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Abstract P T ——
.1, rekindled interest in coal as a viable sourc -

i\:(;ustries in Nigeria, there is need for continuousca ;’rfr:rll:; lbg,f‘:ﬁzq'u?tlcdm serve u./id‘c spectrum of
This study was gcgrc.d towards enriching existing knowledge b coa ‘ cposits within thf: country.
Jltimate characteristics of the Okobo coal deposit Th.£> Y Investigating the proximate and
sccordance with America Society for Testing and Mabt p.f(]n'ur'natc analysis was carricd in
composition was d‘ctermincd using NITON XL3 X-rayclrll:oiczct:irr]n(iird(g(lﬁt”li\u'l;: 'U]lir!)a}t]c.
analyscs \_vcrc.can"lcd out at the Centre for Mincrals Research and Dcvclzx mn’d t?%Kradr L
polytechnic, Nigeria. The field work reveals seven lithologic units; sandstone gilt:?o;lc 'htllndl
sandY-Sha]e, mudstone, carbonaceous shale and coal. On the avcragc’ the proxirr;z;tc ;csult’ '(:vda(lz"
moisture content of 15.20%, volatile matter of 48.42% and ash C(;ntcnt of 19.899 olwitfrlbﬁics
carbon of 16.42%. Thcss: values place the Okobo coal at a disadvantage as mctz;.l]urgical coking
coal. However, favours its usage as feed for coal power systems and possibly liquefaction. The
ultimate result showed the presence of C (42.16%), H (4.44%), N (1.16%), A1 (0.23%), Si (1 .?;7%)
§ (1.02%), Fe (1.16%), and Ca (0.24%) as major clements, while the trace clements are Ti
(1610ppm), V (36ppm), Cl (110ppm), Sr (20ppm), Zr (42ppm), and Cd (20ppm). Aside, C, H and
N some of the elements have low concentrations when compared with their Clark values except
Fe, Ti, V, Zrand Cd with high values. In terms of mineralization, the Okobo coal is highly enriched

in Cd, slightly enriched in Ti and depleted in other elements

Keywords: Okobo, Coal, Proximate, Ultimate, Anambra Basin

1. Introduction
Coal is a black to brown, heteroge

combustible and incombustible materials (Say- .
alteration and compaction of plants under anacrobic conditions leads to the formation of coal.

Beneath the soils of every continent, billion tonnes of coal have been reported wi'th l‘JSA, the
Soviet Union and China hosting the largest deposits. It has also been reported t.hat Nl.gf:rla has the
largest deposit of low rank coal (Lignite) in Africa (Adedosu ef al., 2007) f“ a.ddmon to sut.y—
bituminous and bituminous coal grades. Previous works have shown that the Nigeria Cct))al. dep;m;s
are geologically hosted within the inland Anambra Basin and thc'Bcnuc Trough (/(21 ajc,v:rigu.;
1999, Reijiers and Nwajide, 1998, Akande, et al., 1992 and Sm.1p'son, 1954), solicability
Parameters such as moisture, volatile matter, ash, calorific yalue, vitrinite reﬂectﬁ:}, Cl())y dive;s,e
Porosity, grindability, elemental composition amongst .othcrs havc.: bf}?at took place within
Tesearchers to investigate the physical, chemical and biological altcmatlon; o and s
the precursors of the coal deposits thereby providing insights to the coal char

neous sedimentary rock which contains varying proportions of
Gee and Wan, 2011). The physicochemical
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ameters such as moistu i
parametcrs re, volatile matter, g, and

cconomic use. This recent study cmploys it 1a utifizati
lity and possible uttlization of the newly (;
4 ly dISCOVCred

clemental composition to cvaluate the qua

Okobo coal deposit.

