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The purpose of this study is to optimize technological processes and increase the efficiency of
mining and beneficiation firms by discussing an automated control system (ACS) for flotation
processes of copper porphyry ores. An knowledge of the potential benefits of ACS implementation
is provided by the flotation technology description, as well as the main components and automation
techniques used in the ore enrichment process. The study focuses on the primary control and
management techniques as well as the real-world application of these systems in industrial settings.
The difficulties that businesses encounter while implementing automation are also discussed, as are
the opportunities for these systems' advancement, including the incorporation of cutting-edge
technology like digital twins, the Internet of Things, and artificial intelligence.The study highlights
how crucial ACS is for increasing process stability, lowering energy and reagent usage, and
boosting environmental safety. Implementing ACS can lead to notable enhancements in product
quality, lower operating expenses, and heightened company competitiveness.
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1. Introduction

As one of the best techniques for removing precious minerals from gangue, flotation is
essential to the beneficiation of copper porphyry ores. Many parameters, including reagent
concentration, pH level, air supply intensity, and mixing parameters, must be strictly
controlled during this operation. Even little variations can result in higher production costs,
lost essential components, and a decline in the end product's quality.

Traditional flotation management methods, which depend on manual adjustment and control,
may not always ensure process stability and a prompt response to changes in raw materials or
external conditions. This highlights the importance of implementing automated control
systems (ACS), which enable process optimization through the use of real-time data analysis
and modern regulatory techniques.

Automated control systems provide enterprises with opportunities to significantly improve
production efficiency. With their help, high levels of valuable mineral recovery can be
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achieved, reagent and energy costs can be reduced, and the impact of the human factor can be
minimized.

The structure and working principles of ACS employed in the flotation process of copper
porphyry ores are examined in this research, along with their benefits, real-world uses, and
future development opportunities.

Overview of the flotation technological process

One of the most important techniques for beneficiating ores, such as copper porphyry ores,
which have a fine dispersion of precious minerals, is flotation. The valuable components
(copper minerals) can be separated from the gangue using this procedure, which is based on
variations in the physicochemical characteristics of the ore particle surfaces.

Main stages of flotation:

1. Pulp preparation

0 The ore is crushed to the required fineness to increase the surface area for particle
interaction.

0 Reagents are added to the prepared pulp (a mixture of crushed ore and water):

Collectors — for ensuring the adhesion of valuable mineral particles to air bubbles.
Frothers and foamers — for forming a stable foam.

Modifiers — for regulating the pH level and chemical properties.

2. Main flotation

0 The pulp is fed into flotation machines, where air is supplied.

0 The air bubbles formed capture the hydrophobic mineral particles, which have
acquired hydrophobic properties through reagents, and float them to the surface.

0 A mineral-rich foam forms on the surface and is removed for further processing.

3. Transfer and control flotation

0 Transfer flotation is carried out to extract the remaining valuable mineral particles

from the tailings of the main flotation.
0 Control flotation is aimed at improving the quality of the final concentrate.

Key Parameters of the flotation process:

. pH level:

0 Adjusted by adding alkalies or acids to create an optimal environment for improving
reagent interaction with the mineral surface.

. Reagent concentration:

0 Maintaining the correct reagent proportions affects the efficiency of interaction

between bubbles and minerals.
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. Air supply intensity:

0 Determines the size and number of bubbles, affecting the recovery of valuable
components.

. Flotation time:

0 The duration of the process, which should be sufficient to extract the maximum

amount of minerals.

Features of copper porphyry ore flotation: Copper porphyry ores have a complex mineral
composition and a large amount of gangue. Processing these ores requires:

. More careful pulp preparation.
. Accurate reagent regime adjustment.
. Effective adaptation of the process to changes in raw material composition.

Main elements of the automated control system (ACS)

Flotation is one of the most crucial methods for beneficiating ores with a fine dispersion of
valuable minerals, like copper porphyry ores. This process, which is based on differences in
the physicochemical properties of the ore particle surfaces, can be used to separate the valuable
components (copper minerals) from the gangue.

