
LISTEN · READ-ALONG TRANSCRIPT

CO₂ (Sweet) Corrosion: Chemistry, Drivers, and
Field Signatures
IC-003 · Internal Corrosion · Basics & Theory · narrated by Mike Roberts

This is the full text of the narrated walkthrough for IC-003, for reading along or in place of

the audio. Reactions, codes, and numbers are shown in their written form.

Welcome to IC-003 from Roberts Corrosion Services. I'm Mike Roberts. This is module

three of eight in the Corrosion Mechanisms in Pipeline Fluids set, on the Internal

Corrosion track. The last module handed you the chemistry frame — the four

ingredients, the one reaction every mechanism feeds, and the four big drivers by name.

This module takes the first of those drivers, carbon dioxide, all the way through. What

sweet corrosion actually is, the one number that tells you how much of a threat it is,

what it looks like on steel, and how you carry the read up the chain. By the time we're

through, you'll read a gas analysis the way a lot of the people standing next to you can't.

Let's start with a number on a report.

A gas analysis comes back from a wet-gas gathering line you sampled last week. You

scan down the composition table — methane, ethane, propane, the usual — and there it

is, three rows from the bottom. Carbon dioxide, 2.1%. The operator reads it over your

shoulder and says — couple percent CO2, I've got another line carrying more than that

and it's never given us a bit of trouble, this one's probably fine too, right?

Fair question. And here's the honest answer this module is built around. You can't tell

from that number alone — and neither can he.

That 2.1% might be a line that runs clean for thirty years, or a line that's quietly losing

wall right now. The operator isn't wrong that he's seen higher CO2 run clean. He's just

missing the second number that explains why. It's sitting right there on the line's

paperwork — and once you put the two together, the answer takes about ten seconds of

arithmetic. So let's earn that answer.
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First, what sweet corrosion actually is. And the name. Gas that carries hydrogen sulfide

is called sour — the old-timers named it off the smell. Gas without H2S is sweet. So

sweet corrosion just means the damage CO2 does when it's the acid gas running the

show.

And what it does is simpler than its reputation. CO2 in the gas phase touches nothing —

dry CO2 and bare steel can ride together just fine. The trouble starts when there's liquid

water on the wall. Because CO2 dissolves into that water, and a slice of it becomes

carbonic acid. The carbonic acid releases hydrogen ions — that's what pushes the pH

down. And those hydrogen ions pull iron off the wall. Iron leaves the steel as a dissolved

ion, and hydrogen bubbles off as gas. Same iron-leaving-the-wall reaction you met last

module — sweet corrosion is just one particular way of feeding it.

You don't need to balance any of that. You need the picture. A CO2 line with wet walls is

an acid factory. Not a strong acid — carbonic acid is mild compared to anything in a lab

cabinet. But the line doesn't get one dose. It gets a fresh supply, manufactured around

the clock, for years, replenished every time flow brings more CO2 past the water. Mild

acid on an endless drip beats strong acid in a single splash.

And one contrast to file away, because the next module owns the rest of it. Sweet

corrosion is acid attack. Sour corrosion — H2S — is acid attack plus a hydrogen problem

inside the steel itself. Plenty of real systems carry both gases at once. This module is the

pure-sweet story, and it's the right one to learn first, because the CO2 chain underneath

is the backbone either way.

So how much acid does the line make? Here's where a bare percentage stops being the

whole story. The amount of CO2 that dissolves into the water — and so the amount of

acid manufactured — doesn't follow the percentage. It follows the partial pressure.

Here's what partial pressure means. Every gas in the stream carries a share of the total

pressure, sized to how much of the mix it is. So if CO2 is 2% of the gas, it's carrying

about 2% of the pressure. That share is the partial pressure. And the math is just that —

the percentage, times the total pressure in psia. One note on the pressure — your gauge

reads psig, pressure above the atmosphere. Add 14.7 to get psia, which is what the

chemistry actually feels.
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Let's run one. A wet shale-gas line at 800 psig, carrying 1.5% CO2. 800 plus 14.7 is

about 815 psia. 1.5% of that — 0.015 times 815 — is about 12 psi of CO2 partial pressure.

So a one-and-a-half-percent line is carrying about twelve pounds of acid-making

pressure.

Why does this matter so much? Because pressure is what pushes the gas into the water.

Take the same 2% CO2. At 100 psi, that's 2 psi of partial pressure — mild. At 1,500 psi,

that same 2% is 30 psi of partial pressure — high risk. Same composition, same steel,

fifteen times the threat. That's why a composition number without a pressure number is

half a sentence.

Once you've got a partial pressure, you can place the line on a scale the industry's used

for decades. Below about 7 psi, sweet corrosion is usually negligible — not the threat

that drives the program. From 7 to 30, you're in the moderate zone — sweet corrosion is

credible and wants active management. Monitoring, sampling cadence, likely an inhibitor

program. Above about 30 psi, expect aggressive damage unless something strong is

standing in the way — serious mitigation, or steel upgraded to a corrosion-resistant

alloy.

