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The integrity of industrial infrastructure, automotive components, and construction materials depends heavily on
the efficacy of corrosion protection systems. Among the various methods used to safeguard ferrous metals, zinc
galvanization remains the most prevalent due to its cost-effectiveness and dual-action protection (barrier and
sacrificial). However, the performance of a zinc coating is directly proportional to its mass and thickness. To ensure
consistency, safety, and longevity, the engineering community relies on standardized protocols, most notably the
ASTM A90/A90M: Standard Test Method for Weight [Mass] of Coating on Iron and Steel Articles with Zinc or Zinc-
Alloy Coatings.

The Critical Role of Zinc Coatings in Corrosion Mitigation

Before delving into the technicalities of testing, it is essential to understand why measuring the mass of a coating is
a non-negotiable requirement in modern engineering. Zinc protects steel through a process known as galvanic
corrosion. Because zinc is more electronegative than iron, it acts as a sacrificial anode, corroding in place of the
underlying steel substrate even if the coating is scratched or damaged. The service life of a galvanized product is
generally a linear function of the zinc coating thickness. Therefore, accurately determining the coating massis the
only way to predict the lifespan of a component in a specific environment, such as marine, industrial, or rural
settings.

Understanding ASTM A90/A90M: Scope and Application

The ASTM A90 standard provides the definitive procedures for determining the mass of coating on various iron or
steel products, including sheets, wires, and finished articles. This standard is applicable to coatings of pure zinc
(hot-dip galvanized or electro-galvanized) as well as zinc-alloy coatings, such as zinc-aluminum or zinc-iron. It is
primarily a gravimetric method, often referred to as the "strip-and-weigh" technique, which is considered the gold
standard for accuracy in material testing laboratories.

Scope and Exclusions

While ASTM A90 is comprehensive, it is designed for specific applications. It covers:

e Steel Sheets: Both flat and corrugated formats.
* Wire: Used in fencing, cabling, and reinforcement.
e Finished Articles: Fasteners, brackets, and structural components.

It is important to note that this method is destructive. Because the coating is chemically removed to facilitate
measurement, the sample cannot be returned to service. For non-destructive alternatives, engineers often turn to
methods like ASTM E376, which utilizes magnetic or eddy-current principles.

Technical Framework: The Gravimetric Principle

The core mechanic of ASTM A90 involves measuring the mass of a coated specimen, stripping the coating using a



specific chemical reagent that does not react with the base metal, and then re-weighing the stripped specimen. The
difference in mass represents the weight of the coating. This delta is then calculated against the surface area (for
sheets and articles) or the length/weight of the base metal (for wire) to provide a standardized metric, such as
grams per square meter (g/m2) or ounces per square foot (0z/ft?).

Reagent Chemistry and Inhibitors

The stripping solution is a critical component of the test. A standard solution consists of Hydrochloric Acid (HCI)
mixed with an inhibitor such as Antimony Trichloride (SbCI fr Stannous Chloride (SnCl,) The role of the
inhibitor is vital: it prevents the acid from attacking the underlying iron or steel once the zinc layer has been
dissolved. This ensures that the weight loss measured is purely from the zinc coating, maintaining the technical
integrity of the results.

The Procedural Execution: Step-by-Step Technical Workflow

To achieve the precision required by the interlaboratory study of ASTM A90(conducted in 2006, which
established the method's current reliability metrics), laboratories must follow a rigorous sequence:

1. Sample Preparation and Cleaning

The specimen must be thoroughly cleaned to remove oil, grease, or dirt. This is typically done using an organic
solvent like trichloroethylene or a similar degreasing agent. Failure to clean the sample can lead to artificial inflation
of the initial weight, resulting in a false-high coating mass reading.

2. Initial Mass Measurement

The clean, dry specimen is weighed on an analytical balance with a precision of at least 0.01 grams. This value is
recorded as W1.

3.The Stripping Process

The specimen is immersed in the stripping solution. The chemical reaction produces hydrogen gas (effervescence).
The sample remains submerged until the bubbling ceases, indicating that the zinc has been fully dissolved. For
complex shapes, agitation may be required to ensure the acid reaches all recessed areas.

4. Post-Stripping Cleaning and Final Weighing

Once stripped, the specimen is rinsed with water to remove acid residues, dried thoroughly, and weighed again.
This value is recorded as W2.

5. Surface Area Determination

For sheets and articles, the surface area (A) is measured using high-precision calipers. For wire, the diameter of
the stripped wire is measured to determine the surface area per unit length.

Mathematical Models for Calculation

The calculation of the coating mass depends on the geometry of the specimen. Below are the primary formulas
used in technical reporting:



Specimen Type Metric Units (g/m2) Imperial Units (0z/ft?)

Sheets / Flat Articles C =[(W1-W2)/A]*10"6 C=[(W1-W2)/A]*K

Wire C=[(W1-W2)/W2]*D*M C=[(W1-W2)/W2]*D*M
Note: In these formulas, <strong>W1</strong> is the initial mass, <strong>W2</strong> is the final mass,
<strong>A</strong> is the surface area, and <strong>D</strong> is the diameter of the stripped wire. <strong>K</

strong> and <strong>M</strong> are constant conversion factors defined within the ASTM A90 standard to align
with specific units.

