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MORE INFORMATION CONCERNING ELECTRO-POLISHING MECHANISMS IN HYDROFLUORIC-SULPHURIC ACID MIXTURES
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Introduction : Electro-Polishing (EP) in HF-H2SO4 electrolyte has been efficiently used for the polishing of SRF cavities for decades. However, precise electro-polishing mechanisms involved in this process have only recently been put forward [1,2,3]. In this 
paper, we will report improved comprehension of the process thanks to the use of a rotating disc electrode. Electrochemical Impedance Spectroscopy measurements have been done on different mixtures. They prove that electro-chemical mechanisms are 
likely to evolve with the aging of the bath. In particular, an increased diffusion of fluorine could make in possible to fasten the process or to counterbalance the aging of the bath. Precise borders for the parameters should be fixed because a too high fluorine 
concentration could be the origin of dramatic performances observed on 1-cell cavities.

Conclusion: Voltamperemetric and EIS measurements make it possible to better characterize EP process in HF-H2SO4 electrolytes. It is limited by the diffusion of F- ion towards the niobium surface and the surface film is likely to evolve with the aging of the bath, ending in the 
deterioration of the surface. Moreover, the EIS measurements suggest that this method could be used to evaluate the quality of the electrolyte. However, additional experiments are required to calibrate this possible method. It is conceivable to increase the removal rate during EP 
by boosting the acid flow rate or adding HF in the electrolyte. More investigation is required to determine adapted borders. In fact, some results on 1-cell cavity correlated with sample studies suggest that a too high fluorine content in bulk niobium could dramatically deteriorate 
cavity performance.

ELECTRO-CHEMICAL IMPEDANCE SPECTROSCOPY MEASUREMENTS

Nyquist diagrams depend on the electrolyte composition

Compact structure of a compact film put forward by 
H. Tian et al. [2]

Do mechanisms evolve with the composition or with the 
aging of the bath?

Deterioration of Eacc=f(Q0) on C1-03 Cavity after HF(48%) Rinsing And 
Additional BCP.
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Q0=f(Eacc). 1AC03 Electropolished Cavity. 
100µm Removal with 1-9(40%) and 50µm removal with 3-6.72-0.28 Mixtures.
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EP is limited by diffusion of F- in 
concentrated HF-H2SO4

electrolytes. The mass transport 
of fluorine decreases with the 

aging of the bath.
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 EIS Diagrams for different EP Mixtures at 4.5 V Vs Ag/AgCl. Range 100kHz-0.1Hz.
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Deteriorated surface after
1170 min EP at 14V in 
HF-H2SO4-H2O:    1-9-1

2mm

Porous Oxide would be the origin of the 
deteriorated surface obtained with old
electrolytes.

F-

Also in accordance with I. Sieber et al. [4] About niobium anodization in diluted  HF-
H2SO4 (picture above). 

I=f(t) pour Differentes vitesses de rotation 1-9 (48%) 5V Vs Ref
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iiiiiii ucFczcDN +∇−∇−= φω
Diffusion Migration Convection

Considered Reactions

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

QUANTIFICATION OF DIFFUSION

R0 plotted as a function of V for different mixtures

As in [2], R0 found independent of V for 1-9 (48%)

For decreasing [HF]/[H2O], R0 ↑ with V

In accordance with the presence of a porous oxide

The structure of the oxide would become �duplex type�

EIS shows that structure of surface film is modified during EP. It 
becomes porous (duplex structure) with the aging of the electrolyte and 

the decrease of the kinetic of its dissolution.

VOLTAMPEREMETRIC MEASUREMENTS

PROPOSED SKETCH FOR EP OF NIOBIUM

With fresh mixture, fast fluorine diffusion and compact 
structure of the oxide film

Di decreases with the aging of the bath

The kinetic of Nb2O5 dissolution decreases

Thickening of the oxyde layer

It has a Duplex structure, with a porous outer layer

((agingaging of the of the electrolyteelectrolyte))

SHOULD WE CARE ABOUT FLUORINE CONTENT?

NbF5

EP EP isis governedgoverned by diffusion:, by diffusion:, increasingincreasing mass transport of fluorine mass transport of fluorine willwill makemake itit possible to possible to 
increaseincrease the the removalremoval rate of niobium rate of niobium duringduring EP by:EP by:

!!CavityCavity rinsingrinsing withwith concentratedconcentrated HF (48%)HF (48%)

!!EP EP withwith highlyhighly HFHF--concentratedconcentrated mixturemixture

30� Rinsing with HF (48%)

Dramatic decrease in Q0

Cavity did not recover after light 
BCP

→ Pollution deep inside the cavity

EP with 3-6.72-0.28 mixture

Composition gave good surface finishing 
on samples

Early Q-Drop 

Excellent Q0 at low field

Q-Drop is not removed by baking

Similar phenomenon observed at KEK [5]

Measurements on rotating disc samples 

Use of a reference electrode Ag/AgCl

Mass transport studied in different HF-H2SO4 mixtures

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

the current at steady state is measured iss

iss does not decrease when Nb is added in the electrolyte

iss decreases when water is added

iss increases when [HF]/[H2O] increases

The only specie that might govern EP 

through diffusion is F-

N: flow of fluorineN: flow of fluorine
z: charge of the ionz: charge of the ion
u: u: fluidfluid velocityvelocity
IIssss : : currentcurrent atat steadysteady state (A)state (A)
n : n : numbernumber of eof e-- in Eq1: 5 for 1 Nb in Eq1: 5 for 1 Nb 
S : surface of anode (cmS : surface of anode (cm22))
D : diffusion coefficient (cmD : diffusion coefficient (cm22.s.s--11))
νν : : viscosityviscosity (St)(St)
ωω : rotation speed (: rotation speed (rad.srad.s--11))
C : concentration (C : concentration (mol.Lmol.L--11))
ФФ: : potentialpotential (V)(V)
F: Faraday constantF: Faraday constant

If iss is found proportional to ω1/2, EP is governed by diffusion of F-

and the related diffusion coefficient DF- might be calculated.

Iss increases with ω on I(V) 
curves

For each mixture, I(t) plotted for 
different ω

I found proportionnal to ω1/2

DF- might be calculated

Assumption: viscosity of H2SO4
in calculation

Mixture Voltage (V) Diffusion Coefficient at 30°C (cm2.s-1) 

Fresh 1-9 (48%) 5 13.11E-08

Fresh 1-9 (48%) 9.5 14.33E-08

Fresh 1-9 (40%) 5 13,80E-08

Fresh 1-9 (40%) 9.5 14.23E-08

1-9 (48%) with 9g/L Nb 5 8.62E-08

1-9 (48%) with 9g/L Nb 9.5 8.41E-08
Aged 1-9 (48%) 5 4.76E-08
Aged 1-9 (48%) 9.5 4.46E-08

�Diffusion Coefficient decreases dramatically with the aging of the 
bath

�Dissolved niobium provokes a decrease of DF-

Increasing HF content in the electrolyte

Increasing the rotation speed during cavity processing

Increasing the flowrate of the acid

Some configurations have been tested on 1-cell cavities�

SomeSome surprisingsurprising resultsresults habehabe been been achievedachieved�� MightMight highhigh fluorine fluorine 
content content representrepresent a danger for a danger for cavitycavity treatmenttreatment??

1-Cell cavities exposed to high fluorine concentration show 
dramatic loss of performance. More experiments are required to 

establish a possible correlation.

I=f(t) for I=f(t) for differentdifferent rotation speeds 1rotation speeds 1--9(48%) 5V9(48%) 5V
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