Anything and Everything You Wanted to Know About Cryogenics

(Extremely interesting information which includes real life applications of cryogenics by NASA)

· Introduction

· NASA’s application

· Great Hands-on activity/demonstration at the very end



What Cryogenics Is and Isn't

Cryogenics is the study of low temperatures, from about 100 Kelvin (-280 Fahrenheit) down to absolute zero. In more detail, cryogenics is: 

· the study of how to produce low temperatures; 

· the study of what happens to materials when you've cooled them down. 

If you're new to cryogenics, check out our Introduction to Cryogenics page. (below) 

Cryogenics is not: 

· the study of freezing and reviving people, called "cryonics", a confusingly similar term. 

What Do We Use Cryogenics For?

Astronomers here at the Goddard Space Flight Center are always working to develop ever more sensitive sensors to catch even the weakest signals reaching us from the stars. Many of these sensors must be cooled well below room temperature to have the necessary sensitivity. Here are some examples of how cooling helps: 

· Infrared Sensors: infrared rays, also called "heat rays" are given off by all warm objects. Infrared telescopes must be cold so that their own radiation doesn't swamp the weak infrared signals from faraway astronomical objects. There will be infrared telescopes on the airborne infrared observatory SOFIA, the Stratospheric Observatory for Infrared Astronomy. 

· Electronics: all sensors require electronics. Cooling electronics reduces the noise in the circuits and thus allows them to study weaker signals. 

· X-rays: the sensors for XRS, the X-Ray Spectrometer measure temperature changes induced by incoming x-rays. When the sensors are colder, the induced temperature changes are larger and easier to measure. 

1. Introduction to Cryogenics

Cryogenics is the study of how to get to low temperatures and of how materials behave when they get there. Besides the familiar temperature scales of Fahrenheit and Celsius (Centigrade), cryogenicists use other temperature scales, the Kelvin and Rankine temperature scales described below. 

2. Temperature Scales and Absolute Zero

Four Temperature Scales

The most commonly used temperature scale in the US today is the Fahrenheit scale, abbreviated F. In this scale, water freezes at 32 degrees and boils at 212 degrees. (This only holds strictly when atmospheric pressure equals the average sea level pressure. At high altitudes, water boils at a lower temperature, as anyone who cooks in the mountains knows.)

Another common scale is the Celsius (also called Centigrade) scale. In this scale, water freezes at 0 degrees and boils at 100 degrees.

To convert between Fahrenheit and Celsius use this formula: 
Fahrenheit Temperature = (Celsius Temperature)x(9/5) + 32

There are also temperature scales in which zero is absolute zero, the lowest possible temperature. (People have gotten close to absolute zero, but have never reached it. According to theory, we never will.) Absolute zero is at -273.15 Celsius, or -459.67 Fahrenheit.

The Kelvin temperature scale uses the same size degree as Celsius, but has its zero set to absolute zero. To convert from Celsius to Kelvin, add 273.15 to the Celsius reading.

The Rankine temperature scale uses the same size degree as Fahrenheit, but has its zero set to absolute zero. To convert from Fahrenheit to Rankine, add 459.67 to the Fahrenheit reading.

To convert from Kelvin to Rankine, multiply the Kelvin temperature by 9/5.

Here's one example of temperature comparisons: 68 Fahrenheit is the same as 20 Celsius, 293.15 Kelvin, and 527.67 Rankine. For other comparisons, see the table below. 

	Fahrenheit
	Celsius
	Kelvin
	comments

	212
	100
	373.15
	water boils

	32
	0
	273.15
	water freezes

	-40
	-40
	233.15
	Fahrenheit equals Celsius

	-300.42
	-195.79
	77.36
	liquid nitrogen boils

	-452.11
	-268.95
	4.2
	liquid helium boils

	-459.67
	-273.15
	0
	absolute zero


Our JavaScript temperature converter can give you other temperature comparisons. 

Absolute Zero

Absolute zero, according to current scientific thought, is the lowest temperature that could ever be. In fact, it's so low that we can never quite reach it, although research teams have come within a fraction of a degree. So if we can never get there, how do we know it's really there? 

The first clue to the existence of absolute zero came from the expansion and contraction of gasses. We know that hot air rises and cold air falls. Air rises when it's heated because it expands, so it's less dense than the cooler air around it. It has buoyancy, just like a piece of wood in a pond, which floats because it's less dense than the water. Air sinks when it cools because it contracts, so it's denser than the warmer air around it. 

