
CLASSIFICATION OF COAL 

Numerous system of coal classification has been proposed by different authors since the later 

part of the 19
th

 century. Most of the classifications are based on the physical, chemical and 

technical properties of the coals. 

Physical Properties 

The physical properties of the coals classify them into two major categories: humic and 

sapropelic. Humic coals are banded and made up mainly of microscopic plant debris. They 

consist of 4 lithotypes, which are megascopically recognized bands in coal – Vitrain, Clarain, 

Durain and Fusain. 

Sapropelic coals are non-banded, composed mainly of microscopic plant debris, spores, 

pollens, algae and most commonly shows conchoidal fracture. Sapropelic coals are further 

divided into cannel coal, boghead coal and transition between the two- cannel-boghead coal 

and boghead-cannel coal.  

Cannel coals are rich in spores while boghead coal are rich in algae. When algae is more in 

comparison with spores the coal is termed as cannel-boghead coal, whereas when spores are 

more than algae it is termed as boghead-cannel coal.  

Cannel and boghead coals, heavily contaminated with clay minerals, and silica, are called 

cannel shale and boghead shale. These shales are darker in colour, brighter in lustre and have 

higher density than coals. Cannel coals, often found to contain siderite, are called cannel coal 

ironstones.  

The humic and sapropelic coals which are contaminated with clay minerals, mica and quartz 

are called carbonaceous shale. These black in colour, dull, hard and compact, these are 

heavier than coal. In most cases, which consist of carboargillite (20-60% by volume of clay 

minerals, mica and quartz), may contain carbosilicate and carbopyrite.  

Chemical Parameters 

The chemical parameters classify coals in four types: peat, lignite, bituminous and anthracite. 

This division is based on carbon, ash and moisture content.  

Peat 

Peat is not essentially coal. It is the first stage of transformation, which is an accumulation of 

partially decayed vegetation or organic matter. It is unique to natural areas called peatlands 

(Joosten and Clarke, 2002), which is the most efficient carbon sink on the planet (IUCN, 

2017), because peatland plants capture CO2 naturally released from the peat, maintaining an 

equilibrium. Sphagnum moss, also called peat moss, is one of the most common components 

in peat, although many other plants can contribute. Peat forms in wetland conditions, where 

flooding or stagnant water obstructs the flow of oxygen from the atmosphere, slowing the 

rate of decomposition.  

Peat contains less than 40 to 55 per cent carbon, sufficient volatile matter, lot of moisture and 

impurities (Breeze, 2015). 



Lignite 

Lignite, often referred to as brown coal (Kopp, 2016), is a soft, 

brown, combustible, sedimentary rock formed from naturally compressed peat, which 

represents the intermediate stage of coalification process. It is considered the lowest 

rank of coal due to its relatively low heat content (Osborne, 2013). It has carbon content 

around 60–70 percent, high moisture content as high as 75 percent (Kopp, 2016) and an ash 

content ranging from 6-19 percent (Ghassemi, 2001). The high volatile content in lignites 

cause its spontaneous combustion. 

Bituminous  

Bituminous coal or black coal is soft coal which is most widely available and used. They 

have a carbon content of 69% to 86% and lower moisture and volatile content than 

lignite coals, ranging from 5% to 45% (Gramellis et al., 2016). They are easily combusted 

when pulverized as powder due to their high heating value and high-volatile content, and they 

burn with a relatively long flame. These coals are dense and compact and possess very high 

calorific value. They are used in production of coke and gas. Geologically the bituminous 

coals span from Carboniferous to Cretaceous periods and have an extensive geographical 

distribution worldwide. 

Anthracite 

Anthracite is a high-rank coal, representing a coal that has been subjected to the highest grade 

of metamorphism. Anthracite is shiny black, hard and brittle and has the highest fixed-carbon 

content (approximately 86 to 98%, Gramellis et al., 2016). Due to its low volatile matter (2 to 

12%), anthracite‟s combustion process is slow. Anthracite combusts with hot, clean blue 

flame, containing low content of sulphur and volatiles. Due to these characteristics, anthracite 

is sometimes used in domestic applications or other specialized industrial uses that require 

smokeless fuels. 

 

Classification based on Proximate Analysis 

The simple nature of the proximate analysis has helped in developing many systems of 

classification. The parameters generally used in classification are moisture, volatile matter or 

fixed carbon, fuel ratio and calorific value. 

