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Welcome to EC-010 from Roberts Corrosion Services. I'm Mike Roberts. This is module

three of seven in the Electrochemistry and the Galvanic Series set, on the External

Corrosion track. The last module built the corrosion cell — the four-part machine with an

anode, a cathode, an electrolyte, and a metallic path. This module opens up the two ends of

that machine and shows you the chemistry actually running on those surfaces. Two

reactions. One destroys metal, and one makes the destruction possible. Over the next

twenty minutes or so — in the truck, on the mower-torn right-of-way, or at the kitchen table

— we're going to nail down the pair of reactions that every corrosion problem, and every

corrosion fix, comes back to.

Let me start you on a service call.

A right-of-way mower took out a test station — brush tractor caught the post and sheared it

off at the grade. Happens more than anybody likes. You're out there to set a new one. Now,

the old anode's lead wire lands in that station, so once the broken box is off, you follow the

lead down into the hole to see what's on the end of it. Nobody on the crew knows how old

this system is — you inherited it — so the call is to pull the anode and drop in a fresh one

while the ground's already open. A foot or so down, the lead runs into it. A magnesium

anode. It went into the ground years ago as a 17-lb bar — better than 2 ft of bright metal, a

few inches thick, packed in a cloth sack of special backfill that ran better than 40 lb going in

the hole. What you wrestle up out of the ground now is a gnawed, gray-white lump. Eaten

down on every face. A fraction of what it started as.

And here's the thing. A few feet over, the steel pipe that anode was wired to comes out of

the trench clean. Same soil. Same water. One piece of metal is most of the way gone, and

the other one is barely touched. That's not bad luck, and it's not a defect. That anode was

put there to disappear — so the pipe wouldn't have to. Somebody set that job up, on

purpose, so the magnesium would give up its metal and the steel would be spared.

The question this module answers is the one sitting underneath that hole. What does it

actually mean for a piece of metal to give up its metal? What's happening on the steel

RCS Training - Listen Transcript EC-010 - Oxidation and Reduction Reactions

1 / 7



surface at the very same moment? And why are those two events locked together so tightly

that you genuinely cannot have one without the other? The answer is a matched pair of

reactions — oxidation, and reduction. One is the metal leaving. The other is what makes

room for it to leave. Learn this pair cold, and the rest of the external corrosion track stops

being a list of facts and starts being one machine you can see.

First, two definitions. They carry the whole module, and they're simpler than they sound.

Oxidation is the loss of electrons. A metal atom lets go of electrons and leaves the surface

as a positively charged ion. That's the metal-loss side — the corrosion you can see and

measure.

Reduction is the gain of electrons. Something in the environment picks up the electrons the

metal let go of. No metal is lost on this side. This is the consuming side — the half that

keeps the whole thing running.

Now, there's a memory trick that has outlived generations of chemistry classes because it

flat-out works. OIL RIG. Oxidation Is Loss. Reduction Is Gain. Of electrons. If you remember

nothing else from the next twenty minutes, remember OIL RIG. It will keep the two straight

every single time, for the rest of your career.

Here's the trap in the word, though, and it catches good techs. Oxidation sounds like it has

to involve oxygen. It does not. The name is a historical accident — back when this

chemistry was first being worked out, the electron-losing reactions people noticed most

were metals combining with oxygen, and the name stuck. But the definition has nothing to

do with oxygen being present. Oxidation is the loss of electrons. Full stop.

Why does that matter on the job? Because steel corrodes just fine in places with no oxygen

at all. Waterlogged clay. The bottom of a flooded trench. A sealed crevice under disbonded

coating. In every one of those, iron is still losing electrons. The iron is still oxidizing. What

changes when the oxygen is gone isn't the metal-loss reaction — it's the other half, the

reduction, which simply switches to a different partner. The anode never cares what's

consuming its electrons. It only cares that something is.

