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ABTRACT

racterization and analysis of Nyikangbe clay deposit have been carried out with the view

1ndmg its possible industrial applications. The chemi
Physical propetty tests such as firing shrinkage, porosity,

cal analysis was carried out usmg X-

| Fluorescence Spectrometer.

d crushing strength, bulk density, thermal shock resistance and refractoriness were carried
A :

 using standard techniques.

e result of chemical analysis indicates that the clay is composed of silica(SiOz)-54.03 %,

umna(AlO;;) -26.84 %, Tron oxide(Fe;03)-11.93 %, Calcium 0x1de(CaO) 1.33 %,
Jptinasinuelialied s

: pr—r
btassium oxide(K20)-3.60 %, Titanium oxide(Ti0,)-1.85 % and other oxides as trace. The
Jtpihciietn

‘ sult of the physical tests conducted are as follows: Porosity-6.34 %, cold crushing

ength-180.65 kg/cmz, bulk density-2.35 g/cm, thermal shock resistance-8 cycles, firing

hrinkage-20 %, with an estimated refractoriness of 1400 °C.

he clay is kaohmte w1th free quartz present. The deposit therefore could be used for the

roduction of ceramlcs basic refractory bricks for lining of furnaces for certain non-ferrous

d kilns. Also because of its attractive colour the clay could be used in

hetals, lining mortar an

s
aml chalk and paper making industries.
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CHAPTER ONE

1.0 ~ INTRODUCTION

Clay is a complex mixture, whose composition extremely varies depending on their géographical
locations; It is a natural substance occurring in great abundance in nature which is bbnstantly
being formed on the earth surface as é result of rock weathering. Clag{ is a widely distributed
abundant material resource of major industrial importance for enormous variety of uses’(Apiam,

1985).

Everyone knows that common substance called clay, which is so easily mixed into paste with
water. But everyone does not cbnsider perhaps what an important part in agriculture and industry
this familiar substance perforrﬁed. Ail soils that are of value for the production of vegetables’
contain clay. The principal element of this substance--’-alumina—-- is necessary to the
development of plants; and its presence is necessary to retain the humidity of soil that is
indispensable to vegetable life. To indicate the imporfance of clasl in the industrial world, it is
only necessary to say that tiles, bricks, pottery, from the coarsest to the finest Sevreé are almost
| exclusively formed from this substance (Kent, 2004).
In common with many geological térms; the term “clay” is-ambiguous and has multiple meaning:
(a). A group of fine — grained mineral- i.e., the clay mineral.
(b). A particle size smaller than silt.
(c). A type of ’rock- i.e., a sedimentary deposit of fine- grained materials — usually composed

largely of clay mineral. (Patterson et.al., 1983).

Clay also includes fine ~ grained deposits of non — aluminosilicates such as shale and some
argillaceous soil (Bates et al, 1987). Clays have a number of minerals,tfvwhen most clays are wet
they become “plastic” meaning they can be fo;"nlgd and molded into shgpés. When they are ﬁred
i.e. exposed to very high temperatures, the water is driven off and theyf‘:become as hard as stone.

~As a result, nearly all civilization have use some form of clay for different applications, from

bricks to pottery to tablets for business transaction, recording etc. -
1




Because of their small particlés sizes and variables degree of crystal perfection, it is not
surprising thaf clay minerals provéd extremely difficult to characterize adequately pfior to the‘
development of modern analytical techniques. The pqpulzir adoption in the ‘early 1950s of thé X-
ray powder diffactrometer, for Clay studies help;ad to solve some of the ’pro‘blems‘ of
identi_ﬁcatiOn. I;liprovements in electron nﬁcrqscopy, electron diffraction -and oblique texture
éléc_ﬁ‘on diffraction, infra—fed and DTA equipments, the 'deVelmeenf of nuclear an/d isotope
technology of high speed électrocompﬁters of mésébéur aide‘d )all in the accumulafion of factual

information on clays. (Balley, 1980).

Clays are rérely present as pure mixtures of d_ifferenf clay types, one group or type normally
being dominant. The physical propefties of clays,h Which determine their commercial values

~ depend on whvether. or not the various types are admixed types of clay, are préseht .énd their
peré‘entage. Important physical properties are pore size distrii)ﬁtion, specific area, pore vblume,
i)lasticity e.t.c. Industry usually classifies clay by thé proberties which determine its usage. These
types of classiﬁéation include ball clay, fuller’s earth pottery clay, ﬁre or refractory clay, high
purity kaolin and several others (Wiiliams etal, 1951). (

(a) ‘KAOLINV CLAY: 1t is a fine white clay consisting chiefly of the mineral ka’o\lini"te. It has
its application paper in paper iﬁdustry as filler and coating material. It is also used for
fine pottery and porcelain. |

(b) BALL ' CLAY: This contains kaoliﬁite and certain micas ‘and has strong binding

' propeﬂies. It is used in making pottery (usually called pétter’s clay).

(c) FIRE CLAY: is basically kaolinite with some iron oxides, magnesia, and alkaline. It can

| resist high temperature. It is used for making firebricks which is used to line surfaces,
kilns,: and crucibles.

(d) COMMON CLAY: is used for bricks, clay pipes, clay ﬂéor and wall tiles and othér
building materials. It contains more impurities .th‘aén fire clay; and does not have as great
resistance to heag S

(e) BENTQNITE: It consists largely of montmorillonite. Some types that contain sodium

swell when ‘mixed with water. It found its ‘applicaﬁon in metal industry used as molds for o

2




vc‘asting metals and 'in materiélsﬂvdr‘illing. Mucvlv that are used in drilling for petroleum.

Bentonite that expands when mixed with water is used in engineering work toy seal leaks.
® FULLERS EARTH: is composed of montmorillonite énd is high in magnesia. It is uséd

as filters from oii and grease. Some are also used in pet litter, pesticides and other

products.

The important physical properties of clay are plasticity, colour, clay strength, drying and firing
shrinkages, bulk density, apparent porosity etc. The percentageé of the minerals oxides (i.e.
chemical composition) is also important property that ultimately determine the areas of its

applications and uses.

Nigeria has appreciable distribution of industries engaged in metals and process industries,
hence, the need for faw materials to support their growth. Clay prodtglcts such as ceramics warés,
burnt bricks, roofing floors tiles are“cheaper .and durable building materials than cement
particularly in Nigeria .There are vast deposit of clay spread across evefy region in Nigeria,
though their properties differ from site to site on account of geological differences. The present
~economic state imposes the need for sourcing for local materials to meet up the increasing

demands. (Haruna et al, 2006).

