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PREFACE 
 

The Classroom Workbook has been compiled based on the Teachers Handbook for the ASM Materials 

Camp for Teachers (Teachers Camp).  Unlike the Teachers Handbook, which includes published articles 

and resources, this Workbook only contains the lab activities covered during the week of Teachers 

Camp. 

 

This Workbook was edited and compiled by Master Teacher Debbie Goodwin.  ASM MEF is grateful to 

Ms. Goodwin for granting the Foundation royalty free, non-exclusive rights to use such works, materials, 

and property without restriction.   
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Solids 
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Oobleck 
 

 

Purpose of the activity: 

 making observations 

 being open to the unexpected – discrepant events 

 properties  

 non-Newtonian fluids – nature of solids vs. liquids 

 

Materials: 

 small plastics cups 

 wood craft sticks 

 water 

 white powder (cornstarch) 

  

Procedure: 

1. Fill a plastic cup approximately 1/2 full with white powder (cornstarch). 

 

2. Add 1/3 as much water. 

 

3. Mix the water and powder using a wooden craft stick.  The consistency should be like very thick 

pancake batter or toothpaste. 

 
4. Follow the teacher’s directions to test the characteristics of the oobleck: 

 Stir slowly 

 Try stirring quickly 

 Push the stick to the bottom of the cup slowly 

 Tap the surface of the oobleck quickly with the stick 

 Tap the surface of the oobleck with your index finger 

 Let your index finger gently rest on the surface of the oobleck 

 

5. Go outside and experiment with the material. 

 Pour the oobleck into your hand and roll it into a ball 

 Pull it apart 

 Hit a ball of oobleck with a hammer 

 Play catch with a ball of oobleck 

 Anything else you can think of – with the teacher’s permission 

 

Journal: 

 Describe the material 

 How did you make it? 

 What did you do to it? 

 How did it respond/behave? 

 Reflect  

 

This activity demonstrates a non-Newtonian material.  It does not “obey” the laws of Newtonian physics.  

Oobleck displays a property known as dilatancy which is the tendency to become more rigid (solid) when it is 

stirred or subjected to a shear force or pressure.  Therefore, oobleck is known as a shear-thickening fluid (STF).  

Let the students experiment with the mixture before telling them that the white powder is cornstarch.  This is a 

good opening day or first week activity to introduce journaling. 
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Class Discussion after experimentation and journaling: 

 

What happened? 
A “correctly-made” batch of oobleck should move like a fluid (liquid) when slowly stirred.  It will be thick and 

viscous but still flow.  When stirred quickly (more shear force applied), the mixture should “lock up” and 

behave like a solid.  Upon sitting still, the mixture will return to its fluid state. 

If the craft stick is slowly pushed down through the mixture, little resistance will be felt and the stick will reach 

the bottom of the cup.  If the craft stick is quickly rammed onto the surface of the mixture it will not be able to 

penetrate into the mixture which has become rigid due to the added energy (force).  

 

Explanation? 

Cornstarch is a polymer which means it is made up of long molecules.  Water and cornstarch do not mix real 

well.  The starch doesn’t fully dissolve; it is more of a suspension.  A possible explanation is that the starch 

molecule “rolls up” from both ends and becomes somewhat of a spherical shape that might resemble BB’s.  

Students seem to understand this when an analogy is made to a “slap bracelet”.  When slowly stirred, the 

starch “balls” roll around each other and the mixture has fluid properties.  When a larger amount of shear 

force is applied, the molecule uncurls and becomes more linear.  These long molecules then entangle and the 

mixture becomes rigid like a solid.  When the shear force is removed, the molecules move more freely and 

“roll” back up into balls which allows the mixture to flow like a liquid again. 

 

  
      

-cornstarch in water without shear force   -cornstarch in water with shear force 

-like BB’s (spheres)      -molecules uncoil and stretch out 

-roll around and move like a fluid    -chains become entangled and lock up 

 

Another explanation which is very similar – same basic idea – is that the ends of the starch molecules have a 

lot of branching (or “hooks”).  When stirred slowly, the molecules can still slide past each other.  But when a 

lot of shear force is applied the molecular branches get caught on each other and the mixture becomes rigid 

temporarily until the force is removed.  This is probably the better explanation.   

 

 

Vocabulary: 
 

Non-Newtonian 

 does NOT follow the laws of physics as described by Newton 

 

Dilatant 

 adding energy (shear force) makes a liquid thicker or more rigid – more viscous 

 examples – oobleck (cornstarch-water mixture), liquid body armor 

 

Thixotropic 

 adding energy (shear force) makes a solid thinner or liquefy – less viscous  

 examples – catsup, concrete, some paint, printer’s ink 

 

Viscosity 

 resistance or opposition to flow of a liquid 
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Teacher Notes/Background/Additional Ideas/Helpful Hints: 

 Paper Dixie cups may be used but small plastic cups hold up better.   

 5 oz. size cups work very well. 

 There is the potential for a mess if the students are not closely monitored.  But corn starch is nontoxic 

and does not stain clothes.  (Starch can be sprayed and ironed on clothes to prevent wrinkling and is 

used to make gravy.) 

 It takes a bit of patience to mix the cornstarch and water.  The starch doesn’t fully dissolve; it is more 

of a suspension.  The powder will slowly mix into the water. 

 Have the students add water a little at a time to the powder.  It is easier to keep adding water than to 

keep adding powder. 

 A “correctly-made” batch of oobleck should move like a fluid (liquid) when slowly stirred.  It will be 

thick and viscous but still flow.  When stirred quickly (more shear force applied), the mixture should 

“lock up” and behave like a solid.  Upon sitting still, the mixture will return to its fluid state. 

 If the craft stick is slowly pushed down through the mixture, little resistance will be felt and the stick 

will reach the bottom of the cup.  If the craft stick is quickly rammed onto the surface of the mixture it 

will not be able to penetrate into the mixture which has become rigid due to the added energy (force). 

 Make sure that all students have the right consistency of oobleck by having them perform the 

following tests: 

o Stir slowly – should be able to do this but the mixture will be very thick. 

o Try to stir quickly – should be unable to do this. 

o Slowly lower the stick to the bottom of the cup and slowly bring it back out. 

o Quickly tap the surface of the mixture with the stick – the stick should not penetrate the 

surface. 

o Tap the surface of the oobleck with your index finger – your finger should bounce off the 

surface. 

o Gently rest your index finger on the surface of the oobleck – your finger should sink into the 

oobleck.  

 Additional tests that could be performed on the oobleck include: 

o Lower the stick to the bottom of the cup, while grasping the cup firmly with one hand try to 

quickly pull the stick out of the cup with your other hand. 

o Set the cup of oobleck on a table and lower the stick to the bottom of the cup.  Quickly pull 

up on the stick without holding the cup.  The cup should lift off of the table.  Quickly lower 

the cup back to the table. 

o As a teacher demonstration:  pour the oobleck into your hand and roll it into your hand and 

roll it into a ball.  You will have to keep it constantly in motion or it will liquefy.  Place the 

ball onto a hard surface and tap it with a hammer.  The force of the hammer should harden 

the oobleck and cause it to crack and break.  Afterwards the pieces will begin to ooze and 

flow once the force has been removed. 

 Do not dispose of the oobleck in the sink as it can harden if not enough water is present.  Either let the 

students take it home in a plastic baggie or place it in a trash can. 

 An alternative method is to have 3 different bowls of “powder” in separate areas of the room.  Use 

cornstarch, flour, and plaster of Paris.  Do not tell the students that the powders are different.  Let 

them discover that the batches are not all the same and hypothesize and investigate why. 

 Make large batches of oobleck and place it in shallow pans.  Have students slap it with their hands or 

young children step on it. 

 Have students experiment to determine the “perfect” recipe for oobleck while making and recording 

all measurements. 

 An excellent video to show the students is:  Time Warp:  Non-Newtonian Fluid 

http://www.youtube.com/watch?v=S5SGiwS5L6I  

 The students can read an article about liquid body armor and then write a short summary paragraph 

that relates it to the Oobleck lab they did in class.   

o https://www.bloomberg.com/news/articles/2006-08-06/body-armor-fit-for-a-superhero  

o Liquid Body Armor - http://usmilitary.about.com/cs/armyweapons/a/liquidarmor.htm 

http://www.youtube.com/watch?v=S5SGiwS5L6I
https://www.bloomberg.com/news/articles/2006-08-06/body-armor-fit-for-a-superhero
http://usmilitary.about.com/cs/armyweapons/a/liquidarmor.htm
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 Liquid Body Armor video: 

o http://www.youtube.com/watch?v=rYIWfn2Jz2g&feature=related 

 A product with dilatant properties called d3O is used in sporting equipment.  There are a lot of videos 

available online.  A short news clip called “Smack Me on the Head with a Shovel” is found at:   

http://www.youtube.com/watch?v=9VDeJ7rLUYU&feature=related 

 There is a Dr. Seuss book about oobleck called “Bartholomew and the Oobleck”. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.youtube.com/watch?v=rYIWfn2Jz2g&feature=related
http://www.youtube.com/watch?v=rYIWfn2Jz2g&feature=related
http://www.youtube.com/watch?v=9VDeJ7rLUYU&feature=related
http://www.youtube.com/watch?v=9VDeJ7rLUYU&feature=related
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White Powder Lab 
 

 

Purpose of the activity: 

 making observations 

 being open to the unexpected 

 looking at properties 

 

 

Materials: 

 5 oz. Dixie cups or plastics cups 

 wood craft sticks 

 water 

 white powder  

  

 

Procedure: 
1.  Fill the Dixie cup approximately __________________ full with ______________________. 

 

2.  Add ____________ as much __________________. 

 

3.  ______________ with craft stick. 

 

4.  Consistency should be sort of like thick _______________________________. 

 

5.  Go outside and experiment with the material. 

 

 

Experiment with the substance: 

 stir slow 

 stir fast 

 push the stick down through it – slowly and quickly 

 squeeze it in your hand 

 roll it into a ball and pull it apart 

 hit a ball with a hammer 

 play catch with it 

 other???????? 

 

 

 

 

 

 

 

 

Journal: 

 Describe the material. 
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 How did you make it? 

 

 

 

 

 

 What did you do to it? 

 

 

 

 

 

 

 

 

 

 How did it respond/behave? 

 

 

 

 

 

 

 

 

 

 Reflect  
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Materials ID Lab 
 

 

Goals: 

 To assess prior knowledge of students.  

 To generate interest in types and properties of materials. 

 To help students develop their own definition/description of each material category. 

 Practice classifying and justifying (critical thinking). 

 Allow students to realize that science and classification aren’t always perfect and don’t always have a 

“right” answer. 

 

Materials and Equipment: 

 Bag of objects containing 2 or 3 each: metal, ceramic/glass, polymer and composite (one bag per team 

of 4 students) 

 Extra objects – one per team of students 

 

Method: 
1.  Have students do a “free” write in their journal:   

 “List anything and everything you know about the 4 categories of materials including 

definitions/descriptions, properties, examples of the material, uses of the material, etc.” 

 The four materials categories are:  metals, ceramics, polymers, and composites. 

 

2.  Divide the students into teams of 4. 

 

3.  Give each group a bag of objects to classify. 

 

4.  Students separate the objects into 4 categories:  metal, ceramic/glass, polymer and composite. 

 

5.  As a team, generate a list of properties or descriptions for each category and your percent confidence level.  

Each student is responsible for writing one list and giving a report to the class about that category. 

 

6.  Give team reports to the class.   

 

7.  Each team gets one additional item to classify. 

 

8.  Go around the room and report again. 

 

9.  Generate a class description or list of properties for each category of materials. 

 

10.  Fill out the Classification of Materials summary chart. 

 

11.  Follow up with a discussion about the history of materials use. 

 

 

Teacher Notes/Background/Suggestions/Helpful Hints: 

 Collect the items and assemble the bags of objects ahead of time.   

 Do not use the exact same items for each team. 

 Use mostly simple, familiar items that can be found sitting around the classroom or home. 

 Following is a list of sample items: 

o Metal:  copper wire, penny, nickel, dime, quarter, steel wool, fork, scoopula, nail, paperclip, 

aluminum foil, measuring cup, spoon, etc. 

o Ceramic/glass:  stirring rod, glass bottle, chalk, coffee cup, plate, test tube, calcite crystal, 

brick, tile, small clay flowerpot, etc. 
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o Polymer:  preform, PVC pipe, rubber stopper, foam cup, plastic cup, wax (candle without 

wick), latex balloon, plastic fork, plastic measuring cup, acrylic cube, Tyvek (Fed Ex 

envelope), cotton cloth, etc. 

o Composite:  Mylar balloon, cardboard, plywood, concrete, Hardi-board (HardiPlank) siding, 

Formica countertop sample, composite lumber (decking),  fiberglass (from shower stall or hot 

tub), sporting equipment – broken shafts (hockey sticks, baseball bats, tennis rackets, golf 

shafts, skis, fishing poles), bone, laminate flooring, etc.. 

 Home improvement stores (Lowe’s, Home Depot, hardware stores) may be sources of composite 

materials.  They often have scrap pieces.  School athletic departments and youth sport organizations 

often have broken sporting equipment. 

 It is helpful to have small jeweler’s loupes or magnifiers available for the students to make closer 

examinations of the objects. 

 As a warm-up to the activity, involve the students in a class discussion on how they would make a 

classification system for an everyday item such as shoes or breakfast foods.  The students should 

realize that there is more than one way to classify a set of items.   

 The categories that they will use to classify materials are: metal, ceramic/glass, polymer and 

composite.  

 Another warm-up activity is to have each student write down everything they know about the four 

categories:  definitions/descriptions, properties, examples of the material, uses of the material, etc.  

The students can compare their initial lists to the final class lists generated at the end of the lab 

activity. 

 Allow the groups 10 to 15 minutes to classify their objects and develop their reasoning through team 

discussion.  Emphasize to the students that it is the process that is important, not having correct 

answers.   

 Allow another 5 to 10 minutes for students to write their list of properties and descriptions and decide 

their percent confidence level as a team for each category.  Each student is responsible for writing the 

team list for one category and giving the oral report for that category. 

 Make the final object each team classifies a bit harder.  The level of dialogue and reasoning is typically 

much higher after the first round of reports. 

 A list of objects (and the reason for using them) for the final round may include: 

o Lightbulb – students struggle to classify this object since it obviously has both metal and glass 

components.  A lightbulb is known as an assembly – it is not a single material.  This helps 

introduce students to new vocabulary and also the idea of scale.  Students often call the 

lightbulb a composite because it is made of more than one material.  Composites are made of 

more than one material and the components can usually be observed at the macroscopic 

level.  In composites the different materials work together synergistically to provide properties 

not available in each material by itself.  In an assembly, different materials or components 

work together to perform an overall function – in the case of a lightbulb, to produce light.  

The individual materials or components may be connected but they each are performing their 

own function and are not combined together to improve their own properties.  To help the 

students understand the difference between an assembly and a composite material give them 

the example of a car – it is obviously made of many components and many materials – each 

serving their own function with the ultimate goal of locomotion.  Other assemblies could 

include a pencil, a shoe, a screwdriver, a cell phone, etc. 

o Silicon lump – silicon is a metalloid.  Emphasize its position on the periodic table between 

the metals and nonmetals.  As such, it doesn’t fit into any of the 4 categories.  Students often 

think it is a metal due to its luster and color.  But silicon is brittle and not a good electrical 

conductor.  Metal is the material category that students seem to have the most prior 

experience with and usually classify correctly in this activity.  It is good to have a “metallic-

looking” item that isn’t a metal to make them think a little deeper.  Silicon helps to teach the 

students that no classification system is perfect or will work for every possible sample.  An 

additional category could have been added such as “semiconductor” or “electronic material” 

– which does exist in the Materials Science world.  Silicon allowed the modern computer age 

to happen and is a very important material.   Both Educational Innovations and Flinn 

Scientific sell silicon lumps. 



ASM Materials Camp®-Teachers Classroom Workbook   

10 
 

o Foamed glass – this material is used to clean grills and stainless steel tanks or shave the 

“pills” off of sweaters.  It is difficult to classify due to its low density.  It has somewhat of a 

metallic luster and is brittle.  The foam seems to have properties of metals, ceramics/glass 

and polymers all at the same time but doesn’t appear to be a composite (made of more than 

one material).  It does belong in the ceramics/glass category.  This will introduce students to 

foams.  Polymer foams have been around for quite a while but Materials Scientists are now 

making foams out of metals and ceramics/glass as well. 

o Fiberglass mat – Fiberglass is a trademarked composite (Owens Corning) made of very fine 

glass fibers and a polymer resin.  Individual glass fibers without the polymer binder are 

interesting because of how flexible they are.  People are familiar with glass being brittle and 

shattering upon impact.  However, glass is very flexible when the fibers are extremely thin.  

This can be compared to a small, slim branch and a tree trunk.  The students often want to 

classify these white fibers as a polymer due to their perceived low density and flexibility.   

o Kevlar fibers – a polymer that students often classify correctly based on characteristics but do 

not identify what the material actually is.  Students are amazed at how strong the fibers are 

under tension and are fascinated when they find out it is Kevlar.  They have usually heard of 

Kevlar but have not seen it in person or handled it. 

o Carbon fibers – are another material that students are interested in.  Carbon fiber composites 

are used widely in sporting equipment in today’s society.  The individual carbon fibers (not 

embedded in a polymer resin) are often not recognized by the students but they usually 

classify them as a polymer.  Polymers are primarily defined as being compounds or mixtures 

of compounds.  Carbon fibers are made of long chains or networks of carbon atoms and 

while not technically a compound they do fall into the polymer category because of the large 

carbon backbone. 

o Fiberglass mat, Kevlar fibers and carbon fibers are available from IASCO (Industrial Art 

Supply Company).  However, it might be possible to get small samples from local companies 

that work with composite manufacturing or repair. 

 Circulate among the groups asking questions while they work.  Be encouraging but do not indicate if 

their classifications are correct or incorrect at that time. 

 Encourage the students to use senses other than sight but do not allow them to use their sense of taste. 

 Emphasize the process – not correct answers.  Let the students know they are working together to 

develop an understanding. 

 Rephrase what the student says so they can hear their thoughts.   

 Do not accept “because” as a reason.  Insist that they give more.  Give them lead-in questions if they 

need help. 

 If a student places an item into the polymer category and gives their reason as “because it isn’t a 

metal” – request more information, ask “how do you know it isn’t a metal?”  Process of elimination is 

valid reasoning. 

 If a student gives a response along the line of “because it looks like a metal” – request more 

information, “what does a metal look like?” 

 The class description/list of properties generated at the end of the lab may be written on 4 large sheets 

of paper or poster board and taped to a wall.  As the students work with the different material 

categories, the lists/descriptions may be modified with additions or corrections. 

 Possible properties and descriptions of each category: 

 

 
 

 
 

 
 

 
 



ASM Materials Camp®-Teachers Classroom Workbook   

11 
 

Metal Ceramic/Glass Polymer Composite 

-shiny (luster) 

-malleable (bendable) 

-ductile 

-good conductors (feel 

cold) 

-heavy (dense) 

-can’t see through them 

(opaque) 

-strong 

-corrode easily (rust) 

-many have high melt 

temperatures 

-brittle 

-dull (not lustrous) 

-hard 

-poor conductors 

(insulators) 

-high melt temperatures 

-can see through glass 

(transparent) 

-can’t see through 

ceramics (opaque) 

-don’t corrode 

-flexible 

-lightweight (low 

density) 

-low melt temperatures 

-poor conductors 

(insulators) 

-some are stretchable 

(rubbery) 

-some are hard 

-can be transparent, 

translucent or opaque 

-combination of two or 

more materials 

-often lightweight and 

strong 

 
Additional background information for the teacher: 

 Metals: 

o Made of metallic elements or mixtures of metallic elements known as alloys 

o Have metallic bonding 

o Tend to corrode 

o Most have to be reduced from ore 

 Ceramics/Glass: 

o Composed of compounds or mixtures of compounds 

o Metallic elements ionically bonded to nonmetallic elements:  oxides, carbides, nitrides, 

sulfides, carbonates, sulfates, etc. OR Metalloids (semimetals) covalently bonded to 

nonmetallic elements in a network solid such as glass 

o Do not chemically corrode 

o Raw materials are minerals found in the Earth or manmade inorganic compounds 

 Polymers: 
o Composed of long-chain molecules made of nonmetallic elements 

o Natural polymers include:  DNA, proteins, silk, cotton, latex rubber 

o Synthetic polymers include:  plastics such as nylon, polyurethane, acrylic, PET (recycling 

code #1), HDPE (recycling code #2) 

o Carbon or silicon backbone covalently bonded to other nonmetals such as H, O, N, F, Cl, S 

o Petroleum and natural gas are the source material for many synthetic plastics 

o Some readily degrade (break down) and others do not 

o Some soften or melt upon heating and can be recycled – these are called thermoplastics; 

others called thermosets cannot be softened or melted with heat 

 Composites: 

o Combination of 2 or more materials that enhances their properties 

o Properties depend on what materials are combined 

o A common property combination sought is high strength with low weight such as fiberglass 

and carbon-fiber reinforced polymers (CFRP) used in sporting equipment 

o The binder (matrix) can be polymer, ceramic or metal  

o The reinforcement can be in the form of fibers, flakes, or particulates 

o Some composites are laminates (layered) such as plywood or Formica  countertops 

o The components are often visible on a macroscopic scale (can see them with the naked eye) 
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Classification of Materials 
 
Types of matter:  element, compound, mixture 
Types of elements:  metals, nonmetals, metalloids 

Types of structure:  crystalline, amorphous 
Types of bonding:  metallic, ionic, covalent, intermolecular forces 

 

 Metals Ceramics/Glass Polymers 
Type of Matter 

 

 

 

Element or mixture 
Compound or 

Mixture of compounds 
Mostly compounds 

Type of Elements 

 

 

 

Metallic elements 

Metals with nonmetals 

OR 

Metalloids with nonmetals 

Nonmetals 

Type of Structure 

 

 

 

Crystalline 
Ceramics = crystalline 

Glass = amorphous 

Mostly amorphous with 

some regions of 

crystallinity 

Type of Bonding 

 

 

 

Metallic bonding 
Ionic bonding and network 

covalent bonding 

Covalent bonding and 

weak intermolecular forces 
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Stuff:  The Materials the World is Made Of 

By Ivan Amato 

ISBN:  0-380-73153-3 
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Sulfur Lab 
 

Safety: 
Fire hazard.  During this activity, the sulfur may catch fire and burn at the lip of the test tube.  Have wet 

towels readily available to smother the flame.  Take care not to burn hands.  Take care not to overheat the 

sulfur.  Sulfur dioxide is toxic.  Dispose of sulfur in trash can.  Refer to MSDS sheet. 

   

 

Part A:  Rhombic Sulfur - Demonstration 

1.  Add a small scoop of sulfur to approximately 20 mL of olive oil or mineral oil in a 50 mL beaker.  Heat 

gently with stirring for 10 - 12 seconds (do not go over about 80° C).  Place a few drops of the warm 

solution on a watch glass and set aside.  Let crystals grow overnight or for several days. 

 

 

Part B:  Monoclinic Sulfur 

 

1.  Fill a test tube approximately 1/3 full with sulfur.  Keep the sulfur powder off the sides of the test tube. 

 

2.  Make a cone out of filter paper and place it in a funnel.   

 

3.  Heat the test tube of sulfur VERY slowly - passing it back and forth above the flame.  Totally melt to a 

liquid.  (Use Bunsen burner and test tube clamp)  (Keep the sulfur yellow) 

 

4.  Pour liquid sulfur into filter paper cone.  As soon as a surface crust forms, open the filter paper to original 

shape. 

 

5.  Make observations of crystals formed. 

 

6.  Clean up!!!!! 

 

 

Part C:  Amorphous Sulfur - Demonstration 
 

1.  Nearly fill a 250 mL beaker w/ ice water. 

 

2.  Fill test tube about 1/4 full w/ sulfur.  (Keep sulfur off the sides of the test tube) 

 

3.  Heat sulfur slowly.  It will pass through stages: 

 melt to yellow liquid (individual rings of 8 sulfur atoms) 

 red liquid (short chains of 8 sulfur atoms) 

 dark reddish-brown thick syrup (longer chains of sulfur atoms that entangle) 

 dark runny liquid (longer chains of sulfur atoms that have enough energy to flow) 

4.  Pour hot sulfur into beaker of water.  (quench) 

 

5.  Make observations of solidified sulfur. 

 

6.  Place in fume hood overnight.  Make observations after 24 hours. 

 

7.  Clean up!!!! 
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Describe and sketch each allotrope of sulfur. 

 

 

Notes: 
The sulfur lab introduces: 

 allotropes 

 ways of forming crystals 

 amorphous vs. crystalline structure 

 solid state phase change 

 

It is best to do parts A and C as demonstrations.  Part B may be done by the students.  Make sure the room is 

adequately ventilated and check for known sulfur allergies ahead of time. 

