The Extractive Metallurgy Of Gold

The Extractive Metallurgy Of Gold the extractive metallurgy of gold is a crucial field within mineral
processing that focuses on the methods used to extract pure gold from its natural ore deposits. Gold
has been prized by civilizations for thousands of years, not only for its beauty and rarity but also
for its valuable properties such as corrosion resistance and malleability. The process of extracting
gold from ore involves multiple complex steps designed to maximize recovery while minimizing
environmental impact and cost. This article explores the various stages and methods used in the
extractive metallurgy of gold, from ore characterization to refining, providing a comprehensive
overview of this vital industry. Overview of Gold Ore Types and Composition Understanding the nature of
gold-bearing ores is fundamental to selecting appropriate extraction techniques. Gold occurs in nature
primarily in two forms: free-milling and refractory ores. Free-Milling Ores Free-milling gold ores
contain gold particles that are sufficiently liberated from the surrounding rock matrix, typically less
than 0.1 mm in size. These ores are more amenable to simple extraction processes like gravity
separation and direct cyanidation. Refractory Ores Refractory ores contain gold locked within sulfide
minerals such as pyrite or arsenopyrite, or associated with carbonaceous materials that interfere with
leaching. These require more advanced pretreatment methods to access the gold. Primary Methods of Gold
Extraction The main techniques employed in the extractive metallurgy of gold are gravity concentration,
flotation, chemical leaching, and refining. The choice of method depends on ore characteristics,
economic factors, and environmental considerations. Gravity Concentration Gravity methods are used to
recover free gold particles based on their higher density compared to other minerals. Shaking Tables
Spiral Concentrators 2 Jigging These methods are often used as a preliminary step to concentrate gold
before further processing. Flotation Froth flotation involves adding reagents to ore pulp to
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selectively attach gold-bearing minerals to air bubbles, which are then skimmed off. Flotation is
particularly effective for refractory ores containing sulfides. Cyanidation (Leaching) Cyanide leaching
is the most widely used chemical process for gold extraction from both free-milling and refractory
ores. Preparation of the Orel. Leaching with Cyanide Solution2. Recovery of Gold from Solution3. The
process dissolves gold into a cyanide complex, which is then recovered through various methods.
Detailed Process Flow in Gold Extraction The extraction process is often tailored to ore type and
economic considerations, but a typical flow involves several key steps. 1. Comminution Crushing and
grinding reduce ore particle size, liberating gold particles from the host rock. 2. Classification and
Concentration Ore is classified by size, and gravity separation or flotation is used to concentrate
gold- bearing minerals. 3. Pretreatment of Refractory Ores Refractory ores require special treatment to
unlock gold: Roasting Pressure Oxidation (POX) Bio-oxidation Ultrasonic Pretreatment 3 These processes
oxidize sulfides or remove carbonaceous material, making gold accessible to leaching. 4. Cyanide
Leaching The prepared ore or concentrate undergoes leaching with cyanide solution, typically in tanks
or agitation leach reactors. 5. Gold Recovery from Leach Solution Gold is recovered from the pregnant
leach solution by: Activated Carbon Adsorption Merrill-Crowe Process (Zinc Precipitation) Activated
carbon is most common, where gold adsorbs onto its surface, then is desorbed and melted. 6. Refining
The final step involves refining the gold to achieve high purity, often exceeding 99.99%. Refining
Techniques for Gold Purification Refining enhances the purity of gold for commercial and industrial
applications. Electrolytic Refining A common method where impure gold acts as the anode, and pure gold
is deposited onto a cathode in an electrolytic cell. Wohlwill Process A high-vacuum electrolysis
process that produces 99.99% pure gold. Miller Process Uses gaseous chlorine to remove impurities,
producing gold of 99.5% purity, suitable for casting. Environmental and Safety Considerations Gold
extraction involves toxic chemicals and energy-intensive processes, necessitating responsible
practices. Managing Cyanide Waste 4 Recycling Process Water Reducing Air Emissions Rehabilitation of
Mining Sites Innovations such as thiosulfate leaching and biosorption are emerging as environmentally
friendly alternatives. Recent Advances and Future Trends The field of gold extractive metallurgy