Presently, at Nyikangbe, Minna, Niger State, there is a clay deposit. Mo§t porters in Minna take
their raw materials from this deposit. Unfortunately, the extent of the deposit and the |
characteristics/properties of this clay are not known. Thus, this p;oject is aimed at analyzing and”
charaéteriiing this clay to ascertain its chemical compositioh and mechanical /physicali
properties. | |
1.1 Aims and Objectives
This project is aimed at:

1 .Determining the chemical characteristics of Nyikangbe Clay.

2. Determining the physical characteristics of the Nyikangbe clay.

3. Dete‘rrﬁinihg the nature /type of clay and thus its applications/uses.




1.2 Approach and Methodoiogy .

This research work is to be carried out using X-ray Fluorescence -Spectrometer (XRFS) to
determine the chemical composition of the clay. The physical properties such as poroéity, cold

crushing strength, bulk density e.t.c. are also determined using standard techniques.

1.3 Scope of Work

The scope covers the analysis of chemical composition and determination of physical propetties

such as bulk density, porosity, firing shrinkage etc and thereby determines the industrial

applicati011 of the clay.




CHAPTER TWO
20  LITERATURE REVIEW

2.1 Origin of Clay

' Clays and clay minerals have been minéd since the Stone Age. Today they are among the most

important minerals used by manufacturing and environmental industries. )
The term “glay” is applied both to materials having particle size of less than 2 micrometers and
to the family of minerals that has similar compositions and common crystals structural
characteristics (Olorunsogbon, 2007). Clay minerals have wide range of particle sizes from 10’s

of angstroms to millimeters. Thus, clay may be composed of mixtures of finer grained clay

minerals and clay-sized crystals of other minerals such as quartz, carbonate, and metal oxides

clay and clay minerals are found on or near the surface of the earth. The origin of clay can be-

attributed to either two geological processes via sedimentation and weathering process.

(Raymond et al, 1990).

\The formation of clay by the weathering process is determined by the nature of the paren{ rock,
clifnate topography, vegetation and the time period during which these factors have opefated and
taken kkpklace. Clgy formed as a resuit of Weathering process are termed residual clay and are
usually deposit’edh at the site of weathering. They accﬁmulate where intense chemical weathering
occurs. Soluble prodﬁcts are usually leached downward into the soil and there is relatively little
transpbrtatjon of solid products . Hot and humid regions of low relief in most part of Northem
Nigeria favours the formation bf residual clay and vegetation cover help to vprevent significant
amount of run off which carry away minerals. Formerly, clay was incorrectlyb thought to be
particles of quartz, feldspar, mica etc but now with the use of X-rellyr"'in énalyzing clay, the

specific compositioﬁ of clay are known. Clay minerals are mostly newly formed from the soluble

products of primary and secondary minerals (Raymond, 1990).

There are two types of clays that are recognized, the silicate clays of temperate regions and the

iron and aluminum hydroxide clays found in tropics and semi tropics. The great agricﬁltural

5
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| regions of the wbrld are dorﬁinated ih, a large 'degre¢ 5y clayé of a siliceous nature. All c’:l.a'y,
particles are crystalline and nd ambrﬁhous as was originally supposed. Each clayv particle
fégardless of its individual shape is made up of sheet like molecules or units, held loosely
together. Clay particles will also show considerable variatipn in size. The plate like molecules
themAselvés“has a lamellar organization, their sheets of atorﬁs being two or three in number.
- ’These, units are quite definite, usually changing in size only by lateral extensi_on.fA ciay ,p‘élrt'icl‘e
might be visualizéd by comparing it with a piece of rﬁica as the 'ﬂakes‘, of the latter present the
Vplate‘—iike 11}olccules or units. Clay particles because of their ﬁnesé of division must/expose a

large amount of external surfaces as well, the sum of which uéually greatly exceeds that of a

superficial character.(www.essortment.com).

It has been shown that clay particles are composed of two distinct parts, the inner, porous and
enormously large insoluble acidoid or micelle and the outer and more or less dissociated swarm :
of cations with variable amounts of water of hydration. Since these absorbed cations are usually
rather easily displaced, they are spoken of as exchangeable iobns. The replacement called ionick
exchange, or more commonly base exchange, is one of the most impértant phenomena. Calcium
and magnesium are the absorbed metallic cations held in the largest amounts byrthe’. siliceous
cléys of most natural soils.. Since so much of the total calcium!is repléceable, its:acti,vity is
assuréd. The main concern, therefore, is the amount présent. Thus, we use the practice of liming.
Wit“h potash the total amount is often sample, 4but the ‘pr‘oportion' activé is exc"eedingly

small.(www.eSsdrtment.com)

qu groups of clay are commonly recognized, the kaolinite and the montmorillonite. The
molecules of the kaolin are thought to be composed of two ‘sheet_s or plates, one of silica and the

one of alumina. The second group, the montmdrillonite is composed molecularly of two silica

%,

 sheets one of alumina. The molecules of thesé cléi“ys are less ﬁrmly linked together than tho_se' of

theé kaolin group and are usually further apart. In discussing the mineralogical nature of silicate

clay, it must not be forgbtten that '(')tller' minerals besides the ones mentioned are présent, either as

mere accessoties or as an important part of silicon, iron and aluminum should be mentioned.




While these probably occur but sparingly in ktem‘perate-region. soils, the silicate clays often

contain a larger admixture of colloidal iron and aluminum oxides. (www.essortment.com).

‘During formation, the removal of some of the soluble 'produc'ts by leaching of the soil soluﬁon
will reduce clay formation and alter the kind of clay formed. Soils of regions that ha;ve moist
olimate favour the formation of clay ; due to poor drainage, the water logged and primary~
minerals dissolves in it, which then crystallizes to clay. This hot humid tropical soil therefo're

tends to be high in percentage clay, even to depth of 5-20m (Raymond, 1990).

2.2 The Nature of Clay

| Majority of clays are crystalline in nature i.e. they are of definite repeating arrangement of atoms A

3

which they are composed. They are rnade mostly of nlanes of oxygen atorhs, with silicon and
alur‘ninum.atoms holding the oxygen together by ionic bonding nvllich is the attraction of positi‘ve
and negative charge atoms. The three aluminum atoms or others, depending upon the clay‘ make
up la‘yer.‘ One clay particle is composed of many'layers stacked like a deck‘ of cards. A clay
particle is called a micelle. A few clays have the oxygen and other atom and less regular oriented

and are called amorphous material (Raymond, 1990).

