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This special issue from the Journal of Mineral Processing and Extractive Metallurgy Review highlights
recent gold advances and breakthroughs in precious metals recovery. It delves into the latest tech-
niques and research in extractive metallurgy and mineral processing, offering valuable insights into
efficient metals extraction.
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Gold

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

Advances in Gold Ore Processing

The gold processing industry is experiencing change. As free-milling and oxide ores become depleted,
more complex polymetallic and refractory ores are being processed, coupled with increasing pressure
for stricter environmental compliance. Recent years have also seen a steady reduction in mineral
processing and metallurgy graduates and a gradual loss of older operating experience. A contribution
to documenting current and future best practice in gold ore processing seems timely. The focus of this
volume is on advances in current gold plant operation, from conception to closure; chapters also cover
innovations at the bench and pilot-scale level that would be expected to find commercial application at
some stage. Sufficient coverage is also given to the chemistry and engineering aspects. The general
principle behind the structure of the volume is that of flowsheeting based on unit operations and applied
to a mineralogical classification of gold ore types. From concept to closure, this book covers all unit
operations, mineralogies and processes that are relevant to dealing with today's complex orebodies.
Practical experience is vital to the successful development, operation and closure of any operation.
The 42 chapters have been contributed by a total of 66 authors and co-authors who are experts

from countries spanning the globe, and representing exhaustive practical knowledge covering many
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disciplines relevant to gold processing. * Current best practice as elucidated by a select panel of experts
in the field * Innovations at the bench and pilot-scale level that would be expected to find commercial
application at some stage * Mineralogical-based approach to flowsheeting

Gold Ore Processing

Gold Ore Processing: Project Development and Operations, Second Edition, brings together all the
technical aspects relevant to modern gold ore processing, offering a practical perspective that is vital
to the successful and responsible development, operation, and closure of any gold ore processing
operation. This completely updated edition features coverage of established, newly implemented, and
emerging technologies; updated case studies; and additional topics, including automated mineralogy
and geometallurgy, cyanide code compliance, recovery of gold from e-waste, handling of gaseous
emissions, mercury and arsenic, emerging non-cyanide leaching systems, hydro re-mining, water
management, solid—liquid separation, and treatment of challenging ores such as double refractory
carbonaceous sulfides. Outlining best practices in gold processing from a variety of perspectives,
Gold Ore Processing: Project Development and Operations is a must-have reference for anyone
working in the gold industry, including metallurgists, geologists, chemists, mining engineers, and many
others. Includes several new chapters presenting established, newly implemented, and emerging
technologies in gold ore processing Covers all aspects of gold ore processing, from feasibility and
development stages through environmentally responsible operations, to the rehabilitation stage Offers
a mineralogy-based approach to gold ore process flowsheet development that has application to
multiple ore types

Gold and Other Precious Metals

A view of gold and other precious metal extractions from a new and wider angle, taking in both the earth
and the metallurgical sciences. To name but a small number of the topics covered: - Occurrences of
gold and silver minerals in their ores - Photomicrographs of refractory and amenable minerals/ores

- The use of irregular gold and silver distributions for efficient planning of the extraction process -
Microanalytical techniques - Descriptions of uranium and many base metals for comparison. Written
with a broad audience in mind, from the manager of operations to the metallurgist, for the field geologist
or other earth scientist, and for the professor and student alike.

Innovations and Breakthroughs in the Gold and Silver Industries

The book describes all aspects of technical innovation related to the gold and silver industries, from
ore identification through to processing. It includes details of comminution, pre-concentration and
beneficiation, commercially available and recently developed innovative pyro and hydrometallurgical
processes, including leaching processes, separation and purification, and recovery and refining. The
book focuses on capital and operating cost estimation, process simulation, waste remediation and
minimization. Sustainable gold and silver processes are examined with the use of clean technologies
and efficient use of energy and water. Topics such as supply and demand of gold and silver, their
exchange in major global markets, and the factors that influence gold and silver prices and major
economic indices are discussed. Presents emerging trends and innovations in the areas of ore body
knowledge, mining, processing, waste management, economics, finance and automation; Describes
emerging enablers for the gold and silver industries such as digitization, automation and remote
operations; Promotes breakthroughs in mining, processing, waste management, energy and water
from an integrated operations perspective.

The Extractive Metallurgy of Gold

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. | 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. | 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.

