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ABSTRACT 

The study aimed to develop a hybrid system integrating RFID technology and 4-20mA 

signalling to optimize lime discharge for pH adjustment in gold recovery processes within the 

mining industry. The system was designed to enhance efficiency by tracking lime batches on 

conveyor belts and precisely controlling pH levels in cyanidation tanks. The research involved 

implementing RFID tags along the conveyor system to monitor lime movement and using 4-

20mA signals to regulate lime discharge rates, ensuring the maintenance of optimal pH 

conditions necessary for effective gold leaching. The study monitored parameters such as lime 

discharge rate, pH levels, and system response times over a 30-minute period. Statistical 

analysis, including multiple linear regression, revealed an inverse relationship between lime 

discharge rates and pH levels, confirming the system's effectiveness in maintaining desired pH 

conditions. The findings also highlighted a gradual increase in lime discharge rates and system 

response times, suggesting areas for process optimization. The study's results align with 

existing literature emphasizing the critical role of pH control in gold recovery, while also 

addressing challenges associated with manual pH adjustment. The research provides practical 

recommendations for improving operational efficiency, minimizing environmental impact, and 

enhancing the sustainability of gold extraction processes. Future research should focus on 

refining automation systems and exploring advanced technologies for further optimization. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background of the Study 

The mining industry is a crucial component of the global economy, providing essential 

resources for various sectors and contributing significantly to economic development (Lööw et 

al., 2019). Gold recovery processes are vital within mining operations due to the economic 

value and demand. These processes involve intricate methods aimed at extracting gold from 

ore and other materials, often utilizing a combination of physical and chemical techniques 

(Hilson & Monhemius, 2006). pH adjustment is a critical factor in gold recovery processes, as 

it directly impacts the efficiency of extraction methods and the overall success of the recovery 

process (Hilson & Monhemius, 2006). Lime is commonly used in mining operations as a pH 

adjuster to maintain optimal pH levels necessary for effective gold recovery processes (Hilson 

& Monhemius, 2006). 

The integration of RFID technology with 4-20mA signaling for pH-controlled lime discharge 

on conveyor belts in gold recovery processes represents a groundbreaking innovation within 

the mining industry. Traditionally, the gold recovery process heavily relies on manual 

interventions and periodic measurements, leading to inconsistencies and suboptimal outcomes. 

However, with this integration, a seamless fusion of automated tracking and identification 

through RFID technology and real-time pH monitoring via 4-20mA signaling is achieved. This 

integration not only streamlines the lime discharge process but also ensures precise control 

over pH levels in the ore slurry, a critical factor for optimizing gold extraction. By harnessing 

the power of these advanced technologies, mining operations can significantly boost 

operational efficiency, minimize waste, and maximize gold recovery rates.  

In the context of warehouse operations, the use of RFID-based conveyor belts has been shown 

to improve efficiency by automating processes and reducing errors in inventory management. 
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This automation is essential in dynamic environments like warehouses, where the control of 

goods entering and leaving is critical for smooth operations. By implementing RFID 

technology, the leaks in warehouse control can be minimized, leading to more streamlined 

operations and improved inventory management (Pane et al., 2019). 

Moreover, the enhanced accuracy and reliability afforded by this hybrid system have the 

potential to revolutionize traditional mining practices, paving the way for sustainable and cost-

effective gold processing methodologies. 

In gold processing, lime plays a crucial role in the cyanidation process. Plessis et al. (2021) 

highlighted the importance of lime in gold processing in their review. Lime is a key reagent in 

gold cyanidation processes, where it helps regulate pH levels for optimal gold recovery. 

Integrating RFID technology with 4-20mA signaling for lime discharge ensures that the right 

amount of lime is delivered at the correct pH level, improving the overall efficiency of the gold 

recovery process. 

RFID technology, as discussed by (Aluf, 2010), offers precise tracking and identification 

capabilities. By optimizing the dimensional parameters of RFID tags, efficient tracking of lime 

batches on conveyor belts can be achieved. This optimization ensures that the right lime batch 

is discharged at the designated location, preventing errors in the gold recovery process. 

Moreover, the use of conveyor belts in material handling is crucial in mining operations. 

Conveyor belts facilitate the transportation of materials like lime for gold processing. 

Integrating RFID technology and 4-20mA signaling on conveyor belts streamlines the lime 

discharge process, reducing manual intervention and potential errors. 

Integrating RFID technology and 4-20mA signaling for pH-controlled lime discharge on 

conveyor belts in gold recovery processes represents a significant advancement in the mining 

industry. By leveraging RFID technology for tracking, 4-20mA signaling for precise control, 



3 

 

and conveyor belts for material transport, operational efficiency, accuracy, and overall gold 

recovery process can be greatly improved.  

 

1.2 Problem Statement 

Current lime discharge systems in mining operations face challenges related to efficiency, 

accuracy, and automation. There is a pressing need for improved systems that can enhance the 

precision of lime discharge onto conveyor belts for pH adjustment during gold recovery 

processes. Integrating RFID tags and 4-20mA signals presents an opportunity to address these 

challenges by providing real-time monitoring and control capabilities for lime discharge 

systems.  

The study aims to address the challenge of enhancing the efficiency and accuracy of lime 

discharge in gold processing operations. Gold recovery processes heavily rely on lime for pH 

regulation during cyanidation, a critical step in gold extraction (Plessis et al., 2021). However, 

the precise control of lime discharge to maintain optimal pH levels is often challenging and can 

impact the overall efficiency of the gold recovery process. 

In the context of gold mining activities, maintaining accurate control of lime discharge on 

conveyor belts is crucial for sustaining the desired pH levels in the cyanidation tanks. Any 

deviations in pH can significantly affect the gold recovery rate and overall process efficiency 

(Plessis et al., 2021). Therefore, there is a need to develop a system that integrates RFID 

technology for tracking lime batches and 4-20mA signaling for precise pH control to ensure 

the correct amount of lime is discharged at the appropriate pH level. 

Moreover, the complexity of gold mining operations, as highlighted in the study on gold mining 

heritage (Rumyantsev, 2021), underscores the importance of implementing advanced 

technologies to streamline processes and improve outcomes. By integrating RFID technology 

with 4-20mA signaling, the study aims to address the challenges associated with manual pH 
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control of lime discharge on conveyor belts, ultimately enhancing the efficiency and accuracy 

of gold recovery processes. 

The optimization of RFID tags' dimensional parameters for efficient tracking Aluf (2010) and 

the utilization of conveyor belts for material transport "Conveyer belt" (1991) further 

emphasize the need for a comprehensive solution that combines technology and process control 

in gold processing operations. This integration aims to minimize errors, reduce manual 

intervention, and ensure consistent pH levels during lime discharge, ultimately improving the 

overall performance of gold recovery processes. 

The issue of inefficient and inaccurate lime discharge in gold recovery processes necessitates 

the development of an integrated system that leverages RFID technology and 4-20mA 

signaling for precise pH control on conveyor belts. By tackling this challenge, the study aims 

to enhance the operational efficiency and effectiveness of gold processing operations. The 

study also aims to contribute to the existing literature on the various effective ways of gold 

recovery in the mining sector most especially in Ghana where there is no study conducted 

around this area. 

 

1.3 Objectives of the Study 

The primary objective of this study was to develop a hybrid system that combines RFID tags 

and 4-20mA signals for lime discharge onto conveyor belts to facilitate pH adjustment in gold 

recovery processes within the mining industry.  

 

1.3.1 Specific objectives 

Specifically, the study sought to; 

1. To develop a system that integrates RFID technology for tracking lime batches on conveyor 

belts in gold processing operations. 
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2. To implement 4-20mA signaling for precise pH control during lime discharge to ensure 

optimal pH levels in the cyanidation tanks. 

3. To optimize the dimensional parameters of RFID tags for efficient tracking of lime batches 

in the gold recovery process. 

4. To streamline the lime discharge process on conveyor belts to minimize errors and manual 

intervention. 

5. To enhance the operational efficiency and accuracy of gold recovery processes through the 

integration of RFID technology and 4-20mA signalling. 

 

1.4 Scope and Limitations 

The scope of the study encompasses the development and implementation of a system that 

combines RFID technology and 4-20mA signalling to enhance the efficiency and accuracy of 

lime discharge in gold processing operations. The integrating RFID technology for tracking 

lime batches on conveyor belts and utilizing 4-20mA signalling for precise pH control during 

discharge, the study aims to optimize the gold recovery process by ensuring the correct amount 

of lime is delivered at the desired pH levels. 

The study focused on optimizing the dimensional parameters of RFID tags to facilitate efficient 

tracking of lime batches, thereby improving the overall control and monitoring of the lime 

discharge process. Additionally, the integration of RFID technology and 4-20mA signalling 

aimed to streamline the lime discharge process on conveyor belts, reducing manual intervention 

and minimizing errors in pH control during gold processing operations. 

However, there are certain limitations to consider in the scope of this study. The 

implementation of RFID technology and 4-20mA signalling required initial investment in 

equipment and infrastructure, which could pose a financial constraint for some gold processing 

facilities. Moreover, the effectiveness of the integrated system may be influenced by 
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environmental factors, such as dust and moisture levels in the mining environment, which could 

impact the performance of RFID tags and signaling devices. 

Furthermore, the study's scope was limited by the availability of resources and expertise 

required for the successful integration of RFID technology and 4-20mA signaling in gold 

recovery processes. Collaborations with experts in RFID technology, process control, and 

mining operations was necessary to overcome these limitations and ensure the successful 

implementation of the integrated system. 

While the study aimed to enhance the efficiency and accuracy of lime discharge in gold 

recovery processes through the integration of RFID and 4-20mA signaling, it is essential to 

consider the scope and limitations associated with the implementation of this technology in 

real-world mining operations. 

 

1.5 Significance of the Study 

The study on the Integration of RFID and 4-20mA Signalling for pH-Controlled Lime 

Discharge on Conveyor Belts in Gold Recovery Processes is significant in the mining industry 

for various reasons. Firstly, the integration of RFID technology with 4-20mA signalling offers 

a novel approach to enhancing the efficiency and accuracy of lime discharge processes in gold 

recovery operations. Through combining these technologies, the study aims to streamline the 

lime discharge process, ensuring precise pH control critical for optimal gold recovery. 

In the context of gold mining activities, where the use of lime is fundamental in the cyanidation 

process, maintaining the correct pH levels is crucial for maximizing gold extraction efficiency. 

The study's focused on integrating RFID technology and 4-20mA signalling to control lime 

discharge on conveyor belts directly addresses the need for improved process control and 

automation in gold processing operations. 
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Furthermore, this study's significance extends to the broader mining engineering field, where 

technological advancements are crucial for optimizing operational processes. By utilizing 

RFID technology for tracking lime batches and 4-20mA signalling for precise pH control, the 

study contributes to enhancing the overall efficiency and accuracy of gold recovery processes. 

