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Hot or Not

Objective: To show howmaterials can be designed to withstand very high temperatures.

Background Information: There are four different mechanisms by which heat can transfer:
conduction, convection, radiatipand advection. Conduction occurs when two things are in
physicalcontact with each other. Heat causes the atoms in a material to vibrate which then
transfers energy to othatoms in a process called thermal conduction. In the vacuum of space,
there isno matter and therefore no conduction of heat. Gases, such am@mwery little

matterinc ompari son with solids or |iquids. They
porous materials like foam insulation and ceramic tiles, which contain a lot of aiseaté¢o

keep our houses warm.

A refractory material ishemically and physically stable at high temperatures and has good
resistance to thermal shock. Refractory bricks are made from ceramic materials that can
withstand extreme temperatures without melting. In addition,¢betain a great deal of trapped

air since they are so porous. When tiek is heated on one side, the heat cannot travel to the
other side since there is sBach insulating air in between. Tiles, similar to the ceramic refractory
brick used in this demo, were usalthe outside of the ape shuttle to protect the ship and crew
from the >1200AC temperatures achieved on r

Metals can also be refractory materials. These types of refractory materials are often used as
tools to work other metals atdh temperature, light bulb filaments, and in furnaces used to
manufacture steel and glass (Figure 2).

Figure 1. Computer simulation of the space Figure 2. Steelmaking refractory
shuttle upon reentry. Becauséts surface materials are used in the crucible.
reachesextremely high temperaturesit
is coveredin refractory ceramics.
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Demo Description:In this demo, a propane torch will be used to heat one side of a refractory
brick. A thermometer will be used to monitor the other side of the brick, which should remain
cool during heating.

Keywords:
- heati the energy transfred from one body to another.
- temperaturé the measurement of the amount of heat present in an object.
- insulatori a material that resists the flow of heat (e.g., ceramics or plastics).
- thermal conductoi a material that aids in the flow of heat (e.g., metals).
- refractoryi a substance that is chemically and physically stable at high temperatures

and is resistant to thermal shock.
- porousi an object having many small spaces (i.e., pores)ctrahold a gas or liquid

or allow a gas or liquid to pass through.

Materials List:

Items provided in the kit
-1 refractory brick
-1 propane torch head

Items to be provided by the teacher/school
- small propane tank (1 liter, gendlyafound in the amping aisle at stores like Wadmt®)
- thermometer (a variety of thermometers will worthe eaiest to use is probably a meat
themomet er since itinamatemabde t o be fAstuckao
- gpark lighter or matches (also generdtiynd in the camping aisle)

Safety Precautions:Be very careful not to touch the hot side of the refractory brick. Do not look
directly at the flames of the torch.

Instructions:
1. Attach the propane torch head to the propane tank
2. Show students the refrtacy brick.
3. Explain what refractory materials are and what they are used for
4. Set up the refractory brick so that both sides can be seen and accessed. It istpossible
hold the brick in your hand because thack side will remain cool.
Insertthe thermomter onthe side of the brick that will not be heated.
Heat the side of the brick without the thermometer.
7. Have a student read the temperature on the thermometer as the other side of the brick is
heated.

oo



The

éggﬁgm é CERAMIC GLASSII
Society k

Demo Delivery Hints:

1. If students are mature/remmsible enough, alloweveral to take turnsontrdling the
propane torch to keep them involved in the demo.

2. When the refractory brick is not in use for the demo, be sure to keep it in the included
plastic baggie. If the plastic baggie becomes worn ty,deplace it with a new one
(There is nothing special about the baggie included in thief&gl free to replace it with
a similar plastic bag). The refractory brick will slough off in small pieces if handled
roughly and may also dent or crack into tpieces if hit against hard surfaces. If the
brick cracks into two smaller pieces, the smaller pieces can generally still be used to run
the demo as long as the piece is large enough to allow for heating on one side.

Troubleshooting: Do not put the thermmeter on the side of the brick you are heating. It may

melt! Be sure not to push the thermometer all the way through the brick as this will produce the
same result as putting the thermometer on the heated side. When lighting the propane torch with
a grill lighter, keep the flame turned down low or else the torch will blow itself out. Light it on
low, and then turn the flame up as desired.

Cleanup/Replacementfarts: DO NOT TOUCH THE HOT SIDE OF THE BRICK! Place the

brick in a safe place (out die reach bstudentsyand allow it to cool. Do NOT put the brick

away until it has cooled completely. Use the thermometer to confirm that the temperature of the
heated side has returned to room temperature. Tighten the knob on the propane tank and put
everything bak in the kit. Be gentle with the refractory brick.
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Hot or Not

Discussion Questions to Ask Before the Demo

1. What is heat?

DiscussionThe energy (other than work) that is transferred from one body to another.

