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RCS FIELD NOTES - SUPPLEMENTAL READING

Electrochemical Basics, Part 1:
Ions, Acidity, Alkalinity,
Oxidation, and Reduction

A field-tech-level walk-through of the chemistry terms that show
up on every soil-corrosivity report, every coating-failure
analysis, and every CP-system design review — written for the
working corrosion technician.

FIELD NOTES FROM RCS COMPANION TO EC-008 PUBLISHED 2025

This is a companion article to module EC-008 on training.rcswv.com. The module covers the same
ground at survey level; this article repeats the picture in a slightly more conversational tone for
reinforcement and field reference. Originally published at newsletter.rcswv.com/p/
electrochemical-basics-part-1.
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The chemistry behind the work

For technicians who routinely assess pipelines, storage tanks, and other metallic
structures, a solid grasp of foundational chemistry and electrochemistry is
indispensable. These concepts explain why metals degrade in certain
environments and how to intervene effectively. Terms like ions, acidity, alkalinity,
oxidation, and reduction aren't academic — they directly inform decisions in
surveys, risk assessments, and mitigation strategies.

For corrosion field technicians, understanding these basics means better interpreting data
from soil tests, potential readings, or coating inspections. It helps explain why a pipeline in
acidic soil might show accelerated pitting, or why cathodic protection systems rely on
controlling electron flow. This article breaks down these key terms step by step, linking them
to corrosion processes and practical applications in the field.

Basic chemistry concepts relevant to corrosion

Before diving into the electrochemical side, it's worth revisiting the chemical building blocks.
Corrosion doesn't happen in isolation; it's a reaction driven by how atoms and molecules
interact in an environment. These concepts set the stage for understanding why certain
metals are more vulnerable and how environmental factors like soil or water chemistry amplify
risks.

Elements and atoms

Elements are the simplest forms of matter, consisting entirely of one type of atom. In
corrosion work, common elements include iron (Fe) in steel pipelines, copper (Cu) in electrical
grounding, and zinc (Zn) or magnesium (Mg) in sacrificial anodes. Each element's atomic
structure determines its reactivity — how readily it will corrode or protect other metals.

Atoms, the fundamental units of elements, have a central nucleus with positively charged
protons and neutral neutrons, orbited by negatively charged electrons. The number of protons
defines the element (iron has 26 protons). In corrosion, the key is the electrons: metals tend to
lose them easily, leading to corrosion. For instance, iron atoms in a pipeline exposed to
moisture can lose electrons, initiating rust formation. Technicians encounter this when
inspecting bare metal surfaces, where atomic-level changes manifest as visible pitting or
scaling.
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Ions

lons form when atoms (or groups of atoms) gain or lose electrons, resulting in a net electrical
charge. This charge imbalance drives many corrosion processes by enabling current flow in
electrolytes.

« Cations are positively charged ions created by losing electrons. A prime example is the
ferrous ion (Fe2+), which forms when iron corrodes.

* Anions are negatively charged ions formed by gaining electrons, such as chloride (CI™)
from salts in soil or water.

In a corrosion scenario, ions are crucial for completing the electrochemical circuit. The
electrolyte (usually moist soil, seawater, or process fluids) conducts ions, allowing charge to
balance as electrons move through the metal. Without ions, corrosion can't sustain itself.
Consider a buried pipeline: chloride ions (CI™) can penetrate coatings, accelerating localized
corrosion by breaking down protective oxide layers.

Fe > Fe?* + 2¢-

The simple reaction above illustrates this: iron loses two electrons to become a cation,
dissolving into the electrolyte and leaving behind a weakened structure. Field technicians
measure ion-related effects through conductivity tests or ion-specific probes during soil-
corrosivity assessments, as outlined in standards like ASTM G57 for soil resistivity.

Compounds (molecules)
Compounds, or molecules, result from atoms bonding together. Water (HZO) is a simple

example, serving as both a solvent and electrolyte in corrosion environments. It dissolves ions
and facilitates reactions, making humid or wet conditions prime for corrosion.

Corrosion often produces compounds as end products, like rust (hydrated iron oxide,
Fe203-nH20), which forms when iron ions react with oxygen and water. These compounds

can be protective (e.g., stable oxides on aluminum) or detrimental (e.qg., flaky rust that
exposes fresh metal). In practice, technicians identify these during excavations or bell-hole
inspections, noting how these influence coating adhesion or cathodic-protection efficiency.

