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COKEMAKING WITH CANADIAN MEDIUM- AND HIGH-VOLATILE 

COMMERCIAL COKING COALS 

by 

J.F. Gransden*, J.T. Price*, and W.R. Leeder** 

ABSTRACT 

A strong export market has been established for Western 

Canadian coking coal anciincreasing quantities are also being used by 

the Central Canadian steel industry. Domestic coals provide a degree 

of diversificatilon of supply for the companies which presently import 

most of their requirements from the United States. 

In this report the quality of coke obtained from Western 

coking coals and from blends of Western and Eastern Canadian coking 

coals is investigated. Blending low ash, high sulphur Eastern coals 

with high ash, low sulphur Western coals produced cokes with chemical 

and physical properties suitable for the blast furnace. All blends 

carbonized in the 460-mm and 810-mm wide technical-scale coke ovens 

had low coking pressures and could be coked in industrial ovens. 

The hot strengths of the cokes were measured by the Nippon 

Steel Corporation test and were found to vary with blend composition 

in a manner similar to the cold strength or stability factor. 

Measured stability factors were compared with factors pre-

dicted from coal properties by three methods. The petrographic method 

gave accurate predictions of the strength of coals coked alone but was 

less accurate for blends of coals. The G-factor method was fairly 

accurate for all coals and blends except for Eastern Canadian coal. 

The third method was the most accurate and used a relationship between 

coke strength, mean maximum vitrinite reflectance and maximum Gieseler 

fluidity obtained by regression of CANMET data for 180 Western coals. 

*Research Scientists, Coal Resource and Processing Laboratory, and 

**Manager, Western Research Laboratory (Edmonton), Energy Research 

Laboratories, Canada Centre for Mineral and Energy Technology, Energy, 

Mines and Resources Canada, Ottawa. 



FABRICATION DU COKE A PARTIR DE CHARBONS COKEFIANTS MARCHANDS 

CANADIENS DE MOYENNE ET DE HAUTE VOLATILITE 

par 

J.F. Gransden*, J.T. Price* et W.R. Leeder** 

RESUME 

Un important marché d'exportation a été mis sur pied pour le 

charbon cokéfiant canadien de l'Ouest. De plus, l'industrie de 

l'acier du Canada central emploie des quantités de plus en plus abon-

dantes. Les charbons domestiques offrent une certaine diversification 

d'approvisionnement pour les•compagnies qui, 'en ce moment, importent 

• la plupart de leurs besoins des Etats-Unis.. 	 • 

Le présent rapport étudie la qualité du coke provenant des 

charbons cokéfiants de l'Ouest et des mélanges de charbons cokéfiants 

de l'Est et de l'Ouest canadien. Le mélange des charbons de l'Est à 

basse teneur de cendres et haute teneur de soufre avec des charbons 

de l'Ouest à haute teneur de cendres et à basse teneur de soufre donne 

des cokes ayant des propriétés chimiques et physiques qui conviennent 

au haut-fourneau.•Tous les mélanges ayant été carbonisés dans les 

fours à coke techniques de 460 mm et de 310 mm de largeur, avaient 

des basses pressions de cokéfaction et donc pouvaient être cokéfiés 

dans les fours industriels. • 

Les résistances à chaud des cokes ont été mesurées avec le 

test de Nippon Steel Corporation. Ce test a démontré que les résis-

tances varient selon la composition du mélange et d'une façon sembla-

ble. la résistance à froid ou le facteur de stabilité. 

Les facteurs de stabilité ainsi mesurés ont été comparés aux 

facteurs prédits par les trois méthodes qui suivent. Avec la méthode 

pétrographique on a obtenu de bonnes prédictions de la résistance des 

charbons cokefiés seuls mais elles étaient moins exactes pour les 

mélanges de charbon. La méthode du facteur-G était passablement bonne 

pour tous les charbons et les mélanges sauf le charbon de-l'Est cana-

dien. La troisième méthode était la plus précise et se servait du 

rapport entre la résistance du coke, la réflexion moyenne maximale de 

la vitrinite et la fluidité maximale de Gieeeler obtenu par le trai-

tement des données du CANNET sur 180 charbons de l'Ouest. 

*Chercheurs scientifiques, Laboratoire des ressources et du traitement 

des charbons et **Gérant, Laboratoire de recherche de l'Ouest 

(Edmonton), Laboratoires de recherche énergétique, Centre canadien de 

la technologie des minéraux et de l'énergie, Energie, Mines et 

Ressources Canada, Ottawa. 
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INTRODUCTION 

About 90% of the eight million metric 

tons (8 x 106 t) of coking coal used annually 

by the three largest steel companies of Canada 

come from the Appalachian coalfields of the United 

States. Fifty-five per cent of this imported coal 

originates from mines totally or partly owned by 

the steel producers and the remainder is acquired 

by long- or medium-term purchase contracts (1). 

However, Canadian steel companies are showing 

increasing interest in obtaining coal supplies 

from within Canada because of rapidly escalating 

prices for imported coal caused by low productiv-

ity and because of some deterioration in quality 

at a time of moderate expansion. There is some 

concern about the future availability of the re-

quired quantities of premium quality coal. Low-

volatile coking coal represents only 13% of the 

United States reserves and certain groups in that 

country have lobbyed for government monitoring of 

exports (2). The vulnerability of Central Can-

adian industry to any future U.S. restrictions on 

export has underlined its present heavy dependence 

on one source. Using more Canadian coals would 

diversify coal supply. 

The work reported here investigates one 

extreme: the quality of coke produced from blends 

containing only medium- and high-volatile Cana-

dian coals. The project was carried out by the 

Coal Resource and Processing Laboratory, CRPL, 

under the auspices of the Canadian Carbonization 

Research Association as a contribution to the 

federal government policy goal of achieving 

greater Canadian self-reliance in energy. 

CANADIAN COKING COALS 

Canada has large reserves of coking 

coals. Recoverable coal is defined as that por-

tion of the coal resources that has been well 

delineated, can be mined with current technology 

and can be sold at competitive market prices. 

Recoverable coking coal in Western Canada totals 

602 x 106 t and is a long-term potential source 

of low- and medium-volatile coal (3). 

