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Understanding how the pressure of a gas changes within a rigid tank when
varying conditions is fundamental in thermodynamics and engineering
applications. Specifically, analyzing the new pressure of carbon dioxide
(CO₂) in a fixed-volume container requires a comprehensive grasp of the gas
laws, the nature of CO₂, and the parameters influencing its behavior. This
article delves into the factors affecting the pressure of CO₂ in a rigid
tank, the principles governing these changes, and practical methods to
calculate the new pressure under different scenarios.

Fundamentals of Gas Behavior in Rigid
Containers

Ideal Gas Law and Its Limitations
The ideal gas law, PV = nRT, is the cornerstone for understanding gas
behavior in many situations. Here:
- P = pressure in atm,
- V = volume in liters,
- n = number of moles,
- R = universal gas constant (0.0821 L·atm/(mol·K)),
- T = temperature in Kelvin.

In a rigid tank, the volume (V) remains constant. Therefore, any change in
pressure or temperature directly influences the other. When considering CO₂,
an ideal gas approximation may sometimes suffice but often requires
adjustments due to its real gas properties.

Real Gas Behavior and Van der Waals Equation
Carbon dioxide exhibits deviations from ideal behavior, especially under high
pressure and low temperature. The Van der Waals equation accounts for
intermolecular forces and finite molecular size:

\[ \left( P + \frac{a}{V^2} \right) (V - b) = RT \]

where:
- a = measure of attraction between particles,
- b = volume occupied by gas particles.

Understanding these parameters helps in accurately estimating the pressure
under non-ideal conditions.



Factors Influencing the Pressure of CO₂ in a
Rigid Tank

1. Temperature Variations
Temperature is a primary factor influencing pressure:
- Increasing temperature generally raises the pressure.
- Cooling the gas decreases the pressure.

This relationship is described by Gay-Lussac’s Law, which states that at
constant volume and amount of gas, pressure is proportional to temperature
(in Kelvin).

2. Changes in the Amount of Gas (Moles)
Adding or removing CO₂ affects the pressure:
- More moles increase the pressure.
- Fewer moles decrease the pressure.

In a fixed-volume container, the pressure directly correlates with the amount
of gas present.

3. Gas Purity and Composition
Impurities or other gases mixed with CO₂ can alter the pressure:
- Different gases have varying molar masses and interaction parameters.
- Mixtures may exhibit behavior deviating from pure CO₂ predictions.

4. External Conditions and Constraints
Environmental factors such as external pressure, temperature fluctuations,
and mechanical impacts can influence the internal pressure within the tank.

Calculating the New Pressure of CO₂ in a Rigid
Tank

Scenario 1: Temperature Change at Constant Gas Amount
When the temperature changes but the number of moles remains constant, the
pressure can be evaluated using the ideal gas law:

\[ P_2 = P_1 \times \frac{T_2}{T_1} \]

where:
- \( P_1 \) and \( T_1 \) are the initial pressure and temperature,
- \( P_2 \) and \( T_2 \) are the final pressure and temperature.

Example Calculation:
Suppose a tank initially contains CO₂ at 300 K and 10 atm. If the temperature



increases to 350 K:

\[ P_2 = 10\, \text{atm} \times \frac{350\, \text{K}}{300\, \text{K}} =
11.67\, \text{atm} \]

Note: For high-precision calculations, especially near the gas’s condensation
point, real gas corrections should be applied.

Scenario 2: Changing the Amount of CO₂ at Constant
Temperature
When the amount of CO₂ changes but temperature remains constant, the pressure
is directly proportional to the number of moles:

\[ P_2 = P_1 \times \frac{n_2}{n_1} \]

Example Calculation:
If initially there are 2 mols of CO₂ at 10 atm, and the amount increases to 3
mols:

\[ P_2 = 10\, \text{atm} \times \frac{3}{2} = 15\, \text{atm} \]

Scenario 3: Using Real Gas Corrections
In cases where pressure or density is high, applying the Van der Waals
equation provides a more accurate estimate:

\[ P = \frac{RT}{V - nb} - \frac{a n^2}{V^2} \]

Rearranging and solving for \( P \), given the initial parameters and the new
amount or temperature, yields the corrected pressure.

