	
	Environmental Health & Safety
	

	
	
	


Lab Safety SOP for Highly Hazardous Chemicals

Pyrophoric and Water Reactive Reagents
[image: image1.png]BOSTON
UNIVERSITY






	Principal Investigator:
	Click here to enter text

	Department:
	Click here to enter text

	Lab Safety Coordinator/Lab Manager:
	Click here to enter text

	Lab Phone:
	Click here to enter text

	Office Phone:
	Click here to enter text

	24-hour Emergency Contact:
	Click here to enter text

	Date SOP was written and approved by PI:
	Click here to enter text

	Date of last SOP revision by PI
	Click here to enter text


	SECTION 1: HAZARDOUS CHEMICALS
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	SECTION 2: POTENTIAL HAZARDS

	Pyrophoric liquids, solids, and gases are materials that may ignite or react violently when exposed to air. Many pyrophoric chemicals are also water reactive.

Examples of these chemicals include: 

· Alkali metals (e.g., lithium, sodium, potassium, rubidium, cesium)

· Metal hydrides (e.g., lithium aluminum hydride, sodium hydride)

· Organometalics (e.g., n-butyllithium, diethylzinc, organoaluminum compounds)

· Finely powdered metals (e.g., zirconium)


	SECTION 3 – TRAININGS/APPROVALS REQUIRED

	· PI or designee must provide training to the laboratory personnel specific to the hazards involved in working with hazardous chemicals, work area decontamination, and emergency procedures.  
· The laboratory personnel should attend the trainings, review this SOP and SDS and complete the documentation of training.

· The trainings should be provided prior to work with hazardous chemicals and annual refresher thereafter.


	SECTION 4 – DESIGNATED AREA

	Storage & Use Location:
	Enter Building and Room Number(s) 

	Storage Conditions: 
	Enter Storage Conditions. 
(For example: room temperature, refrigerator, inert atmosphere, glove box. Please refer to Section 7 for more information on choosing appropriate storage conditions)


	SECTION 5 – ENGINEERING CONTROLS / EMERGENCY SAFETY EQUIPMENT

	Engineering Controls
· All handling and use of pyrophoric chemicals must be performed inside a certified chemical fume hood and with the sash at the lowest possible height for safe usage of reagent. Some pyrophoric materials are stored under flammable solvents; therefore, the use of a chemical hood is also required to prevent the release of flammable vapors into the laboratory.

· A glove box or AtmosBag may be used with pyrophoric material if an inert or dry environment is required. The lab PI is responsible for ensuring personnel are trained and competent in using a glove box, and that ergonomic considerations for glove box use are addressed.

· If the potential exists for explosion of a high thermal reaction, additional shielding should be utilized. Portable shields may also be used for additional protection.

Emergency Safety Equipment
· An eyewash, safety shower, and ABC fire extinguisher must be available within the work area for immediate emergency use.  Prior to use, review the Safety Data Sheet for the proper fire extinguisher to use with the given material.  Class D fire extinguishers should be available for alkali metals and metal hydrides fires.  The extinguishing media should be located near where the pyrophoric work is occurring.  DO NOT use water to attempt to extinguish a pyrophoric/reactive material fire as it can enhance the combustion of some of these materials, e.g. metal compounds, and do not use water or CO2 extinguishers on an organolithium fire.  

· All personnel must be aware of their locations prior to working with pyrophoric chemicals.


	SECTION 6 – PERSONAL PROTECTIVE EQUIPMENT

	Eye Protection

Fully enclosed goggles or a face shield are recommended for work with these chemicals as they offer greater facial protection than safety glasses.
Hand Protection

· Gloves must be worn when handling pyrophoric chemicals. Disposable latex or nitrile gloves should be adequate for handling most of these in general laboratory settings. If direct or prolonged contact is anticipated, appropriate chemical-resistant gloves should be used. A Safety Data Sheet (SDS) should be reviewed if handling may involve extended or high exposure to lab personnel to ensure adequate skin protection is provided. 
· Neoprene gloves (with a 17 mil thickness) are more flame retardant than the typical thin mil nitrile or latex gloves. As an alternative, nomex gloves offer excellent protection from flash and flame hazards. However, they do not provide protection against chemicals and must be used in addition to nitrile or vinyl gloves. 
Skin and Body Protection

A flame-resistant, non-synthetic lab coat must be worn. Fire-resistant material such as Nomex is recommended. Full-length pants or equivalent as well as closed toe shoes must be worn. Long-sleeved clothing or apron is advised if more than normal handling operations could be expected.


	SECTION 7 – SPECIAL HANDLING PROCEDURES AND STORAGE   REQUIREMENTS

	Precautions for Safe Handling

	· Do not work alone when working with highly hazardous chemicals. 

