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ABSTRACT

Owing to the vvasyt availability 'of coal in Nigeria, the research work — Carbonization
of Nigefian-coals is aimed at removing the volatile matter content in coal in order to
determine the suitability of its products; coke, ash content and volatile matters. The coal
samples obtained from three different locations; Lafia-Obi, Okaba and Okpara were heated
at 600°C in the furnace, until the carbonization process was completed after 5 hours.
vProximate analysis method was used in determining the composition of its products. The
result of the analysis showed that Lafia-Obi coal (sample C) with high coke content (63.6%)
can Be co’nsidered suitable in most Nigerian Kitchens and in production of metallurgical
coke. The coal (sample C) also has low volatile matter content (21.7%) and can be used in
instayllati“on such as domestic heating system, while Okaba and Okpara coal with low ash
contents are suitable for use in combustion where very low ash content is needed. The

carbonization carried out on the coal samples showed that Nigerian coals have coking

quality in them.
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CHA'PTER ONE
1.0. Ihtrodﬁction

The cost involved in purchasing and trahsporting fossil fuels is becoming
increasingly prohibiti{/é and most £hird world countries are the hardest hit by that’realify
(Tkoku, 1996).

it is conventional to think of energy resources in terms of two categories; the riohé
renewable energy resources and the renei&able energy resources. Non-renewable enérgy
resourceé include the fossil fuels- coal, petroleum, natural gas, oil shale, tar sands and
nuclgar fuels. The renewable energy resourcés comprises principally hydro-energy, solar .
energy and fuelwood.

Nigeria is however, lucky to be rich in the fossil fuels and can afford, with proper
planning, to integrate its rural areas into its fossil fuel delivery systefn. Nevertheless, since
rural communities requires reliable sources of energy which they can control, decentralized,
small scale reneWablc energy sources, notably solar and bio-energy, are ideal in their set‘_[ing
and should therefore be considered by energy planners in Nigeria (Iwu, 1996).

The most widely used domestic renewable energy resources in Nigeria at the rural
areas and even in urban areas by the lower income groups is fuelwood popularly known as -
ﬁrewoodr The percentage of fuelwood in the domestic energy consumption is as high as
82%. A survey of 76 developing countries revealed that the amount of wood used
dome;stiqally as fuel is about eight times the quantity deployed for lumbering ‘and other
industﬁal uses.

The poor ones in the rural areas cannot afford the currently alternative fuels to wood,
which thus remains the major fuel with disastrous ecological consequences of desertification
in the arid north and erosion in the rain belt of the south both deriving from deforestation.
Desert encroachment and erosion also imply that firewood itself will be getting scarce with

consequently increase in its price (Ikoku, 1996). -




“ Wood is rather low in calorific value about 13.8MJ/Kg compare to coal which has a
heating value of 30MJ/Kg (Okolo etal, 1996). Wood is therefore an inefficient fuel but of
course,  the rural dweller and those urban citizens who use wood must be provided with
alternatives if they are to jettison fuelwood.

Fortunately for Nigeria, fuelwood can be effectively replaced with smokeless coal
briquettes which could be readily provided through carbonization of the country’s abundant
coal reserve. Such fuel is not only of high calorific value, it is also non-polluting. Smokeless
coal should also find use as fuel for rural agro-based industries and other cottage
manufacturing industries (Ikoku, 1996).

Carbonization of coaﬂ is the decofnpositiori by heat without.c_:()n.tact with air info a
solid residue coke, liquid and gaseous products (Othtﬁer, 1964). When the tempefature is in
the rangel 500 ~ 650°C, it is low temperature carbonization, while high temperat’ure.
carbonization is in the range 700 — 1 170°C (Othmer, 1964)

There are different methds of carbonization of éoal to give various types and grade
of coke. Coke falls mainly into two types namely metallurgical coke and gas coke. For
metallurgical coke, coal is carbonized by blending a strong coking coal with a weak coking ’
one or with non coking coal. This blend of coal gives hard coke under high temperatur_e
carbbnization with coke oven (Afonja, 1996).

Gas ‘coke is made in oven in a similar way to hard coke but rather different blend of
coal and 1llsing rather a lower temperature. The product of low température carbonization is
smokeless solidvfuel (Laditan 1996).

Coai which is a general designation for a great nurﬁber of solid organic minerals with
different composition and properties; all rich in carbon aﬁd have dark colér, gene‘rélly black,
are found in stratified deposits sometimes at great depth (Othmer, 1964).

