A 150-g Aluminum Cylinder Is Removed From
A Liquid Nitrogen Bath, Where It Has Been
Cooled To - 196 C.

Introduction

A 150-g aluminum cylinder is removed from a liquid nitrogen bath, where it has been
cooled to -196°C. This scenario presents a fascinating case study in thermodynamics and material
science, illustrating how the properties of aluminum change when subjected to extremely low
temperatures. The process of cooling an aluminum object to such a temperature involves complex
heat transfer mechanisms, phase behaviors, and material responses. Understanding these
phenomena provides insight into practical applications ranging from cryogenics and aerospace
engineering to materials testing and scientific research. In this article, we will delve into the
physical principles governing the cooling process, analyze the thermal and mechanical changes in
the aluminum cylinder, and explore the implications of these changes in real-world contexts.

Properties of Aluminum at Room Temperature and
Cryogenic Temperatures

Basic Properties of Aluminum

- Atomic number: 13

- Density at room temperature (~20°C): approximately 2.70 g/cm?3

- Specific heat capacity at constant pressure (Cp): about 0.897 J/g°C
- Thermal conductivity: approximately 237 W/m-K

- Melting point: approximately 660°C

Aluminum is renowned for its lightweight, strength, corrosion resistance, and excellent thermal and

electrical conductivity. Its physical properties at ambient conditions are well-characterized and form
the basis for many engineering applications.

Changes in Properties at Low Temperatures

At cryogenic temperatures (~ -196°C), aluminum exhibits significant changes:

- Increased Strength and Hardness: Aluminum becomes more brittle and its yield strength increases.
- Decreased Ductility: The material's ability to deform plastically reduces.
- Altered Thermal Conductivity: While still high, thermal conductivity can vary slightly.



- Reduced Specific Heat: The specific heat capacity decreases, meaning less heat is needed to
change its temperature.

- Thermal Expansion Coefficient: The coefficient of thermal expansion drops, indicating less
dimensional change per degree temperature change.

These property changes are critical in designing systems that operate at cryogenic temperatures, as
they influence material selection, structural integrity, and thermal management.

Thermal Analysis of Cooling to -196°C

Initial Conditions and Assumptions

- The aluminum cylinder has a mass of 150 grams.

- It is initially at room temperature (~25°C).

- The cooling bath is liquid nitrogen at -196°C.

- The process occurs in an idealized setting with negligible heat losses to the environment, except
for the intended heat transfer to the nitrogen bath.

- The specific heat capacity of aluminum varies slightly with temperature, but for simplicity, an
average value of 0.897 J/g°C is used.

Calculating the Heat Removed (Q)

To determine the amount of heat removed during cooling:

Q=mx Cp x AT

where:

-m=150¢

-Cp = 0.897 J/g°C

- AT =T initial - T final = 25°C - (-196°C) = 221°C

Q =150g x 0.897 J/g°C x 221°C = 150 x 0.897 x 221 = 29,700 Joules

This value represents the approximate heat energy that must be extracted from the aluminum to
cool it from room temperature to -196°C.

Heat Transfer Mechanisms

The cooling process involves several heat transfer modes:

- Conduction: Heat flows from the warmer aluminum to the colder liquid nitrogen bath through the
contact interface.
- Convection: The surrounding nitrogen vapor and fluid convect heat away from the aluminum



surface.
- Radiation: At these temperatures, radiative heat transfer is minimal but still present.

The dominant mechanism is conduction at the interface, followed by convection in the nitrogen
environment.

Mechanical and Physical Changes During Cooling

Thermal Contraction and Dimensional Changes

Aluminum's coefficient of linear expansion (a) at room temperature is approximately 23 x 10-6 /°C,
but it decreases at cryogenic temperatures.

- Estimated contraction: AL = a« x L x AT

If the cylinder has an initial length L, its length contracts proportionally with temperature decrease.
For example, if L = 10 cm:

AL = 23 x 10-6 /°C X 10 cm X 221°C = 0.051 mm

The contraction is small but significant in precision applications and must be considered in design.

Changes in Mechanical Properties

- Increased brittleness: Aluminum becomes more brittle, increasing the risk of cracking under stress.
- Residual stresses: Rapid cooling can induce internal stresses due to differential contraction,
potentially leading to microcracks.

- No phase change: Aluminum remains in the solid phase throughout; it does not undergo any phase
transition at -196°C.

Practical Considerations in Removing the Aluminum
Cylinder

Handling and Safety

- The cooled aluminum is at cryogenic temperatures and can cause frostbite or cold burns upon
contact.

- Proper insulated tools and protective gear are essential.

- The cylinder may be covered with a layer of condensed nitrogen vapor or frost, requiring careful
handling.



Thermal Equilibration and Warming

- Once removed from the bath, the aluminum will begin to warm up to ambient temperature.
- This warming is a combination of heat conduction from the surroundings and radiation.
- The rate of warming depends on insulation, ambient conditions, and the surface area.

