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ABSTRACT

This study examines the determination of the mechanical properties of ductile ron produce..

L L B O T

from sleeve scraps. The method adopted for this work includes extensive literature revies

experimental procedures. testing and analysis. The use of rotary furnace as an nndigenos
technology was employed in the production process. The hvpotheses o the study were testod wad
compared with the [SO standard of the grade ol ductite iron and the lindings ey caled that ducile
iron that corresponds with 1SO standard was successtully produced trom automobtle slecses
scraps (solid waste). I was recommended among others that the eftort should be made towands

the conversion of automobile sleeve scraps to ductile ron. in order to minmize the mehaee of

environmental poliution which 1cads to numerous health hazards and mortality,

XV

acquisition  and  preparation  of  experimental  materials.  alloys  tormulation. Laboraror



CHAPTER ONE
1.0 INTRODUCTION

Cast irons are engineering materials from the ferrous metal taxonomy that was developed n
1948 with carbon contents above 2. 1wt% (Rilwan. 2015). Base on the apphcation and the
melusion of other relevant alloying elements especially silicon i practice, cast rons contains +-
4.5wt%e carbon. The carbon concentration minimizes the melting temperature from the eutectic
paint 1130°C-1300"C which is tower than that of steel there by making castability relanvely cass
duc to s fluidity. In cast rons production, addition of other alloving clement may howeser
atfect the maxumum solubility ot carbon i austenite in which case cutectic structures with Teas
than 2wty carbon can be attained 1 such allovs (Rilwan. 20153 The microstructures of cas
irony are tormed and largely dependent on chemucal  composition which  determmes the
mechanical properties and characteristics of the cast iron, Grav cast irons are desenbed as Hake
eraphites i either pearhtic or territic matrix, but ductile or nodular ron through the addition of
magnesium andror cerium i a process known as nodularizaton produces ductile iron wirh
spherordal or nodular graphite stimilarly in either pearliic or ferritic matrix. The flaky graphite in
eray cast rons acts as stress concentrators making 1t exceedingly prone o bnittle fraciare
compared to the spherical graphite in ductile iron. The other tvpes ot cast irons are white irens
which are more brittle because of carbon existing mostly as cementite in s microstricture

(Rilwan. 2015y,

Cust irens belong o a tamily of ferrous atloys with a wide range of mechanical properties. 1hes
are bemg produced by casting into shape as opposed to being formed, This makes theni suatabic
tor the manutacture of engineering components (Bocus e af; 20101 Cast rons are also referred
to as the multi-component allovs which solidity with a cutectic micrestrocture. 1t primariz
solidifies according to the thermodynamically metastable system or the stabie system depending
on the cooling rate and solidificatzon pattern. The rich carbon phase o the cuatectic
microstructure 1s the iron carbide if the metastable path s followed. whide 1 the ~tablo
sohdification path is tollowed. the carbon rich phase is graphite (Seidu. 2004 However the piu
tron as the product of the blast furnace 15 mappropriate for castings as nupurities wsually contined i bien

percentage. In order to make it suitable for desived purpose. i0is then refined 1o the furnace cailed ©opels



(Rigpur. 20131 Due to its low cost and versatihity, cast ron s commonly in use. From the wade
range of physical properties which are possible as a result of the addinen of alloving clements
and various heat treatment procedures. its versatility arises (Jezerski e «f: 2007)0 1t has been
reported in every year that. cast ron tind new ficlds of application as a substitute material mosils

due their properties that in most cases superior to those of carbon steels (Seidu. 2014,

1.1 BACKGROUND OF THE RESEARCH

Scrap is a term used to describe used and recvelable materials Tett over trom cvery manner of
product such as parts of vehicles (metal tyre et.e). paper. nvlon, compater parts ete. CHien
confused as waste. scrap n fact has significant monctary vaiue. Scraps are articles that are ol
wanted but are ot some value for the material they are made of and metal seraps are usetul
because of the iron they contain, Examples of metal serap mceludes automobile parts (whore cast
iron sleeves can be obtained). ship parts, industrial parts, building parts and houschold parts that
metal can be extracted from. Many important metals are being recovered and reeveled including
iron and steel, copper. brass. aluminum (Ohimain, 2013). Recveling of metal serap present .
water and sol pollution. saves energy and raw matenals and reduce greenhouse gas emissions,
Recveling also conserve space in landtill sites. Encrgy savings dunng the reeveling of metals wre
5% tor aluminum. 83% for copper. 637 tor lead and 00% for zinc. Recveling contributed 7o o
metric tonnes of metal, valued at S 14.2 billion or S8 of apparent metal supply m the TS
(Ohimain, 2013), Whereas, many used automobile component parts (such as engine block.
pistol. connecting rods. ete .t have been recveled to produce usctul engineering materials. this
project 1s exploiting the use ot siceve seraps for the production ot usetul enameermg materials of

ductile iron specification.

1.2 AIM AND OBJECTIVES OF THE RESEARCH

[.2.1  Aim of the Research: The aim of the research work 15 to determine the switability of
mechanical properties ot the ductile iron produced from sleeve seraps tor engimeering

application.




1.2.2 Objectives of the Research: The objectives of the research work are to:
1. produce ductile iron using sleeve scraps:

1. machine mechanical testing samples trom (1) above: and

i, carry out the mechanical test on the samples (tensile and hardness).
1.3SCOPE OF THE STUDY

The scope of the study 1s limited to the use of sleeve scraps in the production of the ductue tron
using a TUOK g capactty rotary furnace fired by diesel oil. The rescarch covers saurcime ol raw
materials and the production of ductile cast iron, ASTM stundard test samples will be propared o

investigate their tensile strength, hardness property. and mierostructural examination.

t.4 JUSTIFICATION FOR THE RESEARCH

The sleeve scraps are waste evlindrical cast tron matertals in the cngme block ot an
automobile. They are available in large quantities in the mechanic workshop Instead of
leaving the sleeve scraps to liter the environment which will cause the conronmoental
poliution; they can be converted into wealth to reduce the environmental polluton that mas
be hazardous to the human’s health, This project was design to empley the use of the <olid
waste that are disposed indiscriminately in our environment ¢an he converted o weatth by
reeveling in the metallurgical melting furnace to produce ductile won that find usetul

enginecring application through the use of indigenous technology of rotary Turnace.

