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Using beads of a copper-containing mineral, students will produce beads of 

nearly pure copper, using a technique likely used in the earliest types of metal 

smelting. Decomposition and oxidation-reduction reactions are demonstrated. 

The copper product may be saved and used in Experiment 9, “Chemical 

Reactions of Copper”. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Copper was the first metal widely used by the ancients. Nobody knows exactly how 

the process of smelting copper was first discovered, and there are several theories 

about the (probably accidental) discovery of the process. (See 

http://www.uwgb.edu/dutchs/WestTech/xancient.htm for a few paragraphs on the 

various theories.) No matter how copper smelting was discovered, archaeologists 

have found early processing facilities, and have a pretty good idea of how early 

copper smelters worked. The chemistry of metal smelting is the same now as it was 

then, and details of the industrial process are not altogether different either. 

 

Let’s look at one example as an illustration, using copper carbonate minerals as examples 

of typical copper ores. All of the copper carbonate ores contain variations of the basic 
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Crucible with lid (method 1) 
Crucible tongs and wire gauze 

(method 1) 

Ring stand, iron ring and clay triangle 

(method 1) 
Lab scoop or spatula 

Bunsen burner Balance 

150 mm x 15 mm ID Pyrex test tube 

(method 2) 
3-finger clamp (method 2) 

Bent glass tubing with gas hose 

attached (method 2) 
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Malachite or other copper-containing mineral beads 

Powdered charcoal or activated carbon (method 1) 

Methane gas (method 2) 
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formula CuCO3, but generally also contain one or more OH groups, and are known as 

basic copper carbonates. 

 

The chemistry is as follows, using pure copper carbonate at first to simplify things. First 

copper carbonate is decomposed by heating (represented by the symbol ∆ in the 

equation), forming copper oxide and releasing carbon dioxide gas: 

 

 

)( CO  )( CuO  )(CuCO 23 gss  

 

Next the copper is reduced to its elemental form, again by heating, but in this step, air is 

excluded and excess carbon is included by adding charcoal or coke to produce copper 

metal and carbon dioxide: 

 

)( CO  )(2Cu   )( C  )( 2CuO 2 gsss  

 

In today’s experiment, we will produce copper metal from a copper-containing mineral, 

using the steps that early humans might have first used in producing copper metal from 

ore. The starting material is the green mineral malachite, which is a basic copper 

carbonate, Cu2CO3(OH)2. Another basic copper carbonate is the blue mineral azurite, 

with the formula Cu3(CO3)2(OH)2. Both malachite and azurite are beautiful when 

polished, so are used today in jewelry rather than as sources of copper ore. Find out more 

about this and other minerals at http://mineral.galleries.com/minerals/carbonat/class.htm. 

 

The procedure consists first of roasting, which decomposes the malachite, 

producing black copper(II) oxide, water and carbon dioxide. The copper(II) oxide 

is then reduced with carbon (charcoal) to give copper metal and carbon dioxide. 

The reduction step is important in metallurgy and many other chemical processes, 

and is what is known as a redox reaction, because it involves both the reduction 

of copper(II) oxide to copper metal Cu(0), and also the oxidation of carbon to 

carbon dioxide. Redox reactions involve the transfer of electrons from one 

chemical species to another—the species that loses electrons is said to be 

oxidized, and the one that gains electrons is reduced. Whenever we have a 

reduction, there must also be an oxidation, so in order to reduce the CuO to Cu 

metal, something must be oxidized at the same time, in this case carbon. 
Experiment 9, “Chemical Reactions of Copper”, covers redox and other types of 

reactions in more detail.  
 

The following photos show how the materials look at different stages in the 

process:  

   

Equation 1 

Equation 2 

http://mineral.galleries.com/minerals/carbonat/class.htm
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Malachite beads Copper(II) oxide Copper metal 

 

 

Example Calculations 

1. Assuming that malachite is pure Cu2CO3(OH)2, what is the theoretical yield of 

copper from malachite?  

Formula weight of malachite is 221.114 g/mol and atomic mass of copper is 63.546 

g/mol. 

 

57.5%or  
(OH)COCu g

Cu g 0.575
 

(OH)COCu g 221.114

(OH)COCu mol 1

(OH)COCu mol 1

Cu mol 2
 

Cu mol 1

Cu g 63.546

232232

232

232

 

 

 

2. An empty crucible weighed 11.186 g. With several beads of malachite added the 

weight of crucible plus malachite was 12.048 g. After roasting and reduction, the 

crucible plus the copper final product weighed 11.650 g. What was the yield of 

copper, and the yield  as a percent of theoretical yield? 

