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1. TITLE:

Specifications for an electropolishing system for the ANL/FNAL/GDE collaboration.

2. DESCRIPTION OF WORK

This document describes design specifications for a new electropolishing system for ILC 9-cell cavities to be housed in the ANL portion of the joint Superconducting Cavity Surface Processing Facility (SCSPF) at Argonne.  These specifications are based upon the parameters discussed at the TTC meeting December 5-7, 2005 at Frascati (see summary spreadsheet prepared by J. Mammosser.)

https://ilcsupport.desy.de/cdsagenda/askArchive.php?base=agenda&categ=a0561&id=a0561s8/moreinfo/DESY_041205.pdf
The system will be designed as a pre-production system with primary consideration for:

· Flexibility of operating conditions to permit a study of the EP parameter space

· The use of components with proven reliability, commercial availability and suitability for industrial or large-scale production.

· Transferability of systems and techniques to other laboratories or industrial facilities.

This specification and the engineering design to follow will be presented to an international group of technical experts who have agreed to provide guidance.

3. LOCATION AND DIMENSIONS

All component of the EP system containing acids shall be located within the ANL chemistry room.  Inside dimensions are as indicated:

Chemistry room dimensions: 15’ 3” X 11’ X 14’ 8“ (in height)

EP power supplies and water chillers required for the complete system shall be located outside of the chemistry room area.

Hardware presently within the room including Unistrut frames and tanks shall be reconfigured to accommodate the EP system. Subassemblies of the EP system which must be brought into or out of the chemistry room shall be designed and built to fit through the 40” X 96 “ access doorways.

The room ventilation system is connected to a 3000 scfm wet scrubber designed to remove the exhaust fumes of the EP process. An ultra pure water plant provides up to 10 gpm of water to the room. A 120 gallon clean water storage vessel is also located within the chemistry room.

4. CAVITIES TO BE POLISHED

The system shall accommodate a 1.3 GHz 9-cell or single-cell cavity either with or without the helium vessel. The system shall be suitable to accommodate changes in or varying cavity lengths.

5. GENERAL OPERATIONAL AND SYSTEM PARAMETERS

The EP system shall be designed to operate within the range of parameters listed in the table below.  Parameters such as, for example, maximum niobium content in the electrolyte do not materially inpact this hardware specification.  Additional detailed specifications are presented in subsequent sections.

Table 1.  Electropolishing parameters

	Parameter
	Unit
	Value

	Voltage
	V
	0-20

	Current density
	mA/cm2
	30-150

	Temperature
	C
	20-35

	Temperature stability
	C
	+/- 1

	Acid flow
	l/min
	0-25

	Cavity rotation
	rpm
	0-5

	Nitrogen/Air flow
	scfm
	0-3


6. SYSTEM ORIENTATION

The EP system shall be designed to electropolish cavities in a horizontal orientation with respect to the cavity beam axis.

7. MATERIALS

Wetted materials used in the EP system shall have proven compatibility with the EP electrolyte and include:  Teflon (PTFE), PFA, HDPE, and high-purity aluminum
. LEXAN (polycarbonate) has been used for EP at several laboratories (KEK, JLAB).  The suitability of this material will be further explored.

Cathode Material:  The cathode shall be fabricated from high-purity aluminum tubing. Examples include some types of the 1000 series aluminum.  JLab also has 1 1/8” high-purity aluminum tubing available for this effort.

Non-acid-wetted structural materials located inside of the chemistry room shall be constructed from chemical and water resistant materials such as stainless, steel and aluminum and plastics such as HDPE and type II PVC or have appropriate baffling for operations in a chemistry room environment.

Electrical leads and contacts: These devices shall be fabricated from suitable materials such as copper, copper-graphite, aluminum, and bronze and shall be, to the extent practicable, coated or covered in order to prevent corrosion.

8. CAVITY ROTATION

The system shall provide for a continuous rotation of the cavity about the beam axis with an adjustable speed ranging from 0-5 rpm.  Mechanical design shall minimize run out during rotation in order to facilitate design of a sliding seal.

9. ACID DRAINING
The system shall provide for provide a means of draining the EP solution from the cavity as rapidly as practicable at the end of the polishing procedure and shall include a means of rotating the cavity into a vertical orientation at the end of the electropolishing procedure.

10. WATER RINSING
The system shall provide for rinsing of the cavity multiple times using (18 M-cm) deionized water as rapidly as practicable after the cavity has been drained of acid.

The system shall include a means of recirculating the rinse water through the cavity and associated plumbing.

11. ASSEMBLY/DISSASSEMBLY
Cathode:  The system shall permit the cathode to be loaded into and out of the cavity with the cavity beam axis oriented vertically.  Safeguards shall be designed to ensure the cathode is loaded so as to never contact the cavity surface.

The system shall permit the cavity to be kept full of water after polishing and during disassembly.

12. CLEANLINESS

All materials and hardware used for the cavity polishing system and located inside the chemistry area or other materials, tools etc.  used during assembly or operation of the system shall be degreased and oil-free as may be achieved using standard ultrasonic cleaning techniques.

13. ELECTRICAL PROPERTIES

DC electrical power supplies shall be suitable to accommodate the anticipated anode current density of 30-100 mA/cm2 with anode-to-cathode potentials as high as 20 Volts.  A pair of existing supplies at ANL delivers 1500 Amps at 20 Volts and meets this specification.

