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INTROOUCTION 

I have been asked to speak about the characteristics of Canadian coals 
and about the potential for Canadian weak coking coals. While I will 

briefly discuss the coals from eastern Canada, my main emphasis will be 

on those from western Canada. However, before addressing these points, I 

would like to provide a brief overview of the Canadian coa l industry, its 

size, its infrastructure and its market distribution . 

Canada's coal resource base is vast and greatly exceeds all anticipated 

domestic and export requirements . I t offers to export markets a rel i able, 

high quality coal supply at competitive prices. 

Even though the western Canadian coal i ndustry operates in one of the 

most demanding geographic and climatic env i ronments in the world, it has 

emerged as the most reliable coa l supplier in world trade. This has been 

achieved by the coordinated development of high productivity, state of 

the art mines and supporting infrastructure as well as by a s table labour 

environment and support i ve government policies. Thu s , Canada 's large , 

we ll run coal mines, its sophisticated rail transportati on system and 

large specialized coal loading ports have become its main strengths and 

are crucial to Canada's continued succes s in the highly competitive world 

markets. 

The two ma j or Cana dian railways ( the r.anad i an Paci fic and the Canadia n 

National) have pioneered and developed efficient unit t rain movements; 

each train moving about 10,000 tonne s of coal, through 1,100 kilometers 

of mountainous terrain between the mines and coal ports . The unit cost 

of these movements is among the lowest in the wor l d. Neve rtheless, rail 

transport is a major component of the total product cos t . 
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Three coal tenninals provide Western Canada with highly efficient ship
ping capability. Roberts Bank, Vancouver has been the cornerstone of the 
export coal industry to date, and has an annual capability of 22 million 
tonnes. Neptune Terminals, Vancouver also serves as a major coal termi
nal, having annual throughput capacity of 6-7 million tonnes. The new 
coal superport at Prince Rupert adds a further 12 million tonnes of 
throughput annually. 

ln eastern Canada, the Sydney coal field i s located on tidewater, and 
coal is shipped via the International Pier . 

Canada has generally experienced stable labour relations in its coal 
chain and the Canadian coal mining industry is not likely to experience 
industry-wide shutdowns as different mines have different contract dates 
ané different unions . Contract differences are nonnally resolved in a 

reasonable time frame and contracts run smoothly over their entire tenn. 

Both provincial and f ederal governments actively encourage private sector 
coal development and have been strongly supportive of coal exports . 
Their non- involvement in marketing, export pricing and export taxation is 
much appreciated by the industry. 

ln 1986 the Canadian coal industry produced 57.8 million tonnes of coal 
(down from 60.B million tonnes in 1985). Of this total, 26 million 
tonnes were exported and 31.8 million tonnes were consumed domestically, 
primarily for electric power generation. Exports consisted of 21.5 
million tonnes of metallurgical coal and 4.5 million tonnes of thennal 
product. The 1986 metallurgical coal production by province and the 
principal cóking coal export mines are shown on Figure 1. 

As a result of the great distances between the coalfields in the west and 

the industrial centre in Ontario (some 3500 km), coal movement to the 

east in 1986 was limited to 0.095 and 2. 82 million tonnes of metallurgi
cal and thermal coal respectively. Canadian steel mills have tradition

ally imported their coal requirements from the nearby U.S.A. coal fields. 

Exports to the U.S.A. were 0 .26 and 0.08 million tonnes metallurgical 



86 

and thermal coal respectively while imports from the U.S.A. to Ontario in 

1986 were 5.84 million tonnes of coking coal and 7.28 million tonnes of 

thermal coal. 

The movements of coking coal from western Canada east to 0ntario and the 
U.S.A. although small, are a very significant development for the western 

Canadian coal industry . The movements have been made possible, in part 

by the prevailing competitive market environment; but primarily, these 

coal sh ipments have occurred in recognition by the eastern steel mills of 

the technical benefits which the western Canadian coal can provide to the 

U.S.A . coal blends. lncreased coal sales to eastern Canada and the U.S.A. 

are anticipated as these steel mills dev elop greater familiarity with 

western Canadian coals. 

The western Canadian coal export industry was developed over a period of 

about 15 years, from the late 1960's to the early 1980's . Mine develop

ments , infrastructure, railways and ports were put in place primarily in 

re sponse to metallurgical coal demand from Japan and Korea . As a result, 

the current export capacity of the industry is about 40 million tonnes, 

30 mi l li on tonnes metallurgical and 10 million tonnes thermal coal. As 

noted earlier, total exports unfortunately are only 26.0 million tonnes . 

Figure 2 shows Can~dian metallurgical coal exports by dest ina tion. The 

Japanese market is by far the largest one representing about 73% of total 

sales in 1986. The figure also illustrates the changing trad e pattern 

whi ch has developed over the past 12 years. Greater emphasis i s now 

being given to coal movements to Latin Amer ica, Korea, Taiwan and Europe 

in an effort by the coal industry to diversify its markets . 

Western Ca nadian coal is produced mainly by open pit methods; only Smoky 

River Holdings extracts some 300,000 tonnes per year by underg round 

methods. ln the east, the Cape Breton Devel opment Corporation opera

tion, which will produce 1 . 1 mill ion tonnes of metallurgical coa l (plus 

2.9 million thermal) in 1987, is entirely underground and mostly under 

the ocean. 
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GE0L0GICAL SETTING 

The characteristics of the western Canadian apd eastern North American 
coals are distinctly different. These differences appear to be the 
result of the geological histories of the regions as the coal deposi
tional environment is a very important influence on maceral proportions, 
sulphur content, ash content and ash chemistry of coals. 