The Recovery of Gold from Secondary Sources

New discoveries of the properties of gold at a nanoscale, and its effective use in modern technologies,
have been driving a virtual "gold rush". Depleting natural resources has meant that the recovery

of gold continues to grow in importance and relevance. The Recovery of Gold from Secondary
Sources analyses the most advanced technology in gold recovery and recycling from spent sources
of mobile phones, unwanted electronic equipment and waste materials. State-of-the-art techniques of
hydrometallurgical and bio-metallurgical processing, leaching, cementing, adsorbing and separation
through bio-sorbents are all described in detail, providing a guide for students and researchers. Dis-
cussion of environmentally friendly methods of recovery are presented, in order to provide modern-day
alternatives to previous techniques. For those interested in the study of gold recovery this book gives a
comprehensive overview of current recovery, making it the ultimate source of information for students,
researchers, chemists, metallurgists, environmental scientists and electronic waste recovery experts.
Contents: Introduction (S Syed)Leaching of Gold from the Spent/End-of-Life Mobile Phone-PCBs using
"Greener Reagents" (Jae-chun Lee and Rajiv R Srivastava)Electroless Displacement Deposition of
Gold from Aqueous Source — Recovery from Waste Electrical and Electronic Equipment (WEEE)
using Waste Silicon Powder (Kenji Fukuda and Shinji Yae)Adsorption of Gold on Granular Activated
Carbons and New Sources of Renewable and Eco-Friendly Activated Carbons (Gerrard Eddy Jai
Poinern, Shashi Sharma, and Derek Fawcett)Development of Novel Biosorbents for Gold and Their
Application for the Recovery of Gold from Spent Mobile Phones (Katsutoshi Inoue, Manju Gurung,
Hidetaka Kawakita, Keisuke Ohto, Durga Parajuli, Bimala Pangeni, and Shafig Alam)Environmentally
Friendly Processes for the Recovery of Gold from Waste Electrical and Electronic Equipment (WEEE):
A Review (Isabella Lancellotti, Roberto Giovanardi, Elena Bursi, and Luisa Barbieri)Study on the
Influence of Various Factors in the Hydrometallurgical Processing of Waste Electronic Materials for
Gold Recovery (I Birloaga and F Veglio) Readership: Students, researchers, chemists, metallurgists,
environmental scientists and electronic waste recovery experts.

The Chemistry of Gold Extraction

A survey of the technological advances in gold extraction techniques, this text emphasizes practical
applications and traces the actual process of extraction from ore mineralogy to bullion production. The
main hydrometallurgical processes involved, such as leaching, are also covered.

Advances in Mineral Processing and Hydrometallurgy

This is a Special Issue of Metals devoted to aspects of Advances in Mineral Processing and Hy-
drometallurgy. This includes a global call for article submissions that also included Characterization
along with Recycling and Waste Minimization. As such, both primary and recycled aspects will be
considered. Possible specific topics included Mineralogy, Geometallurgy, Thermodynamics, Kinetics,
Comminution, Classification, Physical Separations, Liquid-Solid Separations, Leaching, Solvent Ex-
traction, lon Exchange, Activated Carbon, Precipitation, Reduction, Process Economics and Process
Control. Suggested application areas were in Gold, Silver, PGM's, Aluminum, Copper, Zinc, Lead,
Nickel, and Titanium. Critical Metals articles on topics such as Lithium, Antimony Tellurium, Gallium,
Germanium, Cobalt, Graphite, Indium, and Rare Earth were also welcome. As such, this Special
Issue of Metals was well supported by diverse submissions and the final publication of high-quality
peer-reviewed articles.

Advances in Gold and Silver Processing

"The first chapter provides an overview of current leach operations while the next two examine the
treatment of problem ores (carbonaceous, sulfidic and manganiferous). The next group of papers deals
with heap leaching, an approach now gaining favor due to its low cost, rapid implementation and relative
simplicity. These are followed by a paper on combined flotation and leaching. All these commercial leach
operations utilize cyanide lixiviants and the next two chapters deal with treatment of such solutions

to recover the values and avoid discharge of hazardous wastes. Use of thiourea as an alternative to



cyanide is discussed in the following papers while assay methods and problems are covered in the
twelfth paper. Substantive contributors by bankers, consultants and commodity traders have [also] been
included in this volume."--Preface.

Gold and Silver

The Chemistry of Gold Extraction provides the broad base of knowledge now required by all those
working in the gold extraction and gold processing industries. The book bridges the gap between
research and industry by emphasizing the practical applications of chemical principles and techniques.
The technical reference includes in-depth discussions on historical developments; ore deposits and
process mineralogy; process selection; principles of gold hydrometallurgy; oxidative pretreatment;
leaching; solution purification and concentration; recovery; surface chemical methods; refining; effluent
treatment; and industrial applications. This book is a valuable asset for all professionals involved in the
precious metals industries. It will be of particular interest and use to engineers and scientists (including
extractive metallurgists, mineral/metallurgical engineers, electro chemists, chemical engineers, mineral
technologists, mining engineers, and material scientists), plant operators and managers, academics,
educators, and students working in gold extraction in either production, research, or consulting
capacities.”