 

When pouring out the sulfur for Part C, leave some of the liquid sulfur in the test tube.  It is possible to observe 

a reversal of the structural changes that occurred during heating.  The liquid will become viscous and thick as 

it cools, and then runny again upon further cooling.  When it gets to this point, pour the remaining liquid into 

a beaker or cup of water.  It should form small balls instead of long strings.  The balls are hard and when split 

open with a fingernail reveal small yellow crystals on the inside. 

 

Expected Results: 

 Rhombic sulfur – small diamond shapes that will need magnification to view 

 Monoclinic sulfur – long yellow spikes that do not need magnification to view but it is worthwhile to 

use a stereoscope 

 Amorphous sulfur – long, rubbery, amber-colored strands – their surface resembles the scales on hair 

when viewed under a stereoscope 

 Amorphous sulfur after 24+ hours – will begin to turn back to a yellowish color and will become 

brittle – it is returning to a crystalline state – a solid state phase change is occurring 
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These notes come from: 

http://classes.uleth.ca/200501/chem28101/Expt10-Grp16.pdf 

 

Other websites check out: 

http://www.woodrow.org/teachers/chemistry/institutes/faraday/lab5.html 

 

http://www.columbus.k12.oh.us/walnut_ridge/Sulfur%20(Expt%2024).html 

 

http://dev.nsta.org/ssc/pdf/v4-0961s.pdf 

 

 
 

 
 
 

http://classes.uleth.ca/200501/chem28101/Expt10-Grp16.pdf
http://www.woodrow.org/teachers/chemistry/institutes/faraday/lab5.html
http://www.columbus.k12.oh.us/walnut_ridge/Sulfur%20(Expt%2024).html
http://dev.nsta.org/ssc/pdf/v4-0961s.pdf
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Borax Crystals 
 

Materials and Equipment: 

 Borax – one box (found in the laundry detergent section of a store)  

 Pipe cleaners – one or two per student – various colors 

 Plastic spoons 

 Large transparent plastic cups 

 Electric hot water kettle – at least 2 

 Glass beakers – 600 mL – at least 4 

 Wooden craft sticks – one per student 

 Tape  

 Plastic wrap 

 

 

Safety: 

 Students should wear safety glasses when making solutions 

 Caution students about using hot water to avoid burns 

 

 

Teacher Notes/Background/Suggestions/Helpful Hints: 

 Students will each make their own set-up but can work in teams to accomplish the tasks. 

 Allow the crystals to grow for several days 

 The students may take the pipe cleaners with crystals home in a sandwich baggy on the last day. 

 If using white pipe cleaners, food coloring may be added to the borax solution to make colored 

crystals. 

 The purpose is to demonstrate how easy it is to grow multiple crystals from a supersaturated solution 

as the water cools and evaporates.  This is in contrast to the Growing Single Crystals lab.  Most 

crystalline materials are polycrystalline which means they are made of many crystals called grains.  

Single crystal materials have different properties and advanced uses and are more difficult and 

expensive to produce. 

 Using electric kettles to heat the water is quicker and safer than using beakers and hot plates.   

 The students can work in teams of 2 or 3 to make the solution.  The ratio of 3 heaping tablespoons of 

borax to 250 mL of water is given to the students.  Different size beakers may be used if you do not 

have enough of one size.  Then students use ratios to determine how much borax and water they need 

for the number of people in their group. 

 Glass beakers should be used to make the borax solution.  Allow the solution to cool until the beaker 

can be comfortably handled.  Pouring hot solution into the plastic cups can cause the cups to shrink 

and deform. 

 The students can work on shaping their pipe cleaners while the solution cools. 

 A hand lens or magnifier is useful for making observations during the activity. 

 

 

 

Procedure: 
1. Make a supersaturated borax solution – students may work in pairs or small groups and share the 

solution. 

a. Use a glass beaker to mix borax powder and hot water. 

b. Add 3 heaping tablespoons of borax powder for each cup of hot water (one cup = about 250 

mL). 

c. Stir until the borax powder dissolves. 

d. Allow the solution to cool.  

2. Make a shape out of a pipe cleaner that will fit into your plastic cup without touching the sides. 
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3. Attach the pipe cleaner to a wooden craft stick so that it will suspend into the plastic cup of solution.  

You may need to use a second pipe cleaner to get the right length. 

4. Write your name on your cup with a sharpie. 

5. Pour the cooled solution into a plastic cup – fill the cup about 2/3’s full. 

6. Suspend pipe cleaner in solution 

7. Tape the wooden craft stick to the cup. 

8. Loosely cover the cup with plastic wrap. 

9. Make daily observations of crystal growth. 
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Growing Single Crystals 
 

 

Day 1 
 

1.  Measure amount of water it takes to fill jar ¾ full.  Record the volume in mL. 

 

2.  Determine amount of chemical needed to make a supersaturated solution. 

 

 Copper sulfate (CuSO4) = mL of water x 0.43 g/mL 

 

 Potassium alum = mL of water x 0.16 g/mL 

 

 Record the mass in grams. 

 Describe appearance of chemical. 

 

3.  Mass the proper amount of chemical into a 100 – 150 mL beaker using a balance. 

 

 Define the term “tare” in your journal. 

 

4.  Add the amount of water from step #1 to the beaker. 

 

5.  Use a hot plate to heat the contents of the beaker until all of the chemical is dissolved.  Stir as you heat. 

 

6.  Pour a small amount of the solution into a watch glass.  Place remaining solution into your jar and loosely 

cap.  Record observations. 

 

 

Day 2 
 

1.  Select a seed crystal from your watch glass.  

 

2.   Cut 20 – 25 cm of thread and use it to tie a knot around the see crystal or use a very thin piece of copper 

wire (15 – 20 cm in length) to wrap around the seed crystal.   

 

Make a sketch actual size, record the mass and describe the seed crystal in your journal. 

 

3.  Run the thread or copper wire through the hole in the jar lid and tape it down so that the seed will suspend 

in the middle of the solution. 

 

4.  Clean the seed crystal and thread by gently and quickly dipping them in a beaker of water a couple of times. 

 

5.  Suspend the seed crystal in the jar of solution. 

 

Journaling for Day 2: 

 Look at your watch glass under a stereoscope and find examples of each of the following: 

o single crystal  

o grains  

o grain boundary 

 Make a labeled sketch of each of these structures. 

 Choose a seed crystal – sketch it actual size, record the mass and describe it. 
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Day 3+ 
 

1.  Check the crystal daily.  Record observations, mass, sketches, and describe “maintenance” techniques used. 

 
2.  If crystals appear on bottom of jar – reheat the solution to re-dissolve the chemical.  Use a beaker.  Allow 

solution to cool before replacing the crystal. 

 

3.  If extra crystals grow on the suspended crystal or thread try to remove them. 

  -use forceps 

  -dip in water 

  -????????? 

 

4.  If the crystal stops growing, re-supersaturate the solution.  Add 2 or 3 grams of chemical for each 100 mL of 

solution and reheat in a beaker to dissolve.  Let solution cool before replacing the crystal in solution. 

 

Final Journal Write 
Write a final summary and reflection using paragraph form.  The following bullet items are to be discussion 

points in your writing.  They do not have to be in the order listed but all must be answered somewhere in the 

paragraphs. 

 

 Discuss problems you encountered in growing a SINGLE perfect crystal and remedies you tried. 

 Why does the crystal eventually stop growing?  How can you fix this? 

 How many times did your crystal increase in mass? 

 How well did your crystal keep a perfect shape? 

 What have you learned?  (about solutions, about crystals, etc…) 

 What questions do you still have about crystals and/or crystal growth? 

 What would happen if you placed a potassium alum seed crystal in a supersaturated CuSO4 (copper 

sulfate) solution?  Why? 

 What is your opinion of this lab?  What did you enjoy the most?  What did you like the least? 

 Include a drawing of your final crystal. 

 

 
Note:  3½ oz. plastic cups, toothpicks, and plastic wrap can be used instead of glass jars with lids. 
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Instant Crystals Lab Flinn Scientific Sodium Acetate 
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Phenyl Salicylate Demo 
 

 

Purpose: 

 grow crystals from a melted substance 

 demonstrate the formation of grains and grain boundaries 

 

 

Materials: 

 phenyl salicylate – enough to cover the tip of a small spatula 

 glass microscope slide 

 match 

 light microscope 

 projection system 

 

 

Procedure 

 Place a small amount of phenyl salicylate in the middle of a glass slide. 

 Heat gently with a match from underneath until it melts.  (wipe off carbon residue) 

 Focus under a microscope. 

 Add a single crystal of phenyl salicylate to the melted puddle.  Crystallization should start to occur. 

 If the added crystal melts, the puddle is still too warm.  Wait a minute or two and try again. 

 Move the stage to follow the growth of the grains. 

 The grains should be rhombic in shape. 

 

 

Student Journal 

 Describe the basic procedure. 

 Describe the formation of grains and grain boundaries 

 Draw and label examples of grains and grain boundaries 
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Growing Copper Crystals 
 

 

Materials and Equipment: 

 Preform and cap – one per student 

 Preform racks – one per every 6 students or another holder for the preforms (test tubes) 

 Copper II sulfate pentahydrate – medium crystals 

 Non-iodized salt – one box – poured into several small containers (ex. plastic cups) 

 Bright nails – 2” to 3” in length – two per student 

 Steel wool – used to clean the nails 

 Cotton pads (make-up removal pads), cotton balls, or coffee filters 

 Plastic pitchers of water 

 

 

Safety: 

 Students should wear safety glasses when measuring and pouring chemicals. 

 Copper sulfate is harmful if swallowed – if swallowed, provide water and call a physician. 

 In case of contact with copper sulfate, rinse the skin with water. 

 No food or drink should be allowed during this activity. 

 

 

Teacher Notes/Background/Suggestions/Helpful Hints: 

 Purpose of this lab is to show that metals are crystalline and that crystals can be grown from a 

chemical reaction. 

 Each student will set-up their own test tube but can share test tube racks. 

 Cotton pads (makeup removal pads), cotton balls or coffee filters (filter paper) can be used to make the 

barrier layers. 

 Cotton pads seem to work the best.  Presoak them in water and cut with scissors to fit the 

preform. 

 If using cotton balls, pull small pieces from a larger cotton ball.  A separation between 

layers is needed but it should be a thin barrier layer. 

 If using filter paper, cut disks the size of the interior diameter of the preform.  The 

instructor may want to make these ahead of time for younger students as the students generally have 

difficulty making them.  Or at least have some on hand for the students that are having trouble if they 

do it themselves. 

 Set out labeled cups or beakers of copper sulfate and salt for the students to share in small groups. 

 Students enjoy taking pictures each day if there is a means available. 

 A hand lens or magnifier is useful for making observations during the activity. 

 A single replacement reaction occurs in the preform.  Iron (nail) is more reactive 

than copper so it will replace it in the solution forming pure copper crystals. 

 CuSO4 + Fe               Cu + FeSO4 

 The lab mimics the formation of pure mineral copper deposits in Earth’s 

crust. 

 Air pockets sometimes form in the test tube.  Inserting and then removing a thin 

copper wire down the inside of the test tube will often release the trapped air. 

 Resource with additional background:  NSTA The Science Teacher “Grow Your 

Own Copper Deposit” December 2009 
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Procedure: 
1. Pour approximately 2 to 3 cm (about 1 inch) of copper sulfate crystals into a preform (test tube).  

Students can use a small spoon or spatula and a funnel can help prevent spills. 

2. Add enough water to cover the copper sulfate. 

3. Place a small piece of water-soaked cotton pad on top of the copper sulfate.  A pencil or stirring rod 

can be used to push it into place. 

4. Place approximately 1 to 2 cm (about ½ inch) of salt (sodium chloride) into the preform (test tube). 

5. Cover the salt layer with water.  Pour slowly and gently to avoid stirring or mixing the layers. 

6. Add another small piece of wet cotton pad as a barrier layer. 

7. Place two or three nails on top of the second barrier.  Clean the iron nails with steel wool first. 

8. Add water to cover the nails. 

9. Place the cap on the preform.  Write student initials on the cap or preform with a permanent marker. 

10. Place the racks with the preforms in an area where they will not be disturbed. 

11. Make observations every day.  Make labeled drawings or take pictures.  

12. On the final day students may take their preforms home.   

13. If the students want to take the copper that formed out of the preform they may do so.   

a. Slowly pour the contents of the preform into a plastic cup or beaker.   

b. Carefully separate the copper from the other solids using a spoon or some type of probe.   

c. Remove the copper from the cup using a spoon.  Gently rinse the copper with water using an 

eyedropper or disposable pipette. 

d. Place the copper on a paper towel to dry. 
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Models of Crystals 
 
 
Students do the “Models of Crystals” lab.  They build 4 different unit cells using toothpicks and polystyrene 

balls.  A recommendation is to use 1 ½” diameter spheres – the smaller ones tend to fall apart quickly after 

using just a few times.  They build the most basic one (simple cubic) and the 3 most commonly found in 

metals (BCC, FCC, HCP).  See the lab sheet the students fill out. 

 

Permanent models made out of ping-pong balls and hot glue are very useful.  These help the students compare 

the different models in terms of packing and slip planes since they dismantle their models before building the 

next one.  It is also helpful to build planes of atoms and then stack them.  This helps the students to see that 

the layers are all actually the same in a model; they are just “offset” when stacking them together to make the 

unit cell.  This is also great to see the overall 3-D pattern of the crystal shape.  This works especially well with 

FCC and HCP.  If you make 3 planes for each, then the students can also try piecing them together into one 

layer instead of stacking them into 3 layers to make a unit cell.  By building a bigger plane from smaller ones, 

the students can pick out the “section” that is used in each of the different layers in the unit cell.  The repeating 

pattern is much more noticeable. 

 

After the students have finished building the models and writing in their journals, ask the students the 

following question: 

 “Why do we care what particular crystal structure a metal has?” 
o because crystal structure affects properties of the metal   

 
Have the students rank the crystal models from “most closely packed” to “least closely packed”.  

 
1.  HCP - “most closely packed”  

2.  FCC 

 3.  BCC 

 4.  simple cubic “least - closely packed”  

 

Ask the students: 

 “Which type of crystal structure allows a metal to be more workable, one with many slip planes or one with fewer 

slip planes?” 

 “Which type of crystal structure allows a metal to be more workable, one that is closely packed or one that is 

loosely packed?”  (“One that has a lot of ‘gappiness’ or one that has little ‘gappiness’?”) 

 

The students almost always get the answer to the first question right.  It is logical that a crystal structure with 

many slip planes will be more workable.  However, the answer to the second question isn’t as obvious.  At 

least half of the students always say that more loosely packed crystal structures (ones with more open space) 

make a metal more workable.  By workable we mean malleable or ductile.  I then use the “chalk demo” to 

illustrate the answer. 

 

 

Chalk demo: 

 

 Materials: 

o 5 pieces of chalk laid side by side with an ~ ⅛” gap between each piece (use hot glue to attach 

them to a piece of clear plastic) 

o 5 pieces of chalk laid side by side with no gaps between them (attach to plastic) 

o one piece of chalk to roll across the top of the other pieces 

 

Give the students the following scenario: 
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You are riding your 4-wheeler in the country and you come to a deep ditch that someone has built a log bridge 

across.  Which type of bridge would be easier to go across? 

 

Then roll the single piece of chalk across the “chalk bridges” – first the one with gaps and then the one without 

gaps.  Which one is harder to do and requires more energy?  They will all agree that the one without gaps is 

easier. 

 

Now tell the students you are going to ask them the original questions AGAIN: 
 “Which type of crystal structure allows a metal to be more workable, one that is closely packed or one that is 

loosely packed?”   

 “Which one is easier for the planes of atoms to slide past each other?” 

 

The students get it.  Common sense wants to tell us that having more “open space” in a crystal makes it easier 

for atoms to move around so the metal is more workable.  But this isn’t the case with planes of atoms.  More 

‘gappiness’ allows the atoms to fall into these spaces and makes it harder to keep them moving to work the 

metal. 

 

 more tightly packed = more workable 

 more slip planes = more workable 

 

Workable – changing the shape of a solid (while remaining a solid) without it cracking or breaking 

(malleability and ductility) 

 

Based on the above information, have the students reason out which crystal structure should be the most 

workable.  Since FCC is both tightly packed and has many slip planes, it is the most workable.   

 

 

Have the students fill in the following table: 

 

Type of crystal structure Closely-packed? Many slip planes? Workability 

FCC Yes Yes Highest 

BCC No Yes Medium 

HCP Yes No Lowest 

 

Ask the students if there is a way to figure out if the packing and the slip planes have an equal effect on the 

workability or if one of the two factors has more. 

 

Since BCC and HCP both have a “yes” and a “no” and HCP is the least workable, reasoning would dictate 

that the number of slip planes has more effect on the workability than how closely packed the atoms are. 

 

Now ask the students to predict which familiar metals should have an FCC crystal structure.  They can usually 

correctly name several such as gold, copper, aluminum, lead, etc… 

 

Then compile a list of some common metals and their crystal shapes. 

 

  

BCC   FCC   HCP   Other 
chromium  aluminum  cobalt   tin 

iron (<912 °C)  copper   magnesium 

tungsten  gold   titanium 

   iron (>912 °C)  zinc 

   lead 

   platinum 

   silver 
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Iron appears in two different columns because it is allotropic.  This concept will be further developed in the 

Iron Wire Demo.  But the students should be able to grasp the idea that blacksmiths pound on a piece of iron 

when it is glowing red hot and stop when it loses its color since FCC is a more workable crystal structure than 

BCC. 

 

I provide my students a copy of the Sargent-Welch periodic table.  It has a tremendous amount of info for each 

element including crystal structure.  It is a very useful tool for students of materials science.   

 
This is a great place to demo the tin cry.  Students love it.  They may not be able to see the individual crystals 

move but they sure can hear their collective noise.  Metalshipper.com is a great source of tin – a one pound 

bar. 

 

A sheet of copper and a sheet of titanium are also useful for demonstrating the difference in the workability of 

an FCC metal and an HCP metal.  Simply hold down one end of the metal against the edge of a table, push 

down on the other end and release.  The copper is very workable and easy to bend and will not completely 

return to its original shape.  The titanium takes more force to bend and will spring back to its original shape. 

 

 

 

Models of Crystals Lab 
 
 

Terms: 

 

crystal: 

 

 

unit cell: 

 

 

 

slip plane: 

 

 

 

Name and abbreviation of unit cells that will be constructed: 

 

 

 

 

 

 

 

Brief Method: 
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Construct the crystal models one at a time as pictured “a” through “d” in the PowerPoint and on the next 

page. 

 

Journal the following for each model you build: 

 

 draw and label each model 

o name and abbreviation 

 describe packing – look for spacing 

o tightly vs. loosely packed – “gappiness” 

 describe relative number of slip planes  

o many or few 

Before dismantling a model and building the next one, as a class, try to assemble the individual unit cells into a 

bigger crystal.  The teacher will assist with this. 

 

 

 

 
 

 

NOTES: 
 

 Pay close attention to spacing and alignment.   

 For example, the spheres in layer 1 of model C do not touch each other.  The center sphere in model 

C should touch all the spheres of the 1st and 3rd layers but none of the other spheres should touch each 

other. 

 When stacking the layers to build each model, be sure the orientation is the same as in the diagram. 

 Use the fewest number of toothpicks possible. 



ASM Materials Camp®-Teachers Classroom Workbook   

31 
 

 

Models of Crystals: 
 

 
Model A: 

Name:        Sketch of unit cell: 

 

Abbreviation: 

 

Packing: 

 

Slip Planes: 

 

 

 

Model B: 

Name:        Sketch of unit cell: 

 

Abbreviation: 

 

Packing: 

 

Slip Planes: 

 

 

 

Model C: 
Name:        Sketch of unit cell: 

 

Abbreviation: 

 

Packing: 

 

Slip Planes: 

 

 

 

Model D: 

Name:        Sketch of unit cell: 

 

Abbreviation: 

 

Packing: 

 

Slip Planes: 
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Models of Crystals Lab 
 

 

 

Terms: 
 

crystal:  -an object with a regularly repeating arrangement of its atoms 

 -it often has external plane faces 

 
unit cell:  -the simplest and smallest arrangement of atoms that can be repeated to form a particular crystal 

 
slip plane:  -a surface along which layers of atoms can slide 

 

 

Name and abbreviation of unit cells that will be constructed: 

 
 Simple cubic 

 Body-centered cubic – BCC 

 Face-centered cubic – FCC 

 Hexagonal close packed - HCP 

 

 

Brief Method: 

 
 We are going to make models of 4 different crystals using toothpicks and Styrofoam balls. 

 

 

 

 

 

Construct the crystal models one at a time as pictured “a” through “d” in the PowerPoint and on the next 

page. 

 

Journal the following for each model you build: 

 

 draw and label each model 

o name and abbreviation 

 describe packing – look for spacing 

o tightly vs. loosely packed – “gappiness” 

 describe relative number of slip planes  

o many or few 

 

Before dismantling a model and building the next one, as a class, try to assemble the individual unit cells into a 

bigger crystal.  The teacher will assist with this. 
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Models of Crystals: 
 

 

 
 

a.  simple cubic 

 -loosely packed, lots of “gappiness”    

 -many slip planes 

 -54% occupied space 

 

  

 

 

 
b.  face-centered cubic - FCC 

 -tightly packed, much less “gappiness”  

 -many slip planes 

 -74% occupied space 

     

 

 

 

 

c.  body-centered cubic - BCC 

 -loosely packed, more “gappiness” 

 -many slip planes 

 -68% occupied space 

 

 

      

 

 

d.  hexagonal close-packed - HCP 

 -tightly packed, not much “gappiness” 

 -few slip planes 

 -74% occupied space 

 

 

 

 
 

 
 



ASM Materials Camp®-Teachers Classroom Workbook   

34 
 

Type of crystal 

structure 

Closely packed? Many slip 

planes? 

Workability 

FCC Yes Yes Highest 

BCC No Yes Medium 

HCP Yes No Lowest 
 

 

BCC FCC HCP Other 

chromium 

iron (<912 °C) 

molybdenum 

sodium 

tungsten 

aluminum 

calcium 

copper 

gold 

iron (>912 °C) 

lead 

nickel 

platinum 

silver 

cobalt 

magnesium 

titanium 

zinc 

manganese 

tin 
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Iron Wire Demo 
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Copper Wire Activity 

Crystal Defects and Imperfections 
 
 

Ask the students what comes to mind when you hear the word “defect”.  They usually say something “bad” or 

“unwanted” or “negative”.   

 

Leading questions: 

What does crystalline mean? 

How easy is it to grow a perfect crystal? 

What types of defects are possible? 

 

Overview slide: 

-impurities and disruptions in the pattern of atoms 

-affect many physical properties 

 

3 Main Types of Defects 
 
Ask the students what the smallest defect could involve in a crystal (crystalline structure) – what is the smallest 

scale?  They may need prompting again what “crystalline” means – a repeating pattern of atoms (or ions or 

molecules – but for metals it is atoms).  So the simplest or smallest defect would involve one atom.  These are 

called point defects – this can be correlated to a “point” in math class. 

 

When discussing that point defects can be used to make alloys, point out that we create “defects” on purpose 

because they result in useful changes in properties.  Reinforce the idea that defects can lead to positive changes 

when discussing that line defects can increase the hardness or strength of  

 

1.  Point Defects 

 single atom defects 

 3 subtypes 

 have the students guess or predict what these subtypes are – what type of mistakes could there be with one atom at 

a time 

 the class is usually able to come up with all 3 – sometimes they need a little prompting 

 they usually will come up with a description – not the actual name 

 point defects can be compared to the types of DNA point mutations: insertions, deletions, and substitutions 

 

 

 

 a.  Substitutional – replace some of the original atoms with different atoms 

  -used in making alloys 
  -examples:  brass and bronze 

  -have students draw an example 

  -most alloys are substitutional – metal for metal 

 

   

 b.  Interstitial – extra atoms inserted in the gaps between the regular atoms 

  -used in making alloys 

  - example – steel – carbon in iron 

  -have students draw an example 

  -only small atoms can do this – such as carbon, hydrogen, etc… 

  (hydrogen is very bad in steel – causes embrittlement) 

  -steel is the only interstitial alloy to focus on at the high school level 
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  -the carbon atoms don’t fit perfectly – they do cause distortion in the crystal     structure 

and this is part of the reason carbon makes iron stronger 

  -the number of carbon atoms that can fit into the iron crystal structure is small –     

most steel is less than 1% by weight carbon and cast iron is 2 to 5% carbon 

  -the drawing is misleading because it doesn’t show the distortion in the crystal     

structure and the concentration of small atoms is too high 

 

 

 c.  Vacancy 

  - atom is missing (void) 

  -move around in crystal by diffusion 

  -can help in making alloys 
  -have students draw an example 

  -use BB board to illustrate 

  -use slider puzzle to illustrate 

  -two atoms cannot occupy the same place at the same time so vacancies are      

necessary in order for atoms to move into different positions 

 

 

 

Ask the students what the next level/scale of defect could be.  They can be prompted by asking what comes 

after a point in math class – usually several will respond with a “line”.  And that is the next level of defect. 