The coals from Atlantic Canada and U.S. Appalachia are of Carboniferous 
age, about 300 million years old. As a generalization, these coals were 
formed in fairly stable coastal swamps that experienced occasional 
flooding by salt water. The resulting coals are characterized by low 
inherent ash, high vitrinite, high sulphur and high alkali content. 

The coals of western Canada were formed during the Cretaceous age, some 
100 million years ago, in delta plain swamps which were generally sma11er 
and less stable than the Carboniferous swamps. Thís has resulted in the 
formatior. of coals that in general have less vitrínite, less sulphur, 
lower alkalies and more inherent ash than Carboniferous coals . 

After deposition, the western coal measures were buried by several 
thousand meters of sedimentary material and subsequently were brought 
back to the surface by the mountain building process. This resulted in 

folded, faulted and steeply dipping seams. Stressing of the coal seams 
resulted in the friable nature of the coal. 
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TECHtll CAL CHARACTERISTI CS 

Canad ian metallurgical coals have proven themselves in international 
markets to be of excellent quality . While many of the brands produce 
very good coke when carbonized alone, the coals perform best when carbon
ized in well balanced blends. 

Nova Scotian Coal 

Nova Scotian metallurgical coal i s of high volatile 'A' bituminous rank. 
lt is very low in ash and high in vitrinite and exinite. As a resu lt, it 

displays high coking properties which makes it an excell ent blend compo 
nent with coals of hi gher rank, parti cularly those with high inert in ites . 

Nova Scot ian High Vol 

Moí sture (ar) 8.0% 

Ash (db) 3.5% 

Volatile Matter (db) 36.5% 

Sulphur (db) 1.2% 

Chlorine 0.1 % 

Phosphorous 0. 01% 

FSI 7.5 

Ma ximum Fluidity 30,000 ddpm 

Total Oilatation (c+d ) 275% 

Mean Refl ectance 0.98% 

HGI 651 

Size, minus 38 mm 100% 

minus 0.6 mm 23% 
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Western Canadian Coals 

Western Canadian metallurgical coals range in _rank from high volatile 
bituminous to low volatile bituminous . However, most western Canadian 
coals are typically in the medium volatile category. 

As outlined earlier, western Canadian coals were created under a differ
ent depositional environment from the Carboniferous coals of eastern 
North America and Europe . As a result, the western coals have a number 
of different characteristics which for the most part can be advantageous
ly applied in modern coke making practices. 

Typical quality ranges for western Canadian coals are given below. 

Western Canadian Coals 

Moí sture (ar) 8% 

Ash (db) 6 to 9.5% 

Volati le (db) 17 to 32 % 

Sulphur 0.25 to 0.50 

FSI 5.5 to 8 

Mean Reflectance 0.9 to L65 

HGI 65 to 90 

Size, minus 50mm 100% 

minus 0.61T111 30 to 40% 
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Rheo logical Properties 

Coke strength, as measured by various drum índices at ambient tempera

tures, i s the single most important parameter for assessing coke perfor
mance in the blast furnace. The preparation of coke for testing involves 

either industrial scale or at least pilot scale coke oven operations, is 
very expensive and requires large coal samples. Therefore, reliable 

methods of predicting coke strength from coal properties as determined in 

t he laboratory, are very valuable . The most succes sful and most freq uent

l y used methods attempt t o def i ne the optimum balance between two parame

ters . 0ne is a measure of the coal s' caking pro per t y and the other of 

t he coals' rank. Thu s , we ha ve mode ls of total dila t ion (or G-factor) 

versus volatile matter, fluidity versus mean maximum reflectance, and 

~ompos i tion balance versus s trength (rank) índex. Th es e models were 

developed pri marily for carboniferou s coals . 

Most weste rn Ca nadia n co king coals exhibit lower ca ki ng properties than 

other in t ernationally tra ded coa ls of similar rank and s imilar coke 
strength. Thu s calculation models tend to underes timate the strength of 

coke made from western Canadian coal . 

The Ca nad a Centre f or M·neral and Energy Technology (CANMET) sponsored 

research which examined the thermal rheological, petrographi c and analy

tical differences between western Canadian and U. S. Appalachian coals 

(1). The study explored t he effect of particle size, heating rates and 

petrographic composition on the s tandard rheol ogical properties . 

Even though the rheology of the wes t ern Canadian coal could be increased 

by raising t he top size and incr eas ing the heatin g r at e , to t al dilatation 

remained significantly lower than that measured for the U.S. Appalachian 

coals of s imi la r ran k and r eact i ve s con tent. Thi s i s illu strated in 

Fi gur e 3. The diff erence in total dilatation increased as the vitrinite 

content of the two coal s wa~ i nc r eas ed by using speci fi c gravity frac

tion s with mean max reflectance of 1.22. Gei seler fluidity showed 

similar trends; the western Canadian values ranged from 10 to 200 ddpm 
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compared with 200 to 10 , 000 ddpm for U.S. Appalachian coals of similar 

vitrinite content. FS! responded differently. FSI values were similar 
for the two types of coal if rank and maceral content were si mi lar. 

Petrographic ~nalyses of various size and specifíc gravity fractions 
showed that for a given percent vitrinite western Canadían coals had 

slightly higher ash, fusinite and semi fusinite and U. S. Appalachian 
coa ls had higher micr i nite and exinite. 