The Chemistry of Gold Extraction

Describes current advances in metallurgical processes applied to gold extraction.

Proceedings of the Metallurgical Society of the Canadian Institute of Mining and Metallurgy

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

Gold Metallurgy and the Environment

The Bureau of Mines devised a procedure for selectively extracting platinum-group metals (PGM)
and gold from Stillwater Complex flotation concentrate. The Stillwater Complex is the only major U.S.
PGM resource. Development of a suitable extraction technique will contribute to its exploitation. The
concentrate was roasted at 1,050° C to convert host base-metal sulfides to oxides and the PGM from
sulfide minerals to their elemental states. The roasted concentrate was preleached with dilute sulfuric
acid to remove easily soluble gangue minerals. After pre-leaching, the concentrate was slurried with
6M HCI and leached at ambient temperature and pressure with a strong-oxidizing agent. Hydrogen
peroxide, chlorine, sodium hypochlorite, nitric acid, and a persulfate salt were the oxidants investigated.
The two-stage leaching scheme ex-tracted up to 97 pct of the platinum, 92 pct of the palladium, and 99
pct of the gold from the roasted concentrate. The base metals were not solubilized and reported to the
residue. No attempt was made to devise a procedure to recover the copper and nickel because they
comprise less than 5 pct of the value of the concentrate. Viable techniques for recovering the precious
metals from the pregnant solution were sulfide precipitation, cementation with nickel, or adsorption on
activated carbon.

The Extractive Metallurgy of Gold in South Africa

Hardbound. Describes current advances in metallurgical processes applied to gold extraction.

Advances in Gold Processing Technology

This collection presents papers from a symposium on extraction of rare metals as well as rare extraction
processing techniques used in metal production. Topics include the extraction and processing of
elements like antimony, arsenic, gold, indium, palladium, platinum, rare earth metals including yttrium
and neodymium, titanium, tungsten, and vanadium. Rare processing techniques are covered, including
direct extraction processes for rare-earth recovery, biosorption of precious metals, fluorination behavior
of uranium and zirconium mixture of fuel debris treatment, and recovery of valuable components of
commodity metals such as zinc, nickel, and metals from slag.



Progress Reports - Metallurgical Division

This information circular describes research the Bureau of Mines has conducted to improve technology
for recovering precious metals from low-grade resources. Many of the reported findings are recent, and
some of te work described is ongoing. Topics discussed include cyanidation of carbonaceous gold ores
to enhance gold recovery, a new method for precipitating mercury during cyanide leaching of gold ores,
a staged heap leaching process to generate suitable solutions for direct electrowinning of gold, the use
of anion-exchange resins to recover gold from cyanide solutions, and precious metals recovery from
electronic scrap.

Recovery of Platinum, Palladium, and Gold from Stillwater Complex Flotation Concentrate by a
Roasting-leaching Procedure

This collection presents papers from a symposium on extraction of rare metals as well as rare extraction
processing techniques used in metal production. Topics include the extraction and processing of
elements such as rare earth metals including yttrium and scandium, gold, vanadium, cesium, zinc,
copper, tellurium, bismuth, potassium, aluminum, iridium, titanium, manganese, uranium, rhenium, and
tungsten. Rare processing techniques covered include supercritical fluid extraction, direct extraction
processes for rare-earth recovery, biosorption of precious metals, and recovery of valuable components
of commodity metals such as zinc, nickel, and metals from slag.

Proceedings of the International Symposium on Gold Metallurgy

This book is the product of 50+ years of hands-on physiochemical work with both ferrous and nonferrous
metals and with the metallurgy of refining, extracting, and casting. Its purpose is to cover the various
methods of recovery and refining of precious metals. Both primary sources (placer gold, black sand,
and ores) and secondary sources (scrap jewelry, electronic scrap, old films, buffings, spent plating
and stripping solutions, catalytic automobile converters, and old eyeglass frames) are covered. The
information contained in this volume is very basic and is intended for hands-on application and use. It is
for nonchemist and chemist alike. | will not discuss the mathematical formulas for the various chemical
reactions that take place-I leave them to the reader who wants to increase his working knowledge and
understanding of chemistry. There are many courses offered in chemistry and extractive metallurgy,
as well as a number of books available for self-study. The purpose of this book is to teach you how

to perform various extractive, refining, and testing operations on precious metals (in various forms
and states), with a resulting end product. You will learn how to perform operations in assaying and
extraction, qualitative analysis, quantitative analysis, testing, classifying, and concentration-some of a
purely mechanical nature, some of a chemical nature.

