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Simulation of Non-Evaporable 
Getter saturation with 

COMSOL®

Outline
1. Vacuum systems @ CERN;

2. NEG pumps and saturation mechanism;

3. Free molecular flow: COMSOL simulations;

4. Results and experimental benchmark;

5. Summary.
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CERN Accelerator Complex
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…and some numbers
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Based on 
NEG 

pumping 
system
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A NEG coating is a metallic alloy that can pump most of the gases present in a vacuum 

system after thermal dissolution of its native oxide layer (activation process).

Heating in vacuum 
Oxide dissolution -> activation

T = Ta

T = RT

Native oxide layer Reactive metallic surface

T = RT

No pumping Pumping

NEG Alloy: Pumping Mechanism
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H2 CON2𝑵𝑬𝑮𝑪𝑶 𝒄𝒂𝒑𝒂𝒄𝒊𝒕𝒚

= 𝟓 ∗ 𝟏𝟎𝟏𝟒 ÷ 𝟓 ∗ 𝟏𝟎𝟏𝟓
𝟏

𝒄𝒎𝟐
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𝑃1

𝑃2

Flux 
injected Q

6

Evaluation of NEG performance

 Pumping speed: 𝑆 =
𝑄

𝑃1
 𝑙 𝑠
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• Transmission ratio:                𝑇𝑟 =
𝑃1

𝑃2

Experimental test bench:

Closed wall 
(sticking factor=0)
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𝐻2

𝑁2
𝐶𝑂

𝑪𝑶 has the highest SF:
Highest transmission ratios mean 
lowest 𝑃2.

Then, using the TR carried out experimentally, is 
possible to extract the sticking coefficient for each 
gas injected.

Sticking coefficient evaluation by 
transmission method
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TR
=𝑃

1
/
𝑃
2

𝑃1

𝑃2

First simulations in COMSOL are used to 
calculate the transmission trends
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A saturation of the NEG
pumping sites is expected 

(𝑁𝐸𝐺𝐶𝑂 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 = 5 ∗ 1014 ÷ 5 ∗ 1015
1

𝑐𝑚2)

> 3E-7 mbar ≈ 1e17 𝐶𝑂 molecules injected

Limitation of the CO transmission methods

NEED
Dynamic simulation 

of NEG pumping
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𝑃1

𝑃2
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Why COMSOL?
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Flux 
injected Q

COMSOL: Use of functions as 
boundary conditions Sticking Factor 
f(nads)

The only one 3D software for 
3D saturation mechanisms
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1)   Mapped mesh with 1𝑐𝑚2 square elements for 
the NEG surface, less refined on the remaining parts  

Building the simulation

2)  Wall type definition
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3)   Outgassing wall type for the inlet facet

𝐽𝑖= 𝐺𝑖 + 𝐽0,𝑗

Constant emitted flux Interpolating function recreating the experimental injected 
flux of molecules

Building the simulation
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4)   Adsorption wall type for the NEG surface

Model for the Sticking coefficient 
decrease to 0 has been selected: a 𝑡𝑎𝑛ℎ
function results easier processable than 
a 𝑆𝑡𝑖𝑐𝑘𝑖𝑛𝑔 𝑓𝑎𝑐𝑡𝑜𝑟 → 0 step function. 
Not reaching of convergence and 
numerical oscillations in the results were 
the most common problems.

Building the simulation
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The sticking coefficient needs to 
be related to the adsorbed 
molecules per surface unit 
(defined on the mesh)
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4)   Adsorption wall type for the NEG surface

SF = 𝑆𝐹𝑐𝑜 ∗
1 − 𝑡𝑎𝑛ℎ 𝛼 ∗

𝑀𝑜𝑙. 𝑎𝑑𝑠 − 𝑁𝐸𝐺 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦
𝑁𝐸𝐺 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦

2

𝑆𝐹𝑐𝑜= 0.05
(experimental 

value)

Tuning factor: 
slope

The # of adsorbed molecules has 
been normalized to the adsorbent 

capacity  (1 ∙ 1015
𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒𝑠

𝑐𝑚2

expressed as 5 ∙ 10−5
𝑚𝑜𝑙

𝑚2 ) 

Building the simulation
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Simulated saturation process: 
Pressure evolution

Saturation proceeds as a wave:
NEG adsorbent sites lose their properties 

behaving as simple stainless steel.

Example of pressure 
profile after 20 min 

6 ∗ 10−7

1 ∗ 10−9
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Simulated saturation process: 
Adsorbed molecules

Adsorbed molecules/𝑐𝑚2

evolution after 20 min 
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1 ∗ 1015

3 ∗ 1014
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Experimental bench mark

Simulation transmission ratio trend 
follows the experimental one.

Vacuum, Surfaces & Coatings Group

Technology Department Mattia Ortino TE-VSC-BVO 1612/10/2016

Transmission rises at first: molecules have a 
higher probability to be recorded at the entrance 
gauge.  

Start of saturation

Full saturation Equilibrium P1=P2

𝑃1

𝑃2
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Summary

• 3D dynamic saturation of a NEG coated chamber has been simulated with COMSOL. No other 
software available for 3D dynamic molecular flow simulation with variable sticking factors and 
absorption.

• The simulation agrees with the experimental data.

• Simulations can estimate the amount of gas to be injected before saturation.

• Potential uses of COMSOL:

• Pressure evolution with NEG saturation in complex 3D geometries.

• Reverse problem  Known transmission ratio calculate sticking factor through 
optimization in complex 3D geometries.
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Thanks for your attention!
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