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Abstract

The effect of blending different biomass material with Indian non-coking coal is investigated. Non-
coking coal from Western Coalfields Limited (WCL), Nagpur, India with high volatile matter was used in
the experiment. The idea behind this paper was to produce reasonably good coke and match its property
according to standards. Biomass material with low ash and hydrogen contents between 5% and 7% were
used for blending with coal with high ash content (32%) and low hydrogen content (3%). The coke button
with the best swelling number was taken for large scale testing first in a 1 L reactor and then in a 100 L
reactor, both designed specially for this experiment. The buttons obtained were matched with different
swelling number profiles ranging from 0 to 9 in increments of 1/2.

The coke obtained was tested for proximate analysis, total sulphur content and shatter index. The tests
indicated that the coke formed could be considered as a Foundry Coke of Grade-3 as per standards and
specifications. Preliminary testing for coke formation was conducted in a muffle furnace according to
standard prescribed procedures.

1. Introduction

Decreased reserves of coking coal in India [1] and increased import restrictions prompted us
to look for alternatives to it. Non-coking coal was found to yield a good product coke with pitch,
the cost of which was prohibitive. Hence, replacement of pitch with abundantly available, cheaper
biomass material was considered. Low-grade coal has been found to give smokeless briquettes
with starch, tar, molasses, etc. [2] and application of pressure.

India has a huge reserve of coal, of which only 14% is of the coking variety and the remaining
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86% of poorly coking or non-coking type. Therefore, it was thought beneficial to use this coal
for coke formation [3,4] by blending it with other suitable materials [5,6].

The parameters required for the coking of coal primarily concern proximate analysis, ultimate
analysis, crucible swelling number (CSN) [7], and Gray-King assay [8].

2. Coking principle

Under the conditions of carbonisation, coal heated between the temperature ranges of 380 and
450°C cracks or decomposes into different products of low molecular weight, usually liquid or
gaseous in nature. When these gaseous and liquid components leave the coal mass on heating, a
semisolid material is produced from the coal in substantial amounts. This mass, when further
heated at higher temperatures ranging from 900 to 1200°C, resolidifies and is converted into a
hard dense compact mass, which is called coke. The non-coking coals do not produce this plastic
state [9].

The various stages through which coal transforms under the effect of temperature are presented
in Table 1 [10].

Coking, swelling, agglutination and plastic properties are interrelated. Finite tests have been
devised for comparing these properties:

1. The appearance of residue (coke button) after removal of volatile matter may give an idea of
the caking capacity of coal. The profile of the residue may cover a minute fraction of the
specially designed volatile matter crucible, or it may cover the entire crucible. The profiles are
denoted by a scale of 0-9, in increments of 0.5. This number is called the Crucible Swelling
Number (CSN) of the coal, as shown in Fig. 1.

2. A higher swelling number denotes better caking and swelling properties.
3. The Gray-King assay is used to determine the coking properties of coal. The procedure is to

heat 20 g of coal (0.212 mm size) in a silica tube in an inert medium for 75 min at a temperature
of 300-600°C. The profiles obtained are matched, as shown in Fig. 2. Type A indicates inferior
coal, whereas good coking coal falls between Types G and G9. Standard coke has a profile
matching Type G.

Table 1

Different stages in coke formation under low temperature carbonisation conditions

S. no. Stage Temperature (°C)

1. Softening 360^00
2. Swelling 400^50
3. Devolatilisation 425-500
4. Resolidification 500-600
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Fig. 1. Standard chart for crucible swelling number [7].

3. Experiment

The Western Coalfields Limited (WCL) coal was ground and sieved to pass 72 B.S.S. for
proximate analysis and ultimate analysis [10] as shown in Table 2. In proximate analysis, a known
weight of coal is subjected to a prescribed temperature in a volatile matter crucible with a lid
and in a silica crucible without a lid, to determine moisture and ash quantities. For ultimate
analysis a known weight of coal is heated in a combustion tube under a flow of oxygen and the
carbon dioxide from carbon conversion and water from hydrogen conversion are quantitatively
measured.

