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CHARACTERIZATIONS OF SOME NIGERIAN BED MATERIALS FOR
FLUIDIZED BED COMBUSTOR

Ozigis, L1 and Ottan, A.S.

Abstract:

Bed materials processing involves solid minerals reduction to sizes of
about 100-600pm and density of nbout 1400-3000 kp/m', Apart fom
the physical criteria, the chemical properties were also essential in
respeet of its absorbent and agglomeration effeets in the Nuidized bed
combustor. In this work, we present the process (eehnology o produce
and select bed materials from Nigerian solid minerals, Firstly, the
chemical composition of the various processed bed materials were
determined using wet chemical method. Sccondly, we subjected the
materials at 100pm to dustiness test which provided (he proportion
trapped by the eyclone and [ilter. Nigerian bed materials were high in
qualitics and they met the requirements of fluidized bed combustion
technology.

Introduction:

Fluidization is a technique which trgnsforms solid particles into a fluid
like state and suspended by the upward flow air. A bed is a suitable container in
which solid and gas contacts can take place and heat exchanger tubes immersed
to extract heat energy of the fuels. The process takes place in a combustor which
is a rig, plant or furnace (hat may range from refractory brick to steel vessel. The
sizes and shape vary so also the internal arrangements. Fluidized bed combustion
therefore, implies burning of ground solid fuels of particles (6-20mm) placed on
top of a perforated plate called air distributor. Air was blown from beneath the
grate with such a speed that the fuel particles are lifted and suspended while
burning in the furnace. Fluidized bed technique of burning coal has sufficient
efficiency and environmental friendly records over conventional coal burning
systems (Kunni and Levenspicl, 1991). The technology is over due for Nigeria in
utilisation of coal, biomass and municipal waste-fired combustion for electricity
generation. The propertics of bed materials which are solid materinls act as solid
reactant and insulator (o the air distributor (Rno and Parulekar, 2004). It also
holds the heat as well as fuel for (he combustion and heat exchanger. The
granulated solid material when heated induces chemical absorbent and its
continuous gas and solid contact induces hent transfer on the heating surface of
the combustor (Kunni and levenspicel, 1991).

Bed materials include siliea sand, zirconin, alumina, gypsum, koolin,
limestone, dolomite, mullite_and caleites (Boore, 2008). The characterizations
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were properties ol the materials, the size 'l.u||||)l and it elleet on heat v\Lln.nwc
and dust collecting system (Crnw ford, TORO), Sehea sand s inent bed material
but is very crosive and it can cause wear ol heat surbaces Calemed himestone iy
not entirely satistactory because imestone catalyze mtrogen dioside tormation
from nittogen contatmg fuel sowees therehy, cavsig an additional pollutant
Kaolin is particularly etlective when molar ratio of AFNaand Ko oat least 1.0
(Anon, 2008)

Size disttibution o materials had protound mtluence e resistimee o
Nuid Now, drag toree and Mudization of the bed materals Flence naterals were
classilicd based on patticle  density and sizes accordimg, o Geldant's groups
ANLBLC and DY i.c.«l-uml\-u’m‘ and 2010050, 1004000k /m" and 40-
S00pm; l(m-l()nl)ku/m' and 30pm; and 20001000k m" ad 60050
respectively (Botterilly TOSI and Gupta, 2008), When materals were thdized, ot
means the gas velocity was able 1o overcome the pressure diop across the bed
which is equal to its weight per unitaea (Kunni .uul Levenspel, 1991)

Materials with density less than 1100 kg/m' and size dimeter rom 20-
100pum, promotes  Huidization, stable bed expansion when the nnimivim