Additionally, the optimization of RFID tags' dimensional parameters for efficient tracking and 

the use of conveyor belts for material transport further emphasize the importance of integrating 

technology and process control in mining operations. This integration not only enhances 

operational efficiency but also reduces manual intervention and potential errors, ultimately 

leading to improved productivity and cost-effectiveness in gold recovery processes. 

The study on the Integration of RFID and 4-20mA Signalling for pH-Controlled Lime 

Discharge on Conveyor Belts in Gold Recovery Processes has the potential to revolutionize the 

gold processing industry by introducing advanced technologies that streamline operations, 

improve accuracy, and optimize gold recovery processes. 

 

1.6 Organization of the Thesis 

The thesis begins with an introductory section that provides an overview of the problem 

statement and the context of the research. It introduces background information on relevant 

technologies such as RFID and 4-20mA signaling, as well as processes involved in pH control, 

lime discharge, and gold recovery. Additionally, the introduction outlines the specific 

objectives of the research and previews the structure of the thesis, setting the stage for the 

subsequent chapters. 

Following the introduction, the literature review section presents a comprehensive analysis of 

existing literature related to RFID technology, 4-20mA signaling, pH control systems, lime 

discharge systems, and gold recovery processes. This section critically evaluates previous 

studies, methodologies employed, findings and identifies gaps in research. It establishes the 
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theoretical framework for the integration of RFID and 4-20mA signalling in pH-controlled lime 

discharge processes. 

The methodology chapter delved into the specifics of the research methodology employed in 

the study. It describes the materials, equipment, and software utilized, providing a detailed 

explanation of the experimental setup for integrating RFID and 4-20mA signaling for pH-

controlled lime discharge. Furthermore, this section elucidates the procedures for data 

collection and analysis, while also addressing any ethical considerations or safety precautions 

undertaken during the research. 

Subsequently, the results section presents the findings obtained from the experiments 

conducted as part of the research. This section employed various visual aids such as figures, 

tables, and graphs to illustrate the data collected, providing a clear and concise description of 

the results obtained from the study. The discussion chapter interpreted the results in the context 

of the research objectives and compares them with the existing body of literature. It analyzed 

the implications of the integrated system for gold recovery processes, discusses any limitations 

encountered during the research, and suggests potential areas for further investigation. 

The conclusion summarizeed the key findings of the research, restating its significance in 

addressing the research problem. It also offers recommendations for practical applications and 

future research directions, providing closure to the thesis. 
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 CHAPTER TWO 

LITERATURE REVIEW 

2.0 Introduction 

In this chapter, an extensive review of literature related to the integration of RFID technology 

and 4-20mA signalling in industrial processes, particularly within the mining industry, is 

presented. The literature review aims to provide a comprehensive understanding of the current 

state of research, technological advancements, and applications relevant to the development of 

the proposed hybrid system for lime discharge onto conveyor belts for pH adjustment in gold 

recovery processes. 

 

2.1 Overview of Gold Recovery Processes 

2.1.1 Conventional methods of gold recovery in the mining industry. 

To provide an overview of conventional methods of gold recovery in the mining industry, it is 

essential to consider various techniques and processes that have been employed for this 

purpose. The conventional methods of gold recovery in the mining industry encompass a range 

of processes such as cyanidation, flotation, and gravity concentration. Cyanidation has been 

the most widely used technique for the hydrometallurgical recovery of gold (Escobar-Ledesma 

et al., 2020). It involves the use of cyanide to dissolve gold, which is then recovered from the 

solution. However, there are concerns about the environmental impact and safety associated 

with the use of cyanide in gold recovery (Hilson & Monhemius, 2006). As a result, there has 

been a growing interest in alternative lixiviant systems for the recovery of gold from ores and 

concentrates (Hilson & Monhemius, 2006). 

In addition to cyanidation, flotation has been a conventional method for the recovery of gold, 

particularly in the case of liberated and copper-associated gold (Burns et al., 2014). This 
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process involves the separation of gold-bearing minerals from gangue minerals through the use 

of air bubbles. Furthermore, gravity concentration, which includes processes such as 

centrifugation and shaking tables, has been employed for the recovery of coarse and free-

milling gold (Adomako-Ansah et al., 2022). These conventional methods are often used based 

on the type of ore and the characteristics of the gold deposits (Adomako-Ansah et al., 2022). 

Moreover, the recovery of gold from various waste materials has been achieved through 

hydrometallurgical methods, which generate a large amount of secondary chemical waste 

(Aktaş et al., 2009). This highlights the need for sustainable and environmentally friendly 

approaches to gold recovery. Alternative techniques such as thiosulfate leaching have been 

explored as a greener approach to conventional methods, particularly in the case of refractory 

minerals (Ubaldini et al., 2019). Thiosulfate leaching offers a potential alternative to 

cyanidation, addressing some of the environmental concerns associated with cyanide usage 

(Xu et al., 2017). 

Furthermore, the recovery of gold from electronic waste has been a subject of interest, with 

studies exploring electrochemical and biological methods for gold recovery (Rao et al., 2020). 

These approaches aim to improve gold recovery rates and reduce the environmental impact of 

conventional chemical leaching processes. Additionally, the use of recovered gold and 

palladium in catalytic processes has been explored, highlighting the valorization and reuse of 

precious metals recovered from various sources (McCarthy et al., 2021). 

The conventional methods of gold recovery in the mining industry encompass a range of 

techniques such as cyanidation, flotation, and gravity concentration. However, there is a 

growing interest in alternative and sustainable approaches to gold recovery, including 

thiosulfate leaching, electrochemical methods, and the valorization of recovered precious 

metals.    
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2.1.2 The role of pH adjustment in gold extraction processes. 

The role of pH adjustment in gold extraction processes is a critical factor that significantly 

influences the efficiency of the extraction. pH adjustment affects the behavior of various 

lixiviants and their interaction with the ore, ultimately impacting the gold recovery process. 

Liu et al. (2021) demonstrated the significance of pH in gold recovery using potassium 

ferrocyanide solution, where the optimized results showed a substantial increase in gold 

recovery at a high-alkaline environment with a pH of 12.6. Furthermore, Tripathi et al. (2012) 

highlighted the impact of pH on gold leaching from waste mobile phone printed circuit boards, 

indicating that the gold recovery increased with an increase in thiosulfate concentration up to 

a certain pH level. These findings underscore the crucial role of pH in influencing gold recovery 

from different sources. 

Moreover, the study by Roldán-Contreras et al. (2020) emphasized the influence of pH on the 

leaching of silver and gold using sodium thiosulfate, indicating that the leaching process was 

poorly affected by temperature and thiosulfate concentration, suggesting that pH may play a 

more dominant role in the leaching process. Additionally, Altansukh et al. (2019) compared 

gold recovery from various pregnant leach solutions obtained from different leaching methods, 

including iodine-iodide, aqua regia, cyanide, and thiosulfate, highlighting the importance of 

pH in the recovery process. 

The pH adjustment not only affects the leaching process but also plays a crucial role in the 

synthesis of gold nanorods. Cheng et al. (2011) investigated how pH conditions contribute to 

gold nanorod morphology and size evolution, emphasizing the significance of pH in the 

synthesis process. Similarly, Okitsu et al. (2009) demonstrated that pH significantly influences 

the shape of gold nanorods and nanoparticles, further highlighting the importance of pH in 

controlling the morphology of gold nanoparticles. 
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The literature reviewed demonstrates the critical role of pH adjustment in gold recovery 

processes. The pH level significantly influences the efficiency of gold leaching from various 

sources and plays a crucial role in controlling the morphology and size of gold nanoparticles 

during synthesis. 

2.1.3 Challenges associated with manual pH adjustment methods. 

Gold recovery processes are crucial in the mining industry, as they enable the extraction of 

gold from ore and its subsequent purification. Various methods are employed in gold recovery 

processes, including cyanidation, carbon adsorption, and solvent extraction. However, one of 

the challenges associated with these processes is the manual adjustment of pH, which can have 

significant implications for the efficiency and environmental impact of gold recovery. 

Manual pH adjustment methods involve the addition of acids or bases to the process solution 

to achieve the desired pH level for optimal gold recovery. This process is often labor-intensive 

and prone to human error, leading to inconsistent pH levels and suboptimal gold recovery. 

Additionally, manual pH adjustment can result in the overuse of chemicals, leading to increased 

operational costs and environmental pollution. 

Furthermore, manual pH adjustment methods may pose health and safety risks to workers due 

to the handling of corrosive chemicals. The exposure to acids and bases can result in skin 

irritation, respiratory issues, and other health hazards. Therefore, the reliance on manual pH 

adjustment methods in gold recovery processes necessitates the implementation of stringent 

safety protocols and personal protective equipment, adding to the operational complexities and 

costs. 

Moreover, the manual nature of pH adjustment can lead to delays in the process, impacting 

overall production efficiency. Inconsistent pH levels can also affect the performance of other 

chemical reagents used in gold recovery processes, leading to suboptimal gold extraction and 

increased reagent consumption. 
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To address these challenges, there is a growing emphasis on the automation of pH adjustment 

in gold recovery processes. Automated pH control systems offer precise and real-time pH 

monitoring and adjustment, leading to improved process efficiency, reduced chemical 

consumption, and minimized environmental impact. Additionally, automation reduces the 

reliance on manual labor, thereby enhancing worker safety and operational consistency. 

The challenges associated with manual pH adjustment methods in gold recovery processes 

underscore the need for technological advancements and automation in the mining industry. 

By transitioning towards automated pH control systems, mining operations can achieve higher 

gold recovery rates, improved worker safety, and reduced environmental footprint. 

 

2.2 Automation and Instrumentation in Mining Industry 

2.2.1 The trend towards automation in the mining industry. 

The mining industry has indeed been experiencing a significant trend towards automation, 

driven by the need for safer and more productive operations. Automation in mining has been 

identified as a critical enabler for achieving safer and more productive underground mining 

(Ralston et al., 2015). This trend is further emphasized by the transition towards mission-

critical mobile broadband communications in open-pit mines, highlighting the industry's shift 

towards advanced technological solutions (Garcia et al., 2016). Moreover, the transformation 

of the Australian mining industry and its future prospects underscore the increasing integration 

of advanced information and communication technologies (ICTs) and automation techniques 

to optimize the entire mining value chain (Jang & Topal, 2020). Additionally, the integration 

of artificial intelligence and machine learning, as well as the use of discrete event simulation 

frameworks, indicates a growing emphasis on advanced technological solutions for regional 

development in the mining sector (Wilson et al., 2022). Furthermore, the evolution of 

computers, sensors, data analysis, and intelligence techniques is expected to strengthen the 
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integration of automated processes within the mining industry, reflecting the industry's 

commitment to embracing digitalization and automation (Herbert & Hidalgo, 2021). 

