[image: image1.jpg]GCSE (9-1)
GaTeway science cHemisTRyA QCR

Teacher Instructions Grford Cambridgs andRSA





Topic Exploration Pack

Global challenges part 1 – Improving processes and products

1Instructions and answers for teachers


2Learning outcomes


3Introduction


4Task 1 C6.1a-c (C6.1a-c)


4Task 2 – 6.1d-j (separate science only)


5Task 3 answers C6.1k-s (6.1d-f) (combined science - only questions 1-4)


8Additional teacher preparation


9Learner Activity


9Task 1 – Extraction of metals


10Task 2 – The Haber process


11Task 3 – Making products last and making new materials




Instructions and answers for teachers

These instructions cover the learner activity section which can be found on page 9. This Topic Exploration Pack supports OCR GCSE (9–1) Gateway Science Chemistry A. The Combined Science references are found in brackets after the separate science specification references.

When distributing the activity section to the learners either as a printed copy or as a Word file you will need to remove the teacher instructions section.
Learning outcomes
C6.1a explain, using the position of carbon in the reactivity series, the principles of industrial processes used to extract metals, including extraction of a non-ferrous metal (C6.1a in Combined science)
C6.1b explain why and how electrolysis is used to extract some metals from their ores (C6.1b in Combined science)
C6.1c evaluate alternative biological methods of metal extraction to include bacterial and phytoextraction (C6.1c in Combined science)

 *C6.1d  explain the trade-off between rate of production of a desired product and position of equilibrium in some industrially important processes to include the Haber process and Contact process

*C6.1e  interpret graphs of reaction conditions versus rate 

*C6.1f  explain how the commercially used conditions for an industrial process are related to the availability and cost of raw materials and energy supplies, control of equilibrium position and rate

*C6.1g  explain the importance of the Haber process in agricultural production

*C6.1h  compare the industrial production of fertilisers with laboratory syntheses of the same products to include preparation of potassium sulfate or ammonium sulfate using a titration method.                                                                                                                                                                                                                                                                                                                                                       

*C6.1i  recall the importance of nitrogen, phosphorus and potassium compounds in agricultural production

*C6.1j  describe the industrial production of fertilisers as several integrated processes using a variety of raw materials to include ammonium nitrate and ammonium sulfate

C6.1k describe the basic principles in carrying out a life-cycle assessment of a material or product   (C6.1d in Combined science)
 C6.1l interpret data from a life-cycle assessment of a material or product (C6.1e in Combined science)
C6.1m describe a process where a material or product is recycled for a different use, and explain why this is viable (C6.1f in Combined science)
C6.1n evaluate factors that affect decisions on recycling (C6.1g in Combined science)
*C6.1o  describe the composition of some important alloys in relation to their properties and uses to include steel, brass, bronze, solder, duralumin

*C6.1p  describe the process of corrosion and the conditions which cause corrosion to include iron and other metals

*C6.1q  explain how mitigation of corrosion is achieved by creating a physical barrier to oxygen and water and by sacrificial protection

*C6.1r  compare quantitatively the physical properties of glass and clay ceramics, polymers, composites and metals

*C6.1s  explain how the properties of materials are related to their uses and select appropriate materials given details of the usage required
* separate chemistry only statements
Introduction

In topics 6.1a-6.1c, learners will be looking at the reactivity series, and how this series relates to how metals are extracted from their ores. They will also be looking at alternative methods to how metals are extracted such as phytomining.

In this section there are some areas of difficulty that should have attention paid to. Learners are often introduced to carbon reduction via the blast furnace and the extraction of iron. Due to this there is often difficulty in relating this process to the reduction of other metals that are above carbon in the reactivity series, but are not extracted via electrolysis. Ensure there is clarity in this, and that the blast furnace is merely an example. When explaining this also, terms such as oxidation and reduction may be new to the learners. Due to this ensure learners are clear as to the meaning of these terms with regards to the loss and gain of electrons, and that oxidation does not need the presence of oxygen. In topics 6.1d-6.1j learners will be looking at chemical equilibria, and how this relates to the Haber process. This then leads to the uses for fertilisers and their importance in agriculture. Learners will often be unfamiliar with dynamic equilibria and Le Chatelier's principle. Due to this, care must be taken in describing the importance in the trade off during the Haber process between temperature, yield and rate. When describing this trade off, ensure it is clear that the temperature is chosen as it produces a good yield at an acceptable rate. Explain that at a higher temperature, there will be an increase in rate, but the yield decrease counteracts this. 