2. What causes things to heat up? Havesl heat transfer?

DiscussionWhen heat travels, it must have physical matter to move througandfers
by vibrating the atoms in a material which then transfers energy toaitites in a
process called thermal conductance. In the vacuum of space jsho matter and
therefore no heat.

3. What could prevent heat from transferring?

DiscussioniGases, such as air, contain very little matter in comparison with solids or
|l iquids. They Ainsul ated heat from fl owing
insulation and ceramic tiles, which contain a lot of air, are used to keep our houses warm.

4. What uses would you have for materials #wily transfeheatWhat uses would have
for materialsthat prevent heat transfer?

DiscussionKitchen pots and parese made out of metals, which generally have very

high heat transfer coefficients. This is why we use them for tasks such as boiling water on
a stovetop. Refractory materials are generally made out of ceramics and are highly
porous, meaning they contaiicd of trapped air within the microstructure of the

material. Refractory bricks similar to the one supplied for this demo were used on the
NASA spaceshuttle to prevent overheating during atmospherery. Refrigerators

and freezers are another examgfi#gems in a kitchen which have low heat transfer.

Discussion Questions to Ask During the Demo

1. Why is the heat not transferring through the material?

DiscussioniGases, such as air, contain very little matter in comparison with solids or

liquids. Th¢y Ai nsul atedo heat from fl owing. This i
refractory brick, do not transfer heat well. It contains so many pores full of trapped air

that it significantly slows the transfer of heat to the other side of the brick.
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2. What wouldhappen if we exposed something else in the classroom to the heat of the
propane torclifor examplethe metal leg of a cind?

DiscussionThe chair leg would begin to glow where exposed to the heat and slowly that
glow would spread over a large areahs teg. If the torch is hot enoughwould likely
cause the leg to melt and deform.

Discussion Questions to Ask After the Demo

1. What are different ways materials are made to stop heat from transferring?

DiscussionThe refractory brick in this demo usgsres, or empty areas filled with air, to
prevent heat from transferring via conduction. Double pane windows have a similar
concept, using an empty (ghled) area between the panes. Heat can be prevented from
transferring via radiation by blocking thadiation, such as is done by a parasol to keep
cool on a sunny day.

2. What would happen if this brick were dense (d& not have pores)?

Discussion:The refractory brick would allow the transfer of heat from one side to the
other. However, due to threfractory nature of the material, no physical or chemical
changes would occur. This means that the material would not melt, unlike most other
materials exposed to the heat of a propane torch.
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Hot or Not

1. What is heatMow does it transfer from one object to another?

2. What is the difference between an insulator and a conductor?

3. What is special about the microstructure of the refractory brick?

4. How does that special microstructure impact the way the refrdatick/responds to the
heat of the propane torch?

5. Identify the mechanism of heat transfeorfduction, convection, radiatipor advectioh
in the following situations:
a. Cooling your room using a fan
b. A pan of vegetables on the stove
c. Your driveway on aunny summer day
d. A chicken cooking in the oven
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Candy Fiber Pull

Objective: To demonstrate the unique propertieglassby examiningthe solidliquid and
liquid-solid transitiors of a glasdike system

Background Information: Glass is an amorphous solid that is typically brittle and optically
transparent. An amorphous solid is any materiallibatno longange order of atoms

Crystalline materialg¢such as a metahjave an orderly arrangement of atoms, while amorphous
materiak do not (Figure 1)Glass is a uniqumaterialbecause its viscosity slowly decreases as

heat is applied until it flows in a similar fashion to walére temperature at which it transitions

from solid to liquid is often referred to as the gtagsid transition temperaturés the glass is

cooled, the viscosity slowly increasdhisprope t y al | ows gaf f eglass)of peopl «
machines to work with and shape the glass into products such as vases or bottles. If the glass is
cooled too quickly, sesses will form in the glass causing it to cradke glasdiquid reaction is
typically reversible, meaning the solid can move to a liquid state and then back to a solid state.
The glasdiquid transition of a solid to a liquid state typically occurs tubeating and he

reverse reactioof a liquid to a solid state typically occurs due to coobngompression

Crystalline structure Amorphous structure

Figure 1. Crystalline vs. amorphous atomic structures

The termiiglas® includes many different materials, somigh which you ae familiar. Soda
lime glass composed primarily of silicésand)i is used in the production of windows and
drinking glasses. Sugar glassomposed o& brittle transparent form of sugars used in
movies, photographs, and plays to simulate dimd@aglass. It breaks very easily and is less
likely to cause injuries, but still has the look and breaking patterns of soda limeQgities.
candy and lollipops are two glasses that are made from cane sugar. Cottois caady by
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heating sugar until teaches molten stat€liquid form) and squeezing through small holes

into a larger bowl that is spinning. The thin sugar fibers solidify almost immediately in the room
temperature air and begin to collect on the outer edges of the\Wbtwh you eathe cotton

candy, the heat from your tongue causes the fibers to dissoheeligqtnd form again Other

candies, such as lollipops and Jolly Ranchers, follow a similar prdnesfation used to keep

your house warm in the winter is fiberglass, whichmede in a similar fashion to cotton candy.
See thentroductoryPowerPoinpresentatioron the flash drive in the kibr additional examples

of how glass and the glatsnsition temperaturareused in realvorld applications.