Suppose we took a certain amount of air and cooled it as much as we could. How much would it shrink? When scientists first began studying the behavior of heated and cooled gasses, they didn't have our modern cooling methods. They measured as best they could over the temperature range that they could reach. Then they plotted their data on graphs. 

The graph of volume vs. temperature for a sample of gas forms a straight line. (This assumes that you keep the pressure constant.) The lower the temperature, the smaller the volume. If you extend this line to low enough temperatures, it will eventually hit zero volume. Scientists noticed that, for all gasses, the temperature at which the graph said they would reach zero volume was about -273 Celsius (about -460 Fahrenheit). This temperature became known as absolute zero, and is today the zero for the Kelvin and Rankine temperature scales. Nowadays, we know that gasses do not shrink to zero volume when cooled to absolute zero, because they condense into liquids at higher temperatures. However, absolute zero remains one of the basic concepts in cryogenics to this day.

Although nothing can be colder than absolute zero, there are a few physical systems that can have what are called negative absolute temperatures. Oddly enough, such systems are hotter than some with positive temperatures!

Here at the Cryogenics and Fluids Branch of Goddard, we concentrate on ways to cool spacecraft. Although the apparatus we use for spacecraft is specialized, some of the general approaches are the same as used in everyday life. To point out the similarities, I've made a short table of cooling comparisons. 

3. Cooling Comparisons

Three of the most common types of cooling used in everyday life and in spacecraft are: 

· Passive Cooling 

· Stored Cryogens 

· Mechanical Coolers (Mechanical Refrigerators) 

Here are tables that compare these 3 types of cooling, as they are used in everyday life as well as in spacecraft. 

Passive Cooling

	
	Everyday
	Spacecraft

	Examples
	Standing in the shade on a hot day.
Cooling a drink by putting it outside in winter.
	Using sunshades on the sunny side, radiators on the dark side.

	Advantages
	Simple.
	Simple.

	Disadvantages
	Depends on surroundings: 
you can't cool off in the shade unless there's shade; 
you can't cool your drink by putting it outside unless it's cold outside.
	Depends on surroundings; 
limited in how cold you can get.


Stored Cryogens

	
	Everyday
	Spacecraft

	Examples
	Ice in your drink; 
Ice in the cooler you carry to the beach; 
Dry ice.
	Liquid helium in COBE, the Cosmic Background Explorer;
Solid (frozen) argon in BBRXT, the BroadBand X-Ray Telescope (a shuttle payload)

	Advantages
	Easy
	Relatively easy.

	Disadvantages
	Ice eventually melts;
dry ice eventually sublimes away. 
(The verb "to sublime" means "to go directly from solid to vapor without first melting," which is what dry ice does.)
	The stored cryogen eventually evaporates or melts; 
it's only possible at temperatures where there is a convenient cryogen.


Mechanical Coolers

	
	Everyday
	Spacecraft

	Examples
	Refrigerators; air conditioners.
	Mechanical coolers now in development; 
one is planned to be added to the Hubble Space Telescope.

	Advantages
	Doesn't melt or evaporate; 
keeps running as long as the electricity is on and
as long as it doesn't wear out.
Available in convenient temperature ranges.
	Doesn't melt or evaporate; 
keeps running as long as the electricity is on and
as long as it doesn't wear out.
Available in convenient temperature ranges.

	Disadvantages
	Requires electricity
Expensive to repair or replace.
	Requires electricity (in short supply on some spacecraft); 
Expensive or impossible to repair or replace.
Not yet available in every temperature range.
Some types of coolers require extra electronics to hold down vibration levels.


One interesting feature of materials at low temperatures is that the air condenses into a liquid. The two main gases in air are oxygen and nitrogen. Liquid oxygen, "lox" for short, is used in rocket propulsion. Liquid nitrogen is used as a coolant. Helium, which is much rarer than oxygen or nitrogen, is also used as a coolant. For more information on liquid air and liquid helium, see: 
Liquid Helium
4. Introduction to Liquid Helium

Liquid Air: a Contradiction in Terms?