Practical Applications and Considerations

1. Industrial Carbon Capture and Storage
In CCS processes, maintaining safe and optimal pressures within storage tanks
is critical. Understanding how temperature fluctuations and gas quantities
impact pressure ensures safety and efficiency.

2. Carbonated Beverage Manufacturing
The carbonation process involves dissolving CO₂ under specific pressures and
temperatures. Controlling these parameters precisely determines the final
product quality.

3. Submarine and Aerospace Engineering
Pressure regulation in rigid containers is vital for the safety of crew and
equipment when dealing with CO₂ or other gases under various environmental
conditions.



4. Environmental Monitoring
Tracking changes in CO₂ pressure in sealed environments helps in assessing
emission levels and environmental impact.

Safety Considerations When Handling CO₂ in
Rigid Tanks

Over-Pressurization Risks
Exceeding designed pressure limits can lead to tank rupture or explosion.
Therefore:
- Regular pressure monitoring is essential.
- Pressure relief valves should be installed.
- Proper venting mechanisms are necessary for safety.

Temperature Management
Avoiding extreme temperature changes prevents unexpected pressure surges or
condensations.

Materials and Construction
Using appropriate materials resistant to CO₂ corrosion and high pressures
prolongs tank integrity and safety.

Conclusion
Understanding the new pressure of carbon dioxide within a rigid tank involves
a multifaceted approach that considers gas laws, real gas effects,
environmental factors, and safety protocols. Whether dealing with ideal or
real gas scenarios, accurately predicting pressure changes ensures
operational safety and efficiency across various industrial and scientific
applications. By applying the fundamental principles of thermodynamics and
employing precise calculations, engineers and scientists can manage CO₂
systems effectively under changing conditions.

Frequently Asked Questions

What factors influence the pressure of carbon dioxide
in a rigid tank when the amount remains constant?

The pressure of carbon dioxide in a rigid tank depends on temperature (as per
Gay-Lussac's law) and the amount of gas present. Since the tank is rigid,
volume remains constant, so increasing temperature raises pressure, while
decreasing temperature lowers it.



How can the pressure of CO₂ in a rigid tank be
calculated if the temperature and the amount of gas
are known?

The pressure can be calculated using the ideal gas law: P = (nRT)/V, where P
is pressure, n is moles of CO₂, R is the gas constant, T is temperature in
Kelvin, and V is the volume of the tank.

What happens to the pressure of CO₂ in a rigid tank
if the temperature increases?

If the temperature increases while the volume and amount of gas remain
constant, the pressure of CO₂ will increase proportionally, following Gay-
Lussac's law.

How does the amount of CO₂ in a rigid tank affect its
pressure?

An increase in the amount of CO₂ (more moles of gas) in a fixed-volume tank
results in higher pressure, as described by the ideal gas law, assuming
temperature remains constant.

Why is it important to monitor the pressure of CO₂ in
a rigid tank during industrial processes?

Monitoring pressure is essential for safety and efficiency, as overpressure
can lead to tank failure or explosions. It also ensures the process operates
within desired parameters for optimal performance.

Additional Resources
The New Pressure (in Atm) Of The Gas A Rigid Tank Contains An Amount Of
Carbon Dioxide At A Pressure is a fundamental concept in thermodynamics and
fluid mechanics, especially in the context of gas behavior within confined
systems. Understanding how the pressure of a gas changes within a rigid tank
when the amount of gas, temperature, or other conditions vary is essential
for engineers, scientists, and students working with pressurized systems.
This article provides a comprehensive review of the principles, calculations,
and practical implications related to the pressure of carbon dioxide (CO₂) in
a rigid tank, emphasizing the factors influencing the pressure and how to
determine the new pressure in different scenarios.

