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Summary 

The two lessons can be used together or separately.  In the first lesson, the students are introduced to 

the concept of additive manufacturing and the various types that exist.  In the second lessons, they 

explore different material properties and how they may be altered. 

 

Learning Objectives 

Following participation in this interactive lesson plan, students should be able to: 

 Understand and explain the different types of additive manufacturing 

 Explain various material properties and how they may be measured 

 Understand and explain the concept of infiltration 

 Communicate through a poster presentation 

 

Lesson Plan: 

 

Lesson 1: Additive Manufacturing 

 

Lecture 1.1: Introduction to additive manufacturing 

As a class, make a list of methods involved in manufacturing (injection molding, assembly line, 

etc.).  Ask if any of the students have heard of additive manufacturing.  How about 3D printing?  

3D printing is one of the many types of additive manufacturing, which all have one thing in 

common: they are created layer-by-layer.   

 

Activity 1: Layer by layer manufacturing of candles 

Time Allotted: 15-30 minutes 

Materials: Wax, Wick, (optional: crayons or pigment to color wax) 

Equipment: Hot plate, hot water bath, something to melt the wax in (i.e. beaker), something to stir 

the wax with (i.e. long popsicle sticks) 

WARNING: The wax will be difficult to clean off of whatever it is melted in, 

especially when cooled. 

Preparation: Melt the wax over the hot water bath.  Keep it at a temperature such that the wax is 

kept melted, but will harden almost immediately onto a wick that is dipped in.  (Too 

hot and it will just melt the previous layers of wax on the wick.)  Tie wicks to sticks 

so the students don’t have to hold their hands over the steam.  (Optional: color the 

wax by melting crayons into the mix or adding pigment) 

Instructions: Separate students into groups of 3.  Have them take turns dipping their wicks into 

the melted wax.  If the wax is at the right temperature, the previous layer should 

have cooled by the time each student has their next turn.  The wax will stick to the 

wick, layer by layer, until a candle is formed.  It will be slow at first, but progress 

will be more evident as time passes.   

 

Lecture 1.2: Different types of additive manufacturing 

Introduce different types of additive manufacturing: three-dimensional printing (3DP), selective 

laser sintering (SLS), fused deposition modeling (FDM), stereolithography apparatus (SLA), and 



laminated object manufacturing (LOM).  Information can be found here: 

http://www.rpc.msoe.edu/machines.php .  (optional: Split up the students into groups and have 

them prepare a poster presentation about one of the types of additive manufacturing.) 

Discussion questions:  

o Why would additive manufacturing be preferable to traditional methods? 

o Which do you think is the best?  (Trick question!  Each has its strengths and weaknesses in 

various applications.) 

o What are the benefits and drawbacks of each type of additive manufacturing? 

 

 

Lesson 2: Material Properties 

 

Lecture 2.1: Material properties 

Have the students brainstorm a list of properties of a given object (density, mass, volume, etc.) 

and how they might be measured. 

 

Activity 2.1: Measure density 

Time Allotted: 15 minutes 

Materials: Water, marbles (or other object whose density is to be measured) 

Equipment: Scale, graduated cylinder 

Preparation: None 

Instructions: Have the students measure the mass of the marble using the scale.  Then have them 

place a known quantity of water in the graduated cylinder.  Drop the marble in the 

graduated cylinder and note the volume of water that has been displaced.  This is 

the volume of the object.  Explain how the volume of irregularly shaped objects 

can easily be measured in this way.  Calculate the density by dividing the mass by 

the volume of water displaced. 

Discussion questions: 

o Is there a downside to measuring quantities and using them to calculate another property? 

o What other properties could you calculate using different measurements? 

 

Lecture 2.2: Infiltration 

Sometimes, a person wants to use a given material (for example, an additive manufacturing 

material) but its properties aren’t quite right for the application it is needed for.  That person 

might try to perform what is called infiltration.  The material probably has tiny holes in it that 

arose naturally from the manufacturing process.  Infiltration tries to fill in those holes with 

another material, which can alter the material properties of the original substance. 

 

 
 

http://www.rpc.msoe.edu/machines.php


Activity 2.2 (demonstration): Infiltration 

Time Allotted: 5-10 minutes 

Materials: Large, transparent jar or vase; ping pong balls, sand, water 

Preparation: None 

Instructions: Fill the jar with ping pong balls.  Then pour in sand, showing how it fills the air 

pockets.  This is how infiltration works. Sometimes, there are infiltrants that are 

more effective than others.  Pour in the water and show how it can fill in even the 

tiny gaps left by the sand. 

 

Discussion questions: 

o What can be used as an infiltrant? 

o When else might you want to infiltrate something? 

 

Lecture 2.3: Customizing other properties 

There are other ways (besides infiltration) to customize the properties of a material.  In medical 

imaging, light waves and acoustic waves can be used to gather information.  We then have to 

worry about somewhat less tangible properties, like the speed of light or sound through the 

material, the attenuation, and scattering of the signal. 

 

Activity 2.3: Scattering in a phantom
1
  

Time Allotted: 5-10 minutes 

Materials: Agar (preferred over gelatin), silica or other finely powdered solid, water 

Equipment: [for preparation: hot plate, beaker, glass stir rod, Tupperware, (optional: 

preservative)], for class: prepared phantoms, pointer laser 

Preparation (the day/night before): Create several phantoms containing different concentrations 

of silica (1-5% by mass).  Dissolve agar (2% by mass) in water and melt in a 

beaker over a hot plate.  Once melted, stir in the silica bit by bit and add 

preservative, if desired. Once dissolved, pour into a Tupperware container and 

allow it to set.  Store in a refrigerator. 

Instructions: Have students shine the laser through the sides of the phantoms and see how higher 

concentrations of silica cause more of the light to be scattered.  Explain that this is 

one of the ways in which materials can be customized to make an appropriate 

tissue-mimicking phantom. 

 

 

 

 

 

                                                           
1
 A phantom is a model of known geometric and material composition, often used in the calibration and testing of 

medical imaging devices. 