 

 

2.  Line Defects – dislocations 

 regions in crystals where atoms are not perfectly aligned 

 an extra partial plane 

 can use BB board to illustrate 

 an analogy is a dislocated shoulder – it is out of alignment 

 a deck of cards with one partial card inserted can represent the distortion this 

causes – if more ½ cards are inserted – more distortion occurs 

 can move 

 a small number make a metal more workable 

 a large number make a metal harder to work 

 dislocations can get “jammed” or “pinned”. 

 makes the metal harder/stronger = work-hardening 

 Use example of moving a large area rug by adding a “ripple” – hard to move a large rug by dragging the entire rug 

across the floor – easier to move it a little at a time 

 Another example is an inch worm moving along a tree limb 

 what happens if too many ripples go in all directions at once? they get jammed and can’t move 

 

Ask the students what is the next level of magnitude after a line or plane. 

 

3.  Interfacial Defects 

 grain boundaries 

 3-D 

 affected by size of grains 

 lots of stuff can happen here – both good and bad 

o can affect rate of corrosion, strength, etc…. 
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Copper Wire Activity 

Work-hardening and Heat-treating 
 

“Working” a metal is changing its shape while a solid.  Examples include pounding (forging), bending, 

stretching, rolling and stamping.   

 

Students bend ~ 6” – 8” piece of copper wire in the middle feeling the strength it takes to bend it.  The wire 

needs to be fairly thick-gauged.  Then they try to bend it back exactly the way it was – straight.  Once again 

noticing the strength it takes.  They do this several times.  Students should notice that it is practically 

impossible to bend the wire back to its original shape – perfectly straight.  It will appear to have small “kinks” 

or “bumps” in it.  The wire will want to bend in a location to the side of the original bend.  The students 

should also notice that it takes an increasing amount of strength to bend the wire.  This is called “work-

hardening”. 

 

Have the students hammer one end of the wire.  Then compare the strength it takes to bend the hammered end 

versus the unhammered end.   

 

Ask the students if they can hypothesize why the wire changes – what is going on inside.   

 

They are increasing the number of dislocations when they “work” the metal – bending or hammering.  The 

dislocations are also attempting to move through the metal.  The dislocations get “pinned” or “jammed” when 

they meet up coming from different directions.  This causes an increase in the strength or hardness of the 

metal.  It decreases the workability and can make it more brittle.   

 

Now have the students heat-treat the copper by holding it in the flame of a propane torch or Bunsen burner 

(using pliers to hold the metal).  Have them heat the hammered end holding the metal vertically in the flame 

so that part of the middle where it was bent will also be heat-treated.  The wire should be heated until it is red 

hot.  The wire can then be cooled – either slowly in air or by quenching it in a can of water.   

 

Have students bend the heat-treated end of the wire and compare it to the feel of the work-hardened wire.  It 

should be noticeably softer and more workable.  If they continue to bend it, it will once again work-harden and 

they will feel the difference in stiffness. 

 

Ask the students to explain how or why the heat changed the metal. 

 

The heat gave the atoms enough mobility to re-grow the crystals in the metal.  Dislocations were eliminated 

(decreased) and bigger crystals with fewer grain boundaries may form.  This results in a softer, more workable 

metal.   

 

Videos of forging, rolling or stamping can be shown after the Copper Wire Activity.  The amount of work-

hardening induced during a shaping process has to be considered during material selection for a part.  The 

choice of alloy and heat treatment will be affected by work-hardening caused by the forming processes.   

 

Work-Hardening Journaling 

 

 What it feels/look like 

 lumps, bumps, harder to bend in the same spot 

 

 What we did to make it happen 

 bent the metal, changed its shape, made the planes of atoms slide 

 

 Why does it happen 

 created dislocations  

 dislocations ran into each other and got jammed/pinned 
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Heat-Treating Journaling 

 

 How did you do it/what did you do to the Cu wire 

 What does the wire feel like now – test it 

 Why does it have that effect 
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Heat-Treating Steel 
 
 

Materials: 
 4 bobby pins 

 4 large paperclips 

 Heat source – Bunsen burner or propane torch 

 Candle or alcohol lamp (optional) 

 Container of water for quenching 

 Tongs or pliers 

 

 

Procedure: 

 

1.  Set aside one bobby pin and one paperclip for comparison.  (Control) 

 

2.  Heat the loop of one bobby pin and a loop of one paperclip red hot and slowly lift out of the flame.  Slow 

cool in the air and set aside.  (Anneal) 

 

3.  Heat the loop of one bobby pin and a loop of one paperclip red hot and quickly submerge in cold water, 

then set aside.  (Quench) 

 

4.  Repeat Step #3 with the final bobby pin and paperclip.  Then heat them again in the top part (cooler part) 

of the flame for a few seconds and quench again.  Do NOT allow to get red hot the second time.  

(Temper)  Use a candle or alcohol lamp for better control of the second heating.  If using a candle, hold the metal in 

the flame for about 5 or 6 seconds. 

 

5.  Make a data table for comparison of properties when the heat-treated area is bent. 

 

6.  Test the bobby pins one at a time by slowly pulling the ends apart.  Record observations. 

 

7.  Test the paperclips one at a time by pulling the heat-treated loop open.  Record observations. 

 

8.  Propose reasons for any differences in results.   

 

 

 

 

 

 

 

 

 

 

Notes: 

 Don’t heat beyond red hot – too much heat and you start burning out the carbon – you do not want to 

see white sparks when heating. 

 Bobby pins are high carbon steel (≈ 0.7%) and paper clips are low carbon steel (≈ 0.2%). 

 This lab is usually done after the iron wire demo so that students have been exposed to the idea of 

allotropes and solid state phase changes in regards to iron. 

 This lab is also usually done after the work-hardening and heat-treating of copper lab. 
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 It might be necessary to buy better quality paper clips.  Recently the paper clips at Walmart that are 

made out of recycled metal have not performed well in this lab. 

 Another version of this lab can be found in the MAST Modules: 

o Metals – Experiments 3 – Processing Metals - 

http://matse1.matse.illinois.edu/metals/c.html  

o Metals - Experiments 4 – Tensile Strength Test for Various Metals - 

http://matse1.matse.illinois.edu/metals/e.html  

 

 

Typical Results: 

 

 control anneal quench temper 

bobby pin “normal”, 

springy, “tight” 

softer, easier to 

bend, lost the 

springiness 

snaps in two, 

brittle 

feels much like the 

control 

paperclip “normal”, not as 

springy as the 

bobby pin, 

somewhat stiff 

softer, easier to 

bend 

varies depending 

on the paperclip; 

usually harder, 

bends below the 

heated area instead 

of at the curve; but 

is NOT brittle, 

doesn’t break 

doesn’t feel much 

different than the 

quenched paperclip 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Why steel is affected differently by heat treating: 

 

 Iron is allotropic – BCC below 912° C and FCC above 912° C 

 Steel is an interstitial alloy – most other alloys are substitutional 

 FCC is more tightly packed than BCC but has larger individual gaps (interstices) – carbon fits into 

FCC better than it does BCC 

 Carbon can be in different locations and in different forms: 

o Between grain boundaries 

o In the interstices (gaps within the crystal) 

o Bonded with iron as Fe3C (cementite) which is a ceramic 

 Annealing is like what happens with copper 

o there is crystal regrowth and the number of dislocations is decreased 

o the metal is softened 

o carbon has time to migrate to lowest energy positions  

Control 

Annealed 

Quenched 

Tempered 

http://matse1.matse.illinois.edu/metals/c.html
http://matse1.matse.illinois.edu/metals/e.html
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o iron has time to transition from  FCC back to BCC during the slow cool 

o iron reaches equilibrium – becomes ferrite with some cementite (based on amount of carbon) 

 Quenching causes steel to become very strong but also very brittle 

o forms an intermediate crystal structure which is metastable (has extra energy stored) – it is 

body-centered tetragonal (BCT) 

o Carbon does not have time to migrate out to lower energy positions 

o Extra “stress” is in the crystal structure  

o There is enough carbon in the bobby pin to make it brittle enough that it breaks 

o The paper clip does not have enough carbon to make it brittle so it doesn’t break  

o Forms martensite 

 Tempering is a secondary heat treatment after quenching 

o Strength is maintained while improving toughness – removes some of the brittleness 

o Carbon has time and energy to migrate to lower energy positions 

o Remains mostly body-centered tetragonal 

o Called tempered martensite 

 

Bobby pin is high carbon steel – approximately 0.7%.  Therefore, the carbon has a large effect on the properties 

and greater differences are observed in the various heat treatments. 

 

Paper clips are low carbon steel – approximately 0.2%.  The strengthening of the steel during quenching is 

mostly due to the solid state phase change from FCC to BCT.  Therefore tempering doesn’t alter the properties 

very much – there isn’t enough carbon to cause brittleness during quenching. 
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Metals 
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Nitinol Demo 

 
“Memory” Metal 

 

 
Nitinol is a shape memory alloy that exhibits a solid state phase change with interesting and useful properties. 

 

Ni = nickel 

Ti = titanium 

NOL = Naval Ordnance Laboratory 

 

Straighten or deform a piece of shape memory metal.  Dip the distorted wire into a beaker of water at 

approximately 70°C (or higher based on which alloy you have).  It will return to its original “trained” shape.  

Test different samples and shapes.  A hair dryer may also be used as a source of heat.  Hold the metal in the 

warm water using pliers on each end.  Deform the metal and release the wire from one of the pliers – it will be 

elastic and not pliable. 

 

If available, straighten or attempt to deform a piece of super-elastic metal.  It springs back to its original shape.  

Dip the super-elastic metal into a dry ice/ethanol bath and immediately straighten or deform the metal upon 

removal – it will now relax and deform.  It will return to its original shape as it warms in the air. 

 

A solid state phase change occurs at a specific transition temperature.  A crystal structure change occurs – 

more pliable structure at cooler temperatures and an elastic structure at warmer temperatures.  By varying the 

percentages of nickel and titanium in the alloy, different transition temperatures can be achieved.   

 

Shape memory wire - transition above room temperature 

Super-elastic wire - transition below room temperature  

 

The “set” shape of a piece of nitinol can be changed by using a heat treatment around 500°C.   

 

ChemMatters has a great article on nitinol called “Memory Metal” in the October 1993 issue.  Have the 

students read the article in class and answer questions such as the following in their journal: 

 

1.  Title of article 

2.  Date of article 

3.  Name the 2 crystalline structures that nitinol forms. 

4.  List 4 uses of nitinol. 

5.  Think of a possible new use of nitinol – something not mentioned in the article.  Bonus 

 

AM&P September 2004 has an article entitled:  “Materials and Properties for Coronary Stents” 

 

 

Sources of nitinol: 

 

Flinn Scientific   

Catalog number AP1937 

www.flinnsci.com 

1-800-452-1261 

 

 

 

 

 

Chem Fax with additional information on shape memory alloys is included 

http://www.flinnsci.com/
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Educational Innovations 

Catalog number:  HS-6 by the foot HS-9 package of ten 3” pieces 

www.teachersource.com 

1-888-912-7474 

Includes background information and directions for retraining the metal into a new “set” shape. 

 

 

 

 
 
Websites 

 

http://www.imagesco.com/catalog/nitinol/nitinol.html 

source of nitinol wire and products and information about heat-treating and phase changes of nitinol 

 

https://www.imagesco.com/nitinol/files/nitimm.pdf  

mechanics of the Nitinol shape memory effect 

 

http://www.memry.com   

great site that includes a PDF called An Introduction to Nitinol 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.teachersource.com/
http://www.imagesco.com/catalog/nitinol/nitinol.html
https://www.imagesco.com/nitinol/files/nitimm.pdf
http://www.memry.com/


ASM Materials Camp®-Teachers Classroom Workbook   

51 
 

Metal Stations 
 
 

1.  Cost of a Penny - Make sure that you see silver-colored zinc exposed on the post-82 pennies after 

sanding.  Work in pairs or teams of 3. 

 

 

2.  Brassing a Penny – Everyone gets to make their own. 

 

   

3.  Rolling a Penny – Work in pairs or teams of 3.  

 Try rolling both an old and a new penny. 

 Observe differences under a microscope. 

 Notice changes due to work-hardening. 

 There are observation and math interpretation sheets in your notebook.   

 

 

4.  Drawing Wire – Work in pairs or teams of 3. 

 There are observation and math interpretation sheets in your notebook. 

 
 

5.  Lead/Tin Solder Lab – Work in pairs or teams of 3.  
Bismuth may be substituted for the lead. 

 

 1.  Choose one of the labeled Dixie cups.  Make 50 grams total of the given alloy. 

 2.  Mass out the correct amount of tin and lead (or bismuth). 

 3.  Melt the metals together in an evaporating dish using a hot plate.   

 4.  Mix with a glass stirring rod and gently scrape the oxidation to the side. 

 5.  Using pliers pour the molten metal into one depression in the spot plate – make it level 

  with the surface of the spot plate.  CAUTION: Make sure the spot plate is absolutely dry! 

 6.  Pour the remaining metal into the sinker mold. 

 7.  Quench the metal pieces in a can of water. 

8.  Put the spot back in the labeled Dixie cup and give to an instructor.  You may keep the 

sinkers. 

 

 

6.  Melt Tin and Pour into Angle Aluminum – Everyone gets to make their own. 

a.  Notice the surface tension of the molten metal. 

b.  Bend the cool metal rod to demonstrate the tin cry. 
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THE COST OF A PENNY 

 
Day #1 
 
1.  Make a table to record your data.  Record the date of a pre-1982 penny and a post-1982 penny. 

 

2.  Measure and record the thickness (using the digital calipers) and the mass (centigram balance) for each 

penny.  Be sure to use labels. 

 

3.  Use sandpaper to remove a thin layer of copper around the rim of the penny - make sure that you see silver-

colored zinc exposed on the post-82 pennies.  Or use a triangular file to make four 1mm deep scores in the 

penny’s edge at 90 degrees apart. 

   

4.  Place the pennies in a beaker or plastic (PS) cup and add 20 - 25 mL of 6M HCl.  

 

5.  Place in the fume hood or by an open window. 

 

6.  Write observations. 

 

 
Day #2 
 
1.  Decant the HCl into the sink, flushing with plenty of water.  Add about 50 mL of tap water to the beaker to 

rinse off the pennies.  Pour the water off and tip the pennies onto a paper towel to dry. 

 

2.  Measure and record the thickness and mass of each penny.  Write observations about changes in 

appearance of each penny. 

 

3.  Answer the “Questions and Calculations” on the handout.   

 

4.  Write a final summary paragraph and a reflection paragraph. 

 

 

Safety 
 
Safety glasses/goggles must be worn during this experiment. 

 

The beaker containing the 6M HCL should be placed in a fume hood or by an open window overnight. 

 
 

 

Questions and Calculations: 

 
Record in your journal and show your work: 

 

 

1.  From the masses of the new penny before and after the reaction, calculate the mass of zinc in the new 

penny.  Also determine the mass of copper in the new penny. 
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2.  Calculate the percentage of zinc and the percentage of copper in the new penny. 

 

 

 

3.  Using a newspaper or the internet, look up the prices of copper and zinc at the present time.  Note the units.  

If the units are in cents per pound, convert the value to cents per gram.   

(1 pound = 454 grams) 

 

 

 

4.  From the mass of zinc and the current market value of zinc, calculate the value of zinc in the new penny.  

Do the same for the copper in the new penny. 

 

 

 

5.  Determine the value of the copper in the pre-1982 penny. 

 

 

 

6.  Why do you think our government switched to a copper-clad zinc penny? 

 

 

 

7.  Zinc is approximately twice as expensive as lead.  Hypothesize why don’t we use lead in the center of our 

pennies instead of zinc? 

 

 

 

8.  Explain what happened to the new penny when placed in the HCl in terms of oxidation/reduction and the 

relative activity of copper and zinc. 
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Notes: 
1982 pennies are not used in this lab because that was the transition year for making the copper-clad zinc 

penny.  Some 1982 pennies have a zinc core and others are copper.  At the conclusion of the lab, students 

should be able to suggest a way to determine whether a 1982 penny is all copper or has a zinc core.  The all 

copper pennies have a higher mass because copper is more dense than zinc.  By massing a 1982 penny on a 

balance, students should be able to predict which type of penny it is.  All copper pennies have a mass of 

approximately 3.2 grams and the “new” pennies have a mass of approximately 2.5 grams. 

 

This lab works because of the different reactivity of copper and zinc to hydrochloric acid.  Copper is below 

hydrogen on the activity scale and zinc it above hydrogen.  Thus, when placed in HCl, the copper does not 

react and remains unchanged (removal of oxidation may cause a change in appearance of the penny).  Zinc 

will react and replace hydrogen and enter the solution as a positive ion (it is oxidized).  Hydrogen gas bubbles 

will be visible as the positive hydrogen ions are reduced to hydrogen atoms (H
2
 molecules).  This is an 

example of both a single replacement reaction and an oxidation-reduction reaction.   

 

Zn(s)  +  2H
+

(aq)   —>   Zn
2+

(aq)  +  H
2(g)            The Cl

-
 remains in solution unchanged. 

 

 Cu(s)  +  H+(aq)    ―>     no reaction 

 

The scores must be adequately wide to ensure enough surface area for all of the zinc to react and go into 

solution.  Sometimes a penny will have solid zinc left in the core the second day.  It is possible to carefully 

open the copper “shell” so that the rest of the zinc will react.  Using sandpaper around the rim instead of 

making notches with a file increases the chances of all of the zinc reacting and the 2 halves of the penny 

coming apart.  On occasion, the pennies will float and “dance” as hydrogen gas builds up inside the copper 

shell and then will sink when they “burp” the bubbles loose.  3M HCl may be used instead of 6M HCl – it will 

require more acid and will take longer but the results are equally good. 

 
 
Possible assessment questions could include the following: 

 

1.  Someone hands you a penny minted during the year of transition (both solid copper and copper-clad zinc 

pennies were made that year).  Describe a method you could use to determine if the penny was solid 

copper or copper-clad zinc.  Include sample data or evidence that would support your claim. 

 

2.  Rank the following elements in order of reactivity.  Conclude how this caused the results of the “cost of a 

penny” lab. 

 

  copper, hydrogen, zinc 
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Brassing a Penny 

(Alloying Copper and Zinc) 
 

 

Materials and Equipment: 

 Clean shiny pennies 

 Small glass bowl 

 1M NaOH 

 Granular zinc 

 Zinc strip 

 AA battery 

 AA battery holder with alligator clips 

 Plastic spoon with holes melted into the bowl of the spoon 

 Thick copper wire – about 4” long 

 Cups of distilled water for rinsing  

 Tarnex to clean pennies if needed 

 Plastic gloves 

 Hot plate 

 Tweezers or something to push hot penny into a cup of water 

 

 

Safety: 

 Students should wear safety glasses during the lab. 

 Students should wash their hands after the lab.  

 

 

Procedure: 
1. Obtain 3 pennies.   

2. If you have shiny new pennies rub the pennies with a dry paper towel to remove any oil from your 

skin.  Do NOT touch the pennies with your skin after rubbing them.  Go to Step 4. 

3. If your pennies have oxidation on them, clean the pennies thoroughly of all oxidation using Tarnex.  

 You might want to wear plastic gloves when using Tarnex. 

 Wash the pennies with soap and water to remove the Tarnex and thoroughly dry them. 

 Do NOT touch the pennies with your skin after washing them. 

 Oil from your skin can keep the zinc from plating properly. 

4. Set one penny aside and take 2 pennies to the zinc-plating station. 

5. Go the zinc-plating station.   

 In the glass dish is a mixture of 1M NaOH and granular zinc. 

 A zinc metal strip is submerged beneath the mixture and extends over the outside edge of the 

dish. 

 Connect the DC voltage source (AA battery) by placing the positive alligator clip (red wire) 

on the zinc strip. 

 Connect the negative alligator clip (black wire) to the copper wire. 

6. Zinc-plating the pennies.   

 Place one of the pennies in the “bowl” of a plastic spoon.  

 Submerge the penny in the 1M sodium hydroxide solution containing granular zinc.   

 Do not touch the spoon to the granular zinc on the bottom of the dish. 

 Touch the copper wire (attached to the negative alligator clip - black wire) to the penny for a 

few seconds (start with about 8 seconds).   

 Remove the copper wire from the penny and the solution.   
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 After all bubbling has stopped, remove the penny from the solution and quickly check the 

plating. 

 Repeat as necessary to get full coverage. 

 The penny may need to be flipped over in the bowl of the spoon to fully plate the other side of 

the penny. 

 Quickly rinse the penny in a cup or beaker of distilled water. 
7. Repeat step #5 with the second penny.   

8. Rinse the zinc-plated pennies under running water, gently rubbing them to make sure all of the 

sodium hydroxide solution is removed.  Gently dry the pennies. 

9. Set one penny aside for comparison. 

10. Place the remaining penny on a warm hot plate.   

 When a color change occurs, push the penny into a beaker of distilled water. 

 Dry the penny. 

 

Teacher Notes/Background/Suggestions/Helpful Hints: 

 Brass is an alloy of copper and zinc.  Alloys are mixtures of metals and at least one other element – 

most often another metal.  Alloys are usually formed by melting the metals together and then pouring 

them into a mold to solidify.   

 A very thin layer of zinc (several atoms thick) is plated onto the copper surface of pennies.  In 

electroplating, positively charged particles from one material are removed and transferred through a 

solution until they are deposited on a negatively charged surface of another material. 

 At the positive electrode (zinc strip), electrons leave the material creating positive Zn ions in solution.  

Electrons then travel through the power source to the negative electrode (copper penny).   

 After electroplating, the pennies are heated on a hot plate.  Heat causes the atoms to gain energy to 

the point where they are mobile enough to diffuse and mix together – forming the mixture brass.  This 

is called solid state diffusion.  The zinc and copper atoms have become a part of each other’s 

crystalline structure. 

 Solid state diffusion can only occur if there are atoms missing (vacancies) in the crystal structure of 

the metal.  These occur naturally.  Two atoms cannot exist in the same space so for diffusion to 

occur there must be some empty spaces.  An analogy for this is a slider puzzle.  A slider puzzle 

typically contains 16 spaces but only 15 tiles.  When students are asked why there is a tile 

“missing”, they respond that there has to be an empty space for the other tiles to be able to move to 

a new location.   

 Go to The City of Materials website - http://www.cityofmaterials.net/Default.aspx - for a virtual 

simulation of this lab as well as more background information on solid state diffusion and 

electroplating.  Click on the “Menu and Info” tab and select “Science Center”.  Click on “Visit the 

Science Center” and then choose “Fuel Cell Experiments”. 

 Set-up for zinc-plating using cold solution: 

o Small glass bowl 

o Zinc strip – bent to lay flat on bottom of bowl, 

run up the side, and hang over and down the 

outside 

o 1 M NaOH – deep enough to submerge the bowl 

of the spoon and penny and not have the spoon 

touch the granular zinc on the bottom of the 

bowl 

o Granular zinc – cover the bottom of the dish 

 Melt holes in the bottom of a plastic spoon using a heated 

copper wire.  This allows the sodium hydroxide solution 

to drain from the bowl of the spoon after plating and also allows better contact between the bottom of 

the penny and the solution. 

 The spoon is easier to manipulate in and out of the solution if you heat the handle and bend it 

upwards to make a ladle. 

 Make the solution the day before the lab to allow time for zinc ions to form in the solution.  Or plate 2 

http://www.cityofmaterials.net/Default.aspx
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or 3 pennies before the students do the lab to get the ions into the solution.  The first penny may take 

up to one to two minutes to plate.  The second penny will take approximately 30 to 45 seconds.  After 

the 3rd or 4th penny, it typically takes 10 seconds or less to plate each one. 

 It works best if you submerge the penny in the solution and then firmly touch the copper wire to the 

penny. 

 Also, it works best if you break the “circuit” before bringing the penny out of the solution. 