2.3 The charge on clay |

The ellal'ge on clay comes from ionizable hydrogen ions and from isomorphous AsleSfitution.

Tonizable hydrogell ions are hydrogen from hydroxyl ions on clay-ionized surfaces. The Al-OH

or Si-OH portion of the clay ionizes the H' and leave the unneutralized neygat/ive ‘c,harge on

oxygeni Al-O" or Si-O". The extention of ionized hydrogen depends on solution’s PH. More

ionization occurs in more aikaliné (base) solution (Kim, 1993). |

Noticed that most substitution are by ions with lower‘charge (less positive) than one being replace since

the totkal’negative charge from the ions (oxygen) remains unchanged; The lower positive charge because of

substitution result in an excess negative charge at‘the location m the structure. This excess negative charge
on the crystal lattice caused by isomophous subétitution are called cation exchange site. This site attracts

and holds cations somewhat loosely. Other cations in the solution can compete with and even replace

originally absorbed cations. (Can exchange with absorbed ions). The total amount of negative eheiige is
5 ‘




i ‘. ’ryebxffered,:topas catioﬁs exchange c';'z‘lfpacityl(CEC). The Catioi1§ ,éXChange sites hold and'h'e‘ld rﬁostiy (Ca2+, »
NHa, Zn245 Qéqur on some of ‘the’ éxchaﬁge sites.(Raymond, 1990).
g 24C ia‘y ;"miliﬂéyra-ls’ .
'l“liéS( are thek m%{éomponents of clay material and occur i’nlekxtre:mely small particles which a{re '
essentially cryvstallrine and 'limitéd in number. They a,re'hydrous aluminum-siliéatés. Alkalis and
alkaline earths are present a(‘s’pri;n(;ipal consti‘v[uents;xin‘ some clay mineraAls,A magri‘e_\'sium br iron or’ -
~ both suB%tifﬁté ‘vwh‘olly ot in pér:t‘f,or aluminum. Chemical éonstituehté of clay fninerél"s yary not

only in amounts but also in the Way in which they combined (Hamza, 2007).

Most clay “m.ine1rals are fo‘rmedla’s a ‘resﬁlt of weathering of s‘,ome‘ pre-eiistiﬁg rocvk.f>Tl1e bulk of
clay preséﬁt iﬁ sédimentary rocks Awaéyderived by the weathering of silicate minerals cérﬁposirig
‘ ’igl’le’O/uS roék. Some clay minefals ‘are‘ hydrothermal’in qrigiﬁ (dickite, retorite, Vhayllositre), whereas
dtli§rs Ja‘re ‘foyrmed‘ from the alte:atidn of other typeS va clay (example anntrc_ﬂ)pi.te)(.’ Nine jclay
~ mmerals (plus vrectoﬁrite) ’ha\’}é beén reported in Arkansa{s; kaolinitererpéntiﬁé ,groﬁb, antigorite,
d‘ickite,A : halylvbysite ,kaolinite, ',riacr_ite, illite, smectite group, berdellite,’ nlonfmofillonite,
nonﬁbnitq.(Hamza,ZOO’}). : - | |
‘ ; . i <
The term,“clay‘minerals” ’i's most commonly used to denpte a family of hydrous ‘aluminofsilicates '
‘(’n:)ost k‘especially phyllosilicatés); Most clay mincrais aroun& i"n‘naiure ére with particlé sizgs <4m
ranalge."'f 1iey avr(ek chémically énd Stfucfurally similar to other phyllésiliéates, such kas‘t‘\he true and
'bl‘iftlé; micéé. Thefe are other materials of geological and biological imp.ortah;:e fhat are clay
sizéd; hQWefle‘r,“’tlﬂey,are not “clay bminera_ls” by the aboy¢ deﬁnition’. TheSe othe‘r;clay-sized
hdinéféls 1 andi nlaterials include pther silicates .sjuch -as the hydfous sulf;a’t;es,v ‘:'hydrroxid‘e;s, 7'
OXYﬁydfokidés, hydrous_ oxide‘s,"aﬁiorph‘ous compounds, o‘rgani(':: compo»uﬁds,y p'r’ol{éfyotés;a’nd'
Vil'uses; Becaﬁse of their intimate association with clay minerals, they aré inc’ludedﬂ into the
domain of clay mineralogy. |
I §ve ‘lobk‘, at the volume of material at the éaréh"s surface we see that clay hiﬁerals cénsfitﬁte |

, about 16 % of its total. 20 km is ‘cdnéidered to the Sui'face bevca'use‘yit is the region from _Which we

éxtract natural resources (and dump our waste...:....). The diagram below graphically ckpléins’ '

~how tl‘i‘e’:valu‘e of 16 % is ébtained: o




Fig 1: Percentage composition of clay mineral on the earth surface. (www.gly uga.edu)
Minerals contents of the clay are classified as follows:
1. Kaolinite-white mineral consisting of hydrous silicate of aluminium that constitutes the
principal mineral in kaolin.
Montmorillonite- a soft water clayey water absorbent mineral that is a hydrous
magnesium-aluminium silicate mineral.
Attapulgite — is a kind of crystalloid hydrous magnesium-aluminum silicate mineral.
4. Illite- any group of clay minerals having essentially the crystal structure of miscouite.
These minerals contain various proportion of aluminum silica, usually combined with water to
form hydrous aluminum silicates. Some of the minerals also contains calcium, sodium,

magnesium, iron, or other elements. (www.huppages.com).

2.5 Classification of Clay
Clays are most present as pure mixture of different clay types, one group or type normally being

dominant. Complete satisfactory classification is difficult because clay is often composed of clay

materials of such poor crystalline that the individual components cannot be adequately

characterized. Also, there seems to be continuous gradation between some of the types. The

following classification has proved (Mc GrawHill, 1982).