Now the heart of the module, so we're going to land it hard. Oxidation and reduction are not

two separate events that happen to occur near each other. They are two halves of a single

process, welded together by the electrons that pass between them. Every electron set

loose by oxidation has to be picked up by a reduction somewhere. If nothing is there to take

the electrons, the metal can't keep giving them up — and the corrosion stalls.
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Think about what that means. The two reactions run at the same time, usually at different

spots on the metal, and at matched rates. Speed up the reaction that consumes electrons,

and the metal-loss reaction speeds up to feed it. Choke off the consuming reaction, and the

metal loss slows right down with it. Cut the electron supply entirely — and we'll see how —

and the metal stops dissolving. The two are chained together. That chain is the single most

useful idea you'll carry out of this module, because every method of controlling corrosion is

really a way of reaching in and breaking one end of it.

A word on how we write these reactions down, because you'll be reading them for the rest

of the track. Each one is only half the story, so we call each one a half-reaction. The

giveaway that you're looking at a half is the loose electron sitting in the equation. A reaction

with a free electron hanging off it can't stand alone in the real world — that electron has to

come from somewhere, or go somewhere. So two half-reactions add together — one that

releases electrons, one that consumes them — and the loose electrons cancel out, leaving

a balanced whole reaction with none left over. From here on, any time you see a little e⁻ in

an equation, read it as — this is one half of a pair, and its partner is close by.

And if this is starting to sound like the battery talk from the last module, good — it should.

Redox reactions — that's short for reduction-oxidation — are everywhere. They run in the

battery in your truck, and they run in a beaker in a lab. The only thing that makes corrosion

special is geography. Instead of the two halves being separated by design into a tidy

package, they're smeared across the same piece of pipe — inches or feet apart. Same

physics. The metal just happens to be both the battery and the thing being destroyed.

Alright. Let's look at each side of the pair, starting with the oxidation side — the anodic half.

It always does the same thing, no matter which metal it's working on. An atom at the

surface gives up electrons and floats off into the electrolyte as a positive ion. Metal to ion,

electrons left behind. Every anodic reaction you'll ever meet is that same move.

Four versions of it cover almost everything in pipeline and CP work. And here's the part I

like — three of the four are metals we bury on purpose, to corrode on purpose. Sacrificial

anodes, like the magnesium lump from the top of this module. Only one of the four is the

enemy.

The enemy one first. Iron gives iron two plus, plus two electrons. That's carbon steel pipe

dissolving. That's the reaction we spend our whole careers trying to stop.

Then the three friendly ones. Zinc gives zinc two plus, plus two electrons — the zinc anode.

Magnesium gives magnesium two plus, plus two electrons — the magnesium anode, the

workhorse for soil-installed galvanic protection, and the one you pulled out of that hole.
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And Al → Al³⁺ + 3e⁻ — the aluminum anode, which you'll mostly meet in seawater and some

specific designs.

Notice the counts. Iron, zinc, and magnesium each give up two electrons per atom.

Aluminum gives up three. That number is fixed by the metal — it isn't a choice — and it

matters later when we start tallying electrons. For now, the takeaway is the pattern. All four

reactions are the same move. Metal turns into a dissolved ion, and electrons stay behind in

the structure. That's oxidation, every time. And it is the only thing that physically removes

metal from your pipe.

Now the other half. The electrons the iron left behind travel through the steel to the

cathode, and there, they get consumed. And unlike the anode, the cathode is a bit of a

chameleon. Which reduction reaction runs depends entirely on what the environment hands

it. Three reactions cover nearly all of it — and honestly, the third one is a footnote.

The first one. In most buried and submerged work — soil and water that's near neutral with

some oxygen in it — the cathode runs oxygen reduction. Oxygen, plus two water, plus four

electrons, gives four hydroxide. Dissolved oxygen and water soak up the electrons and

make hydroxide ions. This is the everyday one, for most pipe, in most soils. It quietly

nudges the surface alkaline, and in a lot of ground it leaves a chalky scale on the protected

metal.

The second one. In acidic conditions, or where the oxygen is used up and can't get back in

— low-pH ground, a sealed pocket under disbonded coating — the cathode runs hydrogen

evolution instead. Two hydrogen ions, plus two electrons, gives hydrogen gas. Hydrogen

ions take the electrons and bubble off as gas.

