Texture of cokes in relation to parameters of coal and coke
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Abstract
The article presents a proposal of the simplified classification of textures of coke and the relationship between  the texture parameters of coke both coal, from which the coke was made, and properties of the coke. 
Introduction

Many authors and research laboratories dealt with chemical and physical properties of coke. Coke strength after reaction (CSR), coke stability and reactivity (CRI) depends on textural components of coke (Diez et al 2002, Moreland et al 1989, Patrick & Walker 1985, Pusz et al 2009, Pusz & Buszko 2012). The natural consequence of researches has been various proposals of textural classification. Efforts were made to create an understandable and standard classification of textural components of coke - for example classification by Marsh (1982), Coin (1987), classification proposed by ÚGG ČSAV (Němec & Rozkošný 1989). Currently ASTM D 5061 “Standard Test Method for Microscopical Determination of Volume Percent of Textural Components in Metallurgical Coke” is valid. Textural components are grouped into three major categories in this standard:
 - binder phase carbon forms,
-  filler  phase carbon forms (including coal-related inorganic material),
-  miscellaneous materials.
Each major category is divided in detail (from 7 to 11 components). 
Tested material and the method of analysis  
Twenty coke samples were analysed; nine coke samples from Zabrze coking plant (Z), eleven samples of coke from Třinec coking plant (T). 
The polished sections of coke grains (diameter of grains below 3 mm) were analysed under the optical microscope in reflected light in immersion using polarized light. 

The evaluation of coke textures according to the standard D5061 is very difficult and exacting. Therefore the simplified classification of coke textures was proposed – Table1. This classification is based on standard D5061, but it is modified. The suggested classification is not so detailed and some textures were omitted, but it includes mainly textures have been found in tested samples. 
Table 1.  Classification of Coke Textural Components

	The Texture
	Description

	Binder  Phase

	Isotropic   
	(Is)
	Smooth isotropic areas

	Incipient
	(In)
	Grain size  > 2 µm

	 Mosaic
	 Fine grained  ( FM)
	 Grain size    < 2 µm

	
	 Medium grained  (MM)
	                 2-5 µm             

	
	 Coarse grained (CM)
	                 < 5 µm       

	  Ribbon
	 Fine gibbon (FR)
	         width  2-20 µm

	
	 Coarse ribbon  (CR)
	         width  > 20 µm

	Filler Phase

	  Inerts
	Fine (IF)
	Grain size    < 50 µm

	
	Coarse (IC)
	                      ≥ 50 µm

	  Mineral Matter
	 (M)
	



Typical textures of coke, which occurred in samples are shown in figures 1 – 10 (Scale shown in figure is 20 micrometers).
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	Fig. 1  Isotropic texture [Is] – reflected light, crossed nicols, oil immersion
	Fig. 2  Incipient texture [In] - reflected light, crossed nicols, oil immersion
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	Fig. 3  Fine grained mosaic   [FM] – reflected light, crossed nicols, oil immersion
	Fig. 4  Medium grained mosaic [MM] – reflected light, crossed nicols, oil immersion
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	Fig. 5 Fine ribbon [FR] – reflected light, crossed nicols, oil immersion
	Fig. 6  Coarse grained mosaic [CM] – reflected light, crossed nicols, oil immersion
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	Fig. 7  Coarse ribbon [CR] – reflected light, crossed nicols, oil immersion
	Fig. 8  Fine inerts [IF] – reflected light, crossed nicols, oil immersion
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	Fig. 9  Coarse inerts [IC] – reflected light, crossed nicols, oil immersion
	Fig. 10  Mineral matter [M] – reflected light, crossed nicols, oil immersion


Results
Volume of coke textural components in analyzed samples is presented in Table 2. 
Table 2.  Textures of coke samples
	Sample 

No.