The WCL coal gives a charry matter during carbonisation at 920°C. The non-binding property
is believed to be due to the lack of hydrogen. It has been seen that all coking coals, which give
a good and strong coke on carbonisation, have a hydrogen content of about 5.5%. So, based on
the results of Table 2, hydrogen-rich plants containing 5-7% hydrogen were tested as shown in
Table 3.

The crucible swelling number test was conducted in order to check the swelling number. One
gram of WCL coal (0.212 mm size) was put in a silica crucible and the sample was levelled by
tapping the crucible 12 times. The crucible was covered with a lid and heated in a muffle furnace
at 820°C for 2.5 min. The sample was cooled and the shape of the coke button was compared
with the standard chart [7]. All of the biomass materials were similarly tested. The results obtained
are presented in Table 4.

Low temperature Gray-King carbonisation assay was also done to understand the caking pro-
perty of the coal and biomass materials. Twenty grams (0.212 mm size) of coal were put in a
silica tube of 30 cm length and 2 cm diameter. The sample was heated in an inert medium at a
temperature of 300-600°C for 1 h, and at 600°C for 15 min. The sample was cooled and was
matched with the standard profiles. The different profiles obtained for coal and the biomass
material are given in Table 5.

The different biomass materials shown in Table 3 were blended with the WCL non-coking coal



408 S. Das et al. /Energy 27 (2002) 405-414

Fig. 2. Standard chart for Gray-King assay [8].

Table 2
Proximate and ultimate analysis of WCL coal

A. Proximate analysis
(as received basis)

B. Ultimate analysis
(as received basis)

Moisture (M)
Ash (A)
Volatile matter (VM)
Fixed carbon (FC)

5.64%
32.00%
37.20%
25.16%

Carbon (C)
Hydrogen (H)
Nitrogen (N)
Sulphur (S)
Oxygen (O)

78.0%
4.8%
0.1%
0.4%

16.7%



Table 3
Proximate and ultimate analysis of biomass materials

S. no. Biomass material Proximate analysis (%) Ultimate analysis (%)

A VM FC H N O Ash &5

1.
2
3.
4.
5.

Bagasse pitch
Coconut shell
Coconut waste
Molasses
Sawdust

3.2
1.9
6.3
4.0
2.0

86.0
79.9
69.7
75.4
72.0

10.8
18.2
24
20.6
26.0

47.0
45.68
46.69
56.2
52.28

6.5
5.89
5.89
7.10
5.2

0.0
0.99
0.07
0.08
0.47

42.5
44.63
41.04
31.52
40.85

4.0
2.81
6.31
5.1
1.2
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Table 4

Crucible swelling number test

S. no. Material Crucible swelling no.

1. Coal 0

2. Coconut shell 0
3. Bagasse pitch 1
4. Coconut wastes 1
5. Molasses 8
6. Sawdust 0

Table 5
Gray-King assay

S. no. Material G-K type

1. Coal A
2. Bagasse pitch B
3. Coconut shell A
4. Coconut wastes B
5. Molasses G3

6. Sawdust A

in different ratios. A mixture of coal and biomass material (1 g) was put in a silica crucible and
heated in a muffle furnace at 820°C for 2.5 min in the absence of air. The profiles obtained were
matched with the standard chart of crucible swelling number. The results of the different blends
are given in Table 6.

The best crucible swelling number obtained by a 60:40 ratio of non-coking coal:molasses was
further tested for coke formation by taking 1 g coal and heating in the muffle furnace at 920°C
for 7 min in the absence of air. The coke button obtained was quite hard and bright. This coke
button was subjected to standard tests for coke assessment.

Subsequent scale up with the best blend was conducted in stages with different batch sizes as
follows in order to check for reproducibility and error.