In topics 6.1k-s, learners will be tasked with making life-cycle assessments of materials, an explanation as to the corrosion of metals then finally a discussion on the uses of ceramics. When discussing corrosion be careful not to describe it as rusting (although often it is) as this language is not exact enough for the purposes of this specification. Also, when discussing corrosion, point out that it is not always immediately harmful to the structural integrity of the metal in question. For example, the statue of liberty is made from copper, and the colour of that statue is almost entirely due to a layer of corroded copper. Another example is the aluminium frames of bicycles, aluminium corrodes extremely quickly in the air, and forms a layer of aluminium oxide which protects the rest of the metal.
Task 1 C6.1a-c (C6.1a-c)
The following resources can be helpful for this section.

When introducing the topic the link below can be used. This can also be referred to as a resource that learners can also use for their own research.

https://www.youtube.com/watch?v=PvfnMxAJW_0
To add to their own research, learners can be pointed to the links below.

http://www.bbc.co.uk/education/topics/zmq2pv4 – a summary of iron and aluminium extraction.

https://www.youtube.com/watch?v=EeefpR9V2vE – a brief video detailing reduction and electrolysis.

https://www.youtube.com/watch?v=vr5wEZL60b8 – a video on phytominng.
Task 2 – 6.1d-j (separate science only)
This research task covers lots of areas; the link on the learner worksheet will help with this area. Below are some prompts if learners are unsure as to what to include.

· How ammonia is made from nitrogen and hydrogen?
· Make sure the work includes the equation for the Haber process, and that it is balanced.

· Make sure it is clear that the reaction produces a low yield, the reacted ammonia is cooled and liquefies, and the unreacted gases are returned to the reaction vessel.

· Why we need to make ammonia with the Haber process?
· Mention of demand outstripping supply of naturally occurring nitrates.

· How ammonium sulfate and potassium sulfate can be made in a laboratory

· Learners should reference how these are made via a titration method. Use this link if learners find this difficult. 

· http://www.bbc.co.uk/schools/gcsebitesize/science/ocr_gateway/chemical_resources/fertilisers_cropsrev2.shtml
· Why nitrogen, phosphorous and potassium is important in farming?
· Reference to importance of these elements in the growing of plants (nitrogen – amino acids and proteins, phosphorous – membranes and DNA, potassium – respiration and photosynthesis.)
· Why we have to be careful about the temperature used in the Haber process? 

· Explanation of compromise temperature, and how reaction equilibrium will shift too far in the opposite direction if temperature is too high, increasing rate but dropping yield.

· How we can make the Haber process as fast as possible?
· Further reference to the use of a catalyst, and how pressure has to be controlled, but in the case of pressure the trade-off is one of cost vs. yield.
Task 3 answers C6.1k-s (6.1d-f)  (Combined Science - only questions 1-4)
1. When any product is manufactured, a life-cycle assessment is important. Describe why this assessment is important.

	Any from the following:

1. Energy expenditure in making product

2. Environmental impact and sustainability of making material

3. Environmental impact of using product 

4. Environmental impact of disposal


2. Look at the data below for the life cycle assessment for two products.

	
	Paper bag
	Plastic bag

	Mass of CO2 produced (kg)
	0.4
	0.9

	Mass of solid waste (kg)
	0.02
	0.06

	Volume of water used (litres)
	321
	5540

	Energy used (MJ)
	2.1
	2.4


For the products above, describe which product has a greater effect on the environment. Make sure that you use data from the table in your answer.
	Relevant conclusion from the data. Must include all 4 sources of data in question, and include reference to values, including units.


3. The plastic bags from the example above can be recycled. Why might this be preferential to making new plastic bags from scratch?
	Lower energy cost / lower use of fresh water / does not use hydrocarbons in manufacture.