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continues to evolve, driven by technological innovations and environmental pressures. Alternative
Leaching Agents Research into non-toxic reagents like thiosulfate, thiourea, and iodine-thiosulfate
systems aims to reduce environmental impact. Bio-Processing Using microorganisms to oxidize sulfides or
recover gold offers a sustainable approach. Automation and Process Optimization Advanced sensors,
process modeling, and automation improve efficiency and recovery rates. Conclusion The extractive
metallurgy of gold encompasses a sophisticated array of processes tailored to ore characteristics,
economic viability, and environmental sustainability. From initial comminution and concentration to
advanced refining techniques, each step is vital in ensuring high recovery rates and high-purity gold.
As technological innovations and environmental considerations shape the industry, future developments
promise more sustainable and efficient methods for gold extraction, securing its role as an invaluable
resource for generations to come. QuestionAnswer What are the main methods used in the extractive
metallurgy of gold? The primary methods include gravity concentration, flotation, cyanidation (cyanide
leaching), and amalgamation, with cyanidation being the most widely used for extracting gold from ore.
How does cyanide leaching work in gold extraction? Cyanide leaching involves dissolving gold from ore
using a cyanide solution, forming a soluble gold-cyanide complex, which is then recovered through
processes like adsorption on activated carbon or zinc precipitation. 5 What are the environmental
concerns associated with gold extraction processes? Environmental concerns include cyanide spills,
toxic tailings, habitat destruction, and the release of heavy metals, which can impact water quality
and biodiversity if not properly managed. How is gold recovered after cyanide leaching? Gold 1is
typically recovered by adsorption onto activated carbon, followed by elution and electrowinning or zinc
precipitation to produce pure gold dore bars. What role does flotation play in gold metallurgy?
Flotation is used to concentrate gold-bearing sulfide minerals, allowing for more efficient processing
and extraction of gold from complex ores. What are the advancements in extractive metallurgy of gold?
Advancements include the development of eco-friendly leaching agents like thiosulfate, bioleaching
techniques, and improved recovery methods to reduce environmental impact and increase efficiency. How
is refractory gold ore processed differently? Refractory gold ores require pretreatment methods such as
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roasting, pressure oxidation, or bio-oxidation to break down sulfide matrices and make gold accessible
to leaching agents. What is the significance of assay and mineralogical analysis in gold metallurgy?
Assay and mineralogical analysis help determine the gold content and mineral associations, guiding
appropriate processing methods and estimating recoveries. How does the choice of extractive method
depend on ore characteristics? The choice depends on factors like mineralogy, gold particle size,
sulfide content, and environmental considerations; for example, cyanidation suits free- milling ores,
while refractory ores require pretreatment. What are the safety considerations in the extractive
metallurgy of gold? Safety considerations include handling and disposal of toxic chemicals like
cyanide, controlling dust and fumes, and implementing proper waste management and emergency response
protocols. Extractive metallurgy of gold is a specialized branch of materials science and chemical
engineering that focuses on the processes involved in extracting pure gold from its natural ore
deposits. Gold, renowned for its ductility, malleability, corrosion resistance, and aesthetic appeal,
has been valued by civilizations for thousands of years. The extractive metallurgy of gold encompasses
a range of techniques designed to recover this precious metal efficiently and economically, while
minimizing environmental impact. This article provides a comprehensive overview of the various
processes, their principles, advantages, drawbacks, and recent advancements in the field. Introduction
to Gold Ore and Mineralogy Before delving into the extraction processes, understanding the nature of
gold ore and its mineralogical characteristics is essential. The Extractive Metallurgy O0f Gold 6 Gold
Occurrence and Mineral Forms Gold occurs in nature predominantly in native form, often as fine
particles or nuggets, but it can also be embedded within mineral matrices such as quartz, pyrite,
arsenopyrite, and other sulfides. The mineralogical form influences the choice of extraction method: -
Native gold: Usually found as free particles; easier to extract. - Gold-bearing ores: Contain gold
