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Understanding the factors that influence the pressure of gases in chemical
equilibria is essential for chemists and engineers working with industrial
processes. The reversible reaction involving calcium sulfite (CaS03), calcium
oxide (CaO), and sulfur dioxide (S02) exemplifies how temperature and other
conditions can shift an equilibrium and alter the pressure of gaseous
products. In this article, we will explore the reaction:

Heat + CaS03(s) <—> CaO(s) + S02(qg)

and analyze what changes can cause an increase in the partial pressure of
S02 (g) within this equilibrium system.

Overview of the Reaction and Its Equilibrium
Dynamics

Before delving into the factors influencing S0O2 pressure, it’s important to
understand the nature of the reaction and its thermodynamic properties.

Reaction Description

The reaction involves the thermal decomposition of calcium sulfite:

- Reactant: Calcium sulfite (CaS03), a solid.
— Products: Calcium oxide (CaO), a solid, and sulfur dioxide (S02), a gas.

This reaction typically occurs at elevated temperatures, especially in
industrial settings such as flue gas treatment or sulfur recovery processes.

Reversible Nature and Equilibrium

As a reversible reaction, the system reaches a state where the forward and
backward reactions occur at the same rate, establishing an equilibrium. At
equilibrium:

— The concentration (or partial pressure) of SO2 remains constant.
— The position of equilibrium depends on temperature, pressure, and other
conditions.



Factors Affecting the Pressure of SO2(g) in the
System

The partial pressure of S02 at equilibrium is sensitive to various external
and internal factors. Understanding these allows control over the process and
optimization for industrial applications.

1. Temperature Changes

Temperature is a primary factor influencing equilibrium position and gas
pressure.

Effect of Increasing Temperature

— Le Chételier’s Principle: If the reaction is endothermic, increasing
temperature shifts the equilibrium toward products, thereby increasing SO2
production and its partial pressure.

— Thermodynamics: Since heat is a reactant in the forward direction (as
indicated in the reaction), an increase in temperature will favor the
formation of S02, leading to higher pressure.

Effect of Decreasing Temperature

— Shifts equilibrium toward reactants, decreasing SO2 pressure.

2. Pressure and Volume Changes

Though solids are incompressible, gases are not.

Effect of Increasing External Pressure

— According to Le Chatelier’s principle, increasing pressure favors the side
with fewer moles of gas.

— In this reaction, there is one mole of SO2 produced per mole of CaSO3
decomposed.

— Since the number of moles is the same on both sides of the reaction,
pressure changes have minimal direct effect on the equilibrium position
regarding SO2 pressure.

Effect of Decreasing Volume

- Similar to increasing pressure, decreasing volume tends to favor the side
with fewer moles of gas.

— Since the molar quantities are equal, volume changes do not significantly
shift the equilibrium to alter SO2 pressure.



3. Addition or Removal of Reactants or Products

- Adding CaS03: Shifts equilibrium toward products, increasing S0O2 pressure.
— Removing S02: Shifts equilibrium toward reactants, decreasing SO2 pressure.
— Adding CaO or heat: Can influence the equilibrium depending on reaction
conditions but generally has a lesser direct impact on S0O2 pressure compared
to temperature and reactant/product manipulation.

4. Presence of Catalysts

— Catalysts do not affect the position of equilibrium or the pressure of SO2
but can influence the rate at which equilibrium is achieved.

How Temperature Specifically Influences SO2
Pressure

Given the reaction:
Heat + CaS03(s) <-> CaO(s) + SO02(qg)

the reaction involves heat as a reactant, implying it is endothermic.

Endothermic Reaction and Temperature

— Increasing temperature supplies additional heat, shifting the equilibrium
toward products (CaO and S02).

- As a result, the partial pressure of S0O2 increases because more S02 1is
formed at higher temperatures.

Experimental and Industrial Evidence

— In industrial processes such as sulfur dioxide production, higher operating
temperatures lead to increased S02 yields.

— Temperature optimization is crucial for maximizing SO2 pressure and
production efficiency.

Summary of Key Changes That Increase S02 Gas
Pressure

Based on the above analysis, the following changes will cause an increase in
the pressure of S02(g):



1. Raising the Temperature:
— Shifts the equilibrium toward the gaseous S02, increasing its partial
pressure.

2. Adding CaS03 (Reactant):
— Pushes the reaction forward, producing more SO2 and elevating its pressure.

3. Removing CaO or S0O2 from the System:
— Drives the equilibrium toward products to replace the removed gases,
increasing SO2 pressure.

4. Applying External Pressure (with considerations):

— While pressure has less effect here due to equal moles on both sides, in
specific conditions, increasing external pressure may modestly influence SO2
partial pressure depending on system constraints.