The trend towards automation in the mining industry is driven by the pursuit of enhanced 

safety, operational efficiency, and overall productivity. The integration of advanced 

technologies, such as artificial intelligence, machine learning, and mobile communications, 

signifies a paradigm shift towards a more technologically advanced and automated mining 

landscape. As the industry continues to evolve, the adoption of automation and instrumentation 

is poised to play a pivotal role in shaping the future of mining operations.    

 

2.2.2 The role of process instrumentation technology in enhancing efficiency and safety. 

The mining industry has witnessed significant advancements in automation and 

instrumentation technologies, leading to improved operational efficiency and enhanced safety 

measures. Process instrumentation technology plays a crucial role in achieving these objectives 

by providing real-time monitoring, control, and data analysis capabilities within mining 

operations. 

Process instrumentation technology enhances efficiency in the mining industry by enabling 

accurate and continuous monitoring of various parameters such as temperature, pressure, flow 

rates, and chemical concentrations. This real-time data allows for proactive decision-making, 

optimizing process parameters, and minimizing downtime. For instance, in ore processing and 

extraction, instrumentation technology facilitates precise control of crushing, grinding, and 

flotation processes, leading to improved recovery rates and reduced energy consumption. 

Furthermore, process instrumentation technology contributes to safety in the mining industry 

by providing early detection of potential hazards and abnormal operating conditions. For 

example, advanced monitoring systems can detect equipment malfunctions, leaks, or deviations 
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from established safety thresholds, triggering immediate alerts and automated shutdown 

procedures to prevent accidents and mitigate risks to personnel and the environment. 

In addition, the integration of automation and instrumentation technologies in mining 

operations has led to the development of autonomous vehicles and robotic systems for tasks 

such as drilling, hauling, and material handling. These technologies not only improve 

operational efficiency by optimizing routes and reducing fuel consumption but also enhance 

safety by minimizing the exposure of workers to hazardous environments and reducing the risk 

of accidents associated with manual operations. 

Moreover, the implementation of advanced instrumentation technology, such as remote sensing 

and geospatial monitoring, has revolutionized exploration and geological surveying processes. 

These technologies enable the collection of high-resolution data for geological mapping, 

mineral prospecting, and environmental monitoring, leading to more informed decision-

making, reduced exploration costs, and minimized environmental impact. 

Process instrumentation technology plays a pivotal role in enhancing efficiency and safety in 

the mining industry. The integration of advanced monitoring, control, and automation systems 

not only improves operational performance and resource utilization but also mitigates risks, 

safeguards personnel, and promotes sustainable mining practices. As the mining industry 

continues to embrace technological innovation, the role of process instrumentation technology 

will remain instrumental in driving operational excellence and safety standards. 

 

2.2.3 Existing technologies for automating pH adjustment processes. 

Automation and instrumentation play a critical role in enhancing the efficiency, safety, and 

sustainability of mining operations. In the context of pH adjustment processes in the mining 

industry, several technologies have been developed to automate and optimize this crucial aspect 

of mineral processing. These technologies aim to address the challenges associated with 
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manual pH adjustment methods, including operational inconsistencies, environmental impact, 

and worker safety concerns. 

One of the existing technologies for automating pH adjustment processes is the implementation 

of pH control systems equipped with advanced sensors and actuators. These systems utilize pH 

sensors to continuously monitor the pH level of process solutions in real-time. When deviations 

from the desired pH range are detected, the control system automatically triggers the addition 

of acid or base reagents to adjust the pH to the target value. This automated approach ensures 

precise pH control, leading to improved process efficiency and gold recovery rates. 

Another technology that has gained prominence in automating pH adjustment processes is the 

use of programmable logic controllers (PLCs) and supervisory control and data acquisition 

(SCADA) systems. PLCs are employed to automate the sequential control of chemical dosing 

pumps for pH adjustment, while SCADA systems provide a centralized platform for 

monitoring and controlling the entire pH adjustment process. Through PLCs and SCADA 

systems, mining operators can achieve seamless integration of pH control with other process 

parameters, enabling comprehensive process optimization and data-driven decision-making. 

Furthermore, advancements in automation have led to the development of intelligent pH 

adjustment systems that utilize machine learning algorithms and predictive analytics. These 

systems leverage historical process data to predict pH fluctuations and proactively adjust pH 

levels, thereby minimizing the reliance on reactive control strategies. By continuously learning 

from process dynamics, intelligent pH adjustment systems can adapt to changing operating 

conditions and optimize reagent dosing for enhanced gold recovery and resource efficiency. 

In addition to these technologies, the integration of automated pH adjustment processes with 

advanced control strategies, such as model predictive control (MPC) and adaptive control, has 

shown promise in optimizing pH levels while minimizing chemical consumption and process 

variability. These advanced control strategies enable proactive pH adjustment based on 
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dynamic process models and predictive algorithms, leading to improved process stability and 

reduced environmental impact. 

The mining industry has witnessed significant advancements in technologies for automating 

pH adjustment processes, aiming to overcome the challenges associated with manual pH 

control. By leveraging advanced sensors, actuators, PLCs, SCADA systems, intelligent 

algorithms, and advanced control strategies, mining operators can achieve precise and efficient 

pH adjustment, ultimately contributing to sustainable and responsible mineral processing 

practices. 

 

2.3 RFID Technology in Industrial Applications 

2.3.1 Radio-Frequency Identification (RFID) technology. 

Radio-Frequency Identification (RFID) technology is a wireless technology that enables the 

identification and tracking of objects using electromagnetic fields. It encompasses various 

sensor technologies, including RF energy harvesting, high-frequency (HF) RFID, ultra-high 

frequency (UHF) RFID, and chipless RFID (Cui et al., 2019). RFID systems consist of tags, 

readers, and antennas, allowing for the wireless exchange of data between the tags and readers. 

These systems are widely used in industrial automation, transportation management, logistics, 

retail, healthcare, and mining industries due to their convenience, low cost, and potential for 

enhancing operational efficiency (Tarricone & Grosinger, 2020).  

 

RFID technology has evolved to include advanced features such as encryption, secure schemes, 

and integration with the Internet of Things (IoT) (Fan et al., 2019), enabling diverse 

applications in industrial and commercial sectors. The technology has also been applied in 

mining industries for tracking and monitoring purposes, demonstrating its versatility across 

different industrial domains (Mahmad et al., 2016). Overall, RFID technology has become an 
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integral part of modern industrial applications, offering enhanced traceability, security, and 

automation capabilities. 

 

2.3.2 Overview of Radio-Frequency Identification (RFID) technology. 

Radio-Frequency Identification (RFID) technology has garnered significant attention due to its 

diverse applications across various industries. Cui et al., (2019) provide a comprehensive 

review of RFID technology, emphasizing its state-of-the-art sensing techniques and 

applications. The authors highlight the advantages of RFID, including low cost, durability, and 

mass production capabilities, particularly in the integration of RFID with textiles. This 

underscores the versatility and adaptability of RFID technology in industrial settings. 

Furthermore, Tarricone & Grosinger (2020) discuss augmented RFID technologies and their 

role in the Internet of Things (IoT) and beyond. The authors emphasize the evolving nature of 

RFID applications, particularly in the context of IoT integration. This highlights the potential 

for RFID to contribute to interconnected systems and advanced data analytics, thereby 

enhancing its utility in industrial applications 

Kumar et al., (2009) provide insights into the applications of RFID technology in the food 

industry. The review underscores the potential for RFID to revolutionize supply chain 

management, product tracking, and quality control in food-related processes. This 

demonstrates the transformative impact of RFID technology in ensuring traceability and 

operational efficiency within industrial contexts. 

Moreover, Al-Kassab et al. (2013) present a case report on RFID-enabled business process 

intelligence in retail stores. The study highlights the practical implementation of RFID 

technology to enhance business processes, inventory management, and customer experience. 

This exemplifies the tangible benefits of RFID technology in optimizing industrial operations 

and driving business intelligence. 
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RFID technology offers a wide array of applications and benefits in industrial settings, ranging 

from textile integration and IoT augmentation to supply chain management and business 

process optimization. The literature underscores the transformative potential of RFID 

technology in enhancing operational efficiency, data analytics, and overall industrial 

performance. 

2.3.2.1 Active RFID Architecture 

Active RFID architecture involves the utilization of active RFID tags that are equipped with 

their power source, enabling them to transmit signals over longer distances compared to passive 

RFID tags. The architecture typically includes components such as active RFID tags, readers, 

and a network infrastructure for communication Boonsong & Ismail (2014). The active RFID 

localization architecture is crucial for tracking objects in various applications, including civil 

engineering and supply chain management (Ko et al., 2010). 

One key aspect of active RFID architecture is the design of the active RFID tag itself. The 

architecture of active RFID tags includes components such as sensors, communication 

modules, and power sources, allowing them to operate independently and transmit data 

wirelessly (Das et al., 2019). These tags play a vital role in providing real-time tracking and 

monitoring capabilities in diverse applications, such as IoT and industrial automation (Bilstrup 

& Wiberg, n.d.). 

Comparisons between wireless sensor networks and active RFID systems highlight the 

architectural differences between these technologies. While wireless sensor networks typically 

operate in multi-hop configurations, active RFID systems often function in single-hop 

architectures, emphasizing the direct communication between active tags and readers (Wu et 

al., 2013). The integration of active RFID tags as sensors further enhances the functionality of 

the system, enabling additional data collection and monitoring capabilities (Lopez-Carmona & 

Paricio, 2020). 
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In the context of active RFID architecture, the system design may involve multiple subsystems 

for monitoring, control logic, and network communication. For instance, in applications like 

crowd evacuation systems, the architecture may consist of active RFID cell-node networks and 

radio-controlled LED wristbands for efficient guidance and management (Moselhi et al., 2020). 

The integration of active RFID technology with other components, such as GPS receivers and 

wireless sensor networks, enhances the system's capabilities for automated data acquisition and 

monitoring. 

Overall, active RFID architecture plays a crucial role in enabling advanced tracking, 

monitoring, and control functionalities in various domains, including supply chain 

management, IoT, and industrial automation. The design and implementation of active RFID 

systems require careful consideration of factors such as sensor integration, communication 

protocols, and power management to ensure optimal performance and reliability. 
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Figure 2.1 An Active RFID Architecture 

2.3.3 Benefits of RFID in industrial settings, such as asset tracking and inventory 

management. 

RFID technology offers significant benefits in industrial settings, particularly in asset tracking 

and inventory management. In the context of blood bank inventory management, the 

implementation of RFID tracking systems has been shown to significantly improve efficiency 

and decrease staff work effort (Souza, 2024). This is further supported by the application of 

RFID technology in e-Health, where it has become a key technology for logistics and 

management, offering features such as low-cost RFID tags and ease of deployment and 

integration within tracked items (Álvarez-López et al., 2018). Moreover, in the context of 

Industry 4.0, RFID technology has been identified as a reliable solution for asset and production 

tracking, providing high accuracy and enabling the identification of a large number of assets 

(Frankó et al., 2020). Additionally, an exploratory study of RFID adoption in the retail sector 

has revealed strong relationships between retailer benefits and RFID business processes, 

particularly in the context of better inventory management (Bhattacharya et al., 2010). 

