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CRYOGENICS DEMONSTRATION

By Samuel R. M. Burton

ABSTRACT

Presentations are given to disseminate inormation about helium and cryogenic effects on common
materials. Thi document provides a standard of content for cryogenic experients and lits equipment
utiled during U.S. Bureau of Mines (USBM) cryogenics demonstrations. The demonstrations use
liquid nitrogen to obtai the crogenic temperatures.

lChemist, Helium Field Operations, USBM, Amarillo, TX.
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INTRODUCTION

As a public servce, USBM provides techca inorma-
tion about helium production. Numerous requests by

teachers, students, and other USBM centers for inorma-
tion on the USBM crogenics demonstrations ca now be
met. The effects of crogens on material used in the
producton of helium and tranportation of gaseous helium

are given. Th inormation is provided to loca schools,
civic organtions, and the public with crogenic demon-
strations. Dur the demonstrations, chanes in prop-

erties, chane of state, and the effects of the crogenic
temperatues on common material at liquid nitrogen tem-
peratue (-195.8 °C, Tl K) are observed.

CRYOGENICS DEMONSTRATIONS

Temperatue scaes are usefu to better understand the
chae of propertes from room temperatue to the cro-
genic region. The Celsus scae, shown in fie 1, is

generaly usd for scientic temperatue measurements,

and the Fahenheit scae is the most common temperatue
scae used in the United States. Some temperatues (6) of
interest are: boil point of water 100 °C (2U oF),

freezi point of water 0 °C (32 oF), mercur solidies at

-38.9 °C (-38.0 oF), cabon dioxide sublies at a tempera-
tue of -785°C (-1093 oF), and the coldest temperature
measured in natue was -89.2 °C (-12.6 oF) at the former
Soviet Union's Vostok station in Antarctica on July 21,
198 (2). The liquefacton temperatues of some common
gases are: methe -164.0 °C (-2623 oF), oxygen -183.0 °C

(-29.4 ØP, ai about -190 °C (-310 oF), nitrogen -195.8 °C

(-320.4 oF), hydrogen -252.9°C (-423.2 oF), and helium
-26.9 °C (-452.1 oF). The reference point is absolute zero
at -273.15 °C (-459.67 oF). A comparon of varous cro-
gens is gien in fie 2.

HEUUM UFTNG CAPACITY AND PERMEABIUTY

A cylider of helium is shown in fie 3. Compressed
helium from the cylider is exanded to inate a rubber
baloon. The li capacity of helium is about 1 ounce

per cubic foot. The weigt of the baloon is less than
1 ounce and as helium fi the baloon the li capacity

of the helium is greater than the weigt of the baloon,
and the baloon floats.

Helium dies thoug the rubber baloon, and since
the concentration in the baloon (100%) is greater than the
helium in the ai (5 ppm), more helium wi die out of

the baloon than into the baloon (3). With 2 to 3 days,
the weigt of the baloon is more than the li capacity

of the helium left in the baloon, and the baloon wi
descend to the floor. In the cae of a mylar baloon, it

may take weeks intead of days.
To demonstrate helium leak detection, a helium-fied

baloon and a commercial helium leak detector are used.
The leak detector is an analytca intrument caed a

mas spectrometer that is tued for detection of traces of
helium-4. The helium that dies thoug the baloon is

sapled and the intrument wi indicate the presence of
helium by a lited bar graph. As the concentration of

helium in the ai increases, the leng of the lited bar

graph increases.
To assist the detection of the helium diin thoug

the baloon, the pal of the hand is placed on the baloon

and the snier probe placed under the hand. The helium
leak detector quickly indicates the concentration of helium.
By usin a baloon made of Mylar, a sigcat decrease

in the leak rate ca be demonstrated. Th decreased rate
explai the increased lengt of tie a Mylar baloon stays

inated.
Mas spectrometer-helium leak detectors are used in

laboratories, helium plants, and gasfields as a mean of
fidi leak in pressurd helium pipelies and other

pressurd or vacuum apparatu.

Permeabilty of helium thoug a porous ceramic cr-
cible ca be demonstrated with an inverted beaker fied
with helium and a Magehelic pressure gauge, as shown in
fie 4. The inverted beaker fied with helium is placed
over the crucible. Helium diin thoug the crucible

causes increased pressure on one side of the diaphrag in
the Magehelic gauge and is indicated by the movement of
the needle on the gauge.

