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Abstract

Nigeria is endowed with a large deposit of non-coking coal; this vast reserve of coal has not been
exploited for the production of useful carbon products such as coke, graphite and activated carbon.
This research work is therefore designed to obtain process parameters for the production of
activated carbon from the large deposit of non-coking coal in Nigeria. The result obtained showed
that the ash and sulphur content of the coal were reduced by 32% and 90% respectively. The test
conducted on the activated carbon shows that its sulphur and ash content meant the required
standard. It has a bulk density of 0.8g/mL3; making it suitable for purification test. The success
of this research has proven that the abundant of non-coking coal reserve in Nigeria can be fully
utilized in the production of activated carbon that can be utilized both domestically and industrially.
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1. Introduction

Coal is a fossil fuel. It 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 and heat over
millions of years to form coal seams [2], It has been estimated that there are over 909 billion
tons of proven coal reserve in the world. In Nigeria, coal is found in Enugu, Onyeama, Okaba,
Lafia, Ezimo and Akpunje just to mention a few [3]1, with an approximated estimate of proven
reserve of over 257 million tons and inferred reserve of over 820 million tons 4! as shown in
Table 1 below.

Table 1. Status of Nigeria coals [4]

Coal location Proven reserves Inferred reserves
(mil. Tons) (mil. Tons)
Enugu 54 250
Okaba 74 250
Ogboyega 107 320
Lafia-Obi 22 unknown

Coal has found applications in different areas of lives, both domestically and industrially.
The most significant uses are in electricity generation, steel production, cement manufac-
turing, production of activated carbon and other processes, and as a liquid fuel. The variable
and heterogenic nature of coal determines its grade, coals are considered to be of low grade
when they have a high content of ash, moisture or sulfur. Such coals usually have a heating
power below 16 MJ/kg (3822 kcal/kg). Because these coals have a low energy content, their
use is limited to the vicinity of their mines in order to minimize transportation costs. Typically
they are used in run-of-the mine thermoelectric plants [5].
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The importance and relevance of activated carbon to an ever growing society cannot be
overemphasized considering its enormous uses. Its uses range from liquid phase to gaseous phase
applications. Activated carbons are highly porous and adsorbent materials. Activated carbon is a
black carbon material obtained by activating various materials containing high levels of carbon,
including coal, wood, coconut shells etc., by heating in the presence of steam or carbon dioxide.
Various form of work have been carried out on the production of activated carbon from differ-
rent forms of carbon rich materials such as coconut shell, coal, oil palm empty fruit bunches, wood
and vegetables, grain hulls, corn cobs and nut shells etc. The obtained active-ted carbon from
these different sources have been tested in different media such as the removal of zinc from
waste water, removal of offensive odour from industrial waste water, removal of odour from
drinking water, air treatment, production of cloth for wound treatment etc. [3-1°1, In the food
industry, activated carbon is used in de-colorization, deodorization and taste removal. It is used
to remove heavy metals and organic contaminants from liquids. Activated carbon is used in
water de-chlorination and processing of foods. It is also used in medicine for adsorption of
harmful chemicals and drugs. In gas cleaning applications, activated carbon is extensively
used in air filters at industrial level as well as in general air conditioning application [11-151,

Nigeria is blessed with vast coal deposits. Some of these coal deposits are in Enugu, Ezimo,
Okaba and Lafia/Obi. None of Nigeria coals have been fully utilized in the production of
activated carbon which is a major material in water treatment and other purification processes.
The desire to develop an activated carbon was borne out of the need to develop indigenous
technological innovations in the production of activated carbon.

2. Methodology

The coal that was employed for this research work was sources locally from Okaba in Kogi
State, Nigeria at the Nigerian Mining Corporation (NMC) open pit mine at seams number 2
and 3 from a depth of 10m to 15m down the threshold. 15kg of the bulk sample was used for
this research.

The size reduction of the as-received Okaba coal lumps was accomplished using a pulveri-
zing machine which was made use of machine action involving impact, compression, splitting,
shearing, and attrition usually in a combination of two or three forces and in several stages.
The crushed coal, which was carried out in two different stages i.e. primary crushing which
involve the use of the grinder and the secondary crushing that involve the use of pulveriser,
was then collected and taken for sieve analysis.

