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ABSTRACT

The possihilities of upgrading some refractory properties of Alkaleri Clay,
found in Alkaleri village, Bauchi State, Nigeria, by blending with bagasse
ash production of fire clay refractory bricks were investigated. Refractory
properties such as: linear shrinkage, apparent porosity, bulk density, cold
crushing strength and thermal shock resistance were tested with percent-
age additions of bagasse ash from 5-25% in the blend. The test was con-
ducted using the standard test techniques in each case. The results were
compared with standard refractory properties for fire clay bricks. Linear
shrinkage, apparent porosity of the bricks made from the blend clay de-
creased, as the percentages of bagasse ash increased. The cold crushing
strength and thermal shock resistance increased as the percentages of ba-
gasse ash addition increased. All the values obtained from the blends are
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within the recommended values for dense fire clay bricks.
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INTRODUCTION

A refractory materid isonewhich hastheability to
withstand high temperaturewithout bresking of deform-
ing. Refractory productsare used wherever high tem-
peraturesarerequired and includerefractory bricksfor
furnacelinings, tubesfor eectric furnaces, crucibles,
thermocouple sheaths, refractory cements, among oth-
ers. Theclassificationsof refractory materia saccord-
ing to their chemical naturearebasic, neutral and acid
refractories® 2. The more important characteristics
which arerequired of arefractory are®:

a) Highmédtingpoint or high refractoriness, whichis
closdy related to thermochemicd stability.

b) Mechanicd strength at hightemperatureintermsof
high refractorinessunder |oad, high thermal shock
res stance, low thermd shrinkage, low porosity and
permesbility.

C) Resistancetochemicd attack intheparticular Situ-
ationinwhichitisused, for instance, highresis-
tanceto corrosion by dags.

Refractories are considered asinorganic materi-
als, mainly of mixtures of oxides, obtained for natu-
rally occurring minerals, which are capable of with-
standing very high temperature condition, without any
undue deformation, softening, changein composition,
they includesilica, magnetite, chrome, carbon, dolo-
mite, dumino-silicates®. Most industriesdeding with



MSAIJ, 8(1), 2012

R.M.Gadzama 39

thetreatment of oresand other materia sfor the manu-
facture of metallurgical, chemical and ceramic prod-
uctsoperatesat avery high temperature condition so,
the equipment used for the treatment of thismaterias
must sustain the operating temperatures and other
working condition such as erosive and local condi-
tions. Inthemetallurgica industry, themost commonly
used refractory include chromite, dolomite, magne-
tite, chromemagnesite, slicaand duminosilicateclays
(ALLS,O))(OH),. Othersincludefosterite, zircon re-
fractories, zirconiarefractories®.

Bagasse can befound in many locationsaround the
worldincluding thenorthernregion of Nigeria Bagasse
is the residue fiber remaining when surgar cane is
pressed to extract the sugar. Some bagasseisburned
to supply heat to the sugar refining operation. Someis
returned to thefields, and somefindsit way into vari-
ousboard products®. Until recently, theremaining 90%
(empty fruit bunches, fibers, fronds, trunks) wasdis-
carded aswaste, and either burned inthe open air or
|eft to settlein waste ponds. Thisway, the Sugar-cane
processingindustry’s waste contributes significantly to
CO, and methaneemissions. Bagasseisavailablewher-
ever sugarcaneisgrown. Assuch, amost no harvesting
problemsexigt, andlargevolumesareavailableat sugar
mills. Innorthern dimates, the caneharvest usudly lasts
about 2.5 months. In warm climates, bagasse may be
availablefor aslong as 10 monthsout of theyear. Dur-
ing thistime, bagasse supply isrelatively constant: the
remainder of theyear, it must be stored. To reducethe
sugar content and increase storagelife, bagasseisusu-
ally depithed before storage. The pithisan excellent
fuel sourcefor the sugar refining operation'®. Recent
research onthe potential utilization of bagasse ash by!®
showed that themineralogica content of bagasse ash
aeC, SOy, SCandTieOasthemaor constitu-
ents and the minor ones are FepO3, NapO, CaO
and MnO(see TABLE 1). Thismineral ogica content
confirmed that bagasse ash can be used asrefractory
materiag.