Liquid air sounds like a contradiction in terms. In fact, it's not: air, when cooled enough, condenses into a liquid and even freezes solid. We're familiar with this phenomenon in the case of water: steam condenses to liquid water which freezes to ice. Or, to put it the other way, ice melts to form water at 0 Centigrade and boils to produce steam at 100 Centigrade. (These temperatures change as the pressure changes. At high altitudes, for example, water boils at a lower temperature because of the lower air pressure.) Carbon dioxide is another familiar example of a gas that freezes: it can be cooled and frozen as "dry ice". 

Common Cryogenic Liquids: Nitrogen and Helium

All gases, when cooled, condense. Two gases often used in their liquid forms are nitrogen and helium. 

Nitrogen gas, when cooled, condenses at -195.8 Celsius (77.36 Kelvin) and freezes at -209.86 Celsius (63.17 Kelvin.) Or, to reverse the order, solid nitrogen melts to form liquid nitrogen at 63.17 Kelvin, which boils at 77.36 Kelvin. Liquid nitrogen is used in many cryogenic cooling systems. 

See the temperature scales page for a review of Celsius, Kelvin, and other scales, along with formulas to convert from one to the other. 

Liquid helium boils at -268.93 Centigrade (4.2 Kelvin). Helium does not freeze at atmospheric pressure. Only at pressures above 20 times atmospheric will solid helium form. Liquid helium, because of its low boiling point, is used in many cryogenic systems when temperatures below the boiling point of nitrogen are needed.

A convenient way to cool many kinds of apparatus is to submerge them in liquid helium or liquid nitrogen. Liquid helium and nitrogen are usually stored in vacuum insulated flasks, called Dewars, after their inventor, Sir James Dewar. (Dewars are familiar to most of us under the brand name "Thermos".) 

Helium 3 and Helium 4

Cryogenicists talk about various kinds of helium. 

They distinguish between the two naturally occurring isotopes, helium 3 and helium 4. Helium 4 makes up over 99% of naturally occurring helium. Hence, when we speak of "helium", without specifying which isotope, we're usually speaking of helium 4. Helium 4's nucleus consists of two protons and two neutrons, for an atomic weight of 4.

Helium 3, the rarer isotope, has a nucleus of two protons and one neutron. Helium 3 boils at 3.2 Kelvin. This boiling point is one degree colder than that of helium 4.

Both helium 4 and helium 3 can be cooled to below their boiling temperatures by reducing the pressure to below atmospheric pressure. Liquid helium, like water, boils at a lower temperature when the pressure is lower. In fact, when liquid helium is kept in containers that are at atmospheric pressure, the helium temperature changes as atmospheric high and low pressure areas pass. These temperature changes are small, but measurable. With vacuum pumps, we can reduce the pressure in a helium container much more than happens with normal atmospheric pressure changes. As a practical matter, a pumped bath of liquid helium 4 can be used to cool down to about 1 Kelvin. A pumped bath of liquid helium 3 can be used to cool down to about 0.3 Kelvin. 

Superfluid Helium

For helium 4, crogenicists distinguish two liquid forms: helium I and helium II. Helium I is the warmer form; helium II is the colder. The transition temperature, called the "lambda point", is 2.17 K. (It varies slightly with pressure.) Helium I, the "warm" form, acts more or less like a conventional liquid. 

Helium II has some strange properties. In some situations, it behaves as though it had no viscosity. (Viscosity is a measure of how "thick" a liquid is: honey has high viscosity, water has low viscosity.) Helium II can be pushed through tiny capillaries that would be too narrow for most liquids to flow through. When this is done, it is found that the liquid which flows through the capillary is cooler than the liquid that stays behind. If Helium II's viscosity is measured, it is found that the viscosity depends on the method used to measure it.

One of the oddest properties is the fountain effect, in which a helium II fountain can be turned on and off by turning a heater on and off. (The fountain effect is one of a number of effects called "thermo-mechanical effects.") Here's how to see the fountain effect. Take a tube with a wide opening at one end and a tiny opening at the other. Install a small heater inside the tube, and then block the wide opening with a porous plug. (The porous plug can be made of small metal particles, of ceramic, or of other substances, as long as it has tiny pores in it.) Insert the tube into the helium II, with the large blocked end below the surface. Apply a small amount of heat to the heater. Pressure builds up in the tube until a small fountain of liquid helium spouts from the tiny opening at the top.
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To explain the strange behavior of helium II, scientists devised the two fluid models. Helium II is pictured as a mixture of two fluids: normal helium and superfluid helium. At temperatures just below the lambda point, the mixture is almost entirely normal. As the temperature drops, more and more of the mixture is superfluid.