0 Sensors and detectors
Used for continuous monitoring of key process parameters such as:
pH level;
Reagent concentration;
Temperature and pressure;
Air supply intensity;
Foam volume and composition.
0 Actuators
Perform control actions, such as:
Reagent feed regulation;
Air flow adjustment;
Control of mixing devices.
0 Controllers

Industrial controllers (PLCs) process signals from sensors and send commands to
actuators.

0 Communication equipment

Includes network interfaces and protocols for data exchange between system
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components.
2. Software somponents
0 Monitoring and visualization systems

Software modules for visualizing data collected from sensors.

Graphical interfaces (e.g., SCADA) providing operators with a complete view of the
process status.

0 Control algorithms
PID controllers for maintaining stable process parameters.
O Mathematical models for data analysis and system behavior prediction.

Machine learning methods for optimizing system performance under changing raw
material conditions.

0 Alarm systems
Generation of warning and emergency signals when parameters deviate from norms.
Event logging for subsequent analysis.

3. Integration with external systems

0 Integration with enterprise management systems

ACS interacts with ERP systems to transmit data on productivity, reagent, and energy
resource consumption.

0 Interaction with adjacent process control systems
Allows coordination of flotation with previous and subsequent enrichment stages.
Reliability and security
Redundancy of critical components (sensors, servers, communication channels).

4
0
0 Protection against failures and unauthorized access.
5 Feedback and self-learning

0

Modern ACS include feedback elements, allowing the system to automatically adjust
process parameters based on real-time data analysis and accumulated experience.

Methods of control and management

Automating flotation processes of copper porphyry ores involves the use of modern control
and management methods aimed at ensuring process stability, improving mineral extraction
efficiency, and reducing costs. The control and management methods in the automated system
are based on the use of sensors, mathematical models, and data processing algorithms.

1. Control methods

0 Control is the foundation of managing the flotation process, including continuous
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monitoring of key parameters:
Monitoring physicochemical parameters

O pH level: maintained optimally for copper mineral flotation (usually 9-11).
Reagent concentration: controlled by dispensers ensuring precise addition.
Air supply intensity: determined to maintain optimal bubble size.

0 Foam composition and characteristics control

0 Optical and acoustic sensors are used to determine:
Foam volume and stability;

O Concentration of valuable minerals in the foam phase.
Raw material and tailings analysis
Monitoring the mineral composition of the ore using spectral analysis.
Constant tailings analysis to evaluate flotation efficiency.

2. Management methods

0 Process management is based on applying various approaches to adapt and optimize
the process in real time:

Classical control

Using PID controllers to maintain stable parameters (e.g., pH or air supply).
Programmable control — predefined equipment operation scenarios.
Modeling and forecasting

Mathematical models of the flotation process allow predicting system behavior under
changing conditions.

Use of regression analysis and machine learning methods to forecast valuable mineral
concentration.

Process optimization
Optimizing equipment operating modes to achieve maximum mineral recovery.

Extreme optimization algorithms (e.g., gradient descent, genetic algorithms) for real-
time parameter adjustment.

O Feedback systems

O Implementing feedback loops allows the system to adapt to changes:
Automatic adjustment of reagent feed when raw material composition changes.

O Air supply and mixing speed regulation based on foam composition data.

3. Intelligent control systems
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0 Modern ACS actively use artificial intelligence technologies:
Neural networks

O Analyzing complex relationships between process parameters.
Automatic optimization based on accumulated data.
Decision support systems

O Recommendations for operators based on data analysis.

0 Integration with ERP systems for accounting for economic factors.
Predictive control

0 Predicting potential deviations and managing them before they occur.

4, Integration of management and control

0 The efficiency of the automated system is ensured by integrating control with
monitoring systems:

Data from sensors is analyzed in real time, generating control signals.

The system checks the correctness of command execution and makes adjustments as
necessary.

5. Role of the operator in the control system

0 Despite a high level of automation, the operator's role remains important:
Monitoring system performance.
Intervention in non-standard situations.
Analyzing and adjusting algorithms based on received data.

The combination of these methods ensures stable and efficient system performance, enabling
high productivity and quality of the final product.

