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Glove Box Operation and Maintenance
A glove box is an isolation device. Never open it to air (e.g. open both doors of the same antechamber, move things into the box without pumping). This can be done only during glove box service, when all air and water sensitive chemicals are sealed in their containers, and usually it causes a significant down time before the box is usable again. 
Before starting work, take a look at the sensor readings (glove box pressure, O2 and H2O levels) and do the same after work is completed. A glove box should be maintained under positive pressure with the gloves in an extended position. The pressure of the Argon cylinders should be checked at least daily. If the high pressure gauge shows less than 200psi, request a change of the cylinder. In the case of glove boxes containing sodium metal, Helium gas is used in place of Argon.
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Transfer into the glove box
1. Check both antechamber doors are properly closed.
2. If there is vacuum in the antechamber then refill with Argon. To refill, slowly turn the three-way valve to ‘REFILL’ and wait until the antechamber is at atmospheric pressure. Then close the valve. If left in the ‘refill’ position, there will be gas exchange between the box and the lab.
3. Open the outer door, place your items inside the antechamber and close the outer door. Turn the valve into ‘EVACUATE’ position and let the pressure go down to -30” Hg. For various materials there are different precautions:
· When placing “hard” materials like glassware, metal items etc., just place in the antechamber and follow instructions. The same applies when transferring a vial that was closed under inert atmosphere.
· When transferring porous materials, like paper towels, consider doubling the pumping time and preheating the items in a vacuum oven on the bench (overnight). After pre-drying, refill that oven with pure N2, to avoid trapping the moisture and oxygen in the pores. Then transfer these items quickly into the antechamber and allow some extra evacuation time to remove N2 completely. If the glove box has a heating tray in the antechamber, the items can be dried in the antechamber overnight at desired temperature and directly transferred into the glove box after refilling the antechamber with Argon.
· Powder samples should be in vials, however if they were not closed under inert atmosphere, keep the vial open. In order to avoid the powder from going into the pump and contaminating the antechamber, put a piece of a paper towel under the cap, and turn the cap gently. That will leave enough space for the gas to get out, however the paper will keep the particles in the vial. Consider doubling the regular pumping time and turning the valve into ‘EVACUATE’ (or ‘REFILL’ when refilling chamber) position slowly, to limit the speed of air removal and agitation of powder. If the powder sample is highly porous, evacuation should be performed overnight to completely eliminate moisture and oxygen from the pores.
· Liquids need special care. If it’s not a container sealed under inert gas blow Argon into it, close it quickly and transfer as any other closed container. Otherwise, loosen the cap a bit and make sure your container stays upright.
· When evacuating the chamber, liquid will start to boil and vapors will displace the air that is trapped inside. Evaluate the pumping time based on the fugacity/volatility of your liquid. If the liquid has been stored in air, it might contain some dissolved oxygen/water. This makes it incompatible with Lithium metal (and other reducing materials) and LiPF6-based electrolytes. If transferred it into the glove box, it will need to dry it over molecular sieves before placing into a battery. For high-boiling liquids, extended bubbling with Argon might be an alternative solution.
4. When the gauge needle points at -30” Hg, turn the valve to ‘REFILL’ and wait until the gauge needle is at ‘ZERO’. Repeat the process (evacuate/refill) three to five times. Hard items like glassware/tweezers don’t need as much evacuation time as porous materials.
5. After the last refill turn the valve to ‘CLOSE’. Open the inner door and bring items in. If the chamber door is detachable, do not place the O-ring side of the door on the bench top to avoid contamination. Contamination of the O-ring can result in leakage.
6. Close the inner door and turn the valve to ‘EVACUATION’. Ensure the chamber is being evacuated.