Coking coal deposits in Western Canada 

are mainly confined to the Inner Foothills belt, 

which parallels the eastern front of the Rocky 

Mountains (4). This narrow belt stretches 80 km 

from the U.S.A. border in Alberta and British 

Columbia through to the Peace River in northeas-

tern British Columbia. Tectonic movements during 

the periods of mountain formation have affected 

the coal seams. They are often steeply inclined, 

truncated by faults, thickened or thinned and the 

coal is friable. 

The Kootenay formation extends from the 

southern end of the belt to approximately Latitude 

52°. The seams are Late Jurassic to Early Creta-

ceous in age and are mainly low- and medium-

volatile bituminous in ASTM rank. High-volatile 

and semi-anthracite coals also occur in this 

region. The sulphur content of the coals is 

usually low at 0.2-0.65%, and the ash content 

moderately high at 7-10%. 

From Latitude 52° to 57 °  the coal seams 

occur in the Luscar formation. The coking coals 

in this formation are Lower Cretaceous in age and 

fall into the low- and medium-volatile bituminous 

rank classification. The sulphur content is also 

low with less mineral matter than the coals of 

the Kootenay formation. 

The five mining companies producing met-

allurgical coal in Western Canada are listed in 

Table 1 (1). In 1976 they exported about 11.7 x 

10 6 t of which more than 90% was shipped to 

Japan. 

The Sydney coalfield in Nova Scotia is 

the most important metallurgical coal deposit in 

Eastern Canada. The seams are Carboniferous in 

age and reserves of recoverable coal are 49 x 

106 t (3). Two mines on the Harbour seam - No. 26 

and Lingan - produce high-volatile coking coal 

(Table 1). Its ash content is very low at 3-4% 

but sulphur is moderately high at 0.8-1.5%, (5). 
A heavy-media type coal preparation plant that 

started operalion in 1976 washes and blends the 

two coals to a product with about 3% ash and 1% 

sulphur (6). 

The properties of coking coals from 

Western and Eastern Canada differ considerably. 



Company  

Coleman-Collieries 

ltd,- 

• Location 

• Coleman,- 

Alberta  

1976 Production* 

(tonnes x 106 )  

0.91 

Coal 

rank 

mvb 

Cardinal River 

Coal Ltd. 

McIntyre Mines, 	Grande Cache, 

Ltd. 	 . . Alberta 

Sparwood, 

British Columbia 

Luscar, . 

Alberta 

mvb 

lvb 

Mvb Kaiser Resources 

Ltd. 

Cape.  Breton 	 ,Glace Bay and 

Development Corp 	—Lingan 

Nova Scotia 

0.73 hvb . 

hvb - , 

2 

Table 1 - Major Canadian metallurgical coal producers 

1.70 

1.90 

Fording Coal 

Ltd. 

Fording Valley, . 	•vb 	• 	1.81 

British Columbia 	 . . 

*Estimated 

Typical values for some properties are compared 

in Table 2. 

	

. 	- 

Sydney Steel Corporation in Nova Scotia 

is the smallest of the four companies that operate, 

coke ovens and is the only one that uses a coal 

blend composed of domestic coals exclusively. The 

blend consists of 80% high-volatile .coal from-

Eastern Canada and 20% low-volatile coal from 

Western Canada. The other Canadian steel compan-

ies have been evaluating Canadian coals .and 

learning how to incorporate them into their coal, 

blends. For example,.tbe Steel Company of Canada , 
has used a Western coal'as part of.their low-yol-

atile coal mix since 1973 and determined that 
, 

some medium-volatile Western coal can be substi-

tuted for the high- and medium-volatile coals 

they currently use (1). , - 

COKING TESTS 

The five coal companies.producing cokin g . 

 coal in Western Canada laere asked. to. supply., 

samples representative of the product they export. 

Four companies agreed to participate in the study. . 

All the coals were  medium-volatile in rank and • 

identified in this report as A, B, C and D. Their 

chemical analyses ,and rheological properties are 

given in Appendix A. 

Coking tests were carried out at CRPL in 

two, movable-Wall.technical-scale coke oyens which-

haye,chamber widths of 460 and 310-mm and capaci-;, 

ties of,approximately 325 and 250 kg respectively... : 

 In_the 460,mm oyen the Western Canadian coals.were-

coked..alone and in twa.blends,with,coal E, .a 

volatile Eastern Canadian coal. The .blends con-: 



Eastern Canada 

High-volatile 

bituminous 

Carboniferous 

2.5-4.5 

34-36 

60-63 

1.0-1.3 

0.05-0.06 

20,000-30,000 

20-30 

150-250 

3 

Table 2 - Comparison of Western and Eastern Canadian coking coals (4) 

Property 

Rank 

Geological age 

Chemical analysis  

(dry basis) 

Ash 

Volatile matter % 

Fixed carbon 

Sulphur 

Alkali oxides in 

coke 

Rheological properties  

Free swelling index 

Gieseler maximum 

fluidity, dial 

divisions/minute 

Ruhr dilatometer 

contraction 

dilatation 

Petrographic properties  

Total reactives % 

Total inerts 

Mean reflectance % 

Petrographic stability  

Western Canada  

Low- and medium-volatile 

bituminous, some high-

volatile 

Late Jurassic to 

early Cretaceous 

7-10 

18-24 

65-80 

0.2-0.65 

0.06-0.13 

0-2,000 

20-30 

-25 to 50 

50-70 

30-50 

1.0-1.5 

45-65 

80-85 

15-20 

0.9-1.0 

38-44 

3-8 	 6.5-9 

tained 25 and 45% Western Canadian coal. Tests 

were done in duplicate and constituted the first 

large program carried out in the 460-mm oven since 

it was rebuilt with silica bricks and its perfor-

mance evaluated (7). The Western coals were coked 

alone in the 310-mm oven and in blends with either 

75 or 55% coal E. The standard coking conditions 

used for the tdo ovens are shown in Table 3. Be-

cause the heating walls of the ovens are con-

structed of different materials, different coking 

conditions are used to produced cokes of similar 

strength from a particular coal or blend. How-

ever, other coke properties may be dissimilar. 