Demo Description: During this demo Jolly Rancher8 will be melted in a beaker using a hot
plate. Once thdolly Rancher8 have reached moltenstate, candy fibers can be pulled from the
beaker. When a fiber is pulled, it is almost instantly cooled because of the small didrtieter o
fiber and how cool the air is in relation to the moldetly Rancher8. This simulates the
production of glasdike fibers.

Keywords:

- amorphou$ noncrystalline materials that lack a lomgnge atomic order.

- glassi an amorphous, brittlsolid which exhibits a gladguid transition when heated.

- liquid T fundamental state of matter characterized as having a definite volume, but no shape.

- solidT fundamental state of matter characterized by structural rigidity.

- glassliquid transitioni reversible reaction in amorphous materials from a haitlle state to
asemtliquid, molten state.

- viscosityi an internal property of a fluid that offers resistance to flow.

- fiberglasg a material fabricated from extremely fifieers of glass and is used in a variety
applications ranging from household insulation to a reinforcing agent in ladders and
automotivebody panels.

Materials List:

Items provided in the kit
- 1 beaker
- beaker tongs

Items to be provied by the teacher/school
- hotplate(can also use a microwave if no hotplate is available)
- Jolly Rancher§
- wooden skewers or popsicle stigdk®mething to pull fibers with)

10



The

Sy = e
Society ‘

Safety Precautions The hot plate and the beaker will get very i@dution should be used
when handling the beaker during the demo. Allow the beaker and hot plate to cool before
cleaning and returning to the kit.may be helpful to clean some of the Jolly Ransharile it
is still warm and fluid, but be sure that theaker is not hot to the touch. If the Jolly Ransher
cool and hardertheycan always be removed with soap and warm watéow the Jolly
Ranches® to melt away in the warm wateather than trying to scruh it

Instructions:
1. Be sure that the beakerakean and dry.

2. Placefour to sixJolly Rancher8 into the beaker.
3. Place the beaker on the hotpland set the hotplate to a meditemperatureetting.
4

. Stir theJolly Rancher§ while heating for approximately 6 15 minutes. Théolly
Rancherg shoul begin to melt into a morfiid form.

Note: The Jolly Ranchefscan burn! Pay close attention while melting the Jolly
Rancher8 and be sure to stir them throughout the heating process. If they start to burn,
reduce the heat (or remove the beaker froerhibat) and continue to stir. If you have a
microwave available in your classroomisiteasieto heat the Jolly Ranchér this
fashion.You may have a shorter time period to pull the fibers befor@dig Rancher
hardenmagain but you are less &ty to burnthem

5. Once the Jolly Ranchétsire in liquid form, use the woed skewefpopsicle sticko pull
one fiber from the beaker by dipping the skewer intaribéienJolly Rancher8 and
removing it slowly.

6. Allow students to take turns pulling fibers.

7. Pickfour or fivestudents and have each one of them pull a fibeqaiwkly move away
Have the other students take rough measurements of how long the fiber gets before it
breaks. See who can get the longest fiber.

8. Have studentsomparehe flexibility and textureof a shor fat pulled fiber a long
skinny pulled fiberanda solidJolly Ranche?.

Demo Delivery Hints

1. Turning the fiber pulling into a game to see who can get the longest fiber makes this
demo fun. Most of the time, it helps to remolie beaker from the hotplate and tilt it so
that the fiber doesnét contact the.Doide of
not touch the beaker with your bare hgralways use the beaker tongs or hot
pads/gloves.

2. TheJolly Rancher8 do take aittle time to heat up and turn to a liquid form. This portion
of the demo can be started eadwpd theJolly Rancher§ can continue to heat while you
are explaining the background information and what is going to be done during the demo.
Just make sure wtir the Jolly Ranchefsas they are heating.

11
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3. If you have other beakers readily available in your classroom, it is recommended that you
use the beaker included in the kit tbis lesson onlyand designate it astaf cwrdl y 0
beaker This will allow stuents to eat the fibers without having to worry about
contamination from the beaké&@esuree o cl ear |l y | abeinltylbe beake
andthoroughly wash and dry the bealeach time before using it for this lesson.

Troubleshooting: It may take some timfor the hot plate to heat up. Make sure to test the hot

plate prior to the demo to ensure that the heating elements and temperature settings are working
correctly (you can do this by placing some water in the beaker and checking to see that it boils
after 10to 15 minutes of heating on the hot platlternatively, you can melt the Jolly

Rancher8 in a microwave if one is available.