Frazer's classification 

It is one of the earliest classifications of coal proposed by Frazer (1877) in the USA. He 

devised a system based on the fuel ratio, i.e., the ratio between volatile matter and fixed 

carbon content. His scheme of coal classification is given as follows: 

 

 

 



Type Fuel Ratio (FCA/M, unit 

coal basis) 

Anthracite  100-12 

Semi-Anthracite  12-8 

Semi-bituminous  8-5 

Bituminous  5-0 

Frazer‟s classification 

 

Parr’s classification 

Parr (1922) gave a revised classification of coal using the volatile matter and calorific value 

of coal.  

Class  
%unit Volatile 

Matter 
Unit coal B.T.U 

Anthracite 0-8 15000-16500 

Semi 

Anthracite 
8-12 15000-16500 

Bituminous-A 12-24 15000-16500 

Bituminous-B 25-50 15000-16500 

Bituminous-C 30-55 14000-15000 

Bituminous-D 35-60 12500-14000 

Lignite 35-60 11000-12500 

Peat  55-80 9000-11000 

Parr‟s classification 

A.S.T.M. Classification 

The A.S.T.M (American Society for Testing and Materials) classification uses bases the fixed 

carbon or volatile matter for high rank coals, and the calorific value of the moist, mineral 

matter free coal for the low rank coals which contain high proportions of moisture. The coals 

are classified into a series of classes and groups. In this classification which is numbered, 

commencing with the higher rank coals. Coals of higher rank than No. 4 high volatile – B 

bituminous coal, i.e., coals containing less than 31% of volatile matter, in dry mineral matter 

free basis, are classified according to their fixed carbon contents. Coals containing more than 

31 % of volatile matter in dry mineral matter free basis are classified according to their 'moist 



calorific value‟. Moist calorific value (moist B.T.U) means the calorific value of the coal 

containing its 'natural bed moisture‟, but not including visible water on the surface of the 

coal. The scheme of ASTM classification is given in the following table. 

 

  

 
A.S.T.M classification by rank 

 

Indian Standard Classification 

The coal classification system adopted by the Indian Standard Institute is mainly based on the 

yield of volatile matter and calorific value (on dry mineral matter free basis) together with the 

moisture content and caking nature of the coals. The classification is presented in following 

table. 



 

General classification of Indian coals (Indian Standard Institute) 

 

 

 

 

 

 

 



COALS IN INDIA 

The coal bearing strata of India, within which coal of economic importance exists, may 

therefore be classified under two main classes: 

1. The Gondwana (Permian) measures 

2. The Tertiary measures 

Gondwana Coal 

The Gondwana coal belongs to the carboniferous period (570 million years to 245 million 

year back).Gondwana coal has overwhelmingly higher share (99%) in India‟s coal resources 

and the entire coal mined in the peninsular plateau part belongs to this category. The coal 

obtained from the Gondwana formations is mainly bituminous and needs to be converted into 

Coke before it can be used in the iron and steel industry. 

Distribution of Gondwana Coal 

The Gondwana coal mines are located in river valleys of Damodar, Mahanadi, Godavari, Son 

and Narmada. Damodar valley is home to largest coal mines in Jharkhand-West Bengal coal 

belt located in Jharia (largest coal field of India), Raniganhj (second largest coal field of 

India), Bokaro, Giridih, Karanpura , Chandrapur, Tatapani, Talcher, Himgiri, Korba, 

Singrauli etc. 

On the basis of geological units, there are three different Gondwana formations viz. Raniganj 

Formation, Barkar Formation and Karharbari Formation. Karharbari Formation is the 

oldest coal formation in India. 

 

Distribution of Gondwana Coal 

The states in which Gondwana coal fields are found include Jharkhand, Orissa, Chhattisgarh, 

West Bengal, Madhya Pradesh, Andhra Pradesh, Maharashtra, Uttar Pradesh, Bihar, Sikkim, 

Assam, with the quantity of reserves in the same order. 

 

 



Tertiary coals 

Tertiary coal fields share only 1% of coal production of India. Such fields occur in Assam, 

Arunachal Pradesh, Meghalaya and Nagaland and also in small quantities in Jammu & 

Kashmir. It is extracted from Darangiri, Cherrapunji, Mewlong and Langrin (Meghalaya); 

Makum, Jaipur and Nazira in upper Assam, Namchik – Namphuk (Arunachal Pradesh) and 

Kalakot (Jammu and Kashmir). 