Coal may be divided into different types and ranks which are function of carbon

content. The following clearly distinguished materials resulting from progressive




metamorphism or increase in rank of coal types; PEAT — LIGNITE — SUB-BITUMINOUS
~ BITUMINOUS — ANTHRACITE ~ GRAPHITE

Thle domestic demand for ,coél are for power generation, cement manuf‘acturing,'
gooking and for small scale industries (Othmer, 1964).

When coal is carbonized the volatile matter content is removed and what is left‘- is
smokeless solid residue which is used domestically as energy source.
1.1.  Aim and Objectives

This research‘work — carbonization of Nigeria coal is aimed at removing the volatile
matter content in coal, in order to determining the suitability of the smokeless_fuel as a

substitute to - fuelwood and also, reduce ecological problems of deforestation and

desertification resulting from the use of wood as fuel. This can be actualized through the

realization of the following objeCtiVes;

* Sémple collected from three different locations: Lafia-Obi, Okpara and Okaba
e The use of low temperature carbonization process
o Analysis of carbonization products; ash, volatile matter and smokeless solid -

(Coke) using proximate method of analysis
o Comparison of the coke content in each coal sample collectéd.
1.2.  Scope of Work
The research is limited to carbonizatibn of coal samples obtained from three differéht

locations in Nigeria, analysis of the coke contents after carbonization and also to make

comparison on the coke content of each coal in order to make a suitable recommendation.




_ CHAPTER TWO
2.0. " Literature Review
2.1. Energy Resources in Nigeria

There are basically two major types of energy resources; the non-renewable energy
resources and the renewable energy resources.
2.1.1. Renewable Energy Resources
Fuelwood

Nigeria has a total land area of about 960,000km?, about 40% of this is cl_assiﬁe.d as
foresf 1anq1, comprising of high forest zone and savannah weodland. Qniy about 10%.of this
forest {and is set aside as forest reserve.

'Fuelwood available from all the forest areas has been roughly estimated at 11 fo 17
million eubic meters. The annual consumption of wood in Nigeria is about 50 te 88 million
m° of which 80% is consumed as fuelwood, mainly by rural households for cooking.
Kerosene and liquefied petroleum gas (LPG) are popular domestic fuels with the ée_mi-urban ‘
and urban households, but their supply has so far been inadequate and suffers disruption dne
to poor transport infrastructure and fhe frequent operational p’roblems in the .‘country;s
reﬁneries .which prevent them from operating at continuous full capacity. In times of
scarcity, Therefore, most users of kerosene and LPG switches to fuelwood. |

With the continuous usage and unavailability of cheap alternative fuel fer domestic
‘use/cooking, fuelwood has resulted in serious ecological problems of acute deforestation and
desertification in ’the Savannah wood land of the north and erosion in the forest zone of the
south (Okolo, 1990).

Hydroelectric Potentials

Hydroelectric power is a renewable energy resources among ofher world energy
resouree_s.' The total installed capacity of the Power Holding Company of Nigeria (PHCN)_is
about 5,000MW. HeWever, available data show that the current available vplants capaei_tieé

Which total about 37% fall drasti¢ally below installed capacities (Okolo etal, 1996).




2.1.2. © Non-Renewable Energy Resources

Oil Products

Kerosene, a product of petroleum refining is widely used by a significant proportion
of households in the Urban, Semi Urban and rural areas in Nigeria. The total ‘installed .
capacity of thé four refineries in thé country is about 2.8 million metric tonne‘é_per year'
which is not enough to satisfy the ‘cur‘rent demand by household aﬁd the aviation industry
(Ngwu, 1988).

: Liqueﬁed Petroleum bGas (LPG) is another product of the petroleum refining and it is
used by both the middle and upper income groups in Nigeria as well as in industries as fuel.
The installed capacity of the four refineries per year is enough to satisfy the current demand.
.However, LPG has enjoyed Iimited patronage in the country because o‘f unreliable supply;
inadequate distribution network and high cost of LPG appliances (Ngwu, 1988).

Coal | |

Coal is a combustible solid, usually. sfratiﬁed which originated from . the
accumulation and burial of partial decomposed vegetation in previous geologic age.