 

53.8% 
g) 11.186g (12.048

g) 11.186g (11.650
100

malachite of mass

copper of mass
100  Yield%  

 

 

 

al theoreticof 93.6% 
%5.57

%8.53
100

yield ltheoretica

yield actual
100 al) theoreticof (% Yield  

 

 

 

 

Preliminary note on methods 
Two methods of roasting and reduction are presented. The first employs 

a porcelain crucible and powdered charcoal or activated carbon as the 

reductant. This is the method detailed by Yee et al. (2004) and is more 

like the traditional methods of early smelters. The alternate method 

employs a Pyrex test tube and a methane atmosphere for the reduction 

step. Time for the reduction step is reduced from 90 minutes to around 

15 to 20 minutes. 

 

Method 1--Traditional 

1. Roasting: Weigh a clean porcelain crucible and record the mass 

[Data Sheet Q1] to the nearest milligram. Next, obtain about 1 g of 

malachite (from one to several beads) from the containers provided, 

place the beads in the crucible, weigh the crucible again and record 

the mass [Data Sheet Q2]. Determine the mass of beads by 

difference. [Online Report Sheet Q3]. 

 

Equation 3 

Equation 5 

Equation 4 

PROCEDURE 
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2. Place a lid on the crucible. Assemble a Bunsen burner and an iron ring and 

place a clay triangle on the ring (see photo). Place the crucible in the triangle 

and adjust the height of the ring so that the bright blue inner cone of the 

Bunsen burner flame touches the bottom of the crucible. Heat the crucible for 

15 minutes to transform the basic copper(II) carbonate to copper(II) oxide by 

driving off carbon dioxide and water. (Important note: Keep the crucible lid 

on the crucible, because sometimes the beads will break during heating and 

pop out of the crucible.). Everything gets very hot, so be careful! After the 

roasting, shut off the burner, move the crucible off the heat with tongs and 

allow the crucible to cool on a piece of wire gauze for about 10 minutes. 

Record the mass of the crucible plus the CuO product [Data Sheet Q4], and 

obtain the net product mass by difference [Online Report Sheet Q5]. Record 

any observations and the mass and calculate a percent yield for the roasting 

step [Online Report Sheet Q6]. 

 

3. Reduction: Next you will reduce the Cu(II) oxide to copper metal by heating 

it in the presence of a source of carbon, in this case powdered charcoal or 

activated carbon. Carefully remove the pieces of CuO from the crucible and 

place them on a watch glass. Add a little bit of powdered charcoal to the 

crucible and then carefully transfer the CuO back 

into the crucible. (Important note: It is important 

to have some carbon powder in the bottom of the 

crucible, otherwise the copper will partially melt 

and get stuck on the bottom.) Fill the crucible 

nearly to the top with more charcoal and tap the 

crucible on the bench to help settle the contents 

and ensure good contact between the CuO and 

carbon. Cover the crucible and heat it on the 

Bunsen burner for 90 minutes. Make sure the 

flame is quite hot and the crucible glows cherry 

red (see photo). Shut off the burner, remove the 

crucible with tongs and place on a piece of wire 

gauze to cool, keeping covered, for 10 to 15 

minutes. When cool, pour out the contents onto a 

paper towel and isolate the bits of copper metal. Look carefully for all the 

pieces, as the beads often break into several pieces during the roasting step. 

Use a paper towel or Kimwipe wipe off any carbon powder stuck to your 

product. Clean out the crucible thoroughly, place the copper metal back in the 

crucible, and weigh the crucible plus copper [Data Sheet Q7]. Find the mass 

of the copper product by difference and record this value [Online Report 

Sheet Q8]. Calculate a percent yield for the reduction step (CuO to Cu metal) 

[Online Report Sheet Q9] and for the overall reaction (from malachite, 

Cu2CO3(OH)2 to Cu metal) [Online Report Sheet Q10]. 

 

4. Important final steps: Confirm that you have copper metal as your final 

product by gently smashing the pieces with a hammer. If you plan to use your 

product in Experiment 9, “Chemical Reactions of Copper”, place the pieces of 

copper you just made into a small beaker and store them in your lab drawer 



5 

 

for use next week. If you do not plan to use the copper in another experiment, 

you may discard it in the trash. Wrap up the powdered carbon in a paper towel 

and discard in the trash. 