A Process for the Recovery of Gold from Activated Carbon by Leaching and Electrolysis

This collection presents the papers presented in the symposium on extraction of rare metals as well
as rare extraction processing techniques used in metal production. Paper topics include the extraction
and processing of elements like antimony, arsenic, gold, indium, palladium, platinum, rare earth metals
including yttrium and neodymium, titanium, tungsten, and vanadium. The rare processing techniques
covered include direct extraction process for rare earth element recovery; biosorption of precious
metals; fluorination behavior of uranium and zirconium mixture of fuel debris treatment; and recovery
of valuable components of commodity metals such as zinc, nickel, and metals from slag.

Rare Metal Technology 2017

This collection presents the papers from a symposium on extraction of rare metals as well as rare
extraction processing techniques used in metal production. Paper topics include the extraction and
processing of elements like antimony, arsenic, calcium, chromium, hafnium, gold, indium, lithium,
molybdenum, niobium, rare earth metals, rhenium, scandium, selenium, silver, strontium, tantalum,
tellurium, tin, tungsten, vanadium, and zirconium. Rare processing techniques presented include bio
leaching, molecular recognition technology, recovery of valuable components of commodity metals
such as magnesium from laterite process wastes, titanium from ilmenites, and rare metals from wastes
such as phosphors and LCD monitors.

Gold and Other Precious Metals



This collection presents papers from a symposium on extraction of rare metals as well as rare
extraction processing techniques used in metal production. It covers metals essential for critical modern
technologies including electronics, electric motors, generators, energy storage systems, and specialty
alloys. Rare metals are the main building blocks of many emerging critical technologies and have been
receiving significant attention in recent years. Much research in academia and industry is devoted to
finding novel techniques to extract critical and rare metals from primary and secondary sources. The
technologies that rely on critical metals are dominating the world, and finding a way to extract and
supply them effectively is highly desirable and beneficial. Rapid development of these technologies
entails fast advancement of the resource and processing industry for their building materials. Authors
from academia and industry exchange knowledge on developing, operating, and advancing extractive
and processing technologies. Contributions cover rare-earth elements (magnets, catalysts, phosphors,
and others), energy storage materials (lithium, cobalt, vanadium, graphite), alloy elements (scandium,
niobium, titanium), and materials for electronics (gallium, germanium, indium, gold, silver). The contri-
butions also cover various processing techniques in mineral beneficiation, hydrometallurgy, separation
and purification, pyrometallurgy, electrometallurgy, supercritical fluid extraction, and recycling (batter-
ies, magnets, electrical and electronic equipment).

Precious Metals Recovery from Low-grade Resources

Extractive Metallurgy of Rare Earths compiles information from scattered sources that is often available
only to specialists. It provides a complete and usable survey of the rare earth resources, extraction,
and production of numerous end products that translates to both laboratory and industrial settings. This
book is a source of industry expertis

Progress Report - Metallurgical Division

New Edition Now Covers Recycling, Environmental Issues, and Analytical Determination Employing
four decades of experience in the rare metal and rare earths industry, the authors of Extractive
Metallurgy of Rare Earths, Second Edition present the entire subject of rare earth elements with depth
and accuracy. This second edition updates the most important developments from the past 10 years.
It emphasizes advances made in rare-earth materials processing (converting a rare-earth metal, alloy,
or compound to a device-ready material), breakthroughs in the area of rare-earth separation, and now
includes a chapter on the recycling of rare earth elements from magnets, batteries, and phosphors
among others, covering both manufacturing scrap or materials in end of life devices. Essential to
Your Collection This second edition presents comprehensive, detailed, and up-to-date coverage that
includes: All aspects of rare earth extractive metallurgy A status of rare earth extraction from various
world resources Flow sheets that can be used for rare earths separation, metal reduction, alloy making,
refining and end product materials preparation Techniques of various rare earths recycling options An
outline of environmental issues in rare earths mining and processing Methods of rare earths determina-
tion and analyses of components and impurities in rare earth materials Information extensively linked to
primary literature with a complete listing of references A narration of the changing scenario of world rare
earth resources and possibility of their exploitation An indispensable resource, Extractive Metallurgy
of Rare Earths, Second Edition explains the many aspects of rare earth extractive metallurgy clearly
and systematically. The text reveals process implementation possibilities and research opportunities,
and considers potential solutions to the challenges impacting this rapidly changing industry.