Two core saples, one of anydrte and another of

brown dolomite, are pased around in the audience. These
material were taken from the geologic formations where

helium is stored. Helium is found in the natural gases that
are stored in the brown dolomite (that has a porosity of
10% (8)) at Cliside Gas Field. The anydrte is repre-
sentative of the rock over the gas field and does not alow
the gas to escape.

CHANGES IN PHYSICAL PROPERTIES
AT UQUID NITROGEN TEMPERATURES

Liquid nitrogen (NJ is used as a refrgerant in the
crogenic process to separate helium from natural gas.



Dewars, as shown in fie 5, are used as contaiers for

liquid nitrogen. These dewars are simar to the thermos
bottles used in lunch boxes, except they are made of Pyex
glass, have a low coeffcient of expanion, and ca with-
stand greater chanes of temperature. Liquid nitrogen is
colorless and odorless. When it is poured into a dewar,
viorous boil takes place. Th boil is the result of
heat bein removed from the contaier, chan liquid
nitrogen to gaseous nitrogen. Afer the heat is removed
and the contaier has reached liquid Ni temperatue, the
boil subsides.

Liquid nitrogen is used to show physica propert
chanes at crogenic temperatues. A hollow rubber rac-
quetbal placed in liquid nitrogen becomes rid. The ai
inide the hollow bal liquefies, form a partial vacuum.
When the frozen bal is thown agait a hard surface, it
shatters, as shown in figue 6. The noise made as the bal
shatters is an implosion, caused by the inward bursti of

the bal.
When a piece of rubber tubing is stretched and released

at room temperature, it retur to its origial shape.
When the tubing is immersed in liquid nitrogen, vigorous
boilg indicates that heat is bein removed from the rub-
ber tubing. Afer the boilg subsides, the rubber tubin

has reached liquid Ni temperature and is rigid, as shown
in figue 7. At thi temperature its properties have

changed and when pressure is applied to bend the tubin
it break. When the rubber wars to room temperature,

it becomes elastic agai.
Because of the cryogenic temperatures used dur the

purifcation and liquefication of helium, cae is requied.
in the selection of material that wi be used in the con-
struction and modication of helium plants. Common
steel ca become brittle and shatter at liquid nitrogen and
liquid helium temperatures. Valve packig alo requies
caefu selection, since the rubber "0" rigs used at normal
temperatures wi harden at cryogenic temperatures.

The effect on metal tubing is demonstrated usin the
apparatus shown in figue 8. Staiess steel tubing and
common steèl conduit, of the same internal diameter (10)
and outer diameter (00), are cooled to liquid Ni tem-
peratures and tested with the impact delivered from a

2.4 Kg weight dropped 32 inches. The demonstration

shows that staiess steel, when cooled to liquid nitrogen
temperature, wi deform when struck but not shatter,
whereas the common steel shatters.

The properties of organc material alo chane at

cryogenic temperatures. Afer a few minutes in liquid
nitrogen, a banana becomes hard enough to be used to
drive a nai into wood, as shown in fie 9. Another ex-

ample of an organc property change is freezig a flower.
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The frozen flower wi shatter when strck agait a had
surface.

CHANGES IN VOLUME AND STATE

As liquid nitrogen is wared, it chanes to a gas. Ni-
trogen at room temperatue and atmospheric pressure,
occupies about 710 ties more volume th when liquid

(7). When stori or tranporti liquid nitrogen, presure
relief of the contaier is essential. To demonstrate th
chane of state, liquid nitrogen is poured into an Erlen-
meyer flask. A baloon is placed over the neck of the
flask, and the gaseous nitrogen wi be contaied at about
atmospheric pressure, as shown in fie 10. The boiloff

rate of the liquid nitrogen is proportonal to the amount of
heat absorbed by the liquid nitrogen.

A baloon inated with ai is used to demonstrate the
reduction in volume that occurs when ai is cooled with
liquid nitrogen. Liquid nitrogen is poured over the baloon
and the baloon shr, as shown in fie 11. By usin

a tranparent baloon, you ca see that cabon dioxide and

water have been solidied formin a th fi on the in-

terior surface. When the baloon is moved thoug the
ai, it wi war and retu to its orial siz. Th alo
demonstrates the expanion in volume that occurs when ai
is wared.

