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In the global energy and metallurgical sectors, coal remains a foundational commaodity. However, due to its inherent
heterogeneity—stemming from diverse geological origins and coalification processes—standardizing its physical
and chemical evaluation is critical. The American Society for Testing and Materials (ASTM) provides the
international framework for these evaluations. This technical guide explores the complexities of ASTM Standard
Coal Analysis, focusing on sampling preparation, proximate and ultimate analysis, and the mathematical
frameworks used to report results across various industrial bases.

The Critical Role of Standardization in Coal Science

Coal is not a uniform mineral; it is a complex organic rock composed primarily of carbon, hydrogen, and oxygen,
with varying amounts of nitrogen, sulfur, and inorganic mineral matter. Because coal quality directly impacts
combustion efficiency, emission profiles, and metallurgical yield, precise analytical methodologies are required.
ASTM standards, such as ASTM D3172 for proximate analysis and ASTM D2013for sample preparation, ensure
that data generated in a laboratory in one part of the world is comparable to data generated elsewhere.

Without these standards, the global trade of coal would be fraught with financial risk. Discrepancies in moisture
content or calorific value of even 1% can result in millions of dollars in valuation differences for bulk shipments.
Furthermore, power plant operators rely on these metrics to tune boilers and environmental control systems (like
flue gas desulfurization units) to maintain operational safety and regulatory compliance.

Foundational Step: ASTM D2013 for Coal Sampling and Preparation

The accuracy of any coal analysis is limited by the quality of the sample. ASTM D2013/D2013Mprovides the
standard method for preparing coal samples for analysis. The primary objective is to reduce a gross sample—
which may weigh several tons—down to a representative laboratory sample weighing approximately 50 to 500
grams, typically ground to pass through a 250-;/0 ,2d. 60) sieve.

The Process of Size Reduction and Division

Sample preparation involves a systematic sequence of crushing, mixing, and dividing. The goal is to maintain the
chemical integrity of the coal while reducing its physical mass. Key stages include:

¢ Crushing: Mechanical reduction of particle size to increase homogeneity.

« Riffle Splitting: Using a manual or mechanical riffle to divide the sample into two representative halves.

¢ Air Drying: Removing surface moisture to ensure the coal flows freely through grinding equipment without
losing its inherent (internal) moisture.

e Pulverization: Final grinding to a fine powder (No. 60 mesh) to ensure that the small amount used in analytical
instruments (often less than 1 gram) is representative of the whole.

Table 1: Particle Size Requirements for ASTM Analytical Samples



Procedure Phase Particle Top Size Typical Equipment Used ASTM Reference

Gross Sampling 50 mm - 100 mm Mechanical Samplers ASTM D2234
Primary Reduction 12.5 mm (1/2 in.) Jaw Crusher ASTM D2013
Secondary Reduction 2.36 mm (No. 8) Hammer Mill ASTM D2013
Analysis Sample 250 ;/EQ ,z3d. 60) Pulverizer / Ring Mill ASTM D2013

Technical Breakdown: ASTM D3172 Proximate Analysis

Proximate analysis is the most common test performed on coal. As defined by ASTM D3172, it is the
determination of moisture, ash, volatile matter, and the calculation of fixed carbon. This analysis provides a high-
level overview of the coal's behavior during combustion or carbonization.

1. Moisture Content (ASTM D3173)

Moisture in coal is categorized into surface (adherent) moisture and inherent (equilibrated) moisture. ASTM D3173
measures the weight loss of a coal sample when heated in a specialized oven at 104°C to 110°C in an inert
atmosphere or air (depending on the coal rank). This is the "analysis moisture" or "residual moisture."

2. Ash Content (ASTM D3174)

Ash is the inorganic residue remaining after the complete combustion of coal. It is not a natural component of coal
but a result of the chemical changes in mineral matter during heating. The ASTM D3174procedure involves
heating the coal to 700°C-750°C in a muffle furnace until all carbonaceous material is oxidized. High ash content is
undesirable as it reduces the heating value and creates handling/disposal challenges in industrial applications.

3. Volatile Matter (ASTM D3175)

Volatile matter (VM) consists of the gases and vapors (excluding moisture) released when coal is heated at high
temperatures in the absence of air. According to ASTM D3175, the sample is heated at 950°C = 20°C for exactly
seven minutes in a platinum or high-nickel-chromium alloy crucible with a close-fitting lid. VM is a critical indicator of
coal's ignition ease and reactivity.

4. Fixed Carbon (Calculation)
Unlike the other three components, fixed carbon is not determined directly. It is the remaining combustible solid

after moisture, ash, and volatile matter are accounted for. The formula is:

Fixed Carbon (%) = 100 - [%Moisture + %Ash + %Volatile Matter]

Conversion Between Reporting Bases (ASTM D3180)

One of the most complex aspects of technical writing in coal science is explaining how data is reported. Coal
analysis results change based on how much moisture or ash is included in the calculation. ASTM D3180provides
the standard practice for converting results between the following bases:

¢ As-Received (AR): Includes all moisture (total moisture) as it was sampled at the source.
 Air-Dried (AD): Includes only the inherent moisture left after the coal has reached equilibrium with the lab
atmosphere.



e Dry Basis (DB): Mathematically excludes all moisture.
« Dry, Ash-Free (DAF): Mathematically excludes both moisture and ash to focus strictly on the organic
combustible matter.