Whil e petrographic maceral composition, particle size and effective 
hea ting rate contribute t o the rheology differences between western 

Canadian and U.S. Appalachian coa ls, the main cause appears to lie in the 

chemica l make - up of the vitrinite itself. This difference may also be 

reflected in t he lower volatile content of western Canadian coals as 

compared to U.S. Appalachian coals - Fi gure 4 . Therefore, it is impor

t ant t o be cognizant of the shortcomings of the laboratory rheology test 

results when using them to assess the carbonization potential of western 

Canadi an co ki ng coals . 

Coke Quality 

ln view of the rheological behaviour of western Canadian coals described 

above, the mosi relíabl e way to assess the carbonization potential of 

t hese coals (short of industr i al trials) is by using pilot scale e.g . 250 

kg coke oven tes ts. These tests simulate the charging and operating 

condition of industrial ovens and produce coke very close to industrial 

quality. Thi s has been confirmed for the CANMET pilot scale ovens in 

coke qua lity comparisons with both Canadian and Japanese stee l makers. 

A test program was undertaken by the CANMET laboratory (2) to: 

evaluate five western Canadian coals typical of the full range of 
production, 

evaluate binary blends of the above western Canadian coals, and 

compare the above western Canadian binary blends with binary blends 
of U.S. Appalachian coals of similar rank. 
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Coke Quality of Single western Canadian Coals 

Table 1 summarizes the coal and coke properties of the individual western 
Canadian coals. All coals were carbonized under similar conditions in a 

460 rrm wide oven with a coal charge bulk density of 816 kg/m3 anda gross 
coking time of 18 hours. 

The coals in Table 1 cover a full range in rank (Romax 0.90 to 1.64) and 
have low sulphur and alkalies . Considering the low rank of two of the 
coals (A and 8), cold coke strengths are excellent. Coke strength after 

reaction (CSR) also ranges from very good to excellent. Maximum wall 
pressure is low when compared to simil ar rank U.S. Appalachia n coals. 
(Wall pressure will be discussed further in a later section). Specific 

attention must again be drawn to the G. fluidity and dil atat ion. These 
values are far below levels normally deemed acceptable for coke making; 
yet, in keeping with the discussions on rheolog;- , coke quality is much 
better than would be predicted by normal rheology based models. A review 
of the fluidity numbers however does suggest that some oxidation of the 
small laboratory samples may have occurred dueto delays between sampling 

and analysis. This subject will also be discussed later. 
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Table 1 - Co als and resultant cokes ma de from five western Canadian coals 
i n CANMET pilot- sca l e test ovens. 

Coa l A CoafB CoalC CoalD CoalE 
Coal Charqe Properties (hv) (mv) (mv) (mv) (lv) 

Mean refl ectance Ro, ')', 0.90 1.01 1.27 1. 28 1.64 

Vo la tile matter, db . ... ')', 31. 9 26.5 21. 7 21.6 17.4 

Ash, db ... .... ···· ···· · % 6.10 7 . 1 9.6 9. 3 7.2 

Sulphur, db ... ········. % 0.48 0.50 0.28 0.40 0.38 

Alkalies i n coal .. .. .. . % 0.07 0.08 0.04 0.12 0.10 
Pulverization .. . (X-3mm) 84.5 93 . 4 90.1 91.1 82.0 

Hardgrove index 66. 89. 84 . 89. 92. 

Caking Properties 

Free swelling índex 8 . 7 . 5 6.5 6.5 5.5 

Gieseler plasticity (ddpm) 195 . 11. 4 3.8 6.7 1.9 

Dilatation (c+d) ······· % 66. 30. o. 7.0 o. 
Expansion/contraction % -11. 3 - 13.5 -11. 7 

Carbonization results 

Maximum wall pres sure, kPa 3.7 7 . 2 2. 1 5.8 16 .1 

Coke Properties 

Ash ···· ···· ·· ... .. . .... % 8.7 9.3 12.0 11.6 8.6 

Volatil e matter . ....... % 0.8 0.8 0.7 0.8 0.6 

Sulphur ....... . .. .. .. .. % 0.37 0.38 0.27 0.36 0.32 

ASTM stabil ity 45.1 55.7 51.0 58. 1 57.1 

J IS Dl 30/15 92 . 1 90 .8 94.& 93.2 

CSR (N ippon Steel procedure) 62.1 64.0 61.4 73.9 68 . 3 
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Table 2 - Analyses of binary blends of western Canadian coals and 
their resu l tant co kes. 

Coa l Charge Properties 
Rat i o of components 

Refl ectances of components(a:b) 
Mean reflectance Ro 
!nerti nite macerals .•...•.. . .. % 

Volatile Matter, db ....•...... % 
Ash, db ....•.• . . . • . . ........ .. % 
Su lphur , db . ...... •. .... ...... % 
Alkalie s in ash ..•........ . ... % 
Pulverizat ion ...•...•. .. ( %-3mm} 

Ash Anal ysis .•... • . ..•........ % 

Si02 
AlzC3 
Ti02 
P2o5 

FezP3 
CaO 

MgO 

Na 20 

K20 

Caking Properties 
Free Swe lling 1ndex 
Gieseler platicity . .. . . .. (ddpm} 
Dilatation (c+d} . ... .. . ...... -~ 

Expansion/contraction ..... . ... ~ 

Ca rbonization Results 
Maximum wall pressu r e ..... . . kPa 

Coke Properties . .. .. ... ..... . . % 
Ash 
Volatile Matter 
Sulphur 

ASTM stability 
JIS D1 30/15 
CSR 
CRI 

BLEND PROPERTIES 
CoalBlend 1 CoalBlend 2 CoalBlend 3 

65:35 69:31 45:55 

O. 90: l. 62 
1.14 

29 

26.9 
6.5 
0.39 
0.09 

86. l 

56.38 

27.2 

l. 45 

1. 18 

6.0 

2.52 

0.68 

0.49 

0.87 

6 
16.8 
13. 