3/8



RCS Field Notes - Supplemental Reading EC-008 - Atoms, Ions, and Bonding

Acidity and alkalinity (pH)

pH measures the concentration of hydrogen ions (H™) in a solution, quantifying acidity or
alkalinity. It's defined mathematically as:

pH = -log,[H"]

This logarithmic scale means a pH drop from 7 to 6 indicates a tenfold increase in H* ions.

The scale spans:

* pH < 7: Acidic, with excess H™ ions (e.g., battery acid at pH 1).
* pH = 7: Neutral, balanced H* and hydroxide (OH™) ions (e.g., pure water).

* pH > 7: Alkaline, with excess OH™ ions (e.g., baking soda solution at pH 9).

pH profoundly affects corrosion rates. For carbon steel, common in pipelines:

» Below pH 4, corrosion accelerates due to rapid hydrogen evolution.
» Between pH 4 and 8, rates are moderate but can involve oxygen reduction.

» Above pH 8, passivation occurs, forming protective films that slow degradation.

However, amphoteric metals like aluminum corrode in extremes. Both low pH (acidic) and
high pH (alkaline) dissolve their oxides. In field applications, pH testing per ASTM G51 helps
classify soil corrosivity, guiding decisions on whether to apply cathodic protection or select
resistant materials.

Basic electrochemistry concepts in corrosion

Electrochemistry bridges chemistry and electricity, explaining corrosion as a battery-like
process where electron transfer drives reactions. At its core, corrosion involves two half-
reactions: one where metal loses electrons (oxidation) and another where the environment
gains them (reduction). These occur at separate sites on the metal, connected by electron
and ion flow.

Electrochemistry overview

Electrochemistry deals with reactions involving electron transfer, distinct from purely chemical
reactions. In corrosion, the metal acts as a conductor, the environment as an electrolyte, and
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the process generates a small electrical current. This is measurable as corrosion current in
lab tests or field surveys.

Corrosion is spontaneous in most environments, driven by the tendency of metals to return to
their ore-like states. Standards like NACE SP0169 (Control of External Corrosion on
Underground or Submerged Metallic Piping Systems) emphasize electrochemical principles
for designing protection systems.

Oxidation

Oxidation is the loss of electrons, occurring at the anode — the site of metal dissolution. For
iron:

Fe > Fe?* + 2e”

This releases electrons into the metal and ions into the electrolyte, causing material loss.
Anodes appear as pitted or eroded areas during inspections. Factors like low pH enhance
oxidation by stabilizing metal ions in solution.

Reduction
Reduction complements oxidation by gaining electrons at the cathode. No metal loss happens
here; instead, the cathode is often protected. Common reductions:

* In acidic media: 2H* +2e™ > H2 (hydrogen-gas evolution).

* In neutral or alkaline media: 02 + 2H20 +4e” > 40H™ (oxygen reduction, increasing

local pH).

Cathodes might show deposits or no visible change. Aerated environments favor oxygen
reduction, accelerating overall corrosion.

Electrochemical cell components

A corrosion cell requires:

» Anode: oxidation site.
» Cathode: reduction site.
« Electrolyte: conducts ions (soil moisture).

» Metallic path: allows electron flow (the structure itself).
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In pipelines, differences in soil aeration or alloy composition create these cells, leading to
galvanic corrosion.

Electron and ion flow

Electrons travel from anode to cathode through the metal, powering the reaction. lons migrate
through the electrolyte to balance charge: cations toward the cathode, anions toward the
anode. Blocking any part (e.g., with coatings) halts corrosion.

Role of ions, acidity, and alkalinity in corrosion

In corrosion processes, ions, acidity, and alkalinity are not isolated factors — they interact
dynamically within the electrochemical cell to influence reaction rates, mechanisms, and the
overall severity of corrosion. Understanding their roles helps technicians anticipate corrosion
patterns during assessments and select appropriate mitigation measures.

Role of ions in facilitating corrosion

lons are the charge carriers in the electrolyte, directly enabling the flow that sustains
corrosion. Without sufficient ions, the electrolyte's conductivity drops, slowing or halting the
reaction. Higher ion concentrations increase corrosion risk by reducing electrical resistance in
the circuit.