Biological changes and subsequent effects of temperature and pressure alteréd thes_ev
deposits of coal. There is a wide range in composition and the physical, chemical pr(')pe,rties
of different types of coal. Variation in the properties of various plant components courses
differences in types and rank of the coal (Othmer, 1964).
2.2.  Discovery of Nigerian Coal

Coal in Nigeria Was discovered by early British adventures who were group of
geoldgist and who moved into assessing the economic viability in terms of m.ineral-
potentials. It was this group of early adventures who discovered coal in 1909 at the streams
along the” Udi escarpment. Exploration of coal in Nigeria startéd as far back és 1916.
Available data show that coal (mainly sub-bituminous) is available in more than 22
coalfields spread over 13 states in Nigeria. The proven coal reserves are about 639 million

metric tonnes, while the inferred reserves are about 2.7 billion metric tonnes (Ngwu, 1988).




Shortly after the Nigeria Civil War set in, and Climax halt with Enugu as the main
theatre of the Nigeria Civil War, a number of other industries set up at the point of
considering coal as fuel source found a ready excuse and went for alternative energy
sources.

At the end of the war iﬁ 1970, the abandoned coal mine in Enugu was re-activated
when the military governrhent in 1976 decided to mechanize the mines. The contract went to
a polish éompany KOPEX, but the mechanization was a colossal failure as pebple stillb
preferred to use oil than coal.

The‘Federal GoVernment estimated in the seventies that there was an excess of about
1.5 billion metric tonnes and out of which only 25 million metric tonnes has been mined
from 1916 to date. The present proven reserve of 639 miHion metric tohnes will last the next
128 years while the 1.5 billion metric tonnes from inferred calculation will last the next 200
years (Ngwu, 1988).

Location and Extent of Nigerian Coal Field
Suib-bituminous coai was first discovered in 1909 near Udi by the then.Mineral
Survey of Southern Nigeria.

The ﬁve economically important seams of coal (bituminous) which have so far been

discovered in Nigefia are located in the south east. They occur at the following locations;

Enugu and Ezimo in Udi and Nsukka areas respectively, Otukpa in Okp(ﬂ(Wll localv

governmeht of Benue State and at Okaba in Kogi State. The seams which are all df limited

lateral extent, outcrop at interval along Enugu escarpment over a distance of recently

144.81km (90miles) from Enugu to Ogboyoga and beiongs to the lower cdal measure
companion. Many other coal seams have been found along this stretch of the country, but
are 00 thin at the outcrop to merit further investigation (Okolo, 1990).

A lafge number of coal oﬁtérop is present in the country west of the Enugu

escarpment in Kabba province and Abiriba in north eastern Owerri province. These belongs

to a higher formation, the uppermost cretaceous to Paleocene — some of these coals are




nearly 6 feets (182.88cm) or 1.82m thick but are usually and extremely Variable‘ along the
strike, both in thickness and quality or are overlain directly by porous water-bearing
sandstones.,

Comparatively thick lignite seams are present in the lignite formation or Miocene
age in Beniﬁ, Onitsha and Owerri provinces (Okolo, 1990)

i

Table 2.1. - Coal Reserves in Nigeria

Location | Proven Reserve ( x 10° tones)
Enugu | 54
Ezimo 54
Otukpa 57
Okaba 173

Ogboyoga | 103

Azagba | o 1250

Lafia-Obi 122

2.2.1. Coal formation
anl is formed from partial decomposiﬁon of blant material whose compdsition is

subsequently changed as a result of the action of various chemical and physicai agencies.
These changes occur in two distinct stages — biochemicél or geochemical (Othmer 1964)? ‘ |
Environment of deposit: Swamps which occur in regions where there is rapid ‘p_lant grthh
in water loggéd conditions,: are the only known environment in which complete decay .of
plant material is prevented. Peat i‘s formed in such swamps from plant debris, such as
branches and twigs, Bark, leaves, spores, pollen and even entire tree which falls from the
plant‘ into the swamp in which they are grown (Othmer, 1964).
Biochemical S(age

- The extent of preservation of planf material is dependent on two factors — the

inherent resistivity of the different plant materials/substance to decay and the nature of the




swamp water. The decompositién of the plant material by fungi and bacterial is continuous |
and cdmplete if it is exposed to the atmosphere or deposited in highly aerated Watér, but is
only partial if the material slowly settles into the stagnant swamp water which is the habitant
of | aerobic bacterial in aerobic conditions, the plant protdplasm, protein and staréhes, and to
a slightly’ lesser degree, the cellulose are readily decomposed but lignite is much more
resistant. The waxy protective layers of plant — the particles and spore and pollen wallé and
resign are highly resistant to both aerobic and anaerobic attack (Othmer, 1964). '
Geochemical Stage

