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ABSTRACT

Clay is useful in foundry application. It is onetbé principal moulding materials used for all typlecasting
whether ferrous or non-ferrous. The objective g thork is to investigate the suitability of lyotoklay as a
binding material for foundry application. This wdene by investigating the physio- chemical propsrtf
the clay. The physio-chemical properties of they eleere determined by physical and chemical analyéis
Ray Fluorescence (XRF) spectroscopy technique s&d 10 determine the chemical composition of tag. cl
Physical analysis covers visual examination, deteation of moisture content, relative plasticitypdulus

of rupture, shrinkage, water of porosity and déngiefractoriness, Loss on Ignition(LOI).From tpkysical
analysis, the total shrinkage of the clay is 4%, H#pmparent porosity is 19.60%, The value of apparen
density and bulk density for the clay are 2.24g/amd 1.80g/crhrespectively. The value of the water of
absorption of the clay is 10.86%.The modulus ofurgof the clay is 2.38MN/The modulus of plasticity
for the clay is 1.29 MN/fiThe moisture content of the clay is 13.43%. Theactdriness of the clay is above
1600°C. The value of loss on ignition of the clay is32# The Grain Finest Number (GFN) of the clay is
64.75. The chemical analysis of clay showed thatvtidue of Alumina AD; is 30.07 wt% and that of silica
is 43.20 wt%. The result obtained from the oveeadperimental analysis showed that if lyoloko clay i
properly processed, it will have appreciable anégenable physio-chemical properties that will méke
suitable for used as a binding material for foundpplication.

Keywords: Binding materials, clay, foundry application, ployshemical properties.
INTRODUCTION

Clay in addition to silica sand is one of the pijia¢t moulding material used for all type of casting
irrespective of whether the casting is ferrous on-ferrous (Atandat al ,2012). Clay is very useful and
plays very crucial roles in the industrial develahof any nation. Clay is useful in foundry apgtions
and varies in grain shape, grain composition, ireasurface, grain size, and grain distributiontqrais.
These properties, in addition to chemical analysister point, and expansion characteristics play a
important part in the choice of clay used as a d&iridr moulding or core aggregate in metal castigy is
defined as those particles of sand (under 20 méciordiameter) that fail to settle at a rate of &%iper
minute, when suspended in water (American Foundryiedy —AFS, 2005). Clay imparts the necessary
bonding strength to the moulding sand so that afierming, the moulding does not lose its shape. The
higher the quantity of the clay the lower the peahikty of the moulding sand.

Nigeria is endowed with a lot of clay dsjt®, but only few deposits are utilized for foupndr
application. The low utilization of clay depositsNigeria may be as a result of lack of adequdtarimation
about their existence and suitability for foundpphcation. Due to insufficient information on tf@undry
properties of sand and clay deposit in Nigerianfiry raw materials such as silica sand, clay binded
additives that are used for producing effectivetingsvia sand casting by foundry industries in Nigeare
sometimes sourced from overseas. Chukwudi (200&) fkderibigbe, (1998) reported that virtually alica
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sand and clay with required foundry properties Bédd all the pyro-metallurgical industries in Nigewere
imported despite having extensive clay mineral dépan Nigeria. The Nigerian Metallurgical indust are
struggling today because of many factors amonglwis the short supply of clay with required fdun
properties due to continue dependence on extsmalces of clay with required foundry properties f
many of its industries (Aliyu, 1996). Obadinma (3p0eported that Nigeria imported about 27 million
metric tonnes of refractory materials in 1987. This a negative effect on the nation’s foreign riesen
order to conserve foreign reserve and key intddhal content initiative of the government, theseaineed
to explore and exploit the available local resosrfor industrial application. Clay is one of suclaitable
local natural resources. Investigation of the ptrggiemical properties of clay deposit is importdrtis will
help to determine their suitability for foundry dipption.