· Avoid contact with skin and eyes. Avoid inhalation of vapor or mist. 

· Use explosion-proof equipment. Keep away from sources of ignition. Take measures to prevent the build-up of electrostatic charge.   

· Inform others in the laboratory about your usage of highly hazardous chemicals.

	Storage Requirements

	· Store pyrophoric material away from heat/flames, oxidizers, and water sources. 

· Keep container tightly closed in a dry and well-ventilated place. Opened containers must be carefully resealed and kept upright to prevent leakage. Ensure that manufacturer’s labels and warnings remain intact. 

· Never return excess chemicals to the original container. If small amounts of impurities are introduced into the container, it may cause a fire or explosion.

· Purchase only the smallest amounts necessary for your work, and discard old materials promptly. Reagents should be periodically examined to ensure containers and septa are in good condition.

· Storage requirements will depend on the specific chemical being stored. Common safe storage practices for these chemicals are under an appropriate liquid or under an atmosphere of inert gas. Check the Safety Data Sheets for incompatibilities when storing pyrophoric chemicals. 

· Avoid storing the material by exits.

	Handling of Alkali Metals (especially Li, Na, K)

	· Lithium, sodium, and potassium metals should only be used in a dry environment away from sparks or any source of ignition. Good ventilation and access to a dry chemical or dry powder fire extinguisher are also necessary. The area where the metals will be handled should be free of other chemicals and flammable objects.

· Store under paraffin oil, mineral oil, or kerosene. When cutting or weighing out sodium or potassium, they must be kept under hexanes or toluene as much as possible to prevent them from reaction with the moisture in the air. The container holding the metal must be kept closed, and the amount of material exposed to the air kept to a minimum. N2 is not an inert gas for lithium, as lithium nitride is formed and can also react violently with water. Lithium should therefore not be kept under nitrogen for a prolonged period of time (use Ar instead).

· DO NOT use water to attempt to extinguish a reactive material fire as it can actually enhance the combustion.  Class D extinguishers are recommended for combustible solid metal fires.

· After completion of the cutting process, the weigh boat or other weighing container should be rinsed carefully with a solvent which will react with the excess metal much more slowly than with water (i.e. methanol, isopropanol).

	Handling of Pyrophoric Liquids

	· When manipulating liquid pyrophoric reagents or those dissolved in liquid, use a syringe or cannula inside the chemical fume hood. For smaller amounts of reagent (<15 mL), the preferred technique is to use a syringe and needle.  For larger quantities of reagent, a cannula transfer is practical, although a high volume gas-tight syringe can be safely utilized for the transfer.

· Refer to the following websites for detailed procedure on proper Schlenk technique: 

· https://www.sigmaaldrich.com/content/dam/sigma-aldrich/docs/Aldrich/Bulletin/al_techbull_al134.pdf
· http://www.ehs.columbia.edu/pyrophorics.pdf. 

· Proper syringe/needle transfer is as follows: All glassware and solvents should be dried prior to the treatment with any organolithium reagent.  Flame-dried glassware that has been cooled under an inert atmosphere just before use is ideal.  Upon charging a dry flask with dry reagents/solvents and reaching the desired temperature, the appropriate organolithium reagent can be added.  Some organolithium reagents are stored at room temperature (i.e. methyllithium, n-butyllithium) and can be used as such, but some (i.e. t-butyllithium) are stored at under refrigeration and must be warmed to room temperature prior to use.

· The organolithium reagent is contained in a Sure-Seal bottle, the septum of which can be pierced by clean, dry needle fitted to a Schlenk line which is supplying an inert gas.  This line is used to keep the reagent under a blanket of inert gas during the entire process.  The inert gas flow is adjusted by monitoring of the oil bubbler on the Schlenk line.  A clean, dry reagent needle (<16 gauge) with the appropriate size syringe is used to pierce the septum and inert gas is drawn in to the syringe, then the needle is removed and the gas inside is expelled to the atmosphere.  This process is repeated several times, piercing the same hole in the septum, to remove most air from the needle and syringe.  Upon purging the needle appropriately, the tip is submerged below the level of reagent and the required amount is drawn up into the syringe.  Be careful to hold the end of the plunger as well as the joint where the needle and syringe meet.  If either of these comes apart the reagent will come out and a fire will most likely ensue, potentially leading to injury and damage.  Do not use more than 3/4 of the capacity of the syringe at a given time; if necessary use multiple injections to reach the desired volume of reagent.  