Certain ions are particularly aggressive and can alter corrosion behavior:

* Anions like chloride (Cl™) and sulfate (8042_): these adsorb onto metal surfaces,

disrupting passive oxide films that naturally protect metals like steel or stainless steel. CI™
ions penetrate tiny defects in coatings, leading to localized pitting corrosion. Common in
marine environments or soils contaminated with road salts.

* Cations such as calcium (Ca2+) or magnesium (Mgz"'): while less aggressive, they can
form scales or deposits at cathodic sites, sometimes indirectly influencing corrosion by
altering local pH or blocking ion migration.

Influence of acidity on corrosion processes

Acidity, characterized by high concentrations of H ions (low pH), acts as a depolarizer for
cathodic reactions, effectively removing barriers that might slow electron acceptance. This
boosts the overall corrosion rate by making reduction more favorable.
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In acidic environments, the primary cathodic reaction shifts to hydrogen evolution: 2H* + 2e”
> H2. The abundance of H* ions means this reaction proceeds readily, consuming electrons

released from anodic oxidation. For carbon-steel pipelines, this can result in uniform thinning
or severe pitting, especially below pH 4, where corrosion rates can exceed 1 mm/year in
aggressive conditions.

Practical implications include:
» Accelerated metal loss in acidic soils (pH < 5), often from industrial spills or organic
decay. Technicians might note bubbling (H2 gas) during excavations, signaling active
corrosion.

« Increased susceptibility to hydrogen embrittlement in high-strength alloys, where
absorbed hydrogen atoms weaken the metal lattice and lead to cracks under stress.

Effects of alkalinity in corrosion environments

Alkalinity, with excess OH™ ions (high pH), generally promotes passivation by forming stable
hydroxide or oxide layers on metal surfaces, which act as barriers to further oxidation. In
alkaline conditions, the cathodic reaction often involves oxygen reduction, producing more

OH™ and locally raising pH — reinforcing the protective films.
However, alkalinity isn't always good:
» For steels, pH > 8 can reduce uniform corrosion but introduce risks like stress-corrosion
cracking (SCC) in high-strength materials exposed to carbonates or bicarbonates.

o Amphoteric metals like aluminum or zinc corrode rapidly in strong alkalis (pH > 10), as
OH™ dissolves their oxides: e.g., Al,04 + 20H" > 2AI02' +H,0.

In pipelines, alkaline environments might arise from cathodic-protection overprotection,

where excessive current generates OH ™ at the cathode, potentially causing coating
disbondment or blistering. Technicians monitor this through potential surveys, ensuring
compliance to avoid pH extremes.

Soil pH helps categorize environments for risk assessment:

« Acidic (pH < 5): high risk of uniform and pitting corrosion; prioritize frequent inspections
and robust coatings.

 Neutral (pH 5-8): moderate risk, with potential for microbiologically influenced corrosion
(MIC) if bacteria thrive — check for sulfate-reducing bacteria.
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« Alkaline (pH > 8): lower uniform corrosion, but watch for embrittlement or SCC; adjust CP
systems to prevent over-alkalization.

Key takeaways

Knowing ions, acidity, alkalinity, oxidation, and reduction equips corrosion professionals to
decode environmental threats and use targeted controls. By recognizing how pH shifts
reaction rates or ions enable circuits, technicians can enhance inspections, select materials,
and optimize protections like CP systems or inhibitors. This knowledge helps predict corrosion
and extend asset life, ensuring safer, more reliable infrastructure.

References & further reading

* NACE SP0169 — Control of External Corrosion on Underground or Submerged
Metallic Piping Systems.

o ASTM G51 — Standard Test Method for Measuring pH of Soil for Use in Corrosion
Testing.

o ASTM G57 — Standard Test Method for Field Measurement of Soil Resistivity.

e Corrosion Basics: An Introduction — foundational text on corrosion
electrochemistry.

» Peabody's Control of Pipeline Corrosion — long-standing field reference; Chapter
16 covers corrosion fundamentals at the working level.

COMPANION TO EC-008

Read this article alongside the module

EC-008 is the chemistry primer for the Electrochemistry set. The module covers
atoms, ions, bonding, and pH at survey level; this article reinforces the same picture in
conversational tone. Together, they put the foundation under everything that follows in
Electrochemistry & the Galvanic Series — EC-009 (the corrosion cell), EC-010
(oxidation and reduction in detail), EC-011 (the galvanic series), and beyond.
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