2. Literature Review ' .
Several works on the characterization of the Nigerian coal deposits have been well documenteq
Orukpa, Okaba, Ihioma and Ogwashi-Asaba Coai

Akande e al. (1992) reported that the Enugu,
ds with coking coals of high grade based on their ranks and macery]
gested that the Enugu (Onyeama) coal can serve as good feed for

f its petrological characteristics. Ezeh and Okeke (2016) a]s,
postulated that the Enugu and Benue coal based on their fixed carbon and ash contents fall withjp
the sub-bituminous coal grade and can be utilized as feedstock for coal power plant. On the other
hand, the assessment of the Qgwashi —Asaba coal reveals that it is a brown coal. Isaiah et al. (201 5)
reported the presence of potentially toxic elements such as Ba, V and Cr in the Okaba and Enugy

h. They inferred that the quantities of some trace

Coal with U detected in Okaba and Th in bot
clements were as low as 3.09 ppm (Co), 0.79 ppm (Ta), and 0.22 ppm (Lu) thus; utilization of the
coal for clectricity generation must take into account proper control of the hazardous elements.

Adckunle ef al. (2015) evaluated the Okaba and Ogboyoga coal for their suitability as blend for
biocoal briquettes on the basis of moisture, ash, volatile matter, fixed carbon and calorific contents.
The results show that a ratio of 50:50 of the coal investigated and saw dust yielded biocoal
briquettes that can be used as alternative composite fuel. The Ogboyoga biocoal briquette exhibited
the most favourable quality with the highest calorific value of 29.55MJ/kg. The Lamja, Chikila,
Lafia-Obi, Maiganga and Okaba coal from the middle and lower Benue Trough have also been
studied by Usman (2015). From the investigation using biomarkers, heavy metals, mineral and
proximate contents, it showed that the moisture, ash, volatile matter and fixed carbon content range
from 1.02 to 4.23%, 10.07 to 17.53%, 30.35 to 41.66% and 44.04 to 51.10% respectively with
presence of heavy metals that exceed the Federal Environmental Protection Agency (FEPA, 1999)
limit. The biomarkers indicated that the coals originated from terrestrial organic matter deposited
under oxic condition. The depositional condition is evidenced by the high Pristane/Phytane ratio
(>3).and the high degree' of waxiness (> 1) exhibited by the coals. Adedosu ef al. (2007) conducted
(Srt:ii;eju?noil:af:ogh;:;;ca:):]ccip l:ngrzlogical importance c?f trace el.em.ents in six coal samples
o A, , , g oyoga and Ogwashi-Asaba lignite). The results show a
positive .corre]atlon between Cr and Ni contents as well as V/Ni ratios for the coals. Thi ts

a terrestrial / marine source of organic matter and | i i i
. e . ow maturity. They also inferred that the presence

of iron and titanium elements in relatively high amount depi i 'p i
minerals such as pyrite, siderite, ankerite and ilmenij e I?OSSlble OC.CUITCDCC P
they are adequate for electricity generation and themt; and rutile respectively. As low rank coal,
inherent minerals such as nickel, iron, titanium anilas oy-produc .C'O iSlsmia or
the lignite of the Ogwashi-Asaba formation based onct(;lpr')er. a8 B o
eir petrology, chemical and mineralogical

deposits are suitable as blen
composition. They also sug
liquefaction plants on the basis o
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p s ey .
aposifio” and the stuc'y revealed that the Jignjge 1
¢0 . 1o and liptinite conte : ¢ hay
ictmhumlnli’c 1- '[ . ontents with minute ..

( are indicative of the organic forming qua » 1ow telohuminite anq high
atter b

nine™® quence of extrancous materi
’ rials probably dy

in .
{he palcoenvironment. ¢ lo the large Canopy of
Of vegetation th
at

prc\'ﬂi]cd in

3 \1aterials and Method
-T'he method employed in the study includes field work
OrX, sample preparation and laboratory work
WOIK.

3, FieldWOrk
. field work involv§d ?bsewation and description of the dj

sedimcma fcamr6§ _thhm the coal mine. Five sections \:I ;-dlfferent lithological units and their

pased OB rock St.a.b 111.ty and exposure of the representati\it N ﬂ-]e available mine pit was selected

work, gk’ba] P OSItIOIllD'g system (GPS) was used to take ang sedimentary strata. During the field

sudied: The geoBr aphic coordinates were identified and m;eioiid e,

Detailed description of the units in terms of rock type grarine o the base topographic map.

represented in the field as graphic logs. Within each sectio;l 5kg ct:f;:;i;z:v aand tillithn(elss lwere
’ s collected, placed

ina plastic bag and properly labelled.