Precious Metals

A view of gold and other precious metal extractions from a new and wider angle, taking in both the earth
and the metallurgical sciences. To name but a small number of the topics covered: - Occurrences of
gold and silver minerals in their ores - Photomicrographs of refractory and amenable minerals/ores

- The use of irregular gold and silver distributions for efficient planning of the extraction process -
Microanalytical techniques - Descriptions of uranium and many base metals for comparison. Written
with a broad audience in mind, from the manager of operations to the metallurgist, for the field geologist
or other earth scientist, and for the professor and student alike.

Rare Metal Technology 2019

The rapid revolution in modern industry has led to a significant increase in waste at the end of
the product lifecycle. It is essential to close the loop, secure resources, and join up the circular
economy. This book provides a detailed review of extraction techniques for urban mining of precious



metals including gold, silver, and the platinum group. The merits and demerits of various extraction
methods are highlighted, with possible suggestions for improvements. The feasibility of hybrid extraction
techniques, as well as the sustainability and environmental impact of every process, is explored.
Offers a comprehensive review of different techniques used in recycling technology for urban mining
of precious metals Describes the concept of urban mining and its correlation with circular economy
Discusses feasibility of precious metal extraction and urban mines scope and their potential Explains
the subject in-context of sustainability while describing chemistry fundamentals and industrial practices
Provides technical flow sheets for urban mining of precious metals with diversity of lixiviant This book
is aimed at graduate students and researchers in extractive metallurgy, hydrometallurgy, chemical
engineering, chemistry, and environmental engineering.

Recovery and Refining of Precious Metals

MANAGEMENT OF ELECTRONIC WASTE Holistic view of the current and future trends in electronic
waste management, focusing on recycling, technologies, and regulations Management of Electronic
Waste delivers a complete overview of all aspects related to the toxicity characterization of elec-
tronic wastes, along with other important topics including resource recovery, recycling strategies,
biotechnological advancements, and current perspectives on waste generation and management. The
book presents hazards associated with conventional recycling methods and highlights environmen-
tally compatible economic approaches for resource recovery, along with eco-friendly strategies for
management of electronic wastes. The high metallic content, heterogeneous and composite nature
of e-wastes make them a rich secondary reservoir of metals. The book explores the valuable potential
of e-waste and highlights the eco-friendly, sustainable technologies and recycling strategies for the
profitable and effective conversion of waste to wealth. Written by a highly qualified and internationally
renowned author, Management of Electronic Waste covers sample topics such as: Rise of e-waste
generation paired with rising economies and mounting demand for electrical and electronic devices,
with a country-by-country breakdown Status of e-waste management and recycling efforts around the
world, along with key processes that drive e-waste recycling Macroeconomic trends between global
demand and supply for metal resources and the transition of linear to circular economy Bioleaching,
an economic and green approach for recovery of metals, from e-waste and other low grade metal
repositories Different metallurgical approaches for extraction and recovery of resources from e-waste
and their pros and cons Filling a gap on the understudied biotechnological recycling techniques and
methods for mitigating environmental pollution caused by electronic waste, Management of Electronic
Waste serves as an excellent guide on the subject for electronic waste producers, consumers, recycling
industries, policy and law makers, academicians, and researchers.

Agglomeration-heap Leaching Operations in the Precious Metals Industry

This book contains a selection of papers presented at the Symposium on Precious and Rare Metals,
held in Albuquerque, New Mexico, U.S.A., 6-8 April 1988. The Symposium focused on recent advances
achieved in research and development related to geology, mining, extractive metallurgy, as well as in
materials aspects of precious and a number of other metals. Selected Contents: Foreword. Section

l. Gold and Silver. Precious metal industries and the role of cyanide (M.E. Wadsworth). Epithermal
precious metals deposits (P.I. Eimon). Mineralogy of silver-bearing ore deposits of the Western United
States and Peru (W.X. Chavez, Jr. et al). A regional study of precious-metal mineralization; Chloride
Mining District, New Mexico (R.W. Harrison). Precious metal content of Arizona cinder cones (B.
Yarar, G. Pine). Precious metal concentrate production (D. Kirby). Mineralogical characterization of
silver flotation concentrates from zinc leach residues (J.E. Dutrizac, T.T. Chen). Solution chemistry and
separation processes in precious and rare metal systems (K. Osseo-Asare). Electrochemical properties
of surface films on gold in sulfide solutions (S. Chander, A. Briceno).

Rare Metal Technology 2016
Rare Metal Technology 2015
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