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1- Background and Motivations
2- Nb samples and heat treatments with TRIUMF furnace

3- Study of carbides formation on niobium samples by SEM, XPS
and SIMS

4- Summary and future outlook
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M. Wenskat | TTC Meeting @ CERN 2020

Cut a cavity and look

Thanks to HZB
T

AT [mK]
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Heating zone => due to the formation of
carbides on the surface

Carbide (Nb-C)

« Can carbides degrade the
performance of cavities? »
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The origin of carbon causing these carbides is still not
identified:

* fromresidual gas during heat treatment
* from chemical processes

. from the bulk

What are their formation conditions?

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 [JCLab :

*Measurements: Carbides growth and Nb interactions with impurities after
baking.
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o s e P What has already been done ?
Article of the 1980 on SURFACE STUDIES A.Dacca et al., XPS characterization of ~ Mid-T Baking, development of a Recipe for a
AND ELECTRON EMISSIONS, A. Niobium for RF cavites, 1997 Simple and Inexpensive in-situ Processing,
SEPTIER, Paris-Sud University A. Prudnikava, TTC2023
=> One of the objectives is to determine => The aim of the present work is to o7 L e
the physical and chemical structure of the investigate the consequences of e ] —
surface layer of the sample. thermal treatments in the range 30 - i E%\\ T
1000°C (No mid-T bake) on the : = ‘-l‘}v\\\
— (Observation of Niobium carbides. surface chemical composition of £ N \Qx\\h
niobium by means of X-ray wt S
= Carbon signal is weakest for an Photoelectron Spectroscopy (XPS) .
anodized surface, intermediate for a AN
furnace cleaned surfaces and strongest — Formation of carbides layer “0 20 200 260 zsr(lmpj;?ure M0 0 %0 a0
after chemical treatments. — Nb interaction with residual gas |

— Oxide layer is a protection against
carbides formation
= Carbide profile [200°C ; 400°C]

= Importance of oxide layer
= Decarburization is observed in Oxygen
atmosphere (7e-6 Torr) inducing
CO and CO2 degassings.
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1- Background and Motivations
2- Nb samples and heat treatments with TRIUMF furnace

3- Study of carbides formation on niobium samples by SEM, XPS
and SIMS

4- Summary and future outlook
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Laboratoire de Physique Aims at TRIUMF :

L Produce Nb samples ( 50 samples)
Perform heat treatments with TRIUMF induction furnace => Analysis at [JCLab and Western University

Vacuum : 107 to 108 Torr
1000 -

800 r

= Niobium samples waterjet cut out of
RRR fine grain sheet

= Bulk BCP for 100um (on all samples)

= 800°C 3hrs (on all samples)

= 10um follow up BCP

= heat treatments (RT - 8oo °C), venting
with N,.

@yeg wnnoep

600 -

400 -

Temperature (C)

200 r

Time (hours)
200C 250C 300C 350C 400C
450 C 500 C 550 C 600 C 800 C

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

All results will be with TRIUMF samples!

Nb sample Niobium Samples box.

C. Boutelaa, B.Laxdal (TRIUMEF), P.Kolb (TRIUMEF), J.Keir (TRIUMF)
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3- Study of carbides formation on niobium samples by SEM, XPS
and SIMS

4- Summary and future outlook
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* Equipment for surface analysis: XPS, SEM, XRD, SIMS @ ,?,,!J&E?tz
(_* Setup for the study of particle-matter interactions w Tt <

ﬁ (X-ray photoelectron spectroscom / SEM (Scanning Electron Microscope)\ AMS ( Secondary lon Mass Spectrometrh
I V i | . > N ‘\‘

'” ) ClLb 7
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Identical Samples
= X-ray photoelectron spectroscopy
done to analyze the composition of * Morphology (stars)

the surface.

Identical Samples
P = Second set of samples prepared at

the same time as SIMS samples to

\be used in XPS measurements/
/ SIMS @Western University

= Surface stripping takes away
contamination films exposing the

\actual sample surface. /

\ Carbide (Nb-C)
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ENT = 3006V Twm a Do 4 Ot 2034 J B d v inlwey Dute 39 ow 2094
<o e s Ge 23 Mags Q40K X

EHT = S 0041 Sogear d = len, Dale IF N 2024 ‘ Ty . r B
WEs 18 Mag= 1555K% JCuub | - Dass: 29 N 204 : e et S
- Mags 14.16KX WO i Mag= BO¥RX

C. Boutelaa
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Mid-T Baking

0zf b

Courts (Normalized to Bulk)
(=]
o

1EDm ] ] B ] LI | I | - | U | - I U "’ | :-. "..‘.
1| ® Stripping level 0: 0s :Iﬂnmhiégg 1 o1} ;‘x.: o ‘~\
140004 | ® Stripping level 1:15s A Growt] . K . 3 Quantification of carbides by SIMS at
{| 4 Strippinglevel2:30s|  L__1=75 . Ge e ~_ | each temperature as a function of
120004 | ¥ Stripping level 3: 43s I:I Diminution - ) S P S A : - - . % abrasion time.
—_ & Stripping level 4 - 60s o 100 20 0 0 00 0 70 80
A b : ] Bake Temp (C)
-E 100004 155 = 0.9 nmM : e [ bs 208 405 - % —60s [ 103
3 E 4
o
2. 8000 - [ - Philipp Kolb, TTC 2025, Korea
w
@ 9 L4
o i . A ] : R
5 6000 . ¥ . Discussion :
m 7 - Fy v
O 4000 A A - R . . o o
v e . * Results in agreement with HZB over the 200 °C to 400 °C
- ’ E
2000 - o34 . . e . . .
) M _ * Oxide layer protect until 250°C, increases progressively up
04 » meas i - to 500 °C.
0 100 200 300 400 500 600 700 800 900 « Diminution of carbides formation after 500°C
Température (°C) *  Wedon'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.