Sample Preparation
reparation and analyses were carried out at the Mineral Processing and Assay

e Centre for Minerals Research and Development in Kaduna Polytechnic
each block of the coal samples was disintegrated with the aid of a sledg;
The smaller fragments were collected in a container and carefully
her. At the crushing section, the samples were further
hen packaged for the proximate and ultimate analyses.

3.2
The coal sample p

Laboratory and th
Kaduna, Nigeria. Initially,
hammer int0 smaller lumps.
abelled and taken to the gyratory crus
reduced to 2 to 4 mm gize fractions and t

33  Proximate Analysis

The coal sample preparation me
Testing and Materials Standards (ASTM, 2004). To carry out

samples was weighed, coned and quartered until one fourth
was obtained. From the obtained sample, 1K ished out and subjecte
the use of mesh sizes ranging from 425 mto 180 m. Materials retained within 250 '
were set aside, packaged and labelled for the proxim tes the moisture,

ate analysis. This test evalua
volatile matter, ash and fixed carbon contents of the Okobo coal.
ation

thod used was in compliance with the American Society for
the analysis, each of the crushed coal
(1.25kg) of the original mass (5kg)
d to sieving through
-micron mesh

3173. 18 of each of the
a crucible plus
erature betwe Cto 110°C for

i siccator and

2  Moisture content determin

The moisture content was determined based on ASTM test method !

coal samples was weighed into 3 previously weighed sili le. The siic

Sa.mple was placed in the muffle furnace and heated to temp

thirty minutes to evaporate the moisture. The silica cru@bl
tent was determin®

Weighed and the percentage moisture ¢0f

d using the formula below,
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loss inweight dus to removal of moisture

. 0/ — -
Motsture 7o = weilghtofcoal sampls taken

x100 (1)

b) Ash content determination

1¢ of each of the coal samples was Wel
¢ muffle fumace W

ghted into clean silica crucible. The silica crucible and;

content was placed in th hich was hcatcdogr adually to an i.nitial temperatyre 2;
500°Cand later increased to a maximum temperature of 700 C The prc.-hcatmg and attainmeny ¢
the peak temperature lasted for four hours thereafter; the cru.cnblc and its contents were eXtracteq
from the furnace, cooled and covered ina desiccator. The weight was taken and the percentage ag
content was determined using the formula below. The test was conducted in accordance with

ASTM D-3174. X )
weight of ash forms
Ash content % =weighr ofdry coal taken x 100 (2)

c) Volatile matter content determination - .
1 g of the moisture free coal sample was weighed into a silica crucible covered with its lid. The

crucible and its content was placed in a pre-heated mufile furnace of 900°C and removed after
nine minutes residency in the high temperature zone. The crucible is then cooled in a desiccator
with its content weighed and expressed as the percentage weight loss volatile matter. The test was

conducted in accordance with ASTM D-3175 standard procedures.

. loss in weight dus to removal of V.M
%)= x100 3
Volatile matter (A)) wsight of coal sampls usad ( )

d) Determination of Fixed Carbon
The fixed carbon content of the representative coal samples is what is left after the ash, volatile

and moisture components of the sample have been separated (Speight, 2005). It was calculated
with the formular;

FC =100 - MC+VM+AS 4

Where;

FC = Fixed Carbon

MC = Determined Moisture content of the coal sample

VM = Determined Volatile matter of the coal sample

Ash = Determined Ash content of the coal sample

3.4  Ultimate Analysis

This test evaluates the elemental contents of the Okobo coal. For the ultimate test, each of the

crushed coal samples was passed through a 100-micron sieve. The undersize was collected and

sub-divided using a riffle box to obtain a 60g sample. The 60g sample size is further pulverized

and screened Yvith a }50-micron mesh. 5g of the undersize sample was measured into a beaker and

