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Understanding the chemical transformation of quicklime into slaked lime is fundamental in
various industrial, environmental, and construction applications. This process, known as
slaking, involves the reaction of calcium oxide (CaO), commonly known as quicklime, with
water to produce calcium hydroxide, or slaked lime (Ca(OH)2). This article explores the
chemistry behind this transformation, its practical applications, safety considerations, and
the significance of slaked lime in different industries.

What Is Quicklime (CaO)?

Quicklime, or calcium oxide (CaO), is a white, caustic, alkaline substance derived from
limestone (calcium carbonate, CaCO3) through calcination. During calcination, limestone is
heated to high temperatures (around 900°C to 1000°C), causing it to decompose into lime
and carbon dioxide:

CaCO3 (limestone) → CaO (quicklime) + CO2 (carbon dioxide)

Quicklime is highly reactive, especially with water, releasing heat during the process. It is
widely used in construction, manufacturing, and environmental applications, such as in
cement production, soil stabilization, and water treatment.

Formation of Slaked Lime (Ca(OH)2)

The Reaction: CaO + H2O → Ca(OH)2

The transformation from quicklime to slaked lime involves a simple yet exothermic
chemical reaction:

Calcium oxide (CaO) reacts with water (H2O) to form calcium hydroxide
(Ca(OH)2).



This process is called "slaking." When water is added to quicklime, it reacts vigorously,
releasing heat, and forms a fine, white powder known as slaked lime or hydrated lime.

Reaction Conditions and Process

The slaking process typically occurs under controlled conditions:

Amount of Water: Adequate water is added to ensure complete reaction without
excess, which can affect the properties of the final product.

Temperature: The reaction generates significant heat (~65°C to 105°C), which aids
in rapid slaking.

Mixing: Proper mixing ensures uniformity and prevents localized overheating or
splattering.

The reaction is highly exothermic, meaning it releases a considerable amount of heat. This
heat must be managed carefully to prevent accidents or the formation of undesirable
lumps.

Physical and Chemical Properties of Slaked Lime

Understanding the properties of Ca(OH)2 is essential for its application and handling.

Physical Properties

Appearance: White, powdery or granular solid.

Solubility: Slightly soluble in water (~1.73 g/L at 20°C), forming a saturated solution
called limewater.

Density: Approximately 2.211 g/cm3.

Odor: Odorless.

Chemical Properties



pH: Highly alkaline, with a pH around 12.4 in aqueous solution.

Reactivity: Reacts with acids to form salts and water.

Stability: Stable under dry conditions but reacts with carbon dioxide over time to
form calcium carbonate (limestone), a process known as carbonation.

Applications of Slaked Lime

Slaked lime has a broad spectrum of applications across industries due to its chemical
properties.

1. Construction Industry

Mortar and Plaster: Used as a binding material in lime mortar, which offers
flexibility and breathability in historic building renovations.

Soil Stabilization: Improves soil properties for construction projects.

Whitewashing: Used in traditional wall coatings for its whiteness and antimicrobial
properties.

2. Environmental Applications

Water Treatment: Neutralizes acidic water and removes impurities.

Air Pollution Control: Flue gas desulfurization to remove sulfur dioxide (SO₂) from
emissions.

Waste Management: Stabilizes hazardous waste by neutralization.

3. Industrial Uses

Chemical Manufacturing: Raw material for producing other calcium compounds.



Pulp and Paper Industry: pH regulation and process stabilization.

Food Industry: In small quantities, used as a food additive (E526) for processing and
pH adjustment.

4. Agriculture

Soil Amendment: Raises soil pH in acidic soils, improving crop yields.

Farmers' Lime: Used to reduce soil acidity and provide calcium nutrients.

Safety and Handling of Slaked Lime

While slaked lime is valuable, it must be handled with care due to its caustic nature.

Safety Precautions

Protective Gear: Wear gloves, goggles, and masks to prevent skin and eye contact.

Ventilation: Ensure proper ventilation during handling to avoid inhalation of dust.

Storage: Store in airtight containers away from acids and moisture.

Health Hazards

- Contact with skin or eyes can cause burns and irritation.
- Inhalation of dust can lead to respiratory issues.
- Ingestion may cause gastrointestinal irritation.

First Aid Measures

- Rinse affected skin or eyes with plenty of water.
- Seek immediate medical attention for burns or ingestion.
- Use appropriate protective equipment during handling.



