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Introduction
Expanded perlite is one of the most widely used insulation materials in cryogenic systems due to its
lightweight structure, low thermal conductivity, chemical stability, fire resistance, and long-term
performance under extremely low temperatures.
Cryogenic insulation systems are designed to minimize heat transfer in applications involving liquefied
gases stored or transported at very low temperatures.
Expanded perlite provides highly efficient thermal insulation in:

e LNG storage tanks

e Liquid oxygen systems

e Liquid nitrogen systems

e Industrial gas storage tanks

e Double-wall cryogenic vessels

e Low-temperature industrial process systems
The cryogenic insulation behavior of expanded perlite depends on several interconnected technical
properties including:

e Bulk density

e Particle size distribution

e Thermal conductivity

e Moisture content

¢ Flowability

o Porosity

e Chemical stability
Understanding these characteristics is essential for designing efficient and reliable cryogenic insulation
systems.

1. What is Cryogenic Insulation?
Cryogenic insulation refers to insulation systems used for extremely low-temperature environments.
Typical Cryogenic Temperature Ranges

Cryogenic Fluid Approximate Temperature
LNG -162°C
Liquid Nitrogen -196°C
Liquid Oxygen -183°C
Liquid Argon  -186°C
Cryogenic insulation systems are designed to:
o Reduce heat transfer
e Minimize product evaporation
e Improve energy efficiency
e Maintain system stability

Reduce operational losses
Expanded perlite is highly effective in these applications due to its low-density porous structure.

2. Why Expanded Perlite is Used in Cryogenic Systems

Expanded perlite exhibits several technical properties that make it highly suitable for cryogenic
insulation.

Key Advantages

Property Benefit
Low Thermal Conductivity Reduced heat transfer




Property Benefit

Lightweight Structure Lower system weight

High Porosity Improved insulation efficiency
Non-combustibility Enhanced safety

Chemical Stability Long-term reliability
Flowability Easy installation

These combined characteristics provide highly effective thermal insulation performance.

3. Thermal Conductivity in Cryogenic Applications
Thermal conductivity is one of the most important parameters in cryogenic insulation design.
Expanded perlite provides low thermal conductivity because of:
e High internal air volume
e Cellular particle structure
e Lowdensity
¢ Reduced solid heat transfer pathways
Typical Thermal Conductivity Values

Density (kg/m3) Thermal Conductivity (W/mK)

40 0.040
60 0.045
80 0.050

Lower density perlite generally provides better thermal insulation performance.

4. Bulk Density and Cryogenic Performance
Bulk density significantly affects insulation efficiency and packing behavior.
Typical Density Ranges for Cryogenic Perlite

Product Type Density Range (kg/m?®)
Cryogenic Grade Perlite 40 - 90
Effects of Density

Density Level  Typical Behavior

Low Density Better insulation

Medium Density Balanced performance

High Density Reduced insulation efficiency

Optimized density improves thermal resistance while maintaining structural stability.

5. Particle Size Distribution in Cryogenic Systems
Particle size distribution strongly influences:
Packing efficiency

Flowability

Thermal performance

Dust generation

Installation behavior

Typical Cryogenic Particle Sizes

Grade Typical Particle Size

Medium 1 -3 mm
Coarse 3-6mm

Balanced particle distribution helps achieve:
e Uniforminsulation layers




e Stable thermal performance
e Improved handling characteristics

6. Moisture Control in Cryogenic Insulation
Moisture content is critically important in cryogenic insulation systems.
Problems Caused by Moisture
e |ce formation
e Increased thermal conductivity
¢ Reduced insulation efficiency
e  Structural instability
e Flowability reduction
Moisture Requirements
Cryogenic-grade expanded perlite should maintain:
e Verylow moisture content
e Controlled storage conditions
e Protection from atmospheric humidity
Proper moisture management is essential for maintaining insulation performance.

7. Flowability and Installation Behavior
Expanded perlite is commonly installed as a loose-fill insulation material.
Flowability Advantages
e Easyfilling of insulation cavities
e Uniform distribution
e Reduced void formation
e Efficientinstallation process
Important Installation Characteristics
e Stable particle structure
e Controlled dust levels
e (Good packing behavior
e Consistent density distribution
Proper flowability improves insulation consistency and operational efficiency.