As the reserves of recoverable high-

volatile coking coal in Eastern Canada at 49 x 

10 6 t are small compared with the 8 x 10 6 t 

of coking coal used annually in Canada, widespread 

use of blends containing large percentages of this 

high-volatile coal, as in this study, is not pos-

sible. The objective of this study was to deter-

mine the behaviour of commercially available 

medium-volatile Western Canaàian coals in blends 



Coal moisture 

Coal bulk density in 

oven, Kg/m3 dry basis 

Coal pulverization 

it  

Table 3 - Standard coke oven operating conditions 

Flue temperature 

460-mm oven 	310-mm Oven  

6 	 3 

745 	 817 

80% minus 	80% minus 

3.35 mm 	3.35. mm 

constant 	programmed 

1125°C 	900-1066°C at 

19.4°C/h 

with a good high-volatile coal, rather than to 

demonstrate the technical feasibility of Canadian 

self-sufficiency by blending Western and Eastern 

coals. For commercial use, high-volatile coals 

would probably continue to come from traditional 

U.S.A. sources. 

COKING TEST RESULTS 

COKE STABILITY FACTOR  

The coking test results are given 

Appendix B. 	The most important coke quality 

parameter is strength which is measured in North 

America by tumbling a sized sample according to 

the ASTM standard. The percentage of coke remain- 

is defined as the coke 

Canadian steel company's 

of coke strength on the 

blast furnace coke rate shows that for each de-

crease of one percentage point in the stability 

factor the coke rate increases by about 8 kg 

coke/t hot metal (8). 

The average coke stability factor of coal 

E alone in the 460-mm oven was 38.0. Blends con-

taining 25% of a Western Canadian coal and coal E 

had higher stability factors, and those for blends 

containing 45% were higher yet (Fig. 1). The 

stability factors of the Western coals coked alone 

were 58.1, 55.2, 48.1, and 37.1 for A, B, C, and 

D respectively, higher than those for any of their 

blends with coal E except for coal D. 

The stability factors of coke produced 

in the 310-mm oven showed the same trends except 

for coal B, which in a 45% blend with coal E had 

a higher stability factor, 55.0, than when coked 

alone, 53.3. However, in general the stability 

factors measured in the two ovens were similar. 

For the Western Canadian coals coked alone, linear 

regression of the stability factors gives the 

Stability factor, 460-mm 

(stability factor, 310-mm 

oven). The correlation coefficient, R, is 0.961. 

The equation predicts that coals producing cokes 

with stability factors of 30 and 50 in the 310-mm 

oven would yield stabilities of 31.8 and 51.0 in 

the larger oven. The differences are reduced if 

the stability factors for the blends are included 

in the mgression: stability factor, 460-mm 

oven = 1.889 + 0.965 (stability factor, 310-mm 

oven) R = 0.940. Then cokes made in the 310-mm 

oven and having stability factors of 30 and 50 

are predicted to correspond to factors of 30.8 

and 50.1 in the 460-mm oven. 

COKE HARDNESS FACTOR 

The coke hardness factor is the percen-

tage of the coke sample remaining on the 6.3-mm 

sieve after the tumble test used to determine the 

ing on a 25-mm sieve 

stability factor. One 

analysis of the effect 

in 	following equation: 

oven = 3.022 + 0.960 
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Fig. 1 - Relationship between stability factor and blend composition 

stability factor. It is a measure of the abrasion 

resistance. Figure 2 shows that the hardness 

factor increased progressively as A and B coals 

were added to coal E. The trend was similar for 

coal C but the increases were smaller. In con-

trast, the hardness factor of coal D coked alone 

was less than that of coal E although blends of 

the two coals had factors slightly higher than 

coal E. 

Figure 2 shows that the hardness factor 

of a coke made in the 460-mm oven was 5-7 percen- 

tage points lower than that produced from the 

coal in the 310-mm oven. This difference is 

marily caused by the lower coal bulk density 

in the larger oven. Linear regression gives the 

following relationship: hardness factor, 460-mm 

oven = 1.147 (hardness factor, 310-mm oven) 

-15.57, R = 0.94 

MEAN COKE SIZE  

Figure 3 shows that the coke produced in 

the 310-mm oven had a smaller mean coke size than 

same 

pri- 

used 
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Fig. 2 - Relationship between hardness factor and blend composition 

that produced in the larger oven. The difference 	trends in.mean coke size oecurred.:as the Western 

was probably caused by oven size and the higher 	Canadian coals were added to the high-volatile 

coking rate in the 310-mm oven which decreased 	coal (Fig. -3). Blends containing Goals 'A and E 

the amount  of. large  eoke . produced.(7). Different 	or : 13 and' E had  higher mean coke-sizes than the 
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individual coals cokecualone. 

A series of blast furnace tests carried 

out in Germany showed that  for.  good furnace pro-

ductivity the mean coke size shouldibe greater 

than 53 mm (9). This figure cannot be compared 

with the values reported here as it refers to the  

size after removal of the 

preferred coke size range 

is 63 x 19 mm according to 

All coals and coal blends 

produced an average of 13.6% minus 19-mm coke but 

minus 25-mm coke. The 

for the blast furnace 

one specification (10). 

except coal D produced 
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this decreased to 3.3% when this coal was blended 	showed that the ASG of coke made from a particular 

with 55% coal E. How the sieve analysis of coke 	coal was mainly influenced by the coal bulk den- 

produced in the technical-scale ovens compared 	sity and increased as the bulk density increased 

with coke made in industrial ovens is currently 	(7). Coke made in the 310-mm oven, which is 

under investigation. 	 operated at a bulk density of 817 kg/m3 , there- 

fore has a higher ASG than coke made in the 460-mm 

APPARENT SPECIFIC GRAVITY, ASG 	 oven which uses a bulk density of 745 kg/m3 . 

The ASG of a coke is an inverse measure 	Figure 4 shows that the ASG of the coke increased 

of its porosity. Previous work in the 460-mm oven 	as the Western Canadian coal formed larger propor- 

Fig. 4 - Relationship between apparent specific gravity and blend 

composition 
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tions of the blend and was highest when the Wes-

tern coals were coked alone. This is caused by 

the increasing fixed carbon content of the oven 

charge. The preferred range of ASG for blast 

furnace coke is 0.87-0.91 (10). 

MAXIMUM COKING PRESSURE  

Because both ovens have movable walls 

connected to load cells, the pressure in the oven  

caused by gas evolution can be continuously re-

corded during the coking cycle. The coking pres-

sure usually peaks when the two coal plastic 

layers, travelling from the heating walls, meet 

at the centre of the charge. This maximum pres-

sure is plotted against blend composition in 

Fig. 5. Blends coked in industrial ovens should 

not develop maximum pressures above 14 kPa as oven 

wall damage may occur (11). 