ELECTRICAL RESISTANCE

The resistance to electrca curent in metal decreases
at crogenic temperatures (1). A sine cell flashlt with

a coil of copper wie in series with a lit bulb and battery

is used to demonstrate th chane. When the coil of cop-
per wie is cooled to the temperature of liquid nitrogen,
the britness of the lit increases as the resistance of the

copper wie is reduced. Th is a result of improved elec-
trca conductivity thoug the crogenicay coled copper
wie.

CRYOPUMPING

Another use for crogenic liquids is cropumpin (4).
Cryopumpin occurs when gas molecules are condensed,
or trapped on a low-temperatue surface. A crophorus,
shown in fie 12, is used to demonstrate th phenome-

non. Distiled water was placed in the crophoru (a drop
of red food colori is added for viibilty), the gas above
the water was removed, and then the crophoru. was

sealed. Therefore, the crophorus contai water and
water vapor. The water maitai an equibrium with the

water vapor at the temperatue of the crophorus. To
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demonstrate cropumpin the liquid water is moved into
the bulb and the long leg of the crophoru-contai
water vapor is imersed in liquid Ni. At liquid nitrogen
temperatue, the water vapor in the leg wi solidi. Th

reduces the pressure above the liquid, and the liquid water
wi vapori to supply the vapor pressure requied at

room temperatue. As the liquid water vaporis enoug
heat is removed by the heat of vaporition to freeze the
surace of the water, as shown in fie U. Thee states

of matter (solid, liquid, and gas) are present in the
crophoru. When the crophoru is removed from the
liquid nitrogen, the ice on the surace of the water is
melted by rubbin the bulb to add heat. Cryogenic di-
tiation is al observed, because only water is vaporid

and frozen in the low temperatue area. The ice wi melt
to form clar water that is free of foo color.

CHANGE OF STATE FOR CARBON DIOXIDE

Carbon dioxide is used to demonstrate a chane of state
from a ga diecty to a solid. A smal baloon is fied

with cabon dioxide and placed over a test tube. The test
tube is immersed in liquid nitrogen, and the gas that is in
contact with the low temperatue is chaned to a white
solid by cropumpin as shown in fie 13. Th material

is commonly caed "dr ice," which is commercialy manu-
factued for use as a refrerant. Afer the test tube is
removed from the liquid nitrogen, the test tube wi war
and the "dr ice" wi retur to the gaseous state.

UQUEFYING AIR AT UQUID
NITROGEN TEMPERATURES

To liquefy ai, about 1/2 liter of liquid nitrogen is
poured into a copper-bottomed teakettle. Afer a few

seconds, droplets of liquid ai form and run off the bottom
of the teakettle, as shown in fie 14. The liquid nitrogen
inide the teakettle is at a temperatue of about -195.8 °C,
and ai liquefies at a temperature of about -190 0c.

PRESENTATION GUIDELINES

Thes educational crogenics demonstrations have been
presented for over 35 years with anual attendace esti-
mated at 801,00 persons per year. When plang to
give th demonstration, personnel should be checked out

in the us of the demonstration equipment and adherence
to the followi gudelies:

1. Visua inpecton of al equipment before use.

2. Amount of liquid nitrogen requied.
3. Use only approved apparatus and procedures.

4. Audience must be at a safe ditance from the
demonstrations.

5. Audience doe not participate.
6. Safe hadl of crogenic liquids.

7. Safe diposal of excess liquid nitrogen.
8. Know daers of pyrex glas dewars and metal

dewars.
9. Use of only pure liquid nitrogen.

Al presentations are dierent, due to the ty of audi-

ence and individual style of the presenter, but must be
techncay correct. The equipment checklt, Appendi A,
and the general outle in Appendi B should asist in
preparg for the demonstration. A lit of most frequently
asked questions ca be found in Appendi D. Questions
about sales and users ca be anwered usin inormation
in Appendi E and F.