The next questions look at metals. The link below can help with this work.

http://www.bbc.co.uk/schools/gcsebitesize/science/ocr_gateway_pre_2011/rocks_metals/4_metals_alloys2.shtml
4. For the following alloys and metals, complete the table to show which materials are used in their manufacture, and which properties the alloys have that make them useful.
	Alloy / metal
	Materials in alloy
	Properties

	steel
	iron / carbon
	hard wearing, easily shaped

	brass
	copper / zinc
	resistant to corrosion, good conductor

	bronze
	copper / tin
	hard, strong, corrosion resistant

	solder
	lead / tin
	low melting point, good conductor

	duralumin
	aluminium / copper
	low density, Strong


This link will help with this question.

http://www.bbc.co.uk/bitesize/standard/chemistry/metals/corrosion/revision/1/ 

5. A boat manufacturer is trying to investigate the corrosion to their yacht. What conditions increase the rate of corrosion?
	Contact with water and oxygen. Increases with salt in water.


6. The manufacturer is investigating attaching other metals to the hull to slow down corrosion. Give an example of a metal that will help, and explain why it helps.
	Any metal more reactive than iron (such as magnesium). More reactive metal will corrode first – reference to sacrificial protection.


7. For the yacht, the manufacturer has to choose several materials for different parts of the yacht. They need to choose the following:

1. A material to make the oven from in the kitchen.

2. A material to make the life jacket holders on the top deck. This surface is exposed to the elements.

3. A material to make the ropes from for the sails.

4. A material to make the masts from.

Using the following information below, explain which material you would choose for each purpose. You can only choose each material once.

Note – tensile strength is the force required to stretch a material until it breaks.

	Material
	Melting Point (oC)
	Flexibility
	Tensile Strength (Mpa)
	Corrosion resistance

	ceramic
	3000
	not flexible
	    4
	very resistant

	steel
	2500
	not flexible
	240
	not very resistant

	plastic
	    75
	slightly flexible
	  25
	very resistant

	nylon
	  220
	very flexible
	900
	very resistant


Correct reasoning for each answer – must include reference to data from the table to count as sufficient explanation.
Oven

	Example answer: Ceramic as it has a high melting point which is important for an oven.


Life jacket holders

	Example answer: Plastic because it has some flexibility to enable the life jackets to be put in easily.  It is very resistant to corrosion so it will not corrode quickly when exposed to the salt water (seawater)/rain. 


Ropes

	Example answer: Nylon because it is very flexible so will bend and can be tied in knots. it has a high tensile strength so is strong and will not break easily.


Masts

	Example answer: Steel because it is not flexible and is very strong, so the mast will not break or bend under tension from the sails.


Additional teacher preparation

Ensure learners are confident with handling and balancing equations, they will come into contact with a number of them when looking at metal extraction and the Haber process. If they are not sure about this topic, they can look at the following links.

https://www.youtube.com/watch?v=oDVswHfZJzY – a video about balancing equations

http://www.ocr.org.uk/Images/179563-balancing-equations-activity.doc – an activity about balancing equations

Equally, learners might be unsure about the process of oxidation and reduction with regards to the loss and gain of electrons, and the ions that are formed as a result of this. If so, it may be necessary to recap these concepts.

https://www.youtube.com/watch?v=5rtJdjas-mY – a video explaining the concepts

https://www.youtube.com/watch?v=lQ6FBA1HM3s – a more advanced video that can stretch and challenge learners.

http://www.bbc.co.uk/schools/gcsebitesize/science/edexcel/metals/obtaining_using_metalsrev3.shtml – a useful guide
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Ensure learners, when given qualitative data, use it in their answer, it is not uncommon for learners to avoid using this. Ensure that the requirements for a good quality answer are explained to the learners. Even high ability learners, if inexperienced at answering qualitative questions, may miss out on valuable marks due to this.

Topic Exploration Pack

Global challenges part 1 – Improving processes and products
Learner Activity

Task 1 – Extraction of metals
You are in charge of a metal processing plant, and your job is to explain to the public how different metals you come into contact with are extracted. 

To do this, you will have to come up with a 5 minute presentation explaining how each metal is extracted. For each metal, you should follow the prompts below to make sure you fully explain the processes involved.

When presenting your work, ensure that you show the reactivity series, and where the metals you are describing sit on it. Also make sure that you know the equations for any of the reactions that happen.
You need to include:

1. Extraction by electrolysis

1. Why are metals extracted by electrolysis? 

2. Where do these metals sit on the reactivity series?

3. What are the disadvantages of extracting metals by electrolysis?
4. Extension – Describe the extraction of aluminium by electrolysis.

