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Goal 

M. Wenskat | TTC Meeting @ CERN 2020

« Can carbides degrade the 
performance of cavities? »

Why Nb samples ? 

It is important to study the Mid-T baking process under controlled 
conditions. 

Study with Nb samples by  XPS, SEM and SIMS at TRIUMF and IJCLab :

•Measurements: Carbides growth and Nb interactions with impurities after 
baking.

Heating zone => due to the formation of 
carbides on the surface

Carbide (Nb-C)

 
The origin of carbon causing these carbides is still not
identified:

• from residual gas during heat treatment
• from chemical processes
• from the bulk

What are their formation conditions?
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Bibliography

A.Dacca et al., XPS characterization of 
Niobium for RF cavites, 1997

=> The aim of the present work is to 
investigate the consequences of 
thermal treatments in the range 30 -
1000°C (No mid-T bake) on the 
surface chemical composition of 
niobium by means of X-ray 
Photoelectron Spectroscopy (XPS)

⇒ Formation of carbides layer
⇒ Nb interaction with residual gas
⇒ Importance of oxide layer

Article of the 1980 on SURFACE STUDIES 
AND ELECTRON EMISSIONS, A. 
SEPTIER, Paris-Sud University

=> One of the objectives is to determine 
the physical and chemical structure of the 
surface layer of the sample.

⇒ Observation of Niobium carbides.

⇒ Carbon signal is weakest for an 
anodized surface, intermediate for a 
furnace cleaned surfaces and strongest 
after chemical treatments.

⇒  Decarburization is observed in Oxygen 
atmosphere (7e-6 Torr) inducing 
CO and CO2 degassings.
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⇒ Oxide layer is a protection against 
carbides formation

⇒ Carbide profile [200°C ; 400°C]
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 Mid-T Baking, development of a Recipe for a 
Simple and Inexpensive in-situ Processing,

 A. Prudnikava, TTC2023

What has already been done ? 
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C. Boutelaa, B.Laxdal (TRIUMF), P.Kolb (TRIUMF), J.Keir (TRIUMF) 

Heat treatment : 100°C to 800°C (3 hrs)

 Niobium samples waterjet cut out of 
RRR fine grain sheet

 Bulk BCP for 100𝜇𝜇𝜇𝜇 (on all samples)
 800℃ 3hrs (on all samples)
 10𝜇𝜇𝜇𝜇 follow up BCP
 heat treatments (RT – 800 °C), venting 

with 𝑁𝑁2. 

Nb samples preparation at TRIUMF

RT 450°CAims at TRIUMF :
Produce Nb samples ( 50 samples) 
Perform heat treatments with TRIUMF induction furnace => Analysis at IJCLab and Western University 

Vacuum : 10-7 to 10-8 Torr

All results will be with TRIUMF samples! Niobium Samples box.
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Heat treatments in the TRIUMF induction furnace.
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XPS (X-ray photoelectron spectroscopy ) SEM (Scanning Electron Microscope)

Equipment analysis at IJCLab

SIMS ( Secondary Ion Mass Spectrometry)

Vide et Surfaces plateform at IJCLab :

• Equipment for surface analysis: XPS, SEM, XRD, SIMS
• Setup for the study of particle–matter interactions

Identical Samples
 X-ray photoelectron spectroscopy 

done to analyze the composition of 
the surface.

 Surface stripping takes away 
contamination films exposing the 
actual sample surface.

 Second set of samples prepared at 
the same time as SIMS samples to 
be used in XPS measurements
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Identical Samples
 Morphology (stars)

Carbide (Nb-C)
SIMS @Western University
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SEM results 

SEM

SRF conference 2025 - Tokyo
C. Boutelaa
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To have a preliminary study on the evolution of carbide formation on the surface [RT–800 °C]

Ref : Chahinez Boutelaa, Poster, SRF conference 2025 



Nb samples by XPS and SIMS 

Philipp Kolb, TTC 2025, Korea

• Carbides profil after 400°C ?