-1 0.0 

7.3 

8 .5 
0 .7 
0 .37 

58.4 
93.1 
67 .o 
24 .0 

1.01:1.28 
1. 08 

39 

25.l 
B. ü 
0.46 
0 .08 

92.4 

57.14 

29 . 11 

1. 76 

1.20 

3.47 

2 .24 

0.58 

0 .10 

o. 71 

12. O 
29 . 

- }2.6 

9 . 1 

10 . 2 
o.e 
0 . 35 

58. 2 
93.0 
69 .0 
23.3 

1. 08 : l. 27 
1.16 

32 . 3 

24.5 
9.2 
0. 49 
0. 1 

90.3 

58.9 

27.9 

1.87 

l. 24 

3.61 

1. 53 

0 .91 

0.10 

0.85 

7.5 
12.5 
31. 

- 8 .2 

9. 5 

li. 5 
0.6 
0 . 43 

57.4 
93.6 
65.l 
22.6 
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Ta ble 3 - Ana l yses of bi nary blends of Appalachian coals and their resu ltant cokes. 

Coal Charge Properties 
Ratio of components 

Reflectances of components(a:b ) 
Mean reflectance Ro 
Inertinite Macera ls , ..•.....• % 

Volatile matter, db . ...... • . • % 
Ash, db . . ..... . ... ... • .•..... % 
Su 1 phur. db ... ..•. . .........• % 
Pulverization (%-311111) 

Ash Analyses ...•. .•. . ... . •. .. % 

Si02 
Al 2o3 
Ti02 
P2°5 
Fe

2
o

3 
cao 
MgO 

Na2o 
K20 

Caking Proeerties 
Free swell1ng index 
Gieseler plasticity(ddpm) 
D i1 a ta ti on ( c+d ) .. . .......... % 

i:>tlJdflSio,1/contraction ... . .. .. % 

Carbonization Results 
Maximum wall pressure ... . • kPa 

Coke Propert i es •.• . ....• . • . •. % 
Ash 
Volatile matter 
Sulphur 
Apparent specific gravity 

ASTM stability 
JlS 01 30/15 
CSR 
CRI 

8LEND PROPERTI ES 
Coal8lend Coál8lend CoalBlend Coa1B1end 

72:28 

0.88:1.65 
1.09 

21 

32.9 
6.2 
0.89 

82.7 

50.55 

29.1 

1.47 

o. 18 

9.8 

2.81 

0.92 

0.61 

1. 55 

7. 
570. 
44. 

-9.6 

12 . 5 

9.1 
0.8 
0 . 63 
0.894 

58.9 
94.9 
61.6 
31.0 

4 
75:25 93:7 70:30 

0 . 95:1.62 
1. 22 

26.6 

1.13:1.22 1.13 : 1.42 

28.7 
6.2 
0.81 

83.6 

46.4 

28.5 

1. 3 

0 .24 

11.53 

2.95 

1. 73 

0.80 

2.06 

7.5 
4380. 

134. 

-12.8 

7.0 

8.0 
0.7 
0.74 
0 .945 

58.1 
94.4 
48.6 
36.4 

1.1 5 1.17 
25.3 17 .5 

28.2 
6. 0 
o. 72 

87.5 

42.19 

27. 54 

1.53 

0.46 

10. 92 

4. 74 

1.89 

0.68 

1. 72 

7.5 
11090 . 

242. 

-9.1 

6. 8 

7.6 
0.6 
0.64 
0.897 

57.6 
94.5 
56.9 
30.5 

29.0 
5.3 
0 . 62 

89.2 

41. 93 

26.92 

1. 50 

0.38 

11.18 

4. 70 

2.05 

0.81 

1. 96 

6530. 
248. 

-9.7 

26 .8 

7.0 
0.6 
0.62 
0.885 

57. 9 
95 . l 
53.6 
32.5 
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Coke Quality from western Canadian and U.S. Appalachian Binary Bl ends 

As follow-up to the work on single coals in Table 1, a number of two

component blends were rrepared from the western Canad i an coals as summar

ized in Table 2. A similar set of two-component blend s ,rns also pre pa red 
for U.S. Appalachian coals as summarized in Table 3. The refle ctance 
ranges of the two sets of coals were similar. The blends we re prepared 

by combining the highest rank ( reflectance} coal with the l owest r ank 

coal; the second highest with the second lowest, etc . Bl endi ng ratios 

were adju s ted by trial and errar t o obtain a cold coke s t r ength suitable 
for use in modern blast furnaces, i.e. an ASTM stabil ity of 58±1 . 

Carbonization conditions in the 460 mm CANMET oven were maintained as 

constant as possible with bulk densities at about 825 kg/m3 and flue 

temperatures at 1250 º C. The properties of the wes t ern Canac ian and U.S . 
Appalachian coal blends and cokes were then compared. 

The ASTM stability requirement of 58±1 could be met with bo t h set s of 

coals. The fluidity and dilatation of the wes tern Can adia n bl en ds are 

much lower than those for U.S. Appalachian coal s producing equ i valent 

strength coke. Maximum wall pressure ran ged from 7 to 9. 5 kPa (1. 02 t o 

1. 39 psi) for the wes tern Canadian coals and f rorn 6 .8 to 27 kPA (0 .99 t o 

3.94 psi) for the U. S. Appalachian coal; the latter value bein g unaccept

ably hi gh. The western Canadian blends displayed lower sulphur but 

slightly higher ash then the U.S . Appalachian blends. 