• 460 - mm OVEN 
o 310 - mm OVEN 

Fig. 5 - Relationship between maximum coking pressure and blend 

composition 



cokes can be made 

A typical blend 

68% high-volatile 

and 20% low-vol- 

hot metal in the 

0.87 - 0.91 

-. Coke 

Ideal  

55 

7.0 max 

0.6 max 

minimal 

minimal 

specification,'  . 

Acceptable  

53 

8.0 max 

0.7 max 

0.12 max 

0.20 max' 
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All coals and coal blends used had maxi-

mum pressures less than 14 kPa. Moderate increa-

ses in coking pressure occurred as coals A or B 

were added to the high volatile coal. Coke sta-

bility factors were higher for these coals and 

blends than for coals C and D which produced, in 

general, decreasing coking pressure as they were 

blended with coal E. The higher bulk density and 

faster coking rate used in the 310-mm oven is be-

lieved responsible for the usually higher pres-

sures developed in this oven. Oven size and 

geometry may also influence the pressure. 

DISCUSSION OF COKE QUALITY 

Blast furnace coke is manufactured from 

coal blends containing high-, medium- and low-

volatile coals, although in some cases medium-

volatile coal may be omitted. High-volatile 

coals give low coke yield, shrink excessively 

during carbonization and produce a friable coke 

with low stability factor. Low-volatile coals 

usually produce coke with a high stability factor 

and high coke yield, but their coking pressures 

often exceed values that are safe to use in 

slot-type coke ovens. Medium-volatile coals are 

"self-cokere i.e., they produce coke of high 

strength with good coke yield and were used in 

beehive ovens  no  W seldom used today (4). However, - 
medium-volatile .coals are not coked alone 'in 

slot-type ovens as their coking pressures are 

sensitive to ash content and such oven operating 

conditions as bulk density and coking rate and 

may exceed safe values (12). Proper blending of 

low-, medium- and high-volatile coals overcomes 

these problems so high strength 

safely in slot-type ovens. 

composition in North America is 

coal, 12% medium-volatile coal 

atile coal (13). 

The cost of producing 

blast furnace is largely governed_by coke cost. 

is needed to achieve low coke 

strength, as measured by the 

and the coke ash and sulphur 

.contents are_the  more important  coke quality par-

ameters. Table 4 lists the ,;ideal and acceptable 

specifications for thèse  coke parameters 

according to the Steel Compeny of Canada Ltd., 

together with  the limits for 'coke alkali and 

phosphorus content and '.coke  ASG. - This company 

analyzedthe. effect of coke quality on the coke 

rate in their operation and'found: 

1. For each decrease of one percentage point in 

the coke stability factor, - the 'coke rate in-

creases by about 8 kg/t' hot metal and furnace 

. 	productivity decreases by,:,0.8%. 

2. For  each per cent increase in coke ash, the 

- doke rate increases by 'about 15 kg/t hot metal 

and productivity decreases by 3%. 

3..-For each 0..1% sincrease in coke sulphur the 

coke rate increases by...4'kg/t hot metal and 

productivity. decreases by 0.8%,(8 e 10,11). 

The sulphur and ash contentS-of : the cokes made 
." 

from Western Canadian coals,and their blends with 

coal E are plotted in Fig. - 6: -Tor the purpose of 

discussion, the acceptable and . idéal ash and 

-sulphur limits from Table 4 - -are also shown. The 

Good quality coke 

rates. The coke 

stability factor, 

Table 4 - Blast furnace coke specifications (8,10,11) 

• 	 , 

Quality parameters  

Stability_factor 

Ash content %', 

Sulphur  content,  % 

Phosphorus content, % 

Total alkali , 	• 
Apparent specific gravity 
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composition 

coke ash content increases and the coke sulphur 

content decreases as the medium-volatile coals 

are added to the high-volatile coal. 

these coals can meet both the ideal 

of 7% and the ideal sulphur content 

blend containing about 45% coal A and 55% coal E 

meets the acceptable specifications for ash and 

sulphur as would a blend containing 55% coal B 

and 45% coal E. Figure 1 shows that these blends 

have stability factors of about 55.7 and 53 and 

therefore meet the ideal and acceptable coke 

strength specifications of 55 and 53 respectively. 

None of the blends of coal C or D with 

coal E had stability factors at or above the 

No blend of 

ash content 

of 0.6%. A 
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acceptable value. The results for these coals 

illustrate that the value of a coal in a blend 

àhould not be judged solely by its coke strength 

when carbonized alone. The stability factor of 

coal C was 51 which is considerably higher than 

the 37 measured for coal D. However, when both 

are blended with 55% coal E the coal D blend had 

a stability factor of 49.2, higher than the 

coal C blend of 45.3. 

The coke specifications in Table 4 have 

been used as landmarks in the field of coke qual-

ity. They are not absolute conditions that must 

be met: some steel producers use coke with sta-

bility factors between 40 and 50 or must cope 

with high sulphur or ash in their coke. Presum-

ably similar coke rate increases to those out-

lined above would apply.  

ance, Ro , in Fig. 7. The MIS increased and the 

HP  decreased as Ro or the rank of the coal in-

creased. The coke hot strength parameters were 

consistently better when the coal was coked in 

the smaller oven and this is attributed to the 

higher bulk density used in this oven. 

Test results for coal blends carbonized 

in the 460-mm oven are also shown in Fig. 7. The 

ARS increased rapidly with increasing additions 

of Western Canadian coal to  cal  E. However, 

only blends containing coal D had better proper-

ties than the Western Canadian coals carbonized 

alone. The ARS-blend composition curves are 

similar to the stability factor-blend composition 

curves of Fig. 1. 

PREDICTION OF COKE STRENGTH FROM COAL PROPERTIES 

COKE HOT STRENGTH 

The behaviour ,  in the blast furnace of 

different cokes with similar cold-strength prop-

erties, such as stability and hardness factors, 

may not be identical. The coke structure and its 

inert, ash and alkali contents will affect its 

strength at the temperatures and reactive condi-

tions present in the blast furnace. In 1978 the 

Canadian Carbonization Research Association ex-

pressed an interest in testing coke at high tem- 

peratures because of recent research (14). 

reviewing different test methods, none of 

are in widespread routine use, CRPL began 

the After Reaction Strength test developed by 

Nippon Steel Corporation (15). Some cokes made 

In the present work were Used to assess this 

testing method. 