8. Chemical Stability at Low Temperatures
Expanded perlite remains chemically stable under cryogenic conditions.
Stability Characteristics
e Non-reactive mineral structure
¢ Resistance to thermal cycling
e Long-term durability
e Non-corrosive behavior
These properties contribute to long service life in cryogenic systems.

9. Fire Resistance and Safety
Expanded perlite is classified as a non-combustible mineral insulation material.
Fire Safety Characteristics

Property Performance

Combustibility Non-combustible

Smoke Generation None

Toxic Gas Emission None

Fire resistance is especially important in LNG and industrial gas systems.

10. Cryogenic Tank Applications




Expanded perlite is widely used in double-wall cryogenic storage systems.
Typical Tank Applications
o LNGtanks
Liquid oxygen tanks
Liquid nitrogen tanks
Industrial gas vessels
e Vacuume-insulated systems
Perlite is commonly installed between inner and outer tank walls.
Its porous structure minimizes heat transfer and improves storage efficiency.

11. Vacuum Insulated Systems
Expanded perlite is frequently combined with vacuum insulation technologies.
Advantages in Vacuum Systems
e Reduced conductive heat transfer
Improved insulation efficiency
Stable long-term performance
Enhanced energy savings
Vacuum-perlite systems are widely used in industrial cryogenic engineering.

12. Environmental and Energy Efficiency Benefits
Cryogenic perlite insulation contributes to:
e Reduced boil-off losses
e Lower energy consumption
Improved process efficiency
Reduced greenhouse gas emissions
Sustainable industrial operation
Efficient insulation significantly improves industrial energy management.

13. Testing and Quality Control
Cryogenic-grade perlite products are evaluated using various technical testing procedures.
Typical Quality Parameters
e Bulk density
e Moisture content
e Thermal conductivity
o Particle size distribution
o Flowability
e Dustcontent
Common Standards
e ASTM Standards
e ISO Standards
e Cryogenic industry specifications
Consistent quality control ensures reliable cryogenic performance.

14. Factors Affecting Cryogenic Performance
Several variables influence cryogenic insulation behavior.
Main Factors

e Density characteristics

e Moisture content

o Particle size distribution

e Installation quality

e Storage conditions

e Vacuum performance




e Thermal cycling exposure
Optimization of these variables improves long-term insulation efficiency.

15. Advantages of Expanded Perlite in Cryogenic Systems
Key Benefits

o Excellent thermal insulation

e Lightweight structure

e Longservice life

¢ Non-combustibility

e Chemical stability

e Low maintenance requirements

o Efficient loose-fill installation

e Broad industrial compatibility

e Energy-efficient performance
These characteristics make expanded perlite one of the leading cryogenic insulation materials
worldwide.

16. Conclusion

Expanded perlite exhibits excellent cryogenic insulation behavior due to its low thermal conductivity,
lightweight porous structure, chemical stability, fire resistance, and long-term durability.

Its ability to minimize heat transfer while maintaining stable performance under extremely low
temperatures makes expanded perlite highly suitable for LNG storage tanks, industrial gas systems,
vacuum-insulated vessels, and cryogenic engineering applications.

Proper control of density, particle size distribution, moisture content, and installation conditions is
essential for achieving optimal cryogenic insulation performance.

Expanded perlite remains one of the most reliable and widely used insulation materials in modern
cryogenic technologies.

Disclaimer

The information contained in this document is provided for general technical guidance purposes only.
Actual cryogenic insulation performance may vary depending on density characteristics, particle size
distribution, moisture content, storage conditions, and industrial operating parameters.

Users should conduct their own technical evaluations for specific cryogenic applications.

Document Information

Document Title: Cryogenic Insulation Behavior of Expanded Perlite
Document Type: Technical Reference Document

Language: English

Revision: 1.1

Prepared Date: 16 February 2007

Prepared By: Mr. Deniz Ozcollu, Materials Engineer

Company: Turk Perlite

Website: https://www.turkperlite.com

Vo

Vertacert

100% HALAL CERTIFIED international
- _al FOOD CONTACT SAFE

CERTIFICATE



https://www.turkperlite.com/