  

 

Distribution of Tertiary Coal 

 

Tertiary coal is the lignite coal . Lignite also occurs in the coastal areas of Tamil Nadu, 

Pondicherry, Gujarat and Jammu and Kashmir. The coal is of inferior quality with around 30 

to 50% carbon.  India‟s largest lignite deposits are at Neyveli in Tamil Nadu.  

 

 

 

 

 

 

 

 

 

 

 



METHODS OF ANALYSIS 

The coal samples have been subjected to the following analytical technique to get the desired 

result. 

i. Megascopic Analysis 

ii. Proximate Analysis 

iii. Petrographic Analysis 

Megascopic Analysis 

Coals are of sedimentary origin and typically have layered structures arising from periodic 

changes in the conditions of deposition and the preservation of the organic and inorganic 

matter. Such changes may have been of very local effect, so that the layers are of small areal 

extent or they may have been regional, in which case characteristic layers may be 

recognizable over tens or hundreds of square kilometers. 

Lithotypes: 

The term „lithotype‟ designates the different macroscopically recognizable bands of coal 

seams. The differentiation of lithotypes is necessarily done on a qualitative, or at best a semi-

quantitave basis. The succession of lithotypes in a seam is recorded using macroscopic 

appearance in an exposed seam section within a mine, in a pillar sample, or in a bore core 

which has been drilled to intersect the seam.  

There may be a number of reasons for a lithotype having a particular macroscopic 

appearance. Thus a given layer may be dull because there is much inertinite present, may be 

texture is fine, or due to the presence of finely divided mineral matter. 

Humic Coals 

The humic coals are derived from the land plants. They undergo extensive humification 

process and thus are banded. The following lithotypes are recognized in humic coals: 

1. Vitrain (bright) 

2. Clarain (semibright) 

3. Durain (dull) 

4. Fusain (mineral charcoal) 

 

 

 

 

 

 



Types and litho-types of bituminous coal (After Stach, 1952) 

Coal type lithotype Macroscopically recognizable features 

 

 

 

 

 

 

Humic coals 

Vitrain Bright, black, vitreous lustre, usually brittle, 

frequently with fissures. Cleats originate and 

terminate within vitrain. 

 

Clarain Semibright, black,very finely stratified. 

Interlamination of the rest of the three lithotypes. 

 

Durain Dull, black or grey black, hard, rough surface. 

Comprised of inorganic matter mostly. Weight of the 

coal is carried by durain. 

 

Fusain Silky lustre, black, fibrous, soft, quite friable. 

 

 

 

Sapropelic 

coals 

Cannel coal Dull or somewhat greasy lusture, black, homogenous, 

unstratified, very hard, conchoidal fracture, black 

streak. 

 

Boghead coal Like cannel coal, but of somewhat brownish 

appearance, brown streak. 

 

Types and litho-types of bituminous coal 

Sapropelic Coal 

They are derived from aquatic plants whose roots are submerged in water or from algae. 

Unlike humic coals, sapropelic coals show little macroscopic evidence of stratification, and 

appear rather homogenous. They are typically soft and compacted. Although they are not 

formally defined as lithotypes, there are two main kinds of sapropelic coal – boghead coal 

and cannel coal with transitions between them. 

Cannel Coal 

Cannel coal is derived from subaquatic plants rich in pollen, spores and cuticles. It is 

generally non- banded except some thin bands of vitrain with thickness less than 3 mm. 



Cannel coal is black and dull, sometimes with a rather greasy lustre. It is homogenous and 

compact, and breaks with a conchoidal fracture. It is difficult to distinguish cannel coal from 

the boghead coal macroscopically. Cannel coals are typically somewhat darker than the 

bogheads which have a more brownish colour and a brown streak. 

Boghead Coal 

Boghead coal is derived from algae. It is non – banded with black to brown colour. The 

brown color of Boghead is due to very high concentration of Hydrogen and relatively lesser 

amount of Carbon. 

ICCP RULE FOR CHARACTERISATION OF COAL 

For a lithotype, the thickness of a band has to be 3 – 10 mm. This implies that if a vitrain 

band is 3mm in thickness than only it is characterized as a lithotype. 