Some of the works done on various deposits of aeled their use as binder in moulding sand
according to Bala and Khan (2013) are Akinbode(}98Bolarin ,Olugboji and Ugwuoke (2004), Folaranmi
(2009) ,Umaru and Aliyu (2012), Aramide, Aribo aRdlorunso (2011). However, more effort has to be
made in order to investigate the suitability of mdocally available clay as foundry material foeth
production of sound castingBhe objective of this work is to investigate theétaility of lyoloko clay as a
binding material for foundry application. The scapfethe work includes chemical and physical analysi
determine the chemical composition, sieve analys@sture content, relative plasticity, modulusapture,
shrinkage, apparent porosity and density of theosiéepBased on the result obtained from the overall
experimental analysis, the paper concluded thdbkgoclay has appreciable and reasonable physimiciad
properties that make it suitable for used as aibgohaterial for foundry sand. This will furtherteance the
import substitution policy of the government by thay of providing alternative binding materials wathican
be sourced locally in place of imported productrébg conserving the scarce foreign reserve for the
government

MATERIALSAND METHODS
MATERIALSAND THEIR PREPARATION

The materials used was lyoloko clay. The clay niateras obtained from lyoloko in Idah local goveremh
area of Kogi state,Nigeria.The clay materal was thogh two feets below the ground surface level.The
lumbs were broken by the use of hand rammer intedgoed form. The pulverized clay was dispersedhén t
distilled-deionised water in a pretreated plastiotainer and stirred vigorously to ensure propssalition.
The dissolved clay was then filtered to get riduofvanted materials. The filtrate obtained was afidwo
settle for 48hours after which excess water wasmted. The settled clay at the bottom of the coetavas
sun dried for seven days to get rid of excess watdecules.

EXPERIMENTAL METHODS
VISUAL INSPECTION

This was done to determine the physical appearainite samples. It was observed that the sampla has
golden ash colour.

SIEVE ANALYSIS

100g of the dried sample of the clay was poured amEndoctts sieving machine model EFL 2000/1. The
machine was electrically agitated for 15 minutese grains fell through the mesh sizes that arenge@in a
stack above the collector tray starting from tharse mesh of 1.400mm on top to the fine of 0.068mwe
microns at the bottom. The particle of clay thaswetained on each sieve was weighed and perceofage
grain size of each sample was calculated accordirgmerican Foundry Society -AFS (2006) as cited by
Freestone (2005); Ushie, Esu, and Udom ( 2005)d&wamajan, Ramaswany, and Raghavan (2009).
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DETERMINATION PHYSICAL PROPERTIES
MOULDING OF THE TEST PIECES

The test piece were moulded into two main tydeshapes; cylindrical shape with a diameter of 81%nd
height 3.9cm, and a rectangular shape with lendibmd, width 2cm and height 1.5cm according to ASTM
Standards Part 17 (2005) using metallic moulds.ricabt was applied to the surface of the moulds to
prevent the test pieces from sticking to the sexfac

DETERMINATION OF MOISTURE CONTENT

This was determined by weighing the cylindricat {@ece immediately after moulding and the weiglasw
recorded as the wet (or green) weight, Whe test piece was air-dried for seven (7) dasthen dried in an
oven at 105°C until a constant weight was recorédir drying, the test pieces were weighed andatfed
weight recorded as YWThe moisture content was then calculated usiaddimula below:

Moisture Content (0/@ Wa—w, (Seidu and Kutelu, 2014)

DETERMINATION OF RELATIVE PLASTICITY

The relative plasticity was determined using théndyical test pieces. The height of the test piaees
measured by the use of vernier caliper. The hafhbhe sample was measured at three different itotsat
and the average value taken as the original heifthtf the test piece. The test pieces were defornyea b
manual plastometer machine. The deformation helghtyas obtained by taking the average height value of
the three different sides of the sample. The nedatplasticity was then calculated using the foarhdlow.

H
Relative pIasticityHTj (Lynneet al, 1980)

Where H original height of the test pieces.
Haverage deformation height.