fron

1.5 CONTRIBUTION TO KNOWLEDGE

The rescarch was able to provide information on the means i which wustc materials (cast iren
sleeves seraps) can be recveled. The frontier of knowledge will also be expanded winle it will
provide more information about the behaviour of materials. Tt will reduce mportation of parts

that can be produced locally,



CHAPTER TWO

20 LITERATURE REVIEW
L] CAST [RON

Cast irons are mainly iron-carbon alloys that have carbon more than 2% which 1s more than the
maximum solid solubility ot carbon in austenite. They are cutecti-ferous iron-carbon allovs. m
which cutectic reaction takes place during solidification. The presence of cutectic 1n the structure
makes cast irons fully to be “cast’ o desire shapes. Hypothetically. the carbon content of cast
irons can lies between 2.11% to 6.67%. but because higher carbon content tends to make them
more brittle. the mdustrial cast irons have carbon normally 1 the range of 21176 to 2.0 along
with other elements such as silicon. manganese 1n significant amounts. then, sulphur and
phosphorus are also present. Although, cast irons are brittle, and cannot be forged. rolled. drawn.
ete, but can only be ‘cast” mto desired shape and size (with or without imachining). by pourmyg
the molten alloy of desired composition mito a mould of desired shape and allowing it to solidits.
The only suitable process to shape these alloys 1s by casting. and hence. they are called cast srons

(Vijendra, 2011).
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Figure 2.0: The true Equilibrinm Diagram for kron and Carbon

A metastable compound 15 cementite (Fe;C). and under some conditions it can be made 1o
dissociate or decompose to torm g-ferrite and graphite, according to the equation 2.1
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According to figure 2. the cutectic and cutectord temperatures for the Fe-Fo:C svstems are
approximated to 1147°C and 727°C. respectively (Witliam and David, 20040 The tendeney 1o
torm graphite is controlled by the composition and rate of cooling. The formation of graphite i~
promoted by the presence of silicon in concentration greater than about fwt "o Adsol during
solidification. sfower cooling rates favour graphitization. For most cast rons, the carbon exists s
graphite. and both nucrostructure and mechanical behavior depend on compaosition and het
treatment. The most common cast ron among others are: greyv cast o, nodutar or ductiic cast
iron. white cast iron. malleable cast iron. compacted cast iron. mottled cast ron. alloy cast o

chitled cast iron. etc.
2.1.1  TYPES OF CAST IRON
2.1.1.1 Grey Cast Iron

The carbon and silicon contents of grey cast ron differ between 2.5 and 4.0% wi and 1.0 and
3.0%wt separately. For most of these cast irons. the graphute oceurs w the form of Hakes simdar
to corn tlakes). which are usually surrounded by a-ferrite or pearlite matrix. A fractured surface
takes on a gray appearance just because ot these graphite flakes. Mechanteally. gras ron o
relatively week and brittle 1n tension as a result ot its microstructure: the orders of graphite flakes
are sharp and pointed. When an external tensile stress is applicd. some of these orders serve as
points of stress concentration. However, the compressive loads and strength are much higher
They are very ettective in damping vibrationai energy: base constructions tor machmes and
heavy cquipment that are exposed to vibrations are often constructed of this material. They abso
exhibit a high wear resistance (Callister and David, 2014). The microstructure of eray cast irons
contains ot graphite tlakes surrounded in the matrix, of vanable amounis ot ferrite and pearhite
The properties of gray cast iron are determined by the propertics of both o the matns. and the
amount, size. shape and distribution of graphite mceluston. This cast on derives its name from
the aray colour of the tracture wnparted by the carbon present i free torm ag graphite flakes

embedded m matrix as shown in tigure 2.1 (Vijendra, 2011).




Figure 2.1: The Microstructure of Grey Cast [ron (x200)
2.1.1.2 White Cast lron

For low-silicon cast irons having less than 1.0 wt % S1 and rapid cooling rates. most ol the
carbon occurs as cementite instcad of graphite, us 1t is shown i figure 2.20 A fracture surface of
this alloy has a white look, and theretore, it is termed white cast iron (Callister and David,
2014).This cast iron develops its name to the arrival of its tracture. which 15 white and dull as all
the carbon in the cast iron is existing in the combined form as white cementite and has maore than
2.11% carbon. It is also hard., wear resistant. brittle and practically non-machinabic. All
commercial white cast irons are referred to as hypoeutectic white cast irons. The ledeburite is a
coarse mixture rather than fine mixture distinctive of many cutectic mixtures. as the cutectic
reaction takes place at a relativelv high temperature. Moreover. the divorcement of cutectic Is
almost complete, i.e.. eutectic austenite (during solidification) deposits on the primary austenite
dendrites. and then leaving behind layvers of iterdendritic massive free cementite (Vijendra.

2011,



Figure 2.2: The Microstructure of White Cast Iron (x200)

2.1.1.3 Malleable Cast lron

In general, white iron 1s used as an interimediary in the production of another cast iron and
malleable iron {William and David. 2014}, It can be achieved by giving a long time annealing to
cast iron, Steel scrap from 10 to 40% may be added to lower the total carbon contents in order o
get high duty cast irons. The method of obtaining malleable cast iron involve packing the wiite
cast iron casting along with silica in a steel pot and heated i a muffle oven or continuous type
thermal kiln. The temperature is kept at 870°C for 60 hours and casting 1s then cooled slowly i
the turnace, iron carbide dissociates as FeiCO — Fe + O and thus reduces to maileable cast iron.

Malleable cast iron is of two tvpes:

1. Black heart

1. White heart

By keeping temperature and time relativelv of high values. white hewrt malicable cast ivon shown

in figure 2.3 can be achieved (Ragput, 2013).



Figure 2.3: The Microstructure of Ferritic Malleable Cast Iron (x204)
- 2.1.1.4 Alloy Cast Irons

These are cast irons in which the properties and microstructure ol most ot the key cast irons are

improved by the addition ot the alloving elements (Viendra. 2011 ).
2.1.1.5 Ductile {(or Nodular) lron

This 1s 1ron-carbon alloy that have a structure of nodules of graphite inside the matrix. During
the process of solidification. these nodules of graphite are made directly from the hquid. The
nodules are more regular. sharp and compact spheres (Vijendra, 2011). The addition of a smuall
amount of magnesium and/or certum to the gray tron before casting produces a clearly different
microstructure and set of mechanical propertics. Graphite stull fonns, but as nodules or sphere-
like particles mstead of {lakes. The resulting allov 15 referred o as nodular or ductile iron

(Witliam and David, 2014).
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Figure 2.4: A395 Material Showing Random Graphite Flakes Nodules.
Etched. Magnification (x250).

