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TRACK - FOUNDATION TIER - MODULE 7 OF 7, ELECTROCHEMISTRY & THE GALVANIC SERIES

Welcome to EC-014 from Roberts Corrosion Services. I'm Mike Roberts. This is the seventh
module in the Electrochemistry and the Galvanic Series set — and it's the last one. However this
finds you — a hotel room the night before an early start, a breakroom, or waiting out a rain delay
with nothing else to do — today we finish the set with the thing every potential you've ever written
down has been quietly doing behind your back. Polarization.

Let me start where a new tech starts.

Your first annual survey is two days behind you, and it went fine. Twenty-some test stations along
a coated line. The rectifier is cycling on an interrupter — three seconds on, one second off — so
every station hands you a pair of numbers instead of one. On-potential, current flowing: -1.28 V.
Instant-off, in that one-second gap: —-0.98 V. Station after station, that pair holds. And when you
set your notebook next to four years of records from the tech who retired last spring, your
numbers sit right on top of his. Nothing to flag.

Then the phone rings. The project manager has a crew coming in to tie new piping in at the
compressor station where your rectifier sits, and they'd like the unit de-energized while the work
goes on. Common request. Easy yes. You drive out and shut it down.

Your meter's already on the seat, so you pull a reading at the test station just outside the fence
before you leave. -0.91 V.

Now — that is not the on-potential you wrote down two days ago, and it's not the instant-off
either. It's past the instant-off. 70 mV less negative than the number you recorded in that
interrupter gap, at this same station, forty-eight hours ago. You check your leads. You check your
cell. The number is real.

So you mention it to a tech with twenty years on you, and he doesn't sound the least bit surprised.
It's depolarizing, he says. Go read it again tomorrow.

So you do. Next day: —0.79 V. Two days after that: -0.68 V. Day five, with the construction crew
packing up: -0.63 V — and it has very nearly stopped moving.

Nothing broke. Nothing leaked. You just watched a number you thought was a property of that
pipe turn out to be a property of the current.
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Line those readings up and something splits cleanly in half.

The first 300 mV — the gap between -1.28 V and -0.98 V — disappeared inside a single one-
second window of the interrupter cycle. Gone before your meter finished settling. That amount
never had anything to do with the condition of the steel.

The other 350 mV — from -0.98 V all the way back to -0.63 V — took five days to bleed off. And it
didn't bleed off evenly. It came off fast at first and slower and slower after that. Roughly 35 mV an
hour over the first couple of hours. About 5.5 mV an hour through the rest of that first day. Then 2.
Then 1. It behaved like something draining out, not like something switching off.

Two different quantities were riding on that reading. One was electrical, and instant. One was
chemical, and slow. Telling those two apart is the entire job of this module — and it's the
difference between a number that describes your pipe and a number that describes your wiring.

So what is polarization, actually.

Put a piece of bare steel in soil and walk away. It settles at a potential of its own — somewhere
around -0.55 V to -0.65 V against copper sulfate for ordinary carbon steel, depending on the
ground. Nobody's doing anything to it. That's the metal at rest, and the trade calls it the native, or
free-corroding, potential. It's the number your station drifted back toward over those five days.

Now push current onto it. The potential moves.

That movement is polarization. It isn't a substance and it isn't a setting. It's a displacement — how
far you've shoved a metal's potential away from where it wanted to sit, by making current flow
across its surface.

Peabody's Control of Pipeline Corrosion defines it this way: the deviation, the change, in potential
of an electrode as a result of the passage of current. That sentence packs a great deal into very
few words, and it's a hard one to absorb before you've watched it happen. After five days of
watching a station drift from -0.98 V back to -0.63 V, it's just a careful way of saying what you
already saw. Current moved the number. When the current stopped, the number went home.

Two things follow from that, and both of them matter in the field.

Polarization costs current. The farther you want to move a structure's potential, the more current
you have to push into it.

And polarization takes time. The surface has to change chemically before the potential settles.
That's why your station needed five days to let go of it — and it's why a freshly energized system
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does not hit its final number that same afternoon. A rectifier isn't a dimmer switch on a light. It's
closer to a thermostat. You turn it up, and the room takes its time. And how long it takes depends
on what you're protecting. A large or poorly coated structure — a lot of bare steel asking for
current — can take days or even weeks to reach its final number. A small, well-coated one can
settle a lot faster. Give it time is a habit, not a fixed number of hours.

Now, there's a picture underneath all of this. It's in your written lesson and it's in the deck, and I'd
rather you look at it there than try to see it through your speakers. But here's the one thing about it
you need in your head right now, because everything practical hangs off it.

If you plotted how fast steel corrodes against the potential you hold it at, the scale along the
bottom wouldn't step by ones. It'd step by tens. Each notch is 10 times the current of the notch
before it.

That's the whole reason cathodic protection is practical work instead of a fantasy. If corrosion rate
fell off in proportion to potential — move it 10%, get 10% less corrosion — protecting a pipeline
would take current nobody could supply. It doesn't work that way. It falls off in factors of 10. Which
is why a few hundred millivolts and a modest rectifier can shut down a line that would otherwise
rust through.