Two honest notes on those zones. First, they're rules of thumb, not hard lines — a line at

six-and-a-half isn't safe, and one at eight isn't condemned. They're triage. Second —

and this one matters on the job — most operators set their own action thresholds in their

integrity program or their IC program, tuned to their systems and their history. Where

those exist, they govern. Use the zones to understand the number. Act to the program in

front of you.

Now the wrinkle that makes sweet corrosion interesting instead of just unfortunate. The

attack dissolves iron into the water, and the water has carbonate in it from that same

carbonic acid. Put enough of both together, and they form a solid — iron carbonate —

that deposits right on the steel as a scale. And here's the part worth sitting with. The

corrosion makes the scale, and the scale can throttle the corrosion. When iron

carbonate lays down tight and well-stuck, it puts a wall between the water and the steel,

and the attack underneath can drop to a small fraction of what it was.

The catch is in that word — tight. That scale only forms, and only survives, inside a

window of conditions. Warm enough to lay down dense. Water chemistry holding

enough carbonate. pH not so low it redissolves the scale as fast as it forms. Flow gentle
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enough not to tear it off. Push any of those out of the window — a line cools through

winter, a slug of fresh water comes through, velocity steps up after a tie-in — and the

scale stops forming, or comes off in patches. So that scale is a fragile friend. The

protection isn't the scale itself — it's the conditions that keep the scale intact. A line that

looked great for years didn't earn a pass. It was living inside the window. And conditions

can move that window off it without anyone touching the gas.

Which brings us to the one that catches people — the temperature paradox. It's

tempting to file temperature as “hotter equals worse.” For sweet corrosion, that's only

true at the cool end. The real curve rises, peaks, and then falls.

Cool lines — below about 100 °F — the acid chemistry runs slow. Attack happens, but at

modest rates. Then the danger band — roughly 140 to 175 °F. The chemistry's running

hot and fast, but the wall isn't hot enough yet for that iron carbonate scale to lay down

dense and protective. Fast attack, flimsy scale — that's where sweet corrosion rates

usually peak. And then the hot lines — above about 175 to 195. The underlying chemistry

is faster still, but now the scale precipitates tight, the jacket wins, and the measured rate

often drops.

Picture two segments, identical in every way that usually matters — same partial

pressure, same water, same steel. Segment A runs around 160 °F. Segment B runs hot,

around 265. Which one's the problem child? It's A — the cooler one — sitting right in the

heart of the danger band, fast chemistry with scale too poor to help. Segment B, the

hotter line, is past the peak, with a dense scale throttling the same chemistry. The hotter

line is the safer line. So with sweet corrosion, retrain the instinct — you fear the warm

line, not the hot one. And remember that means the wall temperature, not the wellhead

gauge. A stream that leaves the pad hot can be down at soil temperature within a few

hundred yards of burial.

The last module spent real time on alkalinity — the water's stock of bicarbonate, its

shock absorber against acid. Sweet corrosion is where that lesson pays off, because

CO2 makes exactly the acid that buffer was born to soak up. So here's the practical

consequence. At the same CO2 partial pressure, fresh unbuffered water can corrode

carbon steel five to ten times faster than a well-buffered produced water. Condensate,

frac flowback, leftover hydrotest water — the clean-looking waters are the ones with no

carbonate cushion. Same gas, same pressure, same steel. The water's armor is the
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whole difference. When two lines off the same pad behave like strangers, the alkalinity

line on the lab report is the first place to look.

And remember which water has no armor at all — the distilled-clean film that condenses

out of warm gas onto a cool pipe wall. In a wet-gas line, that film forms along the top of

the pipe, and it sets up a particular kind of damage called top-of-line corrosion. It's

nasty, partly because it's out of reach of the usual protections, and it gets its own

module later in this set. For now, just connect the dots you already hold — condensed

water, plus CO2, equals full-strength acid, right where nobody's sampling.

Sooner or later you'll hold the evidence in your hand — a retrieved coupon, a cut-out, an

end of pipe at a repair — and the damage pattern itself tells you which mechanism did it.

Sweet corrosion's signature has its own name. Mesa attack. It looks like the name —

flat-topped islands, little plateaus of surviving scale, separated by deep, sharp-walled

pits where the scale broke down and the acid worked the bare steel below. Steep sides,

abrupt edges, like a desert mesa shrunk onto a pipe wall. It's the visible record of the

fragile-friend story — the scale protected here, failed there, and the boundary between

the two is a cliff.

File the contrast cards now. Black, smeared sulfide scale says sour chemistry. Orange-

brown tubercles say oxygen got in. Flat-topped islands and sharp pits under a grayish

carbonate scale say sweet. None of them is courtroom proof on its own — but each one

tells you which chapter of the chemistry to open first.

And where does sweet corrosion live? Anywhere CO2, liquid water, and carbon steel

overlap — which, for our part of the world, is nearly everywhere. Appalachian Basin wet-

gas gathering — Marcellus and Utica — typically runs a half a percent to 3% CO2, with

water dropping out at every cool point and long stretches of buried steel to receive it.

Run the partial-pressure math on a few hundred to a thousand psi of gathering pressure,

and most of those lines land right in the active-management zone. Some basins run far

richer — parts of the Permian and the Anadarko carry 5 to 15%. But the everyday

version, the one on your work orders, is the gathering system making a little acid every

hour of every day.