;\I;;);chﬁhly mixed with 1g of cellulose to form compressed pellets. The coal pellets were placed in
XL3 XRF Analyzer to determine the elemental composition of the coal. The carbon,
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d nitrogen content of the
hydrogcn an e coal sample .
pelow as proposed by Kumar and Saxena, 20 li § were determi
oy Casbon = 0.97FC +0.7(VM ~0.1Ash) - M (0.6 - 0,01
' 5)

o, Hydrogen = 0.036FC +0.086 (VM - 0.1 x Ash) -
o Nitrogen =2.10 -0.020 VM sh) - 0.0035*M*2* (1 - 0.02M) ©)
™)

ned empirically using the formula

Where: -
FC = Fixed Carbon

M = Determined Moisture content of the sample
yM = Determined Volatile matter of the sample
Ash= Determined Ash content of the sample

4. Results and Discussion

41  Lithostratigraphy of the coal deposit

The field work showed five lithologic strata namely carbonaceous shale, sandstone,
mud/claystone, sandy-shale and coal. At each of the section sampled, the thickness and other
observable features of these units were documented as graphic logs as shown in figures 1 to 5.

BED LITHOLOGY LITHOLOGIC DESCRIPTION
THICKNESS

Sandstone, The unit is heterogenous (admixlure

10 -::::
== of clay and very- fine sandstone)

Carbonaceous shale with

thin thickness of laminae.

Presence of thin layers of coal

within the size range of 0.5 to 2cm. Has

a dark grey colouration

eam, base of seam not seen dueto

ull appearanceé
g" N Long 7° 42'30.24" E)

In-situ coal s€
mining operation, d

Figure 1: Log of section one (Lat 7° 30' 28.0
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Proximate and Ultimate Characteristics of Oko

BED LITHOLOGY LITHOLOGIC DESCRIPTION
THICKNES
10
vellow to red colouration of the unit with composizi0n3|
Felating due to the mixture of silt and fine grain
8
hnd sandstone. o
A hard thin layer rock is observed, this unit is
suspected to be harden mudstone of short
6 period of exposure before deposition continued
METERS
4

Carbonaceous shale, dark gray colouration
with obvious presence of laminae. The rock
breaks easily along the laminea

Coal insitu, dull appearance, compacted and hard.

base of the coal not seen due to mining operation

Figure 2: Log of section two (Lat 7° 30' 28.8" N Long 7° 42' 30.96" E)

Figure 3: Log of section three (Lat 7° 30' 29.88"

BED LITHOLOGY LITHOLOGIC DESCRIPTION
THICKNES
16
14
Sandstone, yellow to red
colouration and fine grain texture
12

Sandyshale unit with redish-brown colouration.

Hard concretional bed

suspected to be mudstone exposed to the
atmosphere for a long period before deposition
of the overlaying unit.
Carbonacous Shale. Light to dark grey colouration
Grains are smooth to the finger and exhibit
laminea which are thin in thickness

Black coal , It tums rus

brown when hit with a hammer, compact
and hard

N Long 7° 42' 32.04" E)
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P T Lmowowicpescaenion |
16 T e S e I

i Sandstone with fine grain texture,
yollow at tho base and red at the top

12

10

METERS

Sandyshale with yellow to brown
colouration and homogeneus texture.

6

4 Mud/claystone hard and compact
Carbonaceous Shale light to dark grey
coloured unit with presence of thin laminae,

> no intercalation of thin coal bed is observed.

Black Coal bed, hard and compact,
base not seen due to minning operation

Figure 4: Log of section four (Lat 7° 30' 29.16" N Long 7° 42'32.4" E)

BED LITHOLOGY LITHOLOCIC DESCRIPTION
THICKNES
18
Sandstone,with fine grain texlure and coloure variation
16 from yellow to red
14
]
12 '
10 Sandyshale with homogeaneous texture and yallowish
AMETERS colouration
8
6
4
- Mudstone, hard and compact with brownish
colouration.
2 Carbonaceous shale light to dark grey colouration,
with thin layers of laminae
Coal bed, hard and compact, gives
a dull lusture when hit with hammer

Figure 5: Log of section five (Lat 7° 30' 29.88" N Long 7° 42' 32.4" E)
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4.2 Charactcrizaﬁon of the Okobo Coal

Proximate Result |
The proximate result (Moisture, MC, Volatile Matter, VC, Ash and Fixed Carbon, FC)) of i

Okobo coal reported on as receiv
he Okobo Coal Samples

ed basis is presented in Table 4.1.