2,2 DUCTILE IRON

Ductile tron is one of the most essential engineering materials. in view of 1ts exectlent castabibity,
It pussesses better mechanical properties alow cost (Bockus, and Dobrovoeiskis. 2000). It belongs
to a class of cast graphitic irons which have high strength, ductility and resistance to shock. [t
also denotes the tastest growing section of the iron market. More so. 11 1s to be expected 1 the
medium term, that the market share of nodular ron will Tevel oft at 40 % to 45 % (Bockus, and
Dobrovolskis. 2006). In ductile ron, the addition of a few hundredths of 1% of magnesium or
ceriim causcs the graphite to form in small spheroids rather than flakes. These create tewer
discontinuitics in the structure of the metal and produce a stronger. more ductile ron. Anncated
cast ductile fron can be bent. twisted or deformed without fracturing. Its strength. toughness and
ductility reproduce many grades of steel and far exceed those of standard grav irons. Thus, it has
the advantages ot design flexibility and low cost casting procedures sbuilar to gray iron, The
difference between ductile iron and gray iron is in the graphite tormation. Ordimary gray ron is
characterized by a random flake graphite pattern in the metal matrix. By achicving the full
potenttal of ductile ron, 1t requires superior metallurgical process control, as well as the highest
levets of skill in melting the ductile iron base. spherosdizing and mocalation (Bockus, and
Dobrovolskis, 2006). It is this graphite formation which accounts for the fact that ductile wron s

also referred to as “nodular iron.
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Fig. 2.5: Ductile Iron Fig. 2.6: Gray Iron
A3935 matenal showing random graphite . A395 material showmg rundom  wraphite
- nodules. Unetched, magnification 250x. tlakes. Unetched. magnitication 250x.

With ductile iren. the satety and reliability of process equipment is improved. The as-cast ductile
rrons (ductile cast 1ron) have many advantages. which mclude the energyv-saving, cquipment
mvestment  decreasing. production  cycles  shortening.  productions  costs reducmg and
competitiveness promoting, compared with heat treated ductile irons. Also. some defects from
heat treatinent. such as high temperature oxidation and detformation. can as well be avoided in
the as-cast ductile irons. About 80% ductile fron casting components in automotive applications
mvolved arc manufactured in as-cast. Thus, the research and development in praducing as-cast
ductile 1rons for heavy duty applications are of great importance of metallurgical engincers. The
mechanical properties are far above that ot gray ron and this increases its resistance to breakage.
The corrosion resistance of ductile 1ron i1s equally superior to gray cast iron and to cast steel in
many corrosives media. Its wear resistance 1s similar to some of the best grades ot steel and
superior to gray ron in heavy load or impact load situations, From its high vield strength, the,
large advantages are obtained and ductility makes 1t an economical choice tor many applications
{Davton ¢f al; 2011). However, most vanieties of cast iron arc brittle, and ductile iron s much
more malleable and elastic. due to its nodular graphite inclusions. The graphite improves the
desirable properties ot cast iron like improved casting and machinimg propertics and berter
thermal conductivity. The graphite that produced ductile iron commercially 15 not always in

pertect spheres. but in the form of spherical nodules in ductile tron. rather than flakes that are
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found 1 typical cast ron which prevent the creation of cracks and providing the beiter or
improved ductility that give the allov its name. However. il can also occur 0 g somowhat
wregular torm, but 1if 1t 18 still solid. the properties of the iron will be similar to cast ron with
spheroidal graphite. When the metal solidifies. the shape ot the graphite 15 well-known, and 1t
cannot be changed in anvwav but by re-melting the metal. Nevertheless, ductide ron can be
reasonably alloved to have an entirely pearlitic matrix as-cast. The well-known tensile projpurtics
are tensile strength. yield strength and percent elongation. The relition hetween tensile propertios
and hardness depends on microstructure. Ferritic matrix irons, regularty annealed. have very dow
combined carbon content. Hardness and strength are dependent upon hardening of the fersite be
the clements dissolved i it silicon bemng the most important. Manganese and mckel are also
common ferrite hardeners. Reducing cooling times in the mould and hot shakcout wemperatire
mereases strength because the castings are effectively normalized by this treaimient. Thie
formation ot nodules have high advantages over its steel counterpart. and 1t has o hetter
mechamical preperties with wide range ot applications in the automotive industuy oy defonse,
agriculture, construction and mining components cte. (Adevemi e «f: 2014).

Development or the production of ductile iron cannot be achteved without one ot the primuan
raw materials namely- cast iron scrap often categorized under sobid waste. The management of
solid wastes has been a major challenge in Nigeria, Solid wastes are frequentiy disposed aiong
the streets, gutters, drainage channels. rivers. abundoned plots ol land cte. Poor waste disposal
has been linked to blockage ot gutters and other drainage channels causing fTood. poor aesthetios.
release of foul edour and greenhouse gases. obstruction of traffic How and pollution ol surface
and ground water (Ohumaim. 2013). Scrap metals s an important compoenents ot the municipal
sohd wastes (MSW). in Nigenia. it accounts for 1.8%., 1082 and 3 207 o the MSW generated

-
y

i South Weste South East and North Western part of the country respectely (Ohiman, 2013 4
Through the activities of scavengers, usetul materials are often recovered trom MSW including
metal seraps. wood. plasties ete. Serap metals are among the most importast and priced mterials
m MSW L In Nigena. the demand for metal seraps can be traced 1o the very mcrcasing growth of
huilding construction where they are used as steel bars, Approximately. aboual 70 of reeveled
metal product in Nigeria end up been used in the construction industry. Fhe Market for the metal
scrap i Nigerta s huge and expanding. The esumated size ot the Tocal market 15 put at about X5

Billion annually (Ohimain, 2013
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2.3 COMPOSITION

The chemical composition of ductile iron and the cooling rate of the casting have direct etfect on
its tensiie properties by influencing the type of matrix structure that is formed. All of the regular
grades of ductile iron can be made from the same ron provided that the chemical composition is
suttable so that the desired matrix microstructure can be obtamed by either controlling the
cooling rate of the casting after it is poured or by successive heat treatment. For most cistine
necessities, the chemical composition of the iron 1s mostly a matter of enabling production. An
uncomnon combination of properties 1s obtained in ductile iron because the graphite ocours
spheroids rather than as graphite tlakes as in grey iron. This mode of solidilication s achics ed b
adding a very small. but specitic amount of Mg and Ce or both to molten iron of appropriate
composition. The base iron 1s strictly controlied in the allowable contents of certam nuner
clements that can delay with graphite spheroid formation. The added Mg reacts with S or €3
the melt or molten 1ron and the way the graphite 15 formed. Control procedures have beei
advanced to make the processing ot ductile tron reliable (Amita. 2000, The high C & Sicontent
ot ductile 1ron deliver the casting process valuable, but the graphite nodules have only the
nominal eftect on the mechanical properties of the melt. Ductile ron. like madleable iran. <hows
a linear stress- strain ratio. a constderable range of vield strengths as its name denotes, ductiling,
Castings are made in a wide-range ot sizes with sections which are very thin or vers thick (AN
2009).

