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Problem: 

I had been talking with my uncle about my science experiment and how I had previously come up 

with the idea of conducting an experiment on rusting, but if I were to use this idea I needed to build 

on it and make it more complicated. Rusting is a form of corrosion. I had considered possibly doing 

an experiment on the corrosion of metal. My uncle told me that in his work as an electrician he 

experiences a problem with electrolysis when passing electric currents underground. He told me 

that I could possibly do an experiment on this. I didn't have any idea of what electrolysis is, so I 

conducted some research on it. Google defines electrolysis as “chemical decomposition produced 

by passing an electric current through a liquid or solution containing ions”. I decided to conduct an 

experiment on the effect electrolysis has on copper when it is in sand and soil underground. After 

handing in my draft report, it was suggested to me that I should also include some other metals in 

my experiment, so I decided to include zinc and steel as well as copper, these metals are all easy to 

access so I went ahead with investigating the effect electrolysis has on these metals. 

Logbook (blog): http://lowl01-srp-2014.blogspot.com.au/  

Aim:  

To measure the effect of electrolysis on copper, zinc and steel underground. 

Hypothesis:  

Electrolysis will cause the copper, zinc and steel to corrode and therefore decrease in weight. 

Variables: 

The independent variable in the experiment is the different types of metals being tested. The 

copper tubing, steel nails and zinc nails are the metals being used in the experiment. 

The dependent variable is the changing weight of the copper tubing, steel nails and zinc nails, that 

is measured once a day for seven days.  

The controlled variables in the experiment are the amount of current that flows through the 

http://lowl01-srp-2014.blogspot.com.au/
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electrical circuit, the amount of soil and sand that is put in each of the containers, the type of soil 

and sand will be the same for each trial, the amount of water that is added to the sand and soil, the 

time the weight of the metals is recorded each day and each of the steel nails are the same size, 

each zinc nail is the same size and each piece of copper is the same size.  

The Control in my experiment is the metals that are being put into the containers without the 

electrical current flowing through them. These containers will be set up the exact same way as the 

other containers, but they will not have the current flowing through them.  

Research: 

Electrolysis is defined as “chemical decomposition produced by passing an electric current through 

a liquid or solution containing ions” (www.oxforddictionaries.com). Electrolysis is a process that can 

occur underground and can contribute to the corrosion of metals. This occurs when stray DC 

electricity travels through the ground, across the metal and back through the ground before 

returning to the source it came from, this contributes to the corrosion of underground metals. 

The deterioration of metals is known as the corrosion of metals. In general, many metals corrode 

after coming into contact with water, bases, acids, salts, oils and gases such as ammonia gas. 

There are multiple factors that can influence and contribute to the underground corrosion of 

metals. The characteristics of the soil play an important role in the underground corrosion of 

metals.  

- High moisture content in the ground: this can be as a result of the soil having poor drainage 

or it can be due to the increased amount of rainfall in the area.  

- Elevated sulfate and chloride concentrations in the ground. 

- Lack of oxygen in the ground due to poor aeration. 

- Fertilisers and other inorganic materials that have been put in the ground. 

http://www.oxforddictionaries.com/
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- The presence of hydrogen removing bacteria. 

The two main factors that influence electrolysis are the moisture content in the ground, as well as 

elevated sulfate and chloride concentrations in the ground. The salts and water in the ground help 

conduct the electrical current through the soil therefore contributing to electrolytic processes. 

The corrosion of copper underground is definitely a problem occurring in the world. This problem 

especially affects those who work in the plumbing industry. Copper pipes are being used 

underground to transport substances from one location to another. As the copper pipes deteriorate 

and corrode, they need to be replaced which is time consuming, costly and it is also a difficult 

procedure to complete. 

Different regions underground are made up of different materials such as soil and sand. The 

composition of each of these materials is different and therefore I they would have different effects 

on the underground corrosion of metals. Sand particles are larger than other materials found in the 

ground. This means that they would be able to hold and absorb less water than other materials 

such as soil. It also means that the water that has been contained in the sand would drain out 

easily. In addition, it is difficult for sand to store nutrients and minerals. Most soils have a larger 

particle size than sand therefore, they would be able to store more water and hold more nutrients. 