within mineral matrices requiring complex processing. Types of Gold Ores - Lode (vein) deposits: Gold
embedded within veins of quartz or sulfides. - Alluvial deposits: Concentrations of gold in sediments
from erosion of lode deposits. - Refractory ores: Gold locked within sulfide minerals, requiring
pretreatment. Understanding ore mineralogy is crucial in selecting the most suitable metallurgical
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process. Overview of Gold Extraction Processes The extraction of gold from its ore can be broadly
classified into two categories: - Physical concentration methods: Used primarily for alluvial deposits.
- Chemical and hydrometallurgical methods: Employed for refractory or finely disseminated gold ores.
The choice depends on the mineralogical characteristics and economic considerations. Physical
Concentration Methods For free-milling gold ores, physical separation techniques are often sufficient.
Gravity Separation Gravity separation exploits differences in specific gravity between gold (around
19.3 g/cm3) and gangue minerals: - Techniques include sluicing, panning, shaking tables, jigs, and
spiral concentrators. - Advantages: - Simple and low-cost. - Environmentally friendly. - Limitations: -
Less effective with fine particles. - Low recovery rates for disseminated gold. Advantages and
Disadvantages | Pros | Cons | | --- | --- | | Cost-effective for free-milling ores | Less efficient for
fine or refractory gold | | Low environmental impact | Requires high-grade ore for economic viability |
Chemical and Hydrometallurgical Extraction Methods When physical methods are insufficient, chemical
processes are employed to recover gold, especially from refractory ores. The Extractive Metallurgy Of
Gold 7 Amalgamation Historically, mercury amalgamation was used: - Mercury forms an amalgam with gold,
which is then heated to recover the metal. - Advantages: - Simple, effective for small-scale
operations. - Disadvantages: - Highly toxic and environmentally hazardous. - Not suitable for large-
scale commercial operations. Leaching with Cyanide The dominant commercial method for gold extraction:
- Principle: Gold dissolves in cyanide solutions forming soluble complexes. - Process: 1. Crushing and
grinding to liberate gold particles. 2. Leaching with dilute sodium cyanide solution. 3. Adsorption of
gold-cyanide complexes onto activated carbon. 4. Elution and electro-winning to recover gold. -
Advantages: - High recovery rates (up to 98%). - Suitable for low-grade and refractory ores with
pretreatment. - Disadvantages: - Toxicity of cyanide and waste management issues. - Sensitive to ore
mineralogy; sulfides can consume cyanide. Alternative Leaching Agents Due to environmental concerns,
research has explored alternatives: - Thiosulfate leaching: - Less toxic. - Effective for certain
refractory ores. - Challenges include complex chemistry and higher reagent costs. - Chloride leaching:
- Used in some cases but less common. Pretreatment of Refractory Ores Refractory ores pose challenges
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because gold is locked within sulfide matrices, preventing direct cyanide leaching. Roasting - Oxidizes
sulfides to oxides, liberating gold. - Drawback: Produces sulfur dioxide, a pollutant. Pressure
Oxidation (POX) - Uses high-pressure oxygen at elevated temperatures. - Converts sulfides into soluble
sulfates. - Suitable for large-scale operations but costly. Ultrasound and Biological Pretreatment -
Emerging methods involving ultrasound or bio-oxidation to oxidize sulfides. - Environmentally friendly
but still under research. The Extractive Metallurgy Of Gold 8 Gold Recovery Techniques Following
leaching, the gold must be recovered from solution. Carbon-in-Pulp (CIP) and Carbon-in-Leach (CIL) -
Activated carbon adsorbs gold-cyanide complexes. - Gold is recovered by elution and electro-winning. -
Advantages: - Continuous process. - High recovery efficiency. Electrowinning - Uses electrical current
to deposit gold onto cathodes. - Usually employed after elution. Precipitation with Zinc ( Merrill-
Crowe Process ) - Zinc precipitates gold from cyanide solution. - Suitable for high-grade solutions.
Environmental and Economic Considerations The extractive metallurgy of gold must balance efficiency
with environmental sustainability. Pros - High recovery rates with cyanide leaching. - Well-
established, mature technology. - Suitable for a wide range of ore types. Cons - Toxic waste generation
(cyanide, arsenic, sulfides). - Potential for environmental contamination. - Energy-intensive
processes, especially in pretreatment. Recent Advances and Future Directions Research is ongoing to
develop greener, cost-effective, and more efficient extraction techniques. Innovations include: -

