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ELECTRO-CHEMICAL COMPARISONS BETWEEN BEP AND STANDARD EP OF NIOBIUM

F. Eozénou , S. Berry, Y. Gasser, J-P. Charrier, A.T. Wu a
CEA, IRFU, SACM, F-91191 Gif-sur-Yvette, France 

aThomas Jefferson National Accelerator Facility

BEP OF SINGLE-CELL CAVITIES AT CEA SACLAY

Introduction: Buffered Electro-Polishing (BEP) is a treatment technique developed at JLAB [1], which gives excellent results in terms on roughness on flat samples. An organic acid (lactic acid C3H6O3) is used in BEP: The electrolyte is prepared mixing            
4 volumes of HF 40%, 5 volumes of H2SO4 95%, and 11 volumes of C3H6O3 95% (mass percents). This process is also applied to polish single-cell cavities for tests in different laboratories [2,3]. At CEA Saclay, some electrochemical studies have been carried 
out on samples in order to determine electrochemical mechanisms involved in BEP compared to standard Electro-Polishing of niobium (HF-H2SO4 mixtures).

Conclusion: Experiments on flat samples prove that BEP differs from StandardExperiments on flat samples prove that BEP differs from Standard EP from electroEP from electro--chemical considerations. BEP is not limited by diffusion. Furthechemical considerations. BEP is not limited by diffusion. Furthermore, EIS measurements indicate that a resistive surface film irmore, EIS measurements indicate that a resistive surface film is likely to be formed at the niobium surface during BEP. s likely to be formed at the niobium surface during BEP. 
Diffusion and electroDiffusion and electro--migration both directly govern current density. A uniform electrmigration both directly govern current density. A uniform electric field is then necessary for uniform removal of niobium to achic field is then necessary for uniform removal of niobium to achieve micro and macro polishing of the surface. In that way, imprieve micro and macro polishing of the surface. In that way, improving the shape of cathodes is vital to reach this purpose. Resuoving the shape of cathodes is vital to reach this purpose. Results lts 
obtained at obtained at SaclaySaclay on singleon single--cell after horizontal BEP are quite disappointing compared to thcell after horizontal BEP are quite disappointing compared to those achieved at JLAB after vertical BEP. Early Qose achieved at JLAB after vertical BEP. Early Q--slope might be attributed to the carbide particles present in thslope might be attributed to the carbide particles present in the commercial electrolyte used. Increased fluorine content in thee commercial electrolyte used. Increased fluorine content in the niobium niobium 
might also be a possible cause for this decreased performance. Smight also be a possible cause for this decreased performance. SIMS measurements on samples are ongoing to evaluate this possibiIMS measurements on samples are ongoing to evaluate this possibility.lity.

DESCRIPTION OF THE SET-UP

I(V) Curve On CEBAF Cavity. Commercial BEP Electrolyte. T=20°C. 1rpm.
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Electrochemical Measurements

Use of Rotating Disc Electrode

Reference Electrode Ag/AgCl

Control of the acid temperature

VOLTAMPEREMETRIC MEASUREMENTS

I=f(V) for Different Rotation Speeds. HF-H2SO4- C3H6O3 BEP Mixture. 
Proportions 4-5-11. T = 30°C
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I=f(ω1/2) BEP 4-5-11 Mixture. 5V. 30°C
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I=f(t) for Different Rotation Speeds BEP 4-5-11 Mixture. 
5V Vs AgAgCl. 30°C
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Differences between BEP and standard EP:

Higher current density

No plateau found for rotating anode

Increase of current with potential does not depend on 
rotation of the electrode.

This increase is proportional to potential

BEP differs from Standard EP. The system is less stable, more complicated and is not governed by 
diffusion of F-. As a consequence, Electro-migration is not negligible and the process is more 

sensitive to the uniformity of the electrical field.

iiiiiii ucFczcDN +∇−∇−= φω
Diffusion Migration Convection

ELECTRO-CHEMICAL IMPEDANCE SPECTROSCOPY (EIS) MEASUREMENTS

EIS Diagrams for different EP and BEP Mixtures at 4.5 V Vs Ag/AgCl. 
Range 100kHz-1Hz.
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100 kHz

EIS Measurements for 4-5-11 BEP Mixture. Range 100 kHz  - 3 Hz.
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EIS Spectra at 5V and and translation of Spectrum at 4.5V for BEP Mixture. 
Range 100kHz - 3Hz.
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Results differ significantly from standard EP:

Spectra are less stable compared to EP

The semi-circle at high frequencies is deformed

Its origin R0 is shifted towards higher impedances

Its diameter R1 is lowered

Does the spectrum for BEP depend on V???