 In other words, the penny shouldn’t be connected to the battery unless it is submerged in the 

NaOH/zinc solution. 

 A quick decision needs to be made as to whether enough plating has been done.  The “wet” penny 

needs to either go back into the NaOH solution for more plating or into a cup/beaker of distilled 

water quickly and not be exposed to air for any length of time with the NaOH still on it. 

 Use fairly thick gauge copper wire for the electrode. 

 Best results are obtained when using brand new uncirculated pennies.   

 It is crucial that all oxidation be removed from the pennies prior to the zinc-plating.   

 A product called Tarnex works great for removing oxidation.  It can be purchased at local stores. 

 Also, have students avoid handling the pennies after cleaning them.  Oil from their fingers can leave a 

coating on the pennies that interferes with the plating.   

 Caution the students about rubbing the pennies too hard after they are zinc-plated.  

Excess handling will cause the zinc-plating to rub off.  Once the brass is formed by solid 

state diffusion on the hot plate it will be resistant to wear. 

 Summary/conclusion questions are found below. 

 An additional assignment pertaining to coins and alloying:  Read the Science News 

article entitled “The Buck Starts Here” and answer the assigned questions.  Science 

News, Vol. 157, April 1, 2000 Pages 216-217 

 

 

Student Summary/Conclusions:  Answer the following questions in your journal. 

 

1.  Describe the differences in the appearance of the 3 different pennies.  What metal is on the surface of each? 

 copper-colored = copper 

 silver-colored = zinc 

 gold-colored = brass 

 

2.  How was the brass formed - physically or chemically?  Support your answer. 

 

 Brass is formed physically. 

 Two metals generally do not react chemically.  They use metallic bonding.  Both metals want to get rid of 

electrons to become more stable.  It is a mixture of varying composition.    

 

3.  Explain what happened to the copper and zinc atoms in the formation of the brass.   

 

 Solid state diffusion occurred.  Zinc was layered on top of the copper.  Heat caused the atoms to gain 

energy to the point where they were mobile enough to diffuse and intermingle – forming the mixture 

called brass.  The zinc and copper atoms became a part of each other’s crystalline structure. 

  

4.  Is brass a compound or a mixture? 

 

 Brass is a mixture. 

  

5.  Define “alloy”. 

 

 A mixture of a metal and at least one other element.   

  

6.  Write a reflection. 
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 Answers will vary.  Students should write at least 2 detailed sentences. 

  

Note about student misconceptions: 

Many students get the answer to question #2 wrong.  Students often interpret the change in color due to 

heating as a chemical change.  It is easy to understand why they think this is so.  After all, a color change is an 

indication of a chemical reaction. 

At first, I was surprised by the answers to question #2.  Most students got it wrong.  They interpreted the 

change in color due to heating as a chemical change.  I can understand why they think this is so.  After all, a 

color change is an indication of a chemical reaction.  Heat is often a catalyst for a chemical reaction.  Thus, in 

their eyes, the formation of the brass was a chemical change.  This leads to a productive discussion and review.  

The class had previously discussed the four types of bonding:  metallic, ionic, covalent, and intermolecular.  

Only two of these, ionic and covalent, produce a chemical change.  Since zinc and copper are both metals, 

ionic or covalent bonding does not occur.  Metallic bonding is happening.  Diffusion is a physical 

intermingling of atoms.  Thus, brass is a solid solution and forming solutions is a physical process. 
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“The Buck Starts Here” 
 

Science News, Vol. 157 

April 1, 2000 

Pages 216-217 
 

 

1.  Why did the U.S. Mint need to develop a new alloy for the golden dollar? 

 

 The Mint wanted a gold-colored alloy that would be recognized by vending machines.  Retooling 

vending machines is expensive.  Such an alloy did not exist so they needed to develop a new one that 

had the proper color and could still be read by a vending machine. 

 

 

 

 

 

 

 

2.  What 3 properties does a vending machine use to identify a coin? 

  

 weight 

 size 

 electromagnetic signature 

 

 

3.  Describe the composition of the golden dollar.  Include the core and the alloy cladding. 

 

   

  Pure copper core 

 2 layers of manganese brass:  77% copper, 12% zinc, 7% manganese, and 4% nickel 

 

 

 

4.  What is the purpose of adding nickel to the alloy? 

 

 Corrosion resistance    

 

 

5.  Pose a question that you would like to ask the author. 

 

  Responses will vary.   
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Rolling a Coin 
 

Method: 
 
1.  Record the following observations and measurements about the penny. 

 Date 

 Thickness in cm (use calipers) 

 Trace around penny on graph paper. 

 Count number of full squares. 

 Count number of partial squares. 

 

2.  Calculate approximate area of penny: 

 Divide number of partial squares by two. 

 Add this number to the number of full squares. 

 Record as approximate area. 

 

3.  Adjust the rollers on the rolling mill so the penny just fits snugly.  Roll penny. 

 

4.  Continue to roll the penny: 

 Adjust rollers no more than 1/8 of a turn at a time. 

 Flip the penny 180 degrees between each roll. 

 Do NOT tighten too much or use an excessive amount of force. 

 It can be helpful to pass the penny through the mill twice before adjusting the rollers. 

 STOP rolling BEFORE the penny out grows the graph paper!!!! 

 

5.  Record observations and impressions. 

 

6.  Determine and record new thickness and new area using same directions as in Steps #1 and #2.     

 

7.  You may continue rolling after tracing new area as time allows.  You may also want to try comparing a 

“new” (post-1982) and an “old” (pre-1982) penny.   

 You may heat treat an “old” (all copper) penny to ease work-hardening and brittleness. 

 Do NOT heat treat a “new” (zinc core) penny. 
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Rolling a Coin - Observations 
 
 
Before Rolling: 
 

1.  Date on penny:  _______________ 

 

2.  Thickness of penny:  _______________ 

 

3.  Trace the unrolled penny on the graph. 

 

 
 

 

 a.  Number of full squares:  _______________ 

 

 b,  Number of partial squares:  _______________ ÷  2  =  _______________ 

 

 c.  Penny’s area (a + b) = _______________ squares 

 

 

After Rolling: 

 

4.  Thickness of the rolled penny:  _______________ 

 

 Description of the rolled penny: 

 

 

 

 

 

 

 Composition of the penny: 
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5.  Trace the rolled penny on the graph. 

 

 
 

 a.  Number of full squares:  _______________ 

 

 b.  Number of partial squares:  _______________ ÷ 2 =  _______________ 

 

 c.  Penny’s rolled area (a + b) = _______________ squares 

 

 

6.  Additional observations and impressions: 

 

 

 

 

 

 

 

 

 

 

Conclusion and Reflection Questions 
 

 

 List 3 advantages of cold rolling over hot rolling. 

 Name the term for the mechanical property this lab illustrates and explain in terms of bonding why 

the penny has this property. 

 Describe what you enjoyed most about this lab. 
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Rolling a Coin 
 

Math Interpretation Questions 

 
 
1.  The penny at the start was how many times as thick as it was after being rolled?  Show your work. 

 

 

 

 

 

 

 

 

 

2.  After being rolled, the penny had an area _________ times as great as it did at the start.  Show your work. 

 

 

 

 

 

 

 

 

 

3.  Calculate the volume of the penny at the start and after it was rolled.  Compare the two volumes and 

explain the result.  Show your work. 

 

 Volume  =  area  x  thickness 

 

 a.  Before rolling: 

 

 

 

 

 b.  After rolling: 

 

 

  

 

 c.  Comparison and explanation: 
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Drawing a Wire 
 

Method: 

 
1.  Cut approximately 15 cm of copper wire.   

 

2.  Make and record the following measurements: 

 Length in cm 

 Diameter in cm 

 Mass in grams 

 

 

3.  Set up the drawplate: 

 Clamp the drawplate into a vise horizontally. 

 Use paper towels to protect the drawplate from the jaws of the vise. 

 The larger openings of the dies should be on the backside. 

 

4.  Taper the end of the wire with a file or the sander. 

 

5.  Pass wire through smallest hole (die) that tapered end will go through. 

 Use a lubricant on the wire. 

 Record the number of the hole (die). 

 

6.  Use draw tongs to grasp the wire and smoothly pull it through the die.  Record observations. 

 

7.  Repeat this process through at least 10 holes. 

 Measure and record the length and diameter of the wire after every hole it is drawn through.   

 Record the number of the die that you last pull the wire through.  

 

8.  Measure and record final: 

 Length 

 Diameter 

 Mass    

 

 

Hints:  (otherwise known as frustration relievers) 

 

 Pull the wire through the same die twice before moving to the next smaller hole. 

 If the wire becomes too stiff and brittle, stop and heat treat it. 

 Keep a taper on the end.   

 Don’t jerk - pull slowly and steadily. 

 Keep the wire lubricated. 

 “Rock” the rounded end of the tongs against the drawplate to start the wire pull.  
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Drawing a Wire – Observations 
 

 

1.  Type of wire used: _______________ 

 

2.  Initial length:  _______________ 

 

3.  Initial diameter:  _______________ 

 

4.  Initial mass:  _______________ 

 

5.  Number of hole in the die through which the wire was first drawn:  _______________ 

 

6.  Make and fill in a data table to display the length and diameter of the wire after every hole the wire is 

drawn through. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7.  As the wire is being drawn through the die, what happens to the wire’s: 

 

 Length:  _______________ 

 

 Diameter:  _______________ 

 

 Temperature:  _______________ 

 

8.  Number of hole in the die through which the wire was last drawn:  _______________ 

 

9.  Final length:  _______________ 

 

10.  Final diameter:  _______________ 

 

11.  Final mass:  _______________ 
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12.  Graph the data collected (length and diameter).   

 

 

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

                                                                            

 

 

 

13.  Additional observations and impressions: 

 

 

 

 

 

Conclusion and Reflection Questions 
 

 

 Explain why the wire became stiffer as it was drawn and how this “problem” can be fixed. 

 Explain what caused the wire’s temperature to change as it was being drawn. 

 Describe the most difficult part of this lab. 
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Drawing a Wire 
 

Math Interpretation Questions 
 

 

1.  Which of the 3 measurements of the wire changed the most during the drawing process?  

      

  mass, length, or diameter 

 

 

 Suggest a reason why that one changed more than the other two. 

 

 

 

 

 

 

 

 

 

2.  Hypothesize what you think happened to the density of the wire during the drawing process.  Give reasons 

for your hypothesis. 

 

 

 

 

 

 

 

 

 

3.  Calculate the wire’s initial volume and final volume.  Compare the two volumes and explain the result.  

Show your work. 
 

 wire’s volume  =  radius  x radius  x  pi  x  length             (V = r2πh) 

 

 a.  initial volume: 

 

 

 b.  final volume: 

 

 

 c.  comparison and explanation  
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Lead/Tin Solder Lab 

 
 
1.  Select a labeled cup(s) and sign your names on the table of lead/tin percentages. 

 

2.  Mass out 50 grams total of your assigned lead and tin alloy. 

 

3.  Melt the metals together in an evaporating dish using a hot plate  

 

4.  Mix with a glass stirring rod and gently scrape the oxidation to the side.  Hold the evaporating dish with 

needle-nose pliers.   

 

5.  Using pliers, pour the molten metal into one depression in the spot plate – try to make the metal level with 

the surface of the spot plate.  CAUTION:  Make sure the spot plate is absolutely dry!!!!!!!!!! 

 

6.  Pour the remaining metal into the warm sinker mold. 

 

7.  Quench the metal pieces in a can of water. 

 

8.  Put the metal spot into a labeled plastic bag and give it to the teacher.  You may keep the sinkers.   
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Tin–Lead Solder – Observations 

 

 

1.  Cup #1: 

 

 Percentage of tin – lead  _______________________ 

 

 mass of tin used  ________________ 

 

 mass of lead used  _________________ 

 

 

2.  Cup #2: 

 

 Percentage of tin – lead  _______________________ 

 

 mass of tin used  ________________ 

 

 mass of lead used  _________________ 

 

 

3.  Describe the appearance of tin: 

 

 

 

4.  Describe the appearance of lead: 

 

 

 

5.  Which metal melted first? 

 

6.  Color of the oxidation: 

 

 

7.  Is the oxidation more or less dense than the metal? 

 

 

8.  Describe the appearance of the solidified solder: 

 

 

 

9.  Describe the flow characteristics of molten metal: 

 

 

 

10.  Additional observations and impressions: 
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100% Pb 

0% Sn 

90% Pb 

10% Sn 

80% Pb 

20% Sn 

70% Pb 

30% Sn 

60% Pb 

40% Sn 

50% Pb 

50% Sn 

40% Pb 

60% Sn 

30% Pb 

70% Sn 

20% Pb 

80% Sn 

10% Pb 

90% Sn 

0% Pb 

100% Sn 
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Basic phase diagram: 

-heating/cooling curve for water 
 Typical diagram for pure substances 

o elements and compounds 

o same typical shape - different temps for different substances 

 Label: 

o Heating a solid 

o melting a solid 

o heating a liquid 

o boiling a liquid 

o heating a gas (vapor) 

 Heat is changing the whole time 

 Temperature does not increase during a phase change (change of state) 

 

 Heat – total energy, potential and kinetic 

 Temperature – average kinetic energy 

 

 

 

Figure 11.9: Heating curve for water. 
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The diagram on the left shows the uptake of heat by 1 kg of water, as it passes from ice at 
-50 ºC to steam at temperatures above 100 ºC, affects the temperature of the sample. 

A: Rise in temperature as ice absorbs heat. 
B: Absorption of latent heat of fusion. 

C: Rise in temperature as liquid water absorbs heat. 
D: Water boils and absorbs latent heat of vaporization. 
E: Steam absorbs heat and thus increases its temperature. 

The above is an example of a heating curve. One could reverse the process, and obtain a 

cooling curve. The flat portions of such curves indicate the phase changes. 
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Phase – material that has its own structure and/or composition 

 

Phase change –  

 Two types: 

o Change in state 

o Change in crystalline structure (solid state phase change) 

 Energy is absorbed or released 

 Temperature does not change 

 Particles held together more tightly – energy was released 

 Particles less closely attracted – energy was absorbed  

 

Phase diagram for iron (cooling curve) 

 Same as for water – “backwards” – shows a release of energy 

instead of an absorption in energy 

 Has additional flat lines – phase changes that are not changes of 

state – represent solid state phase changes such as a change in 

crystalline structure 

 

Binary phase diagram for Pb/Sn solder 

 Plots percent composition versus temperature 

 Pass out student copy 

 Does not include gas state 

 Label the all liquid region 

 Label the all solid region 

 Label the liquidus line – only liquid above the line 

 Label the solidus line – only solids below the line 

 Ask what is between the 2 lines – slush zone  

 Slush 

o combination of solid and liquid 

o amounts of each varies based on temperature and percentage composition 

o compare to a slurpee 

 Eutectic – mixture that acts like a pure substance  

o Eutectic composition – composition with the lowest melting temp – varies from alloy to alloy 

o Eutectic point – lowest melting temperature of the alloy – temp at which eutectic composition 

freezes – varies from alloy to alloy 

 
 The solidus line touches the liquidus line in 3 places: 

o on the left edge of the graph – melting point of a pure metal (element) 

o on the right edge of the graph – melting point of a pure metal (element) 

o the eutectic point. 

 

 Pure substances have a melt point 

o a temperature at which it melts 

o no temp change until melting is completed 

 

 Mixtures have a melt range 

o a temperature at which it starts melting and a higher temperature at which it completes 

melting 

 

-Melt an ice cube on the griddle – point out that it goes directly from solid to liquid, no slush. 

 

-Melt the solder spots on the griddle – gradually turning up the temperature (heat) 

 

-Compare the phase diagram to what they are seeing with the melting spots on the griddle 
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-Have the students predict: 

o Which spot will melt first 

o Which spot should melt start melting second, etc… 

o Which spots will have slush as they melt 

o What will happen if you stop increasing the temperature while a spot is in the slush zone 

o Which spot has the biggest slush range 

o Which spots won’t melt 

o What will happen if you turn off the heat 

 

After melting, resolidifying, and melting again, review the phase diagram. 

 

Have students pick out the liquidus line, solidus line, and eutectic point on other sample binary phase 

diagrams. 
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Binary Phase Diagram 
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Binary Eutectic Phase Diagram for Bi-Sn 
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Websites:  Very useful for your own study and learning.  Some are much more in depth.  

 

http://www.chemguide.co.uk/physical/phaseeqia/snpb.html 
lead/tin solder and phase diagrams 

 

http://www.soton.ac.uk/~pasr1/index.htm  

tutorials and quizzes on phase diagrams – looks excellent 

 

http://people.virginia.edu/~lz2n/mse209/Chapter9c.pdf 

phase diagrams and the lever rule 

 

http://www.doitpoms.ac.uk/tlplib/CD4/index.php  

phase diagrams and solidification 

 

 
 

http://www.chemguide.co.uk/physical/phaseeqia/snpb.html
http://www.soton.ac.uk/~pasr1/index.htm
http://people.virginia.edu/~lz2n/mse209/Chapter9c.pdf
http://www.doitpoms.ac.uk/tlplib/CD4/index.php
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Developing the Activity Series 
 
 

Overview:  The students will develop their own activity series of metals based on lab results. Qualitative 

observations will be used.  Tie-ins include single-replacement reactions (SRR), oxidation-reduction, practical 

applications such as galvanization, and predicting reactions.  Students work in teams to determine the relative 

reactivity of six different metals in a solution of copper sulfate.  My students have already covered and have an 

understanding of atomic structure and bonding before performing this lab. 

 
 

Goal/Objective:  The students will develop an activity series based on their own lab observations and will 

use it to predict and explain single replacement reactions and oxidation-reduction. 

 

Here is the website where all of the NACE corrosion labs can be found. 

http://www.nace-foundation.org/programs/images_programs/cKit_experiments.pdf 

 

Materials/Equipment (per team): 

 
Test tube rack with six test tubes 

 

Small samples of 6 different metals: 

  

 (1)   Zinc -  zinc metal strips from Flinn 

 

 (2)   Lead - lead metal strips from Flinn 

 

 (3)   Aluminum - aluminum metal strips from Flinn 

 

 (4)   tin - tin metal strips from Flinn 

 

 (5)   Magnesium - an inch of ribbon 

 

 (6)   Iron - flattened wire 

 

Copper sulfate solution (0.2 M works well) 

 

Steel wool for cleaning metal samples of oxidation 

 

 

 

Basic Procedure: 
 
1.  Pour approximately 5 mL (or 1 inch) of “blue stuff” (copper sulfate solution) into each test tube. 

 

2.  Clean the 6 metal samples with steel wool to remove any oxidation. 

 

3.  Put a different metal sample in each of six test tubes one at a time so initial observations can be made. 
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4.  Record observations in your journal for approximately 5 to 10 minutes.  Look for signs that a chemical 

reaction is occurring: 

  Gas bubbles being produced 

  Temperature changes 

  Changes in color 

  A solid precipitate forming 

  Solid disintegrating 

 

5.  Rank the metals in order of reactivity. 

 

6.  Clean-up. 

 

Class Discussion - see notes below. 

 

Teacher demo:  Place a strip of copper foil in a test tube with 7 mL of 0.1M silver nitrate solution.  Have 

students write observations.  Have them place silver in their activity series. 

 

 
 

Notes: 
 
Aluminum is a very active metal but is slow to start in this lab.  Aluminum oxide bonds so tightly to the 

surface of the metal that it is difficult to clean off.  Adding sodium chloride jump starts the reaction like a 

catalyst.  Add a little NaCl to the copper sulfate solution prior to the start of the lab (approximately 1.5 to 2 

grams per 100 mL of .2M copper sulfate solution).  This allows the aluminum to “behave” according to the 

actual activity series and does not affect the placement of the other metals.  Teachers can decide whether or 

not to discuss the addition of the salt with their students based on their goals and objectives and the level of the 

students.  After the students perform the lab, you may wish to show them two different aluminum trials, one 

with salt added to the copper sulfate solution and one without.   

 
As your students perform the lab and write observations in their journals the teacher will need to do a little 

“troubleshooting”.  The students usually think the metals are “rusting”.  The teacher will need to give 

guidance to get them to realize that it is copper metal being formed - not rust. 

 
Following is sort of a guideline as to how we lead the class discussion about the lab results.   

 

Ask the students which metal they think is most reactive.  They usually get this one right.  It is magnesium.  So 

I write it at the top of the chalkboard.  Then we talk about which one is next.  I often have to mediate because 

all the groups don’t always agree on the order of ranking.  I use “majority rules” as a guideline and it almost 

always works.  Lead and tin can be difficult to distinguish because neither one reacts much.  Here is the final 

ranking to be agreed upon: 

 

Magnesium 

Aluminum 

Zinc 

Iron 

Tin 

Lead 

 
After you agree on this list, tell the students that they have left out a metal.  This usually confuses them 

because they had six metal samples and there are six elements on their list.  At this point you can tell them 

what the “blue stuff” is - copper sulfate.  With encouragement they come up with the missing metal - copper.  



ASM Materials Camp®-Teachers Classroom Workbook   

80 
 

Ask them where it goes on the list.  Most are usually not sure.  Thus, you begin your discussion of what really 

happened in the test tubes:  a single-replacement reaction involving oxidation-reduction. 

 

Put a sample equation on the board such as: 

 
 Fe  +  CuSO4   ——> 

 
Ask them to fill in the products.  They realize that copper was formed, so somehow iron and copper switched 

places. 

 

 

Finish the equation using ions this time: 

 

 Fe  +  Cu+2SO4
-2    ——>     Cu  +  Fe+2SO4

-2 

 

The sulfate is unchanged.  Iron went from an atom to a positive ion (define oxidation at this time) and copper 

went from a positive ion to a neutral atom (define reduction).  It may be helpful to define a single-replacement 

reaction at this point. 

 

 
Now try to make a connection that they will understand.  You use a 1 to 10 scale to rate the metals.  Here is 

how you explain what is occurring in the oxidation-reduction reaction.   

 

  
The lovely Miss Sulfate attends a school dance with Mr. Copper.  Now Mr. Copper isn’t exactly the best 

dancer.  He is only about a 3 on the 1 to 10 rating scale.  When Mr. Iron (who happens to be about a 6 on the 

scale - definitely a better dancer) walks into the dance without a date, Miss Sulfate wastes no time in getting rid 

of Mr. Copper and getting together with Mr. Iron.  Who wouldn’t trade a 3 for a 6?  Mr. Copper is “reduced” 

to being alone - no charge - no attraction - no dance partner.  Mr. Iron became “charged” when he walked in 

the door (was oxidized) by giving his unwanted electrons to Mr. Copper which is what reduced him.  Now 

Miss Sulfate is attracted to Mr. Iron because of his opposite charge and they are now a couple while Mr. 

Copper has to wait in the singles line all alone (elemental atoms of copper).  Iron can “force” his unwanted 

electrons onto the copper ions because iron is more reactive than copper. 

 
This gets the students’ attention.  You can then use another equation to see if they are getting a handle on the 

concept.  It is good to use zinc or magnesium.  The students help you finish the equation once you write the 

reactants on the board.  Now you can finish “rating” the metals.  Here are the numbers to use: 

 

10 magnesium 

  9 aluminum 

  7 zinc 

  6 iron 

  5 tin 

  4 lead 

 

Now the students are ready to place copper on the chart in the proper location.  Since copper got “replaced” 

(dumped as the students will tell you) in every test tube - he must be at the bottom of the list.  So we add 

copper to the bottom as a “3”.   

 
The next question you can pose to the students is this: 

 “Is Mr. Copper doomed to be without a dance partner forever?????  Can he ever hope to get a dance 

partner while the other “guys” (metals) are around???   
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The answer is yes if we can find a “2” or a “1”.  At this point you can do the teacher demonstration using a 

copper strip and silver nitrate.  The students love this reaction.  Good news for Mr. Copper.  Mr. Silver is less 

reactive and will be reduced (replaced) by Mr. Copper.  So, copper can steal silver’s dance partner (Miss 

Nitrate) and he is left alone to hang around by himself.  We add silver to the list as a “2”.  By now of course 

the students want to know who “1” is (the terrible dancer).  And the answer is gold or platinum.  Usually 

someone will think to ask if there is anyone higher than a 10.  The answer is yes.  Examples are calcium, 

sodium, and potassium.  This can lead to a discussion of the periodicity of elements on the periodic table.  The 

one who can steal a dance partner from anyone else???  Mr. Francium.  You can find clips on YouTube that 

show various alkali metals being placed into water.  Flinn Scientific has a 37 minute video available entitled 

“Sodium:  A Spectacular Event” that is very good.     