These factors would impact underground corrosion and further contribute to underground 

electrolysis. 

When metals corrode, chemical reactions occur. Oxidation is a reaction that involves substance 

reacted with oxygen to form an oxide. Oxidation reactions often occur when metals are corroding. 

It is possible that in my experiment copper oxide, iron oxide and zinc oxide could form. Oxides can 
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form a protective layer around the metal to stop it from corroding further. An oxide can also do the 

opposite and encourage further corrosion of the metal to occur. 

Equipment:   

- 6x 500mL (10cm x 9.5cm x9cm) Clear Plastic Containers with Lids  (with plastic divide 

running through the middle of the container) 

- 1x 12 Volt DC Power Supply 

- 4x 30cm Insulated Copper Wire 

- 2x 9cm Pieces of Copper Tubing 

- 1500cm3 of Sand 

- 1500cm3 of Soil (Potting Mix) 

- 1x Powder Scales (measure to 1/10 of a grain – 1 grain equals approximately 64.8mg) 

- 1x Electric Drill 

- 1x 5mm Drill Bit 

- 1x 3mm Drill Bit 

- 2x 7cm Zinc Nails 

- 2x 7cm Steel Nails 

- 6x 7cm Brass Nails 

- 6x Winged Nuts 

- 6x Washers 

- 300mL of Tap Water 

- 1x Measuring cup (50 mL) 

- 1x Black Permanent Marker 

- 1x Pair of Safety Glasses 
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- 1x 30cm Ruler 

- 1x Camera 

Risk Assessment: 

Safety Hazard Risk Method of Control 

Using an electric 

current. 

You could get electrocuted. Using a low voltage power supply (12 volts). Ensuring that 

the power point it turned off, and the cord is unplugged 

which ensures that the electric current is no longer 

running through the circuit, before making physical 

contact with the experiment. By controlling these factors, 

the likelihood of getting an electric shock is extremely 

minimal. 

Using an electric 

drill to cut holes 

in the plastic 

containers. 

An injury as a result of the 

drill bit slipping on the plastic 

and penetrating into the 

hand/body. 

Dust and debris could also 

enter the eyes. 

By using the drill with extreme care and by concentrating 

on what you are doing. Also ensure that your hands are 

away from where the drill goes into the plastic container. 

Ensure you are wearing safety glasses so that no dust or 

debris can enter into the eyes. 

Sharp bits of the 

metal. 

Metal poking into you or 

cutting your skin. 

By handling the metals with care and by ensuring that you 

hold the metal where there are no sharp or pointy edges. 
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Electrical 

Cords/Wires 

You or someone else could 

trip over and on a low lying 

electrical cord, or an 

electrical cord or wire 

running along the middle of 

the floor and possibly be 

injured. 

By making sure that all electrical cords and wires are in an 

area without much traffic and somewhere where they will 

not be tripped over. Cords gain be placed against the wall 

rather than in the middle floor so they can’t be tripped 

over upon. 

The location of 

the experiment. 

If the experiment is set up on 

the floor or in a busy area or 

an area that is difficult to 

access the experiment can be 

bumped into or fall on top of 

someone which can result in 

several injuries. 

By ensuring the experiment is not conducted on the floor 

where it can be easily tripped over. The experiment should 

be conducted in an area that is not too busy or difficult to 

access. It should be conducted on a stable table or 

platform where it can’t be knocked over or tripped on. 

Also, care should be taken when around the experiment 

and you should ensure that you are paying attention to 

your surroundings to make sure that the experiment is not 

knocked over and so that you don’t injure yourself on it. 

Using water in 

the experiment 

Water could be spilt and 

someone could slip over on 

it. 

The water could also come 

into contact with the 

electrical circuit which can 

cause electrocution. 

Ensure that you are being careful when adding the water 

to the experiment and concentrate on what you are doing 

to avoid spilling the water. Also ensure that any water 

spillages are cleaned up immediately. 

Keep all water well away from the experiment and the 

electrical supply. 
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Method: 

1. Using the permanent marker, label one side of one container running perpendicular to the 

centre divide as the front side. 

