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Abstract - Foundry encompasses the principal activity of
making castings. Castings are products of the metal
founding industry (Foundry) and are manufactured in a
single step from liquid metal without intermediate
operations of mechanical working such as rolling or
forging. Foundry is an industry utilizing basic sinple
metallurgical processes with a wide diversity of ppducts.
It is the production of shaped articles by pouringmolten
metal into moulds made of sand ,metal, dies, plast of
parries, candle wax, etc. The greater part of thewtput of
the foundry industry consists of castings made in
refractory moulds, chiefly sand casting. Since the
properties of the moulding material remains crucial to
the production of sound dimensionally accurate casigs,
its selection and improvement are important. The
foundry properties of backing sand are green strenty,
collapsibility, flowability, refractoriness and
permeability. Green strength is the ability to get
compacted to a uniform density and facilitating the
pattern to be withdrawn without distortion or collapse.
Collapsibility is used to describe the readiness #i which
backing sand will breakdown in cleaning and knockiig
operations. Flowability defines the ability of theenergy
from sand compaction to be transmitted throughout he
second mass. Refractorines is used to describe thbility
of the sand to withstand high temperatures without
fusion or other physical changes. Permeability, wich
forms the main focus of the work reported in this @per,
is the ability of the backing sand to allow the seam of
gas to pass through the walls of the mould . Thisaa be
improved through the increment of the permeability
value. In a bid to achieve this increment, ventingvas
carried out on moulds made from two backing sand fo
different sizes used at the Lagos state universitipundry
facility. Four different sizes of venting rods were
introduced into the moulds and the permeability valies
were taken. The comparison between the permeability
values of the vented moulds vis-a-vis the non-vemte
moulds showed appreciable increments and also the
percentage increments with increase in depth, sizef
venting rods grain size, and number of venting hole We
conclude that venting increases the permeability \aes of
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backing sand, which leads to improved quality of
castings.

Index Terms - Foundry, Backing sand, casting, engineering
properties, moulding

INTRODUCTION

Backing sand is reconditioned sand used for rammiagn
part of mold after pattern has been covered witimfasand.
In metal casting, a loose, granular material highSiO2,
resulting from the disintegration of rock. Sanddfieally is
used to describe the size of grain and not the maine
composition. Diameter of the individual grains eamy from
approximately 6 to 270 mesh. Most foundry sandsnaade
up principally of the mineral quartz (silica). Thgsdue to the
fact that sand is plentiful, refractory, and cheap;
miscellaneous sands include zircon, olivine, chtemi
CaCO0g3, black sand (lava grains), titanium mineratsl
others. Sand casting involves the production of ainet
castings in molds and foundry encompasses the ggooe
art of casting metals, comprising the buildings amuks for
casting metals. Cores and molds used in the casfimgn,
steel, copper and aluminum products are createdgusi
foundry sand. Most familiar materials such as hamwand
hand tools, including girders used in bridge andicef
buildings had their origins at the foundry. Foundgnd is
the second largest industrial use of sand.

Foundry practice is an art of producing castingsting
is one of the oldest and most versatile processnefal
shaping. In this process, there are virtually reirigtions to
the type of metal or alloy that can be cast, algioit is
usually beneficial to use alloys designed for casti
Commercial casting alloys include alloys of irolyrainum,
copper, brass etc. There are different forms oftigs
processes, suitable processes are used for theoramon
production of wide range of number of castings.sTH
usually the most economic form of producing compuse
and parts at intermediate range. Good engineerogepties
and aesthetics of castings allow them to find &agilbn in a
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very wide range of Engineering products and orndaten jigs venting holes were then made to the sand samplle

works. The advantages of casting as a manufactprincess
are low tool cost, suitability of wide range of mieto the

slipping past. The sharpened end of the rods wed fisst
for easy penetration into sand. The other unshagend of

process, ease of complex shapes creation and ndesithe end of the rods was also used for complete (&S

versatility.
SAND CASTING AND FOUNDRY PROPERTIES

This is a most versatile process in the foundry iam&l used
to produce a wider range of castings than any atheting
process. In Nigeria where other processes arealliytabsent
(especially for high melting point alloys), sandstiags
constitute a very high percentage of the castimgslyred
locally. The properties of the moulding sand detees to a
large extent the type of metal which may be usedasi as
well as the properties of the casting produced. All-w
prepared moulding sand with the right propertiessga long
way in ensuring the production of sound casting.

One of the most important properties of mouldiagds
is its permeability. This is a term used to define property
of a mold material which allows passage of moul¥agases
during the pouring of molten metal. It is the ailof the
mould to allow easy escape of gases through itegpdtigh
value of permeability is necessary so as not strabt the
flow of the liquid metal into the mould. Most banki sand
do not possess adequate permeability; to rectify, tthe
mould is vented by making holes, in the hope tovalfor
easier escape of gases from the mould cavity.

