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Teacher’s Guide
Introduction
This teacher’s guide contains a detailed lesson plan to accompany the set of PowerPoint slides and worksheets for each lesson.
The lessons are designed to form a basis for ideas for the teacher and should be adapted to suit the teaching style and preferences of the individual teacher, and the resources and nature of the individual school or Design & Technology department.
The material supplied for this unit includes:
· 5 PowerPoint presentations, each designed to cover one lesson
· 5 worksheets
· 5 homework sheets
· 5 Lesson plans
· 1 final assessment test
Summary
The many varied and contrasting types of polymers are explained and classified in this in-depth unit. The standard range of commonly used plastic are included along with the lesser known elastomers and biodegradable polymers that are more frequently being used, both in schools and in industry. A plethora of stock forms, characteristics and properties are discussed in a format that makes it easy for students to both recall and apply the performance of polymers in use.
Previous Learning
Students may have had some exposure to simple concepts during KS4 Design and Technology lessons, but no prior knowledge is necessary. 
Suggested Resources
This is primarily a theoretical unit however, for some lessons, it would be useful to have product handling collections that students can see and hold. See lesson plans for details.
Vocabulary   
Vocabulary associated with this Unit, such as:
Polymerisation, cross linking, thermoplastic, thermoset, elastomer, biopolymers, biodegradable, degradable compostable, photo-degradable, hydro-degradable, oxy-degradable, self-finishing, film, sheet, granules, extrusion, additives, flame retardants, UV light stabilisers, antioxidants, fillers, plasticisers, antistatics.
Assessment
Students will sit a short test using exam-type questions relevant to the objectives in the unit at the end of the lesson sequence. The test can be completed in one lesson. 


Learning Outcomes for the unit
At the end of this Unit all students should be able to:
· Recognise the physical difference between thermoplastics and thermosets 
· Know the names of several specific thermoplastics, thermosets, elastomers and biodegradable polymers
· Name some commercial stock forms of polymers
· Identify some different mechanical properties of polymers 
· Recognise some physical differences in the appearance of polymers
· Name a range of specific applications for polymers
· Be able to name additives used to enhance the properties of polymers
· Recognise the use of polymer sheet and film in packaging

Most students will be able to:
· Demonstrate knowledge and understanding of the suitability of different polymers for different products
· Understand the role additives play in creating polymers with enhanced properties
· Explain how different performance characteristics impact on the potential uses of specific polymers
· Describe a range of specific applications of polymers including elastomers and biodegradable polymers
· Understand the difference between degradable, biodegradable and compostable polymers
· Understand how specific types of biodegradable polymers can be used for specific functional reasons
· Explain the advantages of polymer sheets and film to the packaging industry

Some students will be able to:
· Demonstrate a detailed understanding of how differences in performance characteristics impact on how different polymers are used to manufacture products
· Understand how polymer additives can enhance their properties and appearance
· Evaluate the suitability of the use of different biodegradable polymers considering advantages and disadvantages
· Evaluate the sustainable use of polymer sheet and film in the packaging industry 
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	Topic 1
	Characteristics of polymers and additives
	

	Preparation and resources
· Optional: Handling collections of different polymer products and samples will help to demonstrate properties and characteristics.
Learning Objectives:
Be able to describe the performance characteristics of polymers including polymer-based sheet and film
Understand how additives are used to enhance the properties of polymers


