SOP for operating the ammonia tube furnace:

1) The tube furnace is for heat treatment of the samples in N2, NH3 or N2/NH3 mix.

2) Before you start make sure the fume hood is operating. Ammonia is a very harmful, corrosive gas which may cause explosion and severe damages to your skin and tissues!

3) Examine the tube inside the furnace (quartz). The tube should be crack-free and the sealing elements should be fitting the ends of the tube.

4) Place the sample inside the furnace, approx. in the centre of the heating zone, so the sample is heated uniformly. Use the metal wire which is lying next to the furnace. Never place the sample directly in the tube, use the boat or crucible. Use the lid or other cover if you expect evaporation of your sample.

5) Place the sealing endings on the tube and lock with plastic clamps. Make sure they are gas tight (use the vacuum grease to seal them).

6) Check if the thermocouple is placed in the furnace. Program the temperature controller. In any case, do not exceed 900°C. Ramp rate should not exceed 5°/min.

7) Make sure the appropriate gas cylinders are attached to the lines connected to your furnace.

8) Check if the reducing valve on the bottle is completely closed, and also the smaller needle valve next to it is closed. Now open the main valve on the top of the gas cylinder and check the pressure inside the bottle. If the pressure is lower than 5% of the initial value, the bottle should be replaced.

9) Now carefully open the reducing valve, adjusting the pressure to e.g. 1.5 bar.

10) Open the needle valve and watch if the pressure is dropping. If it drops down very rapidly, there may be a leakage on the gas line. Check the connections using soapy water.

12) Now open the gas valves next to your furnace and adjust the pressure using the flow meter.

13) Check the gas trap at the end of the line. There are two gas traps: no.1 filled with lactic acid and no.2 filled with water. There should be gas bubbles coming out of the tube and passing through the liquid. If not, check the sealing at the ends of the tube and the gas line for leakages.

14) If you need to replace/exchange the Swagelok parts they can be found in the room Ø150 in the cupboard.

15) Once the heating is over and the furnace is cooled down, turn off the gas flow. First turn off the valve next to the furnace, then the needle valve, then the reducing valve and the main valve on the cylinder.

16) Open the tube and remove the sample. Check if the tube hasn’t been damaged or contaminated. If it happened, replace it and inform person in charge.

17) Periodically check the pH in the water gas trap. If it’s very basic then this means the lactic acid needs to be exchanged.

18) If you smell any ammonia in the room, close the gas bottles and valves immediately! Make sure the fume hood is operating; you may also open the window. If the smell prevails although the gas bottles are closed contact your supervisor. Do not stay in the room, ammonia is poisonous!
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	Subtask
	Possible cause of undesired event
	Precautions to be taken

	Gas line
	Gas leakage - excessive pressure in the gas line
	· Turn the reducing valve to 1.5 bar

	
	Gas leakage – insufficient sealing
	· Check the pressure drop after opening the needle valve (other valves on the line placed after this one must be closed). If the pressure is dropping rapidly after opening the cylinder there may be a leakage.

	
	Gas leakage/explosion/poisoning from gas cylinders and/or connection lines areas
	· Check the pressure drop with the manometer placed on the bottle. 

	
	Gas leakage/explosion/poisoning from the tube area due to lack of sealing
	· Check if the sealing is holding, if not use the vacuum grease

· Check the green plastic clamps at the ends of the tube

· Check if there are any cracks in the tube, in particular in the discoloured areas

	
	Gas leakage/explosion/poisoning from the tube outlet due to gas absorber wearing out
	· Check the gas absorber (lactic acid). In order to do so, check pH of water is the gas trap no.2. If pH is beyond 9, exchange the lactic acid in gas trap no.1

	furnace: heating up
	Furnace overheating – TC not inserted or broken
	· Check if TC is in place and operates properly. The end of TC should be in the middle part of the furnace

	
	Damaging the furnace heating element by excessive ramp rate or mechanical damage
	· Heating ramp rate should not exceed 10°/min)

·  Be careful when mounting thermocouple/placing the boat etc.

	
	Breaking the quartz tube
	· Don’t go above 900°C when quartz tube is inserted in the furnace

	
	Skin burns 
	· Remember to wear heat protecting gloves

	
	Gas poisoning
	· Lactic acid should absorb ammonia coming from the tube, but if you smell some, immediately turn off the gas flow and check the gas connections and lines.

	
	Furnace contamination
	· Place a piece of alumina under the boat/crucible, put a lid on top if you expect evaporation