Environmental Impact of Slaked Lime

Slaked lime plays a role in environmental management, particularly in mitigating pollution
and restoring ecosystems.

Carbonation: Over time, Ca(OH)2 reacts with atmospheric CO2 to form calcium
carbonate, a natural mineral that stabilizes environmental conditions.

Soil Improvement: Enhances soil structure and fertility when used properly.

Waste Neutralization: Neutralizes acidic waste streams, reducing environmental
hazards.

Conclusion

The chemical process of forming slaked lime from quicklime through the addition of water is
a fundamental reaction with extensive industrial, environmental, and construction
applications. The transformation from CaO to Ca(OH)2 not only exemplifies basic chemical
principles but also underpins numerous practical uses that benefit society. Proper
understanding, handling, and application of slaked lime ensure safety and maximize its
benefits across various fields. As industries continue to seek sustainable and efficient
materials, the role of slaked lime remains vital, highlighting the importance of mastering its
formation and properties.
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Frequently Asked Questions

What is the chemical reaction involved in forming
slaked lime from quicklime?
Quicklime (CaO) reacts with water (H2O) to produce slaked lime (Ca(OH)2) according to the
reaction: CaO(s) + H2O(l) → Ca(OH)2(s).

Why is water added to quicklime during the slaking
process?
Water is added to quicklime to hydrate it, converting it into slaked lime (calcium
hydroxide), which is less caustic and easier to handle.



What are the industrial applications of slaked lime?
Slaked lime is used in construction (mortar and plaster), water treatment, soil stabilization,
and in the manufacture of various chemicals.

How does the addition of water change the properties
of quicklime?
Adding water to quicklime results in a chemical transformation into slaked lime, which is a
fine, white powder with lower reactivity and improved handling characteristics.

What safety precautions should be taken when
handling quicklime and slaked lime?
Both quicklime and slaked lime are caustic and can cause skin and eye irritation; proper
protective gear like gloves, goggles, and masks should be used during handling.

Is the reaction between quicklime and water
exothermic?
Yes, the slaking reaction is exothermic, releasing heat as quicklime reacts with water to
form slaked lime.

Can the reaction of quicklime with water be controlled?
How?
Yes, the reaction can be controlled by adding water gradually to prevent excessive heat
release and splattering, ensuring safe and complete slaking.

What is the significance of slaked lime in environmental
applications?
Slaked lime is used to neutralize acidic soils and water bodies, treat wastewater, and
remove impurities due to its alkalinity.

How is the purity of slaked lime maintained during
production?
Purity is maintained by controlling the quality of quicklime, proper mixing with water, and
removing impurities during processing.

What visual changes occur when quicklime reacts with
water?
The reaction produces heat, and the mixture often fizzes and produces a white, cloudy
suspension as slaked lime forms.



Additional Resources
Slaked Lime (Ca(OH)2) Is Formed From Quicklime (CaO) By The Addition Of Water: CaO(s) +
H₂O(l) → Ca(OH)₂(s)

Understanding the transformation of quicklime into slaked lime is fundamental in both
industrial processes and scientific applications. The process, which involves adding water to
calcium oxide (CaO), results in the formation of calcium hydroxide, commonly known as
slaked lime. This simple yet vital chemical reaction underpins numerous applications
ranging from construction to water treatment, agriculture, and environmental science. In
this comprehensive guide, we will explore the chemistry behind this transformation, its
practical implications, safety considerations, and the broader significance of slaked lime in
various industries.

---

What Is Slaked Lime (Ca(OH)₂)?

Slaked lime, also known as calcium hydroxide, is a white, powdery or granular substance
with a caustic nature. Its chemical formula is Ca(OH)₂, indicating it comprises calcium,
oxygen, and hydrogen atoms. Because of its properties, slaked lime has been used for
centuries in construction (e.g., mortar and plaster), water purification, soil stabilization, and
as a pH regulator in agricultural practices.

Key Characteristics of Slaked Lime:

- White, odorless powder
- Slightly soluble in water, forming a saturated solution called limewater
- Alkaline in nature, with a pH typically around 12.4
- Caustic and should be handled with care

---

The Chemical Reaction: Quicklime to Slaked Lime

The Core Reaction

The transformation of quicklime into slaked lime is straightforward:

CaO(s) + H₂O(l) → Ca(OH)₂(s)

Here, calcium oxide (CaO), commonly known as quicklime, reacts with water to produce
calcium hydroxide (slaked lime). This exothermic reaction releases heat, often enough to
cause splattering if not controlled properly.