: _‘kIndustiy usually cla551ﬁes clay by the propert1es whlch determme 1ts usage. These types of

‘classrfication mcludes ball clay, fuller s earth pottery clay, fire or refractmy clay, hlgh purity

| kaolln and several others (Hamza 2007)

2.5.1 Bentonite’ |

~ The prmcrpal clay mmeral composmg bentonite is smectite Smect1te is often used as a group

~ ‘pame encompassmg a number of very fine gramed minerals wh1ch possess certam ion- éxchange

ability whlch determines the clay physical expressron and c01101dal propertles Sodlum richy
bentomte are valuable for well- drillmg (Brenner, 1908)

Behtonite is classified as fine grained primary clay. Although chemicallylil(eclay, technically, it
i ‘sviv‘ell excessively turning to gel. It also has very high sh‘rinkage‘ and stickihess properties. It is
clay of high plastrcrty and chreﬂy composed of montmorlllonite. The plastlc sizes are largely in
- “v,the collordal range Wthh undoubtedly contributed to its very high plasticity exceedmg that of
‘ball clay. It is even p0551b1e to get some degree of pl'tst101ty by mlxmg one- ﬁfth as much‘

bentomte in place of ball clay. Its ceramic 51gn1ﬁcance isin mcreasmg plasticity and its high iron -

oxide content (3-4 %) limits its usage in the ceramic industries. (Hamza, 2007).

2.5.2 High Purity Kaolin or China Clay

This‘ is the"main primary clay,' generally being white and‘mostrefractory due to the minimum
amount of contaminants that mlght change those propertres Kaolin has numerousimdustrlal
‘ application and newv uses contmue to be discovered It is unrque 1ndustr1al% mmerals due to .
several prop‘e,_rties, including _chemical inertness oyer wide range of acid-alkaline condition, white.
, cyolour,v in paper—ﬂlling applicatio’n, softness hand abrasive properties? and low COnductivity. |
\Some uses ofi kaolin requir_e Very high rigid speciﬁcation including particle IVS‘iZC distribution,

~ colour, brightness, and viscosity in manufacture of cement, paint and ceramics. (Miser, 191'3).

The sedrmentary kaolm has much greater plast1c1ty than resrdual kaolin and some are practlcally
as plastic as ball clays They are used extenswely in white wares, porecelam Due to high purity © -

and compositiOn of _“ka.olin, they are most of “all thef‘clays with‘ softening points

10




‘range of "170,'0 °C to 1850 °C. Kaolin clay: e'>'<hibi‘ts‘ distlrlct physical and che'mical characvteri'stics |
whiﬁc’h may 'differ from other cl’ay minerals. |
"(a) Physical Properties of Kaolin Clay:
1. It has ﬁne and tiny particlesize about 0,002 m.
/ 2.1t ls whitislrin natnre and appearance.
3. Kaolirt clay’is‘ colour'lese and can be in lump or powdered form.
“(b) ChelniCal Properties of Kaolin clay: s ‘ ‘1 ‘ ;.
l ‘Kaolin has little or no surface' absorbed water in it. Therefore ‘it has lov‘v»water
retention ability.
2. When kaolin is kheated above 8000 °C, the structure rupture and can not l)e
reconstructed by dehydration.
3. Kaolin is pa‘rtially soluble in dilute acid .
4. Kaolin is chemically inert and as such provide a better resistance to chemical attack

(Miser, 1913).

2.5.3 Ball Clays‘

Ball clays are good quallty clays used mostly in pottery but also'added to other clays to improve
' therr plastlcrty Ball clays are finest partrcle sized clays, most sticky and are charactenzed by
high rate of shrmkage due in part to their hlgh orgamc content which burnt out. The small
partrcle size makes them excellent in suspensions. They have low iron content, usually ﬁred to a

pale off white colour (Brenner, 1908).

254 Fire Cla’ys"
Fire clays are all clays (excluding bent()nite and ball clays) that are_used to ntake items r‘esistant‘r
to extrerne heat. These producté are called refractory‘ productsﬁ Nearly all (81 %) of ﬁred clay are
“used to make refractory products A poorly defined. categorlzatlon generally referrmg to non-

. kaohn but with sllghtly more iron content and large particle size.
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2.5.5 Refractory Clays
Refractory‘clays exhibit range of high melting temperature which makesthem useful whenever

high temperature application exists. Refractory bricks line the roasting and processing plants and

ceramics.

2.6 Prop:erties of Clay

_ The characterization common to all minerals derived from their chemical composition, layered
structure and size. Clay minerals have the ability to exchange ions,yrelate to the 'surface clay
particle or take up'within the structure. This mineral property of clay that causes ionsvin’ solution

o be fixed on clay surface or within internal site applies to all ions, including organic molecules

like particles (Hamza, 2007).

: Most clay become plastic when mixed with varying proportion of water. Plasticity of a material
can be deﬁned as the ability of the material to undergo perrfnanent deformation in any directiOn
wrthout rupture under a stress beyond that of elastic yielding Clays range from those which are
‘very plastic called fat clay to those who are barely plastic called lean clay The type of clay
‘ minerals, particle size and shape, organic matter, soluble salts, adsorbed arn_ount and type of non-

clay minerals até also known to affect the plastic properties of clay (McGraw Hill, 1982).

The following properties are considered in clay classification:

1. Strength: Green strength and dry strength properties are very important because most
'stru(‘:tural clay products are handled at least once and must be strong enough to maintain shape.
Green str‘e’ng’,th,is the strength of the clay in the wet, plastic stater Dry strength is the strengthf
after it has heen dried. Dry and green strength are closely related and are affected largelyi hy the

E " same variable. ljry strength is dep‘ende‘nt'on the degree of the colloidal fraction. The presence of
small ‘amount of montrnorillVOnite, which is of very fine partiCIe s1ze and highly ‘dehydrated,
' generally increases the high streng‘th. (McGraw Hill, 1982).

: 2. Shrmkage Both ﬁrmg and drymg shunkage are 1mportant clay propemes used for structural ’
clay products Shrmkage is the lost in volume of clay when drred or when it is fired. Drymgv

shrinkage is dependent on the water,conte‘nt, the character of the clay mineral and the partlcle
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size of the constituents. Drying shrinkage is high in most very plastic clays and tends to'produce‘