ADVANTAGES OF IMPLEMENTING A PROCESS CONTROL SYSTEM

The implementation of an automated control system (ACS) for flotation processes in copper-
porphyry ores opens new opportunities for mining and beneficiation enterprises to improve
efficiency and competitiveness. The main advantages include the following:

1. Improvement of process quality and stability
Stability of flotation parameters

0 ACS ensures continuous control over parameters such as pH level, reagent
concentration, and air supply, minimizing fluctuations and providing optimal conditions for
the extraction of valuable minerals.

Improved recovery of valuable components

0 Automation allows for more precise adjustment of flotation parameters, leading to an
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increase in the recovery rate of valuable minerals and reducing their losses with the tailings.
2. Economic Benefits
Reduced reagent consumption

0 Accurate dosing of chemical reagents prevents overuse, reducing reagent procurement
costs by 10-20%.

Reduced energy consumption

0 Optimized air supply and equipment operation reduce energy costs, particularly at
large enterprises with high processing volumes.

Increased productivity

0 Automation eliminates downtime related to human factors and minimizes equipment
setup time.
3. Minimization of human factor

Reduced dependence on operator qualifications

0 ACS takes over routine tasks and maintains stable parameters, reducing errors caused
by human factors.

Increased safety

0 Less manual intervention lowers the risk of injury and errors associated with working
in hazardous conditions.

4. Environmental benefits

Reduction of waste volume

0 Optimizing the process reduces the amount of tailings and their environmental impact.
Reduced chemical reagent usage

0 Precise dosage adjustments decrease the amount of reagents released into the
environment.

5. Integration with modern technologies
Forecasting and adaptation

0 The use of neural networks and big data analytics allows adaptation to ore composition
changes and enables the early prediction of potential deviations.

Visualization and data analysis

0 SCADA systems provide clear control and analysis of all stages of the process, aiding
decision-making and identifying bottlenecks.

6. Faster decision-making

Real-time response
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0 The system allows for quick responses to changes in process parameters, preventing
potential deviations.

Decision support systems

0 ACS provides recommendations to operators for process optimization based on
accumulated data and current conditions.

7. Long-term benefits
Return on investment

0 The implementation of ACS pays off through increased productivity, reduced costs,
and improved product quality.

Enhanced competitiveness

0 Process automation helps enterprises maintain leadership in the market by reducing
product costs and improving quality.

Overall, implementing ACS for flotation processes in copper-porphyry ores contributes to
more efficient, environmentally friendly, and economically viable production, which is
essential for the successful operation of modern mining and beneficiation enterprises.

PRACTICAL IMPLEMENTATION OF THE SYSTEM

The implementation of an automated control system (ACS) for flotation processes in copper-
porphyry ores requires a comprehensive approach, including system design, equipment
installation, software configuration, and staff training. Practical implementation of such a
system leads to process stability, improved recovery of valuable components, and reduced
reagent and energy resource consumption.

1. Stages of ACS implementation

1.1. Analysis of the technological process

0 Study of the ore composition and the current flotation process setup.
0 Identification of key parameters that require automation.

0 Conducting a technical and economic justification for the project.

1.2. System eesign

0 Development of the ACS architecture, including hardware and software.

0 Selection of suitable sensors, actuators, and controllers.

0 Creation of a mathematical model of the flotation process for forecasting and
optimization.

1.3. Installation and integration of equipment
0 Installation of sensors and actuators on flotation machines.

0 Connection of devices to controllers and data collection systems.
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0

Integration of ACS with existing production and ERP systems.

1.4. Software configuration

0
0

0

Configuring the SCADA system for data visualization and process control.
Setting up control, optimization, and feedback algorithms.

Training neural networks or other intelligent models (if used).

1.5. Testing and commissioning

0
0
0

Verifying the operability of all system components.

Conducting tests under various conditions to evaluate reliability.

Adjusting parameters and addressing identified issues.

1.6. Staff training

0
0
2.

Training operators to work with the system.
Developing operating instructions and guidelines for handling emergency situations.
Examples of successful implementation Mining industry enterprises have already

implemented ACS with successful results:

0

Implementing automated foam level control based on optical sensors improved the

stability of flotation machines.

0

Using neural networks to predict changes in raw material composition minimized the

loss of valuable minerals.

0
modes.

3.

0
5-10%.

© o A O o ©

Reducing reagent consumption through precise dosing and optimizing operational

Economic effect The application of ACS provides significant economic advantages:

Increased recovery of valuable components: reducing losses of valuable minerals by

Reducing reagent costs: minimizing excess dosing by 10-20%.