Transfer out of glove box
1. In order to take an item out of the glove box, make sure that the antechamber is refilled with Argon. If the antechamber is under vacuum (-30” Hg), turn the valve to ‘REFILL’ position and close it after the needle points at ‘ZERO’. If there is some gas inside (needle anywhere between -30” and ZERO) and not 100% sure what it is, assume its air and evacuate the chamber thoroughly before refilling with Argon.
2. Once the antechamber is full of Argon, open the inner door, put items in the antechamber and close the inner door. MAKE SURE IT’S CLOSED WELL and that the valve is in the ‘CLOSE’ position.
3. Open the outer door, remove items and close the door.
4. If placing something back into the box, it’s a good time to do it.
5. In either case (putting something in or not) turn the valve to ‘EVACUATION’ and leave it that way.

DOs & DON’Ts
1. Don’t bring water or air into the box.
2. Don't evacuate solvents into the pump.
3. Don't suck the gloves into the box. This occurs when setting glove box pressure to negative, or by leaving the inner door not completely closed while you evacuate the antechamber.
4. Don't open inner and outer antechambers doors simultaneously.
5. Do not use sharp items that could cause the gloves to puncture.
6. The locking device of the small antechamber door should lock without much force (<1lbs). If you need more force to lock the door, or if there is no “click”, rotate the door and try again. Repeat until the door locks easily but firmly. If the door is not locked at all it will leak. If the locking device is over tighten, the locking device will break. A gentle lock is enough. Vacuum will provide a good seal (~370lbs).
7. When in doubt (if the antechamber is under air or Argon), pump it out before opening it towards the inside.
8. Do use nitrile outer gloves over the glove box gloves when handling powders, solvents and/or sharps.
9. All used sharps and glass must be placed into the sharps disposal container.
10. Remove all non-hazardous waste from box immediately. A beaker or plastic bag identified as “trash” is used for temporary storage.
11. Used lithium goes into “used lithium” closed container. While inside the box, it’s not hazardous. When it gets full, fill the container with mineral oil and remove from the glove box for disposal as hazardous waste.
12. Stored any un-used lithium in a clearly labeled closed container.
13. Do not use solvents such as Acetonitrile inside the glove box. It destroys the catalyst and reacts with Lithium.
14. Clean dirtied utensils.   
15. Return all your personal items to your assigned storage space
16. Label assigned bin and samples. Unlabeled material might get removed from the glove box common area and disposed without notice.
17. Always clean up work area inside glove box when finished. Leave the work area free of clutter.

Glove Box Maintenance
[bookmark: _Toc349553652]Gloves
A hole in the glove poses a hazard of oxygen and moisture entering the inert glove box. Use of sharps inside the box must be minimized and used with extreme caution. You should inspect the gloves before and after performing work. If you notice a hole or a crack in the rubber, make a knot on the glove (or tape the glove around) to isolate the defective part of the glove. Then either replace the glove (if you were trained for it and feel confident with this task) or immediately contact somebody in the lab who can do it.
Check the gloves for damage or leaks prior to use. Place cotton or latex gloves on and place hands into black rubber gloves. This helps with keeping the gloves clean from sweat. Sweat causes damage to the rubber. Also the rubber always allows diffusion of gases through, and sweat does not help with keeping the glove box atmosphere dry. Use caution when entering, not to pull the gloves off the glove ports. Avoid abruptly extending gloves into the glove box. The “pumping” action can cause a pressure pulse that will result in possible contamination.
Argon, Helium and Hydrogen Cylinder Changes
When changing the gas cylinders for glove boxes, follow this simple procedure:
1. Turn off the glove box gas supply valve
2. Close the cylinder valve
3. Open the venting valve
4. Use the correct wrench to detach the steel hose from the cylinder
5. Bring in a new cylinder using a gas cylinder cart.
6. Use the correct wrench to attach the steel hose to the new cylinder
7. Gently open the cylinder valve. Open it just a little, until you hear the hissing sound of gas coming out of the vent valve. Let it flow for 2-3 seconds
8. Close the vent valve
9. Open the glove box supply valve
10. Open the cylinder valve all the way, and return by one turn (just so it doesn’t get stuck in the fully open position)