cracking and wéi‘pihg. It is low in sandy clays of plasticity and tends to produce a Weal{ porous
hody. Mohtmorilonite in relatively large amount (10 % - 25 %) causes excessive shrinking,
' cmckmg and ldvy ,drying_ Fir‘ingv and shrinking depends on the 'velatile' material present, the'types |
of crystélline phase changes that talce place during firing arld dehydratiori eharaeteri_stics Qf clay
'thi‘nerals.(l\‘/lc GrawHill, 1982). . | |
. 3. Vitriﬁcation range: Vitriﬁeation’is the transition of a substance into a glass. The tenlperatdre
range of vitril"rcation or élass irrternation is a very important property in structural products.
Vitrification is clue to the precess of gradual fusion ih which some of-}the more easily melted
",constituent begging to produce an increaslr_lg amount of liquid which makes up the glass borlding
k materiale in the final fired products. Some clays have a short vitrification range, so that the
tenrperature of kiln rhust he cloeely regul’ated. [llites montmorilonite and ehlor‘ltes allhaye lower
vitrification ternperature. The Idegree‘ of vitrification is .regulated by amount pl' shrinkz;ge, and
‘reductiorr of porosity that can be Obtaihed at a given temperature. | |
4; Colokur: Colour is important in mdst structural clay products, particularly, the rnalrlterlarrce of
uniform eel(jr. The colour of products is influenced by the rate of OXidation‘of ‘Viron, the state of '
the drvrsloh of the mmerals the firing temperature and the degree identification, the proportron
of alumina, the lime and magesia in the clay material, and the composmon of the ﬁred glass
durmg the burnmg operation. (McGraw Hill, 1982). |
Some other properties of clay are as follows:
D. Plaetlcity: Most ‘clays become plastic when mixed with varying propertions of water to
undergo permanent deformation in any directidn under a stress beyond that of elastic yielding.
| {xn. Flotv Cllaraetel"ietics: Clzty‘-water mixtures show a number of types of flow, depending on
;‘solhble additions made to the water. Although some clay suspensi.()ne may appear to flow like.
‘ liqhids, they rarely behave exdctly like homogeneous liquids which would sht)yv Newtonian -
v viscohs llowf dlatatant, tllieotropic flow, and shear hardening or negative thixotrophy."
= (III).' Permeabi‘lity: The ability of water to pass tllrough a layer of 'elay dépends on’ the Way the |
partrcles are packed to together and on the water film absorbed aronncl in between the partlcles
: The permeabrlrty of clay is a major factor in the drying characteristics of clay. (Journals of

‘Metallurgwal and Mateuals bngrneermg, Volume 4, No: 2, September, 2009)
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e 2.7 Uses of Clay | - o

All types of clay are used in the agricultural, pottery, and chemical industry etc, but in géneral,'
thé clay fhz;lt isul‘xsed is cohéidered to be relatively high grades. |
o The); aré sources of kaolin used for the production of alum.
‘Ciays are used for making conduit tiles and sewer pipés. These types of ’,clay‘ ,
| contain large proportion of kaolinite.
Clays are used in the production of refractory nlaterials as ljners ‘in kilh, crucibles
for melting 1ﬁaterials.
: Tﬁey are used in industry as filters/extruders.
Clay is used in the production of paint because of its 'adhesvive ’nature.
"Clay is used in pharmaceutical cbmpﬁnies és coating minerals on tablets ‘e.g.y very
pure white kaolin. |
‘They afe usked for the productioﬁ of briél; and other c0n§truction materials.
The cément industry uses léfge qﬁalities of. impure cla:iys for providing alﬁ@ing
éhd silica as chérger for the ceméht. Kiln claif 'df this nature is ‘lfokun‘d :where

cement is manufactured. (McGraw Hill, 1982).

2.8 Kaolin Clay Déposit in Nigeria
The usé of kaolin dates back to thg:’ third century BC in China. Toda§, it is mined and'ﬁsed in
'signiﬁcant qliantities for nuiﬁcrous industrial uses. Its most importaﬁt use is in paper producti‘on,
where it is uséd as a coating material. In addition, it is used in great quantities. in the paint,

" rubber, plastic, ceramics, chemicals, pharmaceutical and cosmetics industries. (Grim, 1968).

The cxtgnsive occurrence of ciay has been e‘stablishec'l‘all over the country. Sources of irhportant
 clay deposits in Nigeria are Abe@kléta, Ibamaje and Ayétorih in Ogun Sﬁate, Kénkha in Kastina

‘St‘ate., Tsanyawa_and Minjibir in Kano, Oiubulu, Anar'nbré State, Giru Kaoje in Soko’to‘ State,

Ikoya- Onéo State to mention but a few. Nigeria has ah estimated reserve of three billioﬁs tones

of good kaolin .d‘eposits discovered in about 25 states and Abuja, FCT. Kaolin occurs e"xte‘nsikvely

in cretaceous, tertiary and recent sediments of the major Nigeria sediments basins. Good deposits
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occur in the south in Umahia, Uturrtr, Okigwe, Agbaghara,Nsu, Awom amma,‘ ihube, ekeeb‘i,'

Okijaand Ozubulu Ekulu in Abia, Imo and Enugu States respectively.

In the south south regron of Nrgerla extensive deposits of good kaohn clay has been 1eported
wrthln the Bemn area at Ignoria Kli, Ossiomo, River Valley, Amek1 formatlon in the Ika,
'_ Anioclla? Asaba and Utulu-uku in Edo and Delta State‘respectively. Kaolin clay also occurs

B eXtens‘i‘yely‘jn Cross Rivers and Akwa-Ibon States.

Also rn the middle belt reglon of Nrgena kaohn occurs in large dep051ts in Loko;a and its
envlrons (»Obajana)-m Kogi State. Deposrts are found in Kutugl and Mekunkele in nger State '
Kaohn is also found in Kwara State Abuja. It is found in Kwali, éBwau and‘ Gboko in Benue
’ State.‘

- In addltlon there are kaolln depos1ts in Northern N1ger1a It oceurs in large quanttty in Kankara ‘
, "Bauc‘hi S‘ta‘te. Bajoga and its environs in Gombe State. It also. occurs in Gwando Kano hfi igawa,
| Borno, Yohe; Sokoto, Kebbi and Adarri“awa states. Also, in Western Nigeria; a wide distribution
"of kaohn deposrts oceur in Abeokuta provmce in Ogun State partlcularly in 051ele Bamno rlver B
,valley near .Ayet‘oro Elefun Hlll Tontogangan and Ibadan area in Oyo State The kaolm found in.
: all these locations 'are same; only atslight~ difference in colour change as ,th‘os‘e 'found in «the'»‘
,Southern_are mainly brownish and creamy in nature. Only a few are ;vyhite due to:"soill pronertles.

*Those found in the north are mostly white and ash in colour. (Olorungbon, 2007).

: 2 10 Clay Processmg

| 2. 1. 1 Effect of Impurlty on Clay

, Thele are nnpurrtres in clay However, other foreign materials eoex1st1ng w1th clay mlneral
actually tend to jeopardlze those attract1ve characterlstlcs tosuch an extent that removal or
. ,control of quantlty of such rnaterrals becomes neeessary Generally, the effect of 1mpur1t1es m‘
' clay depends upon: | | A

i QT Their nature and behaviout when the clay is used.

o Their occurring proportions.