C. Boutelaa, B.Laxdal (TRIUMF), P.Kolb (TRIUMF), D.longuergne (lJCLab), G.Sattonnay (IJCLab)
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Hypothesis: Diffusion? Coalescence or desorption? “Its disappearance during

the heating phase is due to
the desorption of CO or
COZ”

A.Dacca ,Proceedings of the 1997 Workshop on
RF Superconductivity, Abano Terme (Padova), Italy

08 r CarbonDioxide Pressure vs Time for Bake Temperatures

“we observe that the thermal
treatment in UHV at 1000°C

CarbonDioxide (Torr, Logscale)

i (hours) allows to obtain a surface fkee
20C —20C —WC —/OC  400C of contaminants (oxygen and
450C 500 C 550 C 800C

1um %T: ::::;TV Siz;aalgA: IngL-eOn;KX Date: 24 Oct 2024 :!!J&lﬁg Carbon) ”
SEM pictures of Nb samples at 800°C during 3h. Carbon dioxide pressure vs time. A.Dacca ,Proceedings of the 1997 Workshop on

RF Superconductivity, Abano Terme (Padova), Italy

Promising results at 8oo °C with the TRIUMF furnace.

C. Boutelaa, B.Laxdal (TRIUMF), P.Kolb (TRIUMF)
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8 400
=L
3 Nb- BCP-B00C-
£ 300+ supratech-3hrs
= — CC
£ i
5 —— C--Nb
= 2004 /
100
o 100 200 300 400
Etch Time (s)
300 nm EHT = 5.00 kV Signal A = InLens Date: 17 Feb 2025 “ C Profiles = Mormalized Area
) WD = 2.3mm Mag = 3592KX .MJ,E...*LC'E.E
Nb samples with Supratech furnace _ _ )
SEM pictures of Nb samples at 800°C (Supratech) during 3h. Carbides depth profile for 800°C.

Cycle : Discussion:

Different results between TRIUMF and
Supratech furnace.

- Exposed directly in furnace (not
in Niobium box)

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

- Cooling down to 40°C under
vacuum.

e Furnace?
* Quality of UHV (contamination) ?

SEM image of Nb surface after nitrogen doped with 2N6 recipe at 800 C => probably
C. Boutelaa, D.longuergne (lJCLab), G.Sattonnay (l/CLab) Pashupati Dhakal, Jlab, 2020
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600

300

298 24 280 286 282

Binding Energy (eV)
Etch Time = 0's. Etch Level =0

400

Nb-BC P-600C-10hrs
— C-Nb
—

300

Normalised Area

200
100
S pr—— 0 20 40 B0 g0 100 120 140
=5 Signal A = InLens Date: 17 Feb 2025 . .
— WD = 2.9mm Mag= 2.88KX B!,&L‘gg Etch Time (s)

Frofiles = Normalised Area
SEM pictures of Nb samples at 600°C during 10h.

600°C for 10h with Supratech furnace
P Carbides depth profile for 600°C.
e ° 2K:Cav2:BCP+HT650+BCP+HPR ———o.;w : DiSCUSSion:
8 ‘5l o /\;\IITHOUT FLASH BCP
.: [ .ﬁf Preeg 4 WTHOUT LA Bcr * Bestresults at IJClab for 650°C 10hrs.
o m
/II//WITHFLASHBCP. ¢ : m % g
== = e Questions :
Nb sample MYRRHA Simple e *, )
Spoke Cavity l L3N
/ l * SEM results confirm good Qo test, but we

s+ . E 5 20 observe Nb-C by XPS !
D Longuvergne,JT-RTV-2025 * Issues only with the structure of carbides?

C. Boutelaa, D.longuergne (1JCLab), G.Sattonnay (1JCLab)
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2- Nb samples and heats treatment with TRIUMF furnace

3- Study of carbides formation on niobium samples by SEM, XPS
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4- Summary and future outlook
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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 8oo °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 9oo°C at TRIUMF
— Heat treatments at KEK (Nb sample + cavity) at 300°C/800°C for 3h + RF test

KEK furnace + Cavity + Nb sample
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Please use this plot in your experiments

16000 r ~ r + 1 1 1.+ 1 1 r 1 T 1
1| = Stripping level 0 : 0s
140004 | ® Strippinglevel 1 :15s A -
J | & Stripping level 2 : 30s
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@ - H -
£ 10000 ~ . .
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— 8000 * .
p _ 2
3 . T s
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m 1 » rs :
O 40001 At vy, -
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—7f1 r 1 r 1 T T Tr T 7 T
0 100 200 300 400 500 600 700 800 900
Température (°C)

Chahinez.boutelaa@ijclab.in2p3.fr
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* All the department, groups and people that help with this experiment.

* MAVERICS Team, I[JCLAB

 SRF team, TRIUMF

* Vide et Surface plateform, [JCLAB

* International Research Laboratory (IRL) beetween TRIUMF and CNRS
* ANR-21-ESRE-0049
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