 
At this point you can put a few more equations on the board that represent the reactions that occurred in class 

and ask the students to label which “participants” are being reduced and which are being oxidized.   

Then you can throw in an equation such as this one: 

 

 Fe  +  MgSO4     ——>          

          

Ask the students to predict what will happen.   The correct answer is “no reaction”.  Iron is less reactive than 

magnesium (lower on the scale) and therefore cannot steal away the date from magnesium.  A “6” will not 

take away the “girl” from a “10”.   

 
Now you can try to interject practical applications of this concept.  One is the galvanization of steel or iron 

metal.  Ask the students to explain how a more reactive metal (zinc) can protect a less reactive metal (iron).  

The fact that zinc is more reactive IS the reason why it works.  Zinc acts as a “sacrificial”.  Zinc will react with 

the oxidizing agent before iron.  Oxidized zinc will form a tough, protective coating on the outside of the steel 

or iron, thus keeping the oxygen (or oxidizer) away from the iron.  Oxidized iron does not make a protective 

coating because it flakes off exposing new iron to be oxidized.  The use of sacrificial zinc, aluminum, or 

magnesium in a hot water heater is another practical example.   This concept can also lead to a discussion of 

methods used to extract (reduce) metals from their ores.   We follow up this lab by doing a copper 

oxidation/reduction lab that simulates reclaiming copper from an ore.   

 

Metals are usually reclaimed from their ores in one of two ways:  chemical reduction (using carbon in the form 

of coke) or electrolytic reduction (using electricity).  Carbon is a relatively cheap way to reduce metals from 

their ores.  Carbon fits on the activity series scale between aluminum and zinc – you can assign it a rating of 

“8”.  Thus chemical reduction using coke is a viable option for metals below carbon on the activity series.  

Metals that are more active than carbon use electrolytic reduction.  Aluminum is the most abundant metallic 

element in Earth’s crust but has become widely used only in the past century because of the difficulty in 

extracting it from its ore – it requires an abundant source of cheap hydroelectric power.  It is much cheaper to 

recycle aluminum than to extract it from its ore. 

 

Another practical example that is easy to use involves a coffee can and a tomato sauce can.  The inside of the 

tomato sauce can looks different than the inside of the coffee can.  The tomato sauce can is galvanized to 

protect the steel from the acid in the tomato sauce (hydrogen is less reactive than iron).  The coffee can is not 

galvanized because it does not contain an acid.  Pineapple juice cans are also galvanized.  Other contextual 

examples include galvanized grain bins, nails, and zinc tabs on ships or boats.  Corrosion Experiment #4 – 

Poly Coat – investigates the need for a polymer liner inside soda cans to protect the aluminum metal from the 

carbonic acid in the soda.   

 
Another quick demonstration that also illustrates the different activities of metals is to “burn” a piece of 

magnesium ribbon, a sample of steel wool, and a copper strip or sheet using either a propane torch or a Bunsen 

burner.    

 

Heat a copper sheet with a propane torch and it will oxidize.  Touch the tip of the inner blue cone of the flame 

to the hot copper sheet and it will actually reduce the copper oxide on the surface – it is “stealing” the oxygen 

away to help the propane burn.  Pull the tip of the flame away from the surface and the copper will 
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immediately oxidize as the air hits it.  The different colors in the oxidation are due to the thickness of the 

oxidation layers. 

 

As a final write-up for this lab, have the students discuss the following in their journals: 

 

 1.  Explain oxidation and reduction using an example from the lab.  Include these terms: 

      oxidation, reduction, atom, and ion.  Also, include an equation. 

 

 2.  Explain why putting zinc into magnesium sulfate would NOT produce a reaction. 

 

  Zn  +  MgSO4   ——>   no reaction  

 

 

Additional assessment questions may include the following:  

 

1.  Use the activity series of metals list to predict whether or not the following reactions will occur.  (Answer 

“yes” or “no” for each reaction): 

  Al + AgNO3   ——> yes 

Cu + FeSO4  ——>    no 

Zn + PbSO4  ——>      yes 

 

2.  Explain (justify) your answers to question #2. 

 Al  +  AgNO3  = yes, reaction will occur = aluminum is more reactive than silver therefore it will oxidize 

as it causes the reduction of silver, the aluminum will replace the silver since silver is lower on the activity 
series 

 Cu  +  FeSO4 = no, a reaction will not occur = copper is less reactive than iron therefore it will not replace 
it, copper cannot cause the reduction of iron 

 Zn  +  PbSO4 = yes, a reaction will occur = zinc is more reactive than silver therefore it will oxidize as it 
causes the reduction of lead, the zinc will replace the lead since lead is lower on the activity series 

  

3.  List 3 indications that a chemical reaction is occurring. 

 Bubbles (gas) produced 

 Temperature change 

 Precipitate forms (new solid appears) 

 Solid disintegrates (is “eaten” away as opposed to dissolved) 

 Color change 

 Odor produced 

 Light emitted 
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4.  Explain how a more reactive metal like zinc can be used to “protect” a less reactive metal like iron.  Give a 
practical example of this. 

 Since zinc is more reactive that iron, zinc will be “attacked” and oxidized first.  Once all of the zinc is 

oxidized, then the iron will be oxidized.  Zinc can be used to coat iron or used as a sacrificial.  Galvanized 

metal is an example of using a protective coat.  Iron or steel is coated with zinc.  The zinc oxidizes and 

forms a tough ceramic coating that protects the metal underneath from being oxidized as long as it isn’t 

scratched through to expose the metal beneath.  Iron does not make a protective coating when it oxidizes, 

the oxidation flakes off and exposes new metal to be oxidized.  A water heater has a rod of either 

magnesium, aluminum, or zinc inserted into the tank.  This rod acts as a sacrificial to protect the steel case 

forming the outside of the tank.  The rod made out of a more reactive metal is preferentially oxidized thus 
protecting the steel tank. 

 

5.  Zinc metal could be used in the process to claim (reduce) many metals from their ores.  List three metals that 
zinc can replace (reduce). 

 Iron 

 Tin 

 Lead 

 Copper 

 Silver 

 

6.  Do metals prefer to be oxidized or reduced?  Defend your answer. 

 Metals prefer to be oxidized.  Metals obtain a stable number of electrons in their outermost shell (achieve 

the octet) when they are oxidized.  Metals have an unstable number of electrons (1, 2, or 3 valence electrons) 
when they are reduced and in their elemental form. 

 

7.  Are most metals found in the ground in a pure state (as a metallic element) or as compounds?  Explain why? 

 Most metals are found in the ground as a compound – in ore.  Metals in compound form are oxidized which 

is their preferred state.  Therefore most metals have to be “won” from their ore in a reduction process.  

Reduced metals are pure elements and only a few are found this way in nature.  Metals found in the 

elemental state in nature are referred to as “native metals” and can include gold, silver, and copper.  Most 
copper is found in ore however.  
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8.  Predict whether magnesium is more likely to be reclaimed (reduced) from its ore by chemical reduction or 
electrolytic reduction.  Justify your answer. 

 Magnesium is more likely to be reclaimed from its ore by an electrolytic reduction process.  Metals which 

are less reactive than carbon can be cheaply reduced from their ore by chemical reduction using coke (a 

form of carbon).  Metals that are more reactive than carbon are reduced from their ore by using electricity 

on molten or dissolved ore.  Since magnesium is more reactive than carbon (as shown by the activity series), 
it is reclaimed from ore by electrolytic reduction. 

 

 

Here is the website where all of the NACE corrosion labs can be found: 

https://nace-foundation.org/programs/teachers/ckit-resources/  

 

Debbie Goodwin 

Chillicothe High School 

Chillicothe, MO 

nywin@hotmail.com 

 
 

 
 
 

 
 

 
 

 
 
 

 
 

 
 

 
 
 

 
 

 
 

 
 
 

https://nace-foundation.org/programs/teachers/ckit-resources/
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Aluminum Can Liner 
Demonstration 

 

 

Materials and Equipment: 

 Aluminum pop can 

 600 mL beaker 

 Scotch brite pad 

 3M HCl 

 Masking tape 

 Thick gauge copper wire or glass stirring rod 

 

 

Safety: 

 Wear appropriate lab safety gear such as safety glasses and lab aprons and consult specific MSDS. 

 The tab must be popped before putting the can in the acid.  The exothermic reaction generates 

enough heat to create enough pressure inside the can to cause it to rupture and explode. 

 

 

Teacher Notes/Background/Suggestions/Helpful Hints: 

 Aluminum is a reactive metal.  Normally the surface oxides and the oxidation adheres tightly to the 

surface of the aluminum and prevents it from further corrosion.  If the pH is below 3 or above 8 or 

chloride ions are present, then the oxidation coating does not adhere to the surface and corrosion 

continues to occur at a quick rate.   

 Soda contains acid and therefore the aluminum can requires a polymer lining on the inside of the can 

to prevent it from corroding and leaking.  The paint on the outside of the can is also a polymer that 

provides protection. 

 The polymer liner is spray-coated onto the inside of the can during production.  It is to protect the 

aluminum from the phosphoric acid that pop contains. 

 The chemical reaction that removes the aluminum by using HCl is a simple single-replacement 

reaction: 

o 6HCl + 2Al ----- 3H2 + 2AlCl3 

 Use safety precautions when using chemicals.  Using HCl will produce hydrogen gas as a by-product 

and is an exothermic reaction.   

 Adding too much HCl at a time may cause the polymer liner to melt from the heat generated or rip 

due to vigorous bubbling 

 Masking tape can be used to make a design on the can, such as stripes or windows, before sanding the 

paint off the outside of the can. 

 If windows are sanded instead of the entire can, then the can does not have to be suspended by a 

copper wire or glass rod. 

 Steel wool or sandpaper can be used to remove the paint from the can but a scotch brite pad (from the 

paint department) works quickly and easily. 

 Once all the acid has been thoroughly rinsed from the can, the polymer liner may be gently touched.  

Food coloring may also be added to the water inside the can to make it more visible.  

 

 

Methodology Overview: 
This is a teacher demonstration.  The can will need to be prepared before class.  The demonstration illustrates 

a practical application of the activity series of metals.  It is best to show it after doing the metal station labs. 
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Procedure: 
11. Remove the paint from an unopened pop can. 

 Use a scotch brite pad (found in the pain department at Walmart or Lowe’s). 

 Using an unopened pop can makes it much easier to remove the paint without denting the 

can and causing a leak. 

12. Pop the top and empty the soda out of the can and rinse. 

13. Poke 2 holes on opposite sides of the can near the top. (This step can be omitted if using sanded 

windows instead of the entire can.) 

14. Run a copper wire through the holes to suspend the can in a beaker OR use a stirring rod to suspend 

the can by the tab. 

15. Fill the can with cold water (the reaction to remove the aluminum is exothermic) 

16. Suspend the can in a 600 mL beaker. 

17. Gradually add 3M HCl to the beaker. 

 Add between a half inch and an inch at a time. 

 Once the reaction stops, add another 1/2 to 1” of acid. 

 Concentrated copper II chloride or copper II sulfate (with NaCl added) solution may be used 

instead of acid 

18. Once the desired amount of polymer liner is exposed, remove the can from the acid. 

19. Gently rinse the outside of the can with running water. 

20. Place the can (with supports) in a beaker of water.  
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Thermite in Your Hand 
 

 

Materials and Equipment: 

 2 rusty iron spheres 

 Aluminum foil 

 

 

 

 

Safety: 

 Safety glasses should be worn by the demonstrator. 

 Be careful to keep a tight grip on the spheres so they don’t fall on your foot. 

 Be sure to keep your hands on the sides to avoid smashing your fingers. 

 

 

Teacher Notes/Background/Suggestions/Helpful Hints: 

 This lab is a quick, easy and safe version of the traditional thermite lab. 

 Strike the balls together at very rusted spots. 

 A glancing blow is required to generate enough friction and heat to initiate the reaction between the 

iron oxide and aluminum. 

 A single replacement reaction occurs between the iron oxide (rust) and aluminum when struck with 

enough force.  The reaction is very exothermic - sparks and noise are produced! 

 Aluminum is more reactive than iron so it will replace the iron in iron oxide to form aluminum oxide 

and pure iron. 

 Al + Fe203 --> Al2O3 + Fe + heat 

 A connection can be made to the Developing the Activity Series and the Fruit Battery labs. 

 The spheres will need to be rusted ahead of time.  A quick way to rust the iron spheres is to submerge 

the spheres in a plastic cup with 3% hydrogen peroxide and salt.  A vigorous reaction will soon begin 

to occur.  This is quicker than using just salt water because of the extra oxygen released by the 

breakdown of the hydrogen peroxide.  After about an hour, pour off the solution and periodically 

spray the spheres with hydrogen peroxide.  Rotate the spheres occasionally.  After several hours let 

the spheres dry before performing the demonstration.   
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Procedure: 
21. Wrap one of the rusted iron spheres with aluminum foil.  If the spheres are small than 2” in diameter, 

it can be helpful to use a larger sheet of foil to wrap the sphere and twist the excess foil into a “handle” 

to hold while striking the spheres together. 

22. Hold the aluminum foil-wrapped sphere in your nondominant hand and the non-wrapped sphere in 

your dominant hand. 

23. Using a glancing blow, strike the two spheres together.   

24. White sparks and a loud crack should be produced as the spheres strike and slide past each other. 

25. To repeat the demonstration, rotate the rusted iron sphere to strike a fresh surface of iron oxide. 
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Polymers 
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Intro to Polymers 
 

 
Define polymer 
 poly- = many 

 -mer = part 

Long, chain-like molecule made of repeating units. 

 

What elements are used: 

 Nonmetals:    l 
 carbon            -C-  

 hydrogen    l   H- 

 oxygen   -O-   l 
 nitrogen    -N- 

 chlorine  Cl- 

 fluorine       l   F- 

 silicon    -Si- 

         l  

 

 
Types of bonding: 
 

Making of chains – covalent bonding 

 sharing of electrons – makes long chains 

 discuss # of bonds each element wants to make – have students refer to periodic table 

 does make compounds because the octet is satisfied   

Polymers are compounds with formulas.  Carbon is the backbone of many polymers and since it wants 4 

bonds it can make very long chains, with or without branches. 

 

Holding chains together – affects many properties 

1. covalent bonds – stronger – ex. rubber 

2. intermolecular forces – weaker – ex. slime 

3. entanglement – ex. HDPE – (analogy:  50 pieces of yarn – each 6 feet long – jumble and wad them up 

– throw them down in a pile on the ground – try to pull out one piece – what happens???) 

 
Have students brainstorm what they perceive to be typical properties of polymers (plastics) – especially in 

comparison with metals and ceramics/glass.  Guide them towards physical (density, optical properties, 

thermal properties, electrical properties, etc.), chemical (reactivity, stability, corrosion), and mechanical 

properties (strength, hardness, toughness, elasticity, plasticity, etc.).  Help them to realize that polymers show 

a wide range of properties that we try to manipulate. 

 

 

Length of Chains: 
Beaded chain demo 

 6 beads equal the # of carbon atoms in a glucose molecule. 

 Entire chain equals # of carbons in a smallish to medium size polyethylene molecule – 61 feet of 

chain with 72 beads/ft = 4,392 beads – many polyethylene molecules will have 10,000 carbon atoms. 
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 Molecular weights can be in the hundreds of thousands. 

 

Classification of Polymers: 

Natural vs. Synthetic 
Synthetic = manmade = plastics 

 Raw material for many plastics is petroleum or natural gas. 

 Have students name examples (PVC, polystyrene – Styrofoam, epoxy, ABS, 

polyurethane……………)  

Natural – have students name examples (proteins, starch, cellulose, DNA, RNA, lipids, latex  rubber, 

silk………..) 

 

Add a little bit about the history of polymers here…………………. 

 

Packing Peanuts Lab 
(natural vs. synthetic) 

Give each student a packing peanut made of polystyrene and a packing peanut made of starch.  Do not tell the 

students what they are made of.  Call the one made of starch “peanut A” and the one of polystyrene “peanut 

B”.  Have the students compare/contrast the two types – listing as many different properties of each as they 

can.  Encourage them to think of both physical and mechanical properties.  As a demo of chemical properties, 

burn a small piece of each.   

 

Give the students two beakers – each containing a clear liquid.  Do not tell the students the identity of the 

liquids.  Beaker A contains acetone and Beaker B contains water.  Have the students test the solubility of the 

peanuts by performing trials in the following order: 

 Peanut A in Beaker A 

 Peanut B in Beaker B 

 Peanut A in Beaker B 

 Peanut B in Beaker A 

 

Demo the dissolving of a PS coffee cup in a small amount of acetone.  Pose the question:  why might it be a 

bad idea to carry gasoline in a Styrofoam coffee cup?  A discussion of polar and non-polar molecules and their 

effect on solubility fits in nicely at this point.  Water and starch are both polar while polystyrene and acetone 

are mostly non-polar.  The PS doesn’t completely dissolve in the acetone.   

 

As a final discussion, ask the students which type of packing peanut is the best.  Students may bring up 

biodegradability and recycling at this point.  Lead the students to the conclusion that choosing which type of 

peanut is best is determined by the conditions in which it will be used.  Have the students write scenarios or 

situations for which each type of peanut would be best suited.  Have them justify their answers by discussing 

properties.   

 

The PS residue in the acetone beaker can be formed into jewelry or other shapes and left to harden as the 

acetone evaporates overnight on the counter or in a fume hood. 

 

 

 

 

 

 

 

 

 

 

 

 



ASM Materials Camp®-Teachers Classroom Workbook   

92 
 

 

Classification of Polymers: 

Types of Polymerization – formation of chains by putting together smaller repeating units. 

  
1.  Addition polymerization – rapid chain reaction where molecular units (monomers) are added to one 

another – usually by breaking double bonds. 

 

Cover basic hydrocarbon chemistry 

 

hydrocarbon – compound made only of carbon and hydrogen 

 

alkanes – hydrocarbon w/ only single bonds – ex. methane, ethane, propane, etc.  Draw several chemical and 

structural formulas.  # of hydrogen atoms is (# of C x 2) + 2.  Do several examples. 

 

alkenes – hydrocarbon w/ double bonds – ex. ethylene, propylene, etc.  The double bond is stronger but also 

more chemically reactive than the single bonds in alkanes.  Draw chemical and structural formulas.  Draw an 

example of 2 ethylene molecules (monomers) joining together to make a dimer.   

 

 monomer – simple molecule used as a repeating unit in a polymer 

 dimer – molecule made of two monomers 

 trimer – molecule made of three monomers 

 polymer …………………… 

 

Hand-holding simulation: 
Have students pair up and ask them to figure out a way to physically represent an ethylene molecule.  This is 

fun.  Then tell them that they all need to do it the same way to continue the simulation.  I like to have them 

face each other and join both hands with each other.  The joined hands represent the double bonds.  The trunk 

of their body is a carbon atom.  Their head is one H atom and their legs together are the other hydrogen atom.  

Have the pairs of students spread out around the room but near enough to each other that they can reach out 

and touch the next pair.  As the teacher, put one arm behind your back and raise your other arm.  Call yourself 

an initiator (and a radical) and announce that you are looking for a bond.   Reach out and take the hand (steal 

a bond) of a student in an ethylene pair.  This student is still a carbon atom with 4 bonds but his partner now 

has just 3 bonds and is looking to make another.  This student then grabs the hand of another student in a 

nearby pair (breaking that double bond) and so the chain reaction continues (hopefully fairly quickly).  If you 

originally had an odd number of students and someone did not have a partner – that student can also be an 

initiator.  They can be at the end of the chain and complete the polymer or they can start the “reaction” at the 

same time as the teacher but from the opposite end.  The 2 growing chains should meet up to form one 

polymer chain.   

Ask the students how the length of the chains can be controlled in the process.  The answer is by controlling 

the amount of initiator molecules.  More initiator molecules – shorter chains form – and vice versa.  Can the 

exact length of the chains be controlled?  No, but most chains will be within a certain range of lengths.  Will all 

the chains be the same length?  No.  There will be an average molecular weight.  Will some of the ethylene 

molecules not take part in the reaction?  Yes.   

 

Go back to the discussion about alkenes.  Draw the monomers of recycling codes #2 through #6. 

Check out the following websites: 

http://www.americanchemistry.com/s_plastics/sec_learning.asp?CID=1102&DID=4256    

http://www.earthodyssey.com/symbols.html 

 

#2 and #4 = polyethylene  

#3 = polyvinyl chloride 

#5 = polypropylene 

#6 = polystyrene 

Also draw polytetrafluoroethylene (Teflon) 

http://www.americanchemistry.com/s_plastics/sec_learning.asp?CID=1102&DID=4256
http://www.earthodyssey.com/symbols.html
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Also draw polyvinyl alcohol  

 

Discuss the use of the term “vinyl”.  It is used if one or more of the hydrogen atoms in ethylene is replaced w/ 

something other than carbon and hydrogen. 

 

 

2.  Condensation polymerization – method of forming molecules between 2 different monomers.  A smaller 

molecule is also formed as a by-product.  (Also known as a step reaction)   

 

Nylon 6-10 demo 
 
Safety:  Safety glasses, lab apron, and chemical resistant gloves are required.  Perform in a well ventilated area. 

 

hexamethylene diamine     sebacoyl chloride 

 

      H    H  H   H   H   H   H   H        O   H   H   H   H   H   H   H   H   O 

H – N – C – C – C – C – C – C – N – H Cl – C – C – C – C – C – C – C – C – C – C - Cl  

            H   H   H   H   H   H               H   H   H   H   H   H   H   H    

 

 
 
Produces nylon 6-10 and HCl (hydrochloric acid) as a by-product. 

 

The hexamethylene diamine monomer is in solution with NaOH (sodium hydroxide) as the solvent.  Sebacoyl 

chloride (monomer) is also in solution with hexane as the solvent.  These solutions are readily available from 

scientific supply companies such as Flinn Scientific.    

 

Place 5 mL of the hexamethylene diamine solution in a 50 mL beaker. 

Gently pour 5 mL of the sebacoyl chloride solution down the side of the beaker to form a layer on top of the 

other solution.   

 

The hexamethylene diamine solution is denser so be sure to put it in the beaker first. 

 

The condensation reaction which forms the nylon polymer occurs at the interface between the two liquids. 

 

With a pair of forceps, reach down to the interface and grasp the polymer film that has formed.  Pull it up and 

wind it around a test tube or preform.  Wash the nylon thoroughly in acetone and then distilled water before 

handling.  Place the beaker with any remaining chemicals in fume hood to evaporate.   

 

This is a “raw” form of nylon.  To be useful, it would need to be washed, chopped, melted, and spun through 

spinnerets to form elastic fibers. 

 

The hexamethylene diamine solution may have food coloring added to it to produce colored nylon.  Also, 

phenolphthalein can be added to the hexamethylene diamine solution.  As the condensation reaction occurs 

and produces hydrochloric acid, a color change will occur in the indicator.   

 

 

Cross-linking – holding chains together – can be strong (covalent) or weak (intermolecular forces) – 

determines many properties. 

 

 Happy/Sad balls – this is a great demonstration to use at this point. 

 Slime Lab – see separate document. 
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Classification of Polymers: 

Reaction to Heat (physical properties) 
 

1.  Thermoplastics – soften when heated and resolidify when cooled.  Primary types of polymers used for 

recycling.   

 

2.  Thermosets – polymers that set into a solid form permanently when heated and cannot be softened by heat. 

 

3.  Elastomers – polymers that show a high degree of elasticity such as rubber 

 

 

Demo for thermoplastics – milk jug and heat gun 

Discuss amorphous versus crystalline polymers.  Most polymers are amorphous with some regions of 

crystallinity.  The more amorphous a polymer – the more transparent it appears.  The more crystalline a 

polymer – the more translucent or opaque it becomes.  When a polymer exhibits crystallinity, it isn’t the 

individual atoms that are arranging into a repeating pattern, it is the molecules themselves (the chains) that 

exhibit some long-range order.  This is evident in the difference between HDPE and LDPE.  LDPE, because 

of its branched chains exhibits little crystallinity, and therefore is more transparent than HDPE which shows a 

higher degree of crystallinity with its unbranched polyethylene chains. 

 

Heat the side of a milk jug, distilled water jug, or Sunny Delight bottle (#2 recycling code plastics) with a heat 

gun.  The polymer chains will start to relax as they gain energy and will lose some of their crystallinity.  The 

heated area will become more transparent and softer (flexible).  When it reaches this point, gently blow into 

the opening of the container.  This will demonstrate blow molding.  The polymer will stretch and expand and 

take on a new shape.  As the jug cools, it will become less transparent as the chains lose mobility and regain 

some crystallinity. 