Substantial differences also occurred in the "hot strength properties" 

and these parameters were explored further to determine their dependence 

on other coal/coke quality pararneters when ASTM stabi l ity was kept 

constant . 

The CSR for the western Canadian coals ran ged from 65 to 5S while those 

for the U.S. Appalachian coals ranged from 48 to 62 . 

CANMET scientists examined the relationships between the key carboniza

tion parameters by regression analysis (3). The results of their 

findi ngs are plotted on Figures 5a to 5c . The trend betwe~n reflectance 
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and CSR on Fig ure 5a , show ing a decrease in CSR with increasing rank, is 

oppos ite to that normally expected. This may suggest that r an~. i s a 

secondary influence. The CSR and CRI (coke reactiv ity índex) parameters 
appear to be mainly influenced by the cher.iistry of the coa l /coke ash. 

The basicity índex used in Figure 5c is (Fe2o3 + CaO + MgO + Na 2o + 

K20)/ (S i 02 + Al 2o3) . Although coke texture was also examined, it did not 

show an obvious relation sh ip to CSR or CRI in this test series . 

The above blend comparison clearly shows that the western Canadi an and 
U. S.Appa lachian coals complement one anothe r in terms of caking proper

ties, ash, as h chemistry, sul phur and coking pressure. 

Blends of Western Canadian and U.S.Appalachian Coals - Effect of Longer 

Coking Times 

To examine the complementary characteristics of the cretaceous and 

carboniferous coals CANMET, developed a blend test program using the 

three coals described in Table 4. 

Table 4 - Pro perties of Coals used in Western Canadian/Appalachian coal 

blends. 

Appalachian Coals W. Canad.i an Coa 1 

Properties hv Coal Blend lv Coal Blend mv Coa 1 

Ro 1.05 1. 66 1. 31 

Ash (db) •' 5. 7 5.4 9.9 •••• •• •• • ••• ,o 

Volatile matter, db .% 31.8 17.4 20.9 

Sulphur,db • ••• • • •••• % o. 75 0 . 67 0.41 

Gieseler fluidity(ddpm) 23100 . 10.7 1. 8 

Ruhr dilatation(c+d ) 276. 56. o. 
FSI 6 . 7. 4. 
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The i ntent of the study wa s to take adv an t age of the excess fluid proper
ti es of the U.S. Appalachian high vol coal by addin g a weakly ca king 

wes tern Canadia n medium volatil e coal . Blending rat i os were selected t o 

maintain a cons tant mean (max) vitrinite refl ectance of 1 . 26 . The bl end 

properties are summarized in Table 5 below. 

Tabl e 5 - Blend Prope rt i es of U.S.Appalachian and western Canadian Coa l s 

:.; hv :mv : 1 v 65:0:35 51:25:24 36: 50: 14 18 :82 :0 0 :100 :0 
Ro 1. 26 1.26 1. 26 1. 26 1. 31 
Gi ese ler Fluidity 2650 . 610. 138. 10.l 1. 8 
Dila ta t i on (c+d ) 122 . 78 . 58. 23 .0 o. 

The bl ends were carbonized at flue gas temperatures of l 250º C and 1065º C 
t o estab l i s h t he effect of l onger cokin g times on co ke strength. The 

results are illustrated ln Figure s 6a t o 6e. Up t e abou t 50~ of the 

weste rn Canadian coal could be adde d t o the blend be fore the l owe r ble nd 
f1u i dity resulted in a reducti on in cold coke stre ngt h (ASTM st ab ility) . 

The CSR and CRI con ti nued t o i mprove with th e add i t ion of we s t er n Cana

di an coal . Longer coking time improved coke co l d strength (s t ab i l ity) 

bu t re du ced hardnes s, hot strength ( CSR ) and maxi mum wall pressu re. 

0ther CANMET coking rate studi es have shown s imilar trends . The oppo s i ng 

effects of heating r ates on cold and hot cok e strength are obv i ous ly a 

subjec t for blast furn ace opt imization. 

Co king Press ure 

The pressure exerted on the coke ove n walls durin g the ca rbonization 

cycle is of crit ica ] concern in coke-making ope rat ion s . Figure 7 shows 
schemati ca l l y the direction s of infl uence of the main var iables on 

maximum wall pressure . Charge bulk density and bl end compositi on are the 

most important means of controlling pressure (4). Ef forts by severa ] 

operators to improve productivity by using higher cori ng rates and/or 

bulk densities have resulted in oven deterioration. Thi s con cernis 

parti cularly va lid f or ovens over 5 m tall. For these ovens, sizeable 

loca l variations in charge bulk den s ity can occ ur durin g the charging 

process ( 5). 
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The studi es describe d earlier have already shown the fav orable coking 
pressure characteri s tics of western Canadian coa1 ' , However, a project 

sponsored wi th BCRA demons trates the pressu r-e · ,0derat i ng prope r t i es of 
a western Canadian coal even more clearly. rhe program included four 

international coals which were carbonized in various bl end s in a 250 kg 

moveable wall oven at dry bulk den s ity of at least 830 kg ; m3 anda · coking 

rate of 25 mm/h. The blend make-up and results are summarized in Table 

6 and are illustrated in Figures 8a to 8c . 

Tabl e 6 BCRA 250 KG Moveable Wall Oven Tests 

USA 

( lv) 

100 

20 

20 
20 

20 

20 

20 

Blend Components, % 
Australian W.Cdn. 