There is no specific guideline for carrying ountieg.
Hence the practice varies across foundries, whiely e
attributed to the lack of understanding of the efeof
venting on permeability. The aim of the work presenin
this paper was to study how venting affects thengability
of moulding sand by studying effects of variatian the
parameters affecting venting such as cross settines;
depth and distribution of vent holes.

EXPERIMENTAL
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FIGURE 1 PREPARATION AND CONFIGURATION OF JIGS
SHOWING THE LAYOUT USED FOR EVENLY DISTRIBUTED
VENTS (A) AND FOR THE 2 — 6 HOLES SHOWN IN (B), (D), (E)
AND (F).

DETERMINATION OF PERMEABILITY, MOISTURE AND CLAY
CONTENTS: Methods of laboratory measurement of
permeability and related foundry properties haveenbe
reported [1, 2, 3, 4, 5 ]. Permeability in someses
involving wells, is determined by flowing air algthe long
axis of the plug, thereby obtaining the horizom@nponent

Four venting rods of diameters 1mm, 3mm, 5Smm anth7m of permeability if the well was drilled vertically.For the
were used. One end of the rods was sharpened apglesent work we use an available permeability méagu

configured to allow for easy entrance into sandveFi
different venting depth positions were marked othbends
of the venting rods. Jigs were prepared using aadb
material allowing for uniformity, constant distritban of

machine to obtain measurements. Grain size has been
reported to have effect on permeability. coarsengd
sandstones sometimes have permeability valuesegrisitn
values found in medium and fine-grained sandstomes.

venting holes and to ensure that the holes are lyevenunconsolidated sands, grain size is highly coreelawith

distributed and equally spaced. Backing sand wésated
from the foundry of the Lagos State University, bag
Nigeria.

pore-throat size and hence is highly correlatedh wit
permeability. The permeability of each vent holeliéferent
diameter and depth was then recorded. Each hole’'s

Sand was prepared by sieving and riddling, twopermeability reading was repeated thrice to test fo

different sizes, the first being 18® + 25Qum and the
second, 35m - 450um. Utilizing the facility at the Federal
Institute of Industrial Research Oshodi, a 150 gram
sample was weighed and then filled into a slippiogt of
2m diameter. The sand was then rammed three tionkeave
it compacted. The stripping post was inverted othe
electronic permeability measuring machine to obtdin
original value of the sand before venting. Using pihepared
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reproducibility and = 5% accuracy was obtained. §heen
compression strength of each sand sample was neglsur
after venting.

The AFS standard was used in the determination of
moisture content. A 50g specimen of sand is weigued
put in specimen tube. This is rammed three timeti an
height of 5.04 cm is attained and is indicated loa $and
rammer. If the specimen does not fall within thasige it is
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rejected. For determining the moisture content,wlkéhed
50g sample is poured into flask, one spoonful d€uas
carbide is added and the flask is tightly closelde Tlask is
shaken vigorously and the moisture content is feau the
visible dial gauge. In determining the clay contehe
weighed sample is poured into a wash bottle. 48frmater
is added with 25 ml of sodium pyrophosphate. Taeds

washer is used to aggregate the sand for 5 minttes.

bottle is washed by using additional water andvadid to
settle for 10 minutes. The water in the flask casipg now
a mixture of water and clay is siphoned. The prooceds
repeated until eh water becomes clear. The saddéd in
the furnace and the weight of the clay is obtained.

RESULTS ANALYSIS AND DISCUSSION

The results obtained show the variation of pernmighiith
depth of venting and with changing diameter of ¥kating
rods. It is shown, using specimens 1 and 2, that
permeability of the sand increases with depth efwtnting
holes (see Figure 2) as well as for increasing reunds
venting holes in the jig.
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FIGURE 2 PERMEABILITY MEASUREMENTS AT DIFFERENT
VENT DEPTH POSITIONS FOR 3MM SIZE ROD USING DIFFERE
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JIG CONFIGURATIONS OF HOLES FOR SAND SPECIMEN 1 @D
AND SPECIMEN 2 (BOTTOM).

Some changes can be observed in the permeabilitheof
moulding sand as the number of holes increasesthAs
number of holes increases, the compression stresfgthe
sand decreases. This results from the fact thatingen
weakens the compression strength of the moulde&sing
the depth of the venting holes leads to increaseh@ability
of the sample. It must be noted that there wagaifgiant
increase in permeability when the depth of the V¢ was
almost at a maximum, a condition almost resultimg i
bursting in the cavity of the mould. The compressio
strength of the mould was observed to decrease 69%
(from 40 to 22KN/m3) as the diameter of the ventiog
increases. The results of the sand tests which e@rpared
with those obtained from standard specificatiofdetm show
that the permeability of the sand produced for eash (70
— 200AFS) was suitable for casting; (i) medium decvy
brass or cast iron, (i) Casting of steel greendsand (iii)
casting steel dry sand facing.