And the third, the footnote. Metal-ion reduction — a dissolved ion just drops a charge.

Ferric iron drops a charge: Fe³⁺ + e⁻ → Fe²⁺. You'll meet that one far less often — certain

scaled-up or chemistry-heavy environments — but it rounds out the set.

The split to internalize is between the first two. Oxygen present and near-neutral — oxygen

reduction. Acidic or oxygen-dead — hydrogen evolution. And notice what's constant: the

anode is running the identical iron reaction in both cases. It's the cathode that tells you

what kind of ground you're standing in.

Now, one of these you can actually watch. Hydrogen evolution makes bubbles. A tech who

exposes bare steel in acidic groundwater and sees a fine fizz of tiny bubbles clinging to the

surface is watching the cathodic half-reaction happen in real time — live reduction, right

there in the bell hole. Oxygen reduction, by contrast, is invisible. It just raises the pH and
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leaves that chalky scale where conditions are right. Bubbles versus scale. Two signatures,

and reading them is reading the cathode straight off the dig.

Here's a piece that runs against intuition, and it's worth slowing down for. People assume

the aerated, well-drained soil is the friendly ground, and the wet airless muck is the

dangerous stuff. For the rate of metal loss, it's often the other way around — and oxygen is

the reason. Oxygen is a fast electron consumer. Where there's plenty of it, the cathodic

reaction runs hard, which means it pulls electrons away quickly, which means the anode

can keep dumping metal quickly to keep up. Remember — the two rates are chained. Take

the fast consumer away, and the whole cell bogs down. So oxygen almost never attacks

your pipe directly. What it does is keep the cathode hungry. And a hungry cathode keeps

the anode dissolving.

Let's do the bookkeeping now, because the books always balance. Electrons out of the

anode equal electrons into the cathode. Always. That sounds obvious, but it has a hard

consequence the moment the two half-reactions use different electron counts. Iron lets go

of two electrons per atom. Oxygen reduction swallows four per oxygen molecule. Two and

four don't match. So to make the electrons come out even, you need two iron atoms

dissolving for every one oxygen molecule reduced. The chemistry forces that ratio. Nobody

gets a vote.

Let's walk it once, slowly, because this is the worked example from the reading and it's

worth hearing out loud. Buried steel, moist aerated soil, near neutral. The anode runs iron

dissolution — Fe → Fe²⁺ + 2e⁻. The cathode runs oxygen reduction — O₂ + 2H₂O + 4e⁻ →

4OH⁻.

Step one. Count the electrons. The anode releases two. The cathode needs four. They

don't match yet.

Step two. Balance them. Run the iron reaction twice. 2Fe → 2Fe²⁺ + 4e⁻. Now four released,

four consumed. Even.

Step three. Add the halves together. 2Fe + O₂ + 2H₂O → 2Fe²⁺ + 4OH⁻. And the four

electrons? They cancel. Gone from the overall reaction — because they never left the

system. They were handed straight from the iron to the oxygen, through the steel.

And one more beat, because the field cares where this ends up. Those ferrous ions and

hydroxide ions find each other in the electrolyte and pair up into ferrous hydroxide — the

first solid corrosion product. The gunk that goes on to become rust. So when you see that

orange-brown crust on a dig, you're looking at the receipts from this exact arithmetic.
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The takeaway is the ratio. Two iron atoms lost per oxygen molecule reduced — fixed,

because electrons released must equal electrons consumed. Turning that electron count

into actual pounds of steel and amps of current is its own module, a little further up the

track. Here, we just plant the principle. The electrons balance. And that balance sets the

ratio of everything else.

Want proof the anode doesn't care what the cathode is doing? Put the exact same steel in

two different places, and watch only the cathode change.

Spot one — damp, aerated, near-neutral soil. The anode runs Fe → Fe²⁺ + 2e⁻. The cathode

runs oxygen reduction. What you'd see: no bubbling, a surface drifting alkaline, the familiar

rust crust building where the iron ions meet oxygen and water — and maybe that chalky

scale on the protected metal.