Cleanup/Replacemenfarts: This demo can get very messy. The easiest way to clean the
beaker is to run hot water ovewuitil all of the sugar is dissolveHibers that end up sticking to

the desk or floor can also be dissolved by scrubbing with a paper towel moistened with hot water
or using a mop with hot wateéFhe usedwooden skewers/popsicle sticks should be replafted a
every demo. A damp paper towel should also be used to clean the hotplate once it has cooled.
Make sure that the beaker and hot plate are clean and dry before returning them to the Kkit.

12
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Candy Fiber Pull

Discussion Questiorto Ask Before the Demo

Ask students what they know about the formation of glglass fibersor glasdike fibers
(such as cotton candy)

Discussion:Students most likely will not know much abouthglass and glass fibers are
made. Describe the process outlined inBaekground nformation section of th€eacher
Instructions.

Discussion Questions to Ask During the Demo

1. Before pulling a fiber for the first time, ask students whay thenk will happen when
you remove some of the JollyRancdfef r om t he hafibéer. and Apul | 0o

DiscussionEmphasize the fact that the diameter of the fiber is very small compared to
the amount ofmoltenJolly Ranches® in the beakerThis facilitates @ instant cooling of
the Jolly RancheP fiber as it is removed from theeat and exposed to room temperature
air, whichcauses it to take on a gldgee fiber quality.

2. Have students guess at how long of a fiber they think they can pull.

Discussionif this demo is done correctly, students should be able to pull a fiber that runs
a good distance across the room. Most of them will not guess a number this high for the
length. The key is to have them move very quickly away from the beaker soetiduer
continues to be pulledtherwise it will start to sag. Once the fiber makes contact with
anyother surfacga desk, the floor, etc.), it will not be able to be pulled mooger.

3. Once several fibers have been pulled, ask students to compare the tectieibility
of the fiberto the solid Jolly Ranch®rAre there any changen the properties of the
fibers as a function of length (i,elo shorter fibers feel or look different than longer
fibers)?

DiscussionThe fibers should be fairly flexible whehey first start to cool, but may start
to harderafter being at room temperature for a whitegeneral, the thinneand longer
the fiber, the greater the flexibilitfhe fibersmayalsohave a different texture and color
(transparencygompared to th original Jolly Ranché&r

4. Hold a short competition to see who can pull the longest fiber.

DiscussionThis is best done in groups wio to threestudentsFirst, have each student
(or each group) make a guess at the longest fiber they think willlleel precord the

13
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guesses on the Student Question Handéaxe one studeritom each groupull the
fiber, while theother students help measure the length of the fiber as it is being pulled.
Use a meter stick, or taia students walk alongside the fillering pulled and count the
number of steps taken along the length of the fiber. If you have enough space in your
classroom, you can have each group take their fiber in a different direction (although this
will make for some additional cleaup;a mop and \&rm water are suggested to help

clean the floor if a lot of fibers end up on the floor). This allows all of the fibers to be
pulled so that each student can evaluatdiltiees of other groupt determine which is

the longestGive the student/group witihe closest guess to the longest fiber pulled a
reward such as extra Jolly Ranch&ts take home

Discussion Questiorto Ask After the Demo

All ow the students to eat the fibers that ha
is hagening to the fibers as they are eaten.

DiscussionEmphasize that the heat from your tongue as well as the pressure of you sucking
on the candy will cause the fiber to go from a solid form back to the liquid form. This is the
reverse reain of what happened when they pulled the molten Jolly Rarftfrera the

beaker.

14
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Candy Fiber Pull

1. What do you think will happen when you pull some ofrin@tenJolly Ranches® out of
the beaker?

2. What is the longest length of fiber that yihink you can pull?

3. What was the length of the longest fiber pulled?

4. How does the Jolly Rancrerfiber differ (in terms of texture, flexibility, shape, etc.)
from the original solid Jolly Ranei®?

5. What happens when you eat the Jolly Rargthigbers?

15
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Piezoelectric Materials

Objective: To demonstrate the piezoelectric effect in several materials and explain why this
property exists in certain materials

Background Information: Piezoelectric materials are everywhere. Piezoelectric materials are
used in a wide variety of applications. Sensors, amplifiers, and ultrasonic transducers are just a
few examples. They are a necessary component in all electronicarahd made very small

(so your electronics can be compact as well).

The piezoelectric effect describes the relationship between a mechanical stress and an electric
voltage in solids. Certain materials (e.g. quartz and barium titanate (8a@&xibit his effect.
When a mechanical stress is applied to these matehiajsgenerate a voltage. This is shown
schematically in Figure 1. The effect is reversible as.Wétlen a voltage is applied to the

material the shape of the material will change bgnaall amount (up to 4% in volume change).

Figure 1. Schematic of the piezoelectric effect. When a force is added to the material
(red arrows), it generates a voltage (green arrows). It also works in reverse.