One more field pattern belongs in your picture, because it's the one that embarrasses

good programs. A line is inhibited, the bulk samples look healthy, inhibitor residual
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measures fine — and then an inspection run lights up a cluster of deep wall-loss patches

at an elbow. Everywhere else, clean. But our inhibitor program looks fine, right?

It probably is fine — on the straightaways. What happened at the elbow is local. Flow

that's gentle in the long runs gets fast and chaotic where the geometry turns or chokes

down — elbows, tees, weld beads standing proud of the wall. In those spots, the moving

fluid can scrub away the very things doing the protecting — the inhibitor film, the scale,

or both. Strip the armor off one patch while the acid keeps running, and that patch

corrodes hard while the rest of the line coasts. The pattern goes by flow-induced

localized corrosion, and the mechanics of it belong to the erosion-corrosion module

later in this set. What you carry now is the recognition — localized damage clustered at

fittings, in a line whose bulk numbers look healthy, is a flow story, not a chemistry-

program failure. Knowing that one sentence keeps you from chasing the wrong fix.

So let's put the whole module into the working chain you already know — indirect data,

the repeatability gate, direct data, and mitigation designed upstream. Here's what it

looks like when CO2 is the suspect.

Indirect data. The gas analysis gives you composition. The operating pressure turns it

into partial pressure. The three zones tell you how seriously to take it. The water tells the

rest — pH trending down, dissolved iron trending up, which is the receipt that metal is

leaving — and the alkalinity line saying whether this water has armor. And the things that

aren't there matter too — no H2S, no black scale, no rotten-egg smell. The absences are

what make the case sweet, rather than sour.

The repeatability gate, unchanged from last module. One aggressive sample is a note in

the file. Two consecutive reads telling the same story is a signal worth acting on.

Sampling has too many ways to lie for a single result to move money.

Direct data. When the signal clears the gate, coupons go on the wall — placed where

this module says sweet corrosion concentrates. Where water lays, where the

temperature band is worst, downstream of fittings. Installed and pulled under pressure,

with the line in service. A retrieved coupon answers what indirect data can't — how fast

metal's leaving, the corrosion rate, and whether it's pitting, the pitting rate. And with

sweet corrosion, a coupon often comes back wearing that mesa fingerprint under its

carbonate scale.
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Then prediction — and here's something worth knowing exists. The industry has

prediction models for sweet corrosion. The best-known one carries the name de Waard–

Milliams. It takes in the very numbers this module taught you to collect — CO2 partial

pressure, temperature, pH — and puts out an estimated corrosion rate. Running and

correcting that model is the integrity engineer's work, and the depth of it lives far up the

track. Your stake in it is simpler, and worth taking pride in. The model is only as good as

the field data that feeds it. The tech who delivers clean, repeatable, well-documented

numbers is the one whose lines get modeled right.

And mitigation. When direct data confirms a real problem, the response comes in three

families. Chemical — a continuous corrosion-inhibitor program, the workhorse for sweet

systems. Operational — drying the gas harder, managing velocity and water drop-out.

And material — upgrading hot spots or whole segments to corrosion-resistant alloys

where the chemistry can't be kept up with. Which lever, what product, what dose —

that's designed by the integrity engineer or the corrosion specialist. You run the program

in the field, and you keep the samples coming, because the follow-up data is what

proves the fix is working. The chain loops. It never really ends.

So — back to that gas analysis on the hood of the truck. CO2, 2.1%. The line runs at

1,000 psig. Ten seconds. 1,000 plus 14.7 is about 1,015 psia. 2.1% of that — 0.021 times

1,015 — is about 21 psi of partial pressure. Middle of the active-management zone. Triple

the floor of it. “Two percent” was never the number. Twenty-one was.

And the operator's other line, the one that ran clean? It probably carried its CO2 at lower

pressure — same gas, different push, different answer. So you didn't shrug. You ran the

number, you asked the four questions that matter — is there water on the wall, what's

the water's armor, where does the line sit on the temperature curve, and is there

anything sour in the mix — and you walked away with a collection plan instead of a

guess. That's reading a gas analysis.

So here's what you carry out of this module. Sweet corrosion is acid attack. Partial

pressure is the working number — percentage times pressure. The three zones, and the

program that governs over them. Iron carbonate scale is a fragile friend, and the warm

line outcorrodes the hot one. Unbuffered water takes the acid at full strength. Mesa

under gray scale is the CO2 fingerprint, and localized damage at the fittings is a flow

story. And the data chain — clean indirect data, the repeatability gate, coupons, the
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model run upstream on your numbers, and mitigation designed upstream and executed

by you.

The next module in this set takes the sour side — H2S — where the acid attack you now

understand picks up its second, more dangerous trick. Hydrogen that gets inside the

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

pass. The certificate that closes this set covers all eight modules in Corrosion

Mechanisms in Pipeline Fluids. Same four ingredients, same one reaction — new ways

of feeding it. This is Mike Roberts, for Roberts Corrosion Services.
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