Table 4.1: Proximate Result of t

Parameters (As received basis)

F
Sample Name MC (wt%) VM (wt %) Ash(wt%)  FC(wt%) Rl:.:ilo
OKC 1 14.7 47.35 19.8 18.25 0.385428
OKC2 13 49.75 20.65 16.6 0.333668
OKC 3 15.8 49.22 20.09 14.89 0.302519
OKC 4 16.78 40.22 17.89 25.11 0.624316
OKC5 15.6 48.03 21.01 15.36 0.3198
Average 15.18 46.91 19.89 18.04 0-39'3146

a. Moisture Content
The moisture content analysis shows that the Okobo coal has moisture content range of 13% t
o to

16.78% with an average value of 15.18%. The acceptable moisture content range for anthraci
coal .gra'de is less than 15%, bituminous coal grade 2-15%, sub-bituminous grade 10% t aZS‘Vacne
for hgn'lte coal 50% to 60% (Brian and Marty, 2008). For the Okobo coal, the moi:n; -
falls within the acceptable value range of 10% to 45% for sub-bituminc;us coal. H . Come?}t
comParison with the moisture values obtained for Okaba (5.99%) and Ogboyoga (é 93(:’;V o m
Kso;g; ;tate, the moisture content of the Okobo coal is high. Also Onyeama (5g 87%) I\(/)I)a?oal .
i O.Hten;);r;;i 1:21(216; (1}(1:57?12 coal in Enugu, .Gombe. and Edo states respectively, have Ie,ss mj:zi
content ininfal temc; er:meo::dc;?glil’l;)hrzgfirT101stutre content suggests that the coal was formed
igh- impact upon the organic matter
t;r:zsa(;f :s:lg%nizecz):sl c;xIn be utlllgec-l for power generation and production of((Iid:;rZ;tizcogtzu):.rIn
: . However, it is unsuitable as feed for metallurgi o
moisture content exceeds the 1-4% limit. s

o b. Ash Content

e ash cont A

sompeti sc::: :,Iil:_h ot(') tII::bOkgbc; coal varies from 17.89% to 21.01% with an average of 19. 89%. In

a, Ogboyoga and On . . 697
1.25% respecti yeama coals with ash cont
———— Svi(t:h\tllilayfviﬂ?e ash content of the Okobo coal is consid;eeidmh(i)f 3.3;—‘12%’ g
a

the ash composition ofltizncg:afzisl igiﬁéand ﬁlfuze (30.99%) coal as reportedg:.y B:ZZZ?&Z:?SC;

problematic in powe : ) el_lera Y, coals containing high i ’

inferred that the Ok:bie:c:;?tlllon’ coal briquette and coke produgctiogn ;Srl:nc: x:;em mlco'n Sldm:ﬁ
as an optimum as content which favou.rs its usa;:erfxzuf::,c:it ;‘1’:03‘]
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. II ) "’ OHUH ”L’U, (j" S" and ‘)gll ba 0
OVZ)L”’H . ' " j M
/ s M T (201 7/'

Jants and coal briquette making. This js evidenced b
Ofgnvironmcnt and Forestry (MoEF) for cog)s ok y the <4
aking (Anjaja, 2012). Inversely, the ash conten; 1‘3 u

roduction because it exceeds the 1-29, EXiE

87 1. .
B 7 limit stipylateq by Indi
sed for power ‘

> \ ’%*;;t—-.

Dp‘n ] - -'Lu.u_.q:

) generation and t

limi =SSh the Okobo coa] a1 5 disady
it required for the 15adv

_ antage for coks
A in Kogi Stae
Jaokuta Stee] Plant in Kogi State

c¢. Volatile Matter Content
From the proximate result, the volatile matter content of
0