This is howthespeaker in a greetingrchor the speakerianmp 3 pl ayer 6 s sheadpho
The material is electrically vibrated at certain frequencies that we then hear as sound. This sound
can be amplified with the use of a diaphragm.

The piezoelectric effect is caused from the strgctirthe material. Sometimes atoms are

arranged in such a way that they can be physically forced towards each other when the material
experiences a compressive force. The change in the m@&tstiaicture causes an electric dipole,

or change in potentidVoltage).The opposite is also true. When a potential is applied to the
material, like aattery, then the atoms are driven apart and a force is cr&aedne

16
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introductoryPowerPoinpresentatioron the flash drive in the kibr examples of how the
piezoelectric effect is used in reabrld applications.

DemoDescription: In this demo, the piezoelectric effect of a ceramic disk and a polymer film
will be demonstrated through the use of LEDs. Two of each piezoelectric material have been
included inthe kit so that you may keep one to demonstrate and pass one among the students.

Keywords:

- piezoelectric t he ef fect of generating electric char
the Greek for fApressure. o

- ceramici classification of madrials which are inorganic, nanetal solids.

- polymeri classification of materials which are characterized by long, dian
molecules that typically have repeating sutits.

- structure’ the arrangement of atoms within a material.

- potentiali difference in electric charges resulting in the capacity to do work.

- forcel influence exerted on an object, such as pressure or tension.

- transducer a device that converts small amounts of energy from one kinemuther.

Materials List:

Items providedin the kit
- two piezoelectricceramic disks
- two piezoelectrigpolymerfilms
- four LEDs
- eightalligator clip sets

Items to be provided by the teacher/school
- musical greeting card
- voltmeter

Safety Precautions Too much force on either piezoelectric material can permanently damage
them.

Instructions:

1. Test both piezoelectric materials prior to starting the demonstration to make sure neither
is damaged or needs to be replaced.

2. ConnectoneLED to apiezoelectrt polymer filmso that the long wire of the LED is
connected t@ne leg of theiezoelectric material, and the short wire on the LED is
connected to thetherleg of the piezoelectriilm. Use the supplied alligator clips to
make these connections (Fig@e

17
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Figure 2. LED and piezoelectric polymer film connected by alligator clips

3. Connect 1 LED to a piezoelectric ceramic disc so that the long wire of the LED is

connected to the red wire coming from the disk and the other wire of the LED is
connectedo the black wire of the disk.

Figure 3. Piezoelectric disk ready to be tested

4. With a very light tapslowly increase the force until the LED visibly flashes with each tap.
Show effect to studentH.is important to simply tap the disk and to not lgxieady
pressure.NOTE: The room must be fairly dark to see the LED light.

5. Bend the polymer film back and forth slowly (Figure Hhcrease the speed at which you are
bending the material until the LED lights up with each bending motion.

Figure4. Bending the polymer film

18
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6. Openthemusical greeting card and explain the use of piezoelectric materials as a
speakerTake apart the card so that studentscas ee t he actual piezoel
Supply students witthe backgroundnformation on pezoelectric materials. A
reproduction ofigure 1 should be created as a demonstration aid, linking it to the
ceramic disk and polymer films used.

OPTIONAL ADDITIONS TO THE DEMO

7. Use a voltmeter in place of the LED to measure the voltage generateal by th
piezoelectric. This provides a better indication of the piezoelectric effect as the light
generated by the LED is very minimal.

8. Connect the two piezoelectric materials in series and try to generate more voltage by
simultaneously activating both matesal

9. Create a simple circuit by connecting the ceramic disk directly to the polymer film.
Attempt to make the polymer film bend by striking the ceramic disk.

Demo Delivery Hints: Interest is key. fiis demonstration can be boring if you are not interested

in it yourself. Try to be excited about the pi
w o r kan be used as an introduction:
http://www.youtube.com/watch?featureapér_embedded&v=1pM6uD8nePo

Troubleshooting: If either piezoelectric material is damaged or not working, then replacements
should be purchased. I f the demonstration i sn
most likely the cause (the LEDseanearly indestructible).

Clean-up/ReplacementParts: Disconnect the LEDs from the piezoelectric materials and return

all materials to the kitLEDs can be found at any electronics store for very little €dlsey are

lost or stolenPiezoelectric cemmic disks can be purchased from online electric suppliers,
includingeBay. Thepr e t ypi cal Itransducerb et t ed st neas mmended
the diskswith wires already attachdtbr ease of ugePiezoelectric polymer films can also be

purchased from online electronic suppliers. Theya@mamonly referredta s fipi ezoel ectr
vibration sensoré | atsoreac@nmended to purchafilens with wires already attachdtbr

ease of uge

19
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Piezoelectric Materials

Discussion Questions to Ask Before the Demo

1. How do we as a societymake electricity?

DiscussionWe typically use gnerators powered by water or steam pressure, wind, solar,
coal,or nuclearpower.

