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	1.0
	PURPOSE AND SCOPE

The purpose of this procedure is to outline and detail the conduct of personnel qualified to perform activities related to coating of cathodes for the IOTA Proton Injector duoplasmatron ion source including preparation and coating. It serves as the basis for Hazard Analysis (HA) Form 1246.


	2.0
	PREPARATION ACTIVITIES

This procedure should be reviewed by all employees involved before this procedure is performed and referred to throughout performing any part of the cathode preparation process. At least two people should be involved throughout this procedure to ensure that all precautions and safety protocols are followed.


	3.0
	AUTHORIZED PERSONNEL

Accelerator Division personnel are authorized to perform this procedure if he/she has the necessary knowledge and all current training relevant to the hazards represented.


	4.0
	NECESSITY OF A WRITTEN PROCEEDURE

The coating process of cathodes for the IOTA Proton Injector duoplasmatron ion source is a multi-day process, involving toxic and/or flammable components that require special consideration in their use, handling, and transportation. Some components are included in a pre-mixed compound referred to as Radio Mixture No 3, produced by J.T Baker Chemical Co (currently Avantor Inc). 

A complete list of these components is in 4.1 and the specific hazards are codified in 4.2.


		4.1
	TABLE OF COMPONENTS

	Component
	Hazard
	MSDS CAS Number

	Radio Mixture No. 3
	
	

		Barium Carbonate
	Toxic
	513-77-9

		Calcium Carbonate
	None
	471-34-1

		Strontium Carbonate
	None
	1633-05-2

	Isoamyl Acetate
	(Banana Oil)
	Flammable
	123-92-2

	Zirconium Hydride
	Toxic/Flammable
	7704-99-6

	Acetone
	Irritant/Flammable
	67-64-1

	Toluene
	Toxic/Flammable
	108-88-3





		4.2
	LIST OF SPECIFIC HAZARDS

	Component
	Hazard

	Radio Mixture No. 3
	

		Barium Carbonate
	H302 – Harmful if swallowed.


	Isoamyl Acetate
	H226 – Flammable liquid and vapor.


	Zirconium Hydride
	H228 – Flammable solid.

H315 – Causes skin irritation.

H319 – Causes serious eye irritation.

H335 – May cause respiratory irritation.


	Acetone
	H225 – Highly flammable liquid and vapor.

H319 – Causes serious eye irritation.

H336 – May cause drowsiness or dizziness.


	Toluene
	H225 – Highly flammable liquid and vapor.

H304 – May be fatal if swallowed and enters airways.

H315 – Causes skin irritation.

H336 – May cause drowsiness or dizziness.

H361 – Suspected of damaging fertility of the unborn child.

H373 – May cause damage to organs through prolonged or repeated exposure.

H401 – Toxic to aquatic life.





	5.0
	PREPARATION FOR CATHODE COATING

The day prior to initiating the coating procedure all personnel to be involved throughout the coating procedure (at least two people) shall perform the following steps unless otherwise stated:

· Chemical Hygiene Safety training shall be given by a responsible ESH&Q representative to all personnel performing this procedure. Contact Eric McHugh for delegation.
· At least one of the personnel performing this procedure shall have active Fermilab Fire Extinguisher Training (ES000012/CR/00).
· The hazard and associated precautions of handling Barium Carbonate (in the Radio Mixture No 3 compound) shall be reviewed.
· The hazard and associated precautions of handling Isoamyl Acetate shall be reviewed.
· The hazards and associated precautions of handling Toluene shall be reviewed.


		5.1
	MATERIAL LIST

Prior to initializing the coating procedure all necessary materials shall be gathered from the flammable cabinet in the first floor Linac Annex area as specified in the following list. The coating components shall not be opened until instructed by this procedure.
· A filament to be coated in the appropriate assembly. If no spare filament assembly is available, a new filament assembly may be constructed with molybdenum gauze, leads, collars, and removable shield.

