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Following are CTD's recommendations for the impregnation of coils using CTD-101A or CTD-101K epoxy resins.  The areas addressed in the document include:

1.  Resin mixing and de-gassing

2.  Resin cure schedule

3.  Coil baking, prior to impregnation

Recommended Procedure

Coil Impregnation Using CTD-101A or CTD-101K epoxy resins

1.
Mixing and Degassing of the Resin

Notes:

•
It is essential that the liquids are mixed continuously during the degassing process.  This includes Part A on its own, the mixture of Part A & Part B, and the mixture of Part A, Part B & Part C.  

•
It is also essential to monitor the temperature of the liquids in the mix pot continuously during the mixing/degassing process as well as during coil impregnation.  This should be done with an independent thermocouple separate from the temperature controller.

•
De-gassing pressure is recommended to be between 1 & 2 Torr

•
The absolute pressure achieved in the mix pot during mixing and degassing  should be lower than the ultimate pressure achieved in the coil impregnation chamber during impregnation.  For example, if the resin is de-gassed at 1 Torr, keep the pressure in the coil impregnation chamber higher than 1 Torr at all times.  This prevents degassing of the resin in the coil impregnation chamber.

•
It is important to be certain that Part C is well dispersed throughout Parts A & B.

•
In the interest of reducing possible exotherm and extending the pot life, it is recommended that a smaller quantity of Part C than for the standard CTD-101K formulation; CTD suggests 1 part per hundred of resin as compared to 1.5 parts per hundred of resin.  This change is not expected to alter the cure schedule or the material performance when mixing and curing such a large quantity of material.

•
Determination of epoxy flow passage size and desired glass volume fraction determines how easily the coil is to impregnate.  Most of the work done at CTD has been for the impregnation of 50% to 60% volume fraction of glass.  For these cases 60°C has been used for the impregnation temperature.  If the fiber volume fraction is lower, than a lower impregnation temperature could be considered.  This would lengthen the pot life, reduce the risk of exotherm, as well as to increase the initial viscosity of the resin to 200 cps at 40°C.

•
A definition of when degassing is complete needs to be established.  For example relatively large, infrequent bubbles may persist even after "all" the air has been removed.  While air is being removed the bubbles tend to come rather rapidly and are generally smaller in size.
Procedure:
•
Heat Part A to 60°C, mix and de-gas simultaneously until suitable de-gassing has been achieved.

•
Add Part B (at room temperature) to Part A, reheat to 60°C, and mix and de-gas simultaneously until suitable de-gassing has been achieved.

•
Add Part C (at room temperature) to mixture of Part A and Part B, reheat to 60°C and mix and de-gas simultaneously until suitable de-gassing has been achieved or for a period of 1 hour (whichever is shorter).

•
You may want to add Byk Chemie BYK-A500 air release additive to both Part A and Part B (data sheet for this material is attached).  CTD suggests adding 1/4 part per hundred of resin to each Part A and Part B prior to mixing and degassing or follow manufacturers recommendation if it is different.  We do not have a great deal of experience with these types of materials, and leave it to your discretion as to whether you should use it or not.

2.
Resin Cure Schedule

Notes:

•
It is recommended, but not essential, to apply a positive pressure to the resin during cure.  CTD applies up to 80 psi during cure, while the procedure for the impregnation of the ITER coils is recommending 20 psi.  The application of pressure is used primarily to reduce the size of any bubbles that might be present in the coil after impregnation.

•
The hold time at 80°C is a "gel" time that is commonly used in industry for any large impregnation.  It is primarily a method for minimizing the potential for an exotherm.  It is anticipated that during the hold at 80°C, that the resin will gel, or nearly gel, therefore removing a large part of the reactivity from the material.  

•
It should be considered to place redundant thermocouples in the system, that way if one is damaged, a process abort need not occur due to faulty instrumentation.

Procedure:

•
This schedule commences once the impregnation process is complete and the coil impregnation chamber is isolated from the mix pot

•
Back fill the coil impregnation chamber to atmospheric pressure, or above if possible, with dry nitrogen gas

•
Allow a two (2) hour dwell time at 60°C of the impregnated coil

•
Increase coil temperature from 60°C to 80°C not exceeding a ramp rate of 0.16 degrees centigrade/minute (~ 10 °C/hour)

•
Hold coil at 80°C for 16 hours; this must be a "guaranteed soak" meaning that the time does not commence until all parts of the coil are at 80°C.

•
increase coil temperature from 80°C to 109°C not exceeding a ramp rate of 0.25 degrees centigrade/minute (15 °C/hour)

•
Hold coil at 109°C for 5 hours; guaranteed soak.  

•
Increase coil temperature from 109°C to 123°C not exceeding a ramp rate of 0.25 degrees centigrade/minute (15 °C/hour)

•
Hold coil at 123°C for 16 hours; guaranteed soak.  

•
Cool down should be slow, turn off the heaters and allow coil to cool under ambient conditions.  Pressure maybe relieved prior to cool down.  DO NOT FORCE COOL THE COIL.

•
Disassembly can start when entire coil has reached 40°C or less

•
a test that might be considered would be a dry run of the entire system with the catalyzed epoxy with everything except the dummy coil.  In place of the coil, put a container (such as a 55 gallon drum) into the coil impregnation chamber.  This would enable complete run down of all the procedures including the cure.  If you were able to gel 30 gallons of the resin at 80°C, there would be little concern of an exotherm occurring when the resin is impregnated into the coil.  CTD is not suggesting that such a test is necessary, but considering all the circumstances associated with this impregnation it would be very conservative approach lending a great deal of confidence for the impregnation of both the dummy and smart coils.
3.
Suggestions for Coil Baking Procedure

•
Heat coil to 100°C for approximately 4 - 8 hours.

•
Purge coil (region to be impregnated) with dry nitrogen gas.  If desired the gas exiting the coil can be monitored for moisture content.  After first monitoring the inlet gas, it can be determined whether moisture is being removed from the coil by purging it with the gas.  At the point where it looks like the rate of moisture removal from the coil by the purged gas has diminished, then the coil can be evacuated.  

•
Care needs to be taken not to flow the gas at too high a velocity and therefore disturb any of the delicate insulation

•
Similarly, when evacuating and back filling the coil, it is important to keep the velocity and turbulence of the gas flow to a minimum.

•
Degas coil at 1 -2 Torr for 24 hours.

•
the absolute pressure achieved in the coil impregnation chamber during bake out and particularly during impregnation should always be higher than the ultimate pressure that was used for degassing the resin.  For example, if the resin is de-gassed at 1 Torr, keep the pressure in the coil impregnation chamber higher than 1 Torr at all times.  This prevents the degassing of the resin in the coil impregnation chamber.

•
Allow coil to cool to 60°C prior to impregnation with resin.
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