If the thickness of a band is less than 3 mm than it is characterized as clarain as it is an 

alteration of the bands of vitrain, durain and fusain with thickness less than 3mm. 

The lithotypes differ in their chemical as well as petrographic constitution. 

Diessel’s Classification of coal 

BRIGHT COAL                             : < 10% dull coal laminae 

BANDED BRIGHT COAL          : 10 – 40 % dull coal laminae 

BANDED COAL                           :  50% dull coal laminae50% bright coal laminae 

BANDED DULL COAL               : 10 – 40 % bright coal laminae 

DULL COAL                                 : < 10 % bright coal laminae 

FIBROUS                                       :  Band of fusain 

Cleat 

Generally there are three sets of joints known as cleats found in coal seam. One set is parallel 

to bedding plane and other two are vertical. These planes are the potential locations of water 

and gas accumulations in coal seam. 

 



 

 

 

 

 

 

 



Proximate Analysis 

Volatile Matter: 

 Volatile matter consists of hrdrocarbon and other gas that are obtain by distillation 

and thermal decomposition. 

 The main constituent of volatile include hydrogen,carbon monoxide, methane, water 

and hydrocarbon. 

 They may liquefy or solidify at room temperature. 

 The composition of volatile matter varies with rank of coal. 

 Content of volatile decrease with increase in rank of coal 

 Volatile matter escape as nature thus volatile matter become become parameter for 

assessment of rank of coal. 

Moisture: 

 Moisture is an important properties of coal and in various form. Groundwater and 

other extra moisture is known adventitious moisture and is evaporated. 

 Moisture held with in the coal itself is known as inherent moisture and is analysed 

quantitatively moisture occur in four forms. 

 Surface moisture: water held on the surface of coal particle added through circulating 

groundwater can be remove by drying. 

 Hygroscopic moisture: water held in microscopic pore of coal that cann`t be remove 

completely. 

 Decomposition moisture: water held in decomposed organic compound carboxyl, 

hydroxyl, carbonyl. 

 Mineral matter: water comprised part of crystal structure of hydrous silicate as clay. 

 The proximate analysis has been done, taking the -72 mesh size coal powder, to 

determine the constituents viz. Moisture, Ash, Volatile Matter and Fixed Carbon.   

Ash: 

Ash content of coal is the Non-combustible residue left after the coal is burnt. 

It represent the bulk mineral matter after carbon, oxygen, sulfur and water (including from 

clay) has been driven off during combustion. 

Mineral in coal when heated give ash amount inorganic matter. 

Fixed Carbon: 

The fixed carbon content of the coal is the carbon found in the material, which is left after 

volatile material are drieven off. 

This differs from the ultimate carbon content of the coal because some carbon is lost in 

hydrocarbon with the volatiles. 

Fixed carbon is used as an estimate of the amount of coke that will yield from a sample. 

Fixed carbon is determined by remaining the mass and volatile. 

Determined by volatile test, from the original mass of the coal sample. 

Analysis is being processed forward with the coal burnt and ash material as product. 

Methods for Proximate Analysis  

Proximate analysis is taken into consideration for general purpose. It includes determination 

of moisture, volatile matter, fixed carbon and ash content following the Indian Standards 



Specification. The procedure for proximate analysis does not require elaborate costly 

equipments. Thus this analysis is widely used for industrial purpose. 

i. Moisture 

 One gram of air dried coal powder (-72 mesh size) was uniformly spread in a glass dish. It 

was then kept in an oven at a temperature of 108
0
 ±2

0
C for one and half hour. The dish was 

then taken out and cooled in a desiccator. The coal powder was then weighed to know the 

loss in weight and from that the moisture in percent was calculated. 

ii. Volatile Matter (VM) 

One gram of air dried coal powder was taken in a silica crucible with lid and was heated in a 

Muffle Furnace at a temperature of 900
0
 C for seven minutes. The crucible was then taken 

out and allowed to cool in a desiccator. Again the sample was weighed and the loss in weight 

was taken as the sum of moisture and the VM. Then by subtracting the moisture percentage, 

the percentage of VM was finally calculated.  

iii. Ash 

One gram of air dried coal powder was taken in a silica crucible. It was placed in a Muffle 

Furnace at room temperature and subsequently the temperature was raised to 500
0 

 C in 30 

minutes and then to 815
0
 C for one hour. The crucible was then cooled in a desiccator. The 

weight of the ash was then calculated in percent. 

iv. Fixed Carbon 

To determine the fixed carbon content, the sum of moisture, volatile matter and ash content 

was subtracted from one hundred.  

