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The superconducting radio frequency (SRF) cavities are being used worldwide in particle accelerators
to achieve a high energy beam of charged particles. These cavities are made of high purity niobium
(Nb) material and work at 4 K temperature. The inner surface of these cavities plays the most important
role in order to obtain good performances in terms of high field gradient therefore the surface
treatments associated with SRF cavities are the key issues toward the achievement of high field
gradient larger than 35 MV/m during vertical test of the nine-cell cavity for International Linear
Collider (ILC). In the recent years, extensive research has been done to enhance the cavity performance
by applying improved surface treatments such as mechanical grinding, buffered chemical polishing
(BCP), electropolishing ( EP), electrochemical buffing (ECB), mechanochemical polishing (MCP),
tumbling, etc., followed by various post-treatment methods such as ultrasonic pure water rinse,
alcoholic rinse, high pressure water rinse (HPR), hydrogen per oxide rinse and baking etc. to obtain
smooth and contaminant free surface.

Among all surface treatments, the EP followed by HPR seems to be the éalient surface treatment
method and used worldwide as a final surface treatment which provides the promising results. waever,
as a result of the EP process at laboratory level, some contaminants such as sulfur, fluorine, and carbon
have been identified at the surface, which might be the sources of field emission when a high electric
field is excited in a SRF cavity and limit the performance. Therefore it is of interest to characterize the
status of surface after the EP process as well as see the effect of HPR with the help of surface analytical
tools. The use of surface analytical tools will enable to find the optimum conditions of the surface
treatments necessary for the mass production of efficient SRF cavities.

In this thesis, the efforts have been made to understand the behavior of EP inside a real cavity based on
different EP conditions and see the effect of HPR with different pressures and doses. The total work
can be summarized as follows :

(1) The theory and working principle of SRF cavities have been introduced. The manufacturing
procedure, engineering and various surface treatment methods have been discussed in details. A wide
literature survey has been done.

(2) The main experimental setups such as surface analytical system, scanning electron microscope,
electropolishing system, HPR facility and clean room etc have been introduced. The necessary systems

for experiments such as three loadlock systems attached with surface analysis system, vacuum suitcases,



experimental setup to carried out lab-HPR experiments etc were constructed.

(3) A series of cavity EP experiments by using a real Nb test cavity attached with six Nb disc type
samples were carried out with different EP conditions in the same manner as ILC cavities are processed.
(4) The experimental results with high current density and aged EP acid solution showed a greater
existence of sulfur and fluorine at the Nb surfaces in comparison of thé experiment with fresh EP acid
which confirms the sulfur generation is proportional to the aging of the EP acid solution. The chemical
state of sulfur was confirmed as a mixture of SO; and SOs™.

(5) The experimental results with low current density demonstrated that the low current is quite helpful
in order to mitigate the sulfur and fluorine at the Nb surfaces.

(6) Two laboratory EP experiments were also conducted with low and high current density. The
experimental results were quite consistent with the cavity EP experiments and showed that low current
density was very helpful in order to mitigate sulfur/sulfide from the surface.

(7) The HPR experiment was conducted on BCPed samples in order to demonstrate the effect of
different pressures and doses which might be very helpful to optimize the HPR parameters. The thicker
oxide layer was formed on Nb surface in proportional to high pressure and dose.

(8) The dry ice cleaning was also tried on Nb samples after the lab EP. The results showed that the dry
ice cleaning was not so effective in order to mitigate sulfur and fluorine form Nb surface while some

hydrocarbons/dust particles were removed.
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