(mv) (mv) 

100 

10 

15 

15 

30 

30 

30 

100 

o 
o 

15 

o 
15 

30 

U. K. 

(hv ) 

100 

70 

65 
50 

50 

35 

20 

Blend 
V ,m , 

(% db) 

17.l 

21.2 
19.7 

35.0 

29.3 

28.9 

27 . 0 

26.8 

23 . 9 

22 . 5 

Bl end Ma x Wall 

Roma x Pressure 

( %) (psi) 

1. 68 

1. 41 

1.34 

.92 

1.12 

1.15 
1.21 

1. 22 

1.28 

1.35 

7.00+ 

3.38 
1. 20 

1.20 

0.80 

2.70 
1.39 

3.39 

3.02 

1.20 

The western Canadian coal reduced t he ma ximum wall pressure while actual

ly increasing the rank (Romax) of the blend. The inclusion of the 

western Canadian coal results in a safer oven operation while improving 

coke yield and productivity; improving hot coke strength and ma intaining 

cold coke strength. 
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Effect of Storage Time on Western Canadian Coal Samples 

As discussed earlier, western Canadian coking coals generally display 

lower thermal rheological properties than carboniferous coa ls . Thus any 

deterioration in these properties dueto delays and faul ty handling of 
samples could evoke a negative response from customers. As small samples 

age more rapidly than coal in large stockpiles, a test program was 

developed by CANMET to determine the effect on such samp l es kept over 

time in bags or drums . 

Twelve drums of western Canadian medium volatile coal with good rheologi

cal properties were divided into four parts . Three par ts (s amples) were 

stored at ambient conditions and the fourth was refri gerated . Thermal 
rheological and coke properties were determined from time to t i me over a 

20 week period as illustrated on Figures 9a t o 9c. 

The change in the coal' s thermal rheological properties with time i s 

shown in Figure ga. The FSI showed no deteriorat ion with ti me for e ither 

the refrigerated coal or coal stored at ambi ent tempera ture . l n f ac t. 

FSJ appeared to improv e after s i x to eight weeks stora ge . Howeve r , the 

total dilatation (c+d ) properties dropped qu ite quickly during the first 

eight weeks from 100% to about 75%. Thereafter , c+d dec lined ata much 

slower rate to about 54% after 27 weeks . The c+d of the re frig ~ra t ed 

sample had deteriorated slightly less than that of the sample stored at 

ambient temperature. Th e reduction in Gieseler fluidity with time is 

even greater than the dilatation . Fluidity declined rapidly from 360 

ddpm at time of coal delivery to about 120 ddpm after about eight weeks. 

Fluidity declined ata much slower rate from 8 t o 27 weeks. Again, the 

refrigerated sample showed only slightly better fl uidi ty th an the 

corresponding sample stored at ambient temperature. 
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P.esults from ca r boni zation showed that cold co ke s trength may ha ve 

improved very slightl y with time as shown in Figu re 9b . lncreased length 
of storage had very l ittle effect on ASTM hardness but appea r ed to 

improve stability and both JIS drum indices. , The refrigerated sample 
gave equivalent coke strength to the non-refrigerated samples . 

Figure 9c shows that coke s trength after reaction {CSR) and the coke 

reactivity index (CRI ) dete riorated with coa l storage ti me . Coke reacti

vity inc reased and coke strength after rea ction de crea sed after 20 weeks 
s torage of the coal . The CRI f rom the sample stored under re f rigeration 

was s li ght ly better than the s ample stored at ambient temperatures. 

Quality of Canadian Weak Coking Coal 

Western Cana dian weak coking coals perform ~•ell in blends with i nterna

t i ona lly traded coal s of good fluidity. Typical western Canadi an weak 

coking coals tend to be of good rank (Romax 1 t o 1.3) and generally 

contain high levels of inerts {fusinite and semi-fusinite) and some 

partially oxidized macerals. As a result, th erma l rheo l ogy tends to be 

low . . 

A typi cal western Canadian weak cokin g coal was evaluated by pilot scale 

(2 50 kg) carbonization {at BCRA) to assess its performance as a componen t 

in blends with Polish medium volatile and American high volatile coals. 

Three carbonizations were run with the weak coking coal added at two 

levels t o the ba se blend which contained equal part s of medium and high 

volatile coal. lhe properties of the individual coals and blend charges 

are shown in Tables 7 and 8. 



As h, d.b. 

Volatile Matter, 

Su lphur, d.b . 

FSJ 

Dilatation, (c+d) 

Flui d i ty, dd pm 

RoMax, % 

Total I nerts, % 

1 02 

Table 7 Weak Coking Coal Blend Trial s 

Polish American 

M.V. H.V . 

7.2 7.7 

d.b. 26.7 30.8 

0.7 0.94 

8 8 . 5 

% 126 157 

480 4400 

1. 11 0.9 9 

21 10.7 

W. Cdn. 

~"-"!.-

11. 9 

20. S 

0.34 

< 
- 72 

From Table 8 it can be seen that the western Canadian weak cn rinq 111al is 

an effective blend coal. The bas e bl e nd of equal proporti ons 0 r 1·11 1 i s h 

and American HV produ ced a high quality coke wi th micum indi c!'s nr lhe 

required leve l s for use in large modem blast furnace s . These mi•""' 
indices were maintained when 10 and 20 percent of the weak co kin q 1 <•n 1 

was adde d to the base blend . No evidence of any trend in dica f.in q ,; 

dete riorating influence attributable to the add it ions of the wPa• , uking 

coa l wa s detected. It has been shown that at least 20 percent n f wPa~ 

coking coal could be included in blends of higher volati l e Amer 11,111 and 

Poli sh metallurgical coals to produce cokes of strength i ndi ces ,11 i 1ab le 

for large modern blast furnaces. The key t o successfull y incoi-i"" ·'1 i119 

the weak coking coa l was the good caking capacity of t he parrn\. lol,·nd. 
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Table 8 Weak Coking Coal Blend Trial - Properties of Charges 