EalierworksonAlkderi Clay(Alumino-Silicate) de-
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TABLE 1: Identified PatternsList of the XRD of bagasse
ashl®

Comp Displace C_he
Visible Ref. Score ound me Scale mical
Code Name nt Factor For
[°2Th.] mula
© ¥ 31 Cliftonite 0000 0657 C
1487
01-
* 085- 30 Quartz 0.000 0.084 SO2
0798
* 01- Moiss !
075 19 anite 0.000 0044 S C
6\TH
1541 \RG
01- Titanium .
* 072- 18 Oxide 0.000 0.045 TigO
1807

posit showed that it haslow spaling res stanceand high
apparent porosityt¥, whichisnot satisfactory, hencethere
isneed, toimprovetherefractory propertiesof thisclay.
Itisthelight of theforegoing that the research on the
investigation of theeffects of bagasse ash on somere-
fractory propertiesof Alkderi clay wasmotivated.

EXPERIMENTAL PROCEDURES

Collection of clay samples

As-mind samplesof Alkderi (Bauchi clay) wascol-
lected from the stockyard of therefractory department
of theNationa Metd lurgica Development Center, Jos,
Nigeria Theaverage size of the sampleswere between
(20-30cm). TABLE 2 showed the composition of the
clayt29,

The bagasse used in thiswork was obtained from
Zariain Kaduna-State Nigeria(see Plate 1). The ba-
gasse was then carbonized at 1200°C for Shoursto
obtain ablack color ash and sieveto average particle
Sizeof 63um(seePlate?2).

Prepar ation of theclay
Theraw clay was soaked in water for three days

TABLE 2: Chemical compositionsof Alkaleri Clay!?

Refractories

Chemical Compositions (%)

S0, AlLO; Fe0O; CaO

MgO NaO K,0 ZrO, TiO, L.Ol

Alkaleri Clay 56.50 24.95 Nd 1.00

2.32 Trace Trace Nd Trace 15.32
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a) Bagasse

biBagasse ash
Plate1: Photo of Bagasseand Bagasse ash

and dried in open air for aweek, thistreatment was
necessary to removealkalis, and somedead organic
matters. The presence of akalis, sodium and potas-
sum, retard mulliteformation and hencelowersthere-
fractorinessand strength of theclay!™. Thedried clay
wasthen crushed and ground into powder form using
jaw crushersand pulverizing machine. Theground clay
was sieved to passthrough sieve 300um aperture.

Brick production

Preparation of thetest samplesinvolved mixing of
thefreshly sieved clay with varied percentage of ba-
gasse ash between 5-25%. The clay mixturewasfound
to be plastic at 10% water content level. The mixed
blend was packed into a metal moulding box and
pressed using hydraulic press. A pressure of 15kg/cm?
was applied to enhance homogeneity and surface
smoothness of the samples.

Themould bricksweredriedinopenair for three
days, followed by dryinginovenfor 12 hoursat 110°C
to expel any moistureleft in the bricksand to avoid
crack duringfiring. Firingwas carried out in electric
heating furnace pre set at heating rate of 7°C/minute.
Thefiring procedure used invol ved heating and soaking

Woterioly Stience  mm——"

thesamplesat varioustemperaturesthat is: 250°C for
6 hours, 650°C hoursfor 4 hours, 950°C for 3 hours,
1100°C hours for 8 hours and 1600°C hours for
8hours. After firingthe brickswerethen dlowed to cool
inthefurnaceat acooling rate of 1°C/minute®.

Test procedure

Thefired bricksweretested for linear shrinkage,
gpparent porosity, bulk density, cold crushing strength
and thermal shock resi stance according to the recom-
mended standard.