Lower energy consumption: optimizing air supply and equipment operation.
Process stability: reducing the impact of human factors and emergency situations.
Implementation issues and solutions

Difficulties with modernizing old equipment

Solution: use of adapters and hybrid systems that combine old and new equipment.

High implementation costs

(0]

Solution: phased system implementation with return on investment calculations.

Lack of qualified personnel
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0 Solution: regular training and professional development programs for employees.
5. System Development Prospects

Integration with 10T systems for more comprehensive data collection and analysis.
Predictive analytics for early detection of deviations.

Blockchain technologies for secure storage of process data.

Practical implementation of ACS in flotation processes proves effective in increasing
productivity and competitiveness, making automation an integral part of modern mining
production.

PROBLEMS AND DEVELOPMENT PROSPECTS

Automated control systems (ACS) for flotation processes in copper-porphyry ores demonstrate
high efficiency. However, their implementation and development face several challenges. At
the same time, the prospects for their improvement open new opportunities for increasing
productivity, cost-effectiveness, and environmental sustainability in production.

Implementation and operational problems
1. Technical problems
Equipment wear

0 The harsh operating conditions of flotation machines, including high abrasiveness and
corrosive effects, reduce the lifespan of sensors and actuators.

0 Solution: develop equipment with enhanced protection and conduct regular
maintenance.

Low compatibility of old equipment with modern systems

0 Many enterprises use outdated equipment that is difficult to integrate with modern
ACS.

0 Solution: use adaptation modules and gradual modernization.

2. Economic problems

High implementation cost

0 System development, equipment purchase, and staff training require significant
investment.
0 Solution: phased implementation and leasing equipment.

Long payback period

0 The economic benefit from ACS implementation may take several years to
materialize.

0 Solution: conduct a detailed technical and economic analysis before the project begins.
3. Personnel problems
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Lack of qualified personnel

0 Implementing and maintaining ACS requires specialists skilled in modern
technologies.

0 Solution: organize retraining courses and hire professionals.

Staff resistance to change

0 Employees may fear automation due to job displacement concerns.

0 Solution: inform them that automation complements, rather than replaces, human
labor.

4. Technical failures and risks

Cybersecurity issues

0 Connecting ACS to the network makes the system vulnerable to cyberattacks.
0 Solution: use secure communication protocols and regularly update software.
Development prospects

1. Integration of modern technologies

0 Artificial intelligence and machine learning

0 Use of neural networks for big data analysis and process adaptation to changing
conditions.

Internet of things (loT)

0 Implementation of 10T devices for more precise data collection and remote process
management.

Digital twins

0 Creating virtual models of flotation processes for testing changes and optimizing
system performance.

2. Energy consumption optimization

0 Development of energy-saving algorithms for controlling air supply, mixing, and
other energy-intensive processes.

3. Environmental aspects

0 Reducing reagent usage through more precise dosing.

0 Optimizing processes to reduce tailings volume and improve their environmental
safety.

4. System standardization and unification Development of standards for ACS equipment

and software to simplify implementation and operation.

5. Educational programs and dkill development Creating specialized courses and
training programs for professionals in process automation.
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2. CONCLUSION

One important advancement in the mining and beneficiation sector is the automated control
system (ACS) for flotation operations in copper-porphyry ores. It minimizes the effects of
human error, lowers energy and reagent costs, and enhances the recovery of important
minerals.

Implementing ACS requires a comprehensive approach, including technical design, equipment
selection, software development, and personnel training. Despite challenges such as high
costs, difficulties integrating old equipment, and the need for skilled personnel, the benefits of
automation far outweigh the costs.

The future development of control systems will involve integrating modern technologies such
as artificial intelligence, the Internet of Things, and digital twins. These technologies will
enable the adaptation of processes to changes in raw material characteristics, improve
parameter control accuracy, and enhance environmental safety.

Thus, the implementation and development of ACS flotation processes is not only a step
towards improving the competitiveness of enterprises but also a contribution to the sustainable
development of the mining industry. Modern approaches and solutions ensure production
stability, economic benefits, and minimize environmental impact.
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