¢ o The shape and size of the" cl‘ay and impurit_ies.
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o . The effect of interaction:. : ey ' E
*  Maximuin temperature attained.
»  The duration of heating.

» The effect of any other substance which is present;

'The natural clay contain a wide variety of impurities, most of which must be removed in other to
make a commercial useful clay products. The coarse impurities are generally micro-size

e

, impurities‘such as anatase, limonite, and pyrite, illite, organic matter etc. (Hamza, 2007).

- 2.1.2 Purification of Clays

Otherwise known as beneﬁciation, this is the process of._ separating the clay fro‘m undesired

‘ nnpuntres lhe coarse 1mpur1t1es generally quarts muscovrte and heavy minerals are rather '
easily sepaiated by settling or screening. Partial or complete removal of non- clay and other

undesirable materials (impurities) in an economical ways has been a subject of intensive research
and prr)cessequipment deVelopment in the industry over the past three decades.. This has enabled

the production of clay pyroducts of remarkable purity.

5 213 l’rOcessing of Kaolin Clay

3 The kaolin clay is piocessed in dry and i in some cases wet. The dry process usually consists of

' crushing, drying and pulverizmg The clay is crushed to ﬁst size or smaller, and dried usually in

'rotary driers. After drymg it is pulverize toa specrﬁc mesh size, such kas 90 % retain on a 200—

: mesh sereen. In other cases, the material may have to be pulverized to 99 9 % finer than 25 325

: mesh The ‘material 1s shipped in bulk or in bags. All clays are processed ’usmg l‘.hlS method in -

| ; kaohn the materlal is slurred in water at the mine face at about 35- 40 % solids w1th the aid of a
d{spersant, The slurry is pumped to a degritting station, where the very coarse impurities a;re
removed and then through pipe lines to the processmg plant The general processing steps are
particle size fraction that is impurities dewatermg by liltermg, diymg and pulvematlon
Fractionatioii, is done hy'centrifuging‘ or gravity settling, dewatering bycentrifuges‘, ﬁlter‘p’r‘ess or

rotary vacuum drum filters.”
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but about 20

% is bagged and shipped by rail or t'rL'mk,‘ Some kaolin are shipped in slurry form -

Drying is dbné by rotor, ‘apron; drum

or spray driers,

tank, and solid at 70 % in can. (McGraw Hill, 1982).

moSt of

the kaolin is shipped ‘dty‘ bulk rail




CHAPTER THREE
3 .‘O | | - BEquipments/Materials and Method
31 Maférials a‘nd. Equiplﬁeh‘ts Used
| ‘Thje fqllowilig equipmehts m'atéri‘al’s were used to carry oilt the analysis of the clay:
1;‘- Ciay samples from Nyikangbe clay deposit.
2 Lﬁhium ktetrabOrate\bondet (Li2B409).
5. Water.:
3. MéréuryQ
-4 Tercramics DensOrﬂeter.
| ’ l ‘ , 5 Eléctric furnace.
6. Weighiﬁg balance.
7. Vérnie:r caliper.
8. Mortal and pestle.
9. )Crucible tongues.

10. Colour chat.‘

1. Hydraulic press.
" 12. Dessicator.

i 13.‘ Beaker.

3.2 Methodology

: The experimental analysis carried out .in the course of this' research work includes the

'determipétiﬂqn of:

1 Apparent porosity.

2. Bulk densify. . . ‘ :

3 Refractoriness of the clay. , L

4 'Fifin‘gvslvi‘riﬁkage. SRR
'5. Cold crushing stréngth:

6. Chemical composition.
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“ 3.2. l Determlnatlon of Apparent Poros1ty of the Clay

| The sample was cut into cube form of 2.5%2.5 cm. It-was dried in an oven at 110°C toa constant
vwelght (D) with accuracy of 0.1g. The dried sample was suspended in. drst1lled water such that
the sample did not touch the bottom or sides of the container (300 ml beaker).
The sample was borled for two hours while still suspended in water cooled to room temperature -
and lts soaked welght (S) was noted. The sample was removed from the water and water was
'w1ped off from its surface by lightly blotting with a wet towel and its suspended weight (W) m‘
‘alr was determmed The apparent porosity (P) was then calculated by the formulae |
P= (V/V)*100........ erbereidin: R FSUOTITIROUONRPORIRORON ¢
" o WherexVh = Actual volume of open pore of the specimen’= (W-D) |
V; = External Volume of the sample = (W-S)
Pcanbe expressed as follows: |

P = (W-DY (W-SY¥100%...oocrrrersessrsisssorsesresossosoeseei rer(2)

; 3 2.2 Dete11r11nat1on of Bulk Density of the Clay :

" The sample was formed into a cylmdrlcal rod shape of 2.5cm*1.5cm. The we1ght of the sample’
( .

was measured. lOOOg of clean mercury was poured into. 100ml beaker and place on the balance
pan centrally under the saddle The balance was adjusted untll the gramme scale reads zero. The

- saddle was lowered into the mercury by the means of the hand wheel and lock with the bridge-

locking screw. The micrometer was adjusted until the pointer touches the surface of the mercury

: T he l)alance was read which is represented by W in the formula below. ‘.’. The saddle was raised - -
and the specimen remoyed.

f The volume of the sample is given by the formula:
| Volume =Wad.......oooconreeeeenn. ey

- Where d = the densrty of the mercury | |

| The‘ table below shows the density of mercury at different temperature The temperature of

‘mercury used in the experunent was 23 °C the correspondmg Value of den31ty was used for the N

; calculation.f 5
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Tablél. Dens'ity of mercury at different temperatdre

’ Temperaturé (OC).' ‘ Density(g/cm3)

18 ' 1.5508

TR 13.5484

20 ' 113.5459

2n 13.5435

13.5410

13.5386

13.5361

13.5337

13.5312

13.5288°

13.5263 -

- The bulk density is calculated from the expression:
Bulk density = W,d/W,

- The value of d at témperature of 23 °C was used for the calculation.

3.23 ‘Determin'ation of the Refractoriness of the Clay

‘ The'c\lay sample was formed‘i'nto simple cones of 1.27 cm basé a_nd a perpendi\cular vértical
length 0f 3.81 ém. The cones were mouhtcd on refractory,basye‘along with several oth'e::r‘standard f
cones of ﬂlé same dimensions and standard composition. The cones Were heated at a rate of 5
oC/min: in ‘a’n oXidizing atmosphere in the furnacé until the test cohe squatted (bendms)nover its
éwn wéight. Aftef cooling the tést cone was compvared with the standard cones. Theiest material
Mwas.' said to h'ave-t‘hé pyrometric cone equivalent of the stanﬁiard Cone whose be_hayiour most‘

resembled the test cone.