Nuidization velocity is exceeded and must be sustin o achieve parbiculate

fluidization (Anon, 2008). An example ol bed matenal s ash from co || with no
sulphur content (Gupta, 2005). Materials of density  1400-1000k p/m' and 4.
500pm exhibit less stable bed expansion. This group were ofien achieved by
percentage [raction of size grading .For example a bed material, may consist ul'
100pm at 90% and 400pm at 10% as well as 7(\()()kg/m at 30% and 1400kg/m’
at 70% to achieve good Nuidization, An example is 100- J00pm silica sand and
coal powder which were used [or wood chips and low ash coal-fired Nuidized
bed combustor. Materials of mean diameter greater than 600 and dense
particles are often used for circulating Nuidization because ol associated required
gas velocity 10 overcome its pressure drop. An example was limestone used for
high sulphur coal requiring sulphur retention (Rao and Parulekar, 2004). There is
need to subject local materials to physical and chemical tests in selection ol high
quality bed materials (Damisa and Abubakar, 2007).
The objectives of the rescarch were to:

(1) Determine the  chemical composition  that influences  absorbent in
combustor.
(i1) To obtain the various mesh size, size distribution for each bed matenals

and the required process technology.
(111) Verily the dust collector system efliciency e handhng focal bad
materials.

Materials and Methods:
Study Areas, Locations and Sample Prepavation: The matenal samples vl
for this research were obtained during dry season between February-Apal, 2008

from different locations in Nigeria
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Tkpesic Brarraand Ukpilla e areas near Anchiom Akoko-Fdo 1. G.A. of
Fdo state. These thiee areas are within geographical location of 7,5"N by 6.5"E.
Obajana quaney of Takon Marhle Tndustoes Dl Fobop, also with peopraphical
location of 7.7"N by 7" The climate of both areas 1s tropical and consists of 6
months (May-October) of wet season and 6 months (Nov-April) of dry season,
Nafada is located about TEN by HEE ine Sudan <avannah of about & months of
dry season. Mamosimg is peographically Tocated at about 8'N by 8 2°F and
within suby equatonal climate which had high torest of abont 2 months of dry
season, Rock samples (15K each i tump sizes) were collected from Y different
locations at cach stockpiles of Mamosingt limestone, Takura marhle, Tyarra
Caleite, Ukpatla caleite and Kaoling thpesi caleite and datomite amd Nafada
ey st s-obgquaniies They were done inea zigezage onder and miced (o have
representative sample for cach of the Tocation. The samples swere Turther broken
manually with a sledgehammer to provide the required size acceptable to the

laboratory jaw crusher,

Size Reduction, Size Grading nnd Process Technology:

Representative samples weighing kg cach i thiee places were reduced
into specific sizes by Denver laboratory jaw crusher, pulserized roll mill. ball
mill and sieved at Mineral Processing laboratory,  Federal Unmiversity  of
Technolopy, Akwe (Boore, 2008). The yape and set were adjusted o the
requited size Fach of the experiments were timed as well as feed and product
cizes meastred with specilic sieve. Each ol the expenments for the same sample
were repeated three times and an average taken. Reduced matenals products were
pransfenred 1o the sieves and sieving was performed by the sieve shaker. Fach
product in each sieve was weighed and recorded as percentage weight retamed.

mesh size and initial weight.

Elemental Oxide Composition: Chemical analysis was done at analynical
chemistry Taboratory of the Federal University Teelmology, Akure (Boore, 200X)
Ihe elemental oxide compositions of the sample were determinesd g Atone
Absorption Spectropraph (AAS), 1 involves dissolving the nuneral mto an acide
colution. I order for the dissolution 1o take place completely, the mineral was
pround 1o a fine powder of 212 pm size. This was o increase the surface area fo
approprate acid usage. Generally, all elements cannot be determungd by the same
wet chemical method, henee, o combination such as volumetng, colonmetng, and
gravimetnic analysis methods were used.