These references collectively highlight the benefits of RFID technology in industrial 

applications, emphasizing its role in enhancing efficiency, accuracy, and traceability in asset 

tracking and inventory management processes. The evidence suggests that RFID technology 

offers a cost-effective and user-friendly solution that significantly improves operational 

processes and resource utilization in various industrial settings 

2.3.4 Existing literature on the use of RFID in mining and mineral processing. 

RFID technology has found significant applications in the mining industry, particularly in the 

context of enhancing operational efficiency, safety, and resource management (Mahmad et al., 

2016). highlighted the potential of RFID in mining industries, emphasizing its role in 
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improving operational processes and resource tracking. The study underscored the importance 

of RFID technology as a strategic element in mining operations, acknowledging the substantial 

investment and strategic impact associated with its implementation (Mahmad et al., 2016). 

Furthermore, Gautam & Om (2018) discussed the use of computational intelligence approaches 

for intrusion detection in RFID systems specifically tailored for underground mines. The study 

emphasized the strategic potential of RFID technology in the coal industry, highlighting its role 

in enhancing security and operational efficiency in underground mining environments (Gautam 

& Om, 2018). 

Moreover, Radman et al. (2022) emphasized the significance of digital technologies, including 

RFID, in the data-driven delay management process for construction projects. While the focus 

was on construction projects, the study underscored the relevance of RFID technology in 

material tracking systems and supply chain management, indicating its potential applicability 

in mining and mineral processing operations (Radman et al., 2022). 

In summary, RFID technology has demonstrated its potential in the mining industry, offering 

opportunities for enhancing operational processes, security, and resource management. The 

literature highlights the strategic impact of RFID implementation in mining operations, 

emphasizing its role in improving efficiency and safety in challenging mining environments. 

 

2.4 4-20mA Signal Transmission in Industrial Control Systems 

To comprehend the importance of 4-20mA signal transmission in industrial control systems, it 

is crucial to explore the standard itself and its applications in process control. The 4-20mA 

signal standard is extensively utilized in industrial settings due to its robustness, reliability, and 

noise immunity (Chang & Xu, 2014). This standard enables the transmission of analog signals 

over long distances without significant signal degradation, making it well-suited for industrial 

automation systems (Chang & Xu, 2014). The 4-20mA signal range offers a clear indication of 
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the process variable being monitored, with 4mA typically representing the lowest value and 

20mA representing the highest value within the range (Marrazzo et al., 2022). 

The advantages of employing 4-20mA signals for process control are numerous. One key 

benefit is the capability to provide continuous monitoring of process variables with high 

accuracy and stability (Marrazzo et al., 2022). The 4-20mA signal standard provides superior 

noise immunity compared to voltage signals, rendering it suitable for harsh industrial 

environments where electromagnetic interference is common (Marrazzo et al., 2022). 

Moreover, the use of 4-20mA signals simplifies system troubleshooting and maintenance, 

facilitating the easy identification of sensor faults or wiring issues (Marrazzo et al., 2022). 

Past studies and applications have illustrated the effectiveness of 4-20mA signals in various 

contexts akin to industrial control systems. For example, research has investigated innovative 

safety monitoring systems based on fiber optic sensors that are compatible with the 4-20mA 

standard, showcasing the versatility of this signal range in diverse monitoring applications (Wu 

et al., n.d.). Additionally, universal signal conditioning techniques for fiber Bragg grating 

sensors in PLC and SCADA applications demonstrate the adaptability of 4-20mA signals in 

interfacing with different control systems (Allwood et al., 2017). 

The 4-20mA signal standard plays a pivotal role in industrial control systems by providing 

reliable and accurate signal transmission for process monitoring and control. Its advantages in 

noise immunity, stability, and ease of maintenance make it a preferred choice in industrial 

automation. The integration of 4-20mA signals with various sensor technologies underscores 

its versatility and applicability across different industrial applications. 

 

2.5 Integration of RFID and 4-20mA Signal for Process Automation 

To explore the integration of RFID technology and 4-20mA signals for process automation, it 

is crucial to understand hybrid systems that combine these technologies. Hybrid systems 
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merging RFID tags with 4-20mA signals offer a unique approach to process automation by 

combining the benefits of RFID for identification and tracking with the reliability and stability 

of 4-20mA signals for process control (Rata & Rata, 2015). This integration can enhance 

automation systems' efficiency and accuracy by providing real-time data on the location and 

status of assets or processes. 

The potential benefits of integrating RFID tags with 4-20mA signals for lime discharge onto 

conveyor belts in the mining industry are significant. By combining RFID technology for asset 

tracking and identification with 4-20mA signals for process control, mining operations can 

achieve improved traceability, efficiency, and safety in lime discharge processes (Rata & Rata, 

2015). The integration of RFID tags can enable automated data capture and monitoring of lime 

quantities, while 4-20mA signals can ensure precise control over the discharge process, leading 

to optimized pH adjustment in gold recovery processes. 

Previous research and case studies in various industries have shown the effectiveness of similar 

hybrid systems. For example, studies have investigated the integration of RFID technology 

with sensor networks in industrial workflows, demonstrating the potential for enhanced 

automation and data integration (Sardis et al., 2011). Additionally, research on the semantic 

integration of machine vision systems in manufacturing events emphasizes the importance of 

integrating diverse data sources for improved process understanding and control (Xia et al., 

2021). These studies highlight the versatility and applicability of hybrid systems combining 

different technologies for process automation in various industrial settings. 

The integration of RFID tags and 4-20mA signals in hybrid systems offers a promising 

approach to process automation, providing benefits such as enhanced traceability, efficiency, 

and control. By leveraging the strengths of both technologies, industries like mining can 

optimize their operations and enhance overall productivity. 
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2.6 Challenges and Limitations 

In the integration of RFID and 4-20mA signals for process automation, several challenges and 

limitations need to be considered. One significant challenge is the cost associated with 

implementing the hybrid system. RFID technology can be costly, especially when considering 

the deployment of RFID tags across a large area such as a mining operation. Additionally, the 

integration of RFID with 4-20mA signals may require investments incompatible hardware and 

software, further adding to the overall implementation costs (Pan et al., 2019). 

Technological compatibility is another critical factor that poses challenges in integrating RFID 

and 4-20mA signals. Ensuring seamless communication and data exchange between RFID 

systems and 4-20mA signal devices may require sophisticated integration solutions and 

protocols. Compatibility issues between different technologies can hinder the effectiveness of 

the hybrid system and lead to operational inefficiencies (Pan et al., 2019). 

Environmental considerations also play a role in the implementation of the proposed hybrid 

system. In mining environments, factors such as dust, moisture, and temperature variations can 

impact the performance and reliability of RFID tags and 4-20mA signal devices. Ensuring the 

durability and resilience of the integrated system to withstand harsh environmental conditions 

is essential for successful deployment in industrial settings (Penttilä et al., 2019). 

Areas for further research and development in this domain include investigating advanced 

RFID authentication protocols to enhance the security of RFID-tagged assets within the hybrid 

system (Khalid et al., 2019). Additionally, exploring innovative resource allocation schemes in 

dense RFID networks can optimize the performance and efficiency of data transmission 

between RFID tags and 4-20mA signal devices (Assarian et al., 2018). Moreover, research 

focusing on the development of cost-effective RFID-enabled solutions for process automation 

can address the financial barriers associated with implementing hybrid systems in industrial 

applications (Mo & Lorchirachoonkul, 2012). 
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In conclusion, while the integration of RFID and 4-20mA signals offers significant benefits for 

process automation, challenges related to cost, technological compatibility, and environmental 

considerations need to be carefully addressed. Further research and development efforts can 

help overcome these challenges and enhance the effectiveness and efficiency of hybrid systems 

in industrial settings. 

 

2.7 Summary 

The literature review explored various sections to understand the integration of RFID 

technology and 4-20mA signalling in industrial processes, with a specific focus on the mining 

industry. The review highlighted key findings across different areas. Firstly, the benefits of 

RFID technology in enhancing operational efficiency, safety, and resource management in 

mining operations were emphasised. Studies underscored the strategic potential of RFID 

technology in improving security, operational efficiency, and data-driven delay management 

processes in industrial settings. Additionally, the significance of digital technologies, including 

RFID, in data-driven delay management processes for construction projects was highlighted, 

showcasing the broader applicability of RFID technology. 

Furthermore, the review delved into the challenges and limitations associated with integrating 

RFID and 4-20mA signals in industrial automation. Factors such as cost considerations, 

technological compatibility issues, and environmental concerns were identified as potential 

obstacles. The need for advanced RFID authentication protocols, innovative resource 

allocation schemes, and cost-effective solutions for process automation was emphasized to 

enhance the effectiveness and efficiency of hybrid systems in industrial settings. 

Moreover, the literature review discussed the critical role of pH adjustment in gold recovery 

processes and the challenges associated with manual pH adjustment methods. The manual 

nature of pH adjustment can lead to inefficiencies, environmental impacts, safety risks, and 
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operational delays in gold recovery processes. The review highlighted the importance of 

automation and instrumentation in addressing these challenges and improving overall 

production efficiency in the mining industry. 

The proposed research on integrating RFID technology and 4-20mA signalling for lime 

discharge onto conveyor belts for pH adjustment in gold recovery processes aims to address 

the gaps identified in existing literature. By optimizing operational processes, enhancing 

traceability, and providing precise control over the discharge process, the research aligns with 

industry trends towards automation and advanced technological solutions for safer, more 

productive, and environmentally sustainable mining practices. This research contributes to the 

ongoing efforts to improve efficiency and safety in mining operations through innovative 

technological integration. 

Transitioning to the methodology chapter, the research design will outline the specific steps 

involved in developing and testing the integrated system. Data collection methods and 

implementation strategies will be detailed to achieve the research objectives effectively. The 

methodology will provide a roadmap for evaluating the effectiveness of the integrated solution 

in enhancing gold recovery processes and advancing automation in the mining industry. 

 

2.8 Conclusion 

In conclusion, the literature review has provided valuable insights into the integration of RFID 

technology and 4-20mA signalling in industrial processes, particularly within the mining 

industry. The review highlighted the benefits, challenges, and potential applications of 

combining these technologies to enhance operational efficiency, safety, and resource 

management in mining operations. By synthesizing findings from various studies, the literature 

review has laid a solid foundation for the current study on integrating RFID technology and 4-
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20mA signalling for lime discharge onto conveyor belts for pH adjustment in gold recovery 

processes. 

The review has underscored the importance of automation, instrumentation, and advanced 

technological solutions in addressing key challenges faced by the mining industry, such as 

manual processes, environmental concerns, and operational inefficiencies. By identifying gaps 

in existing literature and emphasizing the strategic potential of RFID technology in industrial 

settings, the literature review has paved the way for the proposed research to contribute to the 

advancement of automation and efficiency in gold recovery processes. 