49.75% with an average value of 46.91%, According to Spej

matter content range for anthracite coal grade is 2% ti 12ypﬂght (-2005), the acceptable volatile
piminous grade 28% o 45% and for lignite coal 24 too‘;;:tummous coal grade 15-435%, sub-
natter can be closely ranked under the mb-bimminc,uso o t:;jior fhe Okobo coal, the volatile
some known coals in Nigeria such as Okaba, Ogboyoga, On earnaouz1 grade. In. compag'son with
contents of 32.56%, 30.41%, 29.61% and 45.80%, the vic{)latile a;atiflz : with volatile matter
considered high except for Maiganga coal with a higher value of 51.16% OIn tth: ?koﬂboﬂ coal is
use, the high volatile matter of the Okobo coal implies that the r;oal ox.vill ream:iléliev?oml;
agglomerate hence favours its use for power generation and domestic energy. Howev; ﬂiﬂ oekg;o
coal is not suitable as blend for coking coals because it exceed the Gray et al. (1978) \'o{aﬁle matter
content limit of 31-0 to 36.0 %.

th .
¢ Okobo coazl range from 40.22% to

———

d. Fixed Carbon Content

As shown in Table 1, the Okobo coal on average has fixed carbon content of 18.04% with a range
of 14.89% to 25.11%/ This value is relatively low compared to that of Okaba (58.13%), Ogboyoga
(54.33%), Onyeama (63.27%), Maiganga (22.52%) and Afuze (21.24%). The fixed carbon content
indicates that a high pressure and low temperature was responsible for the coal formation since
this property of coal increases with deep burial of the peat matter. The fuel ratio (proportion of
fixed carbon content to volatile matter content) of approximately 0.4 (T able 4.1) on the average
indicates  that  the  Okobo ~ Coal i of the  sub-bituminous  renk
(www.mindat.org/glossary/coal fuel ratio) thus, its suitability for electricity generation.

Ultimate result: The results of the ultimate test aré presented in Tables 2 and 3

Table2: The carbon, hydrogen and nitrogen composition of Okobo Coal (wt %)

Parameters (Calculated)
A\ ’
Sample Name Carbon (wt%) Hydrogen (Wt%) thglexllj(m" %)
OKC1 42.80 4.22 .
OKC2 4337 4.52 -
OKC3 40.51 :.13 L
o 440 443 1.14
OKC5 40.12 4-44 e
___ Average 42.16 ’
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Ultimate Characteristics of Okobo Coal Deposit, Kogi State, North Central Nigeriq
d Ulnmaic

Proximate an

he average values for carbon, hydrogen and nitrogen for the ka‘obo coal are 42.16%,
From table 1, i vely. These values rank the Okobo coal as sub-bituminous coa] grade
4.44% and 1.16% respectively. lification when compared with figure 1. Also, the hydmgen
and suggest a lc_)w degree ;f acoal ilcation of the coal for power generation as both elements acco?:;i
carbon content 193;enzefta§y Eﬁal. Other major elements detected in the Okobo coal as showy in
for e C'Om:ntisu ;llltnyninum Silicon. Calcium, Sulphur and Iron and their average values gr,
table"i; Hicsl;;% 0.240%. 1.161% and 1.019% respectively. The detection of aluminum in the
2;)?;121 s;r,npies inciicates that alumino-silicates m,:aerﬂals (clay) may be associat?d with the coq],
However, the enrichment/depletion (EDF) value of 0.23 suggest the e}e.men‘F 1s depleted whep
compared to Ruch et al. (1974) limit shown in Table 4: The presence o.f silicon in the coal samples
may be indicative of the presence of feldspars and mica n-nnerals wh1c¥1.are mostly derived from
the disintegration of transported alkaline silicates. Additionally, the silicon may be of biogenic
origin, since plants have the capacity to take up and store elements even though some of them are
not useful for growth and development. The EDF of 0.49 further justifies the low concentration

of the element in the coal because the element falls within the depleted group of elements in Table
4,

«—— Low Rank —<«— High Rank ——

Rank: Lignite — Sub-bituminous -Bituminous —Anthracite
Age: increases

% Carbon: 65-72 —72-16 76-90 ——90-95
% Hydrogen: ~5 decreases ~2
% Nitrogen: ~1-2

7 Oxygen: ~30 decreases - ~1
% Sulfur: ~0 increases ~4 — decreases ~0
%Water: 70-30 30-10 10-5 ~
Heating value

(BTU/Nh):

~T1000 ——— ~10,000 — 12,000-15,000 — ~15.000

Figure 1: Selected properties of coal varying with coal rank (Retrieved from
http://www.ems.psu.cdu/~radovic/Chaoter7.pdf)
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onyemal,

