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  Introduction                   Ecton Mine 

Ore bank  

 

Deep Ecton Adit 

approx 
1000ft 

Winding engine 

In the 18th century, Ecton was an 
important copper mine.  
 
To be chemically correct, the mine 
contained no copper metal, only 
copper compounds. These had to be 
reduced to copper metal in 
furnaces. 
 
Other metal compounds such as  
lead sulphide and zinc sulphide 
were also extracted.  
 
Waste heaps were left on Ecton 
Hill, and small mineral samples can 
still be found. 

River Manifold 

Ecton 

Hill 
Salt’s Level 
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Other Ecton Minerals 

white calcium carbonate CaCO3 

green ‘copper(II) carbonate’ CuCO3.Cu(OH)2 

blue ‘copper(II) carbonate’ (CuCO3)2.Cu(OH)2 

brown iron(III) oxide Fe2O3 

silver lead(II) sulphide PbS 

 

The main ore is 
 

CuS.FeS 
copper(II) iron(II) sulphide, 

 
The ore was taken out of the mine via Deep Ecton. 

Later, Salt’s Level was used instead. 
 

 

 

Minerals are also described by names such as 
calcite, chalcopyrite, malachite, azurite and galena 

The aim of the following experiments is to confirm the 
presence of the metal ions 

 Cu2+, Fe3+ and Pb2+ 

in Ecton minerals. 
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Sorting and 
crushing 

long part of tray 

 

Put the minerals you have 
collected, into the long 
section of a plastic tray. 
Sort into white, green, 
brown and grey/silver 
pieces. Crush using the 

sides  of two weights. 

Wash three small 
containers with water. 
Half fill with dilute 

nitric acid, HNO3. 
 

Add a crushed mineral 
to each as shown. 
 

Each mineral reacts to 
give a solution containing 
a metal nitrate. 
 

small 
container 

R3 

grey/silver 

mineral 

crushed green 

mineral 
 

R1 acid 

While you are waiting for the reactions 
to end, work out equations for  R1 to 
R3 (see the next page). 
 

Pour the solution from R1 carefully into 
an empty  container. 
Pour the solution from R2 into another 
empty  container.  
Repeat for R3. 

use 
for 
test 

T1 

decant 
solution  

leave sludge 
in container  

 

R1 

brown 

mineral 

R2 
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                      Fe2O3  +                                                  +    

 
.  

                  

                                      

  

  Equations for minerals + acid 
 

 

   CuCO3   +                                      +                  +         
 

R1 

R2       HNO3  Fe2O3  Fe(NO3)3 

The equation for the reaction between PbO and HNO3 
is similar to the one for R2 

          
                        PbO  +     2HNO3                         Pb(NO3)2   +     H2O   
 
       Using this hint, the equation for R3 can be worked out......... 

 
                                 

almost 
colourless 

dilute nitric acid 
 CuCO3  Cu(NO3)2 

                 

                   O and S are in Group 6 of the Periodic Table 
 
    PbO can be changed to  PbS.             H2O is altered to  H2S 

                     

                   

                       PbS  +                                                 +         
 

R3   Group 6 
O   H2O 

S   H2S 

Se  H2Se 
Te  H2Te 
Po   H2Po 
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Result 
 
 
 

 

 

 

Test 1(b) 
 
 
 
 

 
 

Testing for Cu2+  
Only test the liquid from 
R1 (i.e. acid + crushed 
green mineral). 

Test 1(a) 
 
Put some of the solution from R1 in a small container.  
Add ammonia solution.  
Remember that there will be nitric acid to neutralise  
before any other reaction can take place. 
 
As ammonia solution is added, look for a colour change.  
Continue adding ammonia till the new colour is seen throughout the mixture.  
 
You should now have a solution with a few bits of solid left. 
 If the mixture still has a lot of solid in it – add more ammonia solution 
 

Result 

Test 1(b) 
 
Put some of the rest of the solution from R1 in a small container.  
Add dilute sulphuric acid slowly until just acidic (pale blue).  
Add a nail (Fe). This should displace copper metal from solution. 
 
