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Procedure for the Reaction Heat Treatment of Nb3Sn CCT’s coils

	Model Magnet:
	



1. Basic Steps Before to Start
Usually, if the furnace is not operated for a while, it is good practice to keep it under vacuum or in Ar atmosphere. Therefore, before to start working again with the furnace, open the vacuum pump connection (on the back of the furnace) to vent the volume. Check o-rings and clean if dirty.
Check vacuum pump: oil, if brown or dark, needs change, mesh needs cleaning, in case of bubbles, needs degassing.
Every third reaction, check the over-pressure valves and if necessary clean them with isopropylene, no screw drivers! 
In particular, check the 100 mbar over-pressure valve after every time it has been opened, as usually that means that something went wrong and the o-rings may be molten.
Open the door, insert the coil (never insert a coil if the cable ends were not previously welded), place the TCs, and then the thermal shield: check for dirt on the inside of the door –clean if required- and then close the door. 
IMPORTANT INFORMATION
The vessel under vacuum will collapse above 500ºC.
In case of emergency, the vacuum pump can pump up to 100 ºC (maybe 200ºC) pump temperature. Short periods can be pumped at higher gas temperature, but then the sealing o-rings will get burnt.
If inlet gas pressure drops and the furnace issues an alarm, the gas outlet valve may turn green, meaning they try to open, but they cannot open due to the low pressure. First re-establish gas pressure before continuing.
If there is a suspected gas leakage, use leak-detector-spray to detect bubbles under slight overpressure (10 mbar).
Please be sure to have read carefully the furnace operating manual before using it.
1. Preliminary Checks and Startup Procedure Before Operating The Furnace
	
	
	

	1.
	Chiller and Water Circuit
	

	
	a. Verify water level in the chiller and do not forget to add anti-corrosion and anti-algae products.
	
☐

	
	b. Switch on the chiller and verify that the temperature (st11) is set at 22 °C.
	☐

	
	c. Open the valves on the chiller (if closed).
	☐

	
	d. Open the inlet and outlet valves on the furnace (if closed) --> first the bottom valve (furnace outlet) and afterwards the upper one (furnace inlet).
	
☐

	
	e. If closed, open the water valves in the front panel of the furnace for the door cooling.
	
☐

	
	Good practice: leave the water valves always opened; see c. and d.
	

	
	f. Check the water flow on the two flow meters on the furnace front panel and adjust the valves to have the same rate. Close one valve at the time and adjust, when you reopen the valve the flow may drop slightly.
	☐

	
	g. Keep running the chiller for at least 30 min to stabilize the temperatures of the door and the cold trap.
	☐

	2.
	Ar Gas Circuit
	

	
	a. Set pressure reducer on main gas supply to 10 bar.
	☐

	
	b. Open main gas supply.
	☐

	
	c. Check inlet pressure of Ar on furnace font panel; adjust pressure to 6 bar (pull out the dial and rotate).
	

	
	d. Set entrance pressure regulator at 4.5 bar, just above the required pressure for switching the gas exhaust valves.
	
☐

	3.
	Startup of the Furnace
	

	
	a. Switch on the furnace master switch (a default not harmful alarm is issued).
	☐

	
	b. Push the horn off button.
	☐

	
	c. Push the emergency stop button (it turns green and arms the emergency stop of the furnace).
	
☐

	
	d. On the user touch screen, press next and acknowledge the fault and reset it, make sure the alarm does not persist or any other faults.
	
☐

	
	e. Check the Ar bottle, water, and door-closed icons are green.
	☐

	
	f. Check all the valves – Ar inlet, bypass, outlet and pump – are closed, valves icons on the screen appear grey.
	☐

	
	g. Connect the laptop for data recording and check the coherence of the temperature readings.
	☐

	
	h. Start recording data making sure that the sampling rate allows for a full recording of the thermal cycle incl. purging and ~35 hours of cooldown.
	☐



1. Purging of the Furnace (Steps Carried Out From the Tactile User Display)
	1.
	Switch on the ventilation above the furnace, as well as the room’s air circulation.
	☐

	2.
	Start the vacuum pump (vacuum pump icon goes green) and let it run for 30 min.
	☐

	3.
	Open the vacuum pump valve (the valve icon goes green).
	☐

	4.
	Wait until the Pirani displays 1 mbar or less.
	☐

	5.
	Switch off the vacuum pump and close the valve.
	

	6.
	Open the Ar bypass for a speedy filling of the furnace. Note that from now on the Pirani readings on the front panel will lose their meaning.
	☐

	7.
	When reaching 20 mbar over-pressure (relative to ambient pressure; see touch screen display) switch off Ar valve and close bypass and repeat two more times from 1 to 7.
	
☐

	8.
	Once the volume of the furnace is purged, open the regulated Ar path, and regulate the flow to keep to 100 l/h. Ar outlet valve icon goes green when 20 mbar over-pressure is reached. Now you are ready for launching the thermal treatment.
	

☐



1. Launching the Heating Cycle
	
	
	

	1.
	Program the following cycle (program window) or open it from saved programs:
	

	
	Ramp: rate=60 K/h and target=210 °C.
	

	
	Duration: time=72 h.
	

	
	Ramp: rate=60 K/h and target=400 °C.
	

	
	Duration: time=48 h.
	

	
	Ramp: rate=60 K/h and target=665 °C.
	

	
	Duration: time 50 h.
	

	
	From 7 to 16-> n Ramp: rate=999 K/h and target=0 °C; (n+1) Duration: target= 0 h.
	

	
	(Trimming of the slave zones will be carried out during the first operation of the furnace; that means also extra dwell time at the plateaus will be added to take into account thermal lags).
	
☐

	2.
	Upload the cycle program into the controller (management and transfer). Check the cycle is loaded pushing the button load.
	
☐

	3.
	Check in settings that the over-pressure valve will open at 20 mbar and close at 5 mbar.
	☐

	4.
	Switch on the gas outlet heater (it goes green).
	☐

	5.
	In the main window, press “Run”.
	☐

	6.
	Once the programmed cycle ends, wait until the furnace is cooled down to 100 °C or less. Important: during the cooldown the Ar has to keep flowing and the gas outlet heater has to stay on.
	☐

	7.
	Stop data recording.
	☐

	8.
	Switch off the furnace main switch.
	☐

	9.
	[bookmark: _GoBack]Close the main Ar valve.
	☐

	10.
	Switch off the chiller.
	☐

	11.
	Open the front door.
	☐

	12.
	After 30 min, switch off the furnace’ ventilation and the room’s air circulation.
	☐

	13.
	Check the reservoir of the cold trap and clean it.
	☐

	
	Good practice: once you finish operating the furnace for several weeks, keep it under vacuum for a better preservation of the components.
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