 

Drinking bottles, such as soda bottles or water bottles, can also be used to demonstrate properties of 

thermoplastics.  These bottles are made of polyethylene terephthalate (recycling code #1).  Heat a bottle with a 

heat gun and it will begin to soften and shrink back to its original preform shape.   

 

Have students do the “Shrink to Fit” lab to demonstrate thermoplastics.  See separate document. 

 

Have students do a polyurethane casting (Eurocast clothespins) to demonstrate thermosets.   

 

Have students do the latex rubber ball lab to demonstrate elastomers.  
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Polymer Powders 
 

 

Materials and Equipment: 

 Water lock powder (sodium polyacrylate) 

 Instant snow powder (highly cross-linked sodium polyacrylate) 

 High density polyethylene (HDPD) powder 

 Measuring spoons or small plastic spoons 

 Wax paper 

 Plastic petri dishes 

 Disposable pipettes (or eye droppers) 

 Pitchers of water 

 Plastic cups 

 Food coloring 

 

 

Safety: 

 

 Students should wear safety glasses when experimenting with the powders. 

 Students should wash their hands after experimenting with the powders. 

 

 

Teacher Notes/Background/Suggestions/Helpful Hints: 

 Water lock (sodium polyacrylate) and instant snow are very hydrophilic.  They absorb many times 

their mass in water and are called superabsorbent. 

 Water lock is used in disposable diapers, hair gels, meat packaging (the thin sheet under the meat 

absorbs blood), humidity control in walls, and as a fire retardant.   

 An excellent five minute to show the students is:  Barricade Fire Gel on the DIY Network -

http://www.youtube.com/watch?v=Ub1OfjDYiUE 

 Instant snow is used as fake snow for TV shows and movies as well as an artificial snow base for 

skiers.  It is also used as a blood absorbent and industrial spill containment. 

 The activity works with both distilled water and tap water.  Water lock will absorb about 800x its 

mass in distilled water and 300x its mass in tap water. 

 Sodium polyacrylate is a polymer.  Instant snow is a highly cross-linked polymer that forms small 

granules.  Water lock is a very fine powder while instant snow feels more granular.   

 When water is added to water lock, it forms a gel that feels moist and has approximately the same 

volume as the water that was added. 

 When water is added to instant snow, water enters the small granules and hydrate the polymer from 

the inside.  This causes it to expand and increase in volume.  It feels drier than water lock and looks 

like fluffy snow.  As more and more water is added the granules begin to feel wet on the outside and 

the granules stick together to form a slush. 

 An extension to this activity can be to have the students determine the ratio of water to instant snow 

that makes the best fake snow.  They will have to measure the amounts used and determine as a group 

what constitutes a “perfect” snow. 

 Add salt to hydrated water lock and instant snow.  The sodium ions in salt will “compete” for the 

water in the hydrated polymers.  Instant snow will deflate and become moist on the outside.  Water 

lock will become more fluid and less gel-like. 

 High density polyethylene (HDPE) powder is a very hydrophobic polymer.  It repels water. 

 HDPE looks very similar to the other two powders but behaves very differently. 

 HDPE is the polymer in containers with the #2 recycling code.  It is used to make milk jugs, detergent 

bottles, orange juice jugs, gallon jugs for distilled water, etc.   

http://www.youtube.com/watch?v=Ub1OfjDYiUE
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 Plastic petri dishes or wax paper can be used for the students to explore and experiment with the 

powders.   

 It is helpful to have small labeled plastic cups for the three powders for the students to use.  They can 

be restocked by the instructor while the groups rotate from one station to the next. 

 Have measuring spoons or small plastic spoons for the students to put small amounts of each powder 

in their petri dish or on wax paper.  Or the instructor can spoon it out for the students to have control 

over how much is used. 

 To clean up, the students can wipe the powders and water into a trash can with a paper towel if using 

a petri dish. 

 In addition to the students individually exploring the properties of the powders with water, there are 

two instructor demonstrations. 

o HDPE:  Have a transparent plastic cup (punch style cup works great) about three-fourths full 

of water with about one-quarter inch of HDPE powder layered on top available.  Slowly 

lower your finger into the cup of water.  The HDPE powder will protect your finger and keep 

the water away.  Your finger will be dry when you remove it from the cup.  Students will 

want to try this themselves.  It is a good idea to have one cup ready for each group rotation. 

o Water Lock and Instant Snow:  Add food coloring to a pitcher of water.  Place a small 

amount of water lock in one transparent cup and a small amount of instant snow to another 

cup.  Add colored water to each cup.  The color of the hydrated water lock will be vivid and 

bright while the color of the hydrated instant snow will be muted.  The water attaches along 

the outside of the polymer chain in water lock.  The water enters the instant snow clusters 

and expands them.  
 Educational Innovations and Flinn Scientific provide additional ideas for demonstrations and lab 

activities using Water Lock and Instant Snow.  
 “The Absorbing Story of the Thirsty Polymer” is an article from ChemMatters, October 

1999. 
 

 

Procedure: 
1. Add a small amount (about half a teaspoon) of water lock near one edge of your petri dish (or onto 

wax paper). 

2. Slowly add drops of water with a disposable pipette or eyedropper.  Make observations. 

3. Repeat steps #1 and 2 with instant snow and with HDPE powder. 

4. Brainstorm possible uses of each type of polymer powder based on their properties. 

5. If time allows, experiment with combinations of the different powders. 
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Water Gel Crystals 
 

 

Materials and Equipment: 

 Water gel crystals (sodium polyacrylamide) – also known as ghost 

crystals 

 Small plastic cups 

 Sharpies to label the cups 

 Plastic pitchers of water 

 Electronic balance 

 

 

Safety: 

 Students should not ingest the water gel crystals.  Wash hands at completion of the lab. 

 

 

Teacher Notes/Background/Suggestions/Helpful Hints: 

 The lab is set-up on one day and the final results are observed one or two days later. 

 Students will need a method of recording data – tablets, iPads, wall charts or lab notebooks are 

suggestions. 

 Students will need to choose the largest crystals in the container so the mass will register on the 

balance.  It will save time during class if the teacher sorts out enough large crystals for the students 

ahead of time. 

 Tap water or distilled water may be used for the lab. 

 Water gel crystals (sodium polyacrylamide) are a very hygroscopic polymer.  They will absorb many, 

many times their weight in water.    

 The hydrated crystal will basically have the same index of refraction as water and therefore will 

appear to be invisible in the water.  This is why they have the nickname “ghost crystals”. 

 When students check their crystal after hydrating for 24 to 48 hours, they often think that it has 

disappeared somehow.  The students make comments such as “it dissolved” or “someone took it”. 

 The students can either gently “search” the contents of the cup with their finger or carefully pour the 

water out of the cup to discover the hydrated gel. 

 To avoid getting pieces of the gel caught in the drain, have the students pour water from their cup into 

a plastic pitcher or bowl. 

 The students can either take their hydrated crystal home in a plastic baggie or disposed of it in the 

trash can. 

 Food coloring can be used in the water to make colored gels. 

 Sodium polyacrylamide also comes in spheres of various sizes.   

 The gels will dry back out and return to their original shape and size over time.  The dehydrated 

crystals will be somewhat discolored if tap water was used for the lab.   

 Water gel crystals have many practical uses:  water retention in potted plant containers, neck coolers, 

landscaping and agriculture in dry climates to help retain soil water, environmental spill cleanup, 

hydroponics (growing plants without soil), provide a clean water source for pet insects and reptiles, 

etc.  Sodium polyacrylamide is also used to make soft contact lenses.  
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Procedure: 
1. Choose a water gel crystal. 

2. Use the electronic balance to find the mass of your crystal.  

3. Record the mass of the crystal and draw it actual size (or take a picture of it). 

4. Describe the water gel crystal:  color, shape, hardness, texture, etc. 

5. Label a plastic cup with your name and place the water gel crystal in the cup. 

6. Almost fill the cup with water. 

7. Predict what you think will happen to the crystal. 

8. Let the cup and crystal sit for 24 to 48 hours. 

9. After 24 to 48 hours, pour the water from the cup and catch the crystal in your hand. 

10. Record the mass of the hydrated crystal and draw it actual size (or take a picture of it). 

11. Describe the hydrated crystal:  color, shape, hardness, texture, etc. 

12. Brainstorm practical uses of this material. 
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Grow Beasts in Different Solutions 
 

 

Materials and Equipment: 

 Grow beast alligators (or other animals) – one for each student 

 Empty 2L bottles with caps – one for each student 

 Plastic funnels – one for every four students 

 Distilled water – approximately 2 gallon 

 Tap water 

 Sugar – small bag 

 Salt – one container/box 

 Baking soda – one large box 

 Ruler or meter stick 

 Balances – one for every four students (can get by with just one – will slow things down) 

 Sharpie markers 

 Optional:  other substances to make solutions to put the grow beasts into 

 

 

Safety: 

 Students should wear safety glasses when making solutions 

 

 

Teacher Notes/Background/Suggestions/Helpful Hints: 

 The amount of supplies and the timing for this lab is based on a middle school summer camp that is 

one week in length.  Both can be adjusted based on time, budget and number of students or classes 

doing the activity during a regular school year. 

 Put the students in groups of 4 or 5. 

 Each student in a group will grow their beast in a different solution (or distilled water) 

 Suggested liquids/solutions: 

o Distilled water 

o Tap water 

o Saltwater 

o Sugar water 

o Baking soda water 

 It is strongly suggested that each group has a gator growing in distilled water and one in tap water.  

The other solutions can vary.   

 Students may choose the amount of solute to use.   

 Instead of using different solutes, the students could use different amounts of salt instead.  0.9% is the 

salinity of human blood as a reference. 

 Students enjoy taking pictures each day if there is a means available. 

 Students like to give their grow beasts a name. 

 Collect empty 2L bottles well in advance or request that students bring one to camp. 

 Plastic shoe boxes with lids or similar containers may be used instead of 2L bottles. 

 The alligators require a 2L bottle or container of similar size.  Smaller grow beasts such as frogs are 

available which can use smaller containers such as plastic cups.   

 Students will need a method of recording data – tablets, iPads, wall charts or lab notebooks are 

suggestions. 

 The grow beasts are made of a super absorbent polymer that expands as water (fluid) is absorbed.  

These are not to be confused with the capsules that contain sponges that expand when the capsule 

dissolves in a cup of water. 

 The grow beasts will be too large to take out of the bottle after the first day.   

 Unless balances with large capacities are available, the solutions will need to be dumped out to make 

mass measurements on Wednesday and Friday.  Have additional empty 2L bottles available to make 
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this easier.  The solutions can be poured into the empty bottles while finding the mass of the grow 

beast and growing bottle.  The solutions can be poured back into the growing bottle afterwards.  One 

or two empty bottles per group is sufficient. 

 Having a class discussion about how to measure the mass and length of the grow beast after it starts 

growing in the bottle is a good exercise in problem-solving and reaching consensus.   

 

  

Methodology Overview: 
Each student sets up their own grow beast in a growing chamber on Monday.  Measurements and 

observations are recorded.  Groups will have to decide what type of solution each student is using.  

Observations are made each day and measurements are taken mid-week and on Friday.  The students take 

their grow beast home on Friday.  A class discussion about the effects of the different types of solutions can be 

held mid-week and on Friday. 

 

 

Procedure: 
1. Make measurements of your alligator (grow beast) and record data: 

a. Mass in grams using a balance 

b. Length in cm using a ruler or meter stick 

2. Place the grow beast into the clean, empty 2L bottle.  If using the alligators you usually need to 

squeeze the legs towards the body to get the gator to go in. 

3. Add approximately 2 liters of water to the bottle using a funnel. 

4. Students using solutions need to mass out their solute - students can decide the amount to use with 

guidance from the teachers.  Record the type of solute and amount used. 

5. Add the solute to the bottle, tighten the cap and shake to dissolve the solute. 

6. Use permanent markers to write your name on the bottle.  You can also write the initial mass, length 

and type of liquid used on the bottle. 

7. Place the bottles on their sides along a wall or the back of a counter where they will be out of the way. 

8. Visually check for growth each day.   

9. If desired, measurements can be made mid-week. 

a. The liquid will have to be poured out of the bottle so measurements can be made. 

b. The liquid will need to be saved so it can go back into the bottle to continue growing the 

alligator. 

c. The mass of an empty 2L bottle can be subtracted to get just the mass of the growing gator. 

d. A ruler can be laid along the side of the bottle to measure the length. 

e. Pour the liquid back into the bottle to continue growth until the end of the week. 

10. On the last day, final measurements can be made.   

a. If the students want to keep their beasts in the bottles to take home, then final measurements 

can be made using the method described for mid-week. 

b. If the students want to take their beasts out of the bottles, the liquid will need to be emptied 

down a sink and scissors used to cut an opening in the bottle.  Adults may need to do the 

cutting for safety reasons. 
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0.45% salt 
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0.9% salt 

water 

no water 
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Stretching Garbage Bags 
 

 

Materials and Equipment: 

 Garbage bags 

 Scissors 

 Rulers/meter sticks 

 Masking tape 

 Newspaper  

 

 

Safety: 

 Students should take care when using scissors 

 

 

Teacher Notes/Background/Suggestions/Helpful Hints: 

 Different brands or types of garbage bags may be used for comparison. 

 Clean, sharp scissors work best. 

 Students work in groups of 2 or 3 to cut and stretch garbage bag strips. 

 Garbage bags are made of polymers.  The polymer chains are randomly arranged in the bag.  

 By gently pulling on the strips, the polymer chains align in the direction of the force being applied. 

 The force used to align the chains is overcoming weak intermolecular forces.  Therefore this is fairly 

easy to do. 

 As the chains align, the strength of the garbage bag strip increases. 

 Once the chains are aligned, caution must be taken so that the strip does not cut your hands as you 

pull.  At this point, you are feeling the strength of the covalent bonds in the individual polymer chains.    

 The amount of stretch achieved can vary based on how the bag was manufactured.    

 Some bags will stretch more when the strip is cut vertically from the bag, others will stretch more 

when cut horizontally. 

 A clean edge produces best results.  Jagged edges or flaws will concentrate the stress being applied and 

the bag will tear in that spot. 

 Percent elongation can be calculated to introduce more math. 

 Newspaper (wood fiber) is also made of polymer chains.  Paper is squeezed between rollers as it is 

manufactured which aligns the chains.  Attempting to tear paper into long strips will reveal in which 

direction the paper was rolled.  A long, straight tear will occur if the paper is ripped in the direction 

the paper was rolled.  If the paper is torn perpendicular to the direction in which it was rolled, the tear 

will be jagged and will turn and proceed in a direction 90º to where it began. 

 

 

 

 

 

 

 

 

Procedure:  Garbage Bags 
1. Use masking tape on the floor or table to mark the edges of a 24” x 2” rectangle. 

2. Cut a vertical strip AND a horizontal strip out of the garbage bag using the masking tape template. 

3. Carefully stretch each strip to obtain maximum length. 

4. Measure and record the length of each strip. 

5. Share data with all groups and discuss types of garbage bags and techniques used. 

6. Allow 10 to 15 minutes for the teams to do further experimentation to improve their results. 

7. Each team makes and stretches one final strip as a competition. 
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Procedure:  Newspaper 

1. Give each student a piece of newspaper. 

2. Direct half of the students to hold their newspaper vertically and the other half to hold theirs 

horizontally.  Have the students place their hands near the center of the sheet of paper on the top 

edge. 

3. Tell the students it is a contest to determine who can make the longest, straightest tear or strips of 

paper. 

4. On the count of three the students tear their paper into 2 strips. 

5. Have the students switch the orientation of their sheet of newspaper and tear again.    
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HDPE Jug and Heat Gun Demonstration 
(Investigating Plastic Properties at Elevated Temperatures) 

 

 

Materials and Equipment: 

 HDPE plastic jug (#2 recycling code) – such as a distilled water, milk or orange 

juice jug – rinsed and dried 

 PETE plastic bottle (#1 recycling code) such as a 16 oz. soda bottle – half full of 

water 

 Plastic preform 

 Heat gun – sold as a paint stripper at Walmart, hardware stores or home 

improvement stores 

 Extension cord if needed 

 

 

Safety: 

 Make sure the HDPE jug is dry before starting the demonstration to avoid steam 

burns when blowing air into the heated jug. 

 

 

Teacher Notes/Background/Suggestions/Helpful Hints: 

 One method of classifying polymers (plastics) is by their reaction to heat.  The two main categories are 

thermoplastics and thermosets. 

 Thermoplastics soften or melt when heated and resolidfy when cooled.  These are the primary types 

of polymers used for recycling (HDPE, PETE, etc.) that display the triangular recycling codes. 
 Thermosets are polymers that set permanently into a solid form when made by an exothermic 

reaction.  They cannot be re-softened or melted by heat and therefore are difficult to recycle.  They 

can be shredded and used as fillers in other polymer materials.     

 This demonstration uses thermoplastics.  A polyurethane thermoset is used in one of the polymer 

station labs. 

 HDPE is high density polyethylene.  The jug is translucent because the polymer chains are mostly in 

an amorphous (random) arrangement with some regions of crystallinity (orderly arrangement). 

 The more random the chains become in HDPE the more transparent it will appear. 

 As crystallinity increases in HDPE the more opaque it appears. 

 The first part of the demonstration involves heating one side of the HDPE jug with the heat gun and 

observing changes in optical properties.  It also demonstrates how heat can be used to change the 

shape of thermoplastics. 

 Drinking bottles, such as soda bottles or water bottles, can also be used to demonstrate properties of 

thermoplastics.  These bottles are made of polyethylene terephthalate (recycling code #1).   

 The second part of the demonstration involves shrinking the upper half of a PETE bottle using the 

heat gun.   

 The PETE bottle was formed by heating a preform and then blow molding to expand the preform to 

bottle shape.  Upon heating above the softening temperature the plastic bottle begins to return to the 

shape of the original preform – a form of polymer memory. 
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Procedure: 

1. Remove the cap or lid and heat the side of a milk jug, distilled water jug, or Sunny Delight bottle (#2 

recycling code plastics) with a heat gun (paint stripper). 

2. The polymer chains will start to relax as they gain energy and will lose some of their crystallinity.  The 

heated area will become more transparent and softer (flexible). 

3. Allow the jug to cool.  As it slowly cools the polymer chains have time to arrange in a more orderly 

fashion than they were originally (have more crystallinity) and the affected area will now appear more 

opaque than the rest of the jug. 

4. When a polymer exhibits crystallinity, it isn’t the individual atoms that are arranging into a repeating 

pattern, it is the molecules themselves (the chains) that exhibit some long-range order.   

 

 

 

 

 

 

 

 

 

 

 

 

5. Reheat the jug until the area becomes transparent and flexible again.  When it reaches this point, 

gently blow into the opening of the container.  This is an example of blow molding.  The polymer will 

stretch and expand and take on a new shape.  This demonstrates the nature of a thermoplastic. 

6. As the jug cools, the stretched area will become less transparent as the chains lose mobility and regain 

some crystallinity. 

7. Half fill a used PETE (soda or water) bottle with water.  Do NOT put the cap or lid back on.   

8. Hold the bottom of the bottle with one hand while heating the top half with the heat gun.  The water 

has a high specific heat capacity and will prevent the bottom half of the bottle from being affected by 

the heat gun.   

9. The top half of the bottle will being to shrink back to the size and shape of the original preform from 

which it was made.  Show the students a preform for comparison.  This also demonstrates the nature 

of a thermoplastic.   
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Plastics and Polarization               Name:  ____________________________ 

Date:  ______________ Period:  ________ 

 

As you experiment with your set of polarizing lenses, read the “Background Information” and answer the 

following questions: 

 

1.  How is ordinary light different than polarized light? 

 

 

 

2.  How does a polarizer affect ordinary light waves? 

 

 

 

3.  How would you know if two polarizing filters were parallel to each other? 

 

 

 

4.  How would you know if two polarizing filters were perpendicular to each other? 

 

 

 

5.  Give two examples of the use of polarizing films. 

 

 

 

6.  What effect does the cellophane tape have on the light that passes through it? 

 

 

 

7.  If you locate the color red in the polariscope and then turn one of the films 90 degrees, what color do you 

get? 

 

 

Collect two other types of clear plastic.  One should be from a plastic box (available from the instructor) and 

another from a 2 liter pop bottle.  Place them between the polarizing films and record your observations before 

and after rotating the films 90 degrees.  Also, include a record of the results from just the cellophane tape. 

 

Type of plastic Initial color Color after 90 degree rotation 
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Plastics and Polarization 
 
How do Polaroid sunglasses work?  Sunglasses are polarizers that have the ability to block out some of the 

sunlight.  In this activity you will be able to duplicate this process using polarizing film.  You will observe how 

an optically active material like cellophane, when placed between such polarizing films, will rotate certain light 

waves.  As more layers of cellophane are added in the activity, the degree of rotation of the wavelengths of 

light is increased and more colors become visible. 

              

Materials (per group) 

 

 2 square pieces of polarizing material 

(about 1” x 1”) 

 2 small paper cups with bottoms removed 

 cellophane tape 

 scissors 

 pieces of other types of clear plastic 
 

Procedures: 

 

1. Cut out the bottom of each of the small 

cups. 

2. Tape a piece of polarizing material to the bottom of each cup with clear tape. 

3. Take at least two more pieces of tape and cover the bottom of the cup in a variety of directions – more 

layers of tape placed over the polarizing film will produce more “colorful” results. 

4. Repeat the above procedure with the other cup. 

5. Place one cup inside the other and look through the opening holding the cups to the light.  Rotate the 

paper cups and observe the colored lights that are visible. 

6. As you experiment with your set of polarizing lenses, read the “Background Information” packet and  

7. answer the questions on the worksheet. 

 

 

 

Background Information 

Ordinary light from the sun or a lamp is composed of waves that vibrate in all directions perpendicular to the 

light beam.  Polarized light vibrates in a single direction perpendicular to its path.  Ordinary light can be 

polarized by passing it through a polarizing filter.  This filter allows only the waves that vibrate in one 

perpendicular direction to pass through.  The structure of the light-polarizing filter prevents the passage of light 

waves that vibrate in other perpendicular directions.   

 

 

 

 

 

 

 

Polarized light can pass completely 

through a second polarizing filter, 

which is parallel to that of the first 
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polarizing filter.  If the second polarizer is rotated, it will gradually dim the light that comes through it.  The 

second polarizer will cut off the light entirely when its axis is 90° to the axis of the first polarizing filter. 

 

 

 

 

 

 

 

 

   

  
The effect of the second polarizer’s orientation on plane polarized light. 

 

Many applications of polarized light are based on this phenomenon.  Polarized sunglasses, with their 

transmission axis set vertically, block the horizontally polarized light.  Photographers use polarizing filters to 

cut down on glare and reflections from shiny surfaces. 

 

 

 

When a piece of cellophane tape is placed between two crossed polarizing films, light now passes through 

because the cellophane has the ability to rotate the plane of light.  This is referred to as optical activity.  Many 

polymer films are optically active because they have been stretched during manufacturing and their molecules 

are aligned in the direction of the stretch.  As light passes through the stretched polymers, they rotate the light 

waves.  Not all optically active substances rotate all wavelengths of light to the same degree.  This causes 

certain frequencies not to pass through the second polarizer.  The wavelengths passing through the second 

polarizer will appear a certain color.  As the outer polarizing film is rotated in our activity, the orientation of 

the polarizer changes.  Different wavelengths pass through and different colors are visible.  As you rotate by 90 

degrees, a color changes to its complementary color. 

 

 

 

 

 

 

 
 

 
 
 

 
 

 
 

 
 

 
 
 

 
 

 

This wavelength of light is rotated 

enough to pass through the second 

polarizer. 

This wavelength is rotated very little 

and does not pass through the second 

polarizer. 

optically active 

material 

The effect of optically active materials on plane polarized light. 
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Polymer Stations – ASM-MEF Teachers Camp 
 

 

1.  Latex Rubber Ball - Please do not use graduated cylinders to measure out latex. 
 

 

2.  Expandable Polyurethane Foam - Rigid and Flexible  
 

 Rigid Foam - Blue Cans 
 Equal parts A and B by mass - measure out into separate cups.   

 May add food coloring to one of the cups. 

 Combine and stir for approximately 50 seconds while scraping the sides and bottom.  Allow to set-up.  

Do NOT touch while still tacky. 

 Use Fantastic or acetone to clean up any spills or messes. 
 

 Flexible Foam - Pink Cans 
 1 Part A to 3 parts B by mass - measure out into separate cups. 

 May add food coloring to one of the cups. 

 Combine and mix for approximately 10 seconds while scraping the sides and bottom.  Allow to set-

up.  Do NOT touch while still tacky. 

 Use Fantastic or acetone to clean up any spills or messes. 
 

