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Abstract

Blend formulation to maximize the inclusion of non-coking coals with the scarce and expensive
coking coals is an essential practice in the steel industry. This study demonstrated the use of
Microsoft Excel based on a blending model to obtain probable cokeable blends between sample
prime coking coals and non-coking Nigerian Lafia-Obi and Okaba coals; having high ash/sulphur
and high volatile, respectively. The results obtained showed that optimal binary, ternary and
quaternary probable cokeable blends are possible. A cokeable binary blend of 64.51% low volatile,
high vitrinite reflecting Western Canada prime coking coal and 35.49% Okaba coal with a cost
reduction per ton of $61.56 was obtained. Also, a ternary blend of 74.04% medium volatile prime
coking UK Ogmore coal produced an optimal cokeable blend including 19.22 and 6.74 percents of
Lafiia-Obi concentrate and Okaba (as-received); respectively with a saving in cost per ton of
$39.05. Furthermore, a quaternary blend comprising 40.35, 23.17, 23.17 and 13.30 percents of
low volatile Canada, medium volatile Ogmore, Lafiia-Obi concentrate and Okaba (as-received);
respectively with a saving in cost per ton of $56.06 was realized. The results obtained showed that
vitrinite reflectance, coal beneficiation to reduce ash and sulphur contents and the use of a high
volatile coal as a blend component are critical factors in obtaining probable cokeable blends. If the
lowest cost binary blend proves cokeable in confirmatory tests, the significant cost reduction of
about 29.31% achievable will make cokemaking more economical and sustainable.
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1. Introduction

Coal is a combustible sedimentary organic rock which is composed mainly of carbon,
hydrogen and oxygen. It is formed from vegetation which has been consolidated between
other rock strata and altered by the combined effects of pressure, temperature and bacteria
over million of years to form the coal seams [*: 2],

Bituminous coking coals required for the production of metallurgical coke is scarce
worldwide and is in high demand in the face of rising steel production. For example on a
yearly basis, British Steel procures 7.4 million metric tons of coking coal, while the blast
furnace based Nigerian Ajaokuta integrated steel plant is estimated to use 1 million tons
of the same coal grade on completion of its first phase. Coking coal is converted to coke
by crushing it and then heating it in coke ovens at a temperature of about 1250°C for
about 18 hours [ 41, Coals are ranked on the basis of volatile matter contents. It has
been reported that medium volatile coals (volatile contents in the range 27.70 to 30.30%)
will produce good coke, while coke from high volatile coals are weak and highly reactive.
Low volatile coals on the other hand produce dangerously high pressures than can cause
irreparable damage within the coke oven [ 51,

Moisture, ash, sulphur, phosphorous and alkalies are undesirable in coke as they have
adverse effects on energy requirements, blast furnace operations, hot metal quality and/or
refractory lining. Ash and sulphur in coke are usually restricted to lower than 10 and
0.80%, respectively. Unfortunately, Lafia-Obi coal, the only medium coking Nigerian coal
has intolerably high ash and sulphur contents of up to 26 and 2.34% , respectively. Okaba
coal is a high volatile sub-bituminous coal found in the proximity of the Ajaokuta Steel
plant, Nigeria [ 8 9 10. 111,

The average reflectance of vitrinite maceral and more importantly the nature of its
distribution are critical indicators of the strength of the resulting coke. A cokeable coal is
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expected to have a vitrinite reflectance of at least 1.15 but ideally 1.25 to 1.35% with a
unimodal vitrinite reflectance distribution [*!. The Western Canada coal has been reported
to have very high vitrinite reflectance of 1.52% 21, In addition to rank parameters, dilatation
and fluidity properties of coals also provide empirical measures on the extent of softening
and fusion on heating of coals to produce coke [* *31, Coal blending has been used for
many years to obtain blends of desired properties from one or more coals. Metallurgical
coke for use in very large blast furnaces must have very high strength in terms of hardness
and stability of 68 and 55% respectively 41,

Blending of coals has been an important problem in integrated steel plants and mathe-
matical models have been developed to facilitate it. Vasko [*®! developed a model based
on a mixed linear programming and binary decision tree analysis to obtain cokeable blends.
The model results are used at the pilot scale oven for testing and validating the recommended
blends. Skerl [*¢! developed an optimization model that proposes least cost set of blends
on the basis of input desired coke properties. Adeleke and Onumanyi [*”1 elaborated an
optimization model that obtains coal blends with derived formulae and used a binary
search technique to determine the combination of coals that satisfy basic chemical and
vitrinite reflectance at the least possible cost.

The aim of this study is to use the Microsoft Excel implementation of the optimization
model of Adeleke and Onumanyi (2007) to demonstrate the significance of average
vitrinite reflectance, ash/sulphur contents of the base prime coking coals in obtaining
cokeable blends with a high ash/sulphur coal such as Lafia-Obi coal and its concentrate.

2. Methods
2.1 Analysis data

The data on proximate analysis of the Western Canada, UK Ogmore, Nigerian Lafia-Obi
(as-received), Lafia-Obi leached concentrate and Okaba coal as received were obtained from
Price et al [*?1, Ndaji and Marsh '8 Adeleke [*°! and Laditan [*°; respectively. The
volatile matter (dried ash free) of the Western Canada coal was calculated with a moisture
content of 1% typical of coking coal according to Moitra et al [?*1, The data on vitrinite
reflectance for Ogmore coal was estimated [??1, while those of Lafia-Obi and Okaba coals
were obtained from Laditan °!, The information on cost per ton of coal in the international
market and transport cost was obtained from Energy Information Administration [?31, HB
Industry Report 4 and New York Times [?°1. The data on proximate analysis, average
vitrinite reflectance and cost per ton of coals used in sample blend optimization are presented
in Table 1.