Overall, the literature review serves as a critical framework for understanding the current state 

of research, technological advancements, and applications relevant to the integration of RFID 

technology and 4-20mA signalling in industrial processes. It informs the rationale behind the 

proposed research, highlighting the significance of leveraging these technologies to optimize 

operational processes, enhance traceability, and improve control over critical processes in the 

mining industry. 
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CHAPTER THREE 

3.1 Research Design 

The overall approach of this research was primarily experimental and quantitative. The study 

involved the integration of RFID technology with 4-20mA signalling to control pH levels for 

lime discharge on conveyor belts within gold recovery processes. This integration required 

setting up a controlled environment where the RFID and 4-20mA systems can be implemented, 

monitored, and evaluated for performance. Quantitative data is collected from various sensors 

and instruments to assess the efficiency and accuracy of the integrated system. 

The experimental design was chosen because it allows for a systematic investigation of the 

effects and performance of the integrated RFID and 4-20mA signalling system. By creating a 

controlled environment, we can manipulate variables such as pH levels and lime discharge 

rates to observe the direct impact on the gold recovery process. This control is crucial for 

isolating the effects of the integrated system from other variables, ensuring that the results are 

due to the intervention rather than external factors. 

The need for precise measurement and analysis of data such as pH levels, response times, and 

lime discharge rates justifies the quantitative nature of the research. Quantitative data provides 

a solid basis for evaluating the performance of the system, allowing for statistical analysis and 

objective conclusions. This approach ensures that the findings are reliable, valid, and can be 

generalized to similar contexts. 

Overall, the experimental and quantitative research design is suitable for addressing the 

research objectives, which include assessing the effectiveness of RFID and 4-20mA signalling 

integration in controlling pH levels and optimizing lime discharge in gold recovery processes. 

This design enables the thorough testing and evaluation of the proposed system, providing clear 

evidence of its potential benefits and limitations. 
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3.2 Materials and Equipment 

3.2.1 Materials 

The research involved several essential materials to facilitate the integration of RFID 

technology with 4-20mA signalling for pH-controlled lime discharge on conveyor belts. The 

primary materials include passive UHF RFID tags, which are designed for industrial 

applications and capable of withstanding the harsh environments typically encountered in gold 

recovery processes. Additionally, high-precision 4-20mA signal transmitters are used to 

convert sensor readings, such as those from pH sensors, into standardized 4-20mA current 

signals for accurate process control. 

Industrial-grade pH sensors are crucial for the continuous monitoring of slurry pH levels. These 

sensors were selected for their high resistance to abrasion and chemical corrosion, ensuring 

reliable performance in demanding conditions. The lime dosing equipment includes automated 

systems with hoppers and metering devices, calibrated for precise control of lime addition 

based on real-time feedback from the pH sensors. Finally, heavy-duty conveyor belts designed 

for transporting gold ore and slurry are integrated with RFID tags to enable efficient tracking 

and process monitoring throughout the system. 

 

3.2.2 Equipment 

The equipment used in this research was pivotal for the successful implementation and 

evaluation of the integrated system. UHF RFID readers, such as the Impinj Speedway R420, 

which was employed for their high read range and capability to read multiple tags 

simultaneously, making them ideal for industrial environments. Signal converters, like the 

Omega DRF Series, are used to convert 4-20mA signals from the pH sensors into digital signals 

suitable for further data processing. 
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Data acquisition systems, such as the National Instruments (NI) CompactDAQ, are essential 

for collecting and logging data from various sensors and transmitters. These systems feature 

modular input modules that can handle different types of sensors, ensuring flexibility and 

scalability. In addition to these, laboratory instruments such as bench-top pH meters were 

utilized for the calibration and validation of the pH sensors. Standard solutions and calibration 

equipment were also necessary to ensure the accuracy and reliability of the pH measurements 

and signal transmissions. 

High-performance computer systems were used for data analysis and control system 

programming. These systems run specialized software such as MATLABs and LabVIEW, 

which are essential for analyzing data and integrating the various components of the system. 

This comprehensive setup of materials and equipment ensured that the integrated RFID and 4-

20mA signalling system can be effectively tested and evaluated in the context of pH-controlled 

lime discharge in gold recovery processes. 

 

3.3 Experimental Setup 

3.3. 1 Integration Setup 

The integration of RFID and 4-20mA signalling systems into the pH-controlled lime discharge 

process involved several key steps. First, RFID tags are affixed to strategic points along the 

conveyor belts transporting gold ore and slurry. These tags provide real-time tracking of 

materials as they move through the process. Concurrently, pH sensors are installed in the slurry 

flow to continuously monitor pH levels. These sensors were connected to 4-20mA signal 

transmitters, which converted the pH readings into a standardized current signal that can be 

easily processed by the control system. 
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3.3.2 System Configuration 

The RFID system configuration included placing RFID tags at intervals along the conveyor 

belts and installing RFID readers at critical points where data collection is necessary. Readers 

are positioned to ensure they can capture tag data without interference, providing accurate 

tracking of materials. The RFID readers are connected to a central data acquisition system that 

logs the location and movement of the ore and slurry. This setup ensures comprehensive 

monitoring and efficient management of the materials throughout the recovery process. 

 

3.3.4 Signal Processing 

The 4-20mA signals from the pH sensors are processed by signal converters, which transform 

these analogue signals into digital data for the control system. This digital data is then used to 

determine the real-time pH levels of the slurry. When the pH deviates from the desired range, 

the control system activates the lime dosing equipment to adjust the pH levels accordingly. The 

system continuously monitors and processes these signals to maintain optimal pH levels, 

ensuring efficient lime usage and enhancing the gold recovery process. 

 

3.3.4 Control Algorithms 

The control system employed specific algorithms to manage pH levels and lime dosing. These 

algorithms are programmed to respond to the digital pH data, calculating the precise amount 

of lime needed to correct any deviations from the target pH range. The control software, 

potentially using platforms such as MATLAB, enabled real-time adjustments and ensures 

consistent pH control. Feedback loops were implemented to continually update the system on 

the effectiveness of the lime dosing, allowing for dynamic adjustments and optimal process 

control. 
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3.4 Data Collection 

3.4.1 Data Collection Procedures 

The data collection process begun with the setup of all necessary equipment, including the 

RFID readers, pH sensors, and 4-20mA signal transmitters. Each component was calibrated to 

ensure accurate data collection. During the experiments, RFID tags on the conveyor belts 

tracked the movement of ore and slurry, recording timestamps and locations at predefined 

intervals. Simultaneously, pH sensors continuously measure the pH levels of the slurry. The 

data from these sensors was converted into 4-20mA signals, which were then processed by the 

control system. Lime discharge rates were monitored through flow meters connected to the 

dosing equipment, and system response times are logged by the data acquisition system. 

 

3.4.2 Data Types to be Collected 

The types of data collected include: 

pH Levels: Continuous measurements from the pH sensors indicate the acidity or alkalinity of 

the slurry. 

Lime Discharge Rates: Flow meters record the amount of lime dispensed over time to 

maintain the desired pH levels. 

System Response Times: The time taken for the system to respond to pH changes and adjust 

the lime dosing accordingly. 

3.4.3 Tools and Software for Data Collection 

Various tools and software were employed to facilitate data collection and storage. RFID 

readers and tags will be used for material tracking, with the data being stored in a central 

database. pH sensors and 4-20mA signal transmitters were essential for capturing and 
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converting pH levels into a usable format for the control system. Data acquisition systems, such 

as LabVIEW, were  utilized to process and analyse the data, while specialized software ensured 

efficient storage and retrieval of the collected data. These tools and software collectively ensure 

accurate and efficient data collection, essential for analysing and optimizing the pH-controlled 

lime discharge process. 

 

3.5 Data Analysis 

3.5.1 Analysis Methods 

The collected data was analyzed using a variety of statistical techniques and software tools to 

ensure comprehensive insights into the pH-controlled lime discharge process. Descriptive 

statistics, such as mean, median, and standard deviation, were employed to summarize key 

variables including pH levels, lime discharge rates, and system response times. This initial 

analysis provided a foundational understanding of the data distribution and central tendencies. 

Regression analysis was applied to elucidate the relationship between pH levels and lime 

discharge rates, which was crucial for optimizing lime dosing.  

For data visualization, tools like Excel, Power BI and Stata were used to create interactive 

charts and dashboards. These visualizations facilitated quick and intuitive interpretation of data 

trends and patterns, aiding in effective decision-making. MATLAB was employed for more 

complex statistical analyses and regression modelling, while Excel was used for initial data 

handling. 

 

3.5. 2 Validation 

Ensuring the validity and reliability of the data is paramount throughout the experimental 

process. Calibration procedures were rigorously followed for all sensors and equipment. pH 
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sensors were calibrated using standard buffer solutions with known pH values (such as pH 4, 

pH 7, and pH 10) both before and during the experiments to ensure accurate readings. Similarly, 

the 4-20mA signal transmitters were tested against known current values to confirm the correct 

transmission of sensor data. Flow meters which were used to measure lime discharge rates were 

verified with a known volume of lime to ensure accurate measurements. Regular inspections 

and recalibrations were performed to maintain sensor accuracy and data integrity. Data 

consistency was further ensured by cross-referencing automated measurements with manual 

checks. 

 

3.5.3 Criteria for Performance Evaluation 

The performance of the integrated system was evaluated based on several criteria, which 

include the accuracy of pH control, the efficiency of lime discharge, and the overall system 

responsiveness. The accuracy of pH control was determined by the system's ability to maintain 

pH levels within the desired range, as measured against set points. The efficiency of lime 

discharge was assessed by analysing the amount of lime used per unit change in pH, with a 

focus on minimising waste and optimising dosing efficiency. Lastly, the overall system 

responsiveness was measured by the time taken for the system to adjust lime dosing in response 

to changes in pH levels. This criterion was crucial for evaluating the system's capability to 

handle dynamic conditions effectively and ensure consistent pH control 

 

3.6 Safety and Ethical Considerations 

3.6.1 Safety Protocols 

Safety protocols were strictly adhered to during the experiments to ensure the well-being of all 

personnel and the integrity of the research. When handling chemicals such as lime (calcium 
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hydroxide), appropriate personal protective equipment (PPE) is mandatory. This includes 

nitrile gloves, chemical splash goggles, and fully buttoned lab coats to prevent skin and eye 

contact with the substance, which is known to be caustic and potentially harmful upon 

exposure. Additionally, lime was handled in a well-ventilated area to avoid inhalation of dust, 

and material safety data sheets (MSDS) were consulted regularly to stay informed about safe 

handling practices. 

