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User Guide: Liquid Nitrogen

In order to maintain a safe work environment for all employees and visitors of PCB Piezotronics, Inc (PCB), all handling of Liquid Nitrogen (LN2) on PCB premises must be done by authorized personnel only, using the proper PPE and procedures listed below. 
Scope:

PCB uses Liquid Nitrogen in a variety of processes.  This guide is intended to instruct the operator on how to safely handle the LN2 product at the different levels of usage. Designated personnel must be trained to this user guide.
· Part 1 of this user guide will be in regards to LN2 bulk storage system. 

· Part 2 of this user guide will refer to the transfer and usage of the LN2 product contained in the large portable Dewars.

· Part 3 of this user guide will refer to the transfer and usage of LN2 product in small portable Dewars otherwise known as milk cans.
· Part 4 of this user guide will refer to the transfer and usage of LN2 product in flasks. 

PROPERTIES OF LIQUID NITROGEN (LN2)

1.) It is extremely cold: 77.3(K = -196(C = -320(F at atmospheric pressure. 


This can cause severe frostbite.

2.) On vaporization it expands by a factor of 700; one liter of liquid nitrogen becomes 24.6 cubic feet of nitrogen gas. This can cause an explosion of a sealed container, or it can displace oxygen in the room and cause suffocation without warning.

3.) It can become oxygen enriched and cause ordinarily noncombustible materials to burn rapidly.

Personal Protective Equipment 

Workers should use appropriate personal protective clothing and equipment that must be carefully selected, used, and maintained to prevent contact with liquid nitrogen. PPE should be periodically inspected for damage and effectiveness. It is recommended that cuff less pants and long sleeves are worn.

· Safety Glasses/Goggles

· Protective gloves (loose fitting)

· Face shield 

· Steel toe shoes or steel toe overshoes
HANDLING

1.) It is mandatory that any handling, transferring, or dispensing of liquid nitrogen must be done using face shield and protective gloves at a minimum.
2.) Only trained designated personnel may handle or dispense liquid nitrogen.

3.) Transport Large Dewar only with Dewar cart (reference figure 2).

4.) Small Dewars (milk cans) must be transported with platform cart only.
PRECAUTIONS

1.) Treat liquid nitrogen and any object cooled with liquid nitrogen with respect.

2.) Take care not to allow liquid nitrogen to be trapped in clothing near the skin.

3.) Wear loose fitting protective gloves when touching any object cooled by liquid nitrogen. Gloves should be loose fitting, so they could be thrown off if liquid were to pour inside them.

4.) Use only approved unsealed containers discussed in this user guide. Never pour it into a coffee thermos. Never seal it in any container (it will explode).

· Large Dewar
· Small Dewar (Milk can)
· Flask

· During some testing operations, the use of small Styrofoam® containers may be used for containing small volumes of LN2.  When this condition is present, it is the responsibility of the technician to handle the LN2 product in a safe and professional manner as described above.
5.) Never dip a hollow tube into liquid nitrogen, as the boiling liquid may be rapidly expelled from the open end of the tube.
6.) Never use in a small poorly ventilated room, and never dispose of liquid nitrogen by pouring it on the floor. It could displace enough oxygen to cause suffocation. Nitrogen gas is colorless and odorless- the cloud that forms when you pour liquid nitrogen is condensed water vapor from the air, not nitrogen gas.

7.) Do not store liquid nitrogen for long periods in an uncovered container but it is also important never to totally seal a container.
FIRST AID

If you find an incapacitated worker; contact internal emergency responders immediately. Do not move the victim unless the current environment is deemed unsafe. If needed defer to the updated Liquid Nitrogen MSDS for appropriate first aid measures.
· Suffocation: If a person seems to become dizzy or looses consciousness while working with liquid nitrogen, move them to a well-ventilated area immediately. If breathing has stopped, apply artificial respiration. If breathing is difficult, give oxygen. Keep the person warm and at rest. 

· Frostbite: If exposed to liquid or cold gas, restore tissue to normal body temperature, 98.6(F (37(C,) followed by protection of the injured tissue from further damage and infection. Remove or loosen clothing that may constrict blood circulation to the frozen area. Call a physician. Rapid warming of the affected part is best achieved by using warm water. Under no circumstances should the water be over 105(F nor should the frozen part be rubbed either before or after rewarming.

· Eye Contact: Immediately flush eyes thoroughly with warm water for at least 15 minutes. Hold the eyelids open and away from the eyeballs to ensure that all surfaces are flushed thoroughly. 

Leak or Spill or equipment malfunction
In the event of a leak or spill, persons not wearing proper PPE should be restricted from contaminated areas until clean up has been completed. Notify the supervisor in the event of a leak, spill, or equipment malfunction. Notify the Safety Officer, Calibration Technical Manager, Maintenance Team Leader or Human Resources immediately for major spills.

Part 1:
The Purpose of this part of the procedure is to provide the correct method of transferring Liquid Nitrogen from a bulk storage system to a portable cylinder (Dewar) to be used at various workstations.   This part also draws awareness to the bulk tank performance in terms of liquid level (in) and delivery pressure (psi).