· Once the desired amount of organolithium reagent has been drawn into the syringe, the tip of the needle is pulled above the level of reagent, and the plunger is pulled out slightly to draw a blanket of inert gas into the needle.  The needle is then removed from the reagent bottle and quickly pierced into the septum of the reaction flask.  At this point, the organolithium is dispensed, usually slowly to control heat evolution.  Be careful to hold the needle and syringe together, as applying force to dispense the reagent can cause them to separate and expose the reagent to moisture.  Once the addition of reagent is complete, the needle can be removed from the reaction flask.  The excess reactive reagent can be expelled into a beaker of sand or onto a chunk of dry ice.  After the excess reagent has been expelled, the needle can be rinsed with hexanes multiple times, then water.  Clean the needle immediately after use to prevent clogging.  To close the reagent bottle, simultaneously place a piece of tape over the hole formed by the needle while removing it from the bottle.  This should seal the bottle and keep air and/or moisture from entering.  Replace the cap and wrap the outside with parafilm to further ensure safe storage.
· Verify your experimental set-up and procedure prior to use.

· It is better to do multiple transfers of small volumes than attempt to handle larger quantities. Before transferring, make sure that the material is at room temperature.

· Avoid formation of dusts and aerosols.

· Provide appropriate exhaust ventilation at places where airborne hazardous materials may be generated. 

· Keep away from sources of ignition and combustible materials such as open flames, non-explosion-proof hot plates, paper towels and KimiwipesTM.

· Ensure that the area is properly equipped with a properly functioning eye wash/safety shower within ten seconds of travel.

· Design a quenching scheme for residual materials prior to using pyrophoric materials. Refer to Section 9 for quenching procedures.

	Transport Requirements

	· Transportation of pyrophoric reagents should follow the guidelines for chemicals as described in the BU Chemical Hygiene Plan. For bulk transport, chemicals should be transported using a clean cart. The materials themselves must be in sealed containers, clearly labeled with the contents name and applicable hazard classification(s).


	SECTION 8 – SPILL AND ACCIDENT PROCEDURES

	EMERGENCY PROCEDURES FOR CHEMICAL EXPOSURE

· Remove any contaminated clothing as quickly as possible.
· Flush any exposed skin or hair with water for at least 15 minutes. Do not hesitate in activating a safety shower.
· For chemical exposure to the eye, flush with water for at least 15 minutes at an emergency eyewash station. Hold eyelids open while flushing.
· Seek appropriate medical assistance. If transported to hospital, bring a Safety Data Sheet (SDS) for the material you were exposed to, if able.

	

	Emergency Procedures for Chemical Spill or Accident

	· Once spilled, all liquid or solid pyrophoric chemicals will instantly ignite.
· Remove personnel from the immediate area. Do not attempt to handle a large spill/reaction/fire, or one in which you are not trained or equipped for. Turn off all ignition sources if this can be done safely, vacate the area, and call for assistance.
· Follow the reporting procedures on the Emergency Flip Chart.


	SECTION 9 – WASTE DISPOSAL

	Precautions for Safe Quenching and Disposal

	· Any container with a residue of reactive materials should never be left open to the atmosphere. When exposed to moisture or air in an uncontrolled manner, these reagents will ignite. Such fires may be smothered with sand or extinguished with a type-D fire extinguisher. The ABC-type extinguisher is not suitable for alkali metal fires. 

· Any unused or unwanted reactive materials must be destroyed by transferring the materials to an appropriate reaction flask for hydrolysis and/or neutralization with adequate cooling.

· Never use water to quench the material itself or a reaction where a pyrophoric reagent is used.

· Begin quenching with a low reactivity quenching agent and slowly add more reactive quenching agents. For example, first quench residual sodium metal with isopropanol and then add ethanol to the mixture.

· Incomplete quenching of pyrophoric materials may also result in a fire. If isopropanol has been added to the flask, even a small amount of unquenched material may be capable of igniting this solvent. As a result, it is essential that the material be completely consumed during the quenching process. This may be insured by stirring the mixture for a long amount of time, and neutralizing the solution by the addition of acid.

· Lab workers should be familiar with the procedure outlined herein, as well as the properties of the specific substance to be quenched.

· The procedure should be performed in a well-ventilated fumehood. The location of the proper fire extinguishers (type D extinguishers for alkali metals and metal hydrides) and sand should be noted before starting the procedure. 

· Proper laboratory clothing and safety googles. Wear fire resistant lab coat.

· Process should be performed in a well-ventilated fumehood. Remove flammables from area that will be used for the quenching. The quenching of pyrophoric materials has caused a number of lab fires in fume hoods.

· Ensure that the procedures and necessary supplies are available prior to using the pyrophoric.

	Chemical Quenching

	Two methods are presented for the quenching and disposal of pyrophoric materials. The first method is recommended to quench unspent pyrophoric material. The second method concerns decontaminating glassware that has been used to handle pyrophoric materials. 