Which brings us to a number you've already been handed, probably without the reason attached.

Somewhere in your first year somebody tells you that 100 mV of polarization shift demonstrates
protection. It gets quoted like a speed limit — handed down, obeyed, rarely explained. It is not
arbitrary.

For carbon steel in ordinary soil, that curve has a measured steepness. The potential has to move
roughly 100 mV for the corrosion rate to change by a factor of 10. That's not something you
calculate on a job. It's a property of steel, measured in laboratories, and it's stable enough that the
industry built a criterion on top of it.

So here's the one piece of arithmetic worth carrying out of this module. Take your shift in
millivolts. Divide by 100. That gives you decades — the number of factors of 10. Then 10 raised to
that power is how much you've cut the corrosion rate.

100 mV is one decade. One decade is a factor of 10. So the criterion isn't saying 100 mV is a safe
number. It's saying: move the steel 100 mV, and it's now losing about a tenth of what it was losing.
That's the practical line between a pipe that's actively corroding and a pipe that essentially isn't.

Let's run it on the station you just watched.
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Instant-off was -0.98 V. After five days off, it settled at —-0.63 V. Step one — the shift. 980 minus
630 is 350 mV.

Step two — decades. 350 divided by 100 is 3.5.
Step three — the rate cut. 10 to the 3.5 power is about 3,000.

So that system was buying 350 mV of real polarization. 3.5 decades. Roughly 3,000 times less
metal loss than the bare, unprotected condition. That station wasn't scraping past the criterion. It
was 3.5 times past it — and the five-day drift you stumbled into was the proof.

Now run those same three steps on a station telling you something a lot less comfortable.

Different line. A station out near the far end of the protected length. Native potential, -0.61 V.
Polarized potential, current interrupted, -0.73 V.

Step one. 730 minus 610 is 120 mV.
Step two. 120 divided by 100 is 1.2 decades.
Step three. 10 to the 1.2 is about 16.

120 mV clears the mark. On paper that station passes. But 16 times is not 3,000 times. Two
stations, same criterion, and almost 200 times the difference in margin between them. A number
that passes and a number that's comfortable are not the same number. The criterion is a floor. It
was never meant to be a target.

Alright. Polarization doesn't come from one single mechanism. Three different things slow the
reactions down at a steel surface — and a fourth quantity gets called polarization out of pure
habit, even though it's nothing of the kind.

The first is activation polarization. The reaction itself is sluggish. Electrons crossing between the
metal and the things dissolved in the soil have to get over a hump, and pushing that reaction faster
costs you potential. This is the one that dominates when there's plenty of reactant around and the
current's modest.

The second is concentration polarization. The reaction runs out of something to react with. In
buried pipe the bottleneck is almost always oxygen — the surface consumes it faster than fresh
oxygen can work its way in through the soil. At that point the reaction isn't limited by the steel at
all. It's limited by delivery.

And that one has a sighature you can spot from the truck. Turn a rectifier up, and the potentials
move. Turn it up again, and they move less. Turn it up a third time and they barely move at all,
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while your anode bed works harder and your power bill climbs. Nothing is broken. You've simply
reached the point where that surface is already pulling oxygen in as fast as the soil can hand it
over, and more current buys you almost nothing.

When more output stops producing more shift, the honest first question isn't what broke. It's
whether you've hit the delivery limit. Techs have chased shorted casings and bad connections for
days over a system that was just out of oxygen to reduce.

The third is environmental polarization. The current changes the chemistry right at the surface,
and the changed chemistry helps you. Cathodic reactions leave the film against that steel more
alkaline than the bulk soil around it, and alkaline is a less hospitable place for corrosion to
proceed. Some of the protection you paid for with current ends up maintaining itself. It's also why
a system that's been running for months holds its numbers better than one energized last week.

And then there's that 300 mV that vanished in one second.

When current flows from an anode bed, through soil, onto your pipe — that soil has resistance.
Current through resistance makes a voltage. And your reference cell is sitting out in that soil,
reading that voltage right along with everything else. Every on-potential you take with the current
flowing has that amount baked into it.

It is not polarization. Nothing about the steel has changed. It's a measurement artifact — and it
disappears the instant the current does. Which is exactly why interrupters exist, and exactly why
that pair of numbers you take at a station is worth more than either number by itself.

Resistance drop isn't real polarization, but it looks exactly like it on a meter. That's the trap. A
confident on-potential can make an under-protected pipe look comfortably protected, and the
pipe will not argue with you about it.

One more piece before we work some problems. The same station, at the same rectifier setting,
doesn't always give you the same answer — and most of the time nothing is wrong. Four
conditions move polarization behavior, and all four of them move with the weather.

Oxygen is the master depolarizer. More oxygen at the steel means the cathodic reaction runs
harder, and your current demand goes up. Dry, sandy, well-aerated ground is thirstier than
saturated clay for exactly that reason.