---

Step-by-Step Breakdown of the Process

1. Starting Material: Quicklime (CaO)



Quicklime is produced by calcining limestone (calcium carbonate, CaCO₃) at high
temperatures (~900°C), which decomposes calcium carbonate into calcium oxide and
carbon dioxide:

CaCO₃(s) → CaO(s) + CO₂(g)

This process is known as calcination and yields the reactive quicklime powder used in
various applications.

2. The Addition of Water

When water is introduced to quicklime, it initiates a highly exothermic hydration reaction:

CaO(s) + H₂O(l) → Ca(OH)₂(s)

Key points during this step:

- The reaction produces heat, sometimes enough to cause splattering
- The resulting calcium hydroxide precipitates out as a solid
- The process must be carefully controlled to prevent hazards

3. Formation of Slaked Lime

The product, calcium hydroxide, is a fine, white, powdery solid. It can be used as-is or
dissolved in water to prepare limewater for various applications.

---

Practical Applications of Slaked Lime

The conversion of quicklime to slaked lime is foundational in many industries. Here are
some key uses:

1. Construction and Building Materials

- Mortar and Plaster: Slaked lime is a principal component in traditional mortar and plaster,
offering durability, workability, and breathability.
- Lime Wash: Used as a natural whitewash for walls, providing antimicrobial properties and
a breathable coating.

2. Water Treatment

- Calcium hydroxide is used to raise pH levels, precipitate impurities, and disinfect water
sources. Its ability to neutralize acidity makes it essential in water purification plants.

3. Agriculture and Soil Stabilization

- Lime is applied to acidic soils to increase pH, improving crop yields.
- It helps to reduce soil acidity and suppress certain plant diseases.

4. Industrial Processes



- Used in the manufacture of paper, sugar, and various chemicals.
- Acts as a neutralizing agent in chemical manufacturing.

5. Environmental Applications

- Slaked lime is employed in treating wastewater and industrial effluents, removing sulfur
dioxide (SO₂) and other pollutants.

---

The Chemistry Behind the Reaction

Understanding the underlying chemistry provides insights into why this process is so widely
utilized.

Hydrolysis and Hydration

- When water molecules interact with calcium oxide, they penetrate the solid lattice,
breaking ionic bonds.
- The process releases significant heat (approximately 65 kJ/mol), indicating an exothermic
reaction.
- The resulting calcium hydroxide is less dense and more stable at room temperature.

Solubility and Equilibrium

- Calcium hydroxide is only slightly soluble in water (~1.73 g/L at room temperature),
leading to a saturated solution called limewater.
- Limewater can be used to test for carbon dioxide, which reacts with calcium hydroxide to
form insoluble calcium carbonate, turning the solution milky.

---

Safety Considerations

Given that both quicklime and slaked lime are caustic, safety precautions are paramount:

- Protective Gear: Wear gloves, goggles, and masks to prevent skin and eye contact.
- Handling: Avoid inhaling dust; work in well-ventilated areas.
- Storage: Keep in airtight containers away from moisture to prevent accidental hydration.
- Disposal: Neutralize with dilute acids before disposal, following environmental guidelines.

---

Environmental and Sustainability Aspects

The production and use of lime have environmental implications:

- Carbon Footprint: Calcination releases CO₂, contributing to greenhouse gases.
- Sustainable Alternatives: Research into alternative binders and lower-emission calcination
methods is ongoing.
- Carbon Capture: Techniques to capture emitted CO₂ during lime production are being



developed to reduce impact.

---

Summary: The Significance of the CaO + H₂O Reaction

The transformation of quicklime into slaked lime via the addition of water is a classic
example of an exothermic hydration reaction, with wide-ranging applications. From ancient
construction techniques to modern environmental management, this process exemplifies
how fundamental chemistry underpins practical innovations. The ability to produce calcium
hydroxide on demand allows industries to improve infrastructure, purify water, enhance
agricultural productivity, and address environmental challenges.

---

Final Thoughts

The process of forming slaked lime from quicklime through water addition, represented by
the simple chemical equation:

CaO(s) + H₂O(l) → Ca(OH)₂(s),

is a testament to the elegance of chemical transformations in real-world applications.
Understanding this process enriches our appreciation for materials that have stood the test
of time and continue to serve vital roles across diverse sectors. As science advances, so too
will the methods and sustainability of lime production, ensuring its relevance for
generations to come.
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