Coals 

Polish %· 50 45 40 
American HV % 50 45 40 
Western Canadian Weak % o 10 20 

Properties of charges 

Total moisture % 3.9 4.5 4.4 
Size 3.35 rrm % 14. 9 15 . 4 15.4 
Ash, d.b. % 7.3 7.9 8.5 
Volatile matter, d.b. % 28 . 9 27.9 27.4 

Sulphur, d.b. % 0. 87 O.B3 0.80 
FSJ 8 8 8 
Calculated Ro Max . 1.05 1.07 1.09 

Calculated total inerts 15.8 17 .8 19.8 

Conditions of carbonization 

Charge bulk density, d. b. kg/m3 767 761 767 

Final charge-centre tempera tu re ºC 1000 1010 1000 

Carbonizing time h 17 .4 17 .5 17. 4 

Coke characteristics 

Ash, d.b. ,:; 10.5 11.1 11.4 

Sulphur, d.b. % 0.81 0.75 0.71 

Mean size, rrm 82 82 81 

llficum i nd ices 

M40 80. 9 81.2 80.1 

MIO 7.9 7.7 8.0 
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POTH!TJAL FOR THE USE OF CANAD!Atl WEAK COKING COAL 

The thrust for the greater use of weak coking coal ha s originated in 

Japan and carries with it a strong commercial element. ln the late 

1970's and early 1980's pro j ections of future world stee l and coal demand 

were very high. Japanese steel mills had real concerns that sufficient 

quantities of prime coking coal would not be available in future to 
satisfy their requirements. As a result, they initiated t he deve lopment 

of a number of new mines, primarily in Austral ia and Canada. ln addi
tion, they developed technologies and facilities which would allow them 

t o rep lace prime coking coal with weak or non-coking coal (6). Some of 

these methods for prime coking coal replacement are as fol lows: 

1. Straight additions to the blend. This is possible if the balance of 

the blend is "rich" in caking properties and would otherwise produce 

coke of unnecessarily high quality. he additi on of weak cokin g 

coal i n this way must be based on a detail ed opti miza ti on of the 

blast furna ce. Lower coke s trength will i ncreas e the coke rate and 

reduce blast furnace productivity. The effect of weak cokin g coa l 

on both th e co ld and hot strength of the co ke compl i cates thi s 

evaluation further. The optimization, of course, is mu ch easier for 

a steel mill f aced with production cutbacks than for one t ryin g t o 

increase production. 

2 . Briquetting . The bu lk den s ity of a coal charge ca n be si gn ificantly 

increased by briquetting part of the charge . It appears that 

ma ximum den s ity is achieved with some 30~ of the charge br i quetted . 

This improvement allows some 15% to 20% of wea k coking coal to be 

i nco rporated a lthough it seems to be uni mportant .ihether it i s 

included in th e briquettes alone or t hr oughout th e blend . A special 



105 

binder í s required to produce the _bríquettes and thi ~ also contrí

butes to the qual ity of the coke produced . Howeve r, thís bínder 

mus t have spec i al properti es and is consequentl y expens ive. Thí s 
factor and operatíng costs make briquetting unattractive and the 

equipment, only installed in Japan and Korea, currently i s not fully 

util ized. 

3. Pre- heat in g. By drying and hea t ing the coal blená prior t o charg

ing , bulk dens ity and hence coke qua l ity can be i mproved . Produc ti 

vity i s increased by the reduced cokin g t i me . Weak coking coal can 
then be added at the rate of 5 t o 20: , depending o the level of 

heat ing, t o achieve the sarne coke qual ity. Some l evel of drying 

only may be economical today. 

4. Oifferen t i al crushing. Normal practice is to combine the differen t 

coals forming the blend and crushing them toge ther. Howev er , the 

different physica l properties of the individual coals can result in 

harder coals being in sufficiently crushed, with consequent deleter

ious effects on coke quality. Differentia l crushing prevents this 

_by crushing selected blend components separately to the desired size 

range . (Western Ca nadian prime coking coals respond very well to 

this practice .) Any improvement can then be offset by ad di ng weak 

coking coal. 

5. Ory quenching of coke. Coke is usuall y quenched with water which 

causes a severe thermal shock to the coke and reduce s its strength 

by creating mi croscopic crac ks. Ory quenching with gas reduces the 
thermal shock and improves coke strength. lt also is an environmen

tally clean process. For the sarne coke quality 2~ - 51 weak cok ing 

coal can be added. At present there are few dry quenching plants 

but, despite their high capi t al cost, they are l ikely t o be popular 

in environmen tally sensitive areas when coke ovens must be replaced 
in future . 
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6. Formed coke. This technology seeks t o produce me tallurgi ca l coke 
from primarily non-co king coals . It has been demonstrated on a 

pilot scale that several process routes can produce acceptabl e coke. 

As the name sugges t s , the process ,i nvo l ves the forma ti on of a 

briquette of coal or char which i? then devola t ilised as a unit. 

There is as yet no evidence tha t this wi ll emerge as a commercially 

significant proces s route . 