Here are some of the properties of the superfluid helium II.
-It carries no thermal energy (no entropy): all of the heat energy is in the normal component
-It has no viscosity: it can flow through tiny holes.
-It flows towards areas where the helium II is heated. Heat causes superfluid to convert to normal. A flow of superfluid into the heated area cools that area and restores the uniform mixture of normal and superfluid.

Here is the two fluid model explanation of the fountain effect. When the heater in the tube is turned on, the liquid helium in the tube begins to warm up. Since superfluid helium flows from cool areas to warm areas, superfluid helium flows into the tube through the porous plug. Normal fluid is too viscous to flow out through the porous plug. Therefore, when the tube fills with liquid helium, the only way out for the normal fluid is to squirt out the hole in the top.

You can continue to learn about liquid helium by going to our Liquid Helium in Space page.  

Colder than Liquid Helium

To reach temperatures even colder than liquid helium, we use the adiabatic demagnetization refrigerator (ADR). We have an introduction to ADR's. 

5. The Adiabatic Demagnetization Refrigerator (ADR):

A Cyclic Magnetic Cooler
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The refrigerators that we use in our kitchens cool continuously. No matter when we put anything warm inside, the refrigerator will immediately start cooling it down. All the heat that the refrigerator absorbs from the object it's cooling is dumped straight into the room. Likewise, any heat that leaks in through the insulation goes right back out. (Normally we don't think about the heat being dumped into the room, because there's not that much of it. But into the room it goes, because energy cannot be destroyed.) 

The ADR does not run continuously. It stores the heat that it absorbs, both heat from cooling warm objects and heat that leaks in. The part of the ADR that stores the heat is called the "salt pill". This name sounds like something you'd take to avoid heat exhaustion, but in fact it doesn't necessarily look like a pill and is not made of table salt. It's a block of a paramagnetic (i.e. weakly magnetic) substance. Often, the material is one of the general classes of materials called "salts", which includes table salt as well as many other chemicals. The salt pill for the XRS ADR, for example, is made of the salt ferric ammonium sulfate. The salt pill may be shaped like a pill, but it doesn't have to be. The salt pill for the XRS ADR is a long, narrow cylinder. 

The low temperature ADR's that we use cannot dump the heat into the room. They need a much colder heat sink to dump the heat. For example, the XRS ADR dumps its heat into a liquid helium bath at 1.3 Kelvin (1.3 degrees above absolute zero.) 

In a paramagnetic substance, each molecule acts like a tiny electromagnet, with the electrons playing the part of tiny electric currents. In nonparamagnetic substances, the fields of the various electrons all cancel each other out, leaving the molecule with no overall field. In paramagnetic molecules, however, the fields don't quite cancel, so the molecule produces a small field. An ADR salt pill, then, is like a group of microscopic magnets all packed in together. 

To get a mental image, you might try picturing a tiny compass needle attached to each molecule. The microscopic compass would point in the direction of the molecule's magnetic moment. (The magnetic moment of a magnet is a measure of the direction and strength of the magnet's field. The magnetic moment of a compass needle, for instance, is along the direction of the needle.) 

A salt pill would thus be like an array of tiny compass needles. Here's a schematic diagram of a section of a salt pill. In this diagram, we imagine that a weak magnetic field in the vertical direction has been applied to the salt pill. If the field is weak, some of the microscopic compasses will line up with it, and some won't. 
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A real compass needle and the magnetic moment of a paramagnetic molecule are similar in some ways and different in others. 

Here are two similarities:

· Both the compass needle and the magnetic moment of the molecule tend to line up with an applied field. (In the case of the compass needle, the applied field is usually the earth's field.) 

· Both can be pushed away from the direction of the applied field. 

Now some differences:

· It takes a lot less energy to push a molecule's magnetic moment out of alignment than it does to push the compass needle away from north. It may not seem like it takes much energy to push a compass needle, but the amount it takes to push a molecular magnetic moment out of alignment is so small that the random molecular vibrations of heat energy are often enough to do it. 

· If you push a compass needle away from pointing north, it will swing back as soon as you let go of it. But if the magnetic moment of a paramagnetic molecule gets pushed away from the direction of the applied field, it might stay out of alignment for some time. 