 

3.  Polyurethane Resin Cast (Eurocast) - Follow the directions below for the clip mold.  Directions 

for small silicone molds are in the lab notebook.   

 Measure out 2 ½ fluid ounces of Part A and 2 ½ fluid ounces of Part B into separate cups.  (18 drams 

of each will also work and has less waste.) 

 Add a couple of drops of dye to each cup. 

 Pour both into a larger cup and stir for 30 seconds.  Mix thoroughly!! 

 Fill molds to edge but do not let run over. 

 Let sit for 10 minutes or until cool and remove from mold.   

 Rough edges may be sanded or filed.   

 Carefully assemble with spring. 

 

 

4.  Polydensity Tubes – Polydensity Tubes by Lynn Higgins.  Use the shortened version. 

 

 

5.  Shrinking Plastics - Use toaster oven to shrink polystyrene (#6 recycling code) - Shrink to Fit Lab 
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Latex Rubber Ball 
 
 

Wear safety goggles and lab apron. 
 

1.  Measure 15 mL of latex into a paper cup.  (Do not pour latex into a graduated cylinder.) 
 

2.  Feel texture of latex.  Immediately wash your hands. 
 
3.  Add 15 mL of water to cup.  Stir 

 
4.  Add 15 mL of vinegar to the cup while stirring. 

 

5.  Place the polymer lump under running water. 

 
6.  Gently pull the lump of rubber from the stick.  Squeeze the lump into a ball while under 

water.  Squeeze the ball several times to remove unused or trapped chemical. 

 
7.  Squeeze the ball dry in paper towels. 

 
8.   Record observations. 

 
 
You can order latex from either Flinn Scientific or IASCO.  The IASCO website is: 

http://www.iasco-tesco.com/cat55/index.htm 
 

This lab demonstrates a natural polymer and the formation of an elastomer. 
 

http://www.gloves.com.my/vulcanization.htm 
 
 

 
 

 
 

 
 
 

 
 

 
 

 
 
 

 

http://www.iasco-tesco.com/cat55/index.htm
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Comparing Rigid and Flexible Urethane Foam 
 

Purpose:  To gain an understanding of the preparation and properties of two types of Urethane Foam 

 

Part 1 – Preparing Rigid Urethane Foam 

Materials – Rigid Urethane Foam 

 Molding Foam (Urethane) – “Blue” – Parts A and B 

 Small Paper Cups (2) 

 Craft Stick 

 Balance 

 

Procedures: 

1. Set balance to read zero when paper cup is placed on it. 

2. Measure out 10 grams of Part A into cup and set this aside. 

3. Place a second paper cup on the balance and set balance to read zero. 

4. Place 10 grams of Part B into cup. 

5. Mix Part A into Part B – total mixing time should be about 30 seconds. 

6. Let the mixture sit and allow foam to form. 

 

Observation / Analysis Questions:  (Answer these questions in your journal in complete sentences) 

1.    Record observations after about 3 minutes.  What does it look like?  Feel like? Smell like? 

2. How has the mixture changed?  Describe the characteristics of the material that was made, before and 

after the reaction. 

3. What applications do you see this product being used for?  For example, do you think it’s an insulator 

or a conductor? 

 

Part 2 – Preparing Flexible Urethane Foam 

Materials – Flexible Urethane Foam 
Flexible Urethane Foam – “Pink” – Parts A and B 

 Small Paper Cups (2) 

 Craft Stick 

 Balance 

 

Procedures: 

1. Set balance to read zero when paper cup is placed on it. 

2. Measure out 5 grams of Part A into cup and set this aside. 

4. Place a second paper cup on the balance and set balance to read zero. 

5. Place 15 grams of Part B into cup. 

6. Mix Part A into Part B – total mixing time should be about 30 seconds. 

7. Let the mixture sit and allow foam to form. 

 

Observation / Analysis Questions: (Answer these questions in your journal in complete sentences) 

1.    Record observations after about 3 minutes.  What does it look like?  Feel like?  Smell like? 

2. How has the mixture changed?  Describe the characteristics of the material that was made, before and 

after the reaction. 

3. What applications do you see this product being used for?  For example, do you think it’s an insulator 

or a conductor? 

 

Final Analysis: (Answer this question in your journal using a complete sentence) 
Compare and contrast the two types of Urethane foam.  How are they similar?  How are they different? 

 

 



ASM Materials Camp®-Teachers Classroom Workbook   

112 
 

 
 

Thermoset Polymer – Eurocast in Silicone Molds 
 

 

Materials and Equipment: 

 Eurocast resins - Parts A and B 

 Paper measuring cups 

 Paper Mixing cups 

 Small silicone ice molds 

 Plastisol pigments 

 Wooden craft sticks (for stirring) 

 Fantastik cleaner 

 Plastic sheeting for covering tables 

 

 

Safety: 

 Safety glasses/goggles should be worn. 

 Plastic disposable gloves should be worn. 

 Fantastik multipurpose cleaner and paper towels should be on hand to clean any spills. 

 

 

Teacher Notes/Background/Suggestions/Helpful Hints: 

 Casting is a type of manufacturing process.  It can be used for various materials such as metals, 

polymers and ceramics.  It involves pouring a liquid into a mold and allowing it to solidify.  The 

solidification can occur by various means such as freezing, exothermic reaction, drying, etc. 

depending on the type of material. 

 This lab involves polymer casting.  The piece made will be used as a model to make a mold to cast 

metal in the next day.  

 Eurocast is a thermoset polyurethane.  It is a 2 part resin system that forms a solid polymer after an 

exothermic reaction occurs between the 2 parts.   

 Thermoset polymers are formed into hard solids during a chemical reaction involving heat.  These 

polymers are permanently “set” and cannot be melted or reheated for recycling.  

 Most of the materials come from IASCO-TESCO – an industrial arts supply company. http://iasco-

tesco.com/catalog/  

 

plastisol pigment - blue opaque OP-2 

plastisol pigment - green opaque OP-5 

plastisol pigment - red opaque OP-6 

plastisol pigment - yellow opaque OP-11 

mixing cups - coated - 7 oz. - 100/pkg BL-7 

3 oz. measuring cups - sleeve of 100 2503 

Almond Eurocast Quart Kit AU-32 

 

 Small silicone ice molds can be purchased from discount kitchen supply stores.  A variety of shapes 

are recommended such as footballs, cars, stars, hearts, dogs, etc.  

 Cover tables with plastic sheeting and clean up any spills immediately with Fantastik cleaner. 

 The instructor should measure out the two resins into individual paper measuring cups for each 

student if done at the middle school level (high school students may pour their own).  This can be 

done ahead of time.  The two resins are measured out in a 1:1 ratio.  To determine the amount 

needed, find the volume of the largest mold cavity by filling with water and pouring into a graduated 

http://iasco-tesco.com/catalog/
http://iasco-tesco.com/catalog/
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cylinder.  Divide this volume by half and pour that amount of each resin.  If the students are allowed 

to make more than one piece adjust the amount of resin accordingly.   

 The pigment is too thick to use a pipette.  The students use a wooden craft stick to add pigment to 

each cup of resin.  Do not reuse a stick that has touched the resin.  Use a separate craft stick to add 

pigment to cup A and cup B.  Students can add a different pigment to each cup to make a blended 

color – for example yellow in one cup and red in the second cup to make orange. 

 The color is vivid in the liquid resin.  The color becomes muted as the Eurocast hardens into a solid.  

Hardened Eurocast with no pigment added is almond colored.  Therefore a true red is not obtainable.  

Using a small amount of red pigment will result in a pink solid and using larger amounts of red 

pigment will result in a fuchsia solid.   

 Timing is crucial.  Once the two resins are poured into the same cup, thorough stirring/mixing must 

occur for 30 seconds and then poured into the mold(s) before the polymer begins to set up.   

 The students should touch the outside of the mold when the Eurocast begins to harden to feel the heat 

given off by the exothermic reaction.  

 The pieces can be popped out of the mold as soon as they are cool enough to handle. 

 Each student will need one polymer piece to use as a pattern for metal casting the next day. 
 

 

Procedure: 
1. Choose which mold(s) you want to use. 

2. Each student needs two cups of resin – one with Part A and one with Part B. 

3. Add pigment to each cup using a wooden craft stick.  Be sure to use a separate stick for cup of resin. 

4. Pour both resins into a larger cup and stir for 30 seconds scarping the sides and bottom to mix well. 

5. Fill molds to edge but do not let run over. 

6. Let sit for 10 minutes or until cool enough to handle and remove from the mold. 

7. Choose a piece to use as a pattern to make a metal casting.   
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Shrink To Fit 
(Polystyrene) 

 

 

This is used as a two day lab.  The first day, the students experiment in groups with percent reduction of 

polystyrene using different geometric shapes.  Next they design individual projects and calculate what the 

preheated dimensions need to be using what they learned the first day. 

 

Materials: 

 scissors 

 rulers 

 balance 

 permanent markers 

 polystyrene - PS - (recyclable #6) plastic:  salad trays, bakery boxes, etc. 

 tray covered with aluminum foil 

 spatula 

 toaster oven 

 pot holder 

 hole punch 

 two ceramic tiles (optional) 

 

Advance Preparation: 

 Collect enough items made of recyclable plastic #6 for each student to have one. 

 Preheat the toaster oven to approximately 300° F.  (Will vary from oven to oven.) 

 

Activity: 
1.  Draw the following geometric shapes on the board:  circle, square, rectangle, triangle, and a rhombus.  

Have the students provide the formulas for calculating the area of each shape.  Divide the students into 5 

teams and assign each team one of the shapes.  Each team is to cut out the largest shape possible from 

their piece of plastic.  They are to measure the dimensions, calculate the area, and find the mass of their 

geometric shape and record all data on the board for all students to copy into their journals.  Students 

should make observations about the plastic in their journals (color, thickness, rigidity, etc.). 

 

2.  Shrink each shape using the preheated toaster oven.  Place the piece of polystyrene on an aluminum foil 

covered tray and place it in the oven.  It should take about a minute.  It will sometimes curl up as it heats.  

Once it has uncurled, it can be removed from the oven.  Watch it carefully.  Sometimes it will curl up and 

“stick” to itself.  You can usually “undo” it by manipulating it with forks if it doesn’t harden too quickly.  

Use the spatula to flatten it while it is still hot if still slightly curled.  Pressing the piece between two 

ceramic tiles works very well. 

 

3.  Have the students measure the dimensions, calculate the area, and measure the mass of their geometric 

shapes again.  They should record the “after heating” data on the board for all students to copy into their 

journals.  Once again, have them make observations about the plastic in their journals. 

4.  Have students calculate the percent reduction and the percentage of plastic area remaining. 

 

5.  On the second day, the students design individual projects (key chains, pendants, earrings, Christmas 

ornaments, luggage tags, etc.).  They draw the design in their journals showing the dimensions they wish 

their final project to have.  Using the information gathered in the team activity, they determine what the 

original dimensions of their plastic will need to be.  Have them make the object and compare the size of 

the completed project with their original drawing.  Permanent markers may be used to add color and 

create designs.  A hole punch can be used to make key chains luggage tags.  Hint:  You might want to 

demonstrate this for them.  One punch shrinks too much to fit most key rings so usually multiple over-
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lapping punches are needed.  Be sure to punch the holes before the shrinking process. 

  

 

Concepts: 
The plastic used in this activity (polystyrene) is easy to work with when heated.  While hot, polystyrene can be 

stretched into any shape required.  Normally, the polymer chains in a piece of polystyrene are jumbled 

together in an almost random way (think of wet spaghetti noodles dumped on a plate).  When heated, the 

strands can be stretched into a more ordered pattern and “frozen” in place.  If the polystyrene is reheated, it 

returns to its original shape (a type of “memory polymer”.)  A plastic that softens upon heating and can be 

reshaped is known as a thermoplastic.  Thermoplastics can be melted or softened to make new products and 

thus are recyclable.  They include polyethylene, polypropylene, polyvinyl chloride (PVC), and polystyrene 

(PS).  Products and packaging made from one of these thermoplastics are stamped with the recycling symbol – 

a triangle of arrows with a number (1 – 7) inside.   

 

Polystyrene is not the only plastic that behaves this way with heat.  Soda bottles are also made from plastic 

with similar qualities (recyclable #1 - PETE).  Soda bottles are transported as “pre-forms”.  A pre-form is a 

rigid piece of plastic the size and shape of a large test tube.  When it gets to the bottling plant, it is heated and 

expanded by blow molding into the desired size.   

 

High density polyethylene (HDPE) bottles help to demonstrate the concept of thermoplastics.   HDPE is 

recyclable #2.  Sunny Delight bottles and half gallon or one gallon juice, milk, and distilled water jugs are 

usually #2.  Heat the side of a clean #2 bottle with a heat gun until it softens and becomes more transparent. 

Then gently blow into the opening and watch it expand.  It is a simplified demonstration of blow-molding. 

 

This activity can help illustrate the Law of Conservation of Matter (mass). 

 

 

Comments: 
Students may also measure thickness (both before and after heating) with calipers.  This will allow them to 

calculate the percent change in thickness and also compare volumes.  More math calculations!!!!!! 

 

This activity was performed after comparing the solubility of natural (starch) and synthetic (foamed 

polystyrene) packing materials in water and acetone.  Thus the monomer and formation of polystyrene had 

already discussed.  Also, a burn test was done on both foamed and non-foamed PS.  Of course the students 

wanted to try shrinking a Styrofoam cup.  It works very well.  The kids are amazed by how hard and brittle it 

becomes.  (Have plenty of cups on hand because they will want to try it more than once - right-side-up, up-

side-down, on its side, etc.).  The clear polystyrene drinking cups found in some motel rooms also work well.  

They shrink into nice little Frisbees.  Dollar stores often have packages of 5 oz. drinking cups made out of 

polystyrene.  They shrink into flat circles and are very inexpensive.  They make great backpack tags, luggage 

tags, etc.    

 

Have plenty of PS collected because the students will end up wanting to make more than one project.  They 

love watching it shrink - they describe it as “looking like slugs when you pour salt on them”. 

 

On the average, between 80% and 90% reduction in area occurs. 

 

If the students make key chains, the holes need to be large and away from the edge.  Otherwise they will not be 

big enough or they will break from the weight of the keys. 

 

The students love this activity (despite all the math calculations) and don’t want to stop.  It is a great activity to 

do at the end of school or before a holiday.  Not a single problem with discipline or keeping the students on 

task (other than fighting over the PS if the supply runs low).  
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Websites where sheets of polystyrene can be purchased: 

 

 http://www.creativecoldsnow.com/search.htm?searchterm=Grafix+shrink+film&searchmode=phras

e&s_category=0&DoSearch=Show+Matches&numresults=100&viewfrom=1&step=2   

 http://www.dickblick.com/zz614/12/products.asp?ig_id=6829   

 http://www.misterart.com/store/view/003/group_id/7371/GRAFIX-Shrink-Film.htm  

 

 
 

 
 

 

 
 

 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

http://www.creativecoldsnow.com/search.htm?searchterm=Grafix+shrink+film&searchmode=phrase&s_category=0&DoSearch=Show+Matches&numresults=100&viewfrom=1&step=2
http://www.creativecoldsnow.com/search.htm?searchterm=Grafix+shrink+film&searchmode=phrase&s_category=0&DoSearch=Show+Matches&numresults=100&viewfrom=1&step=2
http://www.dickblick.com/zz614/12/products.asp?ig_id=6829
http://www.misterart.com/store/view/003/group_id/7371/GRAFIX-Shrink-Film.htm
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Separation Using Density 
 

 

Materials and Equipment: 

 Preform and cap (one for each student) 

 Preform rack – 4 (one for each table or group) 

 Plastic pellets or beads – at least 2 kinds such as PETE (#1 recycling code), HDPE (#2 recycling 

code), PP (#5 recycling code) 

 70% isopropyl alcohol (rubbing alcohol) 

 Plastic pitchers with water 

 Kosher or canning salt in plastic cups with spoons or small scoops 

 

 

Safety: 

 Students should wear safety glasses 

 Students should wash their hands after completing the lab. 

 

 

Teacher Notes/Background/Suggestions/Helpful Hints: 

 Gather plastic samples ahead of time.  You can punch circles or cut small chips from plastic bottles, 

containers and lids to get a good mix of plastics.  Try to get samples from at least 2 or 3 different 

recycling codes. 

 It is also possible to get various kinds of plastic beads from a craft store. 

 Kosher salt or canning salt should be used as regular table salt has anti-caking additives that cause the 

water layer to be cloudy. 

 Using plastic pitchers for the rubbing alcohol and water makes it easier for the students to pour. 

 The final tube will have two separate liquid layers.  The polymer pieces will be at the top, middle or 

bottom based on their density. 

 If there is no separation of fluids, add more salt - 95% of all problems have been solved by adding salt 

and shaking more.  

 Rubbing alcohol is 70% propanol in water.  Propanol dissolves easily in water because of the 

hydrogen bonding between the very polar water molecules and the somewhat polar 2-propanol 

molecules.  Propanol is soluble in water in all proportions. 

 When water is added to the rubbing alcohol in the preform, they mix and form a solution that is now 

less than 70% alcohol.  This increases the density of the rubbing alcohol solution. 

 Salt also dissolves in water.  However, propanol does NOT dissolve in salt water.  When salt is added 

to the solution in the preform, it dissolves in the water which forces the propanol out.  This process is 

called “salting out” and has been used for years to purify alcohols. 

 The sodium and chloride ions from salt interfere with the hydrogen bonding between the alcohol and 

water molecules. Bonding between ions from salt and water is stronger and more favorable than the 

hydrogen bonding between alcohol and water. 

 Salt, sodium chloride, is an ionic compound. In water, it dissociates into sodium cations (+ ions) and 

chloride anions (- ions). These ions are strongly attracted to the oppositely charged regions of the 

polar water molecule – more strongly attracted than the alcohol molecules are.  Chloride ions and 

sodium ions sort of “elbow” the alcohol molecules -they push and shove them out of the way. 

 When you add salt to the mixture, the propanol and salt water no longer dissolve in each other. They 

are “immiscible” and separate into two layers.  The alcohol is less dense than the salt solution, so the 

alcohol will float on top of the salt-water.  At this point the alcohol layer is approaching 100% 

propanol. 

 Solids, such as HDPE, LDPE, PP, and PS, which are less dense than salt-water, but more dense than 

propanol, will float between the alcohol and the salt solution. 
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 Because both the liquids are colorless, the interface is difficult to see. It appears that the plastic pieces 

are "flinking" in the middle of a test tube full of water.  If you look carefully you can see a faint white 

cloudiness at the interface where the alcohol and salt-water meet. 

 The preform can be reshaken and the layers will miss temporarily and then separate again. 

 The concepts of density, solutions and nonpolar vs. polar molecules may be discussed during this 

activity. 

 Food coloring may be added after the polydensity tubes have successfully developed two layers.  

Typically, blue and red dissolve in both the alcohol and the salt water.  Yellow dissolves only in the 

saltwater.  Thus, if green food coloring is added, the alcohol region in the top half of the tube will be 

blue and the saltwater in the bottom half will be a yellowish-green.  This can be an inquiry lesson by 

having each student in a group use a different color.   

 

 

Procedure: 

1. Add 2 or 3 pieces of each type of plastic provided by your teacher to your preform (plastic test tube). 

2. Pour in rubbing alcohol (70% isopropyl alcohol) until your preform is just over half full. 

3. Cap the tube and shake the mixture.  Make observations. 

4. Add water until the tube is a little over 3/4 full (where the threads start).  Recap the tube, shake and 

make observations. 

5. Add a spoonful of salt to the tube.  Recap the tube and shake.  Shake a lot!  And then shake some 

more.  Be patient, it takes a while for the salt to dissolve. 

6. If all of the salt dissolves, add more salt and shake some more.  There should be a little bit of salt 

undissolved at the bottom.   

7. Make observations.  If there is no separation of fluids, add more salt and shake some more. 
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Ceramics/Glass 
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Introductory Ceramic Demos 
 

Heat Transfer Demo - Metal vs. Ceramic 
Aluminum vs. Alumina 

 

 

Materials and Equipment: 

 Alumina rod – 3/8” diameter – 8 ½” length 

 Aluminum rod - 3/8” diameter – 8 ½” length 

 2 ring stands with clamps 

 propane torch or Bunsen burner 

 wax (ex. red candle) 

 

Safety: 

 Do not allow the students to touch the heated 

rods.   

 

Teacher Notes/Background/Suggestions/Helpful Hints: 

 This is a teacher demonstration to help students understand that different types of materials have 

different thermal conductivities. 

 This is a teacher demonstration with active student involvement.  The demonstration involves the 

concept of thermal conductivity and heat transfer. 

 Alumina is aluminum oxide (Al203) – a ceramic material which is a poor conductor of heat (an 

insulator). 

 A source for the alumina rods is Knife Country USA – it is a ceramic knife sharpening rod.  The part 

number is AC71.  They cost approximately $1.50 each. 

http://www.knifecountryusa.com/store/product/141811.141840/accusharp-ac71-ceramic-
rod-8-1-2-inch.html  

 A source for aluminum rods is Speedy Metal (online industrial metal supply).  It is product:  3/8” (A) 

Rd 6061-T6511 Aluminum, Extruded – by the inch.  They cut it to length for no extra charge.  Order 

8 ½” length to match the alumina rod.  The price is $0.54 per rod as of April 2017.  There is NO 

minimum order.  Call the company to request the cheapest possible shipping method.   

https://www.speedymetals.com/pc-2437-8368-38-rd-6061-t6511-aluminum-extruded.aspx   

 Aluminum rods can also be purchased at Lowe’s or Home Depot in the hardware section.  They are 

three feet long and will need to be cut to length to match the alumina ceramic rod. 

 Place 4 drops of wax evenly spaced about 1 inch apart on each rod.  (Touching molten drops to the 

rod works well.)  Bright colored wax, such as red, is needed in order to be visible to the students.  An 

alternative method is to use birthday candles attached to the rod via melted wax.   

 Engage the students by having them predict the order in which the wax drops will melt. 

 Only one wax drop will melt on the ceramic rod by the time all four wax drops melt on the metal rod.  

Turn off the torch as soon as all the wax drops melt on the metal rod.  It would take a very long time 

to melt all the drops on the ceramic rod.   

 Expect the tip of the ceramic rod to glow orange hot.  Since ceramics are good insulators (poor 

conductors) the heat from the torch is concentrated on the end of the rod.  The tip of the metal rod 

will not glow orange hot.  Aluminum is a very good conductor of heat so the whole rod gets hot and 

the heat is not concentrated at the tip.  Older or advanced students can handle a discussion of the 

difference between ionic bonding (ceramic) and metallic bonding (metal) and how this is responsible 

for the difference in the properties of the rods. 

 Do not quench the warm rods in water to cool them.  Quenching a hot ceramic may lead to thermal 

shock and breakage of the rod.   

http://www.knifecountryusa.com/store/product/141811.141840/accusharp-ac71-ceramic-rod-8-1-2-inch.html
http://www.knifecountryusa.com/store/product/141811.141840/accusharp-ac71-ceramic-rod-8-1-2-inch.html
https://www.speedymetals.com/pc-2437-8368-38-rd-6061-t6511-aluminum-extruded.aspx
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 After several uses, the end of the ceramic rod that has been exposed to heat may crack and fly off.  

Keep students several feet back from the rods during the demonstration.  To reduce the risk of thermal 

shock, gradually heat the ends of the rods by slowly bringing the lit torch or burner towards the rods. 

 This demonstration works well in conjunction with the Ice Melt Blocks Demonstration.  The ice melt 

blocks are often a discrepant event for the students and the Aluminum vs. Alumina Demonstration 

helps the students to develop a better understanding of the concept that different materials have 

different thermal conductivities. 

 

 

 

Procedure: 

10. Place 4 drops of wax about 1 inch apart 

on each rod.  Or attach 4 birthday 

candles 1 inch apart to each rod by 

heating the base of the candle and 

holding them in place until they are 

anchored to the rod. 

11. Attach each rod to a ring stand with clamps. 

12. Align the free ends of each rod to each other.  Angle the rods slightly down toward the ring stands so 

that the melted wax runs away from the flame. 

13. Have the students predict the order in which the wax drops will melt (or candles will fall). 

14. Slowly bring the lighted torch or Bunsen burner toward the rods until the tip of the flame is on the 

junction where the two rods meet. 