Discussion :

• Results in agreement with HZB over the 200 °C to 400 °C 
range.

• Oxide layer protect until 250°C, increases progressively up 
to 500 °C.

• Diminution of carbides formation after 500°C
• We don’t see carbide formation for 800°C ! 
• This results are confirmed by SIMS.  

Quantification of carbides by XPS at each temperature as a function of abrasion time.

Quantification of carbides by SIMS at
each temperature as a function of
abrasion time.
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Mid-T Baking

C. Boutelaa, B.Laxdal (TRIUMF), P.Kolb (TRIUMF) , D.longuergne (IJCLab), G.Sattonnay (IJCLab)
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Diminution



800°C with TRIUMF furnace 

“ we observe that the thermal 
treatment in UHV at 1000°C 
allows to obtain a surface fkee 
of contaminants (oxygen and 
carbon) ”

A.Dacca ,Proceedings of the 1997 Workshop on 
RF Superconductivity, Abano Terme (Padova), Italy
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Why we don’t have carbides for 800°C with TRIUMF furnace ? 

“Its disappearance during 
the heating phase is due to 
the desorption of CO or 
CO₂”
A.Dacca ,Proceedings of the 1997 Workshop on 
RF Superconductivity, Abano Terme (Padova), Italy

SEM pictures of Nb samples at 800°C during 3h. Carbon dioxide pressure vs time.

C. Boutelaa, B.Laxdal (TRIUMF), P.Kolb (TRIUMF) 
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Promising results at 800 °C with the TRIUMF furnace.

Hypothesis: Diffusion? Coalescence or desorption?



Nb sample-800°C-3H-Supratech

Nb samples with Supratech furnace 

Discussion:

Different results between TRIUMF and 
Supratech furnace. 

• Furnace ? 
• Quality of UHV (contamination) ? 
=> probablySEM image of Nb surface after nitrogen doped with 2N6 recipe at 800 C

Pashupati Dhakal, Jlab, 2020

15

Cycle :

- Exposed directly in furnace (not 
in Niobium box)

- 800°C during 3 h under vacuum 
( 10-5 mbar)

- Cooling down to 40°C under 
vacuum.
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SEM pictures of Nb samples at 800°C (Supratech) during 3h. Carbides depth profile for 800°C.

C. Boutelaa, D.longuergne (IJCLab), G.Sattonnay (IJCLab)



600°C for 10h with supratech furnace (Nb sample + cavity)

600°C for 10h with Supratech furnace 

Discussion:

• Best results at IJClab for 650°C 10hrs.

Questions : 

• SEM results confirm good Qo test, but we 
observe Nb-C by XPS !

• Issues only with the structure of carbides? 
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D.Longuvergne,JT-RTV-2025

MYRRHA Simple 
Spoke Cavity

Nb sample
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Carbides depth profile for 600°C.

SEM pictures of Nb samples at 600°C during 10h.

C. Boutelaa, D.longuergne (IJCLab), G.Sattonnay (IJCLab)
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Summary and future outlook

SRF conference 2025 - Tokyo

Summary 

=> The aim of the present work is to investigate the consequences of thermal treatments in the
range 30 – 800°C on the surface chemical composition of niobium by XPS, SEM and SIMS.

⇒ The formation of carbides begins at 250 °C and increases progressively up to 500 °C. Beyond this 
temperature, their formation decreases until it completely disappears around 800 °C.

⇒ Results different for 800°C (Samples) between TRIUMF and Supratech Furnace.

Outlook 

⇒ Same Samples and same heat treatment but without flash BCP
⇒ Heat treatment at 900°C at TRIUMF 
⇒ Heat treatments at KEK (Nb sample + cavity) at 300°C/800°C for 3h + RF test
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KEK furnace + Cavity + Nb sample 



Thank you for your attention  

Chahinez.boutelaa@ijclab.in2p3.fr
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Please use this plot in your experiments
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