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Introduction

When it comes to ensuring accurate, reproducible, and reliable chemical analyses in metallurgy and materials
science, the ASTM E155standard stands out as a cornerstone reference. Developed by the American Society for
Testing and Materials (ASTM International), this standard provides detailed procedures for the determination of
trace metals in metallic alloys and related samples using spectroscopic and gravimetric techniques. Whether you
are a laboratory technician, a quality control manager, or an academic researcher, understanding the nuances of
ASTM E155 is essential for maintaining compliance, achieving consistency, and safeguarding the integrity of
analytical results.

In this comprehensive guide, we will explore the history, scope, and practical application of ASTM E155. We'll walk
through the key test methods, discuss how to implement the standard in a modern laboratory, and compare it with
other industry benchmarks. By the end, you'll have a clear picture of why this standard matters, how to use it
effectively, and how it can benefit your organization’s analytical capabilities.

Overview of ASTM E155

The ASTM E155 standard, titled “Standard Practice for Determination of Trace Metals in Metallic Alloys by
Spectroscopy and Gravimetry,” was first published in the early 1960s and has undergone several revisions to keep
pace with technological advances. Its primary aim is to provide a uniform, scientifically sound framework for
measuring trace metal concentrations in complex matrices such as steel, aluminum, and other alloy systems.

ASTM E155 covers a range of analytical techniques, including atomic absorption spectroscopy (AAS), inductively
coupled plasma optical emission spectroscopy (ICP-OES), and gravimetric methods. Each method is accompanied
by detailed instructions on sample preparation, reagent selection, calibration, and quality control, ensuring that
results are both accurate and traceable to national standards.

History and Development

ASTM E155 emerged from a need to standardize trace metal analysis across industries that rely heavily on alloy
performance—automotive, aerospace, construction, and electronics. Over the decades, the standard has been
updated to reflect improvements in instrumentation, such as the transition from flame AAS to graphite furnace AAS,
and the introduction of ICP-OES and ICP-MS. These updates have expanded the detection limits, broadened the
range of analytes, and enhanced the precision of measurements.

Purpose and Scope

The standard’s purpose is threefold:

1. Provide a consistent methodology for trace metal determination to facilitate interlaboratory comparison.
2. Ensure traceability by linking measurements to reference materials and calibration standards.
3. Promote quality control through detailed procedures for blanks, duplicates, and spiked samples.

ASTM E155 applies to a variety of metallic alloys, including but not limited to:

¢ Carbon steels



e Stainless steels

e Aluminum alloys

Nickel and cobalt alloys

¢ Superalloys used in high-temperature applications

Key Components of the Standard

While the standard is extensive, its core components can be summarized as follows:

e Sample Preparation — Guidelines for homogenizing, dissolving, and filtering samples.

¢ Reagent Selection — Specifications for acids, complexing agents, and internal standards.

« Instrument Calibration — Procedures for creating calibration curves and determining linearity.

¢ Quality Assurance — Requirements for blanks, duplicates, and spiked recoveries.

e Data Reporting — Standards for documenting uncertainty, detection limits, and reporting formats.

Test Methods Covered

ASTM E155 outlines several test methods, each tailored to specific analytical needs. Below, we highlight the most
frequently used techniques and provide a concise overview of their implementation.

Reagents form the backbone of trace metal analysis. The standard specifies the purity of acids (e.g., nitric acid,
hydrochloric acid), the use of ultrapure water, and the preparation of internal standards such as gallium or indium.
Proper reagent preparation minimizes contamination and ensures that the analytical signal is attributable solely to
the analyte of interest.

Effective sample preparation is critical for accurate results. ASTM E155 recommends the following steps:

1. Homogenization — Use of a ball mill or mechanical grinder to achieve a uniform particle size.

2. Dissolution — Acid digestion using a combination of nitric and hydrochloric acids, often in a microwave-
assisted digestion system.

3. Filtration — Use of 0.45 um filters to remove particulate matter.

4. Dilution — Adjustment of the sample matrix to match the calibration range.

Atomic absorption spectroscopy (AAS) is a staple technique within ASTM E155. The standard details the use of
flame or graphite furnace AAS, the selection of appropriate wavelengths, and the calculation of absorbance using
Beer's Law. It also outlines the use of background correction methods, such as wavelength modulation or Zeeman
correction, to account for matrix effects.