In the After Reaction Strength test, 

200 g of 20-mm coke is gasified by 5 L/min of 

CO2 for 2 h at 1100°C and the percentage weight 

loss is called the reaction per cent or RP. The 

coke remaining is  • umbled for 30 min at 2.09 rad/s 

and the weight- retained on a 10-mm screen  is 

 termed the After Reaction Strength,  MIS. 

The RP and ARS of cokes made  from  coals 

A, B, D and E is 'plotted against a measure of' 

coal rank - the Mean maximum vitrinite reflect- 

The use of laboratory-determined coal 

properties to predict coke strength is important 

as it avoids extensive technical-scale coking and 

because small samples such as drill cores can be 

assessed. The results from the four series of 

binary coal blends used in this study afford a 

good opportunity to examine the accuracy of pre-

dictive methods. Three methods of predicting the 

stability factor are examined and the results 

compared with the measured stability factors. 

Petrography has proved useful in predic-

ting coke strengths of U.S.A. Appalachian coals 

and is used extensively in North America (16). 

At CANMET the method of Schapiro and Gray is 

closely followed except that one hall  rather than 

one third of the semi-fusinite in Western 

Canadian coals with 20% or more of this maceral 

is considered reactive for the calculation of the 

stability factor. Previous work at CANMET has 

shown that the predicted coke strengths then 

agree better with measured coke strengths (17). 

The G-factor method of predicting coke 

strength was developed in Germany by Simonis and 

Beck (18). The G-factor is calculated from data 

obtained from the Ruhr dilatomer: 

G E +V 04 d  -  2 eV + dE 

After 

which 

using 
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where 

E is the softening temperature of the coal, °C 

the solidification temperature, °C 

the percentage contraction 

the percentage dilatation 

Its usefulness is largely based on the fact it 

has been found to be additive for many coals; 

thus the G-factor for a binary coal blend 

containing coals A and B can be calculated from: 

GA (%A in blend) + GB (%B in blend) 

100 

Other coal properties are often not additive. 

Total dilatation has been found to be additive 

for some coals providing their ranks, Ro  are 

not too dissimilar (19). Table 5 compares the 

measured and predicted dilatations and G-factors 

and also their maximum fluidity, the logarithm of 

which has been assumed to be additive. The cal-

culated G-factors are close to the measured values 

except for blends containing coal D, whereas cal- 

culated total dilatations and fluidities are in 

general significantly different from the measured 

values. 

The G-factor can be used in a formula to 

predict coke strength directly. However, the 

formula involves volatile matter content and par-

ticle size measured by standard German (DIN) 

techniques rather than the ASTM methods used in 

this laboratory, and the coke strength is pre-

dicted in terms of the Micum index obtained from 

a tumble drum test which does not correlate well 

with the coke stability factor. Therefore, sta-

bility factors were predicted from Fig. 8, which 

was obtained previously by the writers from re-

gression of the 0-factor, Ro  value and sta-

bility factors of 90 Western Canadian coals (20). 

The third method of prediction examined 

also involves regression of data for Western 

coals. The relationship between maximum 

fluidity, Ro, and stability factor 

Fig. 9 was obtained using data for 

samples tested by CANMET during the last 

✓ is 

c is 

d is 

Gblend - 

Canadian 

Gieseler 

seen in 

180 coal 

Table 5 - Comparison of measured and predicted coal rheological properties 

c+d 	c+d* 

blend 	 measured 	predicted 

39 
101 	142 

136 	179 

40 

91 	142 

153 	179.5 

72 

126 	157 

153 	187 

0 

124 	133 

170 	174 

226  

contraction in Ruhr dilatometer 

Coal/coal 

100% A 

45% A, 55% E 

25% A, 75% E 

100% B 

45% B, 55% E 

25% B, 75% E 

100% C 

45% C, 55% E 

25% C, 75% 

100% D 

45% D, 55% E 

25% D, 75% E 

100% E  

c is percentage 

d is percentage dilatation in Ruhr dilatometer 

f is maximum fluidity in Gieseler plastometer 

*assuming (c + d) is additive 

**Assuming Ln (fluidity) is additive 

f 	 f** 	0-factor 	0-factor 

measured 	predicted 	measured 	predicted 

20 	 - 	0.98 	- 

885 	1064 	1.05 	1.05 

2100 	4536 	1.07 	1.08 

79 	 - 	0.98 	- 

383 	2612 	1.05 	1.05 

1520 	6374 	1.08 	1.08 

435 	 - 	1.04 	- 

1225 	4264 	1.07 	1.08 

1725 	9800 	1.09 	1.09 

	

0.93 	- 

1065 	621 	1.05 	1.03 

3250 	3361 	1.09 	1.07 

27800 	- 	1.11 	- 
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ten years (21). 	This figure shows that the 

stability factor of low rank coals i.e., with low 

Ro depends largely on rank whereas for high 

rank coals it is governed by the coal's fluidity. 

The cross-hatched box is the target blending area 

used in Japan for making blast furnace coke. 

Table 6 compares the predicted stability 

factors with stability factors measured on coke 

produced in the 460-mm oven. The standard devia-

tions of the differences between predicted and 

measured values are for the petrographic, G-factor 

and Ro-fluidity methods respectively. The data 

in Table 6 are plotted in Fig. 10 to show the 

trends more clearly. The blends of coals A and C 

with coal E and the 45% B-55% E blend are pre-

dicted by the petrographic method to have coke 

strengths higher than the Western Canadian coals 

coked alone. This was not observed and is also 

contrary to the strengths predicted by the other 

two methods. The Ro-fluidity method predicts 

the measured stabilities most closely while the 

G-factor method predicts well except for coal E. 

Petrography predicts accurately the coke sta-

bility factors for Eastern and Western Canadian 

coals except for coal D. 

The measured maximum fluidities and mean 

maximum vitrinite reflectance of the coals and 

coal blends are plotted in Fig. 9. Lines have 

been drawn for example between coal A, its blends 

and coal E. The fluidities of the Western coals 

increased as their rank decreased except for coal 

D which had a low fluidity, 

minute (dd/min), and as seen in 

stability factor of 45.2 which 

than the measured factor of 

predicted a stability factor 

coal and this position is marked on the diagram 

by an open circle and corresponds to a fluidity 

of about 200 dd/min. The large discrepancy be-

tween the measured and petrographic stability 

factors suggests this sample of coal D may have 

been partially oxidized. Two different samples 

obtained several months later had higher stability 

factors at 39.4 and 46.5 

Figure 9 correctly predicts that, of the 

blends coked, only those of coal D should have 

stability factors higher than the Western coal 

coked alone. Two lines for further investigation 

are suggested by this figure. Carbonizing a 

blend of coals D and E with a fluidity between 

6 dial divisions/ 

Fig. 9 a predicted 

is somewhat larger 

37.2. Petrography 

of 51.4 for this 



1.0 	1 • 2 
REFLECTANCE , Ro 

1 • 4 

G
IE

S
E

L
E

R
 

30,000 

20,000 

10,000 
8,000 
6,000 

4,000 

2,000 

• 

 tv 

1,000  
E 800 
1-  600 
cd. 