Introduction to Gas Behavior in Rigid Tanks

A rigid tank is a closed container with fixed volume, meaning its volume
remains constant regardless of the pressure or temperature changes inside.
When a gas such as CO₂ is contained within such a tank, the pressure depends
on the amount of gas present, its temperature, and the physical properties of
the gas itself. The fundamental relation governing the behavior of gases in
such systems is the ideal gas law, but real gases often require more
sophisticated models like the Van der Waals equation for accurate



predictions.

The analysis of the pressure change in a rigid tank is crucial in various
applications, including carbon capture and storage, beverage carbonation,
industrial gas storage, and chemical reactors. Changes in the amount of CO₂
or variations in temperature can significantly alter the pressure,
potentially leading to safety concerns or system inefficiencies.

Understanding the Initial State

Before analyzing how the pressure changes, it is important to establish the
initial conditions of the system:

- Initial Pressure (P₁): The pressure of CO₂ inside the tank initially,
measured in atmospheres (atm) or other units.
- Initial Temperature (T₁): The temperature of the gas in Kelvin (K).
- Initial Amount of Gas (n₁): The number of moles of CO₂ initially present.
- Tank Volume (V): The fixed volume of the rigid tank, usually in liters or
cubic meters.

Using the ideal gas law, the initial state can be expressed as:

\[ P_1 V = n_1 R T_1 \]

where R is the universal gas constant (8.314 J/(mol·K)).

The Effect of Changing the Amount of CO₂

One of the most straightforward factors affecting the pressure inside the
tank is the amount of CO₂ present. When more gas is added or removed, the
pressure adjusts accordingly.

Adding or Removing Gas

- Adding Gas: Increasing the amount of CO₂ (n) at constant temperature and
volume increases the pressure proportionally.
- Removing Gas: Conversely, decreasing the amount of CO₂ reduces the
pressure.

Assuming temperature and volume remain constant, the new pressure can be
calculated as:

\[ P_2 = \frac{n_2 R T}{V} \]

or, relative to the initial state:

\[ P_2 = P_1 \times \frac{n_2}{n_1} \]

Practical considerations:

- When adding gas, ensure the tank's maximum pressure rating is not exceeded.
- For removal, consider safety protocols to prevent sudden depressurization.



Implications of Changing Gas Amounts

- Safety: Over-pressurization can lead to tank failure.
- Efficiency: Proper regulation of gas amounts ensures optimal system
performance, especially in carbonation processes.
- Design: Tanks are often designed with safety margins considering the
maximum expected pressure.

Impact of Temperature Variations

Temperature significantly influences gas pressure inside a rigid tank, as
described by the ideal gas law. An increase in temperature tends to increase
the pressure, while a decrease reduces it.

Temperature Changes at Constant Gas Quantity

If the amount of CO₂ and volume are held constant, the new pressure after a
temperature change can be calculated as:

\[ P_2 = P_1 \times \frac{T_2}{T_1} \]

where T₂ is the new temperature in Kelvin.

Features:

- Linear relationship: Pressure varies directly with temperature.
- Material considerations: Elevated temperatures can affect tank materials,
leading to expansion or degradation.

Practical Scenarios

- Heating: During industrial processes, heating the gas increases pressure;
safety devices like pressure relief valves are crucial.
- Cooling: Cooling reduces pressure, which might lead to vacuum conditions if
the gas is sufficiently cooled.

