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User Guide: Chemical Silver Plating of Ceramics 

Purpose: 
The purpose of this procedure is to describe the process used to plate fired ceramic crystals with conductive silver plating.
Responsibilities: 
Crystal Department engineering / management is responsible for maintaining this procedure.
Crystal Department technicians are responsible for carrying out this procedure.
Affected Departments / Product Groups / Support Groups:
Crystals Department
Associated Documents: ISO 9001, QAM, QSM, AS9100
Procedure: 
1. General Description and Practice
This procedure defines the processes used to apply conductive silver plating onto ceramic pieces.  Conductive plating is required in order to polarize the pieces as well as to collect the charge produced by the crystals in their application.  This silver plating is applied by chemical plating.

Cleanliness is particularly important in any plating process.  Any contamination on the utensils or parts being plated may prevent the plating from adhering to the ceramic surface.  Therefore, it is very important that once the ceramic pieces have been cleaned prior to plating, the operator should only handle the pieces when wearing latex gloves or finger cots, or use tweezers.  Likewise, fixtures, beakers, etc., should also be handled in the same manner.
2. Safety Precautions
The operator may come into contact with the following materials and equipment which requires caution:

· Acid solutions
· Base solutions
· Warm to hot drying ovens (80° - 150°C)
· Boiling water baths
· Staining solutions
· Volatile solvents

Common sense and good laboratory practice should be used at all times.

IN THE CASE OF ANY INJURY, INFORM YOUR SUPERVISOR IMMEDIATELY.
2.1. Handling Acids and Bases
In any operation that calls for the use of strong acids or bases, use rubber gloves and safety goggles.  Avoid all contact, especially the eyes, with these strong solutions and avoid breathing the vapors.  Always prepare and use the solutions in the fume hood.  Avoid splashing and spills of any of the acid or base solutions.  If for any reason some of the acid comes into contact with the skin, flush immediately with water and neutralize with baking soda or soda ash.  An Emergency Eyewash station is available in the lab and should be used if necessary.  In the case of any accidents, inform your supervisor.  Where there is a major spill not in contact with the skin, call your supervisor and then neutralize an acid with baking soda or soda ash, or dilute a base with water and then clean as with any spill.  When mixing an acid solution, always add the acid to the water.
2.2. Handling Volatiles
With volatile solvents such as methanol, ethanol, isopropanol, or acetone, the vapors should not be inhaled.  These solvents must be used in a fume hood.  In addition, most of these solvents are usually extremely flammable and those flames may not be visible.
2.3. Use of Ovens
When inserting into or removing anything from a oven that is warmer than 100°C (212°F), use a set of gloves or mitts and the appropriate utensils that allow the operator to perform the operation without risk of burns.
2.4. Handling Staining Solutions
Always use the appropriate gloves, aprons, and utensils when handling all chemicals and chemical solutions.  The staining solutions are not as harmful as acids or bases, but will cause a permanent stain on skin, clothes, equipment, and bench tops.  Follow procedures, take your time, use the appropriate designated work areas (usually a fume hood), and keep the areas clean and uncluttered.
3. Preparation of Solutions
3.1. Equipment
3.1.1. Balance with at least +/-0.05g resolution
3.1.2. Disposable weighing boats or weighing paper
3.1.3. 1000mL glass beakers
3.1.4. 500mL graduated cylinder
3.1.5. 250mL graduated cylinder
3.1.6. 100mL graduated cylinder
3.1.7. 500mL glass flask labeled “Silver Sensitizing”
3.1.8. 500mL glass flask labeled “EDTA Solution”
3.1.9. 500mL polyethylene squeeze bottle labeled “Silvering Solution”
3.1.10. 500mL polyethylene squeeze bottle labeled “Reducing Solution”
3.1.11. Plastic Policeman

3.2. Chemicals
3.2.1. Reagent Grade Stannous Chloride
3.2.2. Reagent Grade Silver Nitrate
3.2.3. Reagent Grade Disodium EDTA
3.2.4. Reagent Grade Hydrazine Sulphate
3.2.5. Ammonium Hydroxide (29%)
3.2.6. DI Water

3.3. Silver Sensitizing Solution
3.3.1. Using a clean 250mL graduated cylinder, measure 200mL of DI water.
3.3.2. Pour the DI water into a clean 1000mL glass beaker.
3.3.3. Using the balance, weigh 2.0g of Stannous Chloride.
3.3.4. Dissolve the Stannous Chloride in the 1000mL glass beaker of DI water.
3.3.5. Pour the resulting solution into the 500mL glass flask marked “Silver Sensitizing.”

