
�������� ��	
�����

Analysis, Origin and Significance of Mineral Matter in Coal: An updated
review

Colin R. Ward

PII: S0166-5162(16)30348-2
DOI: doi: 10.1016/j.coal.2016.07.014
Reference: COGEL 2685

To appear in: International Journal of Coal Geology

Received date: 2 July 2016
Revised date: 22 July 2016
Accepted date: 22 July 2016

Please cite this article as: Ward, Colin R., Analysis, Origin and Significance of Mineral
Matter in Coal: An updated review, International Journal of Coal Geology (2016), doi:
10.1016/j.coal.2016.07.014

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/10.1016/j.coal.2016.07.014
http://dx.doi.org/10.1016/j.coal.2016.07.014


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

 

Analysis, Origin and Significance of Mineral Matter in Coal: An 
updated review 

 
 

Colin R. Ward 
 

School of Biological, Earth and Environmental Sciences 
University of New South Wales 

Sydney, NSW, 2052 
Australia 

 
E-mail: c.ward@unsw.edu.au 

 
 
Abstract 
 
The material classed as “mineral matter” in coal embraces crystalline mineral materials as 
well as a range of inorganic elements that occur in non-crystalline form. This review outlines 
the methods that may be used to evaluate the percentage of mineral matter for a coal 
sample, as opposed to the ash yield, and to identify the minerals, their individual 
percentages, and their modes of occurrence within the coal. The principal techniques include 
low-temperature oxygen-plasma ashing; quantitative evaluation of X-ray diffraction data; 
observation using optical microscopy; and a combination of observation, chemical analysis 
and, in some cases, mapping based on scanning electron microscopy and related methods. 
A range of other techniques may also be used to provide additional information on particular 
mineral matter components.  
 
Processes responsible for mineral matter formation include detrital input, biogenic activity, 
and authigenic precipitation at different stages of the coal’s depositional and post-
depositional history. Differential migration of non-mineral inorganic elements may also occur 
in lower-rank coals, and expulsion of non-mineral inorganics may take place with rank 
advance. Knowledge of the mineral matter may be of assistance in understanding the modes 
of trace element occurrence, with implications for assessing possible environmental impacts 
and also the potential for recovery of economic products from coal. The behaviour of 
different mineral matter components at high temperatures is also discussed, as well as 
methods for mineralogical analysis of ashes and other coal utilization products. Information 
from mineral matter studies may provide an improved basis for understanding coal 
formation, and for evaluating the response of particular coals to different combustion, 
gasification and coking processes. 
 
Keywords: Minerals in coal; non-mineral inorganics; mineral matter determination; 
mineralogical analysis; mineral formation; trace element occurrence; coal utilization 
products. 
 
 
1. Introduction 
 
For many purposes coal can be regarded as consisting of two classes of material: organic 
components or macerals on the one hand, and a range of minerals and other inorganic 
constituents, broadly referred to as “mineral matter”, on the other. The organic components 
are fundamental in defining the nature of coal (e.g. Taylor et al., 1998; O’Keefe et al., 2013), 
and in establishing its value for different utilisation processes (e.g. Suárez-Ruiz and Crelling, 
2008; Ward, 1984, 2013). Almost all of the benefits derived from coal, including its energy 
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