Before filling operations begin, make sure to use proper personal protective equipment.  This includes, at a minimum, a full-face shield, protective gloves, and steel toe shoes/overshoes.  Long sleeves and pants should be worn to cover any exposed flesh.  Failure to maintain these conditions may result in frostbite.  Refer to Safetygram-27 for more detailed instructions.

NOTE :  Caution should be exercised at all times.

Bulk LN2 Supply Tank Overview
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Bulk Tank located on the East side of the building
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A full tank will indicate approximately 90 to 100 inches.  When a fresh fill is performed, the pressure may drop below the required level (30 psi) supplied to the connector building.  There is a notice on the fence to the delivery service to maintain 50 psi after filling.  Normal tank pressure readings should be maintained between 30 and 60 psi.
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The location of the liquid fill, head pressure and tank gas valves are on the underside of the bulk tank.

· The valve plumbed to the 1-inch copper line that goes into the building is the liquid fill line.

· The valve plumbed to the evaporator coils is the gas valve used to supply pressure to the connector building; this line should always be in the opened position unless operations in the connector building are shut down for extended periods of time.

· The valve located further under the tank (to the left) that has cooling fins on the line is the pressure building line.

NOTE:  This line is always kept closed unless the pressure reading drops below 30 psi.

· If the pressure is observed to be below 30 psi, the operator must open the pressure building valve fully counter clockwise to allow the tank to build to a useable pressure.

NOTE: DO NOT leave this valve opened indefinitely.  The operator must observe the bulk tank pressure periodically as needed and CLOSE the valve when the operating pressure reaches an acceptable level (Target level of 50 psi)

A. Inside, make sure that the liquid fill valve (reference Figure 1) is closed securely.  Obtain the key to the gate surrounding the bulk tank.

B. Outside, unlock and open the access gate to the bulk tank.  Record the tank pressure and level readings on the Bulk LN2 Tank Filling Record located on the clipboard near the filling stations. Open the liquid fill valve #2 (reference Figure 1) on the bulk tank by turning counter clockwise. 

NOTE:  If the bulk tank level is observed to be at or below 25 inches, contact the Calibration Technical Manager, Safety Officer, or Maintenance Team Leader. 
CAUTION: Before filling, always confirm that the Large Dewar is properly identified as NITROGEN on the container label.  If the cylinder is identified as something else or another gas, do not use the Dewar.  PCB uses other cryogenic gases, for example Argon, which are delivered in the same Dewar tanks and the gasses cannot be mixed.
C. Inside, connect a flex hose from the liquid fill valve #1, mounted on the wall, to the LIQUID fill valve on the Large Dewar (reference Figure 1).

D. Attach the Controller Probe assembly to the cylinder VENT valve (reference Figure 1).

E. Connect a flex hose from the vent tube, mounted on the inside wall, to the Controller Probe assembly on the Large Dewar (reference Figure 1).

F. Turn on the controller and make sure the GREEN power LED and RED (Stop) LED is illuminated.

G. Open the VENT valve on the Large Dewar completely counter clockwise (reference Figure 1).
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Figure #1

H. Open the LIQUID fill valve on the Large Dewar completely counter clockwise (reference Figure 1).

I. Open the BULK tank liquid fill valve #1 completely counter clockwise.  At this point the system is armed for filling (reference Figure 1).

J. Start the fill process by pressing the BLACK start button on the controller.  The GREEN start LED on the controller should turn on.  The liquid will begin to flow into the Large Dewar.  Observe the system to make sure that the pressure relief valve on the Large Dewar does not activate.

NOTE:  The system will fill most effectively with the valves fully open.  If the pressure relief valve activates, slowly close the fill valve (#1) from the bulk source until the flow does not set off the relief valve.  Once the temperature internal to the Large Dewar is cooled to the liquid temperature, the valve can be opened back to the full counter clockwise position (reference Figure 1). 

K. The system will continue to fill the Large Dewar until it is full.  The fill process will take anywhere between 20 minutes to 45 minutes depending on the bulk tank pressure.  During this time, the technician may assume other tasks.

NOTE:  The controller uses a temperature sensor to monitor the vent output and will trip the shut-off valve once the level in the Large Dewar begins to exhaust liquid through the vent.  It is the responsibility of the technician operating the system to retreat back to the fill station at a reasonable time to observe the progress of the filling process.  Progress in the filling sequence can be observed on the controller with the “Probe Temperature” LEDS.

L. Once the system controller senses the full Large Dewar, the automatic shut-off will engage and the controller filling indicator will illuminate the RED Stop LED.  At this point an audible alarm will sound from the controller.  The LIQUID fill valve on the Large Dewar should then be closed completely, followed by the closing of the VENT valve (reference Figure 1).