3.4. EDTA Solution
NOTE: This solution is used in preparation of the silvering solution that follows, so enough of this solution must be available to make the desired quantity of silvering solution.
3.4.1. Using a clean 250mL graduated cylinder, measure 200mL of DI water.
3.4.2. Pour the DI water into a clean 1000mL glass beaker.
3.4.3. Using the balance, weigh 20.0g of Disodium EDTA.
3.4.4. Dissolve the Disodium EDTA in the 1000mL glass beaker of DI water.
3.4.5. Pour the resulting solution into the 500mL glass flask marked “EDTA Solution.”

3.5. Silvering Solution
NOTE: The silvering solution causes dark brown permanent stains.  Be careful handling the solution.
NOTE: The storage container of the silvering solution must be opaque because silver nitrate is light sensitive.
3.5.1. Using a clean 500mL graduated cylinder, measure 300mL of DI water.
3.5.2. Pour the DI water into a clean 1000mL glass beaker.
3.5.3. Using the balance, weigh 18.0g of Silver Nitrate.
3.5.4. Dissolve the Silver Nitrate in the 1000mL glass beaker of DI water.
3.5.5. Using a clean 100mL graduated cylinder, measure 100mL of Ammonium Hydroxide.
3.5.6. Add the Ammonium Hydroxide to the 1000mL glass beaker.
3.5.7. Using a clean 100mL graduated cylinder, measure 40mL of EDTA Solution.
3.5.8. Add the EDTA Solution to the 1000mL glass beaker.
3.5.9. Stir the solution with a clean plastic policeman to incorporate all the components.
3.5.10. Pour the resulting solution into the opaque 500mL polyethylene squeeze bottle labeled “Silvering Solution.”

3.6. Reducing Solution
3.6.1. Using a clean 250mL graduated cylinder, measure 200mL of DI water.
3.6.2. Pour the DI water into a clean 1000mL glass beaker.
3.6.3. Using the balance, weigh 3.0g of Hydrazine Sulphate.
3.6.4. Dissolve the Hydrazine Sulphate in the 1000mL glass beaker of DI water.
3.6.5. Pour the resulting solution into the opaque 500mL polyethylene squeeze bottle labeled “Reducing Solution.”
4. Silver Plating Process
4.1. Equipment
4.1.1. Motorized tumbler
4.1.2. 1000mL glass beakers
4.1.3. 100mL graduated cylinder
4.1.4. 25mL graduated cylinder
4.1.5. Wire mesh basket
4.1.6. Plastic Policeman
4.1.7. Storage bottle for “Silver Waste Solution”

4.2. Chemicals
4.2.1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]50/50 Solution of Nitric Acid (69.7%) and DI Water
4.2.2. Silver Sensitizing Solution
4.2.3. Silvering Solution
4.2.4. Reducing Solution
4.2.5. DI Water
4.2.6. Tap Water

4.3. Approximate Lot Sizes:
This plating process will deposit a thin layer of silver over the entire surface of the piece being plated.  In order to maintain consistency, use the following lots sizes for each plating run:
· 31343-01, -03, -06, -07, -08: 400 pieces max.
· 31343-02, -04: 200 pieces max.
· Batch Qualification: 50 pieces max.

4.4. Incoming Part Cleanliness:
It is assumed that all parts being received from previous operations are cleaned sufficiently.  If a simple visual evaluation of the incoming parts does not indicate this is the case, the cleaning process associated with the prior operation on the router should be repeated before proceeding with the silver plating process.  This rework should be charged to Operation 998.  Notify the Supervisor, Leadperson, or Engineering.

4.5. Setting Up
4.5.1. Assemble chemicals and equipment for plating in fume hood.
4.5.2. Using a clean 100mL graduated cylinder, measure 40mL of Silvering Solution from the squeeze bottle.
4.5.3. Using a clean 25mL graduated cylinder, measure 14mL of Reducing Solution from the squeeze bottle.