Ensure the new cylinder has a CMS barcode entered into the chemical inventory. Note the cylinder change in the glove box logbook. Order a new cylinder if needed. When it arrives, take the empty one out and replace with the new one. This way you only make one trip, not two. Don’t remove labels from the empty cylinder. It still contains some gas and needs to be clearly identified.
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If the level of H2O and O2 stays high (a few ppm) for a prolonged period of time (a few days) despite setting the blower to 100%, either the detector needs calibration or that the catalyst bed has reached its capacity and cannot remove any more H2O and O2 from the glove box atmosphere. In the latter case regeneration should be performed. It takes 12 to 15 hours, so plan to start it in the evening, so it’s completed overnight without interrupting anybody’s work schedule. Using the glove box during some stages of regeneration compromises this process.
In order to regenerate:
1. Close the isolation valves 
2. Open the 4-5% Hydrogen in Argon (Ar-H2) cylinder valve, set the regulator to predetermined pressure (should be set already). Mark the initial Ar-H2 pressure in the glove box logbook (if <200psi, it might not be enough to complete the process)
3. Open all necessary valves along the Ar-H2 line 
4. Refill the glove box to its maximum pressure (4-5”)
5. Evacuate fully both antechambers and then close their valves
6. Use the touch screen to start the regeneration. Choose the 12h or 15h cycle options as required by the particular glove box. 
7. Put a sign onto the box and the antechambers saying when the box will be OK to use again
8. Return to the glove box around the time the process is finished to bring the box back into operation
9. Close all Ar-H2 valves along the line (including the cylinder). Note the Ar-H2 pressure in the glove box logbook
10. Open glove box isolation valves
11. Set the blower to 100% - it will take a few hours to trap all the contaminants in the catalyst bed
12. Evacuate the antechambers
13. Remove the posting prohibiting others from using the box
14. Complete the entry about the regeneration in the glove box logbook
15. If the Ar-H2 cylinder is almost empty (<100psi), check the gas cage whether or not a new cylinder isn’t already there. If it’s not – order a new one immediately and replace as soon as it arrives. 

Vacuum Pumps
Vacuum pump oil should be changed approximately every 6 months or sooner depending on level of usage. When changing pump oil:
1. Operate the pump for approximately 10 minutes to warm the oil, and then switch off the pump.
2. Make sure the glove box is not in use.
3. Wear personal protective equipment such as gloves, old lab coat, and safety glasses.
4. Disconnect the pump electrical plug and vacuum line. These must be kept under direct control during the work.
5. Remove the oil drain and oil filler plugs.
6. Drain the spent oil into a collection container. The pump may need to be tilted to collect all the oil.
7. Dispose of the spent oil as hazardous waste. The hazard classification is “California Regulated”.
8. Refit the oil drain plug and reconnect the vacuum line.
9. Add fresh oil into the filler plug until the oil level reaches the “maximum” level on the sight-glass.
10.  Allow a few minutes for the oil to settle into the pump. Add additional oil if needed.
11. Refit the oil fill plug.
12. Inspect the pump electrical cord for damage.
13. Plug the pump back into the designated outlet.
14. Cleanup any oil spillage. This includes any leakage into the containment tray.

Alarms and Off-Normal Conditions
Promptly notify the Lab Area Safety Lead or Principal Investigator in the event of a glove box alarm that cannot be silenced. Stop work until the cause has been identified and corrected for safe use. If the glove box cannot be used due to off-normal conditions, ensure that all air/water reactive chemicals inside are secured in sealed containers containing inert gas. Clearly post the glove box with a “Caution- Do Not Use” warning sign.
In the event of a power outage, some glove boxes are not connected directly to an emergency power source. In this case, a temporary extension cord will need to be connected to the glove box power cord and run to a local emergency power outlet. Emergency power outlets are identified with a yellow or orange identification label. 
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GLOVE BOX MAINTENANCE TRACKING LOG
LAB AREA: _______________________________________________
GLOVE BOX: _____________________________________________
Complete this log when maintenance is performed.  Maintain the log on or near the glove box.
	DATE
	GLOVE REPLACEMENT
	PUMP OIL CHANGE
	CATALYST CHANGE
	SENSOR CALIBRATION
	HOUSEKEEPING
	PERFORMED BY
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