	Content
	Resources

	Starter
Ask students to identify which polymer types and forms may have been used in the collection of picnic wear pictured.
Responses may vary but should focus on thermoplastics for the cutlery, straws and the laminate film including PP, HIPS, PVC, PC, PET
Some students might suggest a biopolymer such as Biopol.
Encourage students to discuss material properties and characteristics that they think would be required in each case.
Main activity
Introduce the topic of properties and characteristics.
Mechanical properties are the characteristics a material displays when subject to an external force.
Toughness - ABS is commonly used to manufacture car parts like bumpers, wheel arches and wing mirrors. It is a tough polymer and will absorb some of the impact of a collision. It is also paintable so is useful for body coloured bumpers.
Polymers are chosen over metals as they will absorb more impact whilst doing less damage and reduce the overall weight of the vehicle.
Elasticity can be demonstrated using a balloon illustrating that when deflated, it returns to its original form (almost). Dinghies, arm bands, some roll mats and camp beds and car tyres need to withstand being inflated.
Flexibility - Examples of folded polymers or polymer hinges like simple plastic document folders can illustrate this. Small offcuts or pre-cut pieces of vacuum form HIPS sheet can be handed out for students to fold and work harden, become brittle and break like most metals do.
Mouldability - Methods of moulding polymers is discussed in more detail in Unit 7. Vacuum forming and drape forming are commonly used school workshop polymer forming methods.
Ability to be cut and scored - Whilst tools like a laser cutter or simply craft knives, a straight edge and cutting mat, coping saw, skill saw (or other depending on facilities) may be used to score and cut polymer sheet in the workshop, in industry cutting and scoring is often done on CAM routers or polymers can be cut using pneumatic guillotines. This is the case for much plastic bag production.
Ask students to complete Task 1 of Worksheet 1. 
Physical properties
Remind students how physical properties differ from mechanical properties.
Thermal insulation - A pre-filled polymer based insulating coffee cup can easily be used to illustrate this property.
Thermosetting polymers are often used for pan handles over thermoplastic due not only to their good thermal insulating properties but also higher temperature resistance.
Electrical insulation - Urea formaldehyde melts as opposed to burning unlike many thermoplastics which is a major benefit in the case of an electrical fire. 
Adding a polymer sheath to the shaft of the screwdriver would ensure most of the metal is covered thus reducing the risk of potential electrocution as there is a tendency for users put their fingers down the blade when using the screwdriver.
Melting points - Many melting plastics cause fumes which can be very toxic. Most thermoplastics will combust is a source of ignition is present.
Resistance to chemical - Highlight the point that HDPE is actually used in landfill as a liner to prevent chemical leeching because of its longevity. Leeching of toxic chemicals from landfill sites can enter waterways, the water table and contaminate land causing harm to flora and fauna and humans.
Resistance to liquids - This is an opportunity to remind students that not all polymers are a problem, many have made our lives better, safer and more hygienic however, polymers that are not designed to be reused i.e. single use plastic, are the ones that we need to rethink our consumption of.
Food packaging - Discuss how polymers have changed the way we buy and store food. Asking students if they think that there is now too much plastic packaging. Around 20% of all plastic landfill waste is non-recyclable plastic food packaging.
Discuss problems that arise from non-recyclable or difficult to recycle plastic food packaging like, plastic films, expanded polystyrene and black plastic microwavable trays that are not picked up by the sensors in recycling plants.



Transparency - With an emphasis on polymer sheet and film, discuss the applications for transparent polymers including as a glass substitute and in packaging enabling the consumer to see the product.

Self-finishing - Using examples of plastic products, illustrate the self-finishing property of polymers.
In the school workshop, polymers may require further finishing, for example filing and polishing, if they have been cut or scratched.
Ask students to complete Task 2 of Worksheet 1. 
Additives
Lubricant additives are used in polymers used in injection moulding as they increase flow and importantly, reduce friction and the likelihood of sticking, thus making the process more efficient and reducing waste.
Polymer products that are used outside, like garden furniture, stadium seating, tarpaulins and garden play equipment, are particularly vulnerable to UV degradation and oxidation.
Fillers can be used to reduce the weight of a plastic and to reduce the quantity of polymer needed thus reducing costs.
Bio-batch materials that increase the biodegradability of a polymer are increasingly used in single use plastic products.
Biodegradability will be covered in more depth later in the unit.
Recyclability
Discuss the use of RIC numbers to denote recyclability and remind students that the presence of one of these does not necessarily mean the polymer is recyclable.
Some of the major obstacles to polymer recycling include limitations in council facilities, lack of information on products, consumer unwillingness to participate and lack of education.
Play Link video: Mixed plastic recycling [4m02s].

Plenary
Ask students to complete the Plenary Task of Worksheet 1. 
Hand out Homework 1.
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Worksheet 1 Characteristics of polymers and additives
Worksheet 1 Answers














































Link video Polymer additive to aid recycling [3m00s]



Link video: Mixed plastic recycling [4m02s]


Homework 1 Characteristics of polymers and additives
Homework 1 Answers
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