4.6. Cleaning
4.6.1. Place the pieces to be silver plated into a wire mesh basket.
4.6.2. Place the wire mesh basket into a 1000mL glass beaker.
4.6.3. Place the beaker into the tumbler.
4.6.4. Fill the beaker with enough 50/50 Nitric Acid Solution to cover the pieces.
NOTE: Before turning on the tumbler, be sure to check it is set to a safe speed (20-30 on the dial).
NOTE: If the wire mesh basket and glass beaker were previously coated in silver plating, the Nitric Acid solution will dissolve it and leave them clean for the future silver step.
4.6.5. Tumble the pieces in the beaker for 1 minute.
NOTE: While tumbling, tap the wire mesh basket using the plastic policeman to agitate the parts.  Do not stir the parts with the policeman.
4.6.6. Turn off the tumbler and remove the beaker. 
4.6.7. Pour the used Nitric Acid Solution into a clean 1000mL glass beaker for reuse, or back into its bottle and return that bottle to storage.
4.6.8. Rinse the pieces in DI water for 1 minute, agitating the parts by shaking the basket gently in the beaker.
4.6.9. Pour off the rinse water and then return the beaker, basket and pieces to the tumbler.
NOTE: From here forward, nothing should come into contact with the parts except the containers and the solutions or the plating may be compromised.

4.7. Sensitizing
4.7.1. Gently agitate the Silver Sensitizing Solution in its flask by swirling it while the lid is still on.
4.7.2. Fill the beaker with enough Silver Sensitizing Solution to cover the pieces.
4.7.3. Tumble the pieces in the beaker for 3 minutes, continuing to agitate the pieces by tapping the basket.
4.7.4. Turn off the tumbler and remove the beaker.
4.7.5. Pour the Silver Sensitizing Solution back into its flask for reuse.
NOTE: The following steps must be done in immediate succession until the pieces are immersed in silvering solution or the plating may be compromised.
4.7.6. Rinse the pieces in DI water for 10-15 seconds, agitiating the parts by shaking the basket in the beaker.
4.7.7. Pour off the rinse water and then return the beaker, basket and pieces to the tumbler.

4.8. Silvering
4.8.1. Start the pieces tumbling and then add the Silvering Solution from the 100mL graduated cylinder.
NOTE: The pieces will turn a light or yellowish brown and the solution should remain clear.
4.8.2. After 15 seconds, add the Reducing Solution from the 40mL graduated cylinder.
NOTE: The mixture in the beaker should turn a murky dark brown.
4.8.3. Tumble the pieces for at least 20 minutes, continuing to agitate the pieces by tapping the basket.
NOTE: After 5-10 minutes, the glass beaker should become plated with silver as a positive indicator that the plating process is working.
NOTE: The solution should not take much longer than 20 minutes to plate out and become clear again.  If 30 minutes elapse and the solution has not plated out, there may have been a problem with one of the solutions.  If this happens, notify the Supervisor, Leadperson or Engineering.  The plating should then be stripped off and the plating process restarted.
4.8.4. Turn off the tumbler and remove the beaker.
4.8.5. Remove the wire mesh basket with the plated pieces and put it in a clean 1000mL beaker in the sink.
4.8.6. Rinse the wire mesh basket and plated pieces in Tap Water for 1 to 2 minutes.
NOTE: The tap water will get murky while the iron contaminants are deactivated.  The water should clear up after 1 or 2 minutes, but if it does not, pour off the rinse water and repeat the Tap Water rinse. 
4.8.7. Pour off the Tap Water and rinse the parts in DI Water for 30 seconds, agitating gently.
4.8.8. Transfer the pieces to a clean dish of DI Water for storage if they are to be stripped soon or proceed to Section 5.6 if they are to be dried and stripped later.
4.8.9. Pour the spent plating solution into the storage bottle labeled “Silver Waste Solution”.
4.8.10. Clean the silver plating off the wire mesh backets and beaker using the Nitric Acid solution.
4.8.11. Repeat this entire process, starting by pre-measuring the two plating solutions, if there are additional parts to be plated.
5. Silver Stripping Process
5.1. Equipment
5.1.1. 300mL glass beakers
5.1.2. 1000mL glass beakers
5.1.3. 10mL graduated cylinder
5.1.4. Stripping Fixture and bases (PCB Item Nos. 43022-00, 43325-01, 43326-01) 
5.1.5. Ceramic Blanks of various sizes
5.1.6. Drying Oven, set to 110°C