The metamorphism of plant to coal was due to pressure and a comparatively small
increése of tempgrature acting over lbng period of time. The heat and pressure ‘WCI“G the
result mainly of the steadily accumﬁlating ovér burden of younger sediments and acted 6ver.
a large area. |

Metamorphism of this nature is called normal coalification. It is geﬁerally agreed that
further increase in temperature and pressure during mounting building processes Wére
necessary fbr the metamorphism-to anthracite (Othmer, 1964).
2.2.2. Types of Coal

Coal m.ay be divided into different types and ranks which are functions’ of carbon
content. Thus coal of similar chemical composition are regarded as percentages of the
constituents and grouped together under one rank. L

In broad classification, one may say that the older the coal; the highgr.its rank
(qualityj. Many geologist categorically inentioned that if seam of a single coal field 'éie
compared the more deeply buried coals are likely to be of higher rank (Othmer 1964).

Types of coal listed below are in order of increasing rank.

vPeat

- It is earliest stage of coal formation and act this stage mainly called “primary stage”

complete decay of various processes has not taken place to actually qualify it to be coal. It is



a stage or kind of coaly deposit in which wood is an important constituent. It contains plants
tissues somehow embedded at depth. -

The accumulation of plant debris may occur in marshy sit‘Uatiohé apparently under
warm aﬁd humid conditions. There is a progressively decrease in moisture and an increase. in
carbon content towards the centre of peat.

Generally, it is a brown fibrous coal mass of partially decayed- plant material that has
been accumulated instituted under water logged conditions. The agencies causing decay are :
mainly aerobic bacterial with increasing depth. The peat bogs occurs in many location of
coal area in Nigeria (Othmer, 1964).

Lignite

Lignité is a low rank of coal resulting from further transformatioﬁ of peat and is most
commonly found in tertiary mesosonic stréta. Lignite is immature coal that has intermediafe
composition betweén peat and bituminous coal. Chémically, it has higher oxygen content
and high proportion of volatile substance and fixed carbon. They occur in Pakistan aﬁd
Australia. |
Sub-Bituminous

This is generally harder and more matﬁred than lignite and peat. This te‘rr_n‘ 1s
generally used to qualify coal of intermediate chrox between lignité and bituminous coal.
They are black in color, when freshly mined has the color like the ordinary bitumirious coal
(Othmer, 1964). |
Bituminous

It is the third stage of variety of coal formed from further chemical and structuvraly
transformation of lignite, this include the ordinary household and coking coals. They are -
generally well jointed (Porter, 1924) |
Anthracités

This is the last variety of coal which results from the final stage in the transformation

of high variety of bituminous coals. It differs from others in its extremely high carb_on‘




content with a corresponding low proportion of volatile matters ‘accompanied by -low
percentage of oxygen and hydrogen.

Generally, anthracites have structurev bands similar to that of bituminous househ(ﬁd
coals, the following clearly distinguished materials resulting from progreééive
metamofphism or increase in rate of coal types: peat — lignite — Sub-bitumiﬂous -
bituminous — Anthracite — Graphite (Porter, 1924).

2.3. P'i'operties of Coal

The chemical properties of coal depend upon the proportion of chemical componént
present in the parent plant. It also depends on the nature and extent of the changes in which
they have undergone during deposition, the nature and quality of thé inorgahic matter
present‘in it. Almost only block of bituminous coal can be seen to have a well markéd
banded stratiﬁed structure. The commonest bands are composed of soft bright coal Which
readily Breaks into approximately right angled, pieces with smooth briIliant surfaces. |

Many of the bands appears to be quite structure less and appear like thin glass
(horizontal bands in coal visible to the naked eye up to 20mm), thick but may be thicker
lenticels. It was strong rectangular fracture in one direction, and clean reflection is cal_led_
“Vitrain” (Horto, 1950). |

Other bands appears’ as thin or very thick bands intrinsically stratified parallel to the
bedding plane; most of them has a silky luster and scattered or diffuse reflection of Vitrain
under the same iliumination. It has no concordat fracture, but splits in irregular directions.
Sometimes less friable than Vitrain is called “Clarain™.

Many occurring in megascopic band in coal characterized by gray to brownish black -
color rough surface and finally greasy luster are called‘ “Durain” (Horto, 1950).

Another band of coal material with the appeérance and structure of charcoal, friable
sooty, and generally high in ash content is ‘Fusian’.

| All types of coal are intensively opaque, and it is necessary to make thin "seC“tion te_nb

times as thin as those of ordinary rock before light penetrate them. The variation in

10




propértiesi depends partly on the proportions in which the types of alteration on the rank of
coal.