Table 3 Concentration of major (%) and trace (ppm) elements in Okobo Coal and their
cnrichment/depletion coefficient

P Ti v a_ st 4 G W
sample Al Si (ppm (ppm (pm  Cr Mn (pp (ppm (pp  (ppm (PP
No %) (%) S Fe(h) k(&) Cal%) ) ) ) (ppm) (ppm) m) ) m) ) m)

OKC1 0.193 1469 0991  1.028 Bdl 0232 Bdl 1460 30 Bdl Bdl 90 20 40 20 Bdl
oKC2 0.185 1513 1.023 1021 Bdl 0244 Bdl 1640 40 Bdl Bdl 90 20 50 20 Bdl
OKC3 0212 1031 0.763 0.841 Bdl 0234 2170 1390 30 Bdl Bdl 190 20 40 Bdl Bdl
OKC4 0395 1767 1533 1771 0.01 0284 4% 2230 50 30 190 130 20 40 20 120
OKC5 0151 1.093 0.786  1.144 Bdl 0207 Bdl 1330 30 Bdl 200 50 20 40 20 Bdl
Average 0227 1375 1.020 1.161 NC 02402 NC 1610 36 NC NC 110 20 42 20 NC

World
Coal 1 2.8 2 1 0.01 1 220 500 22 15 100 120 130 30 0.24 6
EDF 023 049 0.51 1.16 NC 0.24 NC 322 164 NC NC 092 0.15 1.4 8333 NC

Note: -

Bdl- below detection limit, NC- Not computed

Major and trace elements compared with world coal average and Clark’s values (Ketris and
Yudorich, 2006)

EDF- Enrichment/depletion factor is the relationship between the identified element in the coal to
the World coal / Clarke value

The detection of sulphur in the Okobo coal infers that pyrite, marcasite, calcite and gypsum
minerals may be present in the coal environment because of the high affinity of the element to
these minerals (Vassilev et al., 2010). Although, the EDF value of 0.51 indicate that the host
minerals of the sulphur element is depleted. The presence of iron implies that the coal is slightly
enriched in iron bearing minerals, but the enrichment shows no define trend according to the EDF
value of 1.16.
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Table 4: Enrichment/depletion ranking

Enrichment/Depletion factor

of the major and trace elements in Okobg Coal

(EDF) Limit Explanation Elements
Elements <0.1 Depleted Al Si, S, Ca, v, Cl,
Elements 0.1-2 No trend } Fe, Sr, Zr
Elements 2.0-10 S1ightly enriched Ti

Elements >10.0 Highly enriched Cd

Note: - < - less than; > - greater than (Ruch et al., 1974)

The trace elements present with their average values are Chlorine (110ppm), Titanium
(1610ppm), Vanadium (36ppm), Cadmium (20ppm), Zirconium (42ppm), and Strontiyy
(20ppm). According to Ward ef al. (1999) and Yudorich and ketris (2002), Cl accumulatiop
coal could either be associated with influx of weathered alkali igneous rocks (detrita] orj 1I)l
transported into the coal formed environment or syngenetic and/or epigenetic proceiz
(authigenic origin) and may be plant derived (organic origin) because of its high affinity w'ﬂ:
the marine environment. It has also been put forward by these researchers that the syngenelt‘
origin could be related with marine transgression and volcanism while the epigenetic orj 'lc
could be associated with inclusion of Cl into the peat phase from salt bearing strata occasio gn;
by saline fluids. Based on the above facts, the detrital, syngenetic and biogenic source .
hold true for the chlorine in Okobo coal. The detrital origin agrees with the suggestion of H -
(1978) that part of the lithic sediments of the Anambra basin originated from the weathoguz
sediments of the Cameroon granitic complex rocks whereas, the syngenetic origin is evide: red
by the. Nsukka marine transgression that prompted partly the facies of the coal be (':e
.fonnatlons of which the Okobo coal belongs. The EDF value of 0.92 indicates that the chlan'ng
is depleted in the Okobo coal. The high concentration of iron and titanium ma indicatorzﬁe
presence of titanium rich minerals such as ilmenite (Ipinmoti and Ayesanmi 20}(1)1) and : tile
(Zang‘ et al., 2004) within the rocks hosting the coal deposit. More so tile high vah?e1 oef
va.nadlum suggests that the Okobo coal environment host rocks con,tain vanadium-rich
minerals or those with close association for instance, the clay minerals. It has also beenr mc;zzd
that vanadium can be organically associated with coal depending on ;he genetic confi " tion
ot;1 the plant matter.and coalification processes (Dai ef al., 2008). The mean value of cil;rnua'um
gk(e)goczzll)argj tvl:llth t;e Clark value of 0.24 ppm indicates abundance of the element in the
oeop - e other hand, the EDF value of 83.33 (Table 4) confirms the enrichment of
¢ element in the coal. It has been reported that cadmium have positive relationship with the
organic matter of coal, thus, the high enrichment could p chied orinesil '
adsoption and comples Tacemns ou . probably be related to the selective
. raction of the vegetal/humic compounds (Fer 1990). In
other words, the enrichment could be attributed to i i rich shale 5.
other marine cadmivm. S oo uted to influx of organic rich shale sediments of
ok e e . era.s such as manganese and phosphorite (Fergusson, 1990)-
» the detection of cadmium in the Okobo ¢ | valida . ’
oal validates the reports of Adaikpoh ef a'.
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(2005); Ezeh and Okeke (2016); and Usman et al. (2016) wherein they reported the enrichment