Electrical contact to the rotating cavity apparatus shall be performed using a sliding electrical wiper system suitable for uninterrupted operations with currents up to 1500 Amps.

The EP electrical system shall have the following properties:

· Operable in a voltage regulated mode with an amplitude stability of 1%

· Adjustable voltage between 0-20 V

14. ELECTRICAL CONTACTS

The system shall be designed to permit electrical contact to be made on the cavity exterior at points on or near each of the nine cavity cells or any combination thereof. The system shall also permit electrical connections to the cavity at or near the beam tubes.

Electrical power from the stationary EP supply leads shall be carried to the rotating cavity using a rotary coupling.  An example of such a coupling is a slip ring rotary coupling with copper-graphite brushes and copper rings.

15. ACID COMPOSITION

The system shall be designed for transport of pre-mixed EP solution with an initial composition consisting of 9:1 volumetric ratio of 96% concentrated sulfuric acid and 48% hydrofluoric acid.  The system shall be compatible for use with either reagent of electronic grade acids.  The system shall provide for the controlled addition of additional acids to the electrolyte during the EP procedure. Examples of such acids are hydrofluoric or fluorosulfuric acids.  Section 19. contains additional requirements for monitoring HF concentration while polishing.

16. ACID/CAVITY COOLING

The cooling system shall be suitable to chill the acid in an external cooling tank to within +/-1 oC of the nominal operating temperature within the temperature range of 20 C to 35oC during polishing operations.  This may be done, in part, using a high-purity aluminum-tube heat exchanger located within an external acid cooling tank.  A water chiller with a minimum chilling capacity of 10 kW is available to supply the aluminum heat exchanger.

The system shall also provide for external (direct) water cooling of the cavity in order to permit the temperature of the acid in the cavity and the acid flow rate to be varied independently and to minimize possible temperature gradients over the cavity surface.

17. ACID FLOW

Acid shall be pumped between the cavity and external containment vessels using a set of high-purity pneumatic Teflon bellows pumps.  A set of pumps available at ANL with a pumping speed up to 20 liters/minute meets this specification.

The acid flow shall flow into the cavity through the aluminum cathode, leave the cathode through a set of apertures in the cathode and exit at the ends of the cavity through the beam ports.

The acid handling system including pumps and plumbing shall be designed so as to minimize the volume of acid which remains in the system after draining and which is mixed with water during the rinsing process (see item 21.)

18. ACID LEVEL

The acid level inside the cavity shall be maintained so as to cover as much as possible of the cavity inner (RF) surface, completely cover the cathode and still allow for appropriate throughput to exhaust of the evolved hydrogen.

The acid flow shall flow into the cavity through the aluminum cathode, leave the cathode through a set of appropriate holes in the cathode and exit at the ends of the cavity through the beam ports.

The system shall include a diagnostic to monitor the acid level in the cavity.

19. HYDROGEN GAS SCREEN

A hydrogen gas screen shall be used to reduce the amount of hydrogen from the cathode coming in contact with the cavity surface.  An example of a suitable material is a Teflon cloth.

20. HYDROGEN REMOVAL

A system for removing gaseous hydrogen from the cavity interior shall be included.  An example of such a system is a filtered air stream running through the cavity during the polishing process.

21. SLIDING SEAL
A sliding acid seal shall be used between the rotating cavity and the fixed portion of the acid handling system.  The choice of material and design shall be chosen to minimize wear of the sealing surfaces and to provide a reliable liquid-tight seal.  Possible technical solutions may use a set of captured Teflon-encapsulated Viton O-rings or a commercially available Teflon lip seal.

The sliding seal shall accommodate some misalignment of the cavity flanges leading to up to ~0.5 mm run-out as the cavity is rotated about the beam axis.

22. ONLINE MONITORING

The EP system shall provide for continuous monitoring and automatic data logging of the following:

· Acid temperature at appropriate positions on the cavity and in the external cooling vessel

· Total acid flow rate through the cavity

The system shall provide for periodic monitoring or determination of the following:

· Polarization curves (anode current vs. voltage)

· Hydrofluoric acid concentration within the electrolyte

· Niobium salt concentration of the electrolyte

· Cavity rotational speed

· Rinse water pH and resistivity

· Nitrogen/Air flow

· Heat exchanger coolant flow

23. ADDITIONAL SAFEGUARDS
Engineered and/or administrative controls shall be included in the system design to prevent the accidental mixing of concentrated acids and water.

24. PRELIMINARY HIGH-PRESSURE WATER RINSING
A means of performing preliminary high-pressure water rinsing shortly after the completion of electropolishing at the Joint Superconducting Cavity Surface Processing Facility is strongly recommend in order minimizing surface contamination from the products of electropolishing.
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� Sealing Material:  The choice of a sealing material at the cavity beam port flanges is not yet specified. Some of the many commercially available types of Viton are in use at other EP facilities e.g. DESY. At ANL Viton B, which has better compatibility than many types of Viton, has been used recently in successful EP operations and may be suitable for this application. KALREZ, a Teflon-like, fluoroelastomer, has much better compatibility than Viton, has been tested at ANL with EP and is available at substantially higher cost. The choice a sealing material does not substantially impact specification or design of the rest of the system.
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