100 
80 

» 60 
F- 
E5 	40 

20 

(d
ia

l  
di

v
is

io
n

s  

16  

Fig. 9 - Relationship between stability factor, maximum Gieseler 

fluidity and mean maximum vitrinite reflectance for Western Canadian 

coals 



54.5 

57.9 

62.6 

56.0 

53.4 

60.5 

46.0 

47.3 

52.0 

51.4 

48.9 

53.7 

37.6 

58.2 

51.6 

55.6 

55.9 

49.6 

52.7 

48.1 

42.3 

45.3 

37.2 

44.4 

49.2 

38.1 

	

56.9 	61.0 

	

50.2 	53.0 

	

54.2 	56.0 

	

57.3 	57.0 

	

49.3 	52.0 

	

52.7 	53.5 

	

50.4 	49.5 

	

46.6 	49.0 

	

47.6 	48.5 

	

45.2 	48.5 

	

45.9 	49.0 

	

48.8 	49.0 

	

37.8 	46.5 

100% A 

25% A, 75% E 

45% A, 55% E 

100% B 

25% B, 75% E 

45% B, 55% E 

100% C 

25% C, 75% E 

45% C, 55% E 

100% D 

25% D, 75% E 

45% D, 55% E 

100% E 

Standard deviation of difference between measured 

and  predicted stability factor  3.45 	 4.77 2.69 
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Table 6 - Comparison of measured and predicted stability factors 

Coal/coal blend 

Measured stab-

ility factor, 

460-mm oven 

Predicted stability factor  

Ro-fluidity 	G-factor 	Petrography 

about 100 and 400 dd/min should produce a 50-plus 

stability factor coke. This can be tested by 

measuring the fluidity of different blend compo-

sitions in the laboratory before carbonizing a 

suitable composition in a technical-scale oven. 

Secondly, the figure predicts that the stability 

factor of coal A will be increased slightly as 

small amounts of up to about 20% of coal E are 

added to it. 

Figure 10 was constructed with data 

obtained from single coals. Therefore, although 

it predicts accurately the coke strength of 

blends used in the present work, it may not 

satisfactorily predict coke strength of all coal 

blends. 

CONCLUSIONS 

Coke with good chemical and physical 

properties for the blast furnace can be made by 

blending low ash, high sulphur Eastern Canadian  

coals with high ash, low sulphur Western Canadian 

coals. Al].  blends carbonized had low coking 

pressures and could be coked in industrial ovens. 

Coal blends were coked in CANMET's 460-mm 

and 310-mm technical-scale ovens. The strengths 

(stability factors) of the coke produced in the 

two ovens were similar, but other physical prop-

erties - coke hardness, apparent specific gravity 

and size distribution - differed considerably be-

cause of the difference in oven operating para-

meters. 

The hot strengths of the cokes were 

measured by the Nippon Steel Corporation test. 

The trend of the results with blend composition 

was similar to that observed for the coke stabil-

ity factors. The hot strengths were higher for 

coke made in the small oven probably because of 

its higher coal bulk density. 

Three methods of predicting coke 

strength from coal properties were compared. In 

general the petrographic method predicted well 
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The 0-factor  method was fairly 	strengths were obtained from iso-stability lines 

	

all coals and blends except for 	drawn on the diagram that had been obtained pre- 

alone. The most accurate method 	viously by regression of data 

maximum reflectance of the vitri- 	Canadian coals. 

for 180 Western 
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the coke strength of coals coked alone but less 

accurately the strength of coke produced from 

coal blends. 

accurate for 

coal E coked 

used the mean 

nite and the maximum fluidity of the coal or 

blend (Japanese MOF diagram). 	The predicted 
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Table A-1 - Chemical analyses of component coals 

Identification  

Laboratory Number 	 3049-77 	3335-77 	2090-78 	3083-77 	3335-77 

Coal 	 A 	 B 	C 	D 	 E 

Classification  

Rank (ASTM) 	 mvb 	mvb 	mvb 	mvb 	hvAb 

International system 	 433 	433 	533 	421 	635 

Specific volatile index 	 195 	190 	182 	177 	172 

Carbon (dmmfb) 	 % 	90.7 	90.4 	93.9 	88.2 	86.3 

Proximate Analysis (db)  

Ah 	 % 	9.8 	8.4 	9.5 	10.8 	4.1 

Volatile matter 	 % 	21.8 	23.5 	25.5 	24.8 	33.9 

Fixed carbon 	 % 	68.4 	68.1 	65.0 	64.4 	62.0 

Gross Caloeific Value (db)  

Btu per pound 	 13,975 	14,175 	13,885 	13,540 	14,730 

MJ/kg 	 32.5 	33.0 	32.3 	31.5 	34.2 

Ultimate analysis (db)  

Carbon 	 % 	80.9 	82.0 	84.1 	77.7 	82.3 

Hydrogen 	 % 	4.4 	4.4 	4.7 	4 • 4 	5.4 

Sulphur 	 % 	0.32 	0.39 	0.30 	0.35 	1.25 

Nitrogen 	 % 	1.3 	1.4 	1.0 	1.2 	1.7 

Ash 	 % 	9.8 	8.4 	9.5 	10.8 	4.1 

Oxygen (by difference) 	% 	3.3 	3.4 	0.4 	5.5 	5.2 

Ash Analysis (db)  