Dustiness Test: Acrodynamic and dustiness test was pertormed using the test ny
at Mimng Fopmecring Ventilation laboratory ol the Federal University ol
Technology, Abure (Boore, 2008) The gquantity that can be hilted by suction

motor, tapped by the ey clone and ilter illustiate the aervdymanie propetties of

the pas and <ol matenals The weipht of recovered powgler through lilter all
over il werpht s the dustiness of the tock sample Ts abihity o expamt m
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bed, perform contacting function and dust available for dust collection system.
Known weights of each mineral sample were placed in o container. ‘The suction
motor was switched on 1o suck the 100jum size sample into the cyclone and filter
through pipelines. Some ol the powder were trapped and dropped into the
recovery container placed beneath the eyelone and filter. Each weight of the
powder in the containers wis weighed onan electionic w cighing balanee

Results and Discussions:
Table 1: Chemienl Analysis of Nigerian Bed Materials

S/N Bed CaO | MgO | SiO; | Fe,O0 Ny () | KO | MnO | ZnO | CuO
Malerials A S e 5 | DTN (S

| Mlamosing | 55.7 | 015 | 1,35 |04 1794 [ 0,79 [ 007 | 1.38 | 820
Limestone N TR

2 Jakura 96.7 |- 0.9 0.07 - - 0.08 1.70 | 0.33
Marble H—| . _

3 Ukpilla 9.7 235 | 443 | 145 0.20 | 043 1004 1030 |0.30
Kaolin 1 , |2

4 Ukpilla 53.1 2.11 122 | 4.25 0.11 4,01 0.13 0.70 | 0.60
Calcite

5 lkpesi 55 1.25 7.0 0.27 0,59 | 7.79 | 0.1 0.85 ]0.76
Calcile

O Ikpesi 395 | L4 [ 407 | 8.63 11.85 | 8.74 [0.14 [ 095 | 244
Dolomite

T Nafada 123 | 13.8 |235 |30l 1394 | 153 | 153 [ 0.6 0.27
Gypsum

8 lgarra 54.7 | 4.7 34 4.35 7.2 427 000 |0.63 |58
Calcite

Gypsum was relatively softer than limestone, caleite and dolomite and
not erosive as well as with little or no wear on heat surface. Gypsum doesn’l
catalyze nitrogen oxide formation from nitrogen contained in the coal as doe's
limestone (Anon, 2008). Nafada gypsum as in tables | am 2 had less calcium
oxide content and therefore, niy not expand as much as in limestone and

calcites.

Table 2:
Filter and Flue Gas

Bed Materials

Sieve Analysis at 100pm Dinmeter by Cyclone,

s/m | Bed materials Initial - weight at [ Cyclone | Filter Flue
suction pipe,y trap wapto | pas%
| lkpesi dolomite 300 08.83 22,406 5.0l
2 Nafada gypsum [ 453 7250|2183 [5.96
3 Ukpilla kaolin 37 |4 (1235 (901
4 Jakura marble 000 7560 1728 (7l
18
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S__ | Ukpillaealeite 100 |30 0506 w2
6| lgarra calcite 520 %78 1536 1515
2| Ikpesi ealvite 220 Y T S

8 Mbmosing 150 8440 i 33—

limestone

The patticles at 100pm was elfectively been tapped by the cyclone and
filter. 1t was a suitable material for bed materinl in Nuidized bed combustion.
Limestone, caleite and dolomite e sulphume aceeptor material. Ihpesi dolomite
as in tables T and 2 has CaO) and MpO that can eaptine sulphur (o form CaSO),
and MeSO. The CaSOy and MpSOy will then be dinined off beneath the air
distributor. AU 100 Ikpesi dolomite, MEmosing limestone and the caleites in
tables 1 and 2 ane suitable but the aiv distiibutor openings desipgn will require
consideration (o avoid blockage ol aiv inlet openings due to expansion as a result
of calcined Timestone and ealeites. UIkpillin knolin may not be suitable due 1o its
chemical composition although its size distiibution meet requirements for bed
materials.

Conclusion:

Bed materials used in Muidized bed combustion with high quality are
available in Nigeria. The selecetion process inchudes size reduction of the minerals
by jaw crusher, impact mill and ball mill. ‘The materials were reduced to 100-
600pm. The chemical composition was determined. Materials with less sodinm
and calciom oxide are preferred, (o minimize the elTect ol expansion during
caleinations in the combustor, In addition, size prading were petformed using
sieves and sieve shaker. The product at 100pm was subjected to dustiness test
with less than 10% escapable 1o the atmosphere and the test trapped by the
cyvelone and filter,
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