2.1. Particle size distribution analysis

Particle size distribution analysis was carried out on the sample collected; the coal sample was
crushed and pulverized for further processing. The sizing of the crushed coal sample was
carried out by using an automated sieve shaker. The sieve surface was made up of parallel bars.
The sieves were arranged in the order of decreasing mesh sizes with the sieve with largest
mesh size at the top. The mesh sizes employed were 1.4mm, 1mm, 850, 600, 500, 300, 250,
125, 106 and 63 pm. A representative sample of 172g was measured from the crushed coal
sample and was poured into the sieves. The stack of sieves was subjected to the vibratory
action of the sieve shaker for about an hour. The coal sample retained on each sieve was then
weighed in order to determine the particle size distribution of the coal and the result recorded.

2.2. Determination of the physical properties

The physical properties of the coal sample was determined and recorded. The equilibrium
moisture content and the total moisture content, ash content, sulphur content, volatile matter
and the fixed carbon content were all determined according to [51,

2.3. Froth flotation upgrading of the coal

The upgrading of the coal sample is required in other to improve the performance of the
properties of the coal sample and makes it more suitable for the production of activated car-
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bon. The upgrading is achieved by employing froth flotation principle as described by [51. The
properties of the upgraded coal were also recorded.

2.4. Activation of Okaba coal

The activation of Okaba coal was achieved by mixing 2g of the upgraded coal sample with
7.5g of potassium chloride (KCI). 5.0g of the activating agent was thoroughly mixed with the
coal (upgraded coal) sample and the remaining 2.5g was added to cover the surface of the
coal. The mixture was introduced into a furnace at 800°C for 5mins after which they were
quenched with cold water, washed with distilled water and allowed to dry at room temperature.
The activated carbon (AC) sample was stored in a sealed air tight polythene bags. The KCI
helps to activate the coal sample by increasing the pore size for adsorption purpose also
prevent/reduce the rate of oxidation of Okaba Coal in the furnace at the activating temperature
of 800°C.

2.5. Purification test

The purification test was carried out to determine the effectiveness of the produced active-
ted carbon in the water treatment and most especially, its ability to remove heavy metals such
as zinc, lead, mercury, etc., from water. 1g of the heavy metal of interest (zinc and lead) was
dissolved in 500mL of distill water. The mixture was passed through untreated Okaba coal and
treated (activated) Okaba coal, the collected treated water was taken for further analysis.

3. Results and discussion

Figure 1 shows the particle size distribution analysis of Okaba coal at A to K size ranges
corresponding to +1.4, -1.4+1 mm, -850+600, -600+500, -500+300, -300+250, -250+125,
-125+106, -106+63 and -63 pm, respectively. The results obtained shows that after primary
and secondary crushing the mesh size H (-250+125 pm) has the highest weight fraction of
28.8% of the total fraction, followed by the mesh size F (-500+300) with 22.4% of the total
weight. The results thus show that about half of the coal material is contained in the two
relatively coarse size ranges. The results suggest that Okaba coal has a low grindability being
somewhat resistant to crushing and grinding due to the geology of its formation [51,
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Fig. 1. Particle size distribution of Okaba coal

The reduction in the sulphur content and ash content of the upgraded coal by 90% and 43.25%
respectively shows the effectiveness of froth flotation in upgrading low grade coal as it can be seen in
Table 2. It can also be proven from the pore size of the activated carbon that there was great increase
in the pore size compare to the untreated coal which will help in the adsorption process. The physio-
chemical properties of the activated carbon show a great improvement in the properties and met the
required property of an effective activated carbon with a bulk density of 0.8g/mL3.
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Fig. 3. Sulphur content distribution

Table 2. The physico-chemical properties of crude and upgraded Okaba coal

Free moisture content (%) 11.9 11.9
Total moisture content (%) 1.0 1.0

Ash content (%) 9.6 5.85
Sulphur content (%) 0.2 0.02
Bulk density gml-! 1.04 0.80
Volatile matter (%) 58.4 58.4
Carbon content (%) 25.35 29.28

4. Conclusion

The production of activated carbon from a low grade coal was based on the need to develop
an indigenous process parameter for useful utilization of the vast deposit of non-coking coal
in the country. The upgrading of the coal sample was achieved using froth flotation techniques
with the ash and sulphur content of the as-received coal sample been reduced by 43.25% and
90% respectively. The produced activated carbon was able to removed heavy metals from
waste water and it has a bulk density of 0.8g/mL3.
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