Calculations for Proximate Analysis 

Let A = Weight of the Crucible or Glass dish 

      B = Weight of the Crucible + Sample 

      C = Weight of the Crucible + Sample after Heating 

Then, 

 Moisture = 
   

   
      

 Volatile matter = 
   

   
                

 Ash = 
   

   
     

 Fixed Carbon = 100-(Moisture + V.M + Ash) 

 

Dry Ash Free Basis (DAF Basis) & Mineral Matter Free Basis (mmf) 

Volatile Matter (Dry Ash Free basis) = 
             

                
     

Volatile Matter (Mineral Matter Free basis) = 
             

                     
     

 

 

 

 



PETROGRAPHIC ANALYSIS 

INTRODUCTION 

The coal can be studied in hand specimen and also with the help of petrological microscope. 

When viewed under microscope, coal is seen to consist of particles and bands of different 

kinds of carbonaceous material. These discrete entities represent the coalified remains of 

various plant tissues or plant derived substances that existed at the time of peat formation. 

They are distinguished from each other on the basis of their morphology, hardness and 

optical characteristics and also exhibit differences with respect to their chemical 

characteristics or technological behavior in coal utilization. 

These organic remains are called ‘Macerals’ and their associations ‘Microlithotypes’. 

MACERAL ANALYSIS 

All three groups of macerals have been recorded in the samples of Rajhara Bottom seam 

coals. The qualitative as well as quantitative study of the macerals was carried out and the 

results are represented in tabular form. The macerals that were identified belonged to three 

major maceral groups: Vitrinite, Liptinite and Inertinite. 

Maceral group                                  Maceral Subgroup                        Maceral 

 

 

                                                                                                                 Telinite 

                                                                                Telovitrinite 

                                                                                                                 Collotelinite 

 

 

                                                                                                                  Gelinite 

VITRINITE                                                           Gelovitrinite 

                                                                                                                 Corpogelinite 

 

 

                                                                                                                   Vitrodetrinite 

                                                                                Detrovitrinite 

                                                                                                                    Collodetrinite 

Vitrinite Classification 

 

Vitrinite 

The Vitrinite groups of macerals are characterized by their gray to white colour and 

reflectance which lie between the macerals of liptinite and inertinite groups in the same coal. 

The macerals of these groups are telinite, collotelinite, gelinite, corpogelinite, vitrodetrinite 

and collodetrinite. The classification of macerals of vitrinite after I.C.C.P-1994 is given here. 

In the Vitrinite -94 classification, the vitrinite group has been subdivided into subgroups 



and each subgroup into macerals. The maceral group is defined by level of reflectance, 

maceral subgroup by degree of destruction of the original plant matter and the maceral by 

morphology and /or degree of gelification. 

Telovitrinite is characterized by the presence of cell structure which may be or may not be 

visible. The two macerals of this group are telinite and collotelinite. The maceral Telinite 

shows well preserved cell structures where cell lumens are either filled by resinite or clay 

minerals. The maceral Collotelinite is homogeneous in appearance. The particulate form of 

vitrinite is called Vitrodetrinite. When the liptinite macerals occur in vitrinite groundmass in 

higher concentration, they make it slightly darker in appearance and this type of macerals are 

known as Collodetrinite. The colloidal (humic) infilling of vitrinite is collectively included 

in the subgroup gelovitrinite. 

 Among the macerals of Vitrinite group Collotelinite, Collodetrinite and Vitrodetrinite 

occur in these coal. The most abundant maceral among the Vitrinite group is Collotelenite. 

Collotelinite has also been observed in association with Liptinite and Inertinite group of 

macerals mainly with Inertinite group.  

(The new vitrinite classification,ICCP System 1994) 

Liptinite 

The macerals of this group possess distinct morphology with dark gray to black colour. 

The different type of Liptinite macerals are as follows:. 