· While you're pushing a compass needle, you can point it in any direction you like. The microscopic magnetic moment of the paramagnetic molecule can only point at certain angles to the applied field. 

Here, for example, are the directions that one such molecule's magnetic moment could point if the applied field were straight up. [image: image4.png]IR
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This diagram is a bit oversimplified. The magnetic moments wouldn't stay in the plane of the screen. They'd be spinning, pointing now out of the screen, now in, but always tilting at the same angle to the applied field. 

Here's a diagram of a small section of the paramagnetic salt pill, as it would be with a strong magnetic field forcing all the molecular magnetic moments to line up. 
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The behavior of the molecular magnetic moments seems really strange to those of us used to everyday things like compass needles. There's a whole field of physics, called Quantum Mechanics, that deals with the strange ways that microscopic things behave. A full explanation of quantum mechanics is beyond the scope of this website (and, let's face it, beyond the scope of this website writer!) If you'd like an interesting account of how physicists came up with the quantum theory, try Questioners: Physicists and the Quantum Theory by Barbara Cline. 

The salt pill can absorb heat because of the strange properties of the molecular magnetic moments. On the microscopic scale, heat energy consists of random vibrations of molecules. When the applied magnetic field is weak, there is enough energy in the random thermal vibrations to knock a molecular magnetic moment out of alignment with the field. Thus, the energy that was heat energy gets changed into magnetic energy of the molecules. As the salt pill absorbs more and more heat energy, more and more of the molecular magnetic moments get knocked out of alignment with the applied magnetic field. Eventually, the salt pill can't absorb any more heat. Instead of being all lined up, as in the diagram above, the spins are pointing every which way, like this: 
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At this point, the heat must be dumped. To dump the heat, the ADR operator does two things. One step is increasing the applied magnetic field; the other is turning on the heat switch that connects the salt pill with the helium coolant bath. 

When the magnetic field is turned up, that increases the amount of energy the molecular magnetic moments must have to stay out of alignment with the field. When the field becomes high enough, the molecular magnetic moments give up their energy and flip back in line with the magnetic field. As the energy gets dumped by the molecular magnetic moments, it converts back into random molecular motion, i.e. into heat. All this dumping of heat causes the salt pill's temperature to rise. 

As the salt pill's temperature rises above that of the liquid helium coolant, the operator turns on the heat switch. A heat switch does for heat what an electrical switch does for electricity. When you want the heat to be able to flow, you turn the heat switch on. When you want to block the flow of heat, you turn the heat switch off. 

When enough heat has flowed to the coolant bath, the operator turns off the heat switch, then reduces the magnetic field. Once again, the amount of energy needed to knock a molecular magnetic moment out of alignment is small enough that random thermal vibrations have enough energy. Thus, the molecular moments begin absorbing heat, and the salt pill cools, starting another cycle. 

For more information on the Goddard ADR, including pictures, see our ADR Page. 

XRS: a Complete Satellite Cooling System

The X-Ray Spectrometer (XRS) was a satellite payload with a cooling system that operated down to sixty thousandths of a degree above absolute zero. For info, see the Introduction to XRS. 

We Don't Freeze People

One idea that keeps showing up in science fiction is: "Wouldn't it be neat if we could freeze people and then revive them?" That idea was used, for instance, in the Stanley Kubrick/Arthur C. Clarke movie "2001: A Space Odyssey". There is a field devoted to freezing people, called cryonics. It's currently used for freezing people who die of diseases that, they hope, will be curable by the time scientists learn how to revive people. At present, though, reviving people has been successful only in science fiction. And not even all the time there, if you remember what happened in "2001"... 

Hands-on Activity:
If you have the facilities and time then the students can pair up and do it themselves. Otherwise I would suggest doing this yourself in front of the class as a demonstration.

Procedure:

Freeze a common household fly with liquid nitrogen (see safety information below). The vapors should be enough to freeze it motionless. It appears dead but when placed in the palm of your hand it will come back to life slowly as it unfreezes and fly away. 

The kids should love this. Try experimenting with:

· different amounts of time exposed to the liquid nitrogen compared to the amount of time to move again

· submersed in the liquid or just using vapors

· different methods of warming the fly up compared to the amount of time taken

The flies aren’t totally frozen, just so cold they are temporarily immobilized but the students don’t know that because they appear frozen.

