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The Science of Insulation in Vacuum Insulated Pipe (VIP)

Executive Summary

At CryoCraft Systems, we engineer and manufacture vacuum insulated pipe (VIP) and
transfer systems that set the standard for safety, efficiency, and reliability. VIP is the
backbone of modern cryogenic infrastructure, ensuring cryogenic fluids such as nitrogen,
oxygen, argon, and carbon dioxide are delivered with minimal loss and maximum safety.

This white paper explains the science behind CryoCraft’s insulation design, the advantages
it provides over traditional insulation, and the critical role it plays in high-performance
cryogenic applications across biotechnology, aerospace, industrial gases, and food
processing.

Introduction

Cryogenic processes demand precision. Any heat leak can cause vaporization, product loss,
unsafe pressure buildup, or equipment inefficiency. CryoCraft VIP is designed to meet this
challenge through a carefully engineered insulation system that integrates vacuum
technology, multilayer insulation, and getter materials into a long-life, low-maintenance
package.

With decades of combined cryogenic engineering experience, CryoCraft delivers systems
that are not only technically superior but also supported by full project engineering, design
consultation, and lifecycle service.
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How VIP Insulation Mitigates Heat Transfer

Every insulation system must manage three fundamental modes of heat transfer:
conduction, convection, and radiation. CryoCraft VIP addresses each mode simultaneously
to achieve superior performance:

1. Conduction - Heat flowing through solid materials. CryoCraft minimizes conduction by
using stainless steel with low thermal conductivity, an evacuated annular space, and limited
engineered supports to reduce contact points.

2. Convection - Heat carried by gas molecules in motion. By creating a high vacuum (1073~
107° torr) in the annular space, CryoCraft eliminates the medium needed for convection.
With virtually no gas present, convective heat transfer is effectively eliminated.

3. Radiation - Heat transferred as infrared energy between surfaces. CryoCraft integrates
multilayer insulation (MLI), using alternating reflective foils and spacers. Each foil reflects
thermal radiation, and multiple layers exponentially reduce radiative heat transfer.

Vacuum Quality and Long-Term Performance in Cryogenic Service

All cryogenic systems rely on the integrity of the annular vacuum to minimize heat leak.
Over time, several universal mechanisms can affect vacuum quality:

¢ Qutgassing of materials

» Gas permeation through metals and seals

e Thermal stress on welds and seals

As vacuum quality degrades, boil-off increases, liquid quality decreases, and frost may
appear on outer jackets.

With proper design, CryoCraft VIP typically lasts 20-30+ years, outperforming foam or
perlite systems. CryoCraft also offers lifecycle maintenance options such as vacuum re-
pulling, getter regeneration, PdO replacement and leak detection/repair.
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Hydrogen Contamination and the CryoCraft Solution

Even when VIP systems are used for nitrogen, oxygen, argon, or carbon dioxide, hydrogen
contamination in the vacuum annulus is a long-term reliability threat. Hydrogen molecules
can slowly permeate through stainless steel, welds, and seals. Over time, this gas raises
residual pressure, increases conductive heat transfer, and degrades insulation performance.

Hydrogen is particularly challenging because conventional getters such as molecular sieves
or activated charcoal are highly effective for nitrogen, oxygen, argon, and water vapor, but
they are ineffective against hydrogen.

CryoCraft integrates palladium oxide (PdO) into the vacuum annulus to solve this problem.
PdO acts as a catalytic converter for hydrogen:

« Catalytic Reaction - Hydrogen (H,) molecules contact PdO and are oxidized to form water
(H20).

e Making Hydrogen “Trappable” - The newly formed water vapor is readily adsorbed by
molecular sieve getters inside the vacuum annulus, ensuring that hydrogen, which would
otherwise bypass the sieve, is permanently removed.

¢ Sustained Performance - PdO continues cycling in this reaction, regenerating as palladium
(Pd) and maintaining catalytic activity for decades.

H, (Hydrogen) H20 (Water)

Molecular Sieve
Absorbs H-»0

Figure 1: PdO Hydrogen Conversion Cycle
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CryoCraft VIP vs. Alternative Insulation

¢ Foam insulation: Higher losses, moisture problems.

« Perlite-filled systems: Useful only for tanks, not piping.

e CryoCraft VIP: Small footprint, superior insulation, long lifecycle.

Benefits of CryoCraft VIP

* Operational efficiency: lower NER, reduced boil-off.

« Safety: lower venting risk.

* Engineering assurance: backed by CryoCraft expertise.
» Lifecycle reliability: 20-30 years of performance.

Applications

CryoCraft VIP systems are deployed in:
» Biorepositories & pharma

¢ Industrial gases

» Aerospace & defense

* Food processing

About CryoCraft Systems

CryoCraft Systems designs and manufactures advanced cryogenic transfer solutions,
including vacuum insulated pipe, bayonets, cryogenic vents, and engineered manifolds. Our
mission is to deliver precision in cryogenics—ensuring every customer receives the safest,
most efficient, and most reliable cryogenic distribution system possible.

Our engineering team partners with customers from concept through installation, providing
drawings, system design, training, and support. With proven expertise across
biotechnology, aerospace, industrial, and food processing markets, CryoCraft is a trusted
partner for organizations where cryogenic performance is mission-critical.

Disclaimer & Footer

CryoCraft Systems, LLC | www.cryocraftsystems.com | info@cryocraftsystems.com
© 2025 CryoCraft Systems. All rights reserved.

This document is for informational purposes only and not intended as a guarantee of
performance. Specifications subject to change without notice.
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