The first prdperty require of coal for coke mﬁking is that the rank and type sh(;uld lie
within close. limits i.e. volatile matter (22 — 36%) graying coke type (91 - 96), crucible
swelling index 4 — 9. (Horto, 1950).

_ The four components of banded bituminous coal, Vitrain, Clarain, Durain and Fusian '
behaves differently on carbonization. Fu’sian is invariably non—sw‘eﬂing. Durain are usually
non-swelling or- less swelling than the Vitrain and Clerain. Clerain is usually the highest
swelling component of any coal. |

Table 2.2. below shows the chemical components of mid-rank bituminous coal.

Table 2.2: Chemical Component of Mid-Rank Bituminous Coal.

ANALYSIS | VITRAIN | CLARAIN | DURAIN | FUSIAN |
Proximate

Moisture | 1.7 14 1.2 0.9
Volatile 34.6 37.6 322 191

Ash 0.6 135 4.6 9.6
Ultimate

Carbon 844 822 85.8 88.7
Sulphur | 1.0 23 09 110
Hydrogen 5.4 5.7 5.3 40
Nitrogen 1.5 1.9 1.4 0.7
Oxygen 77 e 6s 56

2.4. Economic Importance of Nigerian Coal
Within the country, coal is used presently as an eﬁergy fuel in cement production, |

brick factories, foundries, and laundry and bakery industries. Other factories for which it




forms an important raw I;}aterial base are in tyre and battery manufacture as WC.H‘. as
substitute for fuel wood in domestic cooking (N.C.C 2000)

A survey of coal utilizatibn in the country revealed a great poténtial in the followihg
industries:
2.4.1.. Metallurgical Industries

Nigeria coal is suitable as a component blend with foreign cbking coals to produce
coke of acceptable strength and character for the country’s steel plants. In this regard, up to
200,000 metric tonnes of Nigeria coal will be required annually when Ajeokuta steel plant '
goes into full pfoduction. Okpara and Onyeama coal in Enugu state have been earmarked to
provide a source of future coal supply for the steel sector (N.C.C, 2000)

2.4.2. Household Use

Coal and its derivatives, smokeless coal briquettes have been demonstra_ted as the
cheapést, safest and therefore the most suitable substifute to fuel wood, thebcontiriued use of
- .vwhich in Nigeria is causing deforestation with the éttendant environmental degradation of
decertification in the north, soii and coastal erosion in the south. The production of
‘smokeless’ coal briquettes involves setting up of coal carbonization/briquette plant. -In>
addition, the by-products of carbonization which include gases, ammonical liquor, tar oils
and maﬁy aromatics will serve as feed-stock to doWnstreafn chemical industries in the same
manner as the petrochemicals.

2.4.3. Power Generation

Nigeria coal are suitablé as energy fuel for electricity generation for the abandoned

- Oji power station in Enugu state and other proposed power station at Kogi, Benue, Anérﬂ_bral

and Delta states. With the current deregulétion of power generation in the couhﬁy, which

was faci'lit’ated by the lack of sufficient power generating capacity, Nigeria is a fertilé ground
for the independent Power producers. (Ikoku, 1978).

The potential levels of coal utilization in the country are as follows.



Cement Manufacture: Only the Nigeria cement company (Nigercem) at Nkalagu uses coal
for firing its kilns. ‘At their present limited produétion capacity, consume about 20,000
tonnes per annum for 1 kiln. Other industry like Ashaka Cement Company,’Gombe requires
about 300,000 tonnes per annum (installed coal capacity utilization), usually uses for
prospecting and as an alternative to fuel.

(i) - Oji Power Station (120 ~ 240MW). using coal from Enug-u‘and Inyi deposit;

| which will require about 120,000 tonnes per annum. |
(i)  Proposed Onitsha/Asaba Power station in Anambra and Delta states respéctively
requires about 300,000 tonnes per annum.
(iii Proposed Makurdi/Abagina Power Stations in Benue and Ko gi states respectively
requires about 300,000 tonnes per annum. | |
: (i\})‘ Numan Power Station (1 SOMW) using coal from Gombe and Lamja |

2.4.4. Chemical Industries
Large amount of coal is used for the production of Soda ash, batter‘y’c‘asing and
cosmetiCs. Coals are also usedk in the manufacture of syntheﬁc rubbérs, rubber seals,
polymers and casing.
2.4.5. Agriculture

Coal is used as a source of ammonia for the production of fertilizer which would
largely save foreign exchange through import substitution. (N.C.C 2000).