In terms of operating machinery, all equipment was regularly inspected and maintained to 

ensure proper functioning. Emergency procedures were established and communicated to all 

team members, including the locations and proper use of safety showers, eyewash stations, and 

fire extinguishers. Training sessions were conducted to familiarise all personnel with these 

safety protocols and the operation of equipment, minimising the risk of accidents and ensuring 

prompt and effective responses to any incidents that might occur. 

 

3.6.2 Ethical Approval 

The research was conducted in compliance with ethical standards to uphold the integrity of the 

study and the safety of all involved. Since the research involved the handling of chemicals and 

potentially hazardous materials, ethical approval was required to ensure that all activities were 

conducted responsibly and safely. This approval process involved submitting a detailed 

research plan to the Council for Scientific and Industrial Research Ghana's Institutional Review 

Committee (CSIR-IRB) and Ghana Health Service Ethics Committee, outlining the methods 

and safety measures in place, and demonstrating that the study would not cause undue harm or 

risk to researchers or the environment. 

Ethical standards was maintained by adhering to transparency, accountability, and informed 

consent principles. All team members were informed about the potential risks and safety 

protocols before the commencement of the experiments. Regular audits and reviews were 
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conducted to ensure ongoing compliance with ethical guidelines and to address any concerns 

promptly. Obtaining ethical approval and maintaining high ethical standards ensures the 

protection of all participants and upholds the credibility of the research findings. 

 

3.7 Limitations of the Methodology 

Several constraints and limitations are foreseen within the methodology. Firstly, potential 

limitations may arise due to equipment constraints, particularly concerning precision and 

sensitivity. Such limitations could affect the accuracy of measurements obtained during the 

research process. Additionally, environmental factors, including variations in temperature and 

humidity, might introduce variability in experimental outcomes. Moreover, time constraints 

are expected to impose limitations on the depth and breadth of the study, potentially hindering 

comprehensive data collection and analysis. 

To address these anticipated limitations, several mitigation strategies were implemented. 

Regular calibration and validation of laboratory equipment were conducted to ensure data 

accuracy despite any inherent limitations in precision or sensitivity. Efforts were also made to 

control environmental factors within the laboratory setting to minimize their influence on 

experimental results. Moreover, efficient time management practices, including strategic 

planning and task prioritization, were employed to maximize the utilization of available time 

resources. Finally, effective collaboration among team members was fostered to streamline 

processes and optimize productivity. 

Proactively implementing these mitigation strategies aims to address these constraints and 

enhance the reliability and validity of the research findings. This forward-looking approach to 

addressing potential limitations within the methodology highlights the commitment to 

conducting rigorous and robust research in anticipation of future study implementation. 
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CHAPTER FOUR (4) 

 RESULTS 

 

4.1 Introduction 

 

The experimental setup was meticulously designed to ensure accurate and reliable data 

collection for the pH-controlled lime discharge process. The setup involved the integration of 

various sensors and tracking systems, including pH sensors, RFID readers, and flow meters. 

pH Sensors were installed to continuously monitor the acidity or alkalinity of the slurry as it 

moved through the processing system. These sensors provided real-time data on pH levels, 

which were crucial for adjusting the lime dosing to maintain optimal conditions for ore 

processing. 

RFID Readers were strategically positioned along the conveyor belts to track the movement of 

materials, specifically ore and slurry, within the system. RFID tags attached to these materials 

recorded timestamps and locations at predefined intervals, offering precise tracking data for 

analysis. 

Flow Meters measured the lime discharge rates, ensuring that the correct amount of lime was 

added to the slurry based on the real-time pH levels. These meters provided critical data on the 

lime dosing process, which was essential for maintaining the desired pH balance. 

Data was collected across several key parameters, including pH levels, lime discharge rates, 

system response times, and material tracking data. This comprehensive dataset was essential 

for analysing the effectiveness and efficiency of the pH-controlled lime discharge system. The 

data was processed and stored using specialized software, ensuring that all relevant information 

was accurately captured and available for detailed analysis. 
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This experimental setup allowed for a thorough examination of the interactions between pH 

levels, lime dosing, and material flow within the system, providing valuable insights into the 

optimization of the gold recovery process. 

 

4.2 Implementation Process of Conveyor Movement, Lime Discharge, and pH 

Adjustment for Gold Recovery 

The gold recovery process begins with the efficient movement of gold-bearing ore through a 

150-meter-long conveyor belt system, which transports the ore from the primary crusher to the 

Semi-Autogenous Grinding (SAG) mill. This conveyor system, supported by idlers and rollers, 

ensures a smooth and continuous flow of ore to the mill. The consistent movement of the ore 

is critical in maintaining the rhythm of the entire recovery process, particularly as the ore needs 

to pass through various treatment stages to optimize gold extraction. 

To facilitate the gold recovery process, lime is discharged onto the ore midway along the 

conveyor belt. A strategically placed lime silo, located 75 meters from the conveyor’s starting 

point, ensures that lime is evenly spread over the ore. Lime plays an essential role in adjusting 

the pH of the ore, creating optimal conditions for the leaching process that occurs later in the 

slurry phase. Proper pH levels are necessary to facilitate the efficient extraction of gold, making 

this lime dosing a vital aspect of the overall recovery process. 

In addition to lime discharge, an RFID tag system is employed to monitor and track the 

movement of the ore on the conveyor. Four RFID tags and antennas are positioned along the 

conveyor belt, with the first RFID tag located 80 meters from the start of the conveyor just 5 

meters past the lime discharge point. This setup enables real-time tracking of the ore's 

progression, ensuring that all stages of the process are carefully monitored and that ore 

movement is aligned with other recovery operations downstream. This continuous tracking 

provides critical data that helps optimize the overall process flow. 
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The operation runs continuously, with the ore crushing process taking place 24 hours a day. To 

manage this around-the-clock operation, the system is divided into two 12-hour shifts: a 

morning shift and a night shift. This ensures that there is no interruption in the movement of 

ore to the SAG mill and no delay in the subsequent gold recovery steps. Continuous operation 

is essential to meet the processing demands of the recovery system and maximize output. 

After the ore is crushed and converted into slurry in the SAG mill, it enters a series of ten tanks, 

where leaching and gold recovery take place. Four of these tanks Tank 1, Tank 2, Tank 3, and 

Tank 4 are equipped with pH meters that continuously monitor the acidity or alkalinity of the 

slurry. Maintaining the correct pH levels in these tanks is critical to optimizing the leaching 

process, as pH plays a direct role in the chemical reactions that lead to gold extraction. Any 

deviations in pH could negatively impact recovery efficiency, making constant monitoring 

necessary. 

The slurry from the initial four tanks is recycled through the remaining six tanks, allowing for 

further treatment and ensuring maximum recovery of gold before the slurry is finally 

discharged from Tank 10 into the tailing’s facility. The recycling process minimizes the loss 

of gold in the system and ensures that all recoverable gold is extracted before final disposal. 

The combined system of continuous monitoring, lime dosing, and ore tracking helps to create 

a highly efficient gold recovery process that is both reliable and scientifically optimized. Figure 

4.2 gives a visual presentation of the process. 
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Source: Author’s Construct 
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Figure 4.1: Conveyor movement of gold ore with lime discharge and pH adjustment for 

gold recovery 

 

 

Figure 4.2: Picture of Conveyor 

 

4.3 pH Levels 

 

The pH levels of the slurry were tracked over a 30-minute period, with readings taken every 5 

minutes. The initial pH level was 12.33 ppm, and it decreased steadily with the addition of 

lime, reaching a final pH level of 10.53 ppm. The detailed pH readings are presented in the 

table and graph below. 
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Table 4.1 pH levels readings for slurry 

Parameter 

Initial 

Reading 

(0 min) 5 min 10 min 15 min 20 min 25 min 30 min Mean Median St.Dev. 

pH Level (ppm) 12.33 12.03 11.73 11.43 11.13 10.83 10.53 11.43 11.43 0.65 

 

 

 
Figure 4.3 pH Level Over a 30 minutes period 

 

4.4 Lime Discharge Rates 

 

The lime discharge rates were meticulously measured over a 30-minute period to ensure 

optimal conditions for the gold recovery process. The initial reading at 0 minutes was recorded 

at 150 g/min. Subsequent readings demonstrated a consistent increase in the discharge rate, 

with measurements taken at 5, 10, 15-, 20-, 25-, and 30-minutes revealing rates of 155 g/min, 

165 g/min, 175 g/min, 185 g/min, 190 g/min, and 195 g/min, respectively. The average lime 

discharge rate over this period was calculated to be 173.57 g/min, with a median of 175 g/min, 

indicating a relatively stable increase throughout the observation period. The standard 
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deviation was determined to be 17.49 g/min, reflecting some variability in the discharge rate 

but confirming that the system maintained a general trend toward higher lime application. 

 

Table 4.2 Lime Discharge rate 

Parameter 

Initial 

Reading 

(0 min) 

5 

min 10 min 

15 

min 

20 

min 

25 

min 

30 

min Mean Median St.Dev 

Lime 

Discharge 

Rate (g/min) 150 155 165 175 185 190 195 173.57 175 17.49 

 

 

 
Figure 4.4 Lime Discharge rate over time 

 

4.5 System Response Times 

The system response times were carefully monitored over a 30-minute interval to assess the 

effectiveness of the pH control mechanism during the gold recovery process.  

The initial reading at 0 minutes indicated a response time of 250 seconds. As the experiment 

progressed, incremental increases were observed at each 5-minute interval, with response times 
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recorded at 260 seconds, 270 seconds, 280 seconds, 290 seconds, 300 seconds, and finally 310 

seconds at the 30-minute mark. The mean response time over the entire duration was calculated 

to be 280 seconds, with a median response time also recorded at 280 seconds, suggesting a 

stable performance of the system throughout the testing period. The standard deviation was 

found to be 21.60 seconds, indicating a moderate level of variability in the response times. 

 

 Table 4.3 System Response Time 

Parameter 

Initial 

Reading 

(0 min) 5 min 10 min 15 min 20 min 25 min 30 min Mean Median St.Dev. 

System 

Response 

Time (s) 250 260 270 280 290 300 310 280 280 21.60 

 

 

 

 

Figure 4.5 System Response time over a 30 minutes period 
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4.6 Regression analysis of relationship between pH levels and lime discharge rates 

The table above displays the regression analysis of the relationship between lime discharge rate 

(g/min) and pH levels (ppm). The following can be deduced 

● The R-squared value of 0.9849 indicates that the model explains about 98.5% of the 

variation in pH levels based on the lime discharge rate, suggesting an excellent fit. 

● The F-statistic of 326.61 and a p-value of 0.0000 confirm that the model is statistically 

significant. 

● The slope coefficient for Lime discharge rate (g/min) is -0.0367704, indicating that as 

the lime discharge rate increases by 1 g/min, the pH level decreases by approximately 

0.037 ppm. This negative relationship is significant, with a p-value well below 0.05. 

● The Intercept (constant) value of 17.8123 represents the baseline pH level when no lime 

is added. 