Table 1: Coal properties’ data for coals used in sample blend formulations

Blend parameters Ogmore Canada Lafia-Obi Lafia-Obi  Okaba coal
coal coal coal concentrate

Vitrinite reflectance 1.2 1.52 12 1.2 0.48

(Average)

Ash (db) 3.4 7.2 33.73 20.55 11.60

Volatile matter (daf) 27.4 18.75 27.98 21.71

Sulphur (db) 0.20 0.39 1.33 0.55 1.21

[HCost/ton ($) 210 210 60.33 67.64 36.55

2.2 Optimization method

The iteration elaborated by Adeleke and Onumanyi (2007) was implemented with
Microsoft Excel, 2003.

3. Results and Discussion

The probable cokeable blend results obtained are presented in Tables 2 to 4.

The average contents of vitrinite maceral reflectance, ash, sulphur and volatile matter
for the coal blends were determined using the formulae derived by Adeleke and Onumanyi 7
and according to a conventional practice reported by Skerl [*®1, Binary blending of the
prime coking western Canadian coal and the high ash, high sulphur Nigerian Lafia-Obi
coal (as-received) gave an optimal blend that satisfy all the constraints except the require-
ments of volatile contents to lie between 27.70% and 30.30% 7). However, the binary
blending of the Canadian coal with the high volatile sub-bituminous Nigerian Okaba coal
(as-received) gave an optimal blend comprising of 64.51 and 35.49 percents of the former and
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latter coal respectively. The average vitrinite reflectance of 1.15% was obtained for the blend,
while the average ash and sulphur contents obtained are 1.24 and 0.12 percents below
the upper limits allowable ' **1, The saving in cost per ton of blend was estimated to be
$61.56. Further binary blending of the Canadian coal with the Lafia-Obi coal concentrate
yielded an optimal blend of 79.12 and 20.88 percents of the former and latter; respectively
and with a lower cost saving per ton of $29.73. The results obtained indicate that a high
volatile coal such as Okaba may be an essential input in obtaining coal blends with
acceptable levels of volatiles that minimize coke oven pressures during carbonization.

Ternary blending of the prime coking Canadian coal, Lafia-Obi coal (concentrate) and
Okaba coal as-received gave a blend containing 74.76, 18.87 and 6.37 percents of Canada,
Lafia-Obi (concentrate) and Okaba ( as-received); respectively with a very low sulphur of
0.47% and high average vitrinite reflectance of 1.39% but could not satisfy the volatile
requirements. Similarly, the ternary blend with the Lafia-Obi (as-received) yielded a blend
that could not satisfy the volatile requirements and with a cost reduction per ton of $17.82
much lower than $37.92 for the former case. However, a ternary blend of medium volatile
prime coking UK Ogmore coal produced an optimal cokeable blend consisting of 74.04,
19.22 and 6.74 percents of Ogmore, Lafiia-Obi concentrate and Okaba (as-received);
respectively with a saving in cost per ton of $39.05. A quaternary optimal blend comprising
40.35, 23.17, 23.17 and 13.30 percents of low volatile Canada, medium volatile Ogmore,
Lafiia-Obi concentrate and Okaba (as-received); respectively, that satisfy the basic chemical
and coke strength requirements (as indicated by average vitrinite reflectance) with a
saving in cost per ton of $56.06 was also obtained. The blend also has good average
vitrinite reflectance of 1.23% and low sulphur of 0.32% [*¢1, These results showed that a
medium volatile prime coking coal may be required to produce cokeable coal in combination
with some coals. The cleaning of Lafia-Obi coal must have enhanced its inclusion in the
ternary and quaternary blends.

The optimal cokeable blends obtained have to be subjected to petrographic analyses
to determine the frequency distribution of the vitrinite reflectance and technological tests
such as Gieseler plastometry and Ruhr dilatometry to confirm their cokeability prior to
pilot scale tests. A cokeable blend is required to demonstrate unimodal vitrinite reflectance
frequency distribution, a Ruhr G-value that fall in the range 1.05 to 1.10 and a Gieseler
maximum fluidity of > 300 ddpm [* # °1, The behaviour of the blends in term of coking
pressure generation also needs to be examined [,

4. Conclusion

The optimized coal blends obtained with the inclusion of non-coking Nigerian coals showed that
probable cokeable blends at minimum costs could be obtained at binary blend of 64.51%
low volatile, high vitrinite reflecting Western Canada prime coking coal and 35.49% and a
quaternary blends containing 74.04% medium volatile, medium vitrinite reflecting UK
Ogmore coal, 19.22% Lafia-Obi concentrate and 6.74% high volatile, low vitrinite
reflecting Okaba coal (as-received). The cost reduction per ton of $61.56 obtained for the
binary blending far exceeded that of quaternary blend by $22.51. The results obtained
showed that vitrinite reflectance, coal beneficiation to reduce ash and sulphur contents
and the use of a high volatile coal as a blend component are critical factors in obtaining
probable cokeable blends. If the lower cost binary blend proves cokeable in confirmatory
tests, the significant cost reduction of about 29.31% achievable will make ironmaking by
the blast furnace route economical and sustainable.
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