· Fluroinated rubber gloves, face shields, goggles, and appropriate clothing for handling the following components. A spill-proof, non-reactive container (polyethylene or steel, for example) should also be procured to safely transport the supplies listed below.

· Either a bottle each of powder Radio Mixture No. 3 (Fig. 2), and Isoamyl Acetate, and a sealable cylindrical container made of glass and large enough in which to both fully submerge the cathode to be coated and accommodate a stainless-steel rod to be used in mixing.
Or
A prepared solution of Radio Mixture No. 3 and Isoamyl Acetate (Fig. 3) from prior cathode coatings and a stainless-steel rod to be used in mixing if an approved mixing mechanism (e.g. a Waver) is unavailable at MDTL.

· A bottle of Toluene.

· Note that an initial prepared solution was found sored with the Radio Mixture No. 3. This solution was without documentation. A hand-written ingredient list included Zirconium Hydride and Acetone, presumably used in addition to the Toluene. Any adjustments to the procedure should be documented in consultation with chemical safety experts prior to any attempt, and best practices should be incorporated into this procedure.


		5.2
	PICTURES OF RADIO NO 3 AND PREPARED SOLUTION

	[image: C:\Users\edstrom\Desktop\20170621_142028.jpg]
Fig 1 – An assortment of prepared and bulk components.
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Fig 2 – Bulk Radio No 3
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Fig 3 – Prepared solution

	
	




	6.0
	CATHODE COATING PROCEDURE

The coating procedure is a multi-day process and shall be executed as follows:

1. Permissions shall be gained from ESH&Q (Raymond Lewis) for moving and use of the hazardous components involved: Radio Mix No. 3, Isoamyl Acetate, and Toluene.

2. Permissions shall be similarly gained from the TD Chemical Hygiene Officer (Donna Hicks) for use of the Technical Division Material Development Laboratory (MDTL at 36A Neuqua in the Fermilab Village) chemical work facilities.

3. The Radio Mixture No. 3 and Isoamyl Acetate (either separately or in the prescribed solution), and the Toluene shall be removed from the flammable storage cabinet in the Linac Annex area, ground floor and moved in a laboratory vehicle to MDTL in Fermilab village, where they shall be moved immediately to a fume hood in the chemical work facilities there as designated by TD.

4. Remove the filament shield if present and clean the filament with Toluene using best practices as prescribed by the Chemical Hygiene Safety training and allowed to dry for at least 2 hours.

5. The solution shall be set within the fume hood.

If not starting from a previous solution of Radio Mixture No. 3 and Isoamyl Acetate, follow the separate procedure for combining these components (ADDP-FF-3003).

6. Mix the contents of the cylindrical container until homogeneous as prescribed by the Chemical Hygiene Safety training. This is referred to as the coating solution in the remaining steps.

7. Remove the shield if present and dip the dry cathode in the coating solution to coat it evenly.

8. Set the filament assembly to dry with the filament oriented as the lowest part of the assembly to prevent any excess coating solution from dripping along the filament leads.

9. Allow the coat to dry overnight. Only the coating solution will be needed in the following step so the Toluene and any bulk solution components should be returned to the Linac Annex flammable storage cabinet. The coating solution shall also be stored in a flammable storage cabinet when not in use. Any transportation of the coating solution between buildings shall be performed in a laboratory vehicle.

10. Repeat Steps 6-9 at least one more time for a total of 2-3 coats.

11. Any remaining coating solution shall be returned to the Linac Annex flammable storage cabinet following the final coating.

12. The coated cathode shall then be stored or taken to ESB, immediately north of NML, to be activated in the bell jar  as prescribed by ADDP-FF-3004.



	7.0
	PROCEDURE TRAINING REQUIREMENTS

The procedure shall be reviewed and understood in its entirety prior to each execution. It shall be followed explicitly throughout.


	8.0
	PROCEDURE DISTRIBUTION

An electronic copy of this procedure shall be made available through the FAST Web Page (http://fast.fnal.gov/). A signed hard copy of the latest revision shall be maintained in the NML control room.
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