● The 95% confidence interval for the slope ranges from -0.0420006 to -0.0315403, 

which further confirms the precision of the estimate and the negative relationship. 

 

 

Table 4.4 Regression Results for association of pH levels and lime discharge rates 

 

Variable  Coefficient St. error p-value 

Lime Discharge rate 

(g/min) 

-0.0367704 0.0020346 0.000 

Constant 17.8123 0.3546845 0.000 

Model Fitness R squared 0.9849 0.0000 

F-statistic 326.61 
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4.6 Summary of Findings 

 

The results from the experiment provides comprehensive insights into the pH-controlled lime 

discharge process in gold recovery. The following can be deduced: 

● The average lime discharge rate was measured at 173.57 g/min, with a range from 150 

g/min to 195 g/min. The standard deviation of 17.49 g/min indicates variability in the 

discharge rate over the 30-minute observation period. 

● The mean system response time recorded was 280 seconds, ranging from 250 seconds 

to 310 seconds. The standard deviation of 21.60 seconds suggests consistent 

performance in the system's response to changes. 

● The pH levels exhibited a declining trend over the 30 minutes, with an initial reading 

of 12.33 ppm decreasing to 10.53 ppm by the end of the observation. The mean pH 

level was 11.43 ppm with a standard deviation of 0.65 ppm, indicating some variability 

in the pH readings. 

● A significant negative relationship between lime discharge rates and pH levels was 

found, with a coefficient of -0.0368 (p < 0.001). This suggests that increases in lime 

discharge rates correspond to decreases in pH levels, accounting for approximately 

98.5% of the variance in pH levels. 
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CHAPTER FIVE (5) 

 DISCUSSION 

 

5.1 Introduction  

Chapter 5 discusses the analysis and interpretation of the findings from the study on the 

conveyor movement of gold ore with lime discharge and pH adjustment for gold recovery. The 

results from various experiments and measurements, including pH levels, lime discharge rates, 

and system response times, are examined in detail. This chapter aims to interpret these findings 

in the context of the study’s objectives, linking them to existing literature and theoretical 

frameworks. The discussion also addresses any limitations encountered during the research, 

provides insights into the implications of the results for the gold recovery process, and suggests 

recommendations for future improvements and further investigations. This comprehensive 

analysis will offer a deeper understanding of the effectiveness of the pH-controlled lime 

discharge system. 

 

5.2 Interpretation of Results 

The results provide valuable insights into the effectiveness of the lime discharge system and 

its impact on pH levels throughout the gold ore processing. 

5.2.1 Lime Discharge Rate Patterns 

The analysis of lime discharge rate patterns reveals a gradual increase from 150 g/min at the 

initial point to 195 g/min at the 30-minute mark. This upward trend indicates a responsive and 

adaptive control mechanism in the lime dosing system, which is critical for maintaining the 

desired pH levels in the slurry as it progresses through the processing stages. The steady 

increase in lime discharge suggests that as the slurry moves further along the conveyor and 
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through the leaching tanks, the lime dosage is adjusted to neutralize the acidity produced by 

the ore effectively. 

Maintaining a consistent and increasing lime discharge rate is necessary to counteract the acidic 

tendencies of the slurry. As the ore undergoes crushing and exposure to processing chemicals, 

the resulting slurry can become increasingly acidic, which may disrupt the gold recovery 

process if not properly neutralized. An increasing lime discharge rate compensates for this 

change, ensuring that pH levels remain within an optimal range for efficient leaching and gold 

extraction. 

Furthermore, maintaining a steady lime discharge rate ensures that the system remains 

responsive to pH changes detected in real time. Through incrementally adjusting the lime 

dosage, the system can quickly react to fluctuations in pH, thereby preventing extreme 

variations that could compromise the gold recovery process. This responsiveness highlights the 

importance of having a well-calibrated lime dosing system that can adapt to the changing 

conditions of the slurry, ultimately improving the consistency and efficiency of gold extraction. 

5.2.2 System Response Time Analysis 

The system response time analysis reveals that the response times increased steadily from 250 

seconds to 310 seconds over the observation period. This upward trend suggests that, while the 

system is capable of adjusting to pH changes, the growing delay in response may indicate areas 

where improvements are necessary. An optimal system should maintain the ability to quickly 

respond to fluctuations in pH levels to ensure effective and efficient processing. 

If the system takes longer to adjust, as observed, it may risk falling behind in its ability to 

counteract acidity levels, potentially impacting the quality of the gold recovery process. This 

delay could be due to factors like suboptimal sensor calibration, delays in lime dosing, or 

inefficiencies in the system's control mechanisms. 
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Addressing these issues could involve recalibrating the pH sensors to ensure they provide real-

time and accurate readings or enhancing the lime dosing mechanism to react more promptly to 

changes. Improving these areas would help shorten response times, ensuring that the system 

maintains optimal pH levels and enhances overall process efficiency. 

5.2.3 pH Level Trends and Implications 

The analysis of pH level trends shows a steady decline from 12.33 ppm to 10.53 ppm over the 

30-minute observation period. This decrease suggests that, as the ore progresses through the 

processing stages, the pH levels gradually drop, likely due to the chemical reactions occurring 

as part of the leaching process. Maintaining the appropriate pH levels is critical in the gold 

recovery process, as specific pH ranges are essential for optimal leaching and effective gold 

extraction. 

In this context, the gradual decline in pH levels indicates that the lime dosing system is actively 

working to counterbalance the acidic tendencies of the slurry. However, the observed decline 

also highlights the need for a precise monitoring and control system to maintain pH levels 

within the desired range. If pH levels fall outside the optimal range, it could lead to reduced 

efficiency in the leaching process, potentially decreasing the gold recovery rate. 

Deviations or fluctuations in pH levels could compromise the overall efficiency of the gold 

recovery process. It underscores the importance of maintaining a robust pH control system and 

the need for constant monitoring and adjustment to ensure the process operates within the 

necessary parameters. 

5.2.4 Relationship Between Lime Discharge Rates and pH Control 

The regression analysis demonstrates a clear inverse relationship between lime discharge rates 

and pH levels, as indicated by the negative coefficient. This finding aligns with the chemical 

principle that adding lime to an acidic slurry neutralizes the pH, effectively reducing its acidity. 
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As lime discharge rates increased, the pH levels decreased, illustrating the system's ability to 

respond to dosing adjustments and its role in maintaining optimal pH levels for the gold 

leaching process. 

This inverse relationship highlights the importance of fine-tuning lime dosages to achieve 

precise pH stabilization. It suggests that the dosing system is sensitive and effective, as 

increasing lime discharge rates directly impacts pH levels. However, it also underscores the 

need for careful calibration to avoid both under-dosing and overdosing. Under-dosing could 

result in pH levels remaining too high, reducing the efficiency of the leaching process. 

Conversely, overdosing could lead to excessively low pH levels, which may harm the recovery 

process and the overall system. 

Operational challenges related to lime quality and dosage consistency must be considered. 

Lime quality can vary, potentially affecting its neutralizing capacity. Ensuring a consistent and 

high-quality lime supply is essential for maintaining the effectiveness of the pH control system. 

Moreover, careful monitoring and automated control mechanisms may be needed to prevent 

overdosing, which could introduce additional chemical imbalances or increase costs. 

Addressing these challenges is critical to optimizing the relationship between lime discharge 

rates and pH stabilization for efficient gold recovery. 

 

5.3 Comparison with Existing Literature 

The findings of this study underscore the critical role of pH adjustment in the gold extraction 

process, aligning with existing literature that highlights the importance of maintaining optimal 

pH levels for efficient gold recovery. For instance, Liu et al. (2021) demonstrated that an 

alkaline environment, specifically at a pH of 12.6, significantly enhanced gold recovery using 

potassium ferrocyanide solution. This is consistent with the observed trends in this study, where 

pH levels declined from an initial 12.33 ppm to 10.53 ppm during the 30-minute monitoring 
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period, indicating a need for vigilant pH control throughout the processing stages to maximize 

gold recovery. 

Further supporting these findings, Tripathi et al. (2012) indicated that gold recovery increases 

with thiosulfate concentration up to a certain pH level. The inverse relationship between lime 

discharge rates and pH levels identified in the regression analysis of this study reinforces the 

necessity for precise lime dosing to stabilize pH levels effectively. By adjusting lime discharge 

rates, operators can counteract the acidic tendencies of the slurry and maintain pH within the 

optimal range for gold leaching, thus enhancing extraction efficiency. 

The study by Roldán-Contreras et al. (2020) further emphasizes the dominant role of pH in the 

leaching process, suggesting that other factors, such as temperature and thiosulfate 

concentration, may be secondary. This aligns with our findings, where the consistent increase 

in lime discharge rates was essential for managing the pH levels effectively. This need for 

consistent monitoring and adjustment directly addresses the challenges highlighted in the 

literature regarding manual pH adjustment methods. 

The discussion on challenges associated with manual pH adjustment methods resonates with 

the operational implications observed in this study. Manual adjustments can lead to 

inconsistencies and inefficiencies, as noted by the literature. Automated pH control systems, 

which are increasingly emphasized in the mining industry, present an opportunity to address 

these challenges. By enhancing system responsiveness evidenced by the increased system 

response times from 250 to 310 seconds over the observation period automation can lead to 

improved safety, efficiency, and reduced environmental impact, as suggested by the literature. 

In General, the findings from this study contribute to a growing body of evidence that 

underscores the critical need for automated, precise pH management in gold recovery 

processes. The alignment of the results with existing findings emphasizes the importance of 
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ongoing advancements in pH adjustment methodologies to optimize gold extraction and 

improve operational efficiency in the mining industry. 

 

 

5.4 Implications for Gold Recovery Processes 

The integration of an automated pH control system alongside the lime discharge mechanism 

has significant implications for the gold recovery process. The system enhances the overall 

efficiency and effectiveness of gold extraction through facilitating real-time monitoring and 

adjustment of pH levels. The observed trends in lime discharge rates and their correlation with 

pH levels highlight the importance of maintaining optimal conditions for leaching, ultimately 

leading to improved gold recovery rates. 

● One of the primary impacts of the integrated system is the enhancement of process 

consistency. The data indicates a gradual increase in lime discharge rates, which, in 

turn, has been shown to effectively stabilize pH levels within the desired range. This 

consistency is crucial, as fluctuations in pH can adversely affect the efficiency of the 

leaching process. By employing an automated system, operators can ensure that the 

lime dosing remains responsive to the changes in slurry acidity, thereby optimizing the 

conditions for gold extraction. 

● Furthermore, the implications of reduced system response times cannot be overstated. 