2. What objects or materials generate electricity?

Discusson: Magnets (generator), batteries (chemical reaction)
Discussion Questions to Ask During the Demo

1. Whydoesthe LED haeto be polarized (red and black wires)?

DiscussionThe charge only moves one direction when the material is compressed.

2. What dothesepiezoelectric materials have common?

DiscussionA similar structure that allows atoms to be forced together.

3. What is generating the chargbserveds light from the LED?

DiscussionThe movement of atoms within the material causing an eletipade to
light the LED.

Discussion Questions to Ask After the Demo

1. What are potential applications this matecalild be useébr?

Discussion:Sensors, speakers, actuators, buzzers,lsat@and power generation.

2. Is human hair a piezoelectric matd?

Discussionitis . . . did youever statically charge a balloon by rubbing it on your head?
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Piezoelectric Materials

1. What is the piezoelectric effect?

2. What causes the piezoelectric effect?

3. Name a type of matial that can have the piezoelectric effect.

4. Nameonecurrent use of this material property.

5. What is a potential application of this material? Where could you use the piezoelectric
effect?
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Shape Memory Alloys

Objective: To learn how the motion of atoms under added heat can change the shape of metals.

Background Information: Nitinol is a nickel titanium alloy (~50% Ni, ~50% Ti) which hag
phase®r crystalline structures high temperature (austenite) andva femperature

(martensite), shown in Figure 1. The low temperature phase is weaker, allowing the material to
be bent and pulled out of shape. When deformed at a low temperature and then heated, nitinol
will return to the shape established when in the teghperature, stronger phase. By heating the
material, the atoms are given enough energy to rearrange themselves back to their high
temperature phase. The composition of the wire can be varied slightly to change the
transformation temperature. This abilioyremember and revert to the original shape gives this
material the name fAshape memory. o

Austenite

D ——
deformation

Martensite Martensite

Figure 1. When deformed at a low temperature and thelmeated, nitinol will return to the shape established
at the high tenperature as the atoms rearrangthemselves back to their high temperature positions.

In this demo, a nanscale change is impacting the masoale. When heated, nitinol wire that

has shape memory properties will return to its original shape due to changes that are happening
on the nanescale. e the Introductory Presentation for a top view of the atomic arrangements
during this transition. In comparison, a piece of normal steel wire (whose composition is
generally iron and carbon) will be unaffected by the addition of heat and maintain rimeléfo
shape. Nitinol is an ordered intermetallic compound. This means that the atoms have very
specific locations in the crystal structure. Nitinol is a popular choice for a variety of applications:
as a material in temperature control systems, retracabd@nas in cell phones, springs in
orthodonticbraces, and for eyeglass fram&ee thentroductoryPowerPoint presentatiamn the

flash drive in the kifor examples of realvorld applications of shape memory alloys.
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Demo Description:During this demgpstudents will see how a shape memory alloy can return to
its original shape when heat is applied.

Keywords:

- phasé the region of a material that is chemically uniform, physically distinct, and usually
mechanically separable.

- phase changeachange from one phase to another (often caused by a chaegggrature).

- thermal shape memorythe ability of a material to return to its original, cétadged
shape when heated.

- alloyT a metal containing two or more elements.

- nanoscalé features smaller than 1/10 of a micrometer.

- macroscalé features measurable and observable with the naked eye.

- crystal structuré unigue and orderly arrangement of atoms or molecules in a crystalline
material.

Materials List:

Items providedn the kit
- 6 inches of nitinol wire
- 6 inches of steel wire
- glass beaker

Items to be provided by the teacher/school
- hotplate
- needle nose pliers
- water

Safety Precautions:Safety glasses should be worn in case of msgkashing. The beaker and

hot plate can get very hot. Use the beaker tongs to handle the beaker during the demo to avoid
accidental burns. After the demo, be careful not to touch the wire, water, beaker or hot plate until
they have completely cooled!

I nstructions:
1. Fill the beaker with water.
2. Place the beaker dhe hot plate and turn to the high temperature seffihg water
should be heated to just below boiling.
Bend the nitinol wire to a desired shape.
Place the nitinol wire in the hot water.
The ntinol wire should immediately return to its original shape.
Remove the nitinol wire from the beaker usingphersand show it to the students.

ook w
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7. Repeat steps-36, trying different shapes and amounts of deformation.
8. Repeat steps-36 with the steel we.

Demo Delivery Hints: Try coiling the wire into a tight spring and tossing it into the water. If
done correctly, the nitinol wire wil/ Aj umpo
wire or place it in the water for a more interactive desti@tion.

Troubleshooting: Do not make sharp corners in the nitinol wire or tie it into knots. The wire is
limited on how much deformation it can recover from.