Ductile iron 1s deseribed by having all of its graplite oceurs in microscopic spheroids. Although
this graphite constitutes about 10% by volume ot ductile ron, s compact sphereal shape
reduces the effect on mechanical properties. Tt is not a single muterial. hut a tamils of matenals
developed through microstructure control. Hs mechanical properties are delernmuined by the
ductile iron matrix with a high percentage of graphite nodules present in the structure (Ductile
Iron Soctety. 2005). Ductile iron is produced by varving grayv cast iron melt with magnesium
added in the range of 0.15% to (h45% and later protected with terrostlicen. By addition off
nodularizing elements, the formation ot nodules 15 accomplished. most commonly magnesium
and less often. cerium, into the melt which changes the condition and crowth of a araphite
nucleus so that it turns into a spheroid or nodule (Anita, 2009): the nodules formed prey ents 1he

tormation of cracks and provides the better ductility that gives the alloy its name. The inocuban
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addition ranges from 0.2% to 1.2%. offering a wide range of properties. Addition of FFerrosihicon
up 0 3.0% - 3.8% to magnesium cast iron mergases the mechamcal properties of ductle von
after isothermal quenching. More increase in the concentration ol silicon -3.8%0 leads 1o a
decrease in the strength and ductility of the of isothermally quenched magnesium cast ron
{Volosheenko er af: 2003). After isothermal quenching from the temperature of the g
austenitic state. the enhancement of the mechanical properties 1x obtamed. The significance ot
moculation on magnesium treated melt had been considered and detected that about ninets
seven pereent nodularity was achieved m magnesium treated cast iron melt that was profecied
with seventy five percent ferrosilicon grade (Alasoluyt or @l 2013y Matrix conuol. reachad 1
conventional Ductile Tron either "us-cast” through a mixture of composition and provess comtrol,
or through heat wreatment vields various grades ot terntic ductile iron. terntic-pearhitic ductile
ron. pearlitic ductile won. mariensitic ductile 1ron, bainitie ductile won and austenitic duetle
iron: thus gives the designer the choice of selecting the grade of ductile ron which provides the
most appropriate mixture of properties (Anita. 2009). Ductile 1ron has the tollowing reqguired
teatures which include high tensile strength and toughness. good machinability tegual 1 gray
ron of the same hardness). high modulus of elasticity. good shock resistance and wear

resistance, excellent ductilitv, cast into most shapes.

2.4 Arcas of Applications

Ductile ron castings are used in automotive components. agricultural cquipment. construction
cquipment. lawn and garden equipment. heavy equipment. ratlroad cqupment. [he awtomotive
industry has produced components such as steering knuckles, brake callipers cre uaang ducnle

iron where they have been tound to perfornt well in service with hivh decree ot sateny (Ductile

[ron Society. 2005).

1.5 Grades of Ductile lron accepted as per Internationat Standard

The present 1SO) standard of ductile tron, 1SO TO83-2004. classificed on the basis of one ol the
mechanical properties such as tensile strength. hardness clonecaton o Brinell hardness.
Tensile strength is the common basis for the Material Designation or characterisation and shown

in the tble 1.1 (Bishnu, 2014,
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Material Designation Tensile Strength (N/mm?*) | Elongation (%)

1SO 1083/18/350-22°S | 330 . 3

[1SO 108308400188 T AT |

TISO 1083 1S 400-15.5 o T s

1SO T08373S7450-10-S N 430 : o

SO 1083IS500-7S T T s T D T T
SO 1083:18/550-5'S L s s

T 1SO 1083/ 1S/600-3/S 00

%‘TSO L0R3:1S.700-2:S e 2

CIsO10s3UsR002S T T g0 T2

TISO RIS voor s T 900 " 2

Table 1.1: Grades of Ductile Iron accepted as per International Standard

(Bishnu, 2014).

2.6 Smelting Furnace for Ductile Iron

The rotary melting furnace 15 the most flexible and universal destgn of cquipment to reevcle cast
iron scraps. It s alternative melting equipment for all small and medium sive Toundres usimg
cupola furnaces or induction furnaces. This is because grav. nodular or malleable castiren can be
manutactured with high eritical accuracy at a fow vestment cost. with minimial personnel
operating 1t (www.industrialmetalcastings.com. 2000). Rotary furnuce of [00ke to 300k
capacity have been designed and constructed ot Engineering Desvelopment Institute (1N
Akure. as a way of providing one ot the most important missing assocrabons - the metal
producing technology and buitding capacity n the toundry industries { Adevove, 200300 1t hax
been observed that considerable amount of graphite essential to produce miolten cast ron [rom
rotary furnace for Mg treatment and inoculation for ductile iron production i~ to some extent lost
due to oxidanon and mechantcally duc to high air pressure trom blower, This mml[icc\ ducule
cast ron melt of carbon equivalent of 2.0 % — 2.5% which in principle i~ hypocutectic and has

low flurdity and low nodule count.
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2.7 Production of Ductile Iron Processes

HEELLL -

Ld

3 The first step of the production of ductile iron castings is the selection of the charge materials
carefullv. Manganese and chromium have the great influence on all mechanical propertics
{Alasoluvi ¢ al: 2013). For this reason. their concentration in metal is of importiance. These
clements are usually introduced into the charge from steel scrap. iron units and returns, Tdeally,
the same advice would be given for Mn but, untortunately. all steel scraps contam N the
majority being at the 0.3 percent level. It is particularly important for the production ol terrtic
ductile iron. Charge materials result in the average size of graphite spheroids. The vast mugority
of ductite irons cast today are melted in cupolas and induction melting furnaces. Ductile o is
particularlv prone to the formation of primary carbides during solidification, One of reason for
this susceptibility is high superheat temperatures. [nercasing ot holding time oo furnace
inereases the number ot primary carbides too. The addition ol magnesium or magnesium alioy to
cast iron with the purpose of changing graphite shape from flake to spheroidal is an essental
processing step for manufacturing ductile iron. Majority of ductile rons manufactured today are
melted In cupolas and  induction melting  furnaces  (Bockus  and  Dobrovolskis, 20006)
Nevertheless, good quality ductile iron have been made from o rotary furnace. that was designed
and developed through indigenous technology ot Engineering Materials Development Institute.
Akure. Nigeria, This innovation ig directed towards providing the essential missing relation m
the metal producing technology and also a way of structure capacity i the foundry industries

(Alasoluyi et af; 2013},

2.8 Pattern

A pattern n casting is a replica of the object to be cast. used to muake the cavity into which
molten material will be poured during the casting process (Bavwa, 2004 and Ammen. [999),
Patterns used in sand casting may be made of wood. metal. plastics or other materials. A patten
difters from the actual component in the tollowing ways.