How can you tell if this works?                           
                                                                                                                   
                                                                  
What metal could be used instead 
 of iron?                                                               
                                       
 

Activity Series 
Put the 
metals 
Zn, Fe, 
Cu, Mg, 
Pb, Ag in 
the right 
order in 
the 

activity 
series 
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Write the  formula for the  
    deep blue solution:                          
  

 

 

[Cu(H2O)             (NH3)            ] 2+   
 

 
   

Equations for T1                                           Cu2+ 

The replacement reaction for T1(a) is shown below using a model-equation.  

T1(a) 

 + 4NH3    

H2O 

H2O 

NH3 NH3 

NH3 NH3 

deep blue 

  solution 

 
 
 
 
 
 
  
 
 
 
 
 
 
Write the formula for the 
pale blue solution by adding 
up the number of water 
molecules: 

   [Cu(H2O )             ] 2+                           
 
 

Cu2+ 

                     copper  +   iron                  copper  +  iron(II) 
                     sulphate                                            sulphate 
                                                                      
                     Rewrite as a symbol equation: 

 

 

T1(b) 

 Explain why it is called a replacement (or displacement) reaction 

 

+ 4H2 O 

H2O 

H2O H2O 

H2O 

H2O 

H2O 

pale blue 

solution 

Cu2+ 
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H2O H2O 

H2O 

 

 

 
 
 
 
 

 

 

Like the test for copper, this is a replacement 
reaction. You start with Fe3+ surrounded by water 
molecules: 
 
 
 
 
 
 
 
 
 
Rewrite the model as an ordinary formula, by 
adding up all the water molecules: 
 

             [ Fe(H2O)                  ] 3+ 

Testing for Fe3+ Only use the liquid from R2 
(i.e. crushed brown mineral). 

 

Test 2 
 
                Put some of the solution from  R2 in a film container.  
               Add a few drops of potassium thiocyanate solution. 
  

Result 
 

 

H2O 

Fe3+ 

H2O 

H2O 

almost 
colourless 
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H2O CNS- 

H2O 

  
          

 

  

 

 
 

                                              

          

 
 

                                                                                               
   

 

 

 

 

 

 

                            Potassium thiocyanate is KCNS 
 
Only one of the water molecules is replaced by one thiocyanate 

 
 
 
 
 
 
 
 
 
 
Rewrite the model as an ordinary formula, by adding up all the 
water molecules  and thiocyanate surrounding the Fe3+. 

        
[ Fe(H2O)                  CNS  ] 

 

Equation for T2                                                Fe3+ 

                       
                       Now try to write an  equation for the reaction:  
 
 

[ Fe(  H2O )        ]         +  CNS                     [ Fe( H2O )       CNS ]       +  H2O    

   
  
 
If you can do this correctly, you have become a   10                    chemist! 
 
You will learn later that this equation needs a slight alteration ..............to 12 star rating. 

deep blood-red 

H2O 

H2O 

Fe3+ 

H2O 
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 Test 3 
 
 Put some of the solution from R3 in a small container. 
Add a few drops of potassium iodide solution. 
 
 

 Result 
  

 

 

Testing for Pb2+                                                                                                                                               

 

Only use the liquid  
from R3 (i.e. acid  
+ grey/silver mineral). 

                                
                                        This is a precipitation reaction.  
 
 
   lead             potassium                                                  
   nitrate         iodide 
 
 
                              
                                 KI 
 
 

                                           Which one of the chemicals produced 
               is the  precipitate?                                  

                      

Equation for T3                                             Pb2+ 

 +  + 

 +           + 
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Shapes and Formulas 

tetrahedral 

3-sided pyramid  

non-linear 

square-planar 

NH3 

CF4 

H20 

XeF4 

 

The shapes of the formulas in tests 2 and 3 are octahedral. 
     

Can you think why   
six particles  
round the metal  
makes the shape octahedral?  
A drawing may help. 
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 Pb 

 Au 

 Cu 
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Metal Extraction – Activities 

You will carry out either 
 

Activity 1 [copper] 
or 

Activity 2 [lead]. 
 
Activities 1 and 2 illustrate the chemistry of the 
extractions that would have been carried out on the 
copper and lead ores found at Ecton 

 

During these activities there is a period of prolonged 
heating in which you will be  able to complete 

 
Activity 3 [gold panning] 

 

A detail from the Staffordshire Hoard 

 Au 
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Activity 1 – Extracting Copper from Copper(II) carbonate      

using Charcoal 
 
   Diagram 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
   

 

Procedure (part one) 

 
• Set up the apparatus as in the diagram. 