SiO2 	 % 	65.1 	57.3 	52.0 	50.5 	36.9 

Al203 	 % 	28.4 	33.2 	25.9 	32.4 	21.4 

Fe203 	 % 	2.3 	5.8 	3.7 	2.5 	35.2 

TiO2 	 % 	1.7 	1.8 	1.5 	2.5 	0.9 

P205 	 % 	0.5 	1.0 	0.8 	2.0 	0.1 

CaO 	 % 	1.1 	1.4 	6.1 	3.4 	1.8 

MgO 	 % 	0.6 	0.5 	1.5 	0.6 	1.4 

SO
3 	 % 	0.7 	0.7 	4.3 	2.3 	2.0 

Na20 	 % 	0.1 	0.1 	1.4 	0.3 	0.5 

1(20 	 % 	0.4 	0.7 	0.3 	0.5 	1.1 
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Table A-2 - Thermal rheological properties of component coals 

Identification  

Laboratory number 	 3049-77 	3336-77 	2090-77 	3083-77 	3335-77 

Coal 	 A 	 B 	C 	D 	 E 

Gieseler Plasticity  

Start 	 °C 438 	430 	417 	430 	390 

Fusion temp. 	 °C 455 	446 	429 	445 	403 

Max. fluid temp. 	 °C 470 	463 	454 	449 	433 

Final fluid temp. 	 °C 490 	479 	482 	467 	475 

Solidification temp. 	 °C 493 	484 	486 	473 	477 

Melting range 	 °C 	52 	49 	65 	37 	85 

Max. fluidity 	 dd/m 	20 	79 	435 	6 	27,800 

Torque 	 g.in. 	40 	40 	40 	40 	40 

Dilatation  

Ti 	- softening temp. 	°C ' 397 	392 	377 	397 	349 

	

Tii - max. contraction temp. °C 454 	442 	427 	453 	406 

	

Tiii - max. dilatation temp. °C 485 	472 	461 	 449 

Contraction 	 % 	23 	24 	23 	19 	26 

Dilatation 	 % 	16 	16 	49 	Nil 	200 

Free Swelling Index  

F.S.I. 	 7 	7-1/2 	5 	14 	8-1/2 



Identification  

Laboratory Number 

Coal 

3049-77 	3336-77 	2090-78 	3083-77 	3335-77 

A D 
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Table A-3 - Petrographic analysis of component coals 

Distribution of vitrinite types  

V-6 	 % 

V-7 	 % 

V-8 	 % 	 5.6 

V-9 	 % 	 4 • 5 	3.3 	40.6 

V-10 	 % 	 0.5 	36.1 	19.1 	28.7 

V-11 	 % 	 12.6 	9.0 	19.6 	4.7 

V-12 	 % 	5.3 	14.8 	0.5 	4.3 

V-13 	 % 	27.0 	24.7 	 1.4 

V-14 	 % 	16.4 	2.2 

V-15 	 % 	4.3 

V-16 	 % 

V-17 	 % 

V-18 	 % 

Reactive components  

Total vitrinite 	 % 	53.0 	54.9 	50.1 	47.7 	79.6 

Reactive semi-fusinite 	% 	15.0 	14.0 	14.0 	16.5 	1.1 

Exinite 	 % 	0.0 	0.3 	0.1 	2.4 	5.3 

Total 	 % 	68.0 	69.2 	64.2 	66.6 	86.0 

Inert components  

Inert semi-fusinite 	 % 	15.1 	14.0 	14.0 	16.5 	2.3 

Micrinite 	 % 	3.4 	2.1 	7.5 	2.3 	3.2 

Fusinite 	 % 	8.0 	10.0 	9.0 	8.5 	6.0 

Mineral matter 	 % 	5.5 	4.7 	5.3 	6.1 	2.5 

Total 	 % 	32.0 	30.8 	35.8 	33.4 	14.0 

Petrographic indices  

Mean reflectance 	 % 	1.38 	1.27 	1.06 	1.10 	0.99 

Balance index 	 2.78 	1.93 	1.53 	1.31 	0.41 

Strength index 	 6.09 	5.20 	3.85 	4.17 	3.48 

Stability Index 	 54.5 	56.0 	46.0 	51.4 	37.6  
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APPENDIX B - COKING TEST RESULTS 
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Table B-1 - Coke properties, 460-mm oven 

Mean Test 	Coal blend 	ASTM 	ASTM 	Coke 	Apparent 	 Screen analysis, cumulative % 	 coke 	Coking 
specific 	  

size 	
pressure No. 	composition 	stability 	hardness 	yield % 	

gravity 	4100mm 	+75mm 	450mm 	+38.1mm 	425mm 	419mm 	+12.5mm 	 kEa mm 

245 	100 2/1 	57.3 	65.1 	76.3 	0.906 	2.6 	16.7 	60.2 	81.6 	93.3 	94.6 	95.5 	57.1 	2.3 
246 	100%A 	59.0 	66.0 	77.1 	0.904 	5.6 	18.4 	60.8 	83.5 	94.1 	95.1 	95.7 	58.7 	2.5 

256 	251A 758E 	51.9 	58.8 	71.3 	0.803 	1.8 	18.3 	63.4 	84.0 	95.0 	96.2 	97.0 	62.2 	1.9 

257 	252A 752E 	51.2 	58.6 	71.2 	0.790 	3.4 	20.1 	67.4 	87.2 	95.1 	96.1 	97.0 	60.7 	3.9 
254 	452A 557E 	55.3 	61.1 	72.1 	0.831 	1.0 	15.1 	66.3 	86.8 	95.3 	96.2 	97.0 	58.4 	2.5 
255 	45271 552E 	56.2 	62.1 	72.2 	0.833 	2.6 	19.0 	66.4 	87.3 	95.7 	96.7 	97.4 	60.2 	2.5 

247 	100%D 	38.2 	50.2 	73.4 	0.912 	8.8 	27.4 	59.0 	74.5 	82.4 	83.7 	84.7 	57.4 	2.1 
248 	1007D 	36.1 	47.8 	73.4 	0.919 	13.5 	33.2 	63.1 	77.1 	84.3 	85.4 	88.2 	62,0 	2.1 
249 	252D 75 1E 	44.0 	54.8 	68.9 	0.777 	2.0 	15.9 	60.2 	84.0 	94.1 	95.6 	96.6 	57.4 	2.1 
250 	25 20 752E 	54.8 	56.3 	68.7 	0.808 	3.2 	18.2 	59.7 	84.2 	94.4 	96.0 	96.7 	57.9 	2.1 
251 	4520 552E 	49.1 	59.0 	69.8 	0.828 	1.3 	16.4 	58.2 	81.9 	93.7 	95.1 	96.3 	56.4 	1,7 