2. Using the permanent marker and the same container, label the side to left of the front side 

as the left side of the container. 

3. Using the permanent marker and the same container, label the side right to the front side as 

the right side of the container. 

4. Repeat steps 1-3 for all six containers. 

5. Place the lids of the clear plastic containers onto the containers. 

6. Using the lid of one container, find the midpoint of the lid, use a 5cm drill bit to drill a hole 

2cm to the left of the midpoint , in the lid. 

7. Using the same container, use a 5cm drill bit to a drill a hole 2cm to the right of the 

midpoint, in the lid. 

8. Repeat steps 6-7 for all of the containers 

9. Using the permanent marker, label two of the clear plastic containers as copper, two of the 

containers as steel and the other two containers as zinc. 

10. Remove the lids from each of the containers. 

11. Place a washer above each of the holes made in the lids of each container. 

12. Place a brass nail into each of the holes drilled in the lids of each container. Screw the nail in 

by placing it into the hole through the top of the lid and pushing and twisting it further into 

the hole until only the head of the nail is visible above the washer. 

13. On the underside of each lid, screw a winged nut onto the bottom of the brass nail, continue 

twisting the nut until it has reached the lid and can’t be twisted any further. 
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14. On the left face of the two containers labelled copper, find the halfway point (4cm from the 

edge) and use the 3mm drill bit to drill a hole 3mm in diameter, 1cm from the base of the 

container. 

15. On the left face of the two containers labelled steel, find the halfway point (4cm from the 

edge) and use the 5mm drill bit to drill a hole 5mm in diameter, 1cm from the base of the 

container. 

16. On the left face of the two containers labelled zinc, find the halfway point (4cm from the 

edge) and use the 5mm drill bit to drill a hole 5mm in diameter, 1cm from the base of the 

container. 

17. Fill the left side of the centre divide in each of the containers with 250cm3 of sand. 

18. Fill the right side of the centre divide in each of the containers with 250cm3 of soil. 

19. Add 25mL of water to the sand in the left side of the divide in each container. 

20. Add 25mL of water to the soil in the right side of the divide in each container. 

21. Put the lids back onto each of the containers. 

22. Label one of the containers labelled copper as the copper control using the permanent 

marker. This container will be the control and will not have an electric current run through 

it. 

23. Label one of the containers labelled steel as the steel control using the permanent marker. 

This container will be the control and will not have an electric current run through it. 

24. Label one of the containers labelled zinc as the zinc control using the permanent marker. 

This container will be the control and will not have an electric current run through it. 

25. Place the three containers that are being used as the control together on a table or sturdy 

platform. 
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26. Place the other three containers and the power supply in the same location as the control 

containers, but keep them separate from each other. 

27. Use one of the insulated copper wires to connect the power supply to the brass nail on the 

left side of the steel container that is not the control.  

28. Use one of the insulated copper wires to connect the brass nail on the right side of the steel 

container to the brass nail on the left side of the copper container that is not the control. 

29. Use one of the insulated copper wires to connect the brass nail on the right side of the 

copper container to the left side of the zinc container that is not the control. 

30. Use one of the insulated copper wires to connect the brass nail on the right side of the zinc 

container to the power supply. 

31. Place a 90° bend in both pieces of the 9cm copper tubing, 1cm from the end of the piece of 

metal. 

32. Use the powder scales to record the starting weight of both of the pieces of copper, steel 

and zinc, record the results. 

33. Push one of the pieces of copper into the hole on the bottom left side of the container 

labelled copper control and push the other piece of copper into the hole on the bottom left 

side of the container labelled copper that is in the circuit. Ensure you leave the 1cm before 

the bend in the copper outside the container so you are able to remove the tubing from the 

container and weigh it when necessary. 

34. Push one of the steel nails into the hole of the bottom left side of the container labelled 

steel control and push the other steel nail into the hole in the bottom left side of the 

container labelled steel that is in the circuit, leaving the head of the nail on the outside of 

the container. 
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35. Push one of the zinc nails into the hole of the bottom left side of the container labelled zinc 

control and push the other zinc nail into the hole in the bottom left side of the container 

labelled zinc that is in the circuit, leaving the head of the nail on the outside of the 

container. 