1. Itearries pattern allowances

i, It has provision for core prints
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2.8.1 Allowances

To recompense for any dimensional and structural modifications which will occur dunng the
casting or patterning process. allowances are usually made in the pattern. The various types of
allowances include contraction allowances ‘shrinkage allowance, draft allowance. finishing or

machining allowance. shake allowance and distortion allowance (Praveen. 2011 and Rao. 2003 ).
2.8.2 Pattern Making

The making of patterns is termed pattern making. It is a skilled trade that is mterrelated 1o the
trades of tool and die making and mold making. but also regularty incorporates elements of fine
wood workimg. Patternmakers leamn their skills through apprenticeships and trade schools over
many vears of skill. Although an engineer may help to design the pattern. 1t s usually a
patternmaker who carries out the design (Shelly and Joseph., 1999), There are vanous tvpes of
patterns depending upon the complexity of the job. the number of castings required and the
moulding procedure adopted. These include solid or single piece pattern. split pattern or two-
piece pattern, multi piece pattern, cope and drag pattern. match plate pattern. gated pattern,
skeleton pattern, sweep pattern. loose piece pattern, hollow board pattern and segmented pattern
(Shelly and Joseph. 1999). The key functions of a pattern are to produce the mould cavity ol
fitting shape and size, to produce seats for cores in which cores can be placed: and to establish

the parting surfaces and lines in the mould. to minimize the cost of casting (Radhakrishaa, 201 1),

2.8.3 Pattern Materials

Pattern materials are wood. metals, plastics. plaster and wax. The sclection of o pattern material
for making the pattern is intluenced by the following factors which are nuber of castings to be
made, method of moulding to be employed i.e hand or machine. tvpe of casting method to be
used. degree ot accuracy in dimensions and quality of surface fitush requured on the castings,
design of casting (Foundry Technology note book). Mahogany is the maost generaily used
material for patterns. mainly because it is soft. light. and easy to work. but also once properly
preserved it is about as steady as any wood available. not subject to warpmg or curling

{Radhakrishna. 20115,
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2.8.4 Pattern Design

A sand casting pattern is alike in shape to the cast product (but not exactly the samey The
dimensions of the pattern are ditferent from the final dimensions of the required owing te the
various reasons which include shrinkage allowance, tinishing or machinimg allowance. draft
allowance. rapping or shake allowance. distortion allowance. mould-wall movement allowance.
climinating holes. fillet, Pattern design can be treated as a series of transformations starting from

the product shape to finally obtasn the shape corresponding 1o the mould cavity (Ravi. 201 2),

2.9 Sand Preparation

Moulding sand should have good flowability tor hetter replica of pattern details. adequate green
strength to prevent its collapse during moulding. dry strength 1o prevent crosion and coilapse
during mould filling. sutfhicient retractoriness to withstand molten metal temperature. enouuh
permeability to allow entrapped air and gases generated mside the mould to escape. and
collapsibility for case ot shakcout. These are achieved by a suitable composition o sand.
binders, additives and microstructure. Silica sand 1s the most widelv avatlable and cconomical
mould material. The most commonly used binder s bentonite clay (sodium or caleium
bentonite). which imparts strength and plasticity to silica sand when water 15 added. Additinves
include coal dust (to improve surface finish by gas evolution at metal-mould wntertace). Tron
oxide (tor high temperature resistance). dextrin (for improved toughness and collapsibility . and

molasses (for high strength and collapsibility) (Ravi, 2012).

2.10 Applications of Ductile Iron or Spheroidal Graphite (S.G) [rons

‘The applications of the S.G. iron have improved extremely in recent times e the production of
engine c¢rank shaft. brake caliper, dise-brake anchor, brake anchor plite, machime-tool hed.
clectric imsulator post and cap. steering knuckle. rack and pinion of steerimy assembly. piston tor
impact drills, rolling mill rolls, moulding boxes and mould box clamps. brake shoe for heas
duty brakes. glass moulds. spacer cage for rolling bearing. piston vings and wod midl items

tAnita, 2009y,

17



i3

CHAPTER THREE

2 MATERIALS AND EXPERIMENTAL PROCEDURE

3.1

32

RESEARCH METHODOLOGY
The method adopted for this work includes extensive literature review. acquisition and
preparation of experimental materials, alloys formulation. laboratory  expertmental

procedures, testing and analysis.

EXPERIMENTAL MATERIALS

The following matertals were used tor the work:
1. Grey cast iron sleeve scraps as base metal
. Ferro-silicon atloy (F'eS1)
1. Magnesium-ferro-silicon (MglheSi )

iv.  Others are graphite. coal dust. bentonite and green moulding sand.

EXPERIMENTAL EQUIPMENT

The equipment used for this work includes

i tOO kg capacity dicsel — fired rotary turnace

b Digital weighing balance

i, Moulding box and its accessories

v, Instron universal tester

W, Nikon Ec¢lipse ME6OO metallurgical microscope
Yl Grinding machine

Vi, Polishing machine

vt Portable hacksaw

e Lathe machine and 1ts accessorics

18




3.4 MATERIALS AND METHOD

3.4.1 Pattern Materials/Making

Pattern was produced from the designed drawing or sketch with considerations given to all the
necessary allowances. The wooden pattern 1s ot diameter 600 mum by 250 mm i length was
turned using the wood lathe. The pattern design layout is as shown in figure 3.1 An overtlow of
diameter 80 mm by 250 mm n length and down sprue of diameter 40 mm tapered to dramcter 30
mm and 200 mm in length were also produced to ensure casy withdrawal from mould,
Contraction allowance of 1.5% was used to produce the pattern materials to avoud severe

shrinkage on the castings.

O
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(a) Top view
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{b) Bottom view (o Side view

Figure 3.1: Engineering Design of the Pattern using Pro-e software (Dimension: mm)
35 MOULDING SAND PREPARATION

Coarse silica sand for casting was sieved into finc grain size. [t was then mixed with water in a
correct proportion to make it moist. Binders and additives were added in a correct proportion to
give the silica sand strength and then tuse together properly. The mixing was done manually

based on the personal experience.
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Figure 3.2: Moulding Sand

3.5.1 Equipment for the Mould Preparation

Some of the equipment that were used for moutding process include: showell trowel L nddic.

rammer . draw spike. swab . vent wire, slick tool cfc.

i) Shovel: The shovel tool was used tor mixing and tempering moulding sand and for

packing the sand pile to moulding box.

f

Figure 3.3: Shovel

i1) Hand Trowel: Trowel was used to shape and smooth the surfuces of the moultd and for

doing smail repairs. They are made of steel and are refatively long and narrow,
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Figure 3.4: Hand Trowel
1) Riddle: Riddle tool is a screen or sieve used to reduce big sizes of coarse sands into the

desire sizes of fine sands.

Figure 3.5: Riddle
iv) Rammer: Rammer was used to compress the moulding sand. The hand rammer 15 made
of steel and resembles a handless mallet with one end flat and the other end blunt

edge.

Figure 3.6: Rammer
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v) Draw Spike: Draw spike tool was used to remove the pattern tfrom the mould and also

used tor rapping the pattern gently to loosen it from the sand to assure a clean draw.