Table 2: Base Conversion Formulas for Coal Quality Metrics



To Convert From To Target Base Mathematical Multiplier (F)

Air-Dried (AD) Dry Basis (DB) 100/ (100 - Mad)
Dry Basis (DB) Dry, Ash-Free (DAF) 100/ (100 - Adb)
Air-Dried (AD) As-Received (AR) (100 - Mar) / (100 - Mad)

Where: Mad = Moisture (Air-Dried); Mar = Total Moisture (As-Received); Adb = Ash (Dry Basis).

Ultimate Analysis: The Elemental Composition

While proximate analysis looks at the physical behavior, Ultimate Analysis (ASTM D3176) determines the
elemental composition of the coal. This involves the quantitative determination of Carbon (C), Hydrogen (H),
Nitrogen (N), Sulfur (S), and Oxygen (O).

e Carbon and Hydrogen: Measured by burning the sample in a stream of oxygen and weighing the resulting
CO2 and H20. These are the primary contributors to the coal's heating value.

¢ Nitrogen: Traditionally measured via the Kjeldahl method, though modern Elemental Analyzers use thermal
conductivity detection after combustion.

e Sulfur (ASTM D4239): Critically important for environmental compliance. Sulfur is typically measured using
high-temperature combustion with infrared detection of SO2.

¢ Oxygen: Usually calculated by difference (100 minus the sum of C, H, N, S, and Ash).

Calorific Value: The Energy Metric (ASTM D5865)

The Gross Calorific Value (GCV), or Higher Heating Value (HHV), is determined using a Bomb Calorimeter
according to ASTM D5865. A weighed coal sample is burned in a high-pressure oxygen environment within a
submerged "bomb." The temperature rise of the surrounding water allows for the calculation of the energy released.
For engineering purposes, the Net Calorific Value (NCV) or Lower Heating Value (LHV) is often used, which
subtracts the latent heat of vaporization of the water formed during combustion.

Practical Implementation: Equipment and Quality Control

Operating a coal testing laboratory requires specialized hardware that meets the strict tolerance levels of ASTM
standards. Precision is paramount, as small deviations in furnace temperature or weighing accuracy can lead to
non-compliance with the standard.

Essential Laboratory Hardware:

1. Muffle Furnaces: Must have programmable temperature ramps and precise atmospheric control for Ash and
Volatile Matter tests.

2. Drying Ovens: Forced-air circulation ovens for moisture determination.

3. Analytical Balances: Readability of at least 0.1 mg for analysis samples.

4. Automated Proximate Analyzers (TGA): Modern labs often use Thermogravimetric Analyzers that automate
the sequence of moisture, VM, and ash determination in a single run.

Common Failure Modes and Solutions

Even with advanced equipment, errors can occur. A common issue is the oxidation of coal during the drying
process, especially with low-rank coals like sub-bituminous or lignite. If coal is dried at too high a temperature or for



too long in the presence of oxygen, it can gain weight through oxidation, leading to inaccurate moisture and ash
readings. To solve this, ASTM recommends drying under an inert nitrogen atmosphere for reactive coals.

Another challenge is the "sparking” of coal during the Volatile Matter test. Rapid heating can cause coal particles to
eject from the crucible. This is solved by using a modified heating rate or specialized crucible lids to ensure the
mechanical loss of sample does not occur.

The Broader Implications of ASTM Coal Standards

The rigor of ASTM coal analysis extends beyond the laboratory. These standards are the foundation of the ASTM
D388 Classification of Coals by Rank. By analyzing parameters such as fixed carbon and gross calorific value, coal
is categorized into four main ranks: Anthracite, Bituminous, Sub-bituminous, and Lignite. This classification
dictates how the coal can be used, its market price, and its environmental footprint.

In the context of the global energy transition, coal analysis is taking on new dimensions. Elemental analysis is now
used to calculate carbon intensity and CO2 emission factors for carbon tax accounting. Furthermore, the analysis
of trace elements (such as mercury, arsenic, and selenium) has become a technical necessity for power plants
operating under stringent air toxic standards.

As technical writers and engineers, understanding the nuances of ASTM Standard Coal Analysisis not merely
about following a recipe; it is about ensuring the reliability of the data that fuels the global economy. Whether for
power generation, steel production, or chemical feedstock, the standardized evaluation of coal remains a pillar of
industrial materials science. By adhering to the protocols of ASTM D3172, D2013, and related standards, industry
professionals ensure safety, efficiency, and transparency in one of the world's most vital energy sectors.
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