Alternative lixiviants: Thiosulfate, glycine, and other less toxic agents. - Bioleaching: Use of
bacteria to oxidize sulfides and liberate gold. - Recycling of reagents: To reduce costs and
environmental impact. - The Extractive Metallurgy Of Gold 9 Nanotechnology: For improved adsorption and

recovery. Conclusion The extractive metallurgy of gold is a dynamic discipline that combines
traditional techniques with cutting-edge innovations to meet the demands of modern mining. While
cyanide leaching remains dominant due to its high efficiency, environmental concerns are driving
research into alternative methods. The choice of extraction process depends heavily on ore mineralogy,
economic factors, and environmental constraints. As technology advances, the future of gold extraction
aims to be more sustainable, safer, and more cost-effective, ensuring the continued availability of
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this precious metal for future generations. --- Key Features of Gold Extractive Metallurgy: - Versatile
Processes: From simple gravity separation to complex chemical leaching. - High Recovery Efficiency:
Particularly with cyanide-based methods. - Environmental Challenges: Toxic reagents and waste
management. - Refractory Ores: Require advanced pretreatment. - Innovation Driven: Towards greener and
more sustainable methods. In summary, the extractive metallurgy of gold is a vital field that ensures
the efficient and responsible recovery of gold from various types of ores. Its continued evolution
reflects the importance of balancing economic viability with environmental stewardship in the modern
mining industry. gold extraction, mineral processing, cyanidation, ore beneficiation, gold refining,
flotation processes, leaching techniques, metallurgy processes, gold ore treatment, metallurgical
engineering
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the history of gold begins in antiquity bits of gold were found in spanish caves that were used by
paleolithic people around 40 000 b c gold is the child of zeus wrote the greek poet pindar the romans
called the yellow metal aurum shining dawn gold is the first element and first metal mentioned in the
bible where it appears in more than 400 references this book provides the most thorough and up to date
information available on the extraction of gold from its ores starting with the miner alogy of gold
ores and ending with details of refining each chapter con cludes with a list of references including
full publication information for all works cited sources preceded by an asterisk are especially recom
mended for more in depth study nine appendices helpful to both students and operators complement the
text 1 have made every attempt to keep abreast of recent technical literature on the extraction of gold
original publications through the spring of 1989 have been reviewed and cited where appropriate this
book is intended as a reference for operators managers and designers of gold mills and for professional
prospectors it is also designed as a textbook for extractive metallurgy courses i am indebted to the
library of engineering societies in new york which was the main source of the references in the book
the assistance of my son panos in typing the manuscript is gratefully acknowledged

this book gives an overview of all the gold extraction processes along with their mechanistic study and
environmental impact reviews extraction techniques previously employed as well as recently evolved
technology for gold leaching provides technical flow sheets for processing of ores with a diversity of
lixiviants and offers a compulsory overview of every gold processing technique it also discusses recent
integrated techniques including hydro and bio metallurgical techniques with examples
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excerpt from the metallurgy of gold a practical treatise on the metallurgical treatment of gold bearing
ores including the processes of concentration chlorination and extraction by cyanide and the assaying
melting and refining of gold in this volume my aim has been to present in a condensed form such an
account of the several processes which are generally used for the extraction of gold from the ore as
shall be sufficient for the full information of investors and others interested in gold mining
operations who may wish to gain an intelligent insight into the modus operandi at the gold mines at the
same time 1 have given full descriptions with illustrations of the machinery employed in those
processes in sufficient detail to make the book of substantial value to professional men and
manufacturers concerned in the gold mining industry the treatment of gold bearing ores although at one
time so uncertain in its results as to be not only a hazardous but almost a purely speculative business
has now through continued improvements in appliances and the adoption of more economical methods
developed into a settled industry in which more or less profitable results may be obtained even from
comparatively low grade ores about the publisher forgotten books publishes hundreds of thousands of
rare and classic books find more at forgottenbooks com this book is a reproduction of an important
historical work forgotten books uses state of the art technology to digitally reconstruct the work
preserving the original format whilst repairing imperfections present in the aged copy in rare cases an
imperfection in the original such as a blemish or missing page may be replicated in our edition we do
however repair the vast majority of imperfections successfully any imperfections that remain are
intentionally left to preserve the state of such historical works