DETERMINATION OF MODULUS OF RUPTURE (MOR)

The rectangular test piece was air dried for sévgdays after which it was dried in an oven at°ClQntil a
constant weight was obtained. The breaking loalldgy Was determined by using the electrical transaler
strength machine. A vernier caliper was used terdghe the distance L (cm) between the two suppdhs
width B (cm) of the broken parts was recorded. itoelulus of rupture was then calculated as;

3FL , .
= m (Akwilapo and Wiik 2003)

DETERMINATION OF SHRINKAGE

Shrinkage properties were determined using theungetlar test piece. A vernier caliper was usedseri a
5cm mark on it. This was recorded as the origieagth, Lo (cm). The test pieces was then air dited
seven (7) days and then dried in an oven at 11@tCaiconstant weight was obtained. The shrinkagen
the 5cm mark was then determined and recordedeadridd length L (cm) .The shrinkage of the test pieces
from the 5cm mark was then determined and recoadethe fired length{(cm). The shrinkage was then
calculated according to Lynret al,(1980) as

Wet-dry shrinkage) =100 £2=2 ”}

Dry-fired shrinkag) = 100'“’ —id)
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Total shrinkagé)(= 100"“1;”}
]

DETERMINATION OF WATER OF ABSORPTION

The fired test pieces obtained from above were theighed and the weight recorded as dry weight{dJl.
Thereafter, the test pieces were soaked in water2fdrs, then removed , cleaned and re-weighed
immediately and recorded as soaked weight,(d). The water of absorption was then calculdtgehne et

al, 1980).

Water of Absorption (%) é%-l 100

il

DETERMINATION OF POROSITY AND DENSITY

After all physical properties discussed above veeiezessfully determined, the weight of the testgsevere
then determined by the use of a lever balance ecwtded as M(g). The apparent porosity, apparent density
and bulk density were then calculated accordingkwilapo and Wiik(2003).

Apparent porosity (%) EM,_ M, )x100

Apparent Density=——t—
PP Yr_my

Bulk DensityM, (M,_M )

DETERMINATION OF REFRACTORINESS

Test cones were prepared from the clay speciméd dnd placed in a furnace along with pyrametoices
designed to deform at 1200, 1300, 1400, 1500 adfC6respectively in accordance with the American
Society of Testing Materials (ASTM) (2005). The fmrature was then raised at’@0Oper minute. The
temperature of the furnace was determined by trenmef an optical pyrometer. The maximum tempeeatur
available in the furnace was 16@0and the test cone did not show any sign of failur deformation up to
the temperature of 1680 meaning that the clay samples have refractorigesater than 160G.

LOSSON IGNITION (LOI) TEST

Ten grams of sand is loaded into five cruciblesh@acadd up to fifty grams of foundry sand. Eachhafse is
measured for current weight and numbered .The Glesiare then loaded into a muffle furnace and dake
for up to four hours. At approximately half way d@high this baking process, the samples are remaved a
stirred to allow for all of the sand to be exposedequal amounts of heat. Each of the five crusibite
measured for final weight. The final loss on igmiti(LOI) is calculated using the formula below bkihg
average values of the five results according tddhaula below (Ramrattan and Ikonomov, 2006).

¥ 100

.. . Initial weight -Final weight
Loss on Ignition equation (LOI) % =

Initial weight
DETERMINATION OF CHEMICAL COMPOSITION

The aim of the chemical analysis is to determine tarious components of the clay. The chemical
composition of the raw materials was determinechgusihe X-Ray Fluorescence (XRF) spectroscopy
technique. This is a non-destructive analyticallmdtin which x-ray tube is used to irradiate thegke with

a primary beam of x-rays. Some of the impingingnaniy x-rays are absorbed by the sample elemerds in
process known as the photoelectric effect.
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RESULTSAND DISCUSSION
RESULT

The results of sieve, chemical and physical analge? shown in Tablel.0, 2.0 and 3.0 respectiveligvb
Weight of the sample = 100g. Table 1.0 shows séadysis of lyoloko clay.

Table 1.0 Sieve Analysis of |yoloko Clay Sand.

Sieve Aperture Sand Retained Multiplier
Serial No  Size(mm) Product
Weight % Weight % Cumulative
Retained Retained Weight Retained
(grams)
1 1,400 5.80 5.80 5.80 6 34.80
2 1,000 7.00 7.00 12.80 9 63.00
3 0,710 6.00 6.00 18.80 15 90.00
4 0,500 2.10 2.10 20.90 25 52.50
5 0,350 13.90 13.90 35.80 35 .886
6 0,250 8.80 8.80 44.60 45 .306
7 0,180 5.20 5.20 49.80 60 312.00
8 0,125 7.30 7.30 57.10 81 591.30
9 0,090 9.10 9.10 66.20 118 1003.8
10 0,063 11.30 11.30 77.50 164 1853.32
Total 76.50 4953.72

From the Table 1.0 above, the Grain Finest Numi&#N) of Iyoloko clay can be determined by the
following calculation.