36. Plug the power supply in and switch it on, ensuring that it is set to 12 volts. 

37. At the same time the next day, take each of the metals out of the container and through the 

hole that is drilled, ensuring that when removing metals from the electrical circuit, the 

power supply is turned off and is unplugged.  

38. Use the powder scales to measure the weight of each of the metals from the control and 

electrical circuit after one day and record the results. 

39. Push the metals back into the holes in the containers, ensuring that you put the right metal 

into the right container. 

40. Plug the power supply in and switch it on. 

41. Repeat steps 37 – 40, each day for the next 6 days and repeat steps 37 - 38 on day 7 of the 

experiment. 

42. Conduct six trials of the experiment and conduct two controls in order to ensure the results 

are reliable.  
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Results: 

 

 

 

Change in Weight of Copper Over Seven Days  

Trial Starting 
Weight (gr) 

Day 1  
(gr) 

Day 2 
(gr) 

Day 3 
(gr) 

Day 4 
(gr) 

Day 5 
(gr) 

Day 6 
(gr) 

Day 7 
(gr) 

Weight 
Difference 

(gr) 

Trial 1 26.7 26.7 26.7 26.6 26.5 26.1 25.4 25.1 1.6 

Trial 2 26.7 26.7 26.6 26.6 26.5 26.5 26.1 25.8 0.9 

Trial 3 26.6 26.6 26.5 26.4 26.3 25.9 25.6 25.3 1.3 

Trial 4 26.7 26.7 26.7 26.6 26.4 26.1 25.7 25.3 1.4 

Trial 5 26.6 26.6 26.6 26.4 26.3 25.9 25.6 25.1 1.5 

Trial 6 26.7 26.7 26.7 26.6 26.5 26.1 25.6 25.2 1.5 

Control 1 26.7 26.7 26.7 26.7 26.7 26.7 26.7 26.7 0 

Control 2 26.6 26.6 26.6 26.6 26.6 26.6 26.6 26.6 0 

Average of Trials 
(2 d.p) 

26.67 26.67 26.63 26.53 26.42 26.15 25.67 25.3 1.37 

Average of 
Controls (2 d.p) 

26.65 26.65 26.65 26.65 26.65 26.65 26.65 26.65 0 
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Trial Starting 
Weight 

(gr) 

Day 1 
(gr) 

Day 2 
(gr) 

Day 3 
(gr) 

Day 4 
(gr) 

Day 5 
(gr) 

Day 6 
(gr) 

Day 7 
(gr) 

Weight 
Difference 

Trial 1 127.8 126 124.6 123.8 123.1 122.6 121.8 121.2 6.6 

Trial 2 127.8 125.8 124.3 123.1 122.5 121.9 121.4 121 6.8 

Trial 3 127.8 126.1 124.4 123.2 122.3 121.8 121.3 120.9 6.9 

Trial 4 127.8 125.9 124.5 123.5 122.7 122 121.4 121 6.8 

Trial 5 127.8 126 124.5 123.2 122.5 121.8 121.4 121.1 6.7 

Trial 6 127.8 125.9 124.6 123.3 122.4 121.9 121.4 121 6.8 

Control 1 127.8 127.8 127.8 127.8 127.7 127.7 127.6 127.6 0.2 

Control 2 127.8 127.8 127.8 127.8 127.8 127.8 127.7 127.7 0.1 

Average of 
Trials (2 d.p) 

127.8 125.95 124.48 123.35 122.58 122 121.45 121.03 6.77 

Average of 
Controls (2 

d.p) 

127.8 127.8 127.8 127.8 127.75 127.75 127.65 127.65 0.15 
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Trial Starting 
Weight 

(gr) 

Day 1 
(gr) 

Day 2 
(gr) 

Day 3 
(gr) 

Day 4 
(gr) 

Day 5 
(gr) 

Day 6 
(gr) 

Day 7 
(gr) 

Weight 
Difference 

(gr) 