25.  Carbonization '

Carbonization refers to the heating of bituminous coal (or mixture of different ra.lnks.
of bitumii}ous' coal) in oven, sealed from the air, to form coke (Othmer 1964). The’ procesé
involves thermal decomposition of the coal together with distillation. When the temperature
to which the coal is heated is in the range 500 — 650°C, the process is known as low
temperature carbonization, if the temperature is in the range of 700 — 850°C, it is known as

medium temperature carbonization, and from 900 - 11750C, high temperature

carbonization. (Othmer, 1964)




Coke from the high temperature carbonization process, being principally carbon, has
a form value that is particularly suitable for use in the iron blast furnace an’d for - other
industrial uses.

The use of the coke obtained from high temperature carbonization in the Blastb
furnace to convert iron ore to iron is represented in the chemical equations below‘

At the bottom; C + Oz ——» COxe)

At the Middle; COyg + Ce —»2C0¢)

At the top; Fe2039) + 3CO ——»2Fe +3C0q)

Iron is then converted to steel.

Low T emperature Carbonization

In the low temperature carbonization process coal is heated in the absence of air to
temperature in the range 500 — 650°C. Because of this relatively low temperature and the
resulting low rate of heat transfer, this process is not confined to refracfory ovens, as in the
case for high temperaturc carbonization, but may also be carried out in metal apparatus such
as rotary kilns, fluidized bed, and continuous or intermittent metal retorts. (Othmer 1964)
The coke produced by the low temperature process may be in lump form or it may be in the
form of small particles, depending on whether or not the eoal used is a coking coal ora non-
coking coal. Coke in the form of small particles is generally called Char (Othmer, 1964).
Both coking coal and non-coking coals are used as raw materials for low temperature
carbonization. In fact, the low temnperature carbonization is most widely applied to the non-
coking coals or brown coals. Coking coals soften and become sticky durirlg heating, causing
difficulty, especially in the apparatus i which the charge moves. In some of the recenﬂy
development processes, however, coking coals are first oxidized to destroy their coking

properties.




Carbonizatioﬁ Processes

The main processes of carbonization are the low, medium and high temperature
processes. Table 2.0 shows a simple classification of the carbonization processes according
to the temperature empioyed.

Table 2.3: Classification of Carbonization Prdcesses

Processes » k Final Temperature (OC) Aim and Benefits
Low temperature Carbonization 500 - 650 Reactive Coke and tar
| yield |
Medium temperature,Carbonization 700 — 900 | Reactive cake with gas
yield |
High temperature Carbonization 900 - 1175 Hard, un-reactive coke
for metallurgical uses

Source :( Okolo etal, 1990)
2.5.1 Mechanism of Carbonization

The formation of coke depends upon the softening of bituminous coals when the‘yv are
heated in the absence of air and the fusing together of the particles. Soﬁening first occurs
between 300 and 440°C depending upon the type of coal; the softened coal becomes more
and more fluid as the temperature rises, reaching a maximum fluidity after which it
decreéses, and the mass finally becomes rigid at about 500°C. (Othmer, 1964) At of near tﬁe
temperature of softerﬁng, the coal decomposes, forming tar vapors and gaseous producfs; a
porous solid residue, coke, is left behind. Further increase in temperature causes c_ontinued
decdmpbsition and finally, when the temperature reaches about lOOOOC,. decomposition. is
éubstantially completed (Othmer, 1964).
2.5.2. Coal Composition

The composition of coal is generally reported in two different Ways. The -
PROXIMATE and ULTIMATE ANALYSIS both expressed in weight percent (Perry etal,

1998).




Proximate Analysis

The proximate analysis is the determination of moisture, volatile matter, fixed carbon
(coke) and ash. The fixed carbon ahd heating values increase with an increase in rank but the
moisture and volatile matter decreases. |

The total moisture in coal consists of inherent moisture and bed moisture. Inherent
moisture exists as a quality of a coal seam in its natural state of deposition. Free moisture
also referred to as surface moisture that is lost when- coal is air dried under standard ~
conditions.

The volatile matter is the portion of the coal which, when heated in the absence of air
under prescribéd conditions, is liberated as gases and vapors. Volatile matter doés not exist
by itself "in coal, except for a little absorbed methane, but results from | therfnal
decomposition of the coal substance.

Fixed carbon is the residue left after the volatile matter is driven off and is calculafed.
by subtracting from 100 the percentage of moisture, volatile matter and ash of the proximate
analysis.

