Operation and safety procedure of muffle furnace
Contact person: Dr. Jaison Jeevanandam and Ivo Martins (M.Sc.)
General: This type of apparatus uses high temperatures during operation. Do not open the furnace or remove any substrates until the furnace and its contents have cooled sufficiently for safe handling. Be aware that materials may not glow or appear hot under 600°C. If you need to open the furnace at a high temperature, contact the technician for help. 
Heating Elements: The furnaces operate to a maximum temperature of 1100°C. However, it is advisable to heat until 1050°C to maintain the lifetime of the furnace. Ramp-up and ramp-down rates are relative (1 hour to many hours depending on synthesis procedures). It should be noted that prolonged heating at temperatures below 1000°C can cause damage to the heating elements. This is because MoSi2 oxidizes to SiO2 and weakens the elements at temperatures in the range of 400-800°C. 
Melting points: It is helpful to know the approximate melting temperature of your material via TGA or any other characterization methods. If you are unsure, a sample container should be used which can contain your sample in a melted form. This is necessary because it helps to protect the furnace insulation from contamination and damage. The insulation is very expensive to replace.

Quenching: Quenching of samples from high temperatures can be extremely dangerous! This procedure should never be performed alone and should be done by using additional protective equipment, including high-temperature gloves, long-handled tongs, full face shields, and flameproof jackets. This procedure should be minimized, however, as it also can damage the insulation and heating elements. In the event of a fire, the standard fire protocol should be followed.

Sealed Tubes: When it is necessary to heat-sealed tubes, the quality and melting point of the tube should be checked. Sealed tubes heated in the furnace can explode and cause severe damage to the furnace and/or cause serious injury to the user if the explosion occurs during sample removal. Additional protective equipment is required, including a full-face shield, gloves, lab jacket, and tongs.

This SOP should be read and understood prior to the commencement of relevant work and used to complement supervised practical familiarization with the various techniques described. MSDS (Material Safety Data Sheet) for any materials to be heated must also be consulted before starting work. 

Hazard identification, required safety equipment (PPE, engineering controls), and emergency response

Hazards: Temperatures above 500°C are inherent with the dangers of electrocution, fire, and severe burns. Ensure the furnace is grounded correctly, no loose wires are connected to the furnace, and wear all necessary protective clothing while operating. The furnace program should be stopped, or the furnace must be shut off before opening the furnace door. Working with high temperatures between 200 – 1050°C; materials will not always glow or appear hot but will cause severe tissue damage with improper handling.

Personal protective equipment (PPE): Before using the furnace, ensure that at least the following protective equipment is available to you.
1. Safety glasses

2. Thermal gloves

3. Aluminized heat resistant jacket (if possible, especially for quenching)

4. Safety shoes (if possible)
5. Lab coat

6. Face shield (while using temperature above 600°C)
7. Safety mask (when necessary)

Engineering controls: Basic ventilation for the evaporated gases and ashes are followed in the furnace. If you are treating a material, which could pose a health risk special precautions must be adhered to.

Emergency response in the case of a spill or other accident: If you drop your sample on the workbench and it catches fire, use the extinguisher to reduce the flame, if possible, provided you are in no personal danger. If it is an uncontrollable flame, leave the room, follow contact 112. If you accidentally drop the sample on yourself, don’t panic! Remain calm. Immediately go to the sink and rinse with cold water to try and reduce the burn. If a fire occurs because of the sample, leave the room, and contact technical staff; if the fire is out of control engage the fire alarm for the building; and contact emergency number 112, stay nearby to provide information to responders.

Procedures for safe operation of box furnace
Before commencing work: Any person using the high-temperature furnaces must be trained by the technical staff in charge [Dr. Jaison Jeevanandam/Ivo Martins (M.Sc.)] of the equipment prior to using the equipment. Under ordinary circumstances, it is not allowed for you to work with high-temperature furnaces while being alone in the laboratory. Always ask a second person to be in the lab with you. If you need to work with a high-temperature furnace and you are alone, you must ask for approval from your supervisor and the supervisor (in-charge) of the lab where the furnace is located.

Preventing contamination: If there are any spills, make sure the area is cool, then clean up with a paper towel or a broom and mop. You must adhere to current disposal laws and protocols. Upon leaving a designated work area, remove any personal protective equipment worn and wash hands. After each use (or day), wipe down the immediate work area. At the end of each project, thoroughly decontaminate the designated area before resuming normal laboratory work in the area. Inside the muffle furnace, clean them with tissue paper carefully (as it may damage the ceramic) if the samples are spilled. Make sure the temperature is under room temperature (25-30°C).
Precise process description: The following step-by-step instructions provide an overview of furnace operation.

Setup
• Open the door and load the sample in the furnace.
• Close the oven door. Make sure the door is completely closed.

Operation
• Turn on the main power by flipping the switch on the back of the furnace.
• Read the controller instructions to set up the temperature 

Shutdown
• Once the process is complete, adjust the temperature setpoint to be below room temperature if the program set hasn’t already. This will ensure that the heating elements will not be engaged.
• Monitor the temperature as the furnace temperature decreases.
• The materials can be removed once a low temperature is reached. The cool down time will depend on the process temperature and maybe much longer than the actual process time.
• Once the furnace is cool, the material may be removed. Use the stainless tweezers to move the alumina boat, if needed.
• Turn off the main power to the furnace.
Overnight experiments

The running of unattended experiments overnight or at other times when the laboratories are closed is permitted subject to the following arrangements:

1. The supervisor must be informed prior to the experiment via e-mail with a brief description of the experiment, work temperature, end time of the experiment, possible hazards, and what immediate emergency action might be necessary in case of troubles, as well as the telephone numbers where the researcher might be contacted (in case of extreme emergency). This information shall be put on a label nearby the experimental setup. Remember that at night, emergency personnel are entirely dependent on accurate instructions and information available at the laboratory.

For a severe casualty summon, help immediately by telephone (112, as for fire or Main entrance - 5002/5003 or 291 705 000, Fire brigade – 291 200 930, Civil Protection – 291 700 112, Principal Investigator 291 705 108/966 625 113 from a mobile phone only).