Spot two — an acidic, oxygen-starved pocket. Low pH, no air getting in. The anode runs —

the identical reaction. Iron gives iron two plus, plus two electrons. Nothing about it

changed. The cathode is what swapped — now it's hydrogen evolution, 2H⁺ + 2e⁻ → H₂.

What you'd see: that fine fizz of bubbles, and often clean, dark pits instead of heaped-up

rust — because in acidic ground the iron ions tend to stay dissolved and wash away rather

than pile up.

Same metal. Same metal-loss reaction. Different partner, different signature in the dirt.

When you can name which cathodic reaction is running from what you see in the hole,

you're reading the ground through the chemistry. That's the skill.

Now for the payoff — the reason this module is the gateway to the entire protection half of

your training.

We said the iron only keeps oxidizing because a reduction reaction nearby keeps taking its

electrons. So ask the obvious question. What if the electrons came from somewhere else?

That is the entire idea of cathodic protection. We supply electrons to the structure from an

outside source — from a sacrificial anode wired to it, like that magnesium bar, or from a

powered system pushing current through the ground. Once electrons are arriving from

outside, the iron has no reason to give up its own. The cathodic reaction still runs on the

pipe surface — fed by the outside electrons — but the iron-dissolution half goes quiet. The

metal stops leaving. We've turned the whole structure into a cathode. That's the move. Kill

the reason for the oxidation half, and the metal stays put.

Now look back at that service call with this in hand. The magnesium anode wasn't unlucky.

It was the outside source. It oxidized on purpose — Mg → Mg²⁺ + 2e⁻ — pumping its
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electrons through that lead wire into the steel, so the steel could sit there as a cathode and

keep its metal. 17 lb of magnesium, spent over the years, so the pipe didn't spend itself. The

anode disappeared so the pipe didn't have to. And every reading you'll ever take at a test

station comes down to one question — is this structure still getting enough electrons from

outside that its own iron stays put?

One more frame before we close, because techs ask the honest question — why does

corrosion want to happen at all? It helps to know the metal is fighting uphill the whole time

it's a pipe. Iron in nature is an ore — an oxide. We spend serious energy at the mill turning

that ore into clean steel. The metal wants to go back to its ore state, and corrosion is simply

that slide back downhill, acting itself out. Rust is just iron returning to what it was before we

refined it. We don't stop that wish. With cathodic protection, we just keep paying its

electron bill from the outside — so it never has to cash in your pipe.

Let's bring it home. Oxidation is loss of electrons — the metal leaving. Reduction is gain of

electrons — the environment consuming what the metal let go. OIL RIG keeps them straight.

Oxidation doesn't need oxygen — the name is history, not chemistry. The two halves

always pair, at matched rates — you cannot have one without the other, and blocking either

one stops both. Four anodic reactions to know cold — iron, the enemy, plus zinc,

magnesium, and aluminum, the friendly three we bury on purpose. Three cathodic

reactions — oxygen reduction in neutral aerated ground, hydrogen evolution where it's

acidic or oxygen-dead — that's the one that bubbles — and metal-ion reduction, the

footnote. Oxygen is the fast electron consumer that keeps the whole cell hungry. The

electrons always balance — two iron for every oxygen molecule — and that ratio is the seed

of every metal-loss calculation coming later. And cathodic protection is the inversion —

feed the structure electrons from outside, and its own iron never has to leave.

Looking ahead. EC-011 takes the question this module leaves on the table — when two

metals are wired together, which one goes anodic? — and answers it with the galvanic

series, the ranked list that tells you who corrodes and who's protected, and why

magnesium protects steel and not the other way around. EC-012 turns the electron

bookkeeping into pounds of metal and amps of current. EC-013 covers the reference

electrodes we measure cells with, and EC-014 closes the set with polarization — how these

reactions behave once the cell is under load. The certificate that closes this set covers all

seven modules, EC-008 through EC-014.

For now, head to the quiz at the end of this module — ten questions, 80% to pass. Then

EC-011 is next. Thanks for spending the time. This is Mike Roberts, for Roberts Corrosion

Services.
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