Temperature speeds reactions up. A line that holds its numbers in February can slip in August
without a single component changing.
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Moisture and movement carry reactants in and sweep products away, which erases concentration
polarization and raises demand. A line under a creek crossing doesn't behave like the same line
under a hilltop.

And soil chemistry — acidity changes which reaction dominates at the surface, and different
reactions polarize differently.

So when a station that read comfortably last fall reads marginal in July, the useful reaction is not to
go hunting for a fault. It's to ask what changed in the ground.

There's a ceiling on the other end, too. This set already named it. Push a structure far past what
protection actually requires and you start trading one problem for another — coating disbondment,
hydrogen at the steel surface. More is not automatically better. What you want is enough
polarization, held steadily, not the most a rectifier can produce.

Let's work three.

Problem one is diagnosis — three situations, name which kind of polarization is doing the talking.
First: a coated buried line under protection reads -1.15 V with the current on, and -0.86 V instant-
off. That 290 mV difference is resistance drop through the soil — a measurement artifact, not the
steel. Second: a system where cranking the rectifier output up produces no further negative shift
at the structure. That's concentration polarization — you've hit the oxygen delivery limit. Third: a
freshly bared section of steel in stagnant fresh water that takes hours to polarize after protection is
applied. That's activation polarization, working against a slow reaction on a clean surface. Three
situations, three different mechanisms, and the diagnosis in each one comes from what the
numbers do over time — not from a single reading.

Problem two is a season. A line in moderate-resistivity sandy soil draws 8 mA/m? of bare steel
through the summer — warm, dry, plenty of oxygen in that ground. The same line in winter, cool
and saturated, draws 3. Why. Because the oxygen supply dropped. The cathodic reaction slowed,
concentration polarization increased, and it now takes less current to hold the same shift. Should
you go adjust the rectifier? Not on that reading alone. The line isn't under-protected in summer —
it's demanding more to stay at the same place. What you want to know is whether the polarized
potential still holds, not whether the current number moved.

Problem three is the arithmetic on an inherited file. A crew reports a buried line with a native
potential of —0.55 V and a polarized potential of -0.71 V. Step one: the shift is 160 mV. Step two:
divided by 100, that's 1.6 decades. Step three: 10 to the 1.6 is about 40. So that line is losing
roughly one-fortieth of what it would lose bare. It clears the 100 mV criterion with room to spare,
and it sits comfortably between our two earlier stations — better than 16 times, well short of 3,000.
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Which is exactly the judgment this whole module is for. Not "did it pass." How much room does it
actually have.

Let's put it back in the box.

Polarization is potential moving in response to current — how far a metal's been shoved off the
potential it would sit at on its own. It costs current to create, and it takes time to build and time to
drain.

Two things ride on any on-potential. Real polarization, which decays over hours and days. And
resistance drop, which vanishes the instant the current stops. Only one of them is telling you about
your steel.

Steel moves about one decade per 100 mV. Shift the potential 100 mV, and the corrosion rate falls
by roughly a factor of 10. That's where the criterion comes from — and it's a floor, not a target.

Three real kinds: activation, concentration, environmental. And one impostor, resistance drop, that
reads like polarization on every meter you own.

And four knobs in the ground — oxygen, temperature, moisture, soil chemistry — that move
current demand from one survey to the next.

Now — day five at that station. The construction's finished, the rectifier goes back on. And if
you've been paying attention to the last five days, you already know what will not happen. It will
not snap back to -0.98 V the moment you close that breaker. The resistance drop returns
instantly, because that part was always electrical. But the polarization has to be rebuilt, and it
rebuilds the same way it drained — only backwards. Fast at first, then slower, over hours and
days, until that surface chemistry settles back where it was. Read it on your way out and you'll get
an honest number for that afternoon and a misleading one for the line. Read it next week and
you've got your survey back.

Which is the whole idea. A potential is not a fixed property of a pipeline. It's where that steel
currently sits, given the current currently flowing, in the ground as it currently is. And every one of
those can change.

That closes the set.

Seven modules ago this started with atoms and bonding. It ran through the corrosion cell, through
oxidation and reduction, through the galvanic series, through the arithmetic of how much metal a
given current actually removes, and through the reference cell that measures every bit of it. Today
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was the last piece — what those potentials do once current is genuinely moving, and why the
numbers this trade agreed on are the numbers they are.

Pass the knowledge check and the certificate for Electrochemistry and the Galvanic Series is
yours. All seven modules, EC-008 through EC-014. That's a real credential, and it says something
specific about you: that you don't just read the meter, you know what the meter is telling you.

From here the work turns outward — from what corrosion is, to the forms it takes in the ground
and the surveys that go find it.

The quiz is 10 questions, 80% to pass, and you've already done the thinking it asks for. You're
going to be reading potentials for the rest of your career. Now you know what they're saying.
Thanks for spending the time with us — and stay safe out there. This is Mike Roberts, for Roberts
Corrosion Services.

Transcript of the EC-014 Listen step. Spoken numbers are written here as figures and units — potentials in volts versus a
copper/copper-sulfate reference — so the text reads the way the numbers are written in the field. © Roberts Corrosion
Services.
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