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Abstract

future trends in the feld.

Hydrometallurgy is a branch of metallurgical engineering that focuses on the extraction and recovery of metals
from their ores through aqueous chemistry. This paper provides a comprehensive overview of hydrometallurgy,
detailing its principles, major processes, and applications. The discussion covers the fundamental concepts,
including leaching, solution concentration and purifcation, and metal recovery. Additionally, the paper explores the
environmental and economic impacts of hydrometallurgical processes and examines recent advancements and
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Introduction

Hydrometallurgy is a critical technology in the eld of metallurgy,
particularly for the extraction and processing of valuable metals from
ores and secondary materials [1]. Unlike pyrometallurgy, which
involves high-temperature processes, hydrometallurgy utilizes aqueous
solutions to dissolve and recover metals.  is method iso en preferred
for its lower energy consumption, reduced environmental impact, and
ability to handle complex ores and waste materials.

e process of hydrometallurgy is divided into three main stages:
leaching, solution concentration and puri cation, and metal recovery.
Each stage employs various chemical and physical techniques to
achieve e cient metal extraction. Hydrometallurgy plays a vital role
in the mining industry, recycling, and the production of high-purity
metals for various applications.

Principles of Hydrometallurgy
1. Leaching

Leachingisthe rststage of hydrometallurgical processes, involving
the extraction of metal values from ores or concentrates using aqueous
solutions. e primary mechanisms for leaching include:

Acid Leaching: Utilizes acids, such as sulfuric acid (H,SO,) or
hydrochloric acid (HCI), to dissolve metal ions from the ore. Acid
leaching is commonly used for copper, gold, and uranium extraction

[21.

Alkaline Leaching: Employs alkaline solutions, such as sodium
hydroxide (NaOH) or ammonium carbonate ((NH,)2CO,), to dissolve
metals. ismethod iso en used for nickel and alumina extraction.

Oxidative Leaching: Involves the use of oxidizing agents to
enhance the dissolution of metals. For example, cyanide leaching is
used for gold extraction, where cyanide (CN) reacts with gold to form
a soluble complex.

2. Solution Concentration and Puri cation

A er leaching, the resulting solution contains dissolved metal ions
along with impurities. e concentration and puri cation stage aims
to separate valuable metals from these impurities [3]. Key techniques
include:

Solvent Extraction: Uses organic solvents to selectively extract
metal ions from the aqueous solution. e process involves mixing the
speci cally to the target metal.

lon Exchange: Utilizes resin materials to adsorb metal ions from
the solution. e resins are designed to selectively exchange ions with
the aqueous phase, allowing for the separation of speci ¢ metals.

Precipitation: Involves adding reagents to the solution to convert
dissolved metal ions into insoluble compounds, which can then be

Applications of Hydrometallurgy
1. Mining and Ore Processing

Hydrometallurgy is extensively used in the mining industry for
extracting metalsfromores[5]. e processis particularly advantageous
for low-grade ores and complex ores that are di cult to treat using
pyrometallurgical methods. Major applications include:
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Copper Extraction: Sulfuric acid leaching is commonly used to
extract copper from oxide ores, followed by solvent extraction and
electrowinning for metal recovery.

Gold Extraction: Cyanide leaching is employed to recover
gold from ore concentrates, followed by carbon adsorption and
electrowinning for gold recovery.

Uranium Extraction: Uranium is extracted from ore using acid
or alkaline leaching, with solvent extraction or ion exchange used for
concentration and puri cation [6].
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