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Advancing Science & Engineering through Laboratory Learning



Laboratory LEARNING ACTIVITY

Materials Testing - Adhesives: Part A. Understanding glues and adhesives
Introduction

Glues and adhesives are a common part of everyday life. We use them to stick things in a book, on a wall, or to repair a broken item.
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The desk you are sitting at probably has a plastic laminate surface glued to a particleboard plank. If you are in a room with plaster walls, the plaster board has probably been glued to the building frame.

An important component of composite materials such as carbon fibre and fibre glass use glue, usually called a resin. When the resin dries (cures), the fibres stick together making a very hard and strong material. Even particleboard is a composite material made of woodchips and a glue called formaldehyde resin. 
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Carbon fibre is a potential replacement for metal parts in many products. It is strong and light but currently it is expensive and slow to manufacture. Materials scientists are trying to make carbon fibre cheaper, stronger and faster to make. One of the keys to improving carbon fibre production is understanding how adhesives work.
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In this activity, you are going to investigate how adhesives stick things together. You will be able to give a scientific explanation of the problems that the materials scientists are trying to solve in their research on carbon fibre manufacture.

Key ideas

Adhesion (force) – adhesion is the name given to the tendency of one substance to stick to another substance such as glue to paper or water to glass. A rain droplet sticks to a window by adhesive forces.
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Cohesion (force) – cohesion is the tendency of a material to hold together and not fall apart. Cohesive forces are the pulling forces between the particles of the material that hold it together. Cohesion between water molecules holds a drop of water together.

Surface – in this activity the word surface is used to refer to the part of the object or material to which the glue is applied.

Surface area – is the total area of the surface of an object. When thinking about glues we are interested in the total surface to which the glue is attached. If a surface is roughened up its surface area increases.

Force – we know that forces are pushes or pulls. Forces can be seen at the level of people’s actions such as when a person pushes a trolley. But forces also operate at the level of the particles inside materials. Forces between the particles attract them to one another. The stronger the forces the stronger and harder the material.

Load – the force applied to an object.
Shear – two adjacent pushing or pulling forces, acting close together but in opposing directions, cause a shearing load. 
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Based on <www.teachengineering.org/lessons/view/wpi_lesson_1>
Shear strength – the shear load required to break an object or joint.
Failure – the breaking of a material exposed to external force such as when a rope being used to tow a car breaks, or when you bend a stick till it breaks.

Part A1 Strength of adhesion to different surfaces 

In this activity, you will investigate the question: “To which surface does Blu Tack stick best, wood or plastic?”

Materials

· A small piece of Blu Tack about 6 mm in diameter. [Footnote 
] 

· 2 icy pole sticks (one with a hole in one end) [Footnote 
]
· 2 plastic strips (one with a hole in the end)

· Slotted brass weights – about 500 g
· Sand paper

Procedure

The instructions given here contain some of the things you need to do for the test. Read the instructions and try the test out before you start recording results. Identify and record what you need to do to make the test a fair test.
Hint:  It is important that you use only a VERY small piece of Blu Tack otherwise it will spread around the sides gripping the edges. A sphere of about 2-3mm in diameter is enough.
1. Stick two icy pole sticks together as shown so that they overlap by a distance equal to the width of the stick.
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2. Hang glued icy pole sticks from clamp on a stand as shown 
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3. Hang a 50-gram brass weight through hole in icy pole stick. Progressively add weight until the joint breaks. Record in the Results table the load at which the joint fails.

4. Closely observe the fractured Blu Tack surface. Describe or draw the result in the Observations section below.

5. Repeat the tests with the icy pole sticks and record your results.

6. Repeat the tests using the plastic strips. Record your results and observations.

7. Using the sand paper roughen the surface on the end of one piece of plastic and repeat the tests. Record your results and note your observations.

Fair test

Write here what you need to do to make the test fair.

	


Results

	Test
	Suspended mass (g)

	
	Wood
	Smooth plastic
	Rough plastic

	1
	
	
	

	2
	
	
	

	3
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Observations

Your drawing or description of the broken Blu Tack joint.

	


Conclusions 

What conclusion can you draw about the tensile strength of Blu Tack compared with its shear strength.

	


Representations 

Use labelled diagrams to represent what happened in this experiment.

	


Hint: In your drawings represent the way the Blu Tack stuck to the wood? Show how the Blu Tack sticks to itself?
Draw a labelled diagram to show how the particles inside the Blu Tack stuck the two icy pole sticks together. Use the terms adhesive forces and cohesive forces. 
	


Draw a labelled diagram to explain the effect of roughening the surface of the plastic.

	


Part A2 Comparing Blu Tack with Tuff Tacks

An office supplies chain has a produced a cheaper form of Blu Tack. Devise and carry out a test to determine whether the new and cheaper product is as good as the original adhesive.

What variables are important in your test?

	


What will you measure? What will you keep the same?

	


Describe your Procedure.

	 


Record your results 

	


What is your conclusion?

	


Copyright and Creative Commons
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Laboratory LEARNING ACTIVITY

Materials Testing - Adhesives: Part B. Making and testing glues
Introduction

There are many types of glues for different types of jobs. Glues differ: 

· in the degree to which they adhere when ‘dried’ to different surfaces 

· in their flexibility, their strength (i.e. the strength of the cohesive forces within the ‘dried’ glue) and 

· in their solubility in different liquids. 