Comparative Evaluation: Gravimetric vs. Non-Destructive Testing

Engineers must often choose between the destructive precision of ASTM A90 and the convenience of non-
destructive methods. The following table provides a side-by-side comparison:



Feature ASTM A90 (Gravimetric) ASTM E376 (Magnetic) X-Ray Fluorescence

(XRF)
Accuracy Very High (Umpire Method) Moderate (Affected by High (Surface level only)
base metal)
Destructive? Yes No No
Speed Slow (Chemical processing) Instantaneous Fast
Cost per Test Moderate Low High (Equipment cost)
Complexity Requires Lab Environment Field Portable Requires Shielding/Lab

Material Testing Services and Laboratory Standards

As noted by Material Testing Services providers like NHML, testing to ASTM standards is not merely about
following a recipe but about maintaining a chain of custody and calibration. Laboratories performing ASTM A90
tests must utilize equipment calibrated to NIST-traceable standards. This includes the analytical balances used for
weighing and the calipers used for area measurement.

Furthermore, professional testing facilities provide Mechanical Testing & Analysis Servicesthat go beyond just
coating weight. They evaluate metal and plastic strength, provide custom fixturing for finished parts, and offer
chemical analysis to ensure the zinc alloy composition meets the specific project requirements (e.g., ASTM A123
for hot-dip galvanizing or ASTM A153 for hardware).

Precision, Bias, and the 2006 Interlaboratory Study

The reliability of ASTM A90 is backed by empirical data. In 2006, an extensive interlaboratory study (ILS) was
conducted involving ten different laboratories. Each laboratory tested three types of galvanized coatings. The study
concluded that the precision of this test method is highly robust, with very low standard deviations between
different operators and different equipment sets. This makes ASTM A90 the preferred "umpire” method when
disputes arise regarding the quality of galvanized materials in international trade.

Case Study: Magnesium Oxide (MgO) Boards and ASTM Compliance

An emerging area of concern in construction materials testing involves the use of MgO boards (Magnesium Oxide
boards) and Jetboardproducts. These materials are often marketed as fire-resistant and durable. However, the
industry has seen challenges with low-quality imported materials that can be corrosive to metal fasteners and
framing if not properly treated.

In this context, ASTM testing is used to verify that the metal components used in conjunction with MgO boards
(such as galvanized steel studs or screws) have a sufficient coating mass to withstand the potentially corrosive
environment created by the board's chemistry. For example, if a project specifies a cost-effective lime plaster on
MgO board, the structural engineer must ensure that the underlying steel exceeds the standard zinc coating mass
requirements, verified through ASTM A90testing, to prevent premature structural failure due to chloride-induced
corrosion.



Practical Implementation Field Guide

For manufacturers and quality control managers, implementing a robust testing regimen involves several key steps:

1. Frequency Selection: Determine the sampling rate based on production volume. For high-volume galvanized
sheet production, testing is usually done per coil or per lot.

2. Reagent Management: Ensure that the Hydrochloric Acid concentration is maintained and that the Antimony
Trichloride inhibitor is fresh. Depleted inhibitors can lead to over-stripping and inaccurate (artificially high) mass
readings.

3. Safety Protocols: Since ASTM A90 involves concentrated acids and the production of hydrogen gas, testing
must be performed in a certified fume hood with appropriate personal protective equipment (PPE), including acid-
resistant gloves and face shields.

4. Documentation: Technical reports should include the date of test, specimen identification, initial mass, final
mass, calculated coating mass, and the specific version of the standard used (e.g., ASTM A90-13).

Troubleshooting Common Testing Errors

Even with a standardized method, several factors can compromise the accuracy of results:

e Incomplete Stripping: If the sample is removed before the reaction is complete, the coating mass will be under-
reported. This is common with thicker coatings or specialized zinc-aluminum alloys that react more slowly.

¢ Inaccurate Area Measurement: For corrugated or embossed sheets, calculating the true surface area is
complex. The standard provides specific guidelines for these geometries which must be followed strictly.

* Moisture Retention: If the stripped specimen is not dried thoroughly before the final weighing, the residual
moisture will add to the weight W2, resulting in a lower calculated coating mass.

The measurement of zinc coating mass via ASTM A90 is a cornerstone of modern metallurgy and quality
assurance. By providing a precise, repeatable, and scientifically sound methodology, this standard ensures that the
global supply chain for iron and steel products remains reliable. Whether it is a structural beam for a bridge, a
simple fastener, or an innovative Jetboard construction assembly, the ability to verify the protective barrier's mass

is fundamental to preventing the multi-billion dollar economic drain caused by corrosion. Engaging with professional
Material Testing Servicesand adhering to these rigorous standards allows manufacturers to provide products that
are not only compliant with international regulations but are also engineered for maximum longevity and safety in
their intended environments.
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