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Aims

To understand which mechanical properties of 

materials are relevant for their use in vacuum 

To understand the role of vapour pressure and 

of gases in materials in vacuum

To understand the role of stimulated desorption
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Introduction
Relevant Mechanical properties

ÅStrength (over desired range of temperatures)

ÅHardness

ÅExpansion coefficients

ÅMachining and joining properties

ÅCorrosion resistance

Relevant Physical Properties

ÅElectrical conductivity

ÅThermal conductivity

ÅMagnetic properties

ÅPermeability

ÅResidual Activity
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Mechanical Properties

Wall loading is ~10.4 kg m2

ÅNeed to consider deflection of thin wall 

vessels

ÅFEA calculations
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Mechanical Properties



Lecture 5

7 of 45

Materials Properties for Vacuum

R J Reid Vacuum Science and Technology in Accelerators

Cockcroft Institute Lectures - 2007

Machining and Joining Properties

Fabrication

ÅSheet metal work

ÅCutting, milling, turning

ÅSintering, hipping

Joining

ÅWelding ïconventional (TIG); electron 

beam, laser, plasma

ÅDistortion

ÅBrazing

ÅBonding ïgluing, diffusion
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Physical Properties

Electrical conductivity

ÅContinuity, impedance

ÅInsulation

Thermal conductivity

ÅBakeout

ÅCryogenic

ÅBeam/photon stops

Magnetic properties

ÅWeld regions
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Some Suitable Materials (Vessels)

Metals

ÅStainless Steel ïAISI 304, L, LN; 316, L, LN

ÅAluminium ï4043 (5% Si) 

5052 (2.5% Mg, 0.25% Cr)

6061(0.25% Cu, 0.6% Si; 1% Mg, 0.2% Cr)

6063 (0.5% Si, 0.1% Cu,Mn,Zn,Ti,Cr, 0.8% Mg)

ÅCopper (especially high strength with e.g. 2% Be) 

ÅTitanium

Ceramics ïAlumina, Beryllia

GRP Epoxy (low vacuum machines)
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Some Suitable Materials (Internal)

All materials shown for vessels

All refractory metals

OFHC and OFS Copper

Copper and aluminium bronzes

Glidcop®

Gold, many alloys, silica, glass, etc

Avoid brass, high sulphur and phosphorus 

containing alloys.
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Properties which influence the vacuum

Outgassing

Desorption

Secondary Electron Yield
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Mechanisms Contributing to Outgassing

Atmosphere

Vacuum
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Mechanisms Contributing to Outgassing

Atmosphere

Vacuum
Thermal 

Desorption

Adsorption

Recombination

Surface Diffusion

Permeation

Bulk Diffusion

So to reduce outgassing, we must inhibit or reduce these processes

Vaporisation
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Vacuum Properties ïVapour Pressure
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Permeability

Permeability of gasses 

through glass

Permeability of 

gasses through 

Viton®

Permeability of 

helium through 

elastomers
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Permeability

Permeability of 

hydrogen 

through metals
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Vacuum Properties ïThermal Desorption
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Vacuum Properties ïThermal Desorption

Under many circumstances, limit to pressure in a vacuum 

system will be be outgassing of water

Water

63

105

84

Energies of desorption in kJ mol-1