15. Students observe the order the in which the wax drops melt.   

16. After the last wax drop melts on the aluminum (metal) rod, turn off the torch or burner. 

17. Do not touch the aluminum rod – it will be very hot the whole length of the rod. 

18. The instructor may touch the alumina (ceramic) rod next to the clamp and slowly slide their finger 

along the length of the rod until heat is detected.  The warmth is usually felt somewhere between the 

first and second wax drops (from the free end of the rod) – it is an abrupt change so move your finger 

very carefully.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

alumina aluminum 
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Melting Aluminum Wire 

 
Purpose:   

 contrast metals and ceramics in terms of melting points 

 expose students to a discrepant event 

 

Materials: 

 thick gauge aluminum wire 

 propane torch 

 pliers 

 

Procedure: 

 ask students if the propane torch will be hot enough to melt aluminum – aluminum melts at 660° C 

and the propane torch burns at 1360°C so the answer is “yes” 

 ask students how they will know when the aluminum has melted – as a pure substance (element) 

aluminum has a specific melting temperature and it will drip 

 heat end of thick gauge Al wire with a propane torch 

 when it glows red-orange hot ask the students if the aluminum should be melted by now – yes it 

should be 

 the wire will have “sagged” by this point and the end will be “flexible” and will “jiggle” 

 ask students why the metal isn’t dripping if it has melted – give them time to think and discuss 

 the outside of the wire oxidizes from the heat making Al2O3 – a ceramic 

 inside will be molten aluminum  which is encased by a thin solid ceramic layer 

 ceramics (metal oxides) have higher melting points than the pure metal 

 alumina has a melting point of 2054° C 

 let molten Al drop onto a metal sheet or ceramic tile 

 observe any differences between Al and Al2O3 

 the alumina (aluminum oxide) will be darker in color and usually radiates outward from the center in 

thin strips like the spokes on a bicycle wheel 

 the aluminum metal will be shinier and make up the bulk of the solid disk    
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Lantern Mantle 
 
This demonstration is found in the Battelle Handbook 

(https://workbasedlearning.pnnl.gov/teachers/pdfs/msthandbook.pdf) starting on page 4.34. 

 

Show students mantle – ask if they know what it is, how it works. 

 

Pass around unburned mantle 

 

Heat mantle using propane torch.  Burn off rayon sack.  Turn off lights and let students see how brightly it 

glows.  This is incandescent light.  Pass around heated/burned mantle. 

 

Mass the “before” and “after” mantles.  Sample data: before = 1.25 g, after = .27 g 

 

Have stereoscope set up to look at “before” and “after” mantles.   

 

Ceramic embedded in a polymer fiber.  Polymer burns away leaving a brittle, fragile ceramic mesh. 

 

Ask students why the polymer is needed since all we do is burn it away when we use it.   What trade-offs are 

involved in the material selection?  How do we accommodate for these trade-offs? 

 

Very few high temperature materials can be used as mantle material.  Most materials do not produce visible 

light at these temperatures.  Instead, they emit in a very narrow wavelength of light in the infrared or 

ultraviolet range. 

 

OLD – silk w/ thorium oxide - heats to 3200° C 

NEW – rayon w/ yttrium oxide – heats to 2400° C 

 

Thoria (thorium oxide) is relatively inexpensive, can w/stand high temps, and produces the best quality light.  

But it is mildly radioactive so it is no longer used for mantles by manufacturers in the US.  Yttrium oxide is 

now used.  You can purchase a thoria mantle from Flinn Scientific. 

 

Use a Geiger counter to compare a thorium mantle and an yttrium mantle. 

 

Have students read the “Why Coleman Mantles Make Your Geiger Count” and answer the 4 questions.  The 

article is in the Battelle Handbook on page 4.36. 

 Build a timeline of the history of light sources used by man. 

 Give 3 reasons the mantle originally had an advantage over the light bulb. 

 Name a driving force that caused the light bulb to overtake the mantle in common usage. 

 Name a substance or material that blocks or stops alpha radiation emitted by thorium. 

 

 

 
 
 

 
 

 

https://workbasedlearning.pnnl.gov/teachers/pdfs/msthandbook.pdf
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Thermal Shock Demo 

 
 
Soda-lime glass rod (flint glass) 

Borosilicate glass rod (Pyrex glass) 

Fused silica glass rod (from National Scientific) 

Propane torch and lighter or Bunsen burner 

Beaker of ice water 

 

Have students journal their observations during the demonstration. 

 

Show the students the difference in color (looking at the ends) of the 3 glass rods.  The soda-lime glass will 

have a definite green color (think Coke bottle green).  The fused silica will be white if unpolished.  Borosilicate 

will be in-between.  The higher the percentage of silica content, the less color the glass will have.  The greenish 

tint is due to iron oxide impurities in the silica.    

 

Heat one end of the soda-lime glass rod in the flame.   

Point out the “sodium flare” that occurs as the glass heats up.   

Allow the glass to sag or slump to show softening.   

Remove from flame and quench in 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. 

 
Heat one end of the borosilicate glass rod in the flame. 

There should be less sodium flare. 

Sagging or slumping should be harder to achieve but the end should fire polish. 

Remove from the flame and quench.   

Some thermal shock will occur.  There should be fewer overall cracks than with the soda-lime glass.  There 

should be one or two cracks at the interface between where the glass rod was in the flame and where it was 

not.  Try to hold the glass rod so that the same length of glass is in the flame throughout the heating. 

 

Heat one end of the fused silica glass rod in the flame. 

There should not be a sodium flare 

No sagging, slumping, or fire-polishing will occur. 

Remove from the flame and quench. 

The rod will not thermal shock.  No cracks should occur. 

 

 
Glass is a poor conductor of heat.  The outside will cool and contract much more rapidly when quenched.  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 break. 
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The two most important properties that determine resistance to thermal shock in glass are thermal conductivity and 

coefficient of thermal expansion.   

 

Thermal conductivity – how well heat is conducted. 

-hard to measure 

-doesn’t vary much in glass 

-the better the conductivity – the more rapidly and evenly heat is distributed 
-better conductivity = less chance of thermal shock (inversely proportional) 

 

Coefficient of Thermal Expansion – amount of expansion per unit of length per °C. 

-easy to measure 

-varies greatly in glass 

-the lower the coefficient – the less stress caused by sudden temperature changes 
-lower coefficient = less chance of thermal shock (directly proportional) 

 

 
General guideline for determining thermal shock probability in glass: 

 

  Coefficient of thermal expansion 

   Thermal conductivity 

 
Larger the value of the ratio, more likely damage will occur due to thermal shock. 

 

The value for thermal conductivity stays pretty much the same for all glass.  Thus the coefficient of thermal 

expansion has the most effect. 

 

Show the overhead or PowerPoint slide of “materials and coefficient of thermal expansion”. 

Show overhead or PowerPoint slide of “properties of silica in glass”.   

-soft glass = higher modifier rate 

-hard glass = lower modifier rate 

 

 

Material  Coefficient of Thermal Expansion  
(cm/cm  x  °C) 

Fused Silica Glass 6 X 10-7  

Borosilicate Glass 33 X 10-7  

Aluminosilicate Glass 44 X 10-7  

Porcelain 60 X 10-7  

Soda-Lime Glass 85 x 10-7  

Mild Steel 110 X 10-7  

Aluminum 250 X 10-7  
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Properties of Silica in Glass  
 

Lower % of Silica in Glass Higher 

Soft Type of Glass Hard 

Lower Melting Temperature Higher 

Higher Coefficient of Expansion Lower 

 
 
Soda-lime glass has a high percentage of modifier.  Fused silica glass has no modifier, it is pure silica.  

Borosilicate glass has an intermediate amount of modifier.  A modifier is used to lower the melt temperature of 

the glass and increases the workability of the glass. 

 

Another demonstration using the three different glass rods involves the index of refraction.  Borosilicate glass 

has about the same index of refraction as vegetable oil.  Immerse the 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 “disappears”.    

 

Sources of glass rods: 
Soda-lime and borosilicate:  Frey Scientific and Flinn Scientific 

Fused silica glass rod:  National Scientific Company – www.quartz.com  

Another source:  http://www.waleapparatus.com/store.asp?pid=18619&catid=19836  

 

Article about the basics of glass: 

“Glass: An Amorphous Solid” – ChemMatters, October 1998 

 

 

Glass Ingredients 
  

 

 

 
 

 
 

 
 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

http://www.quartz.com/
http://www.waleapparatus.com/store.asp?pid=18619&catid=19836
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Glass Stations 
 
 

 

1.  Glass Bending, Pulling and Blowing  
 Bending Glass - Use 15 cm of 5 mm tubing  

 Making an Optical Fiber – Use 20 cm of 5 mm rod  

 Blowing a Glass Bubble - Use 30 cm of 6 mm tubing  

 

 

2.  Glass Bead on a Wire   

 

 

3.  Heat and Quench Different Types of Glass – (Thermal Shock Demo) - Directions in the 

notebook. 

 a.  Compare degree of softening and workability 

 b.  Quench and compare degree of thermal shock 

 c.  Look for sodium flare 

 

   
 

Other station that might be available: 

 

4.  Glass the Conductor - practice using the apparatus. 
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Bending Glass 
 

 

WEAR SAFETY GLASSES 
 

1.  Use a triangular file to cut a piece of 5 mm tubing about 15 cm long. 

 

2.  Fire polish each end.  Be sure to allow the first fired polished end to cool before attempting to fire polish the 

other end. 

 

3.  Grasp both ends of tubing.  Hold the middle part of the tubing in the hottest part of the burner flame.  

Rotate the tubing to evenly heat all sides. 

 

4.  When the heated portion gets soft and wobbly, remove glass from heat.  Smoothly bend the ends of the 

glass tubing upward to form a 90 degree bend. 

 

5.  Clean-up! 

 

 

 

 

 

Making an Optical Fiber 
 

 

WEAR SAFETY GLASSES 

 

1.  Cut a piece of glass rod about 20 cm long. 

 

2.  Use a flame spreader on the Bunsen burner.  If using a propane torch, move the rod back and forth in the 

flame to soften at least 4 cm of the glass. 

 

3.  Use both hands to heat the center portion of the rod.  Rotate while heating. 

 

4.  When rod is fairly soft and wobbly, quickly remove the rod from the burner. 

 

5.  Rotate rod so that it is vertical.  Quickly spread your arms while firmly grasping the rod. 

 

6.  Allow the fiber to cool.  Measure and record the length of the thin part of the rod. 

 

7.  Check your fiber to see if it will transmit light. 

 

8.  Clean-up! 
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Blowing a Glass Bubble 
 

WEAR SAFETY GLASSES 

 

1.  Cut a piece of 6 mm tubing about 30 cm long. 

 

2.  Fire polish one end of the tubing and allow to cool. 

 

3.  Heat the end that has not been fire polished until it is soft.  Then use a pair of pliers to seal the end or push 

it against a ceramic tile.  It is also possible to allow the end to close on its own with enough heating. 

 

4.  Heat the tubing about one cm above the sealed end until it is soft.  Quickly remove the tubing from the heat 

and blow into the cool end while rotating the tube.  Some people prefer to leave the glass in the flame 

while blowing. 

 

5.  Repeat step 4 until you have a bubble with a diameter about twice that of the tubing.  As the glass walls of 

the bubble get thinner use less air pressure to avoid bursting the bubble. 

 

6.  Clean up! 

 

 

Glass Bead on a Wire 
 

WEAR SAFETY GLASSES 

 

1.  Find a partner for this lab.  One person will use nichrome wire and the other partner will use copper wire. 

 

2.  Cut a piece of wire about 12 cm long. 

 

3.  Use pliers to form a small loop on the end of the wire. 

 

4.  Use pliers to hold the wire while heating.  Using a Bunsen burner or propane torch heat the loop end of the 

wire until it gets red hot. 

 

5.  Dip the hot end of the wire into the borax. 

 

6.  Carefully heat the borax on the wire until it is melted and the loop fills in.  Do not add more borax until the 

bead becomes clear and almost all bubbles are gone.  The bead should have a color. 

 

7.  You may need to repeat steps 5 and 6 to fill in the loop and get a bead. 

 

8.   Clean-up! 
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Raku Project 
 
 

Making the pot: 
 3” diameter max in any direction 

 5” height max 

 has to have a cavity 

 have even wall thicknesses 

 carve initials on bottom 

 can make a pinch pot or coil pot 

 
 

Overview of the process: 
 special clay – has grog – withstands thermal shock 

 make our own glaze with metal oxides which give the color 

 give examples of color – cobalt blue, tin white, etc… 

 take out of furnace red/orange hot and place in bucket of newspaper 

 newspaper catches on fire 

 put lid on bucket 

 review activity series – what’s the main element in paper – carbon 

 cut off oxygen supply from air – carbon steals oxygen from metal oxides in the glaze 

 reduction occurs 

 quench in cold water to prevent re-oxidation 

 

 

More information about the Raku glazing process and how it can be used to how oxidation-reduction in 

chemistry can be found in the Battelle Handbook 
(https://workbasedlearning.pnnl.gov/teachers/pdfs/msthandbook.pdf) starting on page 6.56. 
 
 

 
 

 
 

Raku Glazing 
 
 

Compound Metal Oxide % mass in glaze Oxidized glaze color Reduced glaze color 

CuCO3 Copper carbonate 4% Teal/aqua Copper metal 

CuO Copper (II) oxide 4% Green (+2 ion) and brick red 

(+1 ion – partial reduction) 

Copper metal 

CoO Cobalt oxide 2% Dark blue Silver/gray 

SnO2 Tin oxide 3% White Tin metal (silver/gray) 

Fe2O3 Iron oxide 3% Tan/earthy yellow Iron metal (silver/gray) 

Ag2O Silver oxide 1 to 2% yellowish Silver metal 

 
 

 

 

 

https://workbasedlearning.pnnl.gov/teachers/pdfs/msthandbook.pdf
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 Cover the work area with newspaper 

 Do NOT contaminate the glazes – thoroughly clean your brush with running water before using it 

with another glaze 

 Apply 3 coats 

 Allow glaze to dry before adding the 2nd and 3rd coats 

 Do NOT glaze the bottom on the outside 

 Scrape off any glaze that gets on the bottom 

 Record the type of glaze used including the number of coats and the location on the pot 

 Use the glaze with silver oxide only as an accent 

 Place your glazed pot on top of your name in the location indicated by the teacher 

 Thoroughly clean up all materials and locations used in the glazing process 

 

 

 

 

 

Furnace Programs for Bisque Firing and Glaze Firing 
 

 

Bisque Firing: 

 Ramp at 150°C/hour to 105°C 

 Hold at 105°C for one hour 

 Ramp at 150°C/hour to 900°C 

 Hold at 900° for 15 minutes 

 Shut off and let cool down 

 

 

Glaze Firing: 

 Ramp at 250°C/hour to between 1000°C and 1050°C 

 Hold for at least 30 minutes and up to one hour 

 

 

Raku 
 

 
Observations: 

 

1.  Describe the clay – color, texture, etc…. 

 

2.  Make a drawing of your clay pot. 

 

3.  Describe the shape of your clay pot. 

 

4.  Maximum width of your clay pot:  ________________________ 

 

5.  Maximum height of your clay pot:  _________________________ 

 

6.  Describe your bisque-fired pot.  How is it different from the greenware? 

 

7.  Describe your glazing process – name of chemical(s) used, percentage of chemical, number of layers, etc. 
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8.  Describe the appearance of your finished raku pot. 

 

9.  Make a colored drawing of your finished raku project. 

 

 

Conclusions: 
 

1.  Why must a special type of clay be used in the raku process? 

 

2.  Explain the chemical process of reduction as it applies to the making of raku. 

 

3.  What is the purpose of quenching the raku piece in water? 

 

4.  Describe your satisfaction with your final project.  What do you like?  What do you dislike?  What would 

you like to do differently next time? 
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Composites 
 
 

 

 



ASM Materials Camp®-Teachers Classroom Workbook   

134 
 

Cement Pucks 
 

 

Overview: 

This is a multiple day lab.  Students work in groups of 3 or 4 the first day to make a non-reinforced cement 

puck to serve as a control for testing.  On the second day, students work individually to make a cement puck 

reinforced with a material(s) of their own choosing.  On the final day, the pucks are tested and the results 

analyzed. 

 

Materials: 

 Portland Cement (at room temperature) 

 Water (at room temperature) 

 Plastic Easter grass 

 Other fibers/materials to use as reinforcement  

 

Equipment: 

 Styrofoam cups – for massing out cement 

 Disposable bowls (such as Styrofoam) – for mixing 

 Plastic spoon  

 Scale 

 Duct tape 

 Vaseline 

 Cotton swabs 

 Graduated cylinder 

 Rims cut from large Styrofoam cups OR PVC rings (3” diameter, approximately 5/8” width) 
 

Safety: 

 Cement/cement paste/mortar/concretes are caustic. Once the mixtures leaves dormancy the pH goes 

above 12. Avoid prolonged contact  

 It does not hurt to get fresh paste on exposed skin; but it will dry out the skin. 

 Wear gloves if you are sensitive to high pH solutions 

 Cement paste will wash out of clothes 

 If any gets in someone’s eyes, wash out immediately  

 Students should wear safety glasses when massing out the cement 

 Students with sensitive skin might need to wear disposable plastic gloves 

 

Teacher Notes/Background/Suggestions/Helpful Hints: 

 PUT DUCT TAPE OVER YOUR DRAINS! 

 Cement paste/concrete will clog the drains and no; more water will not dilute it.  

 Don’t put ANY cement paste down the drains. 

 Have a 5 gallon or large plastic bowl with water for students to rinse their hands before washing them 

in the sink. 

 Use good quality duct tape otherwise the molds will leak. 

 Cement is a brittle ceramic material.  Reinforcement such as sand and gravel is added to cement to 

make concrete which is a composite.  The reinforcement adds strength and helps stop the growth of 

cracks that develop in the cement. 

 

Methodology – Day 1:  
Students will make a plain cement puck in teams of 4 or 5.  Each team will make one non-reinforced cement 

puck to serve as a control for testing.  These should be made on the first day and will also serve as “practice”.  

The second day each student will make their own cement puck with reinforcement(s).  The students can 

practice teamwork by dividing up tasks in making the non-reinforced cement puck, i.e. massing out the 

cement, preparing the mold, measuring out the water, stirring the cement.  Tell the students that they will be 
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making their own individual pucks the next day and that they can bring something from home to use as 

reinforcement.  Or they can find something to use in the classroom or outdoors. 

  

Procedure: Sample 1: plain cement paste (non-reinforced) 

19. Enclose one side of the Styrofoam ring (or PVC ring) using duct tape.  Make sure it is sealed. 

20. Spread a light layer of Vaseline over the duct tape base to make it easier to demold the specimen after 

it hardens. 

21. Pour 50 mL of water into the Styrofoam bowl. 

22. Mass out 100 g of cement in the foam cup. 

23. Gradually add cement powder to the water while stirring. 

24. Mix and pour into the mold. 

25. Label the specimen with the Team # or name. 

26. Allow the cement to harden at least 24 hrs. 

27. Demold the specimens. 

 

 

 

 

Methodology – Day 2: 
Each student will make their own cement puck using some type of reinforcement(s).  The goal is to make the 

pucks more resistant to cracking and breaking when dropped.  The students may bring materials from home or 

the instructor could take the students outside to find items to use.  The students can choose to mix the 

reinforcement material(s) into the cement paste or layer them. 

 

Procedure: Sample 2: reinforced cement paste 

Use the same procedure as sample 1 except add Easter grass or some other reinforcement material.  Record 

the type and amount of reinforcement material used and describe the placement of the material.   

 

 

Testing – Final Day 

1. The students have to decide as a group what constitutes “failure” before testing begins.  This 

discussion should occur prior to making the pucks.  Examples of group decisions are:  puck loses ¼ of 

its mass, puck loses ¼ of its volume, a crack grows all the way across the puck, etc… 

2. Place disk in plastic bag if you want to keep the broken pieces together. Standing over a 

hard surface (concrete or tile floor), drop the mortar specimens from equal heights. Make 

sure to drop the samples flat to ensure the pieces break.  If testing indoors, it is a good idea 

to break open the bottom of a cardboard box and drop the pucks inside to contain the 

broken bits and pieces – this makes clean-up easier. 

3. Observe the difference between the mortars and what influence the fibers or other 

reinforcements have over resistance to fracture. 

 

 

Observations and Analysis 
Record observations on how well each disk performs during the drop test.  Things to look for: 

 # of breaks/cracks 

 Length of breaks/cracks 

 # of pieces the disk broke into 

 

Analyze which type of disk performs best.  Include type and placement of reinforcement material. 
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Extra Background Material: 
Discuss how cracks form and grow in brittle materials unless interrupted. Brittle materials have very poor 

strength in tension. Once a crack forms the fibers take the tension and help prevent the crack from spreading. 

Toughness is the area under the load vs. deflection curve (stress-strain curve). A brittle material just cracks and 

breaks (like glass). The fibers in a fiber-reinforced material help keep the cracks small so there is friction along 

the crack face and the fibers take some of the load.  

 

This load dispersion is good for materials under fast loading such as explosions. The fibers absorb some energy 

and prevent pieces from flying off creating secondary injuries. The military uses lots of fiber-reinforced 

materials from body armor to walls on bases. 

 

Discuss the different types of fibers. Birds use higher tensile strength grass fibers to reinforce the brittle mud in 

their nests. Ancient mud bricks were fiber-reinforced with straw. Concrete fibers can be steel, polypropylene 

(like Easter grass), nylon, carbon, or cellulose. 
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Cement Hockey Pucks 
Blast Resistance with Fiber-Reinforced Composites 

 

Formation of Cement Puck: 
Make a drawing of the placement of the reinforcement materials. 

 
 
 
 

 
 

 
 

 

 
 
 
 
 
 
 

 
 

 
 

 
 

 

 
 
 

Description:  include type(s) of reinforcement material used, amount, placement, etc…….. 
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Cement Hockey Pucks - Testing 
Blast Resistance with Fiber-Reinforced Composites 

 

Observations: 
Record observations on how well your disk performs during the drop test.  Things to look for: 

 # of breaks/cracks 

 Length of breaks/cracks 

 # of pieces the disk broke into 

 Height at which cracks first appeared 

 Height at which the disk broke or pieces fell off 

 
 

 
 

 

 
 
Make a diagram of the cracked/broken disk: 
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Class Results and Analysis: 

 
1.  Make notes on the different disks as they are tested. 

 

2.  Analyze which type(s) of disk performs best. 

 

3.  Write a final paragraph summarizing the class results.  Include type and placement of reinforcement 

material that performed best.  Also discuss which types/placements of reinforcement did not perform well. 

 

4.  Write a reflection paragraph.  Include a description of a “new and improved” disk based on the testing 

results – something that you would like to try given another opportunity.  
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Making the Strongest Beam 
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Hex-cell Composite 
Group Members: _________________, ___________________,  ___________________, 

__________________ 

After answering questions 1-3, follow the directions on the powerpoint and record your 

observations.  When you have completed your hex-cell composite, mass out the hex-cell using 

the electronic balance.  Then calculate the ratio of the mass held to the mass of the composite. 

1. What materials is your group using to make this composite? 

 

 

2. How much weight, in pounds, do you think this composite can hold up? 

 

 

3. Convert your predicted weight from pounds to kilograms.  One kilogram is equal to 

roughly 2.2 lbs. 

 

____________lbs         

 2.2 

4. Record the following data after the destructive testing. 

 

a) Number of books held before catastrophic failure: 

_____________            
     

b) Mass of book: ________ kg 

 

c) Total mass of books (a x b): ______________kg 
 

d) Mass of Hex-cell:  _____________ g                    

 

e) Mass of Hex-cell:  _____________ kg 

 

f) Ratio (c/e): ____________: 1 

 

5. Based on your data from question 4f, how many times its own mass can the hex-cell 

hold up? 
 

 
6. Compare your answers from question 3 and question 4c.  How accurate was your 

prediction?                                                                                                           

 

 

7. Where do we find this shape in nature?  Why would this shape be preferred? 

= _________kg 

Conversion of grams to kilograms 

  ___________ g = __________ kg 

 

 

1000 
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8. List 3 manmade composite materials that use the honeycomb structure. 

 

 

 

 

 

 

 

 

 

 

Developed by:      

Tom Glasgow, Todd Bolenbaugh, Caryn Jackson 

Ticket Stock Composite

Add another:

Join each contacting surface

Repeat to make three joined units

Apply tape to close the cells: 

Test by gently bending

Test to failure between books with a weight on top 

Observe failure mode

Ticket Stock Hexagonal Cell

Ticket stock comes precut to an exact width. No cutting required.

Take 6 lengths of 10 tickets each.

Fold each ten ticket length at the perforations to form compact  

stacks:                                          Compress:

Fold each stack in half:                                  Compress: 

Join the three units:

Then stretch a little….

Ticket Stock Composite

Take one folded and compressed stack of ten tickets:

Pull partway open: 


