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	Metal Ores
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Rocks to Riches, Teacher’s Guide
Overview
Naturally occurring elements and compounds are called minerals. The Earth’s crust is made up of rocks which contain mixtures of these minerals. An ore is a mineral that can be worked for a profitable return.
Cut off grades for the viable extraction of metals from their ores can vary from as much as 55% of iron in haematite (iron ore) to 0.2% of tungsten in wolframite (tungsten ore). These values can change due to market supply / demand, advances in technology, environmental issues and legal requirements. Mineral and mining companies need to invest large sums of money from exploration through to marketing and so mineral concentrations found in the Earth’s crust must be viable.
Through simple colorimetric analysis [1] of rock samples, it is possible to determine the percentage of the mineral in the ore and work out if market demands make it feasible to extract it and refine it for the metal to be used in our everyday products.
These practical activities can be linked to the following science experiences and outcomes :
SCN 3-17b - participate in practical activities to extract useful substances from natural resources.
SCN 3-19a - through experimentation, I can identify indicators of chemical reactions having occurred. I can describe ways of controlling the rate of reaction and can relate my findings to the world around me.
SCN 3-19b - I have helped to design and carry out practical activities to develop my understanding of chemical reactions involving the Earth’s materials. I can explain how we apply knowledge of these reactions in practical ways.
SCN 3-20b - through research and discussion, I have contributed to evaluations of media items with regard to scientific content and ethical implications.
SCN 4-20a - researched new developments in science and can explain how their current or future applications might impact on modern life.
These cross curricular experiences and outcomes may also been covered
TCH 3-02a, SOC 3-08a, LIT 3-02a, LIT 3-05a, LIT 3-09a, MNU 3-07a
SOC 4-08a and SOC 4-10a 

Introduction
Pupils will be able to extract the metal compound from the ore using a simplified version of solvent extraction (SX) and electro –winning (EW). These processes are used by mineral companies extract and purify copper from ores. 
What to do
 (
figure 1
)The introduction can either by done using the media items sheet, the media items PowerPoint or the moviemaker clip “Will we rock you?”. All of which are designed to promote active talk of why metals are extracted and how future applications might impact on modern life.
Demonstrate to the pupils how to make the comparison (standardised) solutions from solution 1 (1M copper sulphate solution) and allow the pupils to follow the instruction sheet accordingly.
Recap on signs of a chemical reaction. In particular emphasise that all the ore has been removed from the sample when there are no more bubbles of gas produced. Allow the pupils to follow the instruction sheet. 
Beware that solution 2 is to be added 10 cm3 at a time to reduce the risk of any splash back. This can be seen in figure 1.

Note
Allow time for pupils to wash hands after handling the chemicals and apparatus used for this practical.
To cover SCN 3-20b the active talk strategy, diamond 9, can be used. This allows the pupils to debate the ecology versus economy of extracting and refining minerals.

Diamond 9
1. Pupils are placed into groups and given an envelope containing the nine statements. Each group is told they represent the local community, the mining company or the environmentalists.
2. They are then asked to look at the information and arrange the cards in order putting the most convincing statement for their argument at the top. The statement placed at the foot of the diamond is the one considered by the pair to be the least ‘convincing reason’. 
3. All the groups then come together and try to negotiate a consensus for either opening or closing the mine.
Variation
2 of the statements can be removed and replaced with blanks for each group to add their own priorities. 



To increase the purity of metals this can be done by electrolysis [2] or electro-winning (EW). 
The pupils need to weigh the negative electrode before and after the electrolysis process so will require access to a top pan balance with 2 decimal places.
Allow the pupils to set up the electrolysis apparatus. This can be seen in figure 3. 
Note
The copper foil is connected to the negative (black) electrode.
 (
Negative to Cu foil
) (
Positive to Ni spatula
)
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If the power supply has a built in ammeter, a separate one will not be needed.
 (
figure 4
)
The circuit diagram is shown in figure 4.
Once the circuit has been checked allow the pupils to turn on the power supply. Emphasise that the current needs to be monitored to keep the reading at 1 Amp during the 10 minutes. This can be done by adjusting the output voltage on the power supply.
The sulphuric acid helps to reduce the evolution of oxygen at the anode (positive) electrode.
Allow time for pupils to wash hands after handling the chemicals and apparatus used for this practical.


 (
figure 5
)To help avoid any of the deposited copper from being lost the electrode can be held by a pair of tongs and drier with a hairdryer. This can be seen in figure 5.
Allow the pupils to weigh the negative electrode and record their results.


Active Talk

To gauge the final level of understanding use the memory board active talk strategy. This can be done either in small groups or on an individual basis and could be kept as evidence of understanding.
Memory Board
1. Pupils are placed into groups. Four works best as everyone has to effectively contribute for the activity to be completed.
2. Copies of the memory board are placed in the room. Ideally at the front. They can also be displayed through a data projector.
3. Each group are given blank a memory board (“show me” boards are a great alternative).
4. One person from each group is given an agreed time interval to examine the memory board that is on display and then allowed to return to the group. At this point cover up the displayed board.
5. The pupil must then describe/ explain what they have seen to the rest of the group.
6. The group must then complete their memory board. NOTE the pupil that visited the displayed board is not allowed to write anything down.
7. Repeat this until either all the pupils have visited the displayed board or the group has completed their board successfully.
8. The final boards can be shown to other groups for comparison and/ or discussion.
Variation
If sections of the displayed memory boards are covered up and revealed in stages this would allow groups to check their accuracy, detail and reflection of what was on display more.
To cover SCN 4-20a the active talk strategy, hot air balloon, can be used. This group activity allows the pupils to look into the issues of setting up a mining operation and its impact on the environment and society.