Figure 3.7: Draw Spike

vi) Swab: Swab is made of foam and was used for applying water to the mould around the
coiners and edges of the patterns. This tool prevents the sand edges trom crumbling.

when the pattem was removed trom the mould.

Figure 3.8: Swab

vil) Vent Wire: Vent wire is a thin rod or wire carrying a pointed edee at one end and a
wooden handie at the other end. Vent wire was used 1o make small hotes cailed vents

in the sand mould.

q i a
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Figure 3.9: Vent Wire

viil)  Serapper: Scrapper is a tool made of metal and it was used 1o fevel the surtuce ol the

mould atter ramming.

Figure 3.19: Scrapper

1x) Bellow: Bellow is a vacuum device that was used to blow oft the particle sands from the

surface of the mould.

Figure 3.11: Bello

x) Moulding Box: The moulding box that was used for the sand casting wis made ot metal

and 1t consist cope and drag.
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Figure 3.12: Moulding Box

3.5.2 Moulding Materials/Practice

White silica sand obtained tfrom lgbokoda. Ondo State was nuxed with bentonite as the binder,
coal dust was added as carbonaccous material to increase permeability and water was reasonably
added to ensure mouldability and flowability ot the sand. The mixed sand was moulded m
moulding box of size 500 mm by 330 mm by 250 mm to produce moulds tor the ductile iron

cast. The mould was left to dry naturally for a day betore 1t was fire-dried.

3.5.3 Preparation of Charge Materials

Spark analvsis of the base metal (sleeve seraps) purchased from local vendor was carmied out
using Spectrographic analyzer to determine the elemental composition. The result 18 shown m
table (4.1). Also. the composition of the ferro- alloys: FeSio MgFeSt and Graphite as revealed by
the manufacturers are shown in tables 4.3. 4.4 and 4.5 respectively. The sleeve scraps ot grey
cast iron specification were carcfully sorted and cleaned to avoid contamination during melting
(Karsay, 1994). The scraps were appropriately sized with the aid of a sledge hammer o taclitate
casy charging and fast melting in the fumace. More so. the other charged muatenals including

ferro-alloys were pulverized into smaller sizes before they were churged o the rotary furace.
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3.5.4 Charge Calculation for Melting with Rotary Furnace

Table 3.1: Expected Chemical Composition of the Alloyed Ductile Iron

Sample No | C

Si Mo NP S #\L e
B | _ | ; o e | . |
A 3,253,500 1.5-2.50 1 0.03-0.15 \ O0.01-0.09 | <0005 0,005 (102005 Bal !

e | i & R o

To obtain in weight the quantity of the required metal scraps and alloying clements in order to
carry out the melting process. the formula in equation 3.1, as proposed by Khanna. (2009) and

Ziokowskia and Wrona (2007) was applied:

|

‘element in kilogram

charge or furnace capacitv! in the constituent (3

Weight of the ) _ ( weight of the total ] _ (fraction of element |
‘ (3

Given that the furnace capacity or total charge = 10 kg

)
4
]
"N

The targeted constituents for the alloy elements are: % Si = L8, % Mg - 0.04 and 0 €

Bearing in mind that there will definitely be loss of clemental constituent during melting. an
appropriate percentage addition was introducced to balance the charge composition. For the ferro-
allovs whose alloving clemental content exceeds 50 % (referred to as high value ferro-ullovs). ¥ -
LU 4 loss allowance is required during melting. while 15 20 %0 is allowed for low value terro-

allovs (Khanna, 2009 and Zidtkowskia and Wrona, 2007).

Henee. with high value ferro-alloy (Fe-73%q Siy used tor this rescarch. 10% of the ferro-alloy was
added to make up for the furmace losses incurred during melting. Alse 20% alloy addition was
introduced 1o make up for the loss incurred i the 3% Mg in the low value magnesium ferro-

allov used.

The quantity (in weight) of the ferro-alloys required in the furnace tor the vartous heats was

calculated thus;
I. For Ferro-73% Silicon Addition;

Weight of Fe-73% Si = 10 x (1.873 - 0.01522)
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= 0,094 kg

With 10% FeSi addition due to elemental loss in furnace:

5 =0.103 kg

[1. For 3% MgFeSi Addition;

Weight ot 5% MebeSi - 10 x (0.04°5)

—0.08 kg

= 0.096 kg

iIl.  For the Graphite Used:

= (0.1083 kg

With 20%; MgFeSi addition due to elemental loss n the melt:

Weight of 102 C Recarbunizer = 10 x (3.35/66 - 0.03002)

With 10% C addition due to oxidation ot carbon in the furnace:

27

,’5 = (.28 ky

Following the weight compositions obtained trom the charge culculation above for the
percentage compositions ot the ferro-alloys and graphite (carbon) used. table 3.2 represents the
summary ot the charge compositions required for melting.
Table 3.2: Weight Composition (kg) of the Alloying Eiement Charged into the Melt

[ R - T T ‘ - j

LCast Iron Scrap (kg) | FeSi (kg) | MgFeSi (kg) * Graphite (kg) |

- - Sy I
10 0.103 0.096 | 0218




3.6 MOULD

i
0.
I ' |
5 |
gt
Figure 3.13: Drag Box
o
: |
L :
;

Figure 3.14: Cope Box

The figures 3.13 and 3.14 show the Moulding Box consisting Cope and Drag used for Duc .

Iron Production.
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3.6.1 CASTING METHOD

Sproe—=e

| S

Figure 3.15: Schematic Diagram of Mould Produced

Ingates

3.6.2 Dimension of the Mould Scctions

Density of Molten Ductile lron =6.9% x 10" kgmm'
= Sprue dimension = 500 mm x O30 mm
Ingate dimension = 25 mm x 32 mm x 47 mm (2 locations)
Pocket dimension = 77 mum x 45 mm x 45 mm
Casting dimension = 300 mm x €360 mm
Riser dimension 300 innm x Q76 mm

Spruc dimension = 300 mm x O30 mm:

. 3 2. 2 T ;
V=rr-howhere D=2r.r=- V" =a=#h = 98175 mm

1 Ingate dimension = 25 mm x 32 mum x 47 mm (2 locations) - 27.600 x 2 = 73200 mm’
Pocket dimension = 77 mun x 43 mm x 45 mm I55.025 mm
Casting dimension = 300 mm x 060 mm: 1+ - (<, = 848340 mim’

29
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Riser dimension— 500 mm x @76 mm: 1 =27 = 2. 2685324

The volume of the mould sections was estimated by adding the volume ot the sprue. the ingates,

- pocket. casting and riser which gave a total of 4,329.864 mm.

Poured weight = Density ot the molten ductile tron x Total volume of cast
—(6.98x 107) x (4.329.804)

=30.223 kaor 302 kg

Cast weight = Density x V (Casung):where V (casting}) is the volume of casting
= (698X 10) x (34%.340)

—5.92 kp or 6 kg (approx.)