 
• Place approximately four heaped spatulas of copper(II) carbonate 

in the crucible and heat gently until the copper carbonate is 
completely changed into copper(II) oxide. 

water 
 heat 

 crucible + lid 

 pipe-clay 
 triangle 

 tripod 

 copper 
 carbonate 

safety specs 
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Q. You will see evidence of a gas disturbing the surface of the reaction mixture.   
      
    What is the name of this gas? ……………………………………. 

 
 
 
Q. How do you decide that the reaction is complete? ...……………………… 
   …………………………………………………………………………………........................................ 
 
Q. Complete the word equation and symbol equation for the reaction 
 
    Copper(II) carbonate                       ……………..    +   …………   .....………. 
 
         CuCO3                             …………….    +    …………………. 
 

 

Procedure (part two) 
 
• Add approximately twice the amount of charcoal and mix thoroughly using a 

spatula. 
 

• Using the hottest bunsen burner flame heat for at least 10 minutes. You can 
now try the gold panning, but you must leave one member of your group to 
monitor the heating. 
 

• Record any changes that you observe during the heating……………………........... 
………………………………………………………………………………......................................................... 
 
 

• CARE! Safety Specs! Using the metal tongs, remove the crucible from the 
pipe clay triangle and immediately immerse the crucible and its contents in a 
beaker of water. 
 

• Remove the excess carbon by pouring off the water. Add more water and 
again pour off. Repeat this several times until all of the carbon has been 
poured off with the water. 
 

• Test your metal using the electrical circuit.  
 
 Result………………………..….......................... 
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     Questions: 
 

1. You may see evidence of a gas disturbing the surface of the reaction 
mixture. What is the name of this gas? ……………………………………. 

   
2. Why is it necessary to immerse the hot reaction mixture in water?  

………………………………………………………………………………………………………………………………………
……………………….................................................................................................................. 

 
3. What difference in the property of the copper and the carbon enables 

you to separate them when the reaction is complete? 
……………………………………………………………………………............................................................
...............……………………………………………………………………………............................................. 

 
4. Complete the word equation and a balanced symbol equation for the 

reaction.                                     
 Copper(II) oxide  +  Carbon                        ..............  +   ............   ............. 
       CuO               +       C                            ..............   +  .............. 
 

5. In this metal extraction the oxygen is removed from the copper(II)  
oxide. What name do we give to reactions where oxygen is 
removed?................................. 

 
6. What is the name of the reducing agent in this process? ......................... 

 
7. Explain why you test the electrical conductivity of the product. 

..........................................................................................................................................

.......................................................................................................................................... 
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      Diagram 
 
 
 

 

 

 

 

 

 

 

 

 

 
 
 
 
Procedure: 

• Set up the apparatus as in the diagram. 
• CARE! Lead compounds are poisonous. Place approximately four heaped 

spatulas of lead(II) oxide in the crucible 
• Add approximately twice the amount of charcoal and mix thoroughly 
• Using the hottest bunsen burner flame heat for at least 10 minutes. You can 

now try the gold panning, but you must leave one member of your group to 
monitor the heating. 

• Record any changes that you observe during the heating ……………………................. 
 

………………………………………………………………………………........................................................... 
 

• CARE! Safety Specs! Using the metal tongs, remove the crucible from the 
pipe clay triangle and immediately immerse the crucible and its contents in a 
beaker of water. 

• Remove the excess carbon by pouring off the water. Add more water and 
again pour off. Repeat this several times until all of the carbon has been 
removed. 

• Test your metal using the electrical circuit. Result………………………..…............. 

Activity 2 – Extracting Lead from Lead(II) Oxide  

using Charcoal 

 
safety specs 

water 
 heat 

 
 pipe-clay 
 triangle 

 tripod 

 lead(II) + charcoal 
 oxide 
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Questions: 
 
 
 
 
 
 
2.  Why is it necessary to immerse the hot mixture in water? 
 
     …………………………………………………………………………………………………......................... 
 
3. What difference in the property of the lead and the carbon 

enables you to separate them when the reaction is complete?  
 