Linear shrinkage

The green and fired dimensionsof the brickswere
measured and record using veniar caliper. Thelinear
shrinkage wasthen cal cul ated as apercentage of the
origina wet length asshown bel ow®:

Il
bl- © x100(%)
b

Percentage of fried shrinkage =

| — dimension of green bricks
| — dimension of fired bricks

Apparent porosity and bulk density

Thefried brick waskeptintheoven at 110°Cfor 3
hoursto obtained constant weight D the brick wasthen
suspend indistilled water and boiled on ahot platefor
30 minutes, after boiling, whilestill in hot water, the
water wasnow displaced with cold water and theweight
W was measured on aspring balance hinged onthea
tripod stand. Thetest sampleswereremoved fromthe
water and extrawater wiped off from the surface by
lightly blotting the samplewithwet towel and theweight
Sinair wasmeasured, the apparent porosity (P ) of the
brickswas determined from therel ationship®.

_W-D
P = WS x100(%)
Pa=apparent porosity

TheBulk density (B ) wasalso calculated fromthere-
lationshipas

-_Db 3
Bd= W_s (g\cm?)

Bd=bulk density, D = Dried weight, W = Soaked
weight, S= Suspended weight
Cold crushingstrength

Thefried bricksweretested for crushing strength
using hydraulic strength testing machine. Thecrushing
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strength wasthen ca culated using the rel ationship®:

load(KN)
Area(m?)

Cold Crushingstrength=

Thermal shock resistance

A thermal shock resistancetest sampleswere put
in furnace that was maintained at a temperature of
1300°C and soaked at thistemperature for 30mintues
after thisthebrick was brought out to cool for 10 min-
utes. Thebrick wasthen tested for failureusing astan-
dardrig, if failuredid not occur the brick wasthen put
back inside thefurnace and heated for aperiod of ten
minutes, thiscycle of heating, cooling and testingwas
repeated

Until failure occurred. The number of complete
cyclesto producefailurein each samplewas noted.

RESULTSAND DISCUSSION

Results

Theresultsof thestudiesareshowed on Figures 1-
5 and TABLE 3 showed the standard properties of
Indianfireclay refractory™, TABLE 4 showed thestan-
dard properties of some Nigerian clay as Refractory
materia 9.

Discussion

Thelinear shrinkage of 100% Alkaleri clay was
found out to be 5.67%. On addition of 5% bagasse
ash, therewas decreasein the linear shrinkage from
5.67% 10 5.00%. Thisdecreased continuoudy beyond
thislevel upto 2.17% at 25% addition of bagasse ash
(seeFigure 1). Thisisexpected because addition of
bagasse ash being finer in grain sizethan theclay is
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Figure 1 : Variation of % Linear Shrinkage with
W1t% Bagasse ash
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going to reduce the number of poresin the produced
bricksresultinginsmal dimensona changesafter firing
and removal of water hencelow linear shrinkageval-
ues. However, the addition of the bagasse ash hasin-
creased thedimensional stability of thebrickswhichis
aso very important.

The apparent porosity of the bricks made from
100% clay was 35.00%. Thisdecreased to 30.65% at
5% additions of bagasse ash. Thisdecreased continu-
oudy beyond thislevel to 22.17% at 25% additions of
bagasse ash(seeFigure 2).
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Figure 2 : Variation of % Apparent Porosity with
W1t% Bagasse ash

Thisresult is as expected because there existsa
direct rel ationship between the linear shrinkage and
porogity anditisexpected that good firing shrinkage(low
linear shrinkagevaues) would resultin closureof inter-
nal poresand henceleading to reduction in apparent
porosity of thebrickg2. Theaddition of the bagasse
ashbeangfineringrainsizeisexpected toresultinfewer
pores hence low values of apparent porosity for the
bricks so produced. Hencethe porosity of the bricks
found fromtheblendsfal withintheacceptablelevel as

2.2

E 21

o

E |
2 19 I | ' |

é-l' ‘ |
S 1is

& 0 5§ 10 15 20 25

Wit% of Bagasse ash
Figure3: Variation of Bulk Density with Wt% Bagasse ash
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recommended for densefireclay bricks(see TABLES

3-4).