Trial 1 127.8 127.6 127.4 127.2 127 126.8 126.6 126.4 1.4 

Trial 2 127.8 127.6 127.4 127.2 127 126.8 126.7 126.6 1.2 

Trial 3 127.8 127.6 127.4 127.2 127 126.9 126.8 126.7 1.1 

Trial 4 127.8 127.7 127.5 127.3 127.1 126.9 126.7 126.5 1.3 

Trial 5 127.8 127.7 127.5 127.3 127.1 126.9 126.7 126.6 1.2 

Trial 6 127.8 127.6 127.4 127.2 127 126.8 126.7 126.6 1.2 

Control 1 127.8 127.8 127.8 127.8 127.8 127.8 127.8 127.8 0 

Control 2 127.8 127.8 127.8 127.8 127.8 127.8 127.8 127.8 0 

Average of Trials 
(2 d.p) 

127.8 127.63 127.43 127.23 127.03 126.85 126.7 126.57 1.23 

Average of 
Controls (2 d.p) 

127.8 127.8 127.8 127.8 127.8 127.8 127.8 127.8 0 
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Discussion 

Electrolysis is a scientific principle that is tested in this experiment. Electrolysis is defined as 

“chemical decomposition produced by passing an electric current through a liquid or solution 

containing ions” (www.oxforddictionaries.com).  

Electrolysis can affect metals underground. Stray DC current can make its way into the ground from 

a source such as a power station. When the current reaches metal underground such as a copper 

pipe, the current travels through the metal and makes its way back to the source it came from. In 

my experiment I investigated what happens to metals underground when an electric current is 

passing through it. 

Electrolysis contributes to the deterioration of metals underground. The deterioration of metals is 

known as corrosion.   

I conducted my experiment on investigating the effect electrolysis had on underground metals. The 

results obtained in the experiment demonstrate that electrolysis causes metals to corrode and 

deteriorate underground and decrease in weight. All the metals were corroding and decreasing in 

weight when the stray DC current was passing through them. The appearance of the metals in the 

control did change slightly, although the weight of these metals barely changed. This proves that 

the electrolysis effect was what caused the corrosion of the metal and the decrease of the mass of 

the metal. 

The various trials conducted in the experiment for each metal are very similar, meaning that the 

results are accurate and reliable. This can be seen when looking at the trial graph and control graph 

for the copper, steel and zinc. The lines in each graph appear to be following the same trends as 

http://www.oxforddictionaries.com/


Underground Electrolytic Processes  Lauren Lowe SRP

 

each other and are following a similar pattern of when the weight of the metal changes and by how 

much it changes across the seven days. 

Each of the six trials conducted using the copper tubing follow a similar trend that is clearly visible 

in the Copper Trials Graph. For the first few days of the experiment, there was little change in the 

weight of the copper, meaning that it didn’t corrode or deteriorate much in the beginning of the 

experiment. The most dramatic change in weight was from approximately day four onwards. This 

indicates that after the electric current had been constantly passing through the copper for a few 

days and after the copper began to corrode slightly it became ‘easier’ for the metal to deteriorate 

from that point onwards. There is also consistency in the controls for the copper. Both controls 

recorded no weight change, meaning that without the electric current passing through it, the 

copper couldn’t deteriorate within 7 days of the experiment. 

As seen in the results for the copper, the results in the steel were also consistent, also making them 

accurate and reliable. The Steel Trials Graph shows that each of the trials conducted using the steel 

followed the same trends and patterns. In the first few days of the experiment, the steel decreased 

in mass at a rapid rate in each of the trials. This indicates that the steel easily deteriorated when an 

electric current was passing through it and it was greatly affected in the first few days by the 

current. In the first couples of days the steel reacted with oxygen to form iron oxide which is 

commonly known as rust. As the amount of iron oxide increased on the nail due to the electric 

current passing through it, it effectively became a protective layer on the steel which stopped 

further rapid corrosion. This explains why the steel’s mass decreased dramatically at the start of the 

experiment, but was not as rapid in the last few days of the experiment.  The controls for the 

shared a similar trend as they only decreased by 0.1 and 0.2 grains, indicating that the steel was 
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greatly affected by electrolysis. The average mass the steel lost was 6.77 grains, making it the metal 

that was most affected by the electrolysis. 