CONCLUSION

The USBM provides crogenics demonstrations to di-
seminate inormation about helium and cryogenic effects
on common materi. These demonstrations offer edu-
cational opportunties and hopefuy wi ignte an interest

in pursuig the study of the sciences. The presentations

are approxiately 45 minutes to an hour in lengh and are

given to an estiated 80-1,00 persons anualy.
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APPENDIX A

Equipment Checkt for Cryogenics Demonstration

Authorition to present inormation to the public (See Appendi F for exaple)
Thermal expanion apparatus
(Plexias) metal tubin impact testi apparatus
Digtal LED resistance indicator
Mylar baloon
Mas spectrometer leak detector

- "N Kit -
Rubber baloons (test for holes before us)
Corks
Gogges, saety/fu face shield
Leather gloves

Teakettle
Pointer
Rubber tubin

1 Erlenmeyer flask
Glass dewar
Conductivity flashlt (check battery)

- "B" Kit -

Paper towels
Exension cord
Strig for baloons

Scisors
Rubber bal

Wooden block
CO2 cylider

Tongs
Difion apparatus (MAGNEHELIC gauge) and beaker
Core samples

Cryophorus
Hammer
Nai
Lead bell
Pyex test tube and baloon for CO2 subliation
Banana (needed)
Flower (needed)

Other Apparatus
Helium cylider (100 psig minum)
Posterboards and poster stand
10 Liters of liquid N2
2 Audience shields
Speaker system and tie-clp microphone (optional)
Cryogenic temperature thermometer (Poster on stand)
Overhead projector (optional)
Slide projector (optional)

(mandatory)
(optiona)
(optiona)
(optiona)
(optional)
(optiona)

13

Check if Present
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APPENDIX B

Recommended Outle for Cryogenics Demonstrations

Before the demonstration, ca the organtion/club

organr to conf location, date, alotted tie, and
expected attendance. Ask if electrca power is avaiable for
the speaker system (overhead and slide projector) and if
fu-siz tables wi be provided. Before starti your

presentation, diplay the Gelb diam (5) (Appendi C) to
your audience. Thi wi alow them to organ your pres-
entation and remember what you have told them. Review
the followi outlie:

1. Introduction (Organtion, you, and your parer).

a. Be brief.
b. Know your outle.

2. Federal Helium Program - Provides helium to Gov-
ernent agencies.

3. Headquarters in Amaro (approxiately 180 em-
ployees). The helium tie colum is located at the Dis-
covery Center. The 25-year time capsule was opened May
15,199.

4. Cliside Gas Field - 12 miles north of Amaro,
contai about 35 bilon cubic feet of Governent-

owned helium. Gas is moved by pipelie.
5. Amarilo Helium Plant (buit in 1929) - 2 miles west

of Amarlo at the intersection of Amarilo Boulevard and
Helium Road. This plant operates a cylider- and traier-
fig facity, machie shop, traier maitenance area, and

is the location of the Branch of Engieerins Section of
Technca and Analytica Servces Laboratory.

6. Exell Helium Plant (buit in 1943) - 30 miles north
of Amaro, purifes and ships gaseous and liquid helium.
Helium is removed from natural gas by a process that uses

crogenic (temperatures as low as -34 OF or -20.67 0C) or

adsorption (ambient temperature) processes. Today we
wi demonstrate the effects of cryogenic temperatures.

7. Helium is in the gaseous phase and is separated
from natural gas by the removal of water, cabon dioxide,
and hydrogen. Then it is pured by lowering the tempera-
ture unti most of the other components are liquid, or by
pressure swi adsorption of other impurties.

8. Today's presentation wi present the changes in

properties of materials at cryogenic temperature using

liquid nitrogen.

9. Helium

a. Cylider of helium.

b. Baloon (inate baloon before using in the
demonstration to make sure it isn't defective)
"Mylar" baloon versus rubber baloon (mass

spectrometer test).
c. Sintered crucible.

d. Dewars.

e. Core samples

10. Liquid Nitrogen (change of state)

a. Exanion 710:1 (dependi on temperature and

pressure).
b. Cryogenic thermometer, immerse in liquid N2 in

glass dewar.
c. Erlenmeyer flask.
d. Baloon fied by liquid N2 in Erlenmeyer flask.

e. Tea kettle, add liquid N2 to kettle.
f. N2 corkg, add liquid N2 to cork gu.

11. Carbon dioxide cropumping

a. Cylider of cabon dioxide.

b. Baloon (test for holes).
c. Test tube.

d. Liquid N2 in glass dewar.

12. Property changes

a. Hollow bal (racquetbal).
b. Rubber tubin.

c. Banana + nai + wood block.

d. Flashlght with external copper coil.
e. Lead bell.
f. Flowers shatter when frozen.

g. Staiess steel versus conduit steel at cryogenic

temperatures.

13. Removal of heat by vaporiztion.

a. Cryophorus.

b. Liquid N2 in glass dewar.