Cleanup/Replacementarts: Turn off the hot plate and allow it, the beaker, and the water t
cool down. Pour out the water. Do not return the supplies to the kit until they are cool to the
touch.
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Shape Memory Alloy
Discussion Questions to Ask Before the Demo

1. Can nanescale changes impact the masaale?

Discussion:Yes, this demo shows how the movement of atoms just a very small distance
can cause the macroscale shape of the metal to change.

2. What do you expect to happen when the nitinol wire is placed in the water?

DiscussionEncourage the students to diss what they think. Do they think the wire
will stay the same, expand, or return to its original shape?

3. What is a phase?

DiscussionA simple definition is a region of material that is physically distinct, and has
its own state (solid, liquid or gaskva arrangement of atoms (crystal structure), and
composition.

Discussion Questions to Ask During the Demo

1. Once the nitinol wire is placed in the water, what do you see?

Discussion:The nitinol wire should start straightening out. Depending on whaesyau
bent the wire in (suchasasprlige s hape), the wire ma#y tend
of the water.

2. Why did the nitinol wire change?

DiscussionThe atoms are rearranging themselves back to the positions for the high
temperature phase.

3. Does thesame thing happen with the normal steel wire?

DiscussionThe steel wire should remain in the same shape as it was bent. No change or
reactionsoccur, therefore the wire does not return to its original shape.
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Discussion Questions to Ask After the Dem

1. Why does the nitinol wire change shape, but not the steel wire?

DiscussionThe nitinol wire has two distinct, ordered phases. The high temperature

phase is called austenite and the low temperature phase, martensite. During this demo, the
atoms in thanitinol wire are undergoing a phase transformation between the low
temperature martensite and the high temperature austenite. The steel wire remains the
same, regardless of temperature, as it does not undergo any phase transitions and is not an
ordered inermetallic.

2. What uses can you think of for materials that have this special behavior?

DiscussionNitinol is a popular choice for a variety of applications: as a material in
temperature control systems, retractable antennas in cell phones, springsdaordith
braces, and for eyeglass frames! It was even used in the Mars Rover as part of a sensor
used to close delicate ports and prevent damage.
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Shape Memory Alloy

1. Define the following keywords:

phase:

phase change:

thermal shape memory:

aloy:

nanoscale:

macroscale:

crystal structure:

2. What is happening to the atoms asttimol wire heats up?

3. What is the difference between thiinol wire and the steel wire?

27



The

Sy = e
Society ‘

Thermal Shock

Objective: To illustratethermal shoclkand the effects of differing amounts of modifier on the
properties of glass

Background Information: Thermal expansion is the tendency of matter to incredsagth,

area, or viumewhen heated. For liquids and solids, the amount of expansion will nowvaajly
depending on the mater i al bessilecaodednipressivedorcéesaref t h
created in different parts of an object as materials expand and coneact @mperature
changes.Thermal shock is the name given to cracking as a result of rapid temperature change.

From the laboratory standpoint, there are three main types of glass usedhtmdayicate,

guartz and soda lime or flint glasBorosilicate and soda lime (flint) glass are the most

commonly found in a home. Borosilicate glass is made to withstand thermal shock better than
soda lime through a combination of reduced thermal expansion coefficient and greater strength,
although fused quartautperforms it in both respects. Some glesiamic materials include a
controlled proportion of material with a negative expansion coefficient, so that the overall
coefficient can be reduced to almost zero over a reasonably wide range of temperatures.

Improving the thermal shock resistance of glass and ceramics can be achieved by improving the
strength of the materials or by reducing its coefficient of thermal expansion and tendency for
uneven expansion and contraction. One example of success irethis Byrex, the brand name

that is well known to most consumers as cookware, but which is also used to manufacture
laboratory glassware. Pyrex traditionally is made with a borosilicate glass with the addition of
boron, which reduces the risk of thermlabsk by lowering the coefficient of thermal expansion.

DemoDescription: Three different types of glass rods will be heated so that students can
observe the amount of thermal shock that occurs. Different formulas of glass affect the
mechanical, electra, chemical, optical, and thermal properties of the glasses tharoaheced.

Keywords:

- sodium flaré a bright yellow flame caused by the reaction of an oxygEnflamewith
glass containing sodium.

- coefficientof thermal expansion theamount of expansion (or contraction) per unit length of
a material resulting from one degree change in temperature

- thermal conductivity the property of a material that describes its abilitydoduct heat.

- thermal shock the way in whth some materials are prone to damage if theggresed to a
sudden change in temperature.
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Materials List:
Items provided in the kit
- three soddime (flint) glass rods
- three borosilicate glageds
- three fused silica (quartz) glass sod
- glass beaker
- torch head

Items to be provided by the teacher/school
- propane
- strike lighter or matches
- ice water

Safety Precautions:lt is possible for small pieces of glass to become airborne during the
quenchinpf the rod in ice water, so donét all ow

Instructions:

Prior to starting the demonstratiatiscuss with the students the process of determining thermal
shock by explaining that titevo most important properties thagtdrmine resistance to thermal
shock in glass are thermal conductivity and coefficient of thermal expansion.