Calibration is the linchpin of quantitative analysis. ASTM E155 prescribes the use of multi-point calibration curves,
typically ranging from the detection limit up to a few hundred parts per million (ppm). It emphasizes the importance
of verifying linearity through statistical tests (e.g., correlation coefficient, residual analysis) and the need to include
internal standards to correct for instrument drift.

To ensure data reliability, the standard mandates the inclusion of:

¢ Blank samples — To monitor background contamination.

¢ Duplicate samples — To assess precision.

e Spiked samples — To evaluate recovery rates.

* Reference materials — Certified reference materials (CRMs) to validate accuracy.

Application Areas

ASTM E155’s versatility makes it applicable across a spectrum of industries and research settings. Below are some



of the key application areas.

Metallurgical Analysis

In metallurgy, trace metal content can significantly influence mechanical properties, corrosion resistance, and
overall alloy performance. ASTM E155 provides the analytical backbone for:

e Assessing alloy purity during production.
e Monitoring contaminant levels in recycled metals.
» Evaluating the effectiveness of decontamination processes.

Environmental Monitoring

Trace metal analysis is essential for assessing environmental contamination. The standard’s rigorous quality
controls make it suitable for:

¢ Analyzing soil and sediment samples for heavy metals.
¢ Monitoring effluent streams from metal finishing operations.
» Evaluating compliance with environmental regulations such as EPA’s Part 761.

Industrial Process Control

Manufacturers often need real-time feedback on alloy composition to maintain product specifications. ASTM E155
can be integrated into process control systems by:

e Providing calibration standards for in-line spectrometers.
« Facilitating rapid analysis of scrap material for reprocessing.
* Enabling traceability of material batches across production lines.

Academic Research

Researchers benefit from the standard’s detailed methodology when exploring new alloy systems or developing
novel analytical techniques. The reproducibility of ASTM E155 supports:

e Comparative studies across laboratories.
¢ Publication of peer-reviewed findings with robust analytical backing.
* Development of new reference materials.

How to Use ASTM E155 in the Lab

Implementing ASTM E155 in a modern laboratory involves careful planning, equipment selection, and adherence
to procedural steps. Below is a practical guide to help you get started.

Equipment Needed

* Microwave-assisted digestion system (e.g., CEM Mars 6).

e Atomic absorption spectrometer (flame or graphite furnace).

« Inductively coupled plasma optical emission spectrometer (ICP-OES).
« High-precision balances (£0.1 mg).

« Ultrapure water system (18.2 M:»v60’a

« Filtration apparatus (0.45 ym filters).

« Internal standard solutions (e.g., gallium, indium).

Step-by-Step Procedure

1. Sample Collection — Use clean, non-metallic containers to avoid contamination.
2. Sample Homogenization — Grind the sample to



Cooling and Dilution — Allow the digest to cool, then dilute to a known volume with ultrapure water.
Filtration — Pass the solution through a 0.45 um filter.
Calibration Curve Preparation — Prepare standard solutions at multiple concentrations.
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. Quality Control Checks — Run blanks, duplicates, and spiked samples to verify accuracy.
10. Data Reporting — Document uncertainty, detection limits, and any deviations from the standard.

Common Mistakes to Avoid

¢ Using contaminated reagents — always verify reagent purity.

 Ignoring matrix effects — employ internal standards to correct for interference.

e Skipping quality control — without blanks and duplicates, data reliability is compromised.

* Inadequate calibration — ensure the calibration curve covers the expected concentration range.

Benefits of Adopting ASTM E155

Adopting ASTM E155 offers tangible advantages for laboratories and organizations alike:

¢ Consistency — Uniform procedures reduce variability between analysts and instruments.

Traceability — Links measurements to national standards, enhancing credibility.

* Compliance — Meets regulatory requirements for quality control and environmental monitoring.

¢ Cost Efficiency — Reduces waste by optimizing sample preparation and reagent use.

» Competitive Edge — Provides a robust data foundation for product development and quality assurance.

Comparison with Other Standards

While ASTM E155 is widely respected, other standards also address trace metal analysis:

¢ ISO 17025 — Focuses on laboratory competence and general testing procedures.
« ASTM E308 — Deals with the determination of trace elements in steel by AAS.
* EPA Method 6020B — Provides guidelines for ICP-MS analysis of trace metals in environmental samples.
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Acid Digestion — Place the sample in a digestion vessel, add nitric acid, and heat using a microwave system.

Instrument Setup — Set the spectrometer to the appropriate wavelength and configure background correction.
Analysis — Inject the sample, record absorbance, and calculate concentrations using the calibration curve.
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