14. Close demonstration with question and anwer ses-
Sion.
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APPENDIX C
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PURPOSE OF
HELIUM FIELD OPERATIONS

CRYOGENICS PRESENTATION OVERVIEW
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APPENDIX D

Most Frequently Asked Questions

1. What is cryogenics?

ANSWER: The science of very low temperatures and their
effect on the propertes of matter.

2. How do you get the temperature that low?

ANSWR: By expandi gas thoug an expanion valve
and heat exchangers the heat is removed and the tem-
perature is lowered.

3. How does freezig bur?

ANSWR: The cryogenic liquids remove heat from the
livi tiues, freezig the Hi0 and rupturg the cell.

4. How does helium change your voice?

ANSWER: The helium changes the frequency with which
the voice resonates. It is not safe to breath high pressure
helium (See Appendi G).

5. How much are chemists paid?

ANSWR: In 1995, Government chemists basic anual
salares were paid on the basis of the GS grade levels,
(GS-5/1) $18,707 - (GS-15/10) $8,326. Salares are ad-
justed by locaty pay, and an exta $100,00 could be

made throug income from patents.

6. Can I have pieces of the broken racquetbal?

ANSWER: Afer the demonstration, smal pieces of the
broken rubber material ca be given to those who want

them.

7. How do you "mine" helium?

ANSWER: Helium is "mined" by drg for natural gas
then removed before the natural gas is marketed.

8. Where does helium come from?

ANSWER: From radioactive diintegration of uranum
and thorium. The helium is then trapped in underground
reservoirs with natural gas. Most of the helium that is

recovered commercialy is located the natural gasfields of
the Texa and Oklahoma Panandles and Southwestern

Kaas.

9. How is helium made?

ANSWER: From the diintegration of uramum and
thorium.

10. What ca you do with helium?

ANSWER: With helium you ca: make lasers, shield
material from ai, li baloons, gude missiles, create
strong welds, make breathg mixures, propel rocket fuel,
check for leaks, make electrica parts, fabricate computer
chips, build improved wind tunnels, support
superconductivity, provide crogenic pumping, and much
more.

11. Why does metal break when cooled?

ANSWER: The coolig reduces the maleabilty and
chanes the crystale structure of the metal.

12. What is superconductivity?

ANSWR: The abilty of electric current to flow with zero
resistance.

13. How is helium stored?

ANSWER: USBM helium is stored in an underground
gasfield in the geologic strata of the Bush Dome.

14. Why don't cyliders float away?

ANSWER: The lig capacity of a fixed volume of
helium decreases since gas becomes heavier as it is
compressed.

15. Since helium is lighter than ai, how much does
helium in a cylider weigh?

ANSWER: The helium in a cylider at 2,40 psig weigh
2.83 pounds or 1.28 kg.
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APPENDIX E

Helium Users

NASA
Departments of the Ary, Navy, and Ai Force (DOD)
Department of Energy (DOE)
NOAA (Weather Servce)
United States Customs Servce
Nuclear Reguatory Commission
University research centers

Hospitals
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APPENDIX F

FEDERAL AGENCY SALES
(Total FY -91 Federal Agency sales = 349.2 MMcf)

DOE -DIRECT 4.3%

NOM 0.2%

OTHER 3.0%

NASA-AF 11.8%
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APPENDIX G

Helium Inalation Memorandum

December 18, 1989

Memorandum

To: Helium Field Operations Employees

From: Safety Manager

Subject: Helium Inhalation for "Donald Duck" effect

Recently the Compressed Gas Association "CGA" wrote the producers of the movie "Parenthood" about the daers of

a scene in the movie in which a grandmother inales helium from a baloon to give her voice the squeak Donald Duck
sound. The CGA warns that "two deep breath, one to purge the lungs of ai, and the second to fi up with helium, ca
cause death."

Last year, three people died from inalg helium for the voice-chan effect. One death was from usin an
uneguated cylider, which exploded the victi's lun. The other two were due to inert-gas asphyxation, the hazd
of which is that there is no war of the daner, only collapse with no chance of self-help.

Helium is a substance foreign to the body, and lie so many others ca have unoreseen effects when ingested. Please
alert others to the danger of breathg helium when you see others tr it.

Rudy J. Wesel

INf.BU.OF MINE,PGH.,PA 30218

~ USGPO 709-09/20,074


