significantly improved 

operational efficiency, reduced downtime, and optimized resource utilization. Advanced Exploration 

Techniques, Modern geophysical and geochemical exploration methods integrating drone and remote 

sensing technologies, have increased the precision and speed of mineral detection. Eco-friendly 

Technologies, by using less energy and hazardous chemicals, cleaner technologies like bioleaching and 

phytomining have reduced their negative effects on the environment. Waste Management, Innovations 

in waste management, such as the reuse of tailings and development of zero-waste processes, have 

contributed to more sustainable mining operations. Safety and Health Improvements, Advanced 

monitoring systems and automated machinery has reduced the need for human presence in hazardous 

environments, thereby enhancing worker safety. Economic Benefits, Efficiency improvements and 

waste reduction have led to significant cost savings in mineral extraction and processing. Regulatory 
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Compliance, Advanced techniques have facilitated better compliance with environmental and safety 

regulations, ensuring more responsible mining practices. Continued Innovation, Future developments 

in mineral techniques with an emphasis on efficiency and sustainability are anticipated as a result of 

ongoing research and development. Including renewable energy, it is projected that mining operations 

will integrate renewable energy sources more frequently, lowering the industry's carbon impact. In 

conclusion, the advancements in mineral practices and techniques have led to a more efficient, 

sustainable, and responsible mining industry. These innovations not only improve operational 

efficiency and economic viability but also enhance environmental stewardship and social responsibility. 

Ensuring the long-term sustainability of the mineral business and tackling future issues will need 

sustained investment in research and technological development. 
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