Impact on Material Integrity

- Rapid warming can induce thermal stresses.
- Controlled, gradual warming minimizes the risk of cracking or deformation.
- The process highlights the importance of thermal management in cryogenic applications.

Applications and Implications of Cryogenic Aluminum
Cooling

Cryogenic Storage and Material Testing

- Aluminum components are often cooled to cryogenic temperatures to test their properties under
extreme conditions.
- Such tests validate material performance for space, aerospace, and scientific research.

Superconductivity and Magnetic Applications

- Aluminum becomes superconducting at very low temperatures (~1.2 K).
- Although -196°C (-196°C) is above aluminum’s superconducting transition temperature,
understanding low-temperature behavior facilitates design in superconducting systems.

Cryogenic Engineering and Design

- Recognizing the thermal contraction and increased brittleness informs engineering decisions.
- Proper allowances for dimensional changes and mechanical stresses ensure durability.

Conclusion

Cooling a 150-g aluminum cylinder from room temperature to -196°C in liquid nitrogen bath involves
complex heat transfer and material property changes. The process requires careful consideration of
thermodynamics, mechanical behavior, and safety protocols. The significant heat removal of



approximately 29,700 Joules underscores the substantial energy exchange required. As aluminum
transitions to cryogenic temperatures, it becomes more brittle, contracts slightly, and exhibits
altered thermal and mechanical properties. These changes are critical in various scientific and
engineering applications, highlighting the importance of precise thermal management and material
understanding in cryogenics. Mastery of these principles enables the effective use of aluminum in
cutting-edge technologies, from space exploration to advanced materials research.

Frequently Asked Questions

What is the significance of cooling the aluminum cylinder to
-196°C in liquid nitrogen?

Cooling the aluminum cylinder to -196°C using liquid nitrogen significantly reduces its temperature,
causing it to contract and reach a cryogenic state, which can be useful for various scientific and
industrial applications such as material testing or preservation.

How does the temperature change affect the aluminum
cylinder’s physical properties?

Lowering the temperature to -196°C causes the aluminum to contract slightly due to thermal
contraction, and it becomes more brittle, which can influence its mechanical properties and
suitability for certain applications.

Why is aluminum preferred for cryogenic applications like
this?
Aluminum is preferred because of its excellent thermal conductivity, lightweight nature, and good

strength at low temperatures, making it ideal for cryogenic use where rapid heat transfer and
durability are important.

What safety precautions should be taken when handling a
cryogenically cooled aluminum cylinder?

Safety precautions include wearing insulated gloves and eye protection, ensuring proper ventilation
to prevent nitrogen gas buildup, and avoiding direct contact with the cold surface to prevent
frostbite or cold burns.

What happens to the liquid nitrogen bath once the aluminum
cylinder is removed?

Once the cylinder is removed, the liquid nitrogen evaporates into nitrogen gas, which can displace
oxygen in the surrounding air, so proper ventilation is necessary to prevent asphyxiation hazards.



How does the removal from the liquid nitrogen bath affect the
aluminum’s temperature over time?

After removal, the aluminum cylinder begins to warm up rapidly due to ambient heat, leading to
thermal expansion and a gradual return to room temperature, depending on insulation and
environmental conditions.

Can the contraction of the aluminum cylinder cause any
structural issues after cooling?

If the contraction is uneven or if the material is subjected to rapid temperature changes, it could
induce stress or microfractures, potentially affecting the structural integrity of the aluminum
cylinder.

What are common applications of cryogenically cooled
aluminum cylinders?

They are used in scientific experiments, cryogenic storage, aerospace components, and in processes
requiring precise temperature control or material testing at low temperatures.

How does thermal conductivity of aluminum influence its
cooling and warming behavior?

Aluminum’s high thermal conductivity allows it to rapidly equilibrate with the cryogenic bath during
cooling and quickly transfer heat when warming, making it efficient for temperature adjustments.

What are the environmental considerations when handling
liquid nitrogen and cryogenic materials?

Proper ventilation, handling procedures, and safety equipment are essential to prevent nitrogen gas
buildup, frostbite, or asphyxiation risks, ensuring safe management of cryogenic substances.

Additional Resources

A 150-g Aluminum Cylinder Is Removed From A Liquid Nitrogen Bath, Where It Has Been Cooled To
-196°C

The process of cooling materials to cryogenic temperatures using liquid nitrogen is a fundamental
technique in many scientific and industrial applications. In particular, the case of a 150-gram
aluminum cylinder being removed from a liquid nitrogen bath at -196°C offers a fascinating glimpse
into the physical changes, practical considerations, and potential uses associated with cryogenic
cooling. This article aims to provide a comprehensive, detailed analysis of this scenario, exploring
the science behind it, the effects on the aluminum cylinder, and the broader implications of working
at such low temperatures.