The analysis of system response times revealed an increase from 250 seconds to 310 

seconds over the observation period. While these response times may seem extended, 

they still reflect a functional system capable of maintaining pH control. Nevertheless, 

optimizing these response times is essential for achieving higher efficiency in gold 

recovery processes. By fine-tuning the control mechanisms and enhancing sensor 

calibration, operations can achieve quicker adjustments that align closely with real-time 

changes in pH levels. 
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● The potential improvements in efficiency and effectiveness are manifold. The 

automation of pH adjustment not only minimizes human error associated with manual 

processes but also reduces the likelihood of over- or under-dosing of lime, which can 

lead to operational challenges and increased costs. Furthermore, precise pH control 

contributes to reduced reagent consumption, thereby lowering operational costs and 

minimizing the environmental impact of chemical usage. As noted in existing literature, 

an automated system can also enhance worker safety by reducing the need for personnel 

to handle hazardous chemicals directly. 

● The integration of an automated pH control system within the gold recovery process 

stands to revolutionize operations, fostering an environment of improved efficiency, 

reduced costs, and enhanced safety. The results of this study demonstrate the potential 

for significant advancements in gold recovery methodologies, advocating for further 

investment in technology-driven solutions that optimize pH management and improve 

overall operational performance. 

 

5.5 Limitations of the Study 

While this study provides valuable insights into the relationship between pH levels, lime 

discharge rates, and system response times in gold recovery processes, several limitations must 

be acknowledged. Understanding these limitations is crucial for interpreting the findings and 

guiding future research directions. 

● The monitoring period of 30 minutes may not fully capture the dynamic nature of the 

gold recovery process. pH levels, lime discharge rates, and system response times can 

fluctuate significantly over longer durations.  

● The study's sample size is relatively small, comprising data collected from only a few 

operational cycles. A limited sample can restrict the generalizability of the findings.  
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● This study primarily concentrated on pH levels, lime discharge rates, and system 

response times, potentially overlooking other critical factors that could affect gold 

recovery, such as the concentration of other chemical reagents, temperature, and flow 

rates.  

● The study relied on specific technologies and methodologies for data collection and 

analysis, which may have inherent limitations. For instance, sensor calibration and 

accuracy can affect the reliability of pH measurements and lime discharge rates.  

● The influence of human operators on the pH adjustment process was not assessed in 

this study. Operator training, experience, and decision-making can significantly affect 

the consistency and effectiveness of pH control. 

 

5.6 Suggestions for Further Research 

The findings of this study underscore the critical role of pH management and lime discharge 

rates in optimizing gold recovery processes. However, several areas warrant further 

investigation to enhance the understanding and efficiency of these processes. This section 

identifies key areas for additional research and proposes future studies that could build on the 

current findings. 

● While this study provided insights into pH trends over a 30-minute monitoring period, 

a longer-term study is necessary to examine the cumulative effects of pH variability on 

gold recovery. Future research could investigate how sustained fluctuations in pH levels 

impact the overall efficiency of gold extraction and the associated economic 

implications. This could involve continuous monitoring over extended periods and the 

analysis of historical data to identify patterns. 

● The results indicate a strong relationship between lime discharge rates and pH 

stabilization. Further research could focus on developing optimized lime dosing 



56 

 

strategies that take into account variations in ore composition, slurry characteristics, 

and operational conditions. Experimental studies can be designed to test different 

dosing algorithms and their effects on pH control and gold recovery efficiency. 

● Given the identified potential improvements in response times, future studies could 

explore advanced automation technologies and control algorithms that enhance real-

time monitoring and adjustment of pH levels. Research could evaluate the effectiveness 

of machine learning algorithms in predicting and adjusting lime dosing requirements 

based on varying operational conditions. 

● While lime is commonly used for pH adjustment, exploring alternative agents that may 

be more effective or environmentally friendly is another area of interest. Studies could 

evaluate the efficacy of different chemical agents on gold recovery rates, cost-

effectiveness, and environmental impact, thereby contributing to more sustainable 

practices in gold mining. 

● Future studies should include a comprehensive economic analysis comparing 

traditional manual pH control methods with automated systems. This could provide 

insights into the cost savings associated with reduced chemical consumption, improved 

recovery rates, and enhanced operational efficiency. 
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CHAPTER SIX 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

 

6.1 Summary of Key Findings 

This study explored the interrelationships between pH levels, lime discharge rates, and system 

response times within the gold recovery process, focusing on the optimization of pH control 

for improved gold extraction efficiency. The key findings are summarized as follows: 

● The monitoring of pH levels over a 30-minute period revealed a steady decline from 

12.33 ppm to 10.53 ppm. This trend indicates the natural acidic tendency of the slurry 

as the ore progresses through the system, necessitating effective lime dosing to maintain 

optimal pH ranges for efficient gold extraction. 

● The lime discharge rate exhibited a gradual increase from 150 g/min to 195 g/min over 

the observation period. This consistent increase was crucial in counteracting the acidic 

conditions of the slurry, ensuring that the pH levels were kept within a desirable range 

for optimal gold recovery. The findings also highlight the importance of precise and 

controlled lime dosing for maintaining system efficiency. 

● The system response time increased from 250 seconds to 310 seconds over the 

monitoring period. While the response time was sufficient for maintaining pH levels, 

the gradual increase suggests a need for system optimization. Improvements in sensor 

calibration and lime dosing efficiency could enhance system responsiveness and reduce 

potential delays in pH adjustment. 

● The regression analysis demonstrated a significant inverse relationship between lime 

discharge rates and pH levels, indicating that increasing the lime dosage effectively 

reduced pH levels. This relationship is crucial for fine-tuning the lime dosing system 
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and highlights the need for balancing lime application to prevent fluctuations or 

overdosing that could affect gold recovery efficiency. 

● The findings align with existing literature that emphasizes the critical role of pH 

adjustment in gold recovery processes. The study confirms the necessity of maintaining 

specific pH ranges for efficient gold leaching and underscores the potential limitations 

of manual pH adjustment methods. The results further support the importance of 

integrating automated pH control systems to enhance precision and reduce the reliance 

on manual intervention. 

 

6.2 Implications for Practice 

The findings from this study offer several practical implications for the gold recovery industry, 

emphasizing the importance of precise pH control and optimized lime dosing to enhance gold 

extraction efficiency. These implications are crucial for improving current practices and 

ensuring the effectiveness of gold recovery operations: 

● The observed relationship between lime discharge rates and pH levels suggests that 

gold recovery operations can benefit from automated lime dosing systems. By 

integrating systems that adjust lime discharge rates based on real-time pH monitoring, 

mining companies can maintain optimal pH levels consistently. This approach 

minimizes the risk of overdosing or underdosing, ensuring the leaching process remains 

efficient and reducing chemical costs. 

● The study highlights the limitations of manual pH adjustment, aligning with literature 

that calls for the automation of pH control systems. Implementing automated systems 

that provide real-time feedback on pH levels and adjust lime dosage accordingly can 

significantly enhance process efficiency, reduce human error, and minimize health and 

safety risks associated with manual chemical handling. 
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● The findings on system response times indicate that maintaining efficient control 

mechanisms is vital for keeping pH levels within the desired range. To improve system 

responsiveness, mining operations may need to invest in sensor calibration, regular 

system maintenance, and enhanced control algorithms. These improvements can 

shorten response times, ensuring that the system reacts swiftly to pH fluctuations, thus 

maximizing gold recovery. 

● The regression analysis in the study demonstrates the utility of data-driven approaches 

in fine-tuning operational parameters. Mining companies can apply similar statistical 

models to continually monitor and optimize pH control systems, allowing for dynamic 

adjustments based on historical and real-time data. This approach can lead to more 

efficient use of resources and improved recovery rates. 

● The optimizing of pH control through precise lime dosing and automation, mining 

operations can reduce the use of chemicals and minimize waste. This not only reduces 

operational costs but also lessens the environmental impact associated with excessive 

chemical use. Implementing the study's findings can therefore lead to more sustainable 

and cost-effective gold recovery practices. 

 

6.3 Conclusion 

This study provides an in-depth analysis of the critical factors affecting pH control and lime 

dosing in gold recovery processes, offering practical insights and strategies for enhancing 

operational efficiency. By systematically examining the trends in pH levels, lime discharge 

rates, and system response times, the research has established a clear relationship between these 

variables, demonstrating the importance of precise and automated control mechanisms. 

The findings underscore the significance of maintaining optimal pH levels for efficient gold 

leaching and recovery. The observed inverse relationship between lime discharge rates and pH 

levels illustrates the impact of controlled lime dosing, emphasizing the need for real-time 
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monitoring and responsive systems. The study aligns with existing literature, confirming the 

essential role of pH control in optimizing gold extraction processes and the benefits of 

automation in minimizing manual errors and improving overall efficiency. 

Furthermore, the research contributes to the field by providing empirical evidence and 

recommendations that can be adopted in real-world operations. The emphasis on data-driven 

decision-making and the integration of automated systems offers mining companies a pathway 

to improve their practices, enhance gold recovery rates, and reduce environmental impact. 

This study does not only advance the understanding of pH control in gold recovery but also 

provides actionable insights that can lead to more efficient and sustainable mining practices. 

Future research could build on these findings by exploring additional variables and further 

refining the technological approaches to pH management in diverse gold extraction contexts. 

 

6.4 Recommendations 

Based on the findings of this study, the following practical recommendations are proposed for 

improving gold recovery processes: 

● Implement Automated pH Control Systems: To maintain consistent pH levels, it is 

essential to adopt automated pH control systems that allow real-time monitoring and 

adjustments. This would reduce the reliance on manual methods, which are prone to 

human error, and ensure precise lime dosing for optimal gold recovery. 

● Optimize Lime Discharge Rates: Mining operations should ensure that lime dosing 

systems are capable of fine-tuning lime discharge rates in response to pH fluctuations. 

Based on the study’s results, a gradual increase in lime discharge rates was necessary 

to maintain the required pH for effective gold extraction. Automated control 

mechanisms should be programmed to adjust lime discharge based on real-time pH 

readings. 
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● Improve System Response Time: Efforts should be made to optimize the system's 

response time, particularly with regard to pH adjustments. Enhancing the speed of 

feedback loops between pH sensors and lime dosing systems could prevent pH from 

dropping too quickly and ensure more stable operating conditions. 

● Regular Maintenance of pH Sensors: The accuracy of pH control depends on the 

reliability of pH sensors. Regular calibration and maintenance should be conducted to 

avoid sensor drift or failure, which could compromise pH control and negatively impact 

gold recovery efficiency. 

● Conduct Trials for Further Automation: Mining operations could experiment with 

further automation of related processes, such as lime storage and delivery systems. 

Ensuring seamless integration between lime dosing and pH control will enhance overall 

process efficiency and consistency. 

● Adopt Continuous Monitoring and Data Analytics: Through collecting and 

analysing data on lime dosing, pH trends, and system responses over time, operations 

can identify patterns and optimize dosing strategies further. This approach supports 

long-term improvements in gold recovery processes and helps adjust to varying ore 

characteristics. 

Adopting these recommendations allows mining companies to improve the efficiency of their 

gold recovery processes, reduce environmental impact, and enhance overall operational 

sustainability. 
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