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1. ln troduc tion 

For the manufacture of good quality metallurgical coke, it is necessary in the 

first place to select coals that have the suitable propertie~. For this reason, the 

procedure for correctly evaluating the properties of coking coals naturally has the 

most important role among the cokemaking techniques. Particularly in Japan, 

there are few resources of good quality coking coals, hence it has been an 

important mission for those concerne<! to select coals for importing from abroad 

that are suitable for coke making and use them effectively. It is desired that coais 

for the making of metallurgical coke be as low in ash and sulphur contents as 

possible, but it is even more important for them to have good coking properties 

necessary for the forming of lump coke of excellent strength. As for the strength 

of coke, the drum strength measured at room temperature was taken as a target 

formerly, but recently as the behavior of coke in the blast furnace comes to light, 

the strength of coke after its reaction with C02, has become a necessary item. 

The coking properties of coais aimed at coke strength evaluation have been 

known from old to depend on two parameters, coai rank and caking property. The 

content of volatile matter and the renectance of vitrinite have been used as 

characteristics of coai rank, and the caking índex, maximum fluidity by Giese ler 

plastomer, coefficient of total expansion by dilatometer, etc ., used as 

characteristics of caking property. By proper combination of these characteristics, 

coais have been classified and evaluated with severa! methods. More recently, coai 

petrographic analysis has been introduced, and Nippon Steel has established a 

corporate-level standard procedure by combining it with the method using the 

strength index and c~mposition balance index proposed by N. Schapiro and others. 

Coai evaluation through the medium of coke strength after reaction with C02 also 

adopts the concept of coai petrographic analysis. 

The method of coai evaluation applying coai petrographic analysis has much 

of an empirical aspect, and this point needs to be taken into consideration in 

applying this method. The present procedure of coai evaluation still leaves a 
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number of points to be improved, and is llkely to develop further in the coming 

years. The present report discusses the properties and classification of coking 

coals used at Nippon Steel and the procedure of c oai quallty evaluation centered on 

the estimation of cok e strength and post-reac tion strength. 

2. Coking coai propert ies and class if ications 

The coals ac tually used now a t Nippon St eel, as shown by an example of 1986, 

represent 7 coun tr ies and over 90 bra nds, a nd vary very wide ly in thei r properties. 

The principal sources of coking coals impor ted from abroad a re the USA, Austra lia 

and Canada, these three coun tries combined accounting fo r over 70 percent of the 

total tonnage used in Japan. To continue effective use of this great varie ty of 

coals, a method of classification is indispensable that would allow the fea tu res of 

these coals to be distinguished definite!y. Nippon Steel uses a me thod of 

c lassification based on two índices, SI and CBI, as determined from the reflectance 

of vitrini t e and macera! composition measured by the use of an auto ma tic 

pe trographic ana lyz er (Fig.1). To supple ment this me thod of pe trographic ana lysis , 

each incoming sh ipment of coais is checked for caking properties by button 

number, Gieseler plas tome ter, and dilatome ter, in addition to proxima te analysis 

and tota l sulphur ana lys is . More over, a carbonization test by small electrically 

heated coke oven (80 Kg/ eh) is conduc t ed to measure the drum índex and strength 

after C02 r eact ion of the coke formed. The caking propert ies of non or slightly 

caking coals that have come into increasing use with the development of coai 

charge prepara tion technique a re difficult to determine with the me thod of 

measurement applied to ord inary c oking coa.Is. These coking coals, therefore, are 

measured also for caking índex by a method devised by Nippon Steel. Since the 

coais used by Nippon Stee l are thus diversified with their producing distr icts, 

brands, e tc. , cover ing an extensive range, the practice with the basically employed 

method by coai petrographic analysis is to check the m with the characteris tics 

measured by the va rious me thods me ntioned above. 
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(Fig. 1) 

On the other hand, the Coke Division of the Jnpan lron and Steel lnstitute, in 

order to cope with recent trends such as the expanded and diversified range of 

coking coals, the diffusion of coal charge preparation technique, and the 

importance attached to coke strength after reaction, has studied method of 

classification for coking coals and proposed a new unified method of classification 

(Fig.2). This method consists of a major classification breaking coking coals down 

into 11 groups by the reflectance (Ro) of vitrinite and the maximum fluidity MF 

(log DDPM) by Gieseler plastometer and further a minor classification by 

classification codes adding total inert content thereto (Table 1). ln the future, this 

method will be adopted increasingly for lhe classification of unblended coals. 