extensively revised and updated this edition provides the broad base of knowledge required by all
working in the gold extraction and gold processing industries it bridges the gap between research and
industry by emphasizing practical applications of chemical principles and techniques

an unabridged digitally enlarged printing of the fifth edition to include over 300 figures part one
gold as a metal gold mining and its results physical and geological features of gold producing
countries chemical examionation of gold ores hydraulic gold mining and dredging part two the milling of
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gold ores stamp batteries amalgamation the working of the gold mill mills in operation other crushing
appliances statistics of milling part three the treatment of gold bearing ores concentration the
roasting of rebellious ores the roasting of pyritic smelting of pyritic ores part four the hydro
metallurgy chlorination lixiviation and precipitation later processes of chlorination electro
metallurgy of precious metals part five the cyanide process of gold extraction erection of a cyanide
plant the siemens halske cyanide process the cyanide process in operation at various works the
chemistry of the cyanide process part six the melting and assaying of gold the cupelling parting and
refining of gold bullion comprehensive index

the eight articles first appeared as volume 6 no date of mineral processing and extractive metallurgy
review they review new methods of recovery for gold and to some extent silver focus on the particular
challenges of extraction from carbonaceous ores and from various sulfide bearing ore and the treatment
of refractory gold ore and discuss high temperature and biological oxidation high temperature
chlorination and removing metals from leach liquor book club price 40 annotation copyrighted by book
news inc portland or

this comprehensive book offers a detailed exploration of the metallurgy of gold including its history
properties extraction techniques and applications in various industries whether you are a student
researcher or professional this book will provide you with invaluable insights into the fascinating
world of gold metallurgy this work has been selected by scholars as being culturally important and is
part of the knowledge base of civilization as we know it this work is in the public domain in the
united states of america and possibly other nations within the united states you may freely copy and
distribute this work as no entity individual or corporate has a copyright on the body of the work
scholars believe and we concur that this work is important enough to be preserved reproduced and made
generally available to the public we appreciate your support of the preservation process and thank you
for being an important part of keeping this knowledge alive and relevant
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this work has been selected by scholars as being culturally important and is part of the knowledge base
of civilization as we know it this work is in the public domain in the united states of america and
possibly other nations within the united states you may freely copy and distribute this work as no
entity individual or corporate has a copyright on the body of the work scholars believe and we concur
that this work is important enough to be preserved reproduced and made generally available to the
public to ensure a quality reading experience this work has been proofread and republished using a
format that seamlessly blends the original graphical elements with text in an easy to read typeface we
appreciate your support of the preservation process and thank you for being an important part of
keeping this knowledge alive and relevant

this is a reproduction of a book published before 1923 this book may have occasional imperfections such
as missing or blurred pages poor pictures errant marks etc that were either part of the original
artifact or were introduced by the scanning process we believe this work is culturally important and
despite the imperfections have elected to bring it back into print as part of our continuing commitment
to the preservation of printed works worldwide we appreciate your understanding of the imperfections in
the preservation process and hope you enjoy this valuable book

this work has been selected by scholars as being culturally important and is part of the knowledge base
of civilization as we know it this work was reproduced from the original artifact and remains as true
to the original work as possible therefore you will see the original copyright references library
stamps as most of these works have been housed in our most important libraries around the world and
other notations in the work this work is in the public domain in the united states of america and
possibly other nations within the united states you may freely copy and distribute this work as no
entity individual or corporate has a copyright on the body of the work as a reproduction of a
historical artifact this work may contain missing or blurred pages poor pictures errant marks etc
scholars believe and we concur that this work is important enough to be preserved reproduced and made
generally available to the public we appreciate your support of the preservation process and thank you
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for being an important part of keeping this knowledge alive and relevant
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