252 	45217 552E 	49.3 	56.6 	71.1 	0.831 	3.1 	21.2 	64.3 	84.8 	94.3 	95.5 	96.3 	64.8 	1.7 

258 	10028 	55.9 	65.6 	76.8 	0.920 	1.1 	9.3 	48.9 	77.7 	94.3 	95.7 	96.6 	56.1 	2.3 

259 	10028 	54.5 	65.6 	75.3 	0.940 	2.6 	11.3 	46.3 	76.0 	93.5 	94.9 	96.2 	52.3 	3.4 

260 	25711 752E 	49.6 	57.1 	70.1 	0.774 	1.0 	14.1 	61.0 	84.9 	94.6 	96.0 	96.9 	56.9 	1.8 

261 	2528 751E 	49.0 	56.7 	70.1 	0.769 	0.9 	16.9 	66.7 	88.2 	95.4 	96.4 	97.2 	59.2 	1.7 

267 	4528 552E 	52.6 	59.4 	71.0 	0.814 	3.0 	12.1 	60.8 	85.8 	94.6 	95.6 	96.4 	56.9 	3.8 

268 	45211 55 2E 	52.7 	59.4 	71.0 	0.822 	2.6 	15.2 	63.6 	86.0 	95.0 	96.2 	97.1 	58.2 	2.9 

277 	1002C 	49.0 	59.9 	72.3 	0.880 	6.6 	25.2 	66.0 	84.8 	94.0 	95.3 	96.3 	62.0 	- 

278 	10020 	47.2 	57.1 	70.8 	0.884 	6.4 	25.0 	64.0 	84.2 	93.0 	94.4 	96.2 	61.2 	- 

280 	2520 752E 	42.1 	57.1 	67.3 	0.850 	0.4 	12.3 	57.6 	80.9 	92.6 	94.4 	95.6 	56 . 9 	- 

281 	257.0 752E 	42.4 	54.3 	66.7 	0.854 	1.4 	15.4 	63.3 	84.2 	93.7 	95.2 	96.2 	57 . 4 	1.2 

282 	452C 55 28 	45.2 	57.0 	70.2 	0.819 	4.4 	18.5 	61.4 	82.0 	93.1 	94.5 	95.7 	56.2 	2.1 

283 	452C 552E 	45.3 	56.1 	69.8 	0.818 	7.6 	27.6 	71.0 	86.6 	94.4 	95.6 	96.6 	64,0 	2.1 

262 	1002E 	38.9 	54.3 	64.0 	0.762 	3.4 	16.6 	61.3 	88.3 	93.4 	94.8 	96.4 	57.9 	- 

263 	1002E 	37.2 	56.9 	65.1 	0.757 	2.1 	14.8 	60.7 	82.0 	93.0 	95.0 	96.4 	56.4 	2.1 

Table B-2 - Coke properties, 310-mm oven 

Test 	Coal blend 	ASTM 	ASTM 	Coke 	Apparent 	 Screen analysis, cumulative % 	 Mean 	Coking 

No. 	composition 	stability 	hardness 	yield % 	8Pecific 
 	coke 	pressure 

gravity 	4100mm 	475mm 	+50mm 	438.1mm 	425mm 	419mm 	+12.5mn 	size kPa  

578 	100%A 	60.6 	70.0 	77.6 	0.966 	0 	8.8 	44.8 	76.8 	93.9 	95.6 	96.5 	51.0 	3.7 

579 	1007.A 	57.4 	71.5 	78.0 	0.966 	0 	7.1 	41.3 	72.4 	95.3 	96.3 	97.1 	49.8 	3.4 

590 	252A 752E 	52.6 	64.4 	70.0 	0.853 	0 	4.1 	44.6 	76.6 	93.9 	96.1 	96.9 	54.9 	4.0 

591 	252A 752E 	49.6 	64.9 	70.6 	0.852 	0 	3.1 	40.0 	74.6 	92.8 	95.0 	95.9 	48.3 	2.7 

594 	1002D 	36.8 	55.9 	74.8 	0.989 	3.9 	17.3 	51.5 	74.0 	89.9 	91.6 	92.4 	52.3 	1.6 

595 	10020 	36.6 	57.7 	75.1 	0.988 	2.7 	14.7 	48.7 	72.5 	89.5 	91.7 	92.8 	52.6 	1.6 

587 	452D 55 2E 	47.3 	62.0 	71.3 	- 	0 	6.2 	45.2 	73.3 	93.6 	95.7 	96.6 	50.0 	2.1 

589 	45%D 55 2E 	48.5 	63.4 	71.0 	0.790 	0.5 	5.1 	40.6 	75.0 	93.5 	96.0 	96.8 	49.3 	1.6 

596 	100 7.8 	52.5 	70.2 	79.1 	0.950 	1.4 	4.6 	34.6 	68.6 	93.4 	95.7 	96.6 	47.2 	5.0 

597 	100213 	54.1 	70.3 	79.2 	0.952 	0 	4.2 	36.0 	70.2 	93.4 	95.5 	96.5 	47.2 	5.0 

606 	452 6  552E 	53.8 	65.9 	72.1 	0.890 	0 	2.4 	37.8 	74.5 	94.4 	96.2 	97.1 	48.0 	2.9 

607 	4528 552E 	56.3 	68.1 	72.7 	0.900 	0 	2.8 	36.8 	73.7 	93.6 	96.1 	97.0 	47.7 	2.9 

626 	1002C 	43.9 	64.6 	73.0 	- 	0.6 	11.0 	46.0 	72.7 	93.4 	95.7 	96.9 	51. 6 	2.1 

621 	10020 	46.5 	65.4 	75.3 	0.984 	0.4 	7.3 	46.3 	74.4 	93.6 	95.9 	97.0 	50.8 	2.1 

623 	2520 752E 	44.1 	61.1 	68.5 	- 	0 	3.6 	38.2 	72.2 	92.6 	95.3 	96.3 	47.7 	1.9 

624 	2520 752E 	44.5 	61.3 	68.3 	0.840 	0 	4.2 	38.3 	71.7 	92.3 	94.7 	95.8 	47.7 	1.9 

598 	1002E 	39.7 	60.0 	67.4 	0.782 	0 	2.3 	39.6 	73.9 	92.7 	95.1 	96.2 	47.5 	2.4 

608 	10028 	41.3 	63.3 	67.5 	0.773 	0 	3.4 	37.4 	72.2 	93.3 	95.5 	96.5 	48.0 	3.2 
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