 

                                                                         Sporinite 

                                                                         Cutinite 

Primary Liptinite Macerals                           Resinite 

                                                                         Alginite 

                                                                         Suberinite 

 

 

                                                                        Bituminite 

Secondary Liptinite Macerals  Fluronite 

Exsudatinite 

 

The Primary Liptinite macerals are characterized by their distinct morphology and are 

derived from hydrogen rich constituents of plants such as spores, pollens, cuticles, resins and 

algae. The Secondary Liptinite macerals are products of coalification and are classified as 

expelled hydrocarbons. They occur in cleats, fissures and cavities of Vitrinite and Inertinite 

group of macerals. 

Macerals of Liptinite group could not be recognized easily may be due to their high 

marturity and lack of fluorescence. 

(Classification of liptinite – ICCP System 1994) 

Inertinite Group 

The macerals of this group are considered inert because they do not react to temperature 

during their entire course of coalification and also during the carbonization process. The 

macerals of this group are as follows: 

 



 

 

Pyrofusinite 

Fusinite 

Degradofusinite 

Semifusinite 

 

Macrinite 

Inertinite group                                                                                                           

Micrinite 

 

Funginite 

 

Secretinite 

 

Inertodetrinite 

 

 

 

 

The maceral Fusinite shows yellowish white to white colour & very high relief in incident 

light. The reflectance is independent of rank. It shows high degree of well-preserved cell 

structure. Yellowish white colour and very high relief characterize the sub 

maceral“Pyrofusinite” where as “Degradofusinite” shows lower relief and comparatively 

lower reflectance 

 

Semifusinite shows colour, reflectance and relief between Vitrinite and Fusinite of the same 

rank of the coal. The whites to grey rounded bodies around 1μm size are micrinite. The 

structureless bodies of variable sizes and shapes show reflectance close to the macerals of 

Inertinite group are macrinite. Macrinite and micrinite differ only in size and mode of origin. 

The shape, morphology and reflectance characterize the maceral Secretinite. It shows white 

to yellowish white colour and round to oval shape. The fragmental macerals of Inertinite 

group occurring in either Vitrinite or Inertinite groundmass are called Inertodetrinite 

The inertinite group of macerals are present in dominant amount. The macerals of 

Inertinite group which were identified are semifusinite, fusinite, funginite,macrinite and 

inertodetrinite . The oxidation of the collotelinite to semifusinite and fusinite was not very 

much recognizable under the microscope. 

Inertodetrinite has been observed here as fragments of inertinite group of macerals which 

shows white to pale grey colour and higher reflectance than Vitrinite group of macerals.  

(The new inertinite classification (ICCP System 1994) 



 

Classification of Macerals 

Mineral Matter 

Besides organic constituent, the inorganic constituent can be observed in the coal in the form 

of discrete crystalline solids, dissolved salts in pore waters or organo-metallic compounds in 

the coal substance, and in general, referred to as „mineral matter‟. One of the advantages of 

microscopic investigation is that the distribution of the mineral matter in relation to macerals 

(i.e .mode of occurrence of mineral matter) can be clearly seen under the microscope. The 

microscopic study furnishes details on the nature and origin of the mineral matters and also 

the coals in which they are enclosed. Mineral matter can be of two types: 

(1) Syngenetic 

(2) Epigenetic 

Syngenetic minerals are those which are formed during the formation of coal. 



Epigenetic minerals are those which are formed after the formation of coal. They are found 

in the cleats, fissures and cavities. 

Classification of Carbominerites 

Carbominerites Minerals present Quantitative occurrence 

Carbargilite Clay minerals 20% to 60% by volume 

Carbankerite Carbonate minerals 20% to 60% by volume 

Carbosilinite Quartz + other silicate 

minerals 

20% to 60% by volume 

Carbopyrite Sulphide minerals 5% to 20% by volume 

Carbopolyminerite A group of minerals 20% to 60% by volume 

5% to 20% if sulphides are a 

part of the group. 

Classification of Carbominerites 

 

Microlithotype Analysis 

  All macerals of Liptinite group and some of the macerals of Inertinite group such 

As micrinite, macrinite, secretinite, funginite and occasionally semifusinite do not form 

independent microbands in coals but always occur in associations of either Vitrinite or 

Inertininite group macerals. Such associations at microscopic scale are called 

„Microlithotypes‟. A classification of Microlithotypes is shown in table no.8.6. The 

International Committee for Coal and Organic Petrography has put forward two rules for the 

transformation of microbands into microlithotypes. The first rule says that the size of the 

microbands should be 50 microns (50 x 50 microns surface area) and second is the 5% rule. 