………………………………………………………………............................................................. 

 
 
      PbO              +      C                          ………...   +     ……… 

 
 
 
 
 
 

 
 
 

6. What is the name of the reducing agent in this process? ...……………...... 
 
7.  Explain why you test the electrical conductivity of the product. 
 
     ………………………………………………………………………………………………………………………… 
 

     ………………………………………………………………………………………………………………………… 
 
 

4. Complete the word equation and a balanced symbol equation for the                          
chemical reaction. 

 
       Lead(II) oxide  +  Carbon                        ……………  +    ……….....  ………...        
 

 

         PbO             +     C                                 .………....   +     ………..... 
           5.  In this metal extraction the oxygen is removed from the lead(II) oxide.  

               What name do we give to reactions where oxygen is removed?                      
…………                          
                               .................................................................................... 

 

           You may have seen evidence of a gas disturbing the surface of the 
 reaction  mixture 

            
           What is the name of this gas? ……………………………………..............................   

1. 
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You will need: 
      
           Pan 
          Gold ore 
    Large container half filled with water 

into which you can insert the pan. 
 
You will be shown how to separate the gold from the mixture of 
earthy gold bearing material. 

 
 

 
 
 
 
 
 
 
Upon what property of gold does this method of separation 
depend?   
  

                          ……………………………………………………………………………………….. 
 
 
 

 
 

Latin name Chemical 
Symbol 

Name of element 

Argentum   

Arum   

Cuprum   

Hydrargyrum   

Plumbum   

Stannum   

 
 

Activity 3– Panning for Gold 

Below are six metals known to the Romans. The metals have 
been given chemical symbols based on the Latin name. Can you 
identify these metal elements? 

water 

sand & gold mixture 

pan 
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Metal Extraction and the Metal reactivity Series 
 

Potassium 
Sodium  
Lithium 
Calcium    
Magnesium 
Aluminium 
 
CARBON 
 
Zinc 
Iron     
Tin    
Lead     
Copper    
 
Silver    
Gold   
 
 

        Gold and silver are found as the uncombined metal mixed with rock 
and so they are comparatively easy to separate from any ore that 
contains them. Artisans of the earliest civilisations used gold lavishly 
in decorating tombs and temples, and gold objects made more than 
5,500 years ago have been found in Egypt. Slag heaps in Asia Minor 
and on the islands of the Aegean Sea indicate that silver was being 
extracted as early as 3000 BC. 

 

[See Activity 3 Panning for Gold] 

 
Most other metals occur combined with other elements to form a 
compound, often called a mineral. This introduces an extra step in the 
extraction. The mineral still has to be separated from the rock and 
other impurities in the ore by physical methods, but it also has to be 
chemically changed so as to form the metal itself, free of the other 
elements with which it is combined in the compound. This extra step is 
relatively easy if the metal is unreactive. 

These metals are below carbon in the 
reactivity series and are extracted from their 
ores by heating with CARBON. 

 

These very unreactive metals exist naturally 
and are obtained by physical processes, e.g. 
Panning. 

 

These very reactive metals are 
extracted from their ores using  
electrolysis. 
 



page 22 

Metals that are above gold and silver and are relatively low in reactivity 
such as copper, lead and tin are easily displaced from their compounds 
using carbon in the form of charcoal. The ores are heated with charcoal 
at relatively low temperatures. 
  

[See Copper Activity 1 and Lead Activity 2] 

 
The beginning of the Bronze Age in Britain can be put at around 2000 
BC. Bronze is a combination of 10% tin and 90% copper. It was used to 
make weapons, armour and jewellery. 
 
More reactive metals such as iron and zinc may be extracted by 
displacement reactions using carbon but require higher temperatures. 
Iron can be smelted at temperatures above 1100 ºC and zinc requires a 
temperature in excess of 1500 ºC 
Metallurgical knowledge and iron objects spread from Asia Minor, 
reaching England around 700BC, hence the ‘Iron Age’. The new 
technology enabled the spread of cheap and durable metal tools and 
weapons – such as the hook, axe-head and spearheads. 
Metallic zinc was produced before the 13th century A.D. in India by 
heating Calamine, a mineral form of zinc oxide, with organic, carbon 
containing substances such as wool. 
 