Thermal conductivity, which refers to how well heat is conducted, is hard to measure and has a
low variability in glass. The better the conduity, the more rapidly and evenly heat is

distributed. The better the conductivity, the less chance there is of thermal shock (inversely
proportional) All three types of glass rods in the demonstration have about the same thermal
conductivity.

The coeficient of thermal expansion refers to the amount of expansion per unit of length per °C.

It is easy to measure and varies greatly in glass. The lower the coefficient, the less stress caused
by a sudden temperature change. The lower the coefficiengsthehance of thermal shock

(directly proportional).

The general guideline for determining thermal shock probability in glass is:

coefficient of thermal expansion

thermal onductivity

The larger the value of the ratio, the more likely damage will occur due to thermal shock. The
value for thermal conductivity stays about the same for all glasss e coefficient of therma
expansion has the most effect (see chart below
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Coefficient of Thermal Expansion

Material (cmicm x °C)

Fused silica glass 6 x 107

Borosilicateglass 33 x 107
Aluminosilicate glass 44 x 107
Porcelain 60 x 107
Sodalime glass 85 x 107
Mild steel 110 x 107
Aluminum 250 x 107

Glass isa poor conductor of heat. The outside will cool and contract much more rapidly when
guenched. A lot of stress is put on the glass and it causes failure. The greater the coefficient of
thermal expansion, the more likely the glass will brefdletals hae a high coefficient of

thermal expansion but since they are very good conductors of heat they typically do not show the
effects of thermal shock.

A Aimodi fiero is used to | ower the melt temper
the glass Sodalime has a high percentage of modifi¢gfused silica glass has no modiidt is

pure silica. Borosilicate glass has an intermediate amount of modifier. The chart below shows

the differences in glass depending upon the amount of modifier.

Lower | % of Silica in Glass Higher
Soft Type of glass Hard
Lower Melting temperature Higher
Higher Coefficient of expansion Lower

1. Havethestudentsecordtheir observations during the demonstration.

2. Show students the difference in color of the three tgbgass rods by looking at the
ends. The sodime glass with have a definite green color (think Coke bottle green).
The fused silica will be white if unpolished, and the borosilicate will Heetween(sort
of a soft light gray) The higher the percentage of silica content, the less color the glass
will have. The greenistint is due to iron oxide impurities in the silica.

. Attach the torch head to the propane and turn on.

4. Heat one end (about one inaf the salalime glass rod inkHeflame. Try to hold the
glassrod so that the same length of glass is in the flame throughout the hPaimgout
theinsodium fl areo that occurs as the gl ass h
showsoftening.

5. Remove from the flame and querinhthe ice water Thermal shock will occur and
pieces of glass will break off onto the bottom of the beaker. There will be many fractures
throughout the portion that was heated.

w
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6. Heat one end of the borosilicate glass rod in the fle@e@ing abouone inch of the rod
consistently in the flamédave the students note that thexéess sodium flare. Sagging
or slumping should be harder to achieve but the end sfioulablish(become smooth or
Apol i shedo) .

7. Remove from the flame and quench in the ice water. Some thermal shock will occur, but
there should be fewer overall cracks than with the $ioslaglass. There should be one
or two cracks at the interface between where the glass rod was in theafldmbere it
was not.

8. Heat one end of the fused silica glass rod in the flantfee same manner as the two
previous rods There should be no sodium flased no sagging, slumping, or fire
polishing will occur. Remove from the flame amakench. Theod will not thermal
shock and no cracks should occur.

An additional demonstration using the three different glass rods involves the index of
refraction. Borosilicate glass has about the same index of refraction as vegetabigindral
oil. Immersehe three rods in a beaker or clear plastic cup containing an inch or two of
vegetable oil. Only two rods should be visible in the oil. The third one, the borosilicate rod

Adi sa.ppear s

Cleanup/Replacemenfarts: Make sure propane torch is turned off afidw it, the beaker,

and the water to cool down. Pour out the watksing a paper towel, carefully wipe the broken

glass pieces into a trash can or broken glass container. To reuse the soda lime and borosilicate
rods, use a triangular file to score dndak off the cracked end. (Use gloves and remove about
one inch of rod.)

Sources of glass rods:
Pyrex and Quartgorosilicate and fused silica)
T National Scientific CompanyQuakertown, PA www.quartz.com
t Phone:215536-2577
¥ 5 mm diameter Pyrex Rod x 8" lorgaw cut ends $.80 each
¥ GE 214 Quartz Rod 5mm x 8" loagaw cut ends $2.16 each
1 $50 minimum order required

Sodalime (flint)
T Flinn Scientifici www.flinnsci.com
T stirring rods, sdfglass, 5 mm x 24- pkg/10i item# GP9035 $15.80
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