Practical Applications and Industrial
Implications

Understanding how to manipulate the pressure of S02 through these factors has
significant industrial relevance:

— Sulfuric Acid Production:
— High SO2 pressures favor downstream processes, making temperature control
vital.

— Flue Gas Desulfurization:
- Managing temperature and reactant addition optimizes S02 removal and
recovery.

— Sulfur Recovery Units:
— Precise control of temperature and reactant flow ensures maximum SO2
generation and capture efficiency.

Conclusion

In the context of the reaction:
Heat + CaS03(s) <-> CaO(s) + S02(qg),

the primary way to increase the pressure of S02 is by manipulating
temperature and reactant concentrations. Raising the temperature (considering
the endothermic nature) shifts the equilibrium toward S0O2 production, thereby
increasing its partial pressure. Additionally, adding more CaSO3 or removing
Ca0 and S02 from the system can also drive the formation of S02, leading to
higher gas pressure. Understanding these factors enables chemists and
engineers to optimize processes involving sulfur dioxide, whether for
industrial synthesis, pollution control, or sulfur recovery.
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Frequently Asked Questions

How does increasing the temperature affect the
pressure of SO, in the reaction CaSO;(s) = CaO(s) +
SO, (g) ?

Since the reaction is endothermic in the forward direction, increasing the
temperature shifts the equilibrium to produce more SO,, thereby increasing
its pressure.

What effect does removing CaO(s) or CaSO;(s) have on
the pressure of SO, in the reaction?

Removing either solid shifts the equilibrium to produce more SO,, which
increases the pressure of SO, gas.

How does increasing the volume of the container
influence the pressure of SO, in this reaction?

Increasing the volume decreases the pressure of SO, directly, but according
to Le Chatelier's principle, the equilibrium may shift to produce more SO,,
potentially increasing its pressure over time.

What impact does adding heat to the reaction have on
the SO, pressure?

Adding heat favors the endothermic forward reaction, producing more SO, and
thus increasing its pressure.

Does increasing the amount of SO, gas in the system
affect the equilibrium pressure of SO,?

Adding more SO, shifts the equilibrium to the right, increasing the total
pressure of SO, in the system.

Additional Resources

Understanding the Equilibrium of the Reaction between Calcium Sulfite and
Heat: Factors Influencing SO, Gas Pressure

Introduction

The dynamic interplay between heat and chemical equilibria often governs
industrial processes and environmental phenomena. One such reaction involves



calcium sulfite (CaSO;), which, under certain conditions, decomposes to
produce sulfur dioxide (SO,) and calcium oxide (CaO). The reaction is
represented as:

CaS0O; (s) = CaO(s) + SO, (9)

Understanding what factors influence the equilibrium position, particularly
the pressure of SO, gas, 1is crucial for applications ranging from sulfur
dioxide capture and removal to the manufacturing of sulfur-based chemicals.
In this review, we analyze the impact of temperature changes and other
variables on the equilibrium, with a focus on how an increase in SO, pressure
can be achieved through manipulating these factors.

The Reaction and Its Equilibrium Nature
The Chemical Equation

The decomposition of calcium sulfite is an example of a reversible chemical
reaction:

\[ \text{CaSO}_3(s) \rightleftharpoons \text{CaO} (s) + \text{SO}_2(g) \]

This reaction is sensitive to temperature and pressure, and its position
(whether favoring the reactants or products) can shift accordingly. The
reaction involves both solid and gaseous phases, with solids typically having
constant activities, simplifying the equilibrium analysis.

Significance of Equilibrium

In chemical systems, equilibrium is achieved when the forward and reverse
reactions occur at equal rates, resulting in constant concentrations of
reactants and products. For reactions involving gases, pressure and
temperature are key factors influencing the equilibrium position.

Thermodynamic Principles Governing the Reaction
Le Chételier's Principle

At the core of understanding how to influence the pressure of SO, is Le
Chatelier's principle, which states that a system at equilibrium will adjust
to counteract any imposed change.

— Increase 1in temperature generally favors the endothermic direction (if the
reaction absorbs heat).

— Changes in pressure or concentration influence the equilibrium position
based on the number of moles of gases involved.

Enthalpy and Entropy Considerations

— The decomposition of CaSO,; is typically endothermic, absorbing heat to
proceed forward.

— The production of SO, gas increases entropy, favoring the formation of
gaseous products at higher temperatures.



Factors Affecting the SO, Pressure
1. Temperature Variation
Effect of Temperature on Equilibrium

The decomposition of calcium sulfite is an endothermic process. According to
Le Chéatelier's principle, increasing temperature shifts the equilibrium
toward the products, increasing the amount of SO, gas produced and,
consequently, its partial pressure.

- At higher temperatures: More CaSO,; decomposes, leading to a rise in SO,
pressure.

- At lower temperatures: The equilibrium favors the solid reactant, reducing
SO, production.

