SOP for operating tube furnaces and gas lines:

General rules:

0-1) Think about the chemical reaction during heat treatment (melting point, vapour pressure, possible by-products, etc).

0-2) Handle furnace very gently. There are a lot chances to destroy air tightness (not only for your furnace but also others) by lacking attention. Following typical examples,

- Do not give any strong stresses on the thermocouple inside tube. There is O-ring to keep air tightness, and strong stresses may destroy it.

- Do not give any strong stresses on the cooling water tube. The tube is not flexible, so that your carefulness handling of tube affects to the O-ring sealing in gaskets next to your furnace.

1) The tube furnaces are for heat treatment of the samples in various gas flows. There are currently separate gas lines, connected to different furnaces: O2, H2/Ar mixture, N2.

2) Choose the furnace you want to use depending on the kind of gas and the temperature range. Check furnace operation state for all other furnaces (temperature, type of gas, amount of gas-flow, etc).

3) Examine the tube inside the furnace (quartz or alumina). 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. For alumina tube, make sure the cooling water is on.

6) If you use the gas flow, make sure the appropriate cylinder is attached to the line connected to your furnace.

7) Check the pressure gauges on the gas bottle you want to use. If there’s a gas flow, this means someone else is using the same gas line. You can open the valve next to the furnace and adjust the gas flow with the flow meter. Check that your gas flow operation does not affect other furnaces. If it is ok, then go to the point 13.

8) If the bottle is closed: 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 by 1st pressure gauge on the regulator. 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. The pressure inside the gas line (corresponding to the value of 2nd pressure gauge on the regulator) should not exceed 1.5 bars. If you need the higher pressure inform other users of the gas line.

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

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

12) Check the gas traps at the end of the line. 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.

13) Check if the thermocouple is placed in the furnace. Program the temperature controller. For quartz tubes do not exceed 900°C. Otherwise do not exceed 1100° - higher temperatures may cause damage to the heating elements. Ramp rate should not exceed 5°/min.

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. If no one use same gas flow, you can turn off the gas flow completely. For this, close the main valve on the cylinder and make sure that pressure gauges on the regulator shows zero. Then reduction valve and needle valve can be closed.

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.
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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).

	Furnace: heating up
	Furnace overheating – TC not inserted or broken
	· Check if TC is in place and operates properly

· Don’t go above maximum temperature for a given furnace (between 1000-1200)

· OBS! There is one furnace which can go up to 1500°C. Ask person in charge which one.

	
	Damaging the furnace heating element by excessive ramp rate or mechanical damage
	· Heating ramp rate should not exceed 5°/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

	
	Overheating of sealing endings
	· Check cooling water

	Furnace: during operation
	Damage to the eye
	· Do not look inside the furnace. If you have to, remember to wear the glasses

	
	Skin burns
	· Remember to wear heat protecting gloves

	
	Gas poisoning
	· Think of by-products of annealing/sintering. Install a gas trap filled with appropriate solution to catch and neutralize gases

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