Sl ROTARY FURNACE

A 100 Kg rotary furnace s an example of a diesel-fired turnace which is very uselul m carrving
out operation having the following advantages. low cost of operation. fuel economy. tow cost of
manufacture, high thermal efficiency and low maintenance. It consists of a evlindrical steel drun
lined with refractory material and supported by a structural steel frame, i between two conieal
frustums. The primary heat source of the furnace could be cither @ natural gas burner or a hguid

fuel burner.
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Figure 3.16: Rotary Furnace (100 Kg)

30




3.8 PRODUCTION PROCESS OF DUCTILE IRON

A 100 kg capacity rotary furnace was pre-heated tor about sixty minutes (Lhr) before chargmg
the 60 kg of broken cast ron sleeve scraps and graphite. The inoculant (FeSi) was added
thereafter to the melt in the turnace. The molten metal was later tapped into the ladle which
contains nodulizer (MuFeSi) in the pocket of the ladle resulting m a violent reaction that was
observed for about 10 seconds before being poured into the mould to take the shape of the cavin

created.

3.8.1 Equipment for the Melting Operation

The equipment used for carry out the melting operation includes the following:

1. 100 kg rotary turnace:
1. Ladle:
1i. Ladie carmer etce.

3.8.2 Ladle Preparation

A ladle with 20mm mild steel sheet of capacity 40kg was lined with white silica sand bonded
with sodium silicate, pocket of dimension 100mm diameter by 50mm depth was combined at the
centre to accommedate the nodulinser. The sandwich process of ladle treatment was

implemented ftor the nodulization process.
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Figure 3.17: Ladle Design

Inoculation can be sately carried out in the range 0.2% to 0.75% tor heavy docttle ron castimys
(Alasoluvi et al. 2013): to this end 0.24%% moculant was used as benchmark for moculation m

mould in this analvsis.
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Figure 3.18: Furnace Charging Hole Figure 3.19: Ladle

Figure 3.20: Ladle Pocket Figure 3.21: Ladle Carrier
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Figure3.22: After Charging of the Materials Figure 3.23: Firing Process Starts

Figure 3.24: Melt Ready for Tapping Figure 3.25: Tapping Process

Figure 3.26: Pouring Process

Figures 3.22- 3.26 showing the Melting Operation Process of the Ductile lron production

inl00Kg Rotary Furnace and the Pouring Process from the Ladle into the Mould
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3.8.3 Time and Temperature Recorded

The time and temperature recorded during the melting process can be scen m the table

below:

Table 3.3: Time and Temperature Recorded after Charging

Time (minutes) Inlet Temperature (°C) . Outlet Temperature ("C) \
5 1.598 T T |
30 1659 ---} I T YT 7
45 Lood b RN
60 } 1.551 "_ o 1498 B

Preheating time was cstimated to be | hour with an average temperature of [300°C the
centre maximum tapping temperature was 1.6617C. whereas the molten metal in the Tadle

before being poured 1nto the mould had a temperature of [ 349°C

3.9 TESTING AND EXAMINATIONS

The various tests conducted were chemical analvs:s. microstructural exammation.

microhardness test and tensile test.

3.9.1 Chemical Analysis

Spectrography Analvsis in Materials and Metallurgical Laboratory at Pnnversity of Lagos
was used in the analvses of the two produced as-cast ducnle won samples. A small
section was cut out from the two materials and subjected te spark analvss to reveal ther

elemental compositions. The result is as shown n table (4.2 for the respective materials,
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Figure 3.29: Checking Process

Figure 3.30: Placing Process Figure 3:31: Closing Process Figure 3.32: Running Process

3.9.2 Microstructural Examination

Nikon Eclipse ME6OO metallurgical optical microscope of MO0 maximum magnifications
at EEM.D.L. Akure was used to carry out the microstractural examimation for the two as-
cast alloys samples. The micrographs for the two samples are showom plates 1,203 and

4.
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Figure 3.33: Metallurgical Optical Microscope of 800 maximum Magnification
3.9.3 Hardness Test

In accordance with ASTM E384 (Standard test method for microhardness of matenialsy the
hardness test tor the cast samples was conducted at EM.D.L using LECO Viekers Micro-
hardness Tester of model LM700AT of 30mHy. The microhardness values tor the two as-cast

sainples are shown in tables 4.8.

Figure 3.34: Vicker's Hardness Tester Figure 3.35: Specimen showing Indentation
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3.94 Tensile Test

The standard test samples were then prepared for mechanical test, Instron universal
testing machine at E.M.D.L. of SOKN capacity was used to carry out the tensile test. The

tensile values for the two as-cast samples are shown mn table 4.6 and 4.7,

Specification for Spherical Ductile Iron
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Figure 3.36: EMDI (ASTM) Circular Tensile Test Piece Standard 2-Step Grip
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4.0 RESULTS AND DISCUSSIONS

4.1

+.1.1

RESEARCH RESULTS

CHAPTER FOUR

Chemical Composition of Charged Materials

The spark analvsis of the cast iron sleeve scraps (the base metal) and the as cast ductiic

iron were carried out with the aid of Spectrographic analyzer and the results were

shown in table 4.1 and 4.2 respectively. The composition of the graphite. noduliser

and inoculant used were stated 1n table 4.3, 4.4 and 4.5 respectively with reterence o

the manufacturers.

Table 4.1: Composition of Cast Iron Sleeve Seraps Used for the Production of the Ductile
Iron (wt. %)

Fe | 93500 Al

C 3.092 Cu '
Si 1.522 T
Mn 0.749 ) t v

P 0.263 W -
S 0.03 INb

or 0378 Mo
‘NI 0.137 B
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Table 4.2: Composition of As-Cast Ductile Iron Produced (wt. %)

Element : Fe . C Si Mn P s [ o NI

Percentage Y% 9136 | 22465 | 2.156 | 0.1721 | 0.0735 | 0081 | 0.0545 01670

Element Mo Cu ‘ /_A_l_ﬂ_ Ti v W("iu 7NI) W

Percentage %  0.2564 | 0.1735 | 0.1465 | 0.0157 | 0.0075 | 00160 . 01007 © 2427

P, S —— L il e

Table 4.3: Composition of the Graphite Used

Carben % Ash % Volatiles %. i Sulprhiur %  Moisture Wy o
P S ; i
! 66.00 20.20 310 ‘ (.570 .10
: o | \ I e L

‘Table 4.4: Compaosition of the Nodulizer (MgFeSi) Used for Treating Cast Iron Melt

CODE | o "CHEMICAL COMPOSITION (%)
o Si Mg

Ca | RE Sh Al Fe

ZFSB-5 | 42 44 | 48-52

Moderate | 0.8 - 1.2 | Moderate 1.0 ‘ 3al.