1. 5 g in 25 ml crucible
2. 660 g in 1 L mild steel reactor
3. 66 kg in 100 L mild steel reactor

As the fixed carbon of non-coking coal was lower (25% only), coke fines (bi-products from blast
furnace charge having high fixed carbon (-85%) were blended to improve the fixed carbon value
of the product (coke). The final blend prior to coking was as follows:

WCL non-coking coal (3 mm size): 55% (w/w)
coke fines (3 mm size): 15% (w/w)
molasses (paste form): 30% (w/w)



Table 6
Test results for different blends

S. no. Biomass material
Biomass material Non-coking coal , T , „ ,
.„„ .„„ Nature of coke

Crucible swelling
number

Bagasse pith

Coconut shell

3 Coconut waste

4 Molasses

5 Sawdust

10
20
30
40
50
10
20
30
40
50
10
20
30
10
20
30
35
40
10
20
30
40

90
80
70
60
50
90
80
70
60
50
90
80
70
90
80
70
65
60
90
80
70
60

Very soft
Very soft
Soft
Soft
Soft
Char
Char
Very soft
Soft
Soft
Char
Char
Char
Char
Very soft
Soft
Good, hard
Hard, bright
Char
Very soft
Very soft
Soft

£
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4. Results and discussion

The coke obtained from the best blend of non-coking coal, coke-breeze and molasses was tested
for proximate analysis, shatter index, micum and total sulphur. The results obtained are shown
in Table 7.

4.1. Proximate analysis

For proximate analysis the coke was ground and sieved under 72 B.S.S. Samples of 1 g each
were tested for moisture, volatile matter and ash. Fixed carbon was found by difference [7].

4.2. Shatter test

Shatter test was conducted by taking a stainless steel tube 6 ft. in length and 6 in. in internal
diameter and dropping the test coke through it. The loose grains obtained were weighed and found
to be within the prescribed limits.

4.3. Micum test

The coke obtained was rotated in an iron drum at a speed of 20 rpm for 30 min. Then the
total coke was sieved through 40 mm and 10 mm aperture sieves. The percentage of coke collected
on the 40 mm sieve was reported as M (+40) and the coke that passed through the 10 mm sieve
was taken as M (10).

4.4. Total sulphur

The sulphur in the coke is an important parameter. Sulphur should not exceed 0.7% for good
quality coke. This was determined in accordance with the standard method described in Ref 7
and was found to be within the prescribed limits. The characteristics of the coke obtained, shown
in Table 7, were found to match the 'Foundry Coke' Grade-3 specifications when compared with
the standards for industrial coke.

4.5. Precision analysis and repeatability

The shatter test shows that 25% of the formed coke remained on +75 mm sieve, 70% on +50
mm and 92% over 12.5 mm. This matches the foundry coke specifications excepting the value
given for +75 mm sieve, which requires 30%.

The micum value of the formed coke tallies with blast furnace coke requirements. Both shatter
test results and micum value did not vary in three consecutive determinations. However, the
volatile matter and ash percentages are higher than required for blast furnace coke, hence the
coke formed in this laboratory can be placed at foundry coke Grade-3.

Reproducibility of our experimental results was good. Moisture, ash and volatile matter determi-
nations did not vary beyond second decimal.
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Table 7 &_
Test results for the coke obtained \

•?

Moisture Ash VM Micum index Shatter index Sulphur ,3

M (+40) M(-10) +75 mm +50 mm +12.5 mm ^J

3.0% 30.0% 2.5% 80% 10% 25 70 92 0.5% §
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Crucible swelling number of the blend varied between 7.5 and 8 in ten consecutive determi-
nations in which the blend components were exactly the same.

There is much scope for studying changes in formed coke versus change in 1) concentration
of molasses, 2) sugar components in molasses and 3) period of storage of molasses.

5. Conclusion

The main conclusions that could be drawn from this study are as follows.

1. Non-coking coal could produce coke when blended with suitable biomass materials.
2. The strength of the coke as found by micum and shatter index tests was suitable for utilisation

in the foundry.
3. Extensive work in testing more biomass materials, such as flavones, distillery components and

other industrial wastes, is required.
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