Total Product

_4953.72

Grain Finest Number (GFN) - - = =64.75
Total sum of 4weight retained 76.50
Table 2.0 shows Chemical Analysis of lyoloko Clay
Table2.0 Chemical Analysisof lyoloko Clay
S/No Constituent Percentage present
1 Sio, 43.20
2 Al,O3 30.07
3 ZnO 0.0025
4 MgO 0.03
5 MnO 0.002
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Table 3.0 show test result of physical propertigly@oko clay
Table 3.0 Test Result of Physical Properties of | yoloko Clay

Parameter Value
Wet-dry shrinkage (%) 3.20
Dry-fired shrinkage (%) 0.83
Total shrinkage (%) 0
Apparent porosity (%) 19.60
Apparent density (kg/cth 2.24
Bulk density (kg/cr) 1.80
Water of absorption (%) 10.86
Modulus of rupture for fire(MN/)

2.38
Modulus of Plasticity 1.29
Moisture content (%) 13.43
Refractoriness > 1601
Loss on Ignition(LOI) 2.43%

DISCUSSION

Table 3.0 shows the result of shrinkage, apparembsgity, apparent density, bulk density, water of
absorption, modulus of rupture for fire, moduluspbdisticity, making moisture, refractoriness ansslof
ignition (LOI).The result of total shrinkage of tleky which is the sum of wet dry shrinkage and figd
shrinkage is 4%.This value is in line with the necnended range of 2-10% recommended by Chester
(1973).The value of apparent porosity for the clayl19.59%.This falls within the range of 10-30%
recommended by Chester (1973). The value of appdesrsity and bulk density for the clay are 2.24d/c
and 1.80g/crhrespectively. Typical value of bulk density for nadtory material suggested by Gilchrist
(1997) is 1.90g/criiThe result of densities of the clay is still withihe value suggested by Gilchrist (1997).
The value of the water of absorption of the clagds86%.The modulus of rupture of the clay is 2.88M?,
this is in line with the range of 2MN/mand 4 MN/nf suggested by ASTM standard part 17 (2005).The
modulus of plasticity for the clay is 1.28 MNIffhe making moisture of the clay is 13.43%.thiscate that
the making moisture of the lyoloko clay is withimet standard value of 1-13% (Mitchell and Stentiford
1973).

The clay sample did not show any sign of failuréeanperatures of 1660. This means that the
refractoriness is very high and fall within theentationally accepted range of 1580~ 1750C (Abifarin,
1999. This eventually showed that the clay has high goatl refractoriness qualities and can withstaed th
high temperatures the clay will be subjected toperation. The value of loss on ignition of theydga2.43%
which is in line with Brown (2000), who stated th&d1 must be below 3%.

Table 1.0 shows the result of sieve analysis. Ritwenanalysis, the Grain Finest Number (GFN) of dkol
clay is 64.75.The value of the GFN is in line witbseco Ferrous Foundryman’s Handbook which stétatd t
AFS grain fineness number for foundry sands usdallynto the range of 35-90

Table 2.0 shows the chemical composition of thdolo clay. The value of Alumina AD; is 30.07 wt%
and that of silica is 43.20 wt%.The result indicktieat Iyoloko clay falls under Alumina-Silica typé clay.
This further confirms Aderibigbe (1998) statemddttthe major clay deposit in Nigeria has Aluminkc&
raw materials with alumina content of less than 45%

CONCLUSION
In this work, the suitability of lyoloko clay askinding material for foundry application was invgated.

Based on the result obtained from the overall érpamtal analysis, it was discovered that lyolokaydhas
appreciable and reasonable physio-chemical pregetttiat make it suitable for used as a binding mnater
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foundry application. Iyoloko clay can also be pisexrl to an appreciable level for used as refractiagy
materials for ramming and refractory lining for fiaces, kilns, crucibles, ladles, soaking pits €tds will
enhance the import substitution policy of the gaweent by way of replacing the imported foundry mate
with the available local one thereby conservingreedoreign reserve for the government. The clay ca
equally be exported to earn the much desired foreighange for the country.
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