NOTE:  When the system controller stops the fill process by shutting down the liquid flow, the pressure in the Large Dewar will continue to exhaust.   If left unattended, the Large Dewar will vent until there is no pressure left.  If this occurs, the Large Dewar pressure will need to be re-established prior to use by utilizing the pressure building circuit on the Large Dewar. 

M. Follow the sequence of closing the valve below when the full condition is reached in step L (reference Figure 1):

1- Close the LIQUID fill valve on the Large Dewar by turning the valve clockwise.

2- Close the VENT valve on the Large Dewar by turning the valve clockwise.

3- Immediately break free the filling hose connection at the Large Dewar location to relieve line pressure and then disconnect completely to allow any trapped liquid to drain from the hose.  Disconnect the probe assembly from the VENT valve on the Large Dewar.

N. Continue filling additional Large Dewars, if needed, with the same sequence outlined above.  Before filling, confirm that all Dewars are identified on the container label as NITROGEN.
O. When finished with the filling process, go outside and make sure to close the outside bulk tank valve #2.  
NOTE:  Make sure to observe the bulk tank pressure gauge and maintain the required pressure reading as described earlier.

P. Record the tank pressure and level readings on the Bulk LN2 Tank Filling Record located on the clipboard near the filling stations. Close and lock the access gate.
Q. Inside, remove the probe assembly from the flex hose and place securely behind the controller.  Connect the flex hose from the inside bulk tank liquid fill valve #1 directly to the vent pipe mounted on the inside wall.  Activate the controller START button to relieve any residual liquid/gas in the line.

R. Close the inside bulk tank liquid fill valve #1 securely (reference Figure 1).  Turn off the controller.

NOTE:   Always keep the flex line connected from step Q when the filling station is not in use.

Part 2:

The portable Large Dewar should only be transported with a designated cart specifically designed to engage the Large Dewar for safe transportation (reference figure # 2).  When moving a Large Dewar from one department to another, it is required that the technician wears steel toe shoes (slip-on steel toe shoes are available in designated areas).
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Figure # 2
Once the portable Large Dewar is situated at the point of use, the technician must wear protective gloves and face shield when connecting the transfer line from the Large Dewar to the Environmental Chamber.  See Figure # 3.  This application utilizes the valve labeled “LIQUID” on the Large Dewar connected to the designated input port on the test chamber (reference Figure 3). Make sure that the release valve is not pointing outward into employee traffic.
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Figure # 3
Once fully assembled, open the liquid valve to pressurize the line and observe for leaks. If leakage is observed, shut valve and notify supervisor immediately.
Part 3:

There are processes that require the use of LN2 in smaller quantities.  When necessary, a smaller Dewar referred to as the “Milk Can” is used for LN2 storage.  Only containers designed to withstand the LN2 product and include proper ventilation should be used as not to promote pressure build up in the container.  The Small Dewar used here at PCB is situated on a designated hand cart for ease in maneuvering the LN2 product to the location of fill and use. 

The smaller Dewar can be filled by using a transfer hose from the liquid valve port on the Large Dewar to the mouth of the Small Dewar.  During this process, the technician is required to wear a face shield and protective gloves at a minimum.

The transfer hose must be placed deep enough into the Small Dewar to prevent splashing resulting in potential injury and product loss (reference Figure 4).  
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Figure # 4
NOTE:  Due to the aggressive behavior of the LN2 product (Boiling temperature of -320 (F), it is recommended to have clothing that covers any exposed areas of skin during the transfer process.

Part 4:

The smallest LN2 container commonly used is a flask.  This container should be designed to handle the properties of LN2 and include a vented lid (reference Figure 5).  
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Figure # 5
This small flask is used to safely transport small volumes of LN2 to specific work areas.  The flask can be filled by transferring the LN2 product from the Small Dewar to the flask by pouring the LN2 carefully, or by filling with the transfer hose from the Large Dewar.  This process requires the use of a face shield and protective gloves at a minimum.

NOTE:  Technicians handling LN2 should be familiar with the Material Safety Data Sheet (MSDS) for the LN2 product.  Key safety issues involve frostbite from exposure and asphyxiation from spillage.  

Referenced Documents:

Safetygram-27, Model 269 Controller Manual, TC043 Bulk Liquid Nitrogen Tank Readings, Liquid Nitrogen MSDSfillin "Enter any PCB forms or procedures specifically referenced within this procedure:
Compliance:
Employees are expected to comply with these procedures to the best of their ability. Supervisors are responsible for enforcing these procedures and correcting any unsafe conditions or acts. Failure to comply with the procedures listed above may result in disciplinary action, up to and including termination.

Mounted to the outside of the bulk tank are the gauges used to observe the tank condition:





Pressure (psi) Small White gauge


LN2 liquid level (in) Large Black gauge





Head Pressure Build Valve





Gas Valve


(Always OPENED)





Liquid Fill Valve





NOT USED





NITROGEN





NITROGEN





Steel Toe Overshoes





Safety Face Shield





Protective Gloves





Dewar Cart





Portable Dewar





Transfer Hose





Dewar





Test Chamber





Top View of Dewar





Small Dewar
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