7. Pulverized/crushed coal injection (PC!). The foregoinç processes 

have all allowed direct substitution of weak f or pri me coking coal. 
PCI is effective ly a substitute for coke . Coal i s in j ec ted into the 

blast furnac e and provi des a source of carbon ~,h i ch rep laces a 

quantity of coke . There i s a limit to the amount of coke that can 

be replaced becau se , as well as being a source of carbon, coke is 
required to maintain permeability in the burden. Injection rates as 

high as 250 kgs/tonne of hot me tal ha ve been r eported, mainly from 

China. European furnace s have reac hed 15C kg s/ tonne of HM but most 

areas only regul arly use up to 100 kgs / tonne HM. Thi s l ev el will 

replace about 90 kg s of coke per tonne of HM. Bri ti sh Steel Co rpora 

tion has used western Cana dian coal very succ ess full y in this 

appl ication. 

ln today's marke t environment, wi th the exceptio r. of PCI an d straight 

blend addition, increased use of weak coking coal ca n onl y be j ustified 

t o the extent t hat fa cili ties described above are alrea dy in place . ln 

December, 1986 th e J apanese stee l mill s had 38 blas t furnaces in opera

tion and 16 idl e . With this overca oac ity , opt imum coke oven and blast 

f urnace practice is to tally different to th at of a country where plan~ 
for expansion are be i ng made. The i ncreas ed us e of wea~ coking coal ls 

t he re f ore les s a ttract iv e to th e newl y ind us tria l i zed countr ies where 
producti vi ty is critical and steel producti on i s sti l l i nc r easi ng. 
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CONC LUS JONS 

Canada produces a full range of excellent metallurgical coals. 

Eastern coals are of carboniferous age while those in the west are 

of cretaceous origin. 

Eastern Canada produces only high volatile coal which is very low in 

ash, has high fluidity and moderately high sulphur. It is an 

excellent blend component for coals with higher rank and higher 
inerts. 

Western Canadian coals range from high volatile bituminous to low 

volatile bituminous rank. The coals are higher in semifusinite and 
ash and lower in vitrinite, exinite and micrinite and sulphur than 

coals from Eastern North America. 

Vitrinite from western Canadian cretaceous coals is inherently 

different than vitrinite from carboniferous coals. Thi s difference 

is to a large degree responsible for the lower thermal rheol ogica l 

properties of the coals. Maceral composition and particle s ize 

difference also contribute to the lower rheology levels. Standard 

coke quality prediction models tend to underrate these coals. 

Western Canadian coals carbonized alone or in blends make coke of 

very good cold strength and of excellent CSR (coke strength after 

reaction) and CRI (reactivity). 

Western Canadian coals make very good cokes at flui dity levels well 

below the traditionally accepted limits. As a result, thes e coals 
have a wide blending range . 
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Western Canadian coals carbonized alone or in blends n,e nerate lower 
coking pressure than other b1ends of comparable rank. Some brands 
can be used effectively as pressure moderating agents for highly 
expanding blends. 

Oxidation of small western Canadian coal samples can have a signifi
cant effect on the measured thermal rheological properties. Care 
must be taken to minimize delays between sample extraction and 
sample analysis. 

Western Canadian weak coking coals perform well in both densified 
and conventional charge application. 
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Figure 1 
PRINCIPAL CANADIAN COKING COAL EXPORT MINES 
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Figure 2 

CANADIAN METALLURGICAL COAL EXPORTS 
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Figure 3 
EFFECT OF A CHANGE IN VITRINITE CONTENT ON THE 
TOTAL OILATATION OF A WESTERN CANAOIAN ANO AN 

APPALACHIAN COAL OF THE SAME RANK 
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Figure4 
VOLATILE MATTERVERSUS MEAN REFLECTANCE 

WESTERN CANADIAN ANO U.S. APPALACHIAN COALS 
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Figure 5a 
CSR OF WESTERN CANADIAN ANO APPALACHIAN COAL 

BLENDS PLOTTED AGAINST MEAN BLEND RANK 
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Figure 5b 
EFFECT OF TOTAL ALKALIS IN BLEND ON THE CSR 
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Figure Se 
EFFECT OF ASH TIMES THE BASICITY INDEX 

ON THE CSR PROPERTIES OF THE COKE 
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Figure 6a 
EFFECT OF ADDING WESTERN CANADIAN M. VOL. COAL 

TO AN APPALACHIAN BINARY BLEND 
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Figure 6b 
EFFECT OF ADDING WESTERN CANADIAN M. VOL. COAL 

TO AN APPALACHIAN BINARV BLEND 
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Figure 6c 
EFFECT OF ADDING WESTERN CANADIAN M. VOL. COAL 

TO AN APPALACHIAN BINARY BLEND 
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INFLUENCE OF KEY VARIABLES ON COKING PRESSURE 
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Figure 8a 
COKING PRESSURES DEVELOPED BY FOUR SINGLE COALS 
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Figure8b 
COKING PRESSURES DEVELOPED BY BLENDS 

- EFFECT OF ADDING WESTERN CANADIAN MEDIUM VOLATILE COAL 
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Figure 8c 
COKING PRESSURES DEVELOPED BY BLENDS 

- EFFECT OF ADDING WESTERN CANADIAN MEDIUM VOLATILE COAL 
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Figure 9a 
THERMAL RHEOLOGICAL PROPERTIES OF COAL VERSUS 
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Figure 9b 
COKE STRENGTH PARAMETERS VERSUS COAL STORAGE TIME 
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Figure 9c 
REACTIVITY AND STRENGTH AFTER REACTION OF COKE VERSUS 
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