The very reactive metals above carbon in the reactivity table were much 
more difficult to extract. These are extracted using electricity and 
most were discovered within the last 200 years. [sodium and potassium, 
1807; magnesium and calcium 1808; lithium 1817; aluminium 1825] 
 
The activity series is almost the reverse of the order in which metals 
have been discovered and used by mankind. 
 
Use the information above to put the symbols of the metals in the 
reactivity series onto a ‘Date of Discovery Timeline’ 
 
 
 
 

 
3500                                                                        2000 
  BC                                                                            AD                                               
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Activity 4:   BLACK POWDER 
 
The first recorded use of explosives in Britain was at Ecton 
mine in 1668, and the explosive used was ‘black powder’ or ‘gun 
powder’. 

Black powder consists of the granular ingredients sulphur (S), charcoal 
(provides carbon for the reaction) and saltpetre (saltpetre, potassium 

nitrate, KNO3; provides oxygen for the reaction). 

A simple, commonly cited, chemical equation for the 
combustion of black powder is:                 

2KNO3 + S + 3C →→→→  K2S + N2 + 3CO2 

A more accurate, but still simplified equation, is: 

10KNO3 + 3S + 8C →→→→  2K2CO3 + 3K2SO4 + 6CO2 + 5N2 

 

The first equation may be used to calculate the proportions 

by mass for the manufacture of 10g of black powder.   

 

You will be shown how to carry out this calculation. 

 

(Relative atomic masses: Carbon 12, Nitrogen 14,  

Oxygen 16, Sulphur 32, Potassium 39) 

………………………………………………………………………………………………..........................................
...........................................................................................................................................
...........................................................................................................................................
...........................................................................................................................................
...........................................................................................................................................
...........................................................................................................................................
...........................................................................................................................................
........................................................................................................................................... 

Compare your calculated quantities with those given on the 

next page. 
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Making Black Powder 

The optimum proportions for gunpowder are: 

74.64% saltpetre, 13.51% charcoal, and 11.85% sulphur (by weight). 

The current standard for black powder manufactured by 
pyrotechnicians today is 

75% potassium nitrate, 15% softwood charcoal and 10% sulphur. 

For the most powerful black powder "meal" a wood charcoal is 
used. The best wood for the purpose is buckthorn, but others 
such as balsa or willow can be used. The ingredients are mixed 
as thoroughly as possible. This is achieved using a ball mill with 
non-sparking grinding apparatus (lead), or similar device. 

Small quantities of black powder will not explode unless they are 
constricted in a container. Black powder burns rapidly and the 
explosive effect is caused by the rapid production and expansion 
of the gaseous products. Without containment the gases escape 
and with small quantities there is no detonation. 

 

 

 

 

 

 

 

 

small steel can 
filled with willow sticks 

heat 

Sticks of charcoal for drawing can be made by 
heating pieces of wood in a can. Gases given off 
during heating are burned. Many small scale methods 
can be found by asking a search engine e.g. Google, 
how to make charcoal. A small syrup tin with a hole 
in the lid, heated in a barbecue fire works well, but 
you need to cool the tin with the lid end buried in 
sand or soil to stop air getting in. Why? 

Notes on making charcoal 
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Procedure:      Eye protection must be worn 

      

• Weigh 7.5g of potassium nitrate and use a mortar and 
pestle to grind it to a fine powder. 

• Separately weigh out 1.5g of carbon, and 1.0g of 
sulphur. Use a mortar and pestle to convert the 
sulphur into a fine powder. 

• Gently mix the three components by repeatedly 
pouring from one piece of paper to another (or from 
one plastic bag to another).  

 

• Do not grind the mixture or use metal 

apparatus. 

 

• EITHER 

o Place your powder on a heatproof mat or 
equivalent (you could make a gunpowder trail to 
your heap of powder) and ignite at arm's length. 

• OR 

o Seal one end of a cardboard tube by squeezing 
the end together and fixing in place using sticky 
tape (tube dimensions – approximately 5 cm in 
length and 1-2 cm diameter). Pour the black 
powder into the tube and insert a 5 cm length of  
string fuse and ignite at arm's length. 

• Note the fumes – this explosive was used in much 
larger quantities in the mine! 
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Notes 

   

 Name 
 


