
Instrument: TGA801

Moisture, Volatile Matter, Ash, and Fixed Carbon Determination in Coal

Introduction
Moisture, volatile matter, and ash are all important solid 
fuel characterization measurements for coal materials. 
The moisture, volatile matter, and ash results are typically 
among the primary parameters used for assessing the 
quality of a solid fuel material. The moisture result is 
utilized for calculating the dry basis results of other 
analytical results. The ash result is utilized in the ultimate 
analysis calculation of oxygen by difference (ASTM 
D3176) and for calculating material balance and ash load 
purposes in industrial boiler systems. The volatile matter 
result indicates the coal yield on the carbonization 
process, providing additional information on combustion 
characteristics of the materials, and establishes a basis for 
purchasing and selling the solid fuel materials. Fixed 
carbon is a calculated value of the difference between 
100 and the sum of the moisture, ash, and volatile matter 
where all values are on the same moisture reference 
base. The LECO TGA801 is a macro thermogravimetric 
analyzer that allows up to 19 samples to be analyzed 
simultaneously.

Sample Preparation
Samples should be prepared in accordance with ASTM 
Method D2013. Coal reference materials such as those 
offered by LECO and NIST comply with this preparation 
methodology.

Accessories
621-331 Large Ceramic Crucibles, 529-048 Large 
Ceramic Covers, 621-011-507 Double Ended Scoop

Calibration Samples
Calibration samples are used to calibrate volatile matter 
content of samples and are normally not required for 
moisture or ash determination. Select a minimum of three 
coal reference materials with known dry basis volatile 
matter content. The reference materials must cover the 
full range of expected volatile matter content of the coal 
and samples that will routinely be analyzed. NIST, LECO, 
or other suitable reference materials may be used.

Sample Mass ~1.0 g

Method Reference
ASTM D7582 Standard Test Methods for Proximate 
Analysis of Coal and Coke by Macro Thermogravimetric 
Analysis

Analysis Time ~4 h

Method General Parameters
Crucible Type Ceramic
Minimum Crucible Weight 20.0
Maximum Crucible Weight 30.0
Crucible Density 3.0

Lid Density 3.0
Sample Type Coal
Sample Density 1.5
Minimum Sample Weight 0.40
Maximum Sample Weight 1.10

Method Step Parameters
Step Type Preset
Preset Method Step Moisture
Cooling Option Active
Crucible Lids No
Start Temperature 25.0 °C
End Temperature 107.0 °C
Ramp Rate 6.0 °C/min
Hold Time 15 min
Maximum Time 180 min
Atmosphere Nitrogen
Flow Rate 10.0 L/min
Final Weight At Constancy
Constancy Window 9 min
Constancy Level 0.0005 g

Step Type Preset
Preset Method Step Volatile
Cooling Option Active
Crucible Lids Yes
Start Temperature 107.0 °C
End Temperature 950.0 °C
Ramp Rate 45.0 °C/min
Hold Time 7 min
Maximum Time 180 min
Atmosphere Nitrogen
Flow Rate 10.0 L/min
Final Weight At End Of Step

Step Type Preset
Preset Method Step Ash
Cooling Option Active
Crucible Lids No
Start Temperature 600.0 °C
End Temperature 750.0 °C
Ramp Rate 3.0 °C/min
Hold Time 0 min
Maximum Time 180 min
Atmosphere Oxygen*
Flow Rate 3.5 L/min
Final Weight At Constancy
Constancy Window 9 min
Constancy Level 0.0005 g

*Air can be substituted for oxygen, flow rate should be set to
10 L/min.
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Equation Name Equation Text

Moisture (((Initial Mass - Moisture Mass)) ÷ Initial Mass)

Volatile (((Moisture Mass - Volatile Mass)) ÷ Initial Mass)

Ash (Ash Mass ÷ Initial Mass)

Fixed Carbon (1 - (((Moisture + Volatile) +Ash)))

Volatile Dry (Volatile x ((1 ÷ ((1 - Moisture)))))

Ash Dry (Ash x ((1 ÷ ((1 - Moisture)))))

Fixed Carbon Dry (1 - ((Volatile Dry + Ash Dry)))

Method Equation Parameters

Procedure
1. Create and/or select a method using the parameters described above following the procedure in the TGA801

Instruction Manual.
2. Login and load samples following the procedure outlined in the TGA801 Instruction Manual.
3. Calibrate for volatile matter by using a minimum of three coal reference materials by following the procedure outlined

in the TGA801 instruction manual.

4. After calibration for volatile matter is complete, analyze unknown samples following the procedure outlined in the
TGA801 instruction manual.

Please Note: Coal material with a high swelling index may need to be analyzed at a lower mass. If material is noticed on
the underside of the crucible lid after the volatile step has been completed, the sample will need to be reanalyzed at a
lower mass. Refer to ASTM D7582, section 12.2.3.2 for further information.

Typical Results (Dry Basis)

Sample
Mass
(g)

Moisture
%

Volatile
%

Ash*
%

Fixed
Carbon %

Batch

High Volatile C 0.9989 4.73 35.15 6.81 58.04 1

Bituminous Coal 1.0022 4.75 35.00 6.85 58.15 1

n=10 1.0130 4.76 35.03 6.82 58.16 1

1.0019 4.74 35.07 6.84 58.09 1

1.0102 4.72 35.13 6.84 58.03 1

1.0019 4.73 35.08 6.78 58.15 2

1.0067 4.73 35.05 6.81 58.14 2

1.0155 4.74 35.18 6.79 58.02 2

1.0137 4.73 35.12 6.84 58.05 2

1.0126 4.72 35.15 6.82 58.04 2

Avg = 4.73 35.10 6.82 58.09

s = 0.01 0.06 0.02 0.06

Low Volatile 1.0105 0.98 17.17 10.78 72.05 1

Bituminous Coal 1.0104 0.97 17.16 10.87 71.97 1

n=10 1.0101 0.98 17.18 10.81 72.01 1

1.0101 0.98 17.22 10.82 71.96 1

1.0069 0.97 17.25 10.78 71.97 1

0.9997 1.01 17.08 10.88 72.05 2

1.0059 1.02 17.05 10.89 72.06 2

1.0037 0.98 17.09 10.94 71.97 2

1.0196 0.99 17.17 10.91 71.92 2

1.0003 0.96 17.18 10.88 71.94 2

Avg = 0.98 17.15 10.86 71.99

s = 0.02 0.06 0.05 0.05

Sample
Mass
(g)

Moisture
%

Volatile
%

Ash*
%

Fixed
Carbon %

Batch

High Volatile C 1.0070 7.14 39.26 9.02 51.71 1

Bituminous Coal 1.0059 7.15 39.19 8.96 51.84 1

n=10 1.0086 7.10 39.29 8.97 51.74 1

1.0146 7.10 39.31 9.00 51.69 1

1.0076 7.13 39.33 8.98 51.68 1

1.0196 7.21 39.10 9.02 51.88 2

1.0248 7.15 39.05 9.03 51.93 2

1.0006 7.14 39.17 8.94 51.90 2

1.0172 7.16 39.15 9.00 51.85 2

1.0143 7.13 39.28 9.00 51.72 2

Avg = 7.14 39.21 8.99 51.79

s = 0.03 0.10 0.03 0.09

*Performed in an oxygen environment.