 

Method 2—Rapid alternate method 

1. Roasting: Weigh a clean Pyrex test tube (150 mm x 15 mm ID) and 

record the mass [Data Sheet Q1] to the nearest milligram. Next, 

obtain about 1 g of malachite (from one to several beads) from the 

containers provided, place the beads in the crucible, weigh the 

crucible again and record the mass [Data Sheet Q2]. Determine the 

mass of beads by difference. [Online Report Sheet Q3]. 

 

2. Set up the test tube in a 3-finger clamp on a ring stand or lab rack. Angle the 

clamp so that the mouth of the test tube is pointing away from your face. 

Assemble a Bunsen burner and adjust the height of the test tube so that the 

bright blue inner cone of the Bunsen burner flame touches the bottom of the 

test tube. Begin heating the test tube gently—play the flame over the test tube 

to warm it evenly and to avoid breakage from thermal shock. Then begin 

heating more strongly, but still slowly. Slow heating helps keep the beads 

intact, because the beads often break during rapid heating and pop out of the 

test tube. Once the beads are fairly hot, het the beads to red heat for about 5 

minutes to transform the basic copper(II) carbonate to copper(II) oxide by 

driving off carbon dioxide and water (you will see the water vapor come off 

the beads.). Important note: Everything gets very hot, so be careful! After 

the roasting, shut off the burner and allow the test tube to cool for a few 

minutes. Record the mass of the crucible plus the CuO product [Data Sheet 

Q4], and obtain the net product mass by difference [Online Report Sheet 

Q5]. Record any observations and the mass and calculate a percent yield for 

the roasting step [Online Report Sheet Q6]. 

 

3. Reduction: Next you will reduce the Cu(II) oxide to copper metal by heating 

it in a reducing atmosphere of methane gas. Obtain from your instructor a 

piece of bent glass tubing with rubber tubing attached, and hook it up to 

another gas jet. Relight your Bunsen burner, 

but don’t begin heating the test tube yet. Next 

VERY CAREFULLY open the gas jet on the 

bent glass tubing apparatus, and light the gas 

using the Bunsen burner flame. Once again, BE 

CAREFUL! It is very easy to get a large and 

hazardous flame if you turn the gas on too 

hard. Once you have a small but steady flame, 

stick the end of the tube down inside the test 

tube. Make sure the flame stays lit at the mouth 

of the test tube, relight if necessary and adjust 

the gas jet so that the flame at the mouth of the 

test tube is about 1-2” long (see photo at right). 

Begin heating the test tube again, again raising 

the heat slowly. Once the tube and its contents 
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are hot, increase the flame and heat at red heat for about 15 minutes. Don’t 

heat for much longer than this, or the copper may partially melt and stick to 

the test tube. After heating, turn off the gas jets, allow the apparatus to cool, 

and weigh the test tube plus copper [Data Sheet Q7].  

 

4. Important confirmation step—Before disassembling your lab apparatus, 

check to make sure you actually have produced copper. Empty the contents of 

the test tube onto a watch glass and visually inspect your product. Next press 

on the product with a spatula. If your product is a brick-red, crumbly solid, 

your reduction is incomplete, and you have Cu2O, Cu(I) oxide. If that is the 

case, return the product to the test tube and repeat step 3, heating for an 

additional 10 minutes. Once again, allow the apparatus to cool, and again 

weigh the test tube plus copper [Data Sheet Q7].  

 

5. Find the mass of the copper product by difference and record this value 

[Online Report Sheet Q8]. Calculate a percent yield for the reduction step 

(CuO to Cu metal) [Online Report Sheet Q9] and for the overall reaction 

(from malachite, Cu2CO3(OH)2 to Cu metal) [Online Report Sheet Q10]. 

 

 

 

Post-Lab Questions:  The questions for this lab can be found at 

http://www.Chem21Labs.com.  Do Not Wait Until The Last Minute!!!!  Computer 

Problems and Internet Unavailability Happen, But Deadlines Will Not Be 

Extended!!  On the Internet, complete any Post Lab Questions for Laboratory 9.  The 

computer program will check your answer to see if it is correct.  If there is an error, you 

will be given additional submissions (the number and penalty to be determined by your 

instructor) to correct your answer. 

 

Late Submission:  Late submission of the lab data / calculations is permitted with 

the following penalties:  - 10 points for submissions up to 1 day late, - 20 points for 

submissions up to 2 days late. 
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