Key ideas 

Glues are usually liquid when they are applied but become solid when they dry or cure. The process of becoming solid or more solid can occur in several different ways. The glue dries or sets when:

1. the solvent or liquid part of the glue evaporates. This happens with the traditional glue called clag that is made of starch and water. Modelling glues also work in this way but the solvent is usually something other than water that evaporates very quickly.

2. a chemical reaction (polymerisation) occurs. The molecules of the glue form chemical bonds with one another. This is what happens in ‘two part’ glues. These glues have one part called the resin and another called the hardener.

3. the glue cools, such as when the hot glue from a hot glue gun cools.

Different glues work better on different surfaces, so in this activity we will compare how well the glues work on wood, plastic and paper.

Curing – the name given to the hardening of a glue where a chemical reaction causes bonds (strong attractive forces) to form between the particles

Drying – some glues harden because the solvent (liquid part) evaporates.

Hazards 

Wear gloves and eye protection.

Temperature hazard – When making glues they will be hot and sticky. 

Dropping weights – be careful when testing your glues that weights don’t drop on your hands or feet

Activity B1 Making Glues

Recipes for four different glues you can make at home or in the laboratory.

Materials
· Strips of paper and cardboard.
· Icy pole sticks.

· Ingredients for making the glues.
· Heat source.
· Stirring rods or spoons.
· Beakers or glass jars or cups.
Your group will be assigned one of the following glues to make. Use the ingredients provided and follow the instructions

Corn syrup glue

· Corn syrup

· White vinegar

· Corn-starch

1. In a small saucepan, mix 180 mL water with 35 mL corn syrup and 15 mL tablespoon white vinegar.

2. Bring the mixture to a rolling boil.

3. In bowl, mix 20g corn-starch with 180 mL cold water.

4. Slowly add the cold mixture into the hot mixture. Stir constantly for one minute.

5. Remove from heat.

Once it has cooled, pour the mixture into a labelled glass jar or beaker or cup.

(Let it stand overnight at room temperature before using.)

Casein glue

· gelatine [Footnote 
] 

· skim milk

· clove oil (optional)

This glue can stick glass together, use it in its gelled (room temperature) state.

1. Pour two tablespoons of cold water into a small bowl.

2. Sprinkle 2 packets of unflavoured gelatine over the water and set aside for about an hour.

3. Heat 40 g skim milk to just below boiling and pour it into the gelatine and water.

4. Stir the mixture until the gelatine is completely dissolved.

Optionally, add a few drops of clove oil as preservative if you’re not going to use all the glue immediately. (With clove oil, the glue will keep for a day or so – when it starts smelling like spoiled milk, throw it out.)

Gum Arabic glue

· 45 mL gum arabic

· 15 mL glycerol [Footnote 
]
· 8 mL water 

1. Mix 45 mL gum arabic, 15 mL glycerol and 8 mL water thoroughly in a bowl or beaker.

2. To use this glue, apply a thin coat to each surface and hold the pieces firmly together until the glue dries. (up to an hour)

Gelatine glue

· 1 packet gelatine (10 g)

· 15 mL glycerol

· 15 mL white vinegar

· 60 mL water 

1. Add the gelatine to 15 mL cold water in a beaker, stir gently, let stand until it ‘blooms’

2. Mix 45 mL boiling water, the white vinegar, and glycerol to the gelatine and stir until it all dissolves.

The resultant glue may become solid and will need to be warmed to soften before each use.

Activity B2 Testing Glues

Which is the best for gluing wood, plastic?

In designing your fair test, you need to identify the important variables.

What variable will you change? (independent variable)

	It is expected that students will use essentially the same procedures, variables, etc as Part 1. There may be minor modifications. 


What variables will you keep constant? (controlled variables)

	


What variable will you measure?

	


Record the load needed to break the glue joint and record it in your table

Examine the surface of the break. Has the glue separated from itself or has it come away from the surface of the glued object?

Repeat this procedure using strips of rigid plastic.

Results

	
	Failure load (g)

	Glue name
	Wood
	Plastic

	
	
	

	
	
	

	
	
	

	
	
	


Analysis

Draw a graph or chart using the data from your results table

	


Discussion and Conclusions
Which of the glues is best for gluing each of the materials, wood and plastic?

	


What evidence are you have for your claim?

	


How confident are you in your conclusions? Is there any doubt in your mind? Why?

	


How could you improve your testing procedure to achieve more reliable results?

	


Extension
Devise a test to measure the effectives of the different glues on paper.

Design an investigation to test whether the glues are waterproof.
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� 	Blu Tack is the commercial name of a "reusable" adhesive made by Bostik. Other similar products can be used.


� 	Icy pole stick, paddle pop stick, and popsicle stick are alternate names for flat pieces of wood about 12 cm long, 1 cm wide, and 2 mm thick. Any similar product can be used.


� 	Gelatine and gelatin are alternate spellings for the same substance.


� 	Glycerol, glycerin, glycerine, 1,2,3-propanetriol, propan-1,2,3-triol and propane-1,2,3-triol are all alternate names and spellings for the same chemical substance. Glycerol is the official IUPAC (International Union of Pure and Applied Chemistry) name. Propan-1,2,3-triol is the systematic IUPAC name. Glycerin is a commonly used commercial name.
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