5.2. Chemicals
5.2.1. 50/50 Solution of Nitric Acid (69.7%) and DI Water
5.2.2. Soda Ash/DI Water Solution (Saturated)
5.2.3. 50/50 Solution of Ammonium Hydroxide (29%) and DI Water
5.2.4. [bookmark: _GoBack]Methanol

5.3. Setting Up
5.3.1. Pour enough Nitric Acid Solution into a 1000mL beaker so the fixture can be completely immersed, if this has not already been done.
5.3.2. Pour enough Soda Ash Solution or Ammonium Hydroxide Solution (hereafter refered to as “Neautralizing Solution”) into a 1000mL beaker so the fixture can be completely immersed, if this has not already been done.
5.3.3. Fill another 1000mL beaker with enough DI water so the fixture can be completely immersed, if this has not already been done.
5.3.4. Fill a 300mL beaker with about 200mL of DI Water, if this has not already been done.
5.3.5. Fill a 300mL beaker with about 200mL of Methanol, if this has not already been done.

5.4. Fixturing
NOTE: This process must be carried out while wearing protective gloves, so as not to contaminate the parts.
5.4.1. Place pieces to be stripped into a clean bath of DI water, if they are not already.
NOTE: If there are any bubbled clinging to the pieces, remove as many as possible by placing them in the Ultrasonic bath for a few seconds.  Care must be used in bubble removal as the Ultrasonic bath will also strip the silver plating off if the pieces are left in for too long.
5.4.2. Load the stripping fixture with the wet pieces and blanks on either end.
5.4.3. When the fixture is loaded with the pieces to be stripped, thoroughly wet the pieces with DI water.
5.4.4. Make sure the pieces are aligned and tighten the fixture while continuing to hold the alignment until very firm.
NOTE: The key points to good stripping are flat, unchipped pieces with parallel faces that are wet, a tight fit, good alignment, and enough – but not too long – a period of time in the acid solution.

5.5. Stripping and Neutralizing
NOTE: Stripping and Neutralizing must be done in rapid succession.
NOTE: The operator should be wearing protective eyewear and gloves during this process.
5.5.1. Immerse the fixture with the pieces into the Nitric Acid Solution.
5.5.2. Gently agitate the fixture in the acid while the edges of the pieces turn from Silver white, to black, to a greyish color.
NOTE: This may take up to 30 seconds, depending on the strength of the acid solution.
5.5.3. As soon as the color changes to grey, remove the fixture from the acid, immerse it in the Neutralizing Solution and agitate for about 5 seconds.
5.5.4. Remove the fixture from the Neutralizing Solution, immerse in the DI Water and agitate for about 5 seconds.
5.5.5. Rinse the fixture under running DI Water for 5 seconds.
5.5.6. Release the pieces from the fixture into the 300mL beaker of DI water for storage until ready to dry.
5.5.7. Repeat this entire process, beginning with Fixturing, as many times as needed for the lot.

5.6. Drying
5.6.1. Pour off the DI water from the container of plated pieces.
5.6.2. Pour the Methanol over the pieces and rinse for about 30 seconds.
5.6.3. Pour the Methanol back into its 300mL beaker.
5.6.4. Place the pieces into a glass dish and spread them out to aid drying.
5.6.5. Place the dish of pieces into a drying oven set to 110°C for at least 30 minutes.
NOTE: With thin pieces, it may be necessary and is acceptable to dry the pieces in the oven for a period of time before separating the pieces and returning them the to drying oven.
5.6.6. After drying, place the pieces into a plastic petri dish then label the lid with the part number, job number and batch number.
5.6.7. Complete the job documentation as required and move the job materials to the next operation.

5.7. Cleaning Up
5.7.1. Clean the Silver plating off the wire mesh basket and beaker using the Nitric Acid Solution, soaking until the plating is removed.
5.7.2. Decant the used Nitric Acid Solution into its storage bottle.
5.7.3. Decant the used Neutralizing Solution into the “Silver Waste Solution” storage bottle.
5.7.4. Return the storage bottles and all other solution containers to storage under the fume hood.
5.7.5. Rinse out all the beakers used with DI Water and allow to dry.
5.7.6. Rinse off the stripping fixture and allow it to dry.
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