According to the 5% rule, the monomaceral and bicameral microlithotypes may carry 5% 

accessory macerals. For e.g., the monomaceral „Vitrite‟ should contain 95% Vitrinite 

macerals and not more than 5% either Inertinite or Liptinite macerals. The mineral-maceral 

associations at the microlithotype scale are called „Carbominerite‟. A classification of 

carbominerite is given in the table given below. For the microlithotype analysis a 20-point 

graticule (Kotters graticule) is fixed in the ocular of the petrological microscope where each 

point refers to 5% 

Classification of Microlithotypes 

Maceral 

Composition 

Microlithotype 

group 

Microlithotype Maceral group composition 

(mineral free) 

Monomaceral Vitrite  Vitrinite> 95% 

Inertite  Inertinite> 95% 

Liptite  Liptinite> 95% 

Bimaceral Clarite  Vitrinite + Liptinite> 95% 

Vitrinertite  Vitrinite + Inertinite> 95% 

Durite  Liptinite + Inertinite> 95% 

Trimaceral Trimacerite 

(Each maceral 

Duroclarite Vitrinite>Liptinite + 

Inertinite 



should be > 

5%). 

Clarodurite Inertinite>Liptinite + 

Vitrinite 

Vitrinertoliptite Liptinite>Vitrinite + 

Inertinite 

Classification of Microlithotypes 

 

Methods for Petrographic Analysis: 

The coal samples were prepared depending upon the type of analysis it was subjected to. The 

detail of the method of preparation for different analytical work is described as follows. 

Sample Preparation for Petrographic Study 

The coal samples collected from the Ananta Opencast Project in Talcher Coalfield have been 

subjected to petrographic study with the help of Leitz Orthoplan Pol Microscope at the 

Organic Petrology Laboratory, Banaras Hindu University, Varanasi.  

For this purpose the coal samples have been crushed to 18-mesh size to make coal pellets. 

The preparation of coal pellets is as follows. 

Coal Pellet Preparation Using Cold Mounting Material 

i. Embedding 

In this process rapid repair powder and rapid repair liquid are used as a mounting material. 

About 10 grams of coal powder is mixed with almost equal amount of the RR powder. 

Thereafter, 6-7 ml of RR liquid is properly mixed with the mixture. The entire mixture is then 

poured into a mould placed on a clean glass plate wrapped with aluminum foil for easy 

removal. The mould is then left for 4-5 hours to harden. 

 

ii. Grinding 

The coal pellet is ground on a glass plate using 100-mesh grinding paper for about 30 

minutes. The ground surface is washed under a strong jet of water and the process is repeated 

using 400, 600, 800 and 900 mesh grid paper, each for 20 minutes. Then the surface is 

washed under a jet of water and allowed to dry.  

iii. Polishing 

Polishing involves three stages, Emery paper for 8-10 minutes, then on a rotating lap Blazer 

cloth using a paste of MgCO3 and water as medium. The last stage of polishing is performed 

over a wet Sylvet cloth stretched over a glass plate using a solution of Alumina powder 

grade-III (Gamma Alumina Powder). 

Methods for Petrographic Analysis 

The coal samples have been subjected to the following analytical technique to get the desired 

result. 



I. Maceral Analysis 

The polished thin sections of coal have been studied under polarized incident light 

microscope – Leitz Orthoplan - Pol System  equipped  with automatic photographic unit 

(Wild Photoautomat MPS 45), photometry system (MPV compact-2). For Petrographic study 

an oil immersion objective of 50x and Leitz immersion oil was used. The identification of 

macerals was done on the basis of properties of individual maceral. For the quantification of 

macerals, integrated mechanical stage and point counters were used. For point counting, the 

line to line and point to point spacings were fixed as 0.4 mm. The cross wire intersection was 

fixed as the observation point for modal analysis. In each polished thin section a minimum of 

300 points were counted. 

II. Micro-lithotype Analysis 

The identification of micro-lithotypes and carbo-minerites has been done following the 

recommendations of and Stach et. al. (1982) and the counting has been done with the help of 

20-point graticule. 

III. Mineral Matter Analysis 

The identification and counting of mineral matter is done simultaneously with the maceral 

and micro-lithotype counting. 

 