feadmium in Enugu, Bcnuc., Delta anfi M‘aiganga coal. Thc pl‘?SCl‘lCC of the element zirconium
cuggests the occurrence of zircon, whn@. is the ore bea}‘mg mineral of the element. Probably, :
thg mineral has its origin from the detrital mat.ennls derived from the Cameroon granitic rocks |
hat providcd sediments _for the Ana.mbm basm. (Hogue, 1978). In comparison with the world i
coal average, iron, titanium, vanadium, cadmium and zirconium exceed the world averace

? lucs while the other elements fall below the limit as shown in table 2. 7

From the ultimate result, it can be inferred that the Okobo coal will be a good feedstock for

coal plants and coal briquette production because most of the elements occur in minute

quantities except cadmium which is enriched in the coal. Also, the elemental constituents could

provide guide in the design of the combustion system and process to which the Okobo coal will

be utilized.

- o

5. Conclusion

The field work conducted in the Okobo coal mine revealed five lithologic units namely
carbonaceous shale, sandstone, mud/claystone, sandy-shale and coal. The carbonaceous shale
unit revealed dark grey colouration with thickness between 0.14m and 8.5m. The unit exhibited
thin laminae of less than Im thickness with a powdery texture synonymous to that of the
clay/mudstone. The sandstone units showed light to grey and yellow to brown colouration with
thickness between 0 1.2 m to 6m with silt to fine sand grained texture. Also, the mud/claystone
units showed dark grey colouration and thickness range of 0.05m to 0.14m with a homogeneous
texture. The sandy- shale units exhibited brown colouration with imprints of yellow stains. The
thickness of the unit varied between 6.5m to 11m with homogeneous texture. The coal units
showed black colouration with a brownish luster when hit with a hammer. The thickness of the
units varied from Im to 1.5m. The proximate result revealed that the Okobo coal have on the
average moisture, volatile matter, ash and fixed carbon contents of 15.18%, 46.91%, 19.89%
and 18.04% respectively. These content value favours the usage of the Okobo coal as feed for
power generation and domestic energy but unsuitable for metallurgical coke production. In
addition, the ultimate result showed the presence of C (42.16%), H (4.44%), N (1.16%), Al
(0.23%), Si (1.37%), S (1.02%), Fe (1.16%), and Ca (0.24%) as major elements, while the trace
elements are Ti (1610ppm), V (36ppm), Cl (110ppm), Sr (20ppm), Zr (42ppm), and Cd
(20ppm). Other trace elements detected in one or two samples are W, Mn, P and Cr. Aside, C,
H and N some of the elements have low concentrations when compared with their Clark/world
values (Ketris and Yudorich, 2009) except Fe, Ti, V, Zrand Cd with high values. In terms f’f
mineralization, the Okobo coal is highly enriched in Cd, slightly enriched in Ti and depleted in

other elements.
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