The six trials using zinc nails produced consistent and reliable results. All six trials followed a similar 

pattern and trend as seen in the Zinc Trials Graph. The graph is the most linear out of all three 

metals. Each trial shows the zinc decreasing in weight by a similar amount each day across the 

seven days. The zinc was the metal least affected by the electric current, although it still corroded 

and lost weight. The zinc’s mass did not decrease rapidly at the start of the experiment like the 

steel or at the end of the experiment like the copper. The zinc was gradually decreasing in weight 

across all days of the experiment. The control for the zinc was also consistent as neither control 

recorded a change in weight. This proves that electrolysis was the cause of the corrosion of the 

metal and the decrease in weight. 

In the results, it was clearly evident that copper, zinc and steel were all deteriorating and corroding. 

The effect of electrolysis caused the metals to corrode at a rapid pace when compared to the 

control that did not have the electrolysis occurring it in. Oxidation reactions took place when the 

metals were corroding. Oxidation is the interaction of elements with oxygen molecules. Atoms of 

iron are present in the steel nail, so therefore when the iron atoms react with oxygen, iron oxide is 

formed on the nail as seen in the chemical formula below. 

4Fe + 3O2     2Fe2O3 

Rust is the common name for iron oxide, it is a red/brown colour that forms on the outside of the 

nail when corrosion is taking place. Oxidation reactions also took place on the copper and the zinc. 

Copper oxide is that substance that formed when the copper was reacting with the oxygen, as seen 

in the chemical equation below. 
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2Cu + O2
    2CuO 

The oxidation reaction that took place with the zinc involved zinc atoms acting with oxygen atoms 

to form copper oxide, as can be seen in the equation below. 

2Zn + O2
   
 2ZnO 

With an electric current running through the metals, the oxidation reactions were sped up and 

occurred in the seven days of the experiment. Without the electric current running through the 

metals, oxidation processes would have taken a lot longer. 

There were a few problems encountered when conducting this experiment. One problem was that 

the steel and zinc nails were too heavy to use on the scales I had originally planned to use. The only 

other scales I had access to at home were a set of kitchen scales that were not very accurate and 

only measured to one gram. This meant that I wouldn’t have been able to record the small changes 

in weight. This problem was overcome as I was able to borrow a set of scales that measure to one 

tenth of a grain and is able to record the weight of the copper, zinc and steel. 

Another problem I encountered was having to the measure and record the weight of all of the 

metals at the same time, for seven days straight. On a couple of occasions throughout the six trials, 

I was unable to record the weight of the metals at the exact time I had recorded their weight on 

previous days. On some days I was also unable to take photographs of the metals as I was busy. This 

problem could have been overcome by ensuring that I began the experiment in a week that I wasn’t 

extremely busy. I could also ensure that the time I begin my experiment and the time I need to 

record the weight of the metals is suitable so that I won’t need to do other things at that exact 

time.  
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The hypothesis of my experiment was that electrolysis will cause the metals to corrode and 

therefore decrease in weight. The results of the experiment prove that the hypothesis was correct. 

The change in appearance clearly shows that the metals have corroded, the weight of the metals all 

decreased due to the corrosion of the metals, as a result of the electrolysis. The controls in the 

experiment clearly demonstrate that electrolysis caused the loss in weight because the metals in 

the control barely changed weight. 

Conclusion 

The results gathered after conducting the experiment positively indicate that metals underground 

are severely affected by electrolysis. Electrolysis caused each of the metals to corrode and lose 

mass significantly when compared to the controls. Electrolysis sped up the rate in which the metals 

would corrode underground without an electric current and it led to oxidation reactions occurring 

within the 7 days of the experiment. The steel was the metal most affected by the electrolysis. The 

average mass lost from the steel was 6.77 grains when the electrolysis was occurring, compared to 

an average of 0.15 grains lost in the control. Iron oxide had been produced on the steel nail 

because of the electrolysis. Oxides were also produced on the copper and the zinc. Electrolysis had 

a major impact in the corrosion of all of the metals in the experiment.  
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