Understanding the Context: Liquid Nitrogen and
Cryogenic Temperatures

What is Liquid Nitrogen?

Liquid nitrogen is a colorless, odorless cryogenic liquid with a boiling point of -196°C (-321°F) at
atmospheric pressure. It is derived from the fractional distillation of liquefied air and is widely used
in various applications due to its inertness, ease of handling, and relatively low cost.

Key features:

- Boiling point: -196°C

- Inert, non-reactive with most materials

- Non-flammable and safe when handled with proper precautions
- Widely available and cost-effective

Why Use Liquid Nitrogen for Cooling?

Liquid nitrogen provides an efficient and effective means of cooling materials rapidly to cryogenic
temperatures. Its advantages include:

- Rapid cooling rates

- Uniform temperature distribution

- Minimal chemical interaction with most materials

- Ability to reach extremely low temperatures without complex refrigeration systems

The Aluminum Cylinder: Material Properties and
Behavior at Cryogenic Temperatures

Properties of Aluminum at Room Temperature

Aluminum is a lightweight, ductile metal with excellent thermal and electrical conductivity. Its
properties at room temperature include:

- Density: approximately 2.7 g/cm3

- Melting point: about 660°C

- Softness and malleability

- Good corrosion resistance

Behavior of Aluminum at -196°C

When cooled to cryogenic temperatures, aluminum exhibits several notable changes:

- Reduced ductility: Becomes more brittle, increasing the risk of fracture under stress

- Increased strength: Tensile strength can increase, making it more resistant to deformation
- Thermal contraction: Significant reduction in volume due to decreased atomic vibrations

- Electrical and thermal conductivity: May slightly improve or change depending on alloy



composition

The volume contraction of aluminum at cryogenic temperatures is approximately 0.4%, which can
influence dimensions and fit in engineered systems.

Physical Changes During Removal from Liquid
Nitrogen

Thermal Contraction and Mechanical Effects

When the aluminum cylinder is removed from the liquid nitrogen bath, it begins to warm up, leading
to thermal expansion. However, immediately after removal:

- The surface temperature is still near -196°C

- The material remains contracted and brittle

- The outer surface may develop frost or condensation effects due to the moisture in the air freezing
on the cold surface

Surface Effects and Handling Precautions

Handling a cryogenically cooled aluminum object requires care:

- Frost formation can make the surface slippery

- Rapid warming can induce thermal stresses, potentially causing microcracks or fractures
- Protective gloves and tools are necessary to prevent cold burns

Scientific and Practical Applications

Material Testing and Research

Cooling aluminum to cryogenic temperatures allows scientists to:

- Study fracture mechanics and ductility changes

- Test material strength and fatigue resistance at low temperatures
- Investigate phase transformations or microstructural changes

Industrial Uses

Industries utilize cryogenically cooled aluminum for:

- Cryogenic storage tanks and piping

- Superconducting magnets and electrical components

- Aerospace components requiring low-temperature resilience



Educational Demonstrations and Experiments

Removing the aluminum cylinder from liquid nitrogen provides a vivid demonstration of thermal
contraction, brittleness, and phase change phenomena, making it valuable in educational contexts.

Pros and Cons of Using Liquid Nitrogen for Cooling
Aluminum

Pros:

- Rapid and uniform cooling

- No chemical contamination

- Cost-effective and accessible

- Enables study of low-temperature properties

Cons:

- Risk of thermal shock and cracking

- Frost formation complicates handling

- Microstructural damage possible if not managed correctly

- Requires safety precautions to prevent cold burns and asphyxiation hazards

Safety Considerations and Handling Guidelines

Personal Safety

- Always wear insulated gloves, face shields, and protective clothing
- Be cautious of frostbite from direct contact
- Avoid inhaling nitrogen vapors in confined spaces

Operational Safety

- Use appropriate containers for liquid nitrogen
- Ensure proper ventilation
- Handle the cooled aluminum with tools to prevent burns from residual cold

Conclusion and Broader Implications

Removing a 150-g aluminum cylinder from a liquid nitrogen bath at -196°C exemplifies the profound
effects cryogenic temperatures have on materials. The physical transformations—such as
contraction, increased brittleness, and microstructural stability—are crucial considerations for
scientists and engineers working with cryogenic systems. While the process offers significant
benefits for research, industrial applications, and educational demonstrations, it also demands
meticulous safety protocols to prevent accidents and material damage.



The scenario underscores the importance of understanding material behavior under extreme
conditions. As technology advances, the ability to manipulate and utilize materials at cryogenic
temperatures opens doors to innovations in superconductivity, space exploration, and materials
science. The aluminum cylinder, seemingly simple in its form, embodies the complex interplay of
physics, engineering, and safety that characterizes the fascinating world of cryogenics.
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