	Method 1

	The pyrophoric material to be quenched is initially transferred to a Schlenk flask, or round-bottom flask equipped with a vacuum adapter. Solids, such as Na metal, may be suspended in toluene or another high-boiling, non-reactive solvent to facilitate stirring during the quenching process. The flask is then placed under an inert atmosphere of N2 (use Ar for Li metal) using a bubbler to vent those gasses evolved during the quenching process. The inert atmosphere prevents solvents from catching fire if the quenching mixture should become hot.  The flask is cooled to 0 °C followed by slow addition of isopropanol. Isopropanol is used as an initial quenching agent because it reacts less vigorously than water does with reducing materials. After the addition of isopropanol to the quenching mixture no longer results in a vigorous reaction, a 1:1 mixture of isopropanol/water is added, and finally water is added. Once the pyrophoric material appears to have been entirely consumed, and the addition of water gives no sign of reaction, the quenching mixture should be warmed to 20 °C and stirred for at least 6 additional hours to ensure that the contents have completely reacted. The solution should be neutralized by the addition of citric or acetic acid while the mixture is still under an inert atmosphere. Upon neutralizing the mixture after the acid addition, the hydroxides formed should dissolve and the mixture should become homogenous. Extreme caution must be exercised if the mixture is not homogenous at the end of this process, as small amounts of pyrophoric material may still be present if they are coated in a layer of oxidized material. Because of this, it is best to stir the mixture until all solids dissolve. Once the process is complete, the mixture may be disposed of as organic solvent waste. If toluene or other organic solvents have not been added to the flask, the mixture may be poured down the drain. (Note: If a mercury amalgam is quenched, the resulting waste must be treated as mercury-contaminated waste.)  If you collect the liquid waste, do not tighten cap of waste container until positive it is no longer reacting. Recommend using a vented cap or leaving liquid waste in hood loosely caped for few days.

	Method 2

	It may not be possible or practical to transfer the contents to a Schlenk flask for quenching of items that have become contaminated while handling pyrophoric materials. Some examples included methyllithium solution left in a syringe after use, sodium powder on a frit removed from the glovebox, or alkali metals that adhere to a metal spatula. As long as the amount of pyrophoric material is small, it may be quenched by the careful addition of ice. The material should be added to a large quantity of ice. Because the ice both quenches and cools the reaction, it is advisable to add all the ice at once. When using this method, organic solvents should never be added to the quenching-mixture, as they would provide a source of flammable material that could be ignited. Once the material appears quenched, the ice bath should be allowed to melt and the contents stirred until it warms to 20 °C. The solution should be neutralized by the addition of citric or acetic acid if it is to be disposed of down the drain.

	Waste Disposal

	· All waste and contaminated disposables (disposable gloves, wipers, bench paper etc) should be disposed of as hazardous waste, including labeling as hazardous waste and use of secondary containment. 

· Charles River Campus waste disposal requests should be directed to EHS at http://www.bu.edu/researchsupport/forms-policies/ hazardous-waste-pickup-request-charles-river-campus/
· Medical Campus and BMC waste disposal requests should be directed to http://wwwapp.bumc.bu.edu/oehs/wasterequest/wasterequestform.aspx 
· Contact your EHS Department Safety Advisor for special arrangement for waste disposal. Specifically state that you have pyrophoric hazardous waste that needs to be disposed.


	SECTION 10  –  ADDITIONAL PROCESS STEPS


	Process Steps
	Safety Measures

	Place substance under an inert atmosphere.
	Use a bubbler to prevent the flask from over pressurizing. Put on fire resistant lab coat.

	Cool mixture with an external ice bath.
	None.

	Slowly add isopropanol to the mixture.
	Keep the mixture cold: if the mixture becomes hot stop the addition, and wait for it to cool. 

	Cautiously add water.
	Keep the mixture cold: if the mixture becomes hot stop the addition, and wait for it to cool. 

	Stir for 6 hours or longer to ensure all pyrophoric material has been quenched. 
	Monitor the mixture to ensure that it does not become warmer than 20 °C. 

	Add acetic or citric acid to neutralize the solution.
	If unquenched material remains, it may react violently. Monitor the temperature of the mixture.

	Remove the inert atmosphere, and dispose of waste.
	Know location of fire extinguishers for use in the event that the mixture ignites.


	SECTION 11  –  LAB SPECIFIC CHANGES

	Laboratory-Specific Procedures:
	Describe any deviation from the recommended practices in the SOP

	Laboratory-Specific Quenching Procedures:
	Specify any reagent or laboratory specific changes to quenching method.


	DOCUMENTATION OF TRAINING


Print this page (multiple copies as needed) and insert into your Chemical Safety Logbook, under the Personnel and User Certification section. 

The laboratory personnel should attend annual training sessions, review this SOP and SDS, and sign the training form. Signature of all users is required.

I have read and understand the content of the referenced SOP:

	Name (please print)
	Signature
	Date
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