" Ash is the inorganic residue that remains after the coal has been burned under
specified conditions, and it is composed largely of compounds of silicon, aluminum, iron

and calcium and of minimum amounts of compounds of magnesium, sodium and potassium

(Perry etal, 1998).




Ultimate Analysis

i

The ultimate analysis is the determination of ash, carbon, hydrogen, nitrogen, oxygen

and sulphur. Along with this analysis, the heating value expressed as joules per kilogram is

also determined (Perry etal, 1998).




CHAPTER THREE
3.0. Methodology
3.1. Eq’ﬁibment and Material Used
In this research work the equipments and materials used are
3.1.1. List of Equipments
. Labofatory Muffle Furnace
¢ Crucibles
e Digital Weighing Balance
Description of Equipment
bThe‘ 1ab0rat§ry muffle furnace is a rectangular metal oven with a digital thermo
controller.‘ It is d’e’signed to hold about half a kilogram of charge per batch. The
carbonization chamber is an adapted muffle furnace fitted with a pulling handle fo either .
slide down the cover or pushes if to close. The " temperature and residence time of |
carbonization are effectively monitored via the digital thermo controller and é stop watch.
’The temperaturé range of the muffle furnace is betweeﬁ 0-1100°C
3.1.2. ' List of Materials
» 100gof Okpkara coal
" 1'.OOg_0f Okaba Coal
» 100g of Lafia-Obi Coal
3.2. Experimental Procedure
100g of each coal samples were weighed, placed on crucibles labeled A, B and C.
The weight of each sample was taken and recorded.

The three samples were placed in the muffle furnace, shortly after; the furnace was
switched on and allowed to heat the samples to about 600°C for 5 hours.

After the heating of the samples at 600°C for 5 hours, there was no smoke of any

kind present in the furnace, an indication that the coal samples had been carbonized. After




which, the furnace was switched off and the three coal samples were allowed to cool in the
furnace before been removed.

The crucibles together with their contents were weighed immediately in order to
determine their respective loss in weight. Then, the resulting products on the crucibles were

separated and weighed respectively.




4.0.

4.1.

-~ Results

CHAPTER FOUR

Result and Discussion of Result

Table 4.1. Samples Weigh‘tlbefore Carbonization

Sample Sample Name Weight of Weight of Crucible | ‘Weight of sample
o+
; Sample (g) (2) crucible (g) .
A OKPARA 100 31.00 131.00
B OKABA 100 31.00 131.00
C LAFIA-OBI 100 32.5 132.50
Table 4.2: Samples weight after carbonization |
Sample Sample Sample | Sample | Volatile Ash Coke (g) |
' Name Product | Products | Matter Content (g)
’ + Only (g) | Content (g)
Crucible
(2 |
A OKPARA | 95.74 64.74 35.26 8.20 56.54
B OKABA | 89.70 58.70 41.30 7.22 51.48
C  |LAFIA |[11080 |7830  |21.70 14.70 63.60
OBI
Table4.3.  Samples Percentage Composition
Sample Sample Name | Volatile % | Ash Content (%) | Coke (%)
A Okpara 353 8.2 56.5
B Okaba 413 7.2 515
C Tafia-Obi - 21.7 14.7 63.6




4. Discussion of Result

" From the results of the proximate analysis obtained as shown in table 4.2. it was

that Lafia-Obi coal has the highest parentage of coke (63.6%) followed by Okpara

ge of coke (51.5%)-

observed
Coal with 56.5% and then Okaba coal with the least percenta

The high coke observed in Iafia-Obi coal could be as a result of Lafia-Obi coal

been higher in coal ranking (Lignite coal) compared to Okpara and Okaba which are both

bituminous coal types.

Table 4.3. clearly shows that the ash content obtained (a part of residual product

obtained after carbonization) from sgmple C (Lafia-Obi coal) was observed to have the

highest percentage of ash content (14.7%), followed by sample A (Okpara Coal) with 8.2%

of ash content and the least percentage was that of sample B (Okaba Coal) with 7.2% of ash

content.