(Fig. 2) 

Table I 

3. Coking coal quality evaluation procedure 

3.1. Basic ideas 

The purpose in evaluating lhe quality of coking coals can be said to determine 

their proportions such that coke having lhe quality necessary Cor stable blast 

furnace operation can be produced most economically. Nippon Steel purchases 

over 90 brands of coais, distributês thern to 8 coke plants, and at the sarne tim e 

rnanufactures coke from coai charges in which 13 to 15 brands are blended. ln 

order to purchase, distribute and blend coking coals most suitably, prernising the 

required quantity and desired quality of coke, it is necessary to predict coke 

quality from the properties of individual unblended coals, and this constitutes the 

basis of coai quality evaluation procedure . The coke components, such as ash and 
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total sulphur , can be estimeted by additive calculetion from the velues oC 

unblended coais end there is no perticula.r problem in this connection. The objects 

o f c oke quali t y prediction are drum strength (Dii;ºi and strength after COz 

reaction (CSR), and coei petrogrephic enalysis is applied to estimate these. The 

ma in reasons for adopting the method based on coai petrographic analysis include 

the fact lhat it is suited for de termining lhe properties of unblended coais, the fact 

Uiat the development oC eutomatic petrographic analysis procedure has made 

measure ment speedier, and the fact that lhe evaluation by coal petrogrephic 

analysis has been easily understandable by the coai suppliers because of the 

diffusion of lh is practice. 

Th e present system of coke quality estimation does not take into account lhe 

e ffect of coei charge conditions (perticle size, moisture, bulk density) 11nd lhe 

effe ct of c oke oven carbonizetion cond itions. This is beceuse it is difficult to 

quent ify these effects generally sinc e the coke oven size is dlfferent emong the 

e igh t coke plan ts and s ince there are diffe rences in coke oven operating conditions, 

prepara tion techn iqu e, and coke processing technique such as CDQ. Therefore, the 

procedure for coke quality estimation is to determine the dependence of coke 

queli ty on the properties of coking coais under standard conditions, end the effect 

o f manufacturing conditions is to be evaluated at the individual coke plents, taklng 

local conditions into cons ideration. 

3.2. Procedure for estimation o! the strength ( D~~O) of coke 

The es timation oC coke strength by coai petrographic analys is is bes ically a 

modified version of the method developed by N. Schapiro and olhers. The main 

points of modification are lhe indication o! coke strength by JIS drum índex and 

the use of values auto ma tically meesured by computer for reflectence end macerei 

enelysis. In the macerei enelysis by eutometic measurement, the resu lt is 

indicated as the proportions of lhree macerai groups, vitrinite, exinite ·end 

inertinite, hence lhe proporlion o! reeclive components is lhe sum of vilrinite and 
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cxinite, anel the proportion of inert components is inertinite itse lf. The 

pe trographic a na lysis of unblencl ed coais is used to compute lhe strength index (SI) 

and composit ion balance inclex (CBI) of blended coais by odditive calculation 

according to the proportions of individual coals used, and a previously prepared 

diagram of th e relation of coke strength to SI and CBI is used to predict th e 

strength of coke to be formed from the blended coais. Th is standard S!-CBI 

dingram (Fig.3) for determining coke strength is prepared on th e basis of lh e 

resulls of a cokemaking tesl wi th the proper ties of blended coa is widely varied 

using on actual coke oven. The standard manufacluring condi t ions to produce lhe 

coke st re ng th predicted by this S!-CBJ diagram are approx ima tely as follow s: 

Blended coai size 

Blended coai bulk density 

Flue tempera ture 

Soak ing time 

Coking chamber wiclth 

(Fig. 3) 

-3 mm, 8 696 

O. 7 t / m3 

l,230ºC 

3 hrs 

450 mm 

There has been found a good correspondence, such as shown in Fig.4, between the 

actually measured value anel estimated value of coke strength ( Dli;º) determined 

by analyzing the test results. 

(Fig. 4) 

Recently, meanwhile, with the increasing use of Australian or Canadian coais 

which are high in inert content, a difference occurs sometim es between the coke 

strength estimated by the diagram of Fig.3 anel the measured streng th of coke 

manufactured. When blended coais decline in fluidity as e result of their increased 

inert content, actual coke strength tends to become lower than the estimated value 
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(Fig.5}. This indicates that since the S1-CBI diagram used as a basis for coke 

strenglh estimalion is empirically prepared, it needs to be modified in case the 

properties of blended coais change significantly due to lhe use of different 

unblended coais from those when it was prepared. 

(Fig. 5) 

To modify this diagram so that it can successfully suit the existing properties 

of ble nded coais, coke manufacturing lest was conducted using 54 coai charges 

obtained by blending 16 brands which were selected mainly from among Canadian 

and Australian coais. As a result, the following two modifications were made. One 

is lhe correction of CBI of unblended coais by the following formula: 

Corrected CBI = -0.801 log MF + 3.812 

This means the correclion for the difference between the calculated CBI and 

lhe actual CBI which occurs as one-third of semi-inert components of Canadian and 

Australian coais is assumed to be vitrinite in the sarne manner as is done with 

Amer ican coais. Moreover, it includes the correction for the low detecting 

capacity of petrographic analysis method ·for weathered coais. The other 

modification is lhe correction to lhe diagre.m, i.e., lhe review of lhe isostrength 

curves in the low fluid ity range (high CBI). Owing to these modifications, the S1-

CB! diagram can almost successfully suit lhe existing properties of blended coais, 

includ ing Australie.n and Canadia n coais. 

