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Introduction

Material properties change significantly with 
temperature
The variation can be very non linear
So for best accuracy DON’T

Ignore the variation
Perform a simple average between known 
values

Kelvin (K) = °C + 273
Cryogenics is generally defined as < 120 K
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Introduction
Many materials are unsuitable for low 
temperature use
Material selection must always be done 
carefully. 
A significant amount of material data at low 
temperatures is available
Testing may be required 
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Some Suitable Materials for
Low Temperature Use

Austenitic stainless steels e.g. 304, 304L, 316, 321
Aluminum alloys e.g. 6061, 6063, 1100
Copper e.g. OFHC, ETP and phosphorous deoxidized
Brass
Fiber reinforced plastics such as G –10 and G –11
Niobium &Titanium (frequently used in superconducting RF systems)
Invar (Ni /Fe alloy) useful in making washers due to its lower 
coefficient of expansion
Indium (used as an O ring material)
Kapton and Mylar (used in Multilayer Insulation and as electrical 
insulation
Quartz (used in windows)
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Some Unsuitable Materials 
for Low Temperature Use

Martensitic stainless steels - Undergoes 
ductile to brittle transition when cooled 
down.
Carbon steels – also becomes brittle. 
Rubber, Teflon and most plastics
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Thermal Contraction
Large amounts of contraction can occur when 
materials are cooled to cryogenic temperatures. 
Points to consider:

Impact on alignment
Development of interferences or gaps due to 
dissimilar materials
Increased strain and possible failure
Impact on wiring
Most contraction occurs above 77 K
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Integral 
Thermal Contraction

17 x 10 -5134 x 10 -5Titanium

47 x 10 -5279 x 10 –5Epoxy/ 
Fiberglass

57 x 10 -5340 x 10 –5Brass
-40 x 10 -5Invar

18 x 10 -5198 x 10 -5Iron
47 x 10 -5415 x 10 -5Aluminum
44 x 10 -5326 x 10 -5Copper

35 x 10 –5296 x 10 -5Stainless Steel

∆∆∆∆L / L ( 100 – 4 )∆∆∆∆L / L ( 300 –
100 )

Material
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TESLA Cryomodule
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Strength Of Materials
Tends to increase at low temperatures (as 
long as there is no ductile to brittle 
transition)
300 K values are more conservative
Slight improvement in fatigue properties at 
cryogenic temperatures
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304 Stainless 
Steel
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Specific Heat of Solids
C = Q/m∆T
In general, at cryogenic temperatures, C 
decreases rapidly with decreasing 
temperature.
This has 2 important effects:

Systems cool down faster as they get 
colder
At cryogenic temperatures, small heat 
leaks may cause large temperature rises
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Thermal Conductivity
Varies significantly with temperature
Temperature dependence must be 
considered when calculating heat transfer 
rates.
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Thermal Conductivity
Solution – Use thermal conductivity integrals
Conduction heat transfer may be written as:

   Q = – G ( θ2 – θ1 )
where the geometry factor G is defined by: 

  G = 1

dx
A ( x )x 1

x 2
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Thermal Conductivity
The thermal conductivity integrals are then 

defined as:
   

θ i = K ( T ) dT
0

T i

Advantages:
Simple
Only end point temperatures are   

important. The actual temperature 
distribution is not.
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Electrical Resistivity
Drops  with temperature due to reduced 
phonon electron scattering
RRR = resistivity at 300 K / resistivity at 
4.2 K. An  indication of material purity
Superconductivity – a separate course
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Electrical Resistivity of Copper
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Conclusions
Material properties vary greatly with decreasing 
temperature
Some materials are completely unsuitable for low 
temperature use
Successful system design requires attention to the 
variation of material properties
A significant amount of information on properties 
of materials at low temperatures exists in the 
literature
When it doubt - Test