Practical Implication

In industrial settings, elevating the temperature during the decomposition
process can significantly increase the SO, gas pressure. This is particularly
useful when the goal is to maximize SO, yield, such as in sulfur dioxide
manufacturing or in processes where SO, is captured and utilized.

2. Pressure and Volume Changes

Impact of External Pressure

While the reaction involves gases on the products side, the effect of
external pressure on the equilibrium is governed by Le Chédtelier's principle:

— Increasing total pressure tends to favor the side with fewer moles of gas.
— Decreasing pressure favors the side with more moles of gas.

In this reaction:

\[ \text{CaSO}_3(s) \rightleftharpoons \text{CaO} (s) + \text{SO}_2(g) \]

— The solid reactant and solid product phases do not affect the equilibrium
directly since their activities are constant.

— The gaseous component (SO,) is the only variable in terms of pressure.
Therefore, increasing the partial pressure of SO, (e.g., by compressing the
gas or reducing the volume of the container) shifts equilibrium toward the
products, producing more SO, and increasing its pressure.

Practical methods include:

- Using a closed, rigid container to prevent volume expansion.
- Applying external pressure during the reaction process.

Note: Since solids are involved, changing pressure alone (without temperature
change) has limited effect unless the volume is controlled.

3. Concentration of Reactants and Products

In reactions involving solids, the concentration of solids remains constant,
so adjustments to the amount of CaSO; or CaO do not significantly influence
the equilibrium. However, the partial pressure of SO, gas directly impacts
the equilibrium.



— Increasing SO, gas pressure by introducing more SO, into the system or
reducing the gas volume can push the reaction toward more SO, formation.

Strategies to Increase SO, Pressure

Based on the above principles, several strategies can be employed to cause an
increase in SO, pressure:

1. Raising the Temperature

As the decomposition is endothermic, higher temperatures promote the
formation of SO,:

— Industrial Application: Heating calcium sulfite waste to decompose it and
release SO, for sulfuric acid production or other chemical processes.

— Implication: Elevated temperatures lead to higher SO, partial pressures,
facilitating collection or further processing.

2. Increasing External Pressure

Applying external pressure on the system encourages the formation of gaseous
SO, :

— Method: Use of high-pressure reactors or autoclaves.
— Outcome: Increased SO, partial pressure, which can enhance the efficiency
of downstream processes that rely on SO,.

3. Reducing Volume of the System
Decreasing the volume of the reaction vessel:

- Effect: Raises the partial pressure of SO,.
- Implementation: Conducting the reaction in a sealed, rigid container.

Practical Considerations and Limitations

While manipulating temperature and pressure can effectively increase SO,
pressure, several practical considerations must be acknowledged:

— Material Constraints: High temperatures and pressures require specialized
equipment resistant to corrosion and thermal stress.

- Safety Concerns: SO, is a toxic and corrosive gas; careful handling and
containment are essential.

- Energy Costs: Elevated temperatures entail higher energy consumption,
impacting economic feasibility.

— Reaction Kinetics: Higher temperatures may accelerate decomposition but
might also impact reaction rates or lead to side reactions.

Environmental and Industrial Relevance
Environmental Impact

Understanding how to control SO, pressure is vital in industries where sulfur



dioxide is generated as a pollutant, such as in fossil fuel combustion.
Effective management involves capturing SO, and converting it into useful
products, reducing environmental harm.

Industrial Applications

— Sulfuric Acid Production: High SO, pressure enhances the efficiency of
conversion to sulfur trioxide and ultimately sulfuric acid.

— Gas Purification: Increasing SO, pressure can improve separation and
purification processes.

— Waste Management: Controlled decomposition of sulfite waste to recover SO,
for industrial use.

Summary and Conclusions

The pressure of SO, gas in the equilibrium reaction involving calcium sulfite
is profoundly influenced by temperature, pressure, and volume conditions.
Increasing the temperature shifts the equilibrium to favor SO, production,
owing to the endothermic nature of the decomposition. Similarly, applying
external pressure and reducing system volume further promote SO, formation by
shifting the equilibrium toward the gaseous products.

In practical terms, industrial processes aiming to maximize SO, pressure or
yield must carefully balance temperature, pressure, safety, and economic
considerations. Leveraging thermodynamic principles enables engineers and
chemists to optimize conditions for desired outcomes, whether for sulfur
recovery, pollution control, or chemical synthesis.

Understanding these fundamental factors enhances our capacity to control
chemical equilibria, improve industrial efficiency, and mitigate
environmental impacts associated with sulfur dioxide emissions.
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Note: This comprehensive review offers a detailed understanding of the
factors influencing SO, pressure in the calcium sulfite decomposition
reaction, applying fundamental thermodynamics and practical considerations
for industrial and environmental applications.
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