Don’t let liquid nitrogen scare you off. It can be safe and fun as long as the right precautions are taken. It should be fairly easy to obtain. Try asking a nearby university or businesses that might spare you some.

Where to get small quantities of liquid nitrogen:
http://www.zyra.org.uk/getliqn.htm 
The first thing to know about this is that you can't buy convenient small containers of liquid nitrogen off the shelf in shops and store them at home. It doesn't work like that. The problem is that nitrogen is much lighter than butane, which you can get in small aerosols. If you tried to squeeze nitrogen into a can you'd find it would need to be an extremely strong can! At room temperature, nitrogen is a gas, and so the cylinders would have to be immensely strong, like oxygen cylinders. For this reason, it's generally best to avoid trying to keep nitrogen at pressure and much easier to just keep it in well-insulated cool flasks.
No flask is perfect, so the stuff is expected to evaporate slowly off. Don't try to stop it doing this. It will explode!
However, even though the industry standard for a liquid nitrogen flask is the five gallon (25 liter) Dewar, complete with loose cork, it's quite possible to store liquid nitrogen for a day or two in a Thermos flask of the type used for keeping tea warm! They're just as good at keeping the liquid nitrogen cold as they are at keeping the tea warm, and are usually made quite well, and won't often smash when the liquid at minus 196 degrees Celsius is poured in.
So, to get some liquid nitrogen, it's best to get some flasks and to look for places that already have huge quantities of liquid nitrogen being stored. The sorts of places that have liquid nitrogen are: hospitals, physics labs, mortuaries, strawberry freezing factories, cryonics facilities, and anywhere that's using superconducting magnets.
When you arrive at the place and ask nicely if they might spare some liquid nitrogen, your chances of being granted your request tend to be improved by:
1. Your reasons for requiring some liquid nitrogen.
2. The size of your flasks (bigger = better).
3. Your demonstrated safety-conscious knowledge.
4. Charm.
Generally, if you've got some kind of personal scientific interest in the behavior of liquid nitrogen and/or wish to put on a memorable educational demonstration, and you've got some reasonable flasks and the good sense to not screw the lids on, and you ask nicely, you're in with a good chance of winning yourself some liquid nitrogen.
Good luck!
A website with information on other fun liquid nitrogen experiments: http://webs.wichita.edu/facsme/nitro.htm 

Liquid Nitrogen Demonstrations
Safety Notes & Concerns
Liquid nitrogen is a dangerous material. The following is an excerpt from the Air Products Nitrogen Material Safety Data Sheet:

A back of the envelope calculation indicates that the entire contents of a 10 Liter Dewar being spilled in an unventilated 274 square foot room with an 8 foot ceiling would reduce oxygen levels below the 19.5% level where Air Products recommends the use of a respirator. Since most classrooms are larger than this, suffocation does not represent a major danger. When transporting the liquid in a car, however, it is probably a good idea to open a window.

The possibility of freeze burns represents a much more serious danger and is therefore our first concern. This does not mean that the demonstration itself is dangerous, but it does mean you must be careful. Dangers include:

· Nitrogen can spatter (possibly in eyes) while being poured. 

· Flying chunks of frozen objects could cause eye injury. 

· Students (being children) will want to reach out and touch nitrogen or other cold objects. As mentioned above, contact with nitrogen can cause tissue damage, and this must be prevented. 

Therefore specific safety precautions should include:

· Teachers must stress to their students the importance of not touching frozen objects or nitrogen. 

· Wear goggles whenever pouring or dumping nitrogen. Nitrogen can spatter into the eyes, and potentially blinding pieces of frozen things can fly around when we drop it. 

· Use a glove and / or tongs to handle any object going into or out of nitrogen and to carry the nitrogen dewar. 

Teachers should familiarize themselves with the following first aid instructions (excerpted from the Air Products Nitrogen Material Safety Data Sheet) for cryogenic freeze burns just in case the worst happens:

If cryogenic liquid or cold boil off contacts a worker's skin or eyes, frozen tissues should be flooded or soaked with tepid water (105-115F, 41-46C). DO NOT USE HOT WATER. Cryogenic burns which result in blistering or deeper tissue freezing should be seen promptly by a physician.
Remember to stress the importance of not touching liquid nitrogen or frozen objects.

See also Liquid Nitrogen Safetygram (in pdf format - see below) from Air Products and Chemicals, Inc. 