lable 4.5: Composition of the Inoculant (FeSi) Used for Treating Cast lron Melt
N CHEMICAL COMPOSITION (%)
S RE Al Cu  Ba . Fe
72.5 75 | 1 : " Rl
A ]
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4.1.2  Micrograph of the As-Cast Ductile Iron

Plate 1: A X50 Plaie 2: A X1(0)

PLLATES | and 2: Micrograph of the as-cast ductile iron showing graphite nodules in
pearlitic matrix. Etched with 4% Nital

Plate 3: B X50 Platc 4: B X100

PLATES 3 and 4: Micrograph of the as-cast ductile iron showing graphite nodules in
pearlitic matrix. Etched with 4% Nital

4.1.3 Tensile Test Result of the Ductile lron Produced

Table 4.6: Tensile Test Result for Specimen A & B from the Raw Data

SalllpTEA 7 gaimiple B

Tensile Stress — Length (mm)  Diameter Tensile Stress _]._L‘ngl-l‘. (mmi - Diamter
(MPa) fmmy) {MPa) (fmm)

324 883 40 5 362040 A0 5
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Calculations

The caleulations that are involve tor Specimen A and B include percentage clongation.

percentage reduction and Yield strength.

Specimen A

The parameters needed for the percentage elongation. percentage reductions and the vield

strength 1n specimen A are:
Original Length (L,) = 40 mm
Final Length (L) = 45 mm
Ornginal Diameter {(D,,) — 3 mm
Original Diameter (Ds} = 4 nun
Load at Break (L) = 6379.05449 N

Area (A) = 0.19635 em™ = 19635 m”

LT

D= 3140 = ? 2
Aoy 1= =1 7 =1963 mm

= -

ot Sedal v wf _ g
Ap= o = ——— = 1286 mm”

. 58 2 Le=d, R % .
The percentage elongation (%) = = x 100 ¢y = - = x 100 %, =132.8 %;
- F Le =0
. N Ay~ Ar T ag=ds B8 - .-
The percentage reduction (%) ~ == x 100 & = = = ; —= % 100%:=35.96""
AC A 5 27

- Load at Bragk N 537 9 0548 . 2!

Yield strength = ——— 2" = =" — 3 2488 N/m"
Arsa im~ 1562 £
Specimen B
! The parameters needed tor the percentage elongation. percentage reductions and the vield

strength in specimen B are:

Original Length (L) = 60 mm
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Fial Length (L) = 70 mm

Original Diameter (D) = 5 mm
Original Diameter (D) = 4 mm

Load at Break (1) = 710881278 N
Area (A) = (0. 19635 cm” = 1963.5m"

Area (A)=0.19635 cm” = 1963.5m"

0 51475 2 2
A,=—= ——— =1963 mm’
‘j\!* = il = Slagie = = 1256 ]n]n:
- 5 2 . -, TC -6l P 3
I'he percentage clongation (%) = — x 100ty =——F = —"c * 100 % = 16.67 ©:

i e G 2
; 2k An— Ax 13 £3 -12 3¢ .
The percentage reduction (%) =— x 100 %; = — = - =« 10¢ % = 35 96
M0 HAC 2 Sl
Load st Braagk N “1CE E127 €

Yield strength - =

Araa im* 1563 Z

3.62048 N/ m"

Table 4.7: Tensile Test Result for Specimen A & B

- Material/Rate of Tensile Stress | % Elnngation to | ®oReduction | Time 1o Fracture
Fracturing (MPa) tracture Cof Area (s)
~ As-Cast Ductile Iron (A) | 324.8%3 125 777 TEsee iz 77
| AS7Cast Ductilc Iron (B) | 362.049 16.7 S 13500 . 144
| | |
! s 5
Average Values 343.466 14.6 35.96 i
— i —_ ] |
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4.1.4 Hardness Test Result of the As-Cast Ductile fron

Table 4.8: Hardness Result for Specimen A & B

HV : 1IRC

Sample A Sample B Sample A Samplt_'-[; o
349.9 342.0 ; 33.5 0 E
| 370.9 344.2 378 l 49
TN TR A
_36__1 34406 367 ”534.0 7
| ;
L Average = 352.95 HV  Average =358 HRC

4.2 DISCUSSION
4.2.1 Microstructure Examination

Plates 1. 2, 3 and 4 showed the micrographs ot as-cast ductile iron produced. The structure
shows mainly pearlite network around the ferrite ring with graphite nodules embedded inside the
ring. The addition of ferrosilicon as inoculant enhances the fluidity of the molten metal and s
also responsible for the formation ot the ferrite rings around the graphite nodules. giving rise to
BULLS EYE structure. Graphite addition functions as recarburizer which accounted tor the
carbon equivalent of the produced ductile iron. The introduction of the magnesium ferro silicon
(MgFeSi) serves as the nodulizer which is responsibie tor the transformation of the morphologs
ot the graphite flakes to spheroids (nodules), impacting a combined property of ductiliy and
strength to metallurgical overcome the brittle nature of grey cast iron necded in several

engineering application.
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4.2.2 Mechanical Properties of the As-Cast Ductile Iron

The mechanical test of the as-cast ductile iron namely- tensile test and hardness test are shown in
tables 4.7 and 4.8 respectively. The average hardness value of the as-cast ductile iron is 332.95
HV or 35.8 HRC. The average tensile test result obtained tor the as-cast ductile iron which s
343,466 MPa corresponds with the [SO standard tensile strength characterization of 350 Nmm”.
The percentage elongation of the as-cast specimen ot %614.6 also correlates with the 150
standard value with %22 maximum and according to Bishou. 2014, the tensile strength s the

common basis for the maternial designation or characterization.
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CHAPTER FIVE

CONCLUSION AND RECOMMENDATIONM
Conclusion

Ductile Iron that corresponds with ISO standard was successfully produced from
automobile siceves scraps (solid waste). The ductile iron material tind application
many engineering fields — it can be a direct replacement for carbon steel bars in a number
of gears in the automotive. hvdraulic. machine tool. and other mdustries. Generally. the
ductile mron casting produced can be widely used in industrial arcas most espectally,
agricultural and automotive in the production of components such as bushings. hrakes,
steering. crankshatt. wrenches. pulleys. brackets and cranes. This will further assist
building the our local technology and also reduce dependency of foreign importanon of

parts which have adverse eftect on the nation’s cconomy.

Recommendation

Whereas this work highlighted the conversion of automobile slecve seraps to ductile ron.
other scraps materials from machine parts that are disposed indiscrimmately in the
environment which contribute to the burden of solid waste could be venture o and
converted to other usetul engineering products. i order to minimize the menace of

environmental pollution which leads to numerous health hazards and mortality.
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