3;2.4 Determination of the The‘rma}l Shock Resistance of thé Clay
The teX_tkpie‘ces of ‘refrac’t_or’y bricks were thoroughly dried and placed in the cold furnace and -
heatéd ata rate of 5 °C/min up to leQ °C, the testing temperature was kept for 30 fninutes with a
| (pair of tongs preyiously Warnied in the furnace for short time. The test pieées were pIﬁ'alced on
| cgld ﬁré bricks iﬁ a position free from draught; After the test pieces had been cooled iﬁ this way -

for 10, minutes. The test pieces Wel-evreplaéed in the furnace for;a further 10 minutes and the s

cycle was repeated until failure occurred.

3.24 D‘eterminat’ion of Firing Shrinkage of the Clay

Ther cléy sample was moistened with water to. the point of wedging (which moisfehed clay
maferials 1463:111ai11 packed ihto a bali m hand until intensional vibration causes thé mixtufé to
‘ﬂow)’. The wedge ‘sample was cast into brass molds. The clay bar was prepared whose
briginal/ihitial length was marked on the sample. The final lengtil after the clay had been fired
' VQas récprded. The ﬁ;ing shrinkage was then calculated by the expression below.:

Firing Shrinkage (Fs) = (A-B)* 100/A
‘ ‘W'here A = Initial/ original vlength.

B = Final length. | |

| 325 Determination of the Cold Crushing Strength of the Clay
A ‘cﬂube wa$ -r-nade’ from the i‘efractory brick; the length and the breadth of the sémple were
- 111565suréd. A ékardb'(')al‘d' sheet ﬁot exceeding 0.‘63cym in tllickhess was placed between the platens
of the hydrauiic pre‘s‘stand the béaring. The faces of thé test piece were placed centrally on the
plafen. The load was 'applie‘,dﬁ until the test piece failed to support the load.‘The maximum
recorded load was taken as the cfushihg 1oad.
The load cold ,c‘rushi'ng strength is calculated by the formula:

CCS = &M/A‘

= ,Where, M = mass of the sample, A = Surface area.




: ,3."2\.'6 Determ’ination of Clay Colour.

The colours of the raw clay and at higher temperature were determined using colour chat.

’ 3.2.7 Deferminétion 'of' Cllelnieal Composition of the clay
The cliefnical composition of the clay Was determined dsing X-ray fluorescence spectrometer
(XFS). 1t is a non-destructive kanalytical techniqoes used to identify and determifie  the
concentration of element present in solid, powdered and liquid sémples. XRF is capable of
’measurin‘g all elements, from beryllium (Be) to Uranium ).
(a) Sam‘ple presentation: The sample was grouhded and_sieved to 75 Nm particle size. 4 g
of the sieved were intimately mixed with 1 bg of Lithiu‘m tetrab01'ate bioder (Li;B40O7) and
pressed in a mould under a pres’-sure of 10-15 ton/n® to a pellet. The pressed pellets were
’dried at 110 °C for 30 minutes in an oven to get rid of absorbed moisture and were finally
stored in a desiccator for analysis.
(@)  Analysis: The spectrometer was switched on and allowed’ to wdrn up and also
| gained in order to stabilize the optics and the X — ray tube. It was then calibrated

to determine the expected elements present in the sampl‘e.
The sample was run using the prepared program (calibration) and the elements

concentrations present in the samples were calculated and displayed after applying

automatic statistics to the results by the spectrometer.
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4.0

4.1 Rééult

'CHAPTER FOUR

Result and Discussion of Result

The results fiﬁdnl the experimental analysis are given below:

Table 2. Result of Chemical Composition of Nyikangbe Clay.

‘ ,Elément Oxide Oxide composition (%o)
| Aluminium_ A1203 21.80 ,

Sificon” Si0, 54.03

I\’otassiijm “ . ‘ K,0 T ‘3v.6‘0

Calcium Ca0 133

Titanium

Vanadium

Chromium

Manganese

Iron

Nickel

Copper

Zinc

" Rubidium

~Strontium

Zirconium




- Table

3. Chemical composition

industrial clays.

of Nyikangbe ‘cl‘a}f as compared to Grim Shaw and composition

Nyikangbe

Constituent Grim Agricultgre Ceramics | Paper Paint Fertilizer *| Refactory Bricks
clay Shaw ' :
SiO; 54.03 40-60 - | 49-68 60.50 45.0-45.8 | 45.3-47.9 46.07 51.70
AlO3 21.80 25-45 | 37-65 26.50 33.5-36.1 | 37.9-38.4 38.07 25-44
Fe,03 11.93 ° 1-5 0.88 0.5-1.2 0.3-0.6 13.4-13.7 0.33 0.5-2.4
Ca0O 1.33 2.5 # 0.03 : 0.18-3.0 0.03-0.60 | 0.03-0.60 0.33 0.10-0.20




The table§ below show the result obtained on ph‘jsical tests conducted on the clay:

‘Table 4. Result of the Bulk Densi‘tvy of the Clay

Wi(g)

Wa(g)

‘Bulk Density

(g/cm3)

AVerage Bulk

Density (g/cm’)

13.58

78.00

2.357

18.31

105.69

2.345

Table 5. Result of the App’arént Porosity of the Clay

S/N

Constant

weight

(D)

Weight
of sieve
in
water

(Ww)

Weight
of sieve

+

samiple

(st)

Porosity

(%)

Average
Porosity

(%)

18.3546

8.1082

19.3040

11.1958

18.8546

13.6145

8.0839

16.3279

8.2440

13.9256

Table 6. Result of the Firing Shrinkage of the Clay

Initial length (A)

Final length (B)

A-B

Firing Shrinkage .