The effect of grain size of sand on permeabildgy
important. The two sieves (70 AFS and 80 AFS) wese to
prepare two specimens for study. Coarse sand hes®
density and greater void spaces. Fine sand is swrgact.
Based on permeability alone, results showed tlas#nd to
be suitable for preparing mould to be used foriogsof
heavy and medium cast iron, green sand and stgdading
sand. It was found that it would be necessary toease the
low clay content or the amount of bentonite add€he
constant area option was investigated and used
comparison of permeability values obtained. Thiglwed
using different sizes of venting rods and differeatmber of
venting holes to explore same are of venting orspieeimen
and allow for comparison with reference to effeat o
permeability (see Fig 3). Values obtained for each
corresponding area are shown to be same, for exatinpse
for 3 mm diameter. Venting rod with 5 holes appnoaies 5
mm diameter venting rod with 4 holes. In the saramv7
mm diameter venting rod approximates a rod witiole in
area.

=y

Comparing the permeability of different sand sampiecan
be observed that the sand had different permegaltitinds
despite the fact that they were subjected to thmesa
condition of venting. This may emphasize the neeknow
the properties of the mould sand before effectieaiting
method is applied. All in all, however, it is ediabed that
venting favours permeability.

For the 2 hole jig configuration permeability vesu
follow the same pattern and is shown to increaseesdat
steadily for the different sizes of rod used. Ia tase of the
jigs with 4 and 6 holes, the onset of increase corwlier
and are much more pronounced. Although these are
preliminary results, it is not clearly understootiywthis is
the case and why the response for the 5mm and 7%dm r
are so different with the higher values as obserfeudther
works are continuing with the data and theoretioaldels
are being examined to explain this observationaiR@iships
have been obtained for the fractional increaseeimgability

September 3 — 7, 2007

International Conference on Engineering Education 4CEE 2007



as a function of the venting depth and also fogioél
permeability (see Figure 4).
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FIGURE 3 PERMEABILITY DEPENDENCE ON VENT DEPTH
POSITION FOR VARYING SIZES OF RODS IN THE RANGE 1MW
7MM, USING FIRST SAMPLE (SPECIMEN 1) AND DIFFERENIIG
CONFIGURATIONS OF 2 HOLES (TOP), 4 HOLES (MIDDLEND 6
HOLES (BOTTOM).

Coimbra, Portugal

In the case of the result presented using speciZnaquasi
similar shapes showing a gradual increase in pédyilitgas
shown for jigs with 3 and 5 holes and rods of siapsto
7mm. Beyond 4 cm depth, there appears to be aawser
(tailing off) of the permeability. This after-effeis still the
subject of our future study involving a number pésimen
samples.
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FIGURE 4 INCREASE IN PERMEABILITY AS A FUNCTIONDF
VENT DEPTH POSITION FOR 3 HOLES (TOP) AND 5 HOLERSJ
CONFIGURATION FOR SPECIMEN 2 SAMPLES.

For a given specimen, the permeability curves getal
display similar trend for different sizes and numbé vent
holes. From this it could be concluded that the lpemof
holes for venting does not seriously affects thengability.

The gradient of the curve at vent depth positloowss a
much slower rate of increase of permeability betwgem
and 3 cm ~ 7.5 for speciment. Whereas betweenhdept
position 4 cm and 5 cm there seems a factor ofincfease
in this value. This suggests that venting is imgioftat
greater depth for increased permeability of sample.
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CONCLUSION [8] Wensink H, Berenschot JW, Jansen HV, Elwenspoek 2000, High
resolution powder blast micromachining. In: Prodegsl of the 13th

. . - . IEEE MEMS Conference, Japan, IEEE, Piscataway|I$A,
The percentage increment in permeability of mowgdsand 769-774 P Y PP

increases with increase in depth size of ventingy grain
size and number of venting holes. By keeping thattdand
size of vent rod constant, the permeability is ioved. This
is achieved by increasing the number of holes. Semal used
was found to be as good as those sands currenfijoged
in some Nigerian Foundries for the casting of helarass or
iron, steel green sand and steel dry facing saadn@ability
is found to be dependent on number of holes, deptkent,
position or distribution of vents on the jig andahieter of
venting rods. Engineering properties of systemshsas
backing sand is useful in understanding materipfdieable
n everyday life. This facilitates knowledge andhtealogy
transfer and should encourage active collabordtietmveen
industries and engineering research institutionduding
universities. This should will in no small measuoomtribute
to improvement in engineering education especiaily
developing countries. In manufacturing processpe@ally
in relation to sands some effects have been studretl
reported [6, 7, 8, 9]. Sand with improved foundrpperties
could find use in the making of computers, consumer
products, communications equipment., manufacturing
industries, automobiles and by the military in sooases
involving the fabrication of micro systems.

[9] Belloy E, Sayah A, Gijs MAM (2002) Micromachining glass
inertial sensor . J Micro-electromech Syst 11@}%0
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