2. Extraction by carbon reduction

1. Why are some metals extracted by carbon?

2. What metals are extracted by the reduction of carbon?

3. What are the disadvantages of this process?
4. Extension – Describe why some metals are not extracted by this process (e.g titanium)

3. Biological methods

1. What is phytomining?

2. Why are biological methods of metal extraction being used more often?

3. What are the disadvantages of this process?
4. Extension – Describe why copper is a good metal to be extracted using this method.

Task 2 – The Haber process

Your task is to explain the Haber process to local farmers who are buying your fertiliser. These farmers want to know more about where their fertiliser comes from, and how it is developed.

This explanation will come in the form of a booklet or poster. To help you with this task, the headings below can be used so you know what content to cover. It may help you to cut out the headings and stick them onto your work.

The link below can help you with this work.

http://www.bbc.co.uk/education/guides/zrg7hyc/revision 

Topics to include
	How ammonia is made from nitrogen and hydrogen?

	Why we need to make ammonia with the Haber process?

	How ammonium sulfate and potassium sulfate can be made in a laboratory?

	Why nitrogen, phosphorous and potassium is important in farming?

	Why we have to be careful about the temperature used in the Haber process?

	How we can make the Haber process as fast as possible?


When completing this work, make sure you include equations where needed. You might also find it useful to find a diagram of the Haber process, and a graph showing how temperature and pressure affect the rate of this reaction. 

Here is a link showing a graph of rate against pressure and temperature.

http://www.bbc.co.uk/staticarchive/df8a4f732521999a55ac8841453ed3e2bad4e156.gif 

Here is a link of the overall process.

http://www.chemguide.co.uk/physical/equilibria/haberflow.gif 

Task 3 – Making products last and making new materials

The following link can help with these questions:

http://www.bbc.co.uk/schools/gcsebitesize/science/21c_pre_2011/materials/ 

1. When any product is manufactured, a life-cycle assessment is important. Describe why this assessment is important?
	


2. Look at the data below for the life cycle assessment for two products.

	
	Paper bag
	Plastic bag

	Mass of CO2 produced (kg)
	       0.4
	         0.9

	Mass of solid waste (kg)
	         0.02
	           0.06

	Volume of water used (litres)
	321
	5540

	Energy used (MJ)
	       2.1
	          2.4


For the products above, which product has a greater effect on the environment? Give reasons for your choice. Make sure that you use data from the table in your answer.
	


3. The plastic bags from the example above can be recycled. Why might this be preferential to making new plastic bags from scratch?
	


The next questions look at metals. The link below can help with this work.

http://www.bbc.co.uk/schools/gcsebitesize/science/ocr_gateway_pre_2011/rocks_metals/4_metals_alloys2.shtml
4.      For the following alloys and metals, complete the table to show which materials are used in their manufacture, and which properties the alloys have that make them useful.
	Alloy / metal
	Materials in alloy
	Properties

	steel
	
	

	brass
	
	

	bronze
	
	

	solder
	
	

	duralumin
	
	


This link will help with this question.

http://www.bbc.co.uk/bitesize/standard/chemistry/metals/corrosion/revision/1/ 

5. A boat manufacturer is trying to investigate the corrosion to their yacht. What conditions increase the rate of corrosion?
	


6. The manufacture is investigating attaching other metals to the hull to slow down corrosion. Give an example of a metal that will help, and explain why this helps.
	


7. For the yacht, the manufacturer has to choose several materials for different parts of the yacht. They need to choose the following:

1. A material to make the oven from in the kitchen.

2. A material to make the life jacket holders on the top deck. This surface is exposed to the elements.

3. A material to make the ropes from for the sails.

4. A material to make the masts from.

Using the following information below, explain which material you would choose for each purpose. You can only choose each material once.

Note – tensile strength is the force required to stretch a material until it breaks.

	Material
	Melting Point (oC)
	Flexibility
	Tensile Strength (Mpa)
	Corrosion resistance

	ceramic
	3000
	not flexible
	    4
	very resistant

	steel
	2500
	not flexible
	240
	not very resistant

	plastic
	    75
	slightly flexible
	  25
	very resistant

	nylon
	  220
	very flexible
	900
	very resistant



Oven

	



Life jacket holders

	


Ropes

	



Masts
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