10 cm

2cm

20%




Table 7. Result of the cold ‘cr<ushir'1g Strength of the clay

SIN Length Breadth Area F(;rce Mass_ CCS CCS
(cm) . (cm) (cm?) (KN) (Kg) (kg/cmz) Average
(kglcnlz)
A | 23 2.0 4.6 8.8 880 191.30
B. | 25 24 6.0 10.2 1020 170.00 | 180.65

: - Refractoriness Thermal Shock Resistance
| 1400 °C § Circles

‘Table 9. Result of the Colour Change o S

Raw sample (Green) Sample at IZOOIOC

“-,Swample at 1300°C

Moderate Yellow Dark yellow orange Moderate Brown
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4.2 Discussion of Result

The chemkical composition of the clay is shown in tab1e2; The results show a hi‘gh silice
j(’SiOZ)‘ content of 54.03 % and moderate dlumma (A1;03) content of 21.80 %. The results
suggest that Nyikangbe clay is kaolinite with free quarz present Iron oxide is “also present
1napprec1ab1e amount (11.93 %). This result suggests that nthe clay can not be used as a
| source of aluminum since the iron ox1de will likely have a deleterious effect on the‘ process

of extraction. Other oxides are in minor quantities.

- From the 1esu1ts the percentage of the oxides present in the clay do not sum up to 100 %
but toa total of 95.14 %. This wide discrepancy may have resulted due to the present of
1mpur1ty in the clay. Also it may be due to traces of other materials too infinitesimal for

detection which is expected to have been removed durmg pretreatment

The ﬁring shrinkage result is shown in table 6 to be 20 %. Tl‘ris will be useful properties of
the elay appli:cable in ceramic industry.. Measures have to be taken to avoid cracking as a
'resnlt of high ‘shrinkage. Also, the cplour of the clay varied frorn mederate yellow to
~moderate brown on firing as shown in the table 9. This coulct be attrib.uted to higher jon
oxide content present The ferrous iron impacted brown color on the fire samples due to
"conversron ﬁom ferrous to ferric compound. The color variation is consrdered usable for
the manufacture of flower pot and earth wares. “Also, it can be used in parnt, chalk and

ceramics producing industries.

The refractoriness of the clay is estimated to be about 1400 o, though a little bit low, but
can be used in processing refraétory bricks needed for lining of the wall of furnaces for

smelting of certain non-ferrous metal (low melting point < 1300 °C) like copper, Zinc,

[
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Aluminum etc. It can also bey used as soaking pit kilns, ladles, ovens and heat-treatment

furnace of materials of low melting points.

The clay cold crushing strength is estimated to be 180.65 kg/cm The high content of KzO
and CaO enhance the clay bond strength. Therefore, the clay can w1thstand hlgh load when
used as supports.

.
Also, p0r051ty of the clay is estin 1ated to be 6.34 % and bulk density is 2.35 g/cm

: Shnnkage porosity and bulk density are inter-related qudntities. The more the ’materials
~shrinl<s, lhe Jess porous it is, hence, the denser. The low poros1ty of the clay makes it ‘a
good ’heat conductor which has its application. in making oven smeltmg furnace and

ceramics.Moreover, the thermal shock resistance of the clay is 8 cycles before it cracks




CHAPTER FIVE
5.0 CONCLUSION AND RECOMMENDATION |

5.1 Conclusion

The X-ray fluorescerice result shows that Nyikangbe clay has high silica coﬂten_t and

moderatg aluminum oxide content. The physical characteristics were found using sta‘r}de{rd

teéhniqﬁes. The clay was found to have good cold mﬁshing Stre‘ngth‘ of 180.65 kg/cmz, the

firing shrinkage of 20 %, the qolour characteristics ranged from moderate ’yelloyw to

moderate brown on firing, the.reifractoriness of 1400 OC, thermal 4shoJck resistance of 8

cycles, porosity vof 6.34 % and bulk density of 2.35 g/cm3 .

_Nyikahgbe clay is suggested to be kaolinite with free quarz present which has its
uséfulness with specified industrial application. The clay is therefore‘suitable for use
ceramic, péint and chalk manufacturing industries. The clay 1:ma$l also be ’u‘sed‘in the
production of refractoi‘y bricks for lining of walls of furnaces of ycertéin non—fgrrous metal

production, kiln, soaking pits, ovens, ladles and heat-treatment furnaces.

5.2 - Recommendation

#
5

® [f this clay deposit is exploited and properly harnessed it provides internal
sourcing for raw materials which will go long way to reduce over
dependence on importation of materials used in ceramic, chalk and paint

industries.

29




. Geological survey to determine the extent of the deposit should be carried

. out.

7
3 .
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APPENDIX

1. Apparent Porosity.
P - Vi/V where,
V; = Actual volume of open pore of the samiale = W-D.
V = external volume of the sample = W-S.
W = Weight of the soaked sample suspended in air L . |
S = Weight of fired clay in water |
W, = Weight of the sieve in water.
Wit = Weight of the sieve in water and the sample.
S) = Wys-Ww = 19 3040-8.1082 = 11.1958g.
P= (Wl—Dl)* 100%/(W-S1) =(18.8546-18.3032)* 100%/(18 8546-11. 1958) =T7. 20%
P, = (W2-Dp)* 100%(W2-Sz) = (13.9256-13.6141)* 100%/(13.9256-8.2440) =5.48%
P = (P+P)/2 = (7.20+5.48)/2 = 6.34% )
2. Bulk Density. N
dg= Wd/W where |
W = Weight of the sample.
d = Density of mercury at 23°C
Wi = Weight of the sampl,é yvhen immersed in mercury.
dg1= Wld/Wml = 13.58*1%.5386/78.00 =2.357g/cm’
dp2 = ng/sz = 18:31* 13.5386/105.69 = 2.345g/cm3
dg = (dg1+dp2)/2 = 2.35g/em’
3. Firing Shrinkage (Fs)
Fs (%) = (A-B)*100%/A, where,

A = Initial length before firing the sample.
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w
i

Final length after ﬁr_i‘ng the sample.

it

Py = (10-8)*100%/10 = 20%

4. Cold Crushing Strength (C.C.S)
M = Mass of the sample in kg.
F = Force in KN.

g= Acceleration due to gravity = 10m/s’

A= Surféce area of the sample.

1l

L = Length of the sample.

1

B Breadth of the sample.

Mi(kg) = 1000F/g

A=L*B

PR M, = 1000F /g = 1000*8.8/8= 880kg
A,=LiB; =23cm*2.0cm = 4.6cm”

191.30kg/cm’

R C.C.S = 880/4.6=

M, =1000 F,/g=1000%10.2/10 = 1020kg

- ' | Ary=1,B2 = 2.5em*2.4em = 6.0cm’

C.C.S, = 1020/6.0= 170kg/cm’

C.C.S=(C.CSHCLS)2= (191.30+170.00)/2 = 180.65kg/cm’ -