3.3. procedure for estima tion of coke strength after C02 reaction 

Two major methods are used for estimation of CSR. One is based on lhe 

assumption that the CSR can be expressed by coke reactivity with C02 (CRI) and 

strength ( nrUº> (Fig.6). Namely, assuming that coke reactivity (CRl) can be 

estima ted by additive calculation from the measured values of coke me.de from 

. 150 
unblended coais, lhe m

15 
of coke Crom blended coai is calculated by the method 



176 

described above and the CRI of coke from blended coai is calculated by a<lditive 

calculation from the measured value of coke from unblended coais. Using the 

150 
DI15 and CRI of coke mede from blended coai as calculated above, lhe CSR of 

coke mede from blended coai is oblained from Fig.6. The olher me lhod is to 

eslimale lhe CSR of coke mede from blended coai by reference lo lhe refleclance 

(Ro) of vitrinite, the inert contenl of coai and the alkali c ontent of ash as 

parameters based on the fact that the optical isotropic lexture of coke (F ig.7) 

bearing a close relation with coai rank selectively reacls with C02-

CSR = f(Ro, I, B) 

where R : renectance of vitrinite 

I : inert content 

B : alkali content of ash 

(Fig. 6) 

(Fig. 7) 

An example of the results of estimation by this procedure is shown in Fig.8. 

It has been found that the CSR can be estimated with a high accuracy by 

calculating, in the flrst place, the CRI based on the formula shown above and then 

estimating the CSR by the former method using the CRI thus calculaled. 

(Fig. 8) 

When blended coais decline in fluidity, however, the values calculated by the 

methods described above tend to become lower than the estimated values. though 

the reasons for such difference have not been fully elucidated, one of the most 

probable reasons is as described below. Namely, lump coke mede from blended 

coai with high fluidity is uniform in matrix strength and reactivity bu t such 
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uniformity is decreased as the nuidity declines. As a result, the properties of 

whole lump coke are dominated by the frangile portion which is low in strength and 

high in reactivity, thus leading to lower DI~~O and CSR than those of lump coke of 

uniform strength and reactivity. 

3.4. Effect of cokemaking condltions 

Among the manufncturing conditions that aCCect coke quality, the 

preparat_ion of coai charges is of particular importance. since coke quality 

improvement by preparation varies, as shown in Fig.9 , with the method of 

preparation and the levei of coke quality, Nippon Steel's practice is to make 

corrections with consideration for this point in estimating the quality of coke and 

determining the coai blend proportions. 

(Fig. 9) 

Coke quality improvement by c oai preparation is through due mainly the 

improvement of bulk dens ity arrl the pulverization o( coai particles as shown in 

Fig.1 0. The improvement of buli< density has a great effect on the pores in lhe 

formed coke, resulting in the improvemenl of coke strength. Originally, lhe coke 

tex lure can be changed by changing the heating rate. It is, however, difficult to 

signi fi cantly cha nge lhe coke l exture by changing the heating rate with in the 

tempernture range being now employed in th e coking chambers. ln olh er words, 

changes in heating rate do nol contr ibute directly to lhe improvement of CSR. 

Coai pu lv erization improves the slrength o( coke matrix by uniformly dispersing 

coai components. Rise in cok ing temperature has an effect on the reactivity of 

cok e ma trix, resulting in higher CSR . 

(Fig. 10) 
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(Fig. 11) 

4. Conclusion 

The paper has described that the determlnation of coai characteris tics and 

the blending method suitable for manufacture of good quality coke are of 

pa r ticular importance in Japan. Furthermore, the paper has oullined lh e procedure 

for measurement of coai properties arxl lhe procedure for esti mation of the 

strength (DI~~~ and the strength post reaction with COz (CSR) which are now in 

use al Nippon Steel. These procedures are for esli mation under the constant 

coking condilions. Since Nippon Steel has eight coke p!ants, however, a standard 

estimation procedure is r equired. As lhe oven volume, coki ng conditions, method 

o( coai preparation, etc. are di fferent among the e ig hl c oke plants, it is necessa ry 

to es tablish the methods for est i mation of 011;º anel CSR with considerat ion for 

such differences. These poin ts will be discussed at the panei for carbonizat ion 
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-
Country Ro (íleflectance) MF (Fluidity) TI ( l nert J 

USA 00 < 0.5 o <o.5 1. < 20 

Austral ia 06 o. 5 ;:,; < o. 7 1 o. 5 :,. < 1.s 2 20 &; < 40 

Canada 08 0 . 7 &; < º· 9 2 1. 5 &; < 2.5 3 40 &; 

Chi na 10 0.9~ < t . t 3 2.6:;; < 3.5 

USS íl 12 1. t :;; < 1 .3 1 3 . 5 :r;; <4 .5 

Japan 14 1. 3, &; < 1.5 5 4 . 5 :;; 

etc . 16 1. 5 ;;;; < 1. 7 

19 1. 7 &; < 1 .9 

99 1. 9 ;;;; 

Table 1 Cokin9 coal classification codes 