ÚGN
	Texture (%)
	M

	
	Is
	In
	FM
	MM
	CM
	IF
	IC
	FR
	CR
	

	12895 Z
	0
	0
	21
	36,5
	10,5
	8
	16
	1
	4
	3

	12897 Z
	0
	0,5
	34,5
	23
	9
	13,5
	13
	1,5
	0
	5

	12907 Z
	53
	11
	4
	1
	0
	0
	13
	1
	0
	17

	12911 Z
	42
	28
	8
	1
	1
	2
	12
	0
	0
	6

	12913 Z
	0
	6
	39
	19
	2
	11
	12
	1
	0
	10

	12934 Z
	4
	24
	18
	10
	3
	15
	13
	0
	0
	13

	12938 Z
	8
	39
	8
	9
	0
	13
	12
	0
	0
	11

	13043 T
	4
	50
	10
	3
	1
	17
	9
	0
	0
	6

	13057 T
	0
	1
	32
	28
	4
	17
	11
	0
	0
	7

	13063 Z
	37
	28
	7
	4
	0
	3
	8
	1
	0
	12

	13064 Z
	1
	20
	19
	7
	7
	13
	12
	10
	3
	8

	13145 T
	20
	49
	4
	1
	0
	0
	5
	0
	0
	21

	13146 T
	0
	0
	9
	40
	12
	13
	14
	7
	0
	5

	13147 T
	0
	0
	4
	28
	28
	11
	17
	9,5
	0
	2,5

	13148 T
	0
	2
	37
	25
	8
	6
	17
	3
	0
	2

	13149 T
	0
	11
	51
	6
	0
	8
	14
	0
	0
	10

	13150 T
	0
	0
	0
	12
	37
	5
	13
	24
	3
	6

	13151 T
	0
	0
	3
	33
	28
	11
	15
	7
	0
	3

	13153 T
	0
	0
	6
	49
	17
	7
	13
	5
	0
	3

	13154 T
	33
	28
	13
	2
	2
	0
	9
	3
	0
	10


It is asserted (Patrick &Walker 1985) the coke with a higher content of fine-grained textures shows worse strength of coke. We wanted to verify this fact for coke samples from Třinec and Zabrze coking plants.
Relationship between random reflectance Rr of corresponding coal and coke textures is shown in Figures 11 and 12. The higher value Rr vitrinite the lower the degree of anisotropy of coke. 
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Fig. 11  Relation between Rr of vitrinite and volume   Fig. 12 Relation between Rr of vitrinite and volume

of  Is+In+FM  coke texture                                               of  MM+CM +FR+CR coke texture
It is evident from Figures 13 and 14 the higher the degree of the optical anisotropy of the coke, the higher its strength after reaction (CSR). Scatter in Figs. 13 and 14 to suggest that the simple relationship between coke texture and its CSR is modified by additional factors.
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Fig.13 Relation between CSR and volume of  Is+In+FM     Fig.14 Relation between CSR and  volume of  MM+
coke textures                                                                            CM+FR+CR coke textures
Content of inertinite in charge is approximately twice that of coke (Fig. 15). This is especially known for coal from the saddle seams (Němec & Holubář 1989). One reason for scattering values ​​is that part of macerals of inertinite group finely permeated with vitrinite and during  carbonization are fully decomposed. Another maceral which is during carbonization fully decomposed and incorporated into the texture of coke is mikrinite.
[image: image15.emf]Inertinite in coal versus inertinite in coke 
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Fig.15 Relation between inertinite contain in coal and 
inertinite contain in corresponding coke (Zabrze+Třinec)

Conclusions

Content of inertinite in coal is approximately two times higher than in the corresponding coke. It is in accordance with findings of the other authors. 

The textures of coke samples reflect the degree of coalification of coal from which the coke was made. It is evident, that with the increase of Rr (reflectance of vitrinite in coal) the content of Is+In+FM texture decreases, the content of MM + CM + R texture increases respectively.
             Relations between the technological parameters of coke – CSR (coke strength after reaction), CRI (index reactivity) and texture of coke were studied, too. The parameter CSR corresponds better with the textures in the cokes, the most important correlation was found out for samples from Třinec coking plant. Relation between CRI and texture of cokes is not so significant.
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