The bulk density of the blend is between 1.92 —
2.4 glcmd (seeFigure3).
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Figure 4 : Variation of Cold Crushing Strength with
W1t% Bagasse ash

TABLE 3: PROPERTIESOFINDIAN FIRECLAY REFRAC-
TORY

Refracto Apparent Bulk Crushing Thermal
TYPE riness Porosity density Strength shock
% gm/cc  kg/cm?  resistance
Medium 1.95-
heet duty 1655 22-25 505 200-250 Good
High 1699- 2.00-
headuty 1717 2526 30 170230 Good
Super 1743- 2.15-
heat duty 1763 15-16 2.25 400-600 Good
I 1743- 18-20 2.10- 250-300 Excellent
li 1763 2.20

Source: Chest!4.

Thevaluesof bulk density on addition of bagasse
ash isexpected because addition of bagasse ash closes
the poresresulting in decreasein the porevolumehence
increasing thebulk density. All theva uesarewithinthe
standard recommended valuefor fire- clay sincethe
typical vaueof bulk density for densefireclay bricks

wasaround 2.3 g/cm? (see TABLES 3-4).

Thecold crushing strength valuefor 100%Alkal eri
(Bauchi clay) was 175.00 Kg\cm? this increased to
245.65K g\cm? at 25% additions of bagasse ash (see
Figure4). On addition of bagasseash the cold crushing
strengthincreasesthisisexpected because bagasse ash
isharder andfinegrained in naturethantheclay giving
bagasse ash-clay masses an excellent rate of sintering
henceresultingin high cold crushing strength. Itisclear
that the additions of bagasse ashto Alkaleri (Bauchi
clay) improved theclod crushing strength. Thisagreed
with the standard cold crushing strength of 200-
250K g\enm? minimum for fireclay (see TABLE 3).

The100%Alkderi (Bauchi clay) and 5% additions
of bagasse ash were poor at 1300°C. Thereisin-
creased inthethermal shock resistance of thebricksas
the addition of bagasse ash isincreasesto 10-25% at
1300°C since this blends fall within the acceptable
ranges of 15+ cycles. Only the 25% addition hasthe
highest number of cyclesthat is25(seeFigure5). This
might bedueto thefact that no degree of fusion might
have taken place. Higher percentage of bagasse ash
beyond 25% in the blend might haveresulted in excel-

lent therma shock resistance.
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Figure 5 : Variation of Thermal Shock Resistance with
W1t% Bagasse ash

TABLE4: PHYS CAL PROPERTIESOFCLAY SAMPLES

Bulk Apparent Linear Thermal Cold
Sample Density Por osity Permeability  Shrinkage Shock Crushing Refra%torlness
location 3 . Strength C
g/cm % % Resistance 2
KN/m
Onibode 2.60 28.40 87 4 30+ 17.000 1760
Ara-Ekiti 1.84 18.0 75 8 26 14.000 1650
Ibamajo 1.76 16.0 78 4 30+ 11.700 1630
ljoko 2.60 22.0 88 6 28 19.000 1680
*Fireday 1.90-230 1525 25.90 7-10 20-30 15000 1500-1700
minimum

*Source: Omowumil®
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CONCLUSIONS

From theresults of theinvestigation thefollowing
conclusionscanbemade:

(1) Thefiredbrickshavegood and smooth surfaceas
the percentage of bagasse ash additionsincreased.

(2) Thelinear shrinkage and apparent porosity of the
bricks decreased asthe percentage of bagasse ash
increased. Thismeansthat bagasse ash does not
eadly burn off or fused. Thissuggestsanimproved
vitrification-taking place.

(3) Thecold crushing strengthsincreased asthe per-
centage of bagasse ash increases. Thismeansthat
high strength bricks, can be madefrom these blend

(4) Thereisaremarkableimprovement inthethermal
shock resistance at 1300°C with percentage in-
crease in bagasse ash to alevel of 25 cycles at
25% addition. Sincetherewasincreased inthether-
mal shock at 1300°C at from 10% addition, it im-
pliesthat bricksproduce from theseblendswill be
suitablefor batch furnaces application.

(5) Thework hasfound out that densefireclay brick
capable of possessing strength at operating tem-
perature can be made from theseblends. Sinceadl
the value obtained are within the recommended
vauesfor fireclay bricks.
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