BEP differs from Standard EP. 

Results in agreement with a high 
resistivity porous surface film at the 

surface 

Is the Is the processprocess controlledcontrolled by by 
diffusion of fluorine?diffusion of fluorine?

→→ I=A x I=A x ωω1/2  1/2  ??????
No No proportionalityproportionality isis foundfound! BEP ! BEP isis not not onlyonly governedgoverned by diffusion. by diffusion. 

The system The system isis more more complexcomplex..

!! LimitLimit atat highhigh frenquencyfrenquency R0 R0 dependsdepends on Von V

!!R1 R1 doesdoes not not dependdepend on Von V
→→In accordance In accordance withwith a a resistiveresistive porousporous film film atat the surfacethe surface

→→AlsoAlso confirmedconfirmed by by experimentsexperiments atat PekingPeking UniversityUniversity «« RainbowRainbow patterns are patterns are foundfound »». . 

Considered Reactions

Anode: 2Nb + 10HF → 2NbF5 + 10e- + 10H+       Eq. 1
Cathode: 2H+ + 2e- → H2                                                    Eq. 2

Home made Electrolyte (colourless)

4 vol HF � 5 vol H2SO4 � 11 vol C3H6O3

Data Monitoring during EP of CEBAF Cavity at Saclay
12.5V, 1 rot/min, BEP Mixture (fresh acid).
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Horizontal BEP on 1-Cell cavity at Saclay:

3 CEBAF cavities sent to JLAB

1 Tesla cavity (C1-22) tested at Saclay

Commercial acid used for BEP of 1-cell cavities

BEP at constant voltage

AfterAfter I(V) I(V) curvecurve plottingplotting, , wewe decideddecided to to operateoperate atat 12.5V12.5V CurrentCurrent densitydensity increasedincreased comparedcompared to standard EP (>100 mA.cmto standard EP (>100 mA.cm--22))

It It isis possible do possible do decreasedecrease itit by by wrappingwrapping the cathode (< 40 mA.cmthe cathode (< 40 mA.cm--22))

MicroscopicMicroscopic picturespictures are are 
similarsimilar to to thosethose achievedachieved atat
Saclay Saclay withwith agedaged standard standard 
mixtures (mixtures (presencepresence of a of a 
resistiveresistive film film cf.THPPO069cf.THPPO069))

CourtesyCourtesy of Prof. Lu of Prof. Lu fromfrom IHIP [4]IHIP [4]

Commercial Commercial electrolyteelectrolyteHomeHome--made BEP made BEP electrolyteelectrolyte

PKU PKU RecipeRecipe for for mixingmixing

Disappointing result with C1-22 Tesla Shape Cavity

Early Q-Drop

Similar Feature observed with 1AC03 (Cf. THPPO069)

Better results observed at JLab with Vertical BEP (Cf. THPPO064)

Is it due to the commercial electrolyte used at Saclay?

Might carbide particles (dark colour) be responsible?

Necessary to improve rinsing procedures?

Tests have been carried out on samples

No significant differences observed between BEP with 
commercial or home � made electrolyte (brightness, removal rate, etc..)

Studies are going on �

BAD RF PERFORMANCES HAVE BEEN ACHIEVED ON 1-CELL CAVITIES AFTER HORIZONTAL BEP 
AT SACLAY. MORE EXPERIMENTS ARE NECESSARY TO FIND OUT THE REASONS.[1 ] A.T Wu et al, [1 ] A.T Wu et al, AppliedApplied Surface Science, 253 (2007) 3041.Surface Science, 253 (2007) 3041.

[2] A.T. Wu et al, Proc. of PAC 2009, Vancouver, Canada, (2009),[2] A.T. Wu et al, Proc. of PAC 2009, Vancouver, Canada, (2009), in in PressPress..

[3] X.Y. Lu et al, to [3] X.Y. Lu et al, to bebe publishedpublished..

[4] X.Y. Lu, [4] X.Y. Lu, SeminarSeminar atat JLabJLab (2009).(2009).

Q0=f(Eacc) for C1-22 Tesla Shape Cavity after BEP at 12.5V.
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N : flow of fluorine mol.m-2.s-1

Z : charge of the ion 
u : fluid velocity (m.s-1) 
Iss : current in steady state (A) 
n : number of e- in Eq.1: 5 for 1 Nb
S : surface of anode (m2) 
D : diffusion coefficient (m2.s-1)
ω : rotation speed (rad.s-1) 
C : concentration (mol.m-3)
Ф : potential (V)
F : Faraday constant