Hot Air Balloon
1. Groups of pupils are given a picture of a hot air balloon.
2. The groups are given information cards on key people, resources, for, against and future issues.
3. They are then issued with the instruction sheet.
4. Using post-it’s, the pupils then place their answers accordingly,
a. The key people (who) are placed in the basket.
b. Resources placed in the balloon.
c. Factors for are placed above the balloon and factors against below it.
d. Future problems on either side.
5. Each group is then given the opportunity to compare and justify their balloon (plan) against the others.
The pupils are not told which set of help cards are which. They are to agree within themselves as to where to place each card.
e.g.
They may decide that the displacement of villages for the new mine are a “factor for” instead of ”against”  because it would bring in more employment into the local community.




What to record
Specimen answers for solvent extraction (SX)
	Ore Sample
	Percentage of metal in ore (%)

	A
	0.05

	B
	0.3

	C
	0.46



For the instruction sheet the conversion step from the percentage of mineral in the ore to the percentage of metal in the ore has been omitted. It is found by
% of copper in copper carbonate =             formula mass of copper         x 100
formula mass of copper carbonate
	% = 63.5   x   100
123.5
	% = 51.42 %
However each ore has a given percentage by mass of the mineral. Therefore the percentage of metal in the ore sample is found by
% of copper in ore sample = % mineral in ore X % of copper in copper carbonate
100
	% of metal in ore A = 10 x 51.42
100
	% = 5.14%
Now repeat this for the other ore samples.
As ore B meets the minimum percentage of metal required to make any profit it should be mined, extracted and purified for marketing. It is more likely however that Ore C will be selected by the pupils as this clearly shows a higher intensity of colour and therefore have more metal in the ore than ore B. 
NOTE
The percentage of metal in the “ore sample” given is not 0.1 to 0.9% by weight. These numbers are a sliding scale and used to reflect the more realistic percentages used in the real world.

Specimen answers for electro-winning (EW)
The current needs to be monitored to keep the reading at 1 Amp during the 10 minutes. This can be done by adjusting the output voltage on the power supply.
	Mass of negative electrode at end (g)
	6.60

	Mass of negative electrode at start (g)
	6.24

	Mass of copper deposited (g)
	0.46


Alternatives & troubleshooting
The filtered solution (leachate) may have a green tint. This is due to not enough acid being added to the carbonate.  Either discard and start again or filter again using a better grade of paper.
Pupils may need to be guided as the where to place the leachate. The eye colorimetry works best when looking down through the test tubes against a white surface.
For the electro-winning ensure that electrodes are not touching as this will cause the circuit to short out. Also the copper foil electrode must stick out above the lip of the beaker. If there is a thin film of copper being deposited on the nickel electrode the circuit has been connected the wrong way round. Turn off the supply, remove the nickel electrode and clean off the thin film of copper with a piece of emery paper. Reconnect the nickel electrode and swap the wires around.
To avoid any of the deposited copper from being rubbed of before the final weighing a short blast of warm air from a hair dryer will help evaporate any leachate residue.
A shorter version of the electro-winning can be done by simply dropping an iron nail into the leachate and observing what happens. The nail displaces the copper out of solution and the copper can be seen being deposited on the nail.
Other resources
www.youtube/watch?v=Iph-z5QY2_8
This light hearted 6 ½ minute demonstration shows a copper extraction using an organic solvent. It shows the apparatus, method used and how to use eye colorimetry. Although technical jargon is used there is a simpler explanation given during each stage.
References
[1] = http://www.practicalchemistry.org/experiments/colorimetric-determination-of-a-copper-ore,302,EX.html
[2] = http://www.practicalphysics.org/go/Experiment_676.html


Resources & costings
These were correct as of 22/02/11. Note these items can be purchased from usual school suppliers.

	Item
	Order No
	Quantity
	Price
	Quantity used per group
	Number of class sets per pack if only used for this experiment
	Cost per class set (10 groups)
	Total Cost 
	Total Cost per class set

	
	
	
	
	
	
	
	
	

	Charcoal, activated
	CH005
	500g
	£6.20
	200g
	2.5
	£2.48
	£6.20
	£2.48

	Copper (II) carbonate
	CO075
	250g
	£4.00
	130g
	1.9
	£2.10
	
	

	
	CO080
	500g
	£6.85
	130g
	3.8
	£1.80
	£6.85
	£1.80

	Copper Sulphate
	CO120
	500g
	£3.60
	125g
	4
	£0.90
	
	

	
	CO125
	1kg
	£6.35
	125g
	8
	£0.79
	£6.35
	£0.79

	Sulphuric Acid
	SU045/1
	1l
	£5.85
	122cm3
	8.1
	£0.72
	
	

	
	SU045
	2.5l
	£13.90
	122cm3
	20.4
	£0.68
	£13.90
	£0.68

	
	
	
	
	
	
	
	£33.30
	£5.75

	
	
	
	
	
	
	
	
	

	Copper,foil
	CO055
	250g
	£8.70
	7.5cm2
	20 approx
	£4.35
	
	

	Nickel Spatulas
	SPA030030
	Pack of 5
	£23.75
	
	
	£23.75
	
	

	Syringes
	SYR200040
	Pack of 100
	£14.85
	
	
	£14.85
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