Environmental Education Activity

Rust in the North

Age/Grade Range
e Ages 16- 18+
e Grade 11

Group Size
e 3-4 students per group.

Time
e Preptime: 25 - 30 minutes.

e Activity: 20 minutes
o With 7 days to consistently
check-up on the materials.

Materials

e 4-6 clean iron nails (uncoated, no
galvanizing)

e Steel wool or sandpaper (to remove any
existing coating)

Tap water

Salt (NaCl)

Qil (vegetable or mineral oil)
Vinegar (weak acid)

Gloves & safety goggles

NWT SCIENGE FOCUS

Topic
e A chemistry perspective on
rust and electrochemical cells
to see how it can impact
mining structures surrounding
the NWT and how it can pose
threat to the NWT

environment.

Objective / Learning Goals
e For students to be able to
visualize and observe the
rusting process first hand to
understand how the EO
process can bring great
benefit to our local water

bodies!

Small beakers or plastic cups (one for each test condition)

Boiling water (to remove dissolved oxygen in one control sample)
Masking tape & permanent marker for labelling

Optional: copper wire for a galvanic couple demonstration.



Set Up

Day 1 - Setup:

1.

3.
4.

Preparation of nails — Have students use sandpaper/steel wool to clean nails so
bare iron is exposed.
Label beakers with test conditions:

o A: Tap water only

o B: Saltwater (3% NaCl solution)

o C: Vinegar (weak acidic solution)

o D: Boiled water with a layer of oil on top (oxygen-free control)

o E (optional): Saltwater + nail wrapped with copper wire (galvanic couple)
Place one nail in each beaker, submerge in liquid as needed.
Record initial observations.

Days 2-7 - Observation:

Have students record changes daily — colour changes, flaking, speed of rust
formation.

Encourage them to note where on the nail rust forms first (anode area) and link it
to oxygen availability.

Curriculum Connections

Science 11: Chemistry: “How organic compounds differ in structure and
properties” as with this experiment we will be using similar materials and testing
different elements on these properties to see how they differ.

o Chemistry 11
Science 11: Chemistry: “Reducing negative impacts on the environment” will be
referenced with the discussion of electrochemical oxidation as it refers
specifically to the reduction of harmful substances in water bodies and how it can
effectively work.

o Chemistry 11

Delivery Tips

Engaging in conversation with the students asking what they already know about
rust and how it works, or if they have ever heard of electrochemical oxidation, etc.



https://curriculum.gov.bc.ca/curriculum/science/11/chemistry
https://curriculum.gov.bc.ca/curriculum/science/11/chemistry

Introduction to the Lesson

1. Present the slidedeck for students to grasp the basic understandings of today's
lesson plan.
- Rust & Electro-chemical
2. Handout the Lab sheets
- Student Lab Handout - Rust
3. Have the students prepare the lab stations, explaining the process as you go.

Lesson Hook

e “Have you ever seen a bike chain, a nail, or a car get that reddish-brown flaky
coating? Why do you think that happens?”

e “Imagine you left a steel tool outside in summer versus in winter near the ocean.
In which one do you think it would rust faster — and why?”

e Hold up a clean nail and a rusty nail — “If | told you this was actually an electrical
process, would you believe me?”

Lesson Activity

e Keep it simple but set the scene like an experiment they're “investigating” rather
than “watching.”

e “Today, we're going to set up our own rust-accelerating lab. Each group will
create different environmental conditions for iron nails — saltwater, fresh
water, vinegar, oxygen-free, and even one with a second metal. Over the next
week, you’ll observe which conditions make rust form fastest and which
slow it down. Then we’ll figure out why, using the electrochemical process
we’ve learned about. You're basically creating mini corrosion labs, just like
engineers test materials before building bridges, pipelines, or mine
equipment.”

Day 1:

e Intro & theory review (10 min) — Link redox, anode, cathode, electrolyte to
corrosion.
e Activity setup (15-20 min) — Get groups cleaning nails, labelling beakers,

preparing solutions.
- ECOLOGY NORTH
—



https://docs.google.com/presentation/d/1I0BxeH37OCxIRVX5TH5xAMCMgRMuSUf8s071XNyKHZc/edit?slide=id.p#slide=id.p
https://docs.google.com/document/d/1s2nE489-K_SsCVKQ6YXkNk6Td9RyQUUp2ih5k2uSIlM/edit?tab=t.0

Prediction discussion (5 min) — Groups share their guesses on which will rust
fastest.

Days 2-7:

Day 7:

Quick daily check-in (5 min) — Groups examine nails, record changes, maybe
photograph results.

Optional: project images on screen from a phone or class doc to compare
progress across conditions.

Results discussion & analysis (20 min) — Compare data, explain using
half-reactions, link to real-world issues.

Lesson Conclusion and Review

By the

1.
2.

3.

end of the lesson, students will be able to:

Describe rust formation as an electrochemical redox process.

Identify the roles of anode, cathode, electrolyte, and metallic pathway in
corrosion.