Calculating the New Pressure in a Rigid Tank

To determine the new pressure when conditions change, the ideal gas law
provides a straightforward approach:

\[
\frac{P_1 V}{T_1} = \frac{P_2 V}{T_2}
\]

Since the volume V is constant:

\[
P_2 = P_1 \times \frac{T_2}{T_1}



\]

Similarly, when the amount of CO₂ changes:

\[
P_2 = \frac{n_2 R T_2}{V}
\]

or relating to initial conditions:

\[
P_2 = P_1 \times \frac{n_2 T_2}{n_1 T_1}
\]

Note: For real gases, deviations from ideal behavior are accounted for using
more complex equations like Van der Waals’ equation:

\[
\left( P + a \frac{n^2}{V^2} \right) (V - nb) = nRT
\]

where a and b are gas-specific constants.

Practical Examples and Calculations

Example 1: Initial conditions:

- \( P_1 = 10\, \text{atm} \)
- \( T_1 = 300\, \text{K} \)
- \( n_1 = 2\, \text{mol} \)
- \( V = 10\, \text{L} \)

Calculate the new pressure after heating the gas to 330 K, with the amount of
gas unchanged.

Solution:

\[
P_2 = P_1 \times \frac{T_2}{T_1} = 10\, \text{atm} \times \frac{330}{300} =
11\, \text{atm}
\]

Example 2: Removing 0.5 mol of CO₂ at constant temperature:

- \( n_2 = 1.5\, \text{mol} \)
- Temperature remains at 300 K, initial pressure 10 atm.

Calculate the new pressure:

\[
P_2 = P_1 \times \frac{n_2}{n_1} = 10\, \text{atm} \times \frac{1.5}{2} =
7.5\, \text{atm}
\]

These examples demonstrate how straightforward calculations can inform system
adjustments and safety considerations.



Advanced Considerations: Real Gas Behavior and
Safety

While the ideal gas law offers simplicity, real gases like CO₂ exhibit non-
ideal behavior, especially at high pressures or low temperatures. Corrections
are made using equations such as Van der Waals’, Redlich-Kwong, or Peng-
Robinson equations to improve accuracy.

Features of Real Gas Models:

- Account for intermolecular forces.
- Correct for finite molecular volume.
- Provide more precise pressure predictions under varying conditions.

Safety Implications:

- Over-pressurization due to temperature spikes or gas addition can cause
tank failure.
- Real gas behavior can lead to unexpected pressure increases if not properly
modeled.
- Pressure relief valves and safety systems are essential.

Pros & Cons of Using Real Gas Models:

- Pros:
- More accurate for high-pressure systems.
- Better prediction of behavior near phase change conditions.
- Cons:
- More complex calculations.
- Require specific gas constants and parameters.

Design and Operational Considerations

Designing a system involving CO₂ in a rigid tank requires careful attention
to the factors impacting pressure:

- Material selection: Must withstand maximum expected pressure, including
safety margins.
- Pressure relief systems: To prevent catastrophic failure.
- Temperature control: To avoid unsafe pressure levels due to heating or
cooling.
- Gas handling protocols: To control the amount of CO₂ being added or
removed.

Operational best practices include regular monitoring, maintenance, and
adherence to safety standards.

Conclusion

Understanding the pressure changes of carbon dioxide in a rigid tank is
crucial for safe and efficient system operation. The fundamental principles
derived from the ideal gas law serve as a foundation, but real-world
applications often require more sophisticated models to account for non-ideal



behavior. Whether adding or removing gas, heating or cooling, the key to
managing pressure lies in precise calculations, careful design, and robust
safety measures. By mastering these concepts, engineers and scientists can
optimize processes involving pressurized CO₂, ensuring safety, efficiency,
and reliability in various industrial and scientific applications.

Summary of Key Points:
- The pressure in a rigid tank depends on the amount of gas, temperature, and
the physical properties of CO₂.
- Changes in gas amount or temperature directly affect the tank’s pressure.
- The ideal gas law provides a straightforward method for calculating
pressure variations.
- Real gas behavior becomes significant at high pressures or low
temperatures, necessitating advanced models.
- Safety considerations are paramount, including pressure relief systems and
material strength.
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