On the same table 4.3, it was observed clearly that sample B (Okaba Coal) gives off

the highest percentage of volatile matters about (41.3%) as a result of loss in weight

observed, followed by sample A (Okpara coal) with 15.3% of volatile matters and sample C

(Lafia-Obi Coal) gives off the least volatile matters of 21.7% during carbonization. The high

volatile matters content observed in sample B could be attributed to high moisture content in

coal sample B when compared to moisture content in samples A and C 'respecti\)ely;
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'CHAPTER FIVE

Conclusion and Recommendation

Conclusion

From the proximate analysis it was obvious that the carbonization of Lafia-Obi coal

gives off high yield of coke which makes it suitable in most Nigerian Kitchens and as a
duction of metallurgical coke. Therefore, it is most

componént.in coking blend for the pro

preferred.
h is used in installation such as

Low volatile matter burns with short flame whic

domestic heating system, as such Lafia-Obi coal Will be considered suitable for this due to
its low volatile matter content (21.7%), while in Kilns, long flame is needed which could be
obtained from a high volatile matter so, Okaba coal is suitable for this, also high volatile

be used to produce raw materials or intermediates required in

content fré)m Okaba coal could

other chemical industries.

In combustion wheré a very low ash content is needed, the Okaba and Okpara coals
se, hence the coals have low ash content values. Okaba

can be recommended sujtable for u

the heat obtainable from a given

(7.2%) and Okapra (8.2%). When high ash content is used,

quality of coal is reduced.
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Recommendation
Okaba coal saniples shows

carried out on Lafia-Obi, Okpara and

‘The carbonization
that Nig‘erian coals have coking quality in them, and thérefore the following B
recommendations are made.
1l to exclude ox&gen

uld be covered very We

During carbonization, the furnace sho

uld lead to combustion of the coal sample.

Jetely which €O

comp
ut to determine the effect of

A more research work should also be carried O
arbonization processes:

temperature, time and weight on €

More emphasis should be made on setting up coal carbonization plant near the mines
s solid residue for domestic use, by removing the. |

om exhausting our

eded smokeles
se, thereby saving us fr

to produce the much ne

smoky properties SO that it will be suitable for w

other energy resources:
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APPENDIX

The weight and percentage composition of each coal sample is calculated as follows:

Basic: 100g of coal sample

Weight of Coal Samples

Sample A (Okpara Coal) = 100.00g
Sample B (Okaba Coal) = 100.00g
Sample C (Lafia-Obi Coal) = 100.00g
_Wéight of Crucibles

Crucible A =31 .OOg

Crucible B =31.00g

Crucible C =132.50g

Volatile matters (g) + Ash content (g) + Coke (g) = 100.00g Coal
Samples Weight before Carbonization

Sample A + Crucible = (100.00 +31.00)g = 131.00g
131.00g

Sample B + Crucible = (100.00 + 31.00)g

Sample C + Crucible = (100.00 + 32.50) = 132.50g
Samples Weight after Carbonization

Sample A + Crucible = 95.74g

Sample B + Crucible = 89.70g

Sample C + Crucible = 110.80g

Weight of Products of Carbonization (2)
= Weight after carbonization (g) — Weight of Crucible (g)

Sample A=(9574~- 31)g = 64.74(g)

Sample B = (89.70 - 31)g = 58.70¢g

Saniple"c =(110.80 — 32.5)g =78.30g

) — Weight after carbonization (g)

Volatile matter (g) = Weight before carbonization (g

Sample A = (131.00 - 95.74)g = 35262
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41.30g

||

i

Sample B

(131.00 - 89.70)g

I

Sample C = (132.50 - 110.8)g =21.70g

Ash Content (g) = Weight of products of carbonization (g) — Coke (g)

- 8.20g

Sample A = (64.74 — 56.54) g

Sample B (58.7 - 51.48)g ="7.22¢

Sample C = (78.3 — 63.6)g = 14.70g
Ash Content + volatile matter)g

i

Coke Content (g) = 100g coal — (

i

Sample A = 100g — (35.26 +8.20)g = 56.54¢

il

51.48¢

i

Sample B = 100g — (41.30 +7:22)g

Sample C = 100g ~ (21.70 + 14.70)g = 63.60g

Sample Percentage Composition ( %)

Weight of Composition . 100
Total weight of coal samples (G) ' : N
Volatile Matter '
Sample A = 3526x 100 = 35.26%
| 100 1
Sample B= 41.30 x 100 = 41.30%
100 1
21.70%

Sample C=21.70 x 100
100 1

Ash Content

N

Sample A =8.20 X 100 = 8.20%
1

100
Sample B =722 x 100 =7.22%
100 1
Sample C = 14.70 X 100 = 14.70%
100 1
Coke Content
Sample A = 56.54 x 100 = 56.50%
100 1
26




= 5148 x 100 = 51.50%
100 1

= 63.60 x 100 = 63.60% . .
100 1