Predict and explain how different environmental conditions affect the rate of
rusting.

Questions:

1.
2.

3.

o

Which condition produced rust fastest? Why?

Which condition produced little or no rust? What does that tell us about the role
of oxygen and electrolytes?

How did the copper-wrapped nail compare to the plain saltwater nail? What does
this show about galvanic corrosion?

How do these observations connect to real-world examples (e.g., corrosion in
permafrost melt or marine environments)?

“What did our rust race teach us about how electrochemical reactions work?”
“If you were building in the NWT, what conditions would you worry about most for
corrosion?”

“How could EO or design changes prevent the type of rust we saw?”

Safety Notes




Wear gloves and goggles when handling vinegar and salt solutions.
Dispose of all solutions safely — no pouring into natural water sources.
Wash hands after the activity.

Homework

Students write a short report or create a diagram of the electrochemical process

for one test condition.
Include oxidation and reduction half-reactions for their chosen sample.
Relate findings to infrastructure corrosion in their community.
Use the Lab Handout for the students to record their observations.
o Student Lab Handout - Rust

Additional Resources

Corrosion | Reactions | Chemistry | FuseSchool
Structural Effects of Corrosion.

Permafrost - A Homeowner's Guide to in the Northwest Territories
o Page 19
o Keyword: “rust”
A look at the contamination and cleanup of N.W.T.'s Giant Mine
Fab Times | A Vile, Silent Terminator: Rust. How Rust Weakens Met.

Electrochemical reaction | Definition, Process, Types, Examples, & Facts |
Britannica

What Is Rust And How To Prevent It - MetalTek.

Corrosion as an Electrochemical Process.

8.4: Electrochemical Corrosion - Chemistry LibreTexts.
Corrosion : Electrochemical Cell or Corrosion Cell (Chapter 3) (Animation)



https://docs.google.com/document/d/1s2nE489-K_SsCVKQ6YXkNk6Td9RyQUUp2ih5k2uSIlM/edit?tab=t.0
https://www.youtube.com/watch?v=TKMgUCq3npg
https://fprimec.com/structural-effects-corrosion/#:~:text=Corrosion%20can%20reduce%20the%20effective,flexural%20yielding%20of%20steel%20reinforcement
https://www.gov.nt.ca/sites/ecc/files/permafrost-homeowners-guide.pdf
https://kitchener.citynews.ca/2022/09/28/a-look-at-the-contamination-and-cleanup-of-nwts-giant-mine-5881006/
https://www.schuettemetals.com/blog/silent-terminator-rust-weakens-within#:~:text=pervasive%20threat%20effectively.-,Structural%20Integrity,where%20structural%20stability%20is%20paramount
https://www.britannica.com/science/electrochemical-reaction
https://www.britannica.com/science/electrochemical-reaction
https://www.metaltek.com/blog/what-is-rust-and-how-to-prevent-it/#:~:text=Rust%20vs.,-Other%20Metals&text=Metals%20that%20aren't%20prone,mild%20steel%2C%20and%20wrought%20iron
http://hyperphysics.phy-astr.gsu.edu/hbase/Chemical/corrosion.html#:~:text=Corrosion%20as%20an%20Electrochemical%20Process,offer%20some%20protection%20against%20corrosion
https://chem.libretexts.org/Courses/Georgian_College/Chemistry_-_Academic_and_Career_Preparation/08%3A_Electrochemistry/8.04%3A_Electrochemical_Corrosion#:~:text=A%20very%20common%20cause%20of,which%20precipitate%20as%20greenish%20stains
https://youtu.be/KdYWfaUS4uA?feature=shared

Here's a more detailed breakdown:

Loss of Material and Strength:

Rusting involves the conversion of iron to iron oxide, which is a weaker material than
the original metal. This loss of material reduces the cross-sectional area of structural
members, directly impacting their ability to withstand loads. @

Reduced Load-Bearing Capacity:

As the metal corrodes, it becomes less capable of supporting the intended weight and
stress. This can lead to premature failure of the structure, especially under heavy loads
or stress concentrations. ¢

Cracking and Spalling:

Rust occupies a larger volume than the original iron, causing expansion and pressure
within the structure. This internal pressure can lead to cracking of the surrounding
concrete or other materials, further compromising the structure's integrity and
accelerating the corrosion process. @

Weakened Bond in Reinforced Concrete:

In reinforced concrete, rust can weaken the bond between the steel rebar and the
surrounding concrete. This compromised bond reduces the overall structural strength
and can lead to delamination and further cracking. ¢

Fatigue and Reduced Ductility:

Rust can create stress concentrations on the metal surface, making it more susceptible
to fatigue cracking under repeated loading. Furthermore, corrosion can reduce the
ductility of the metal, meaning it becomes less capable of withstanding deformation
before fracturing. @

Increased Risk of Failure:

The combined effects of material loss, reduced strength, cracking, and weakened bond
can lead to a higher risk of structural failure, especially in critical components like
beams, columns, and connections. ¢




	Safety Notes 

