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ABOCTRACT

The effect of tempering time (i.e storing time after
preparation) on the n»nroperties of synthetio sands prepared fron
two clays, viz, Battatti and Kankara clays and Giwa river bed
sand at different noisture oontents was investigated,

Foundry moulding sands prepared from theso two olays vere stored
in airtight oontainers for different periodc of time after
preparation before being tested, The results of the
investigations showed that increase in tempering time does not
necessarily bring about significant improvements on properties
of these sands, However slight changes in properties of the
sand nixtures were notdood when the tempering time was inoreased
from 4 to 24 hours, While some properties were slightly
improved, some were impaired, The author oonsiders a tempering
time of about 12 to 16 hours suitable for storing sand nixtures
prepared from both clay sands aé{%hﬂ overall yimprovements were
obtained within this pgriod and also it is more oconvEnient to
prepare sand mixtures and store them overnight before used,

The effeoct of oation exchange reactlon brought about by
Na2003 addition on foundry moulding sands was another aspeot
investigated, The results showed that a combination of
improvements on properties of foundry moulding sands prepared
from Battatti and Kankara olays could be aoliieved by the addition
of small amounts of Ha2003 to the sand nixtures, The use of
0.1 percent lla,C0, is recommended for sands prepared from these
two eclays, Slightly higher amounts of N32003 than 0,1 percent

(about 0.2 percent) brought more improvements in some properties
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but higher amounts of Ha2003 will lower the refractoriness of
the pands as the meliing point of Na2003 is only 85200.

The efieots of using improvecd or beittor methods of
preparation to prepare sand mixtures containing different
percentages of Na2003 were also investigated, Five diifferent
methods of preparationy methods 1, 2, 3, 4 and 5 were usod to
prepare the sand nixtures containing different percentages ef
Na,CO, . Method 1 was the normal method where sand was nmlled
for 2 minutes dry and 5 minutes wet after a calculated amount
of water was added to the sand mixtures, lNethod 2 was rulling
2 minutes dry and 10 minutes wet continously (i.e inorease in
mulling time), Method 3 was two-stage mulling using 5 peroent
vater during the first mulling, airdrying the sand mixtures,
and then remulling with calculated amounts of watexr (using no
excess water during the initial mulling)., lNethod 4 was two-stage
mulling using 7.5 percent water during the initial mulling,
airdrying the sand mixtures, then remulling witl: calculated
amounts of water (slightly excess amount of water during the
initial mulling). l®thod 5 was rmlling with 10 percent water
during the initial rmulling, airdrying the sand mixtwres, then
remulling with caloulated amounts of water (using excess amount
of water during the initial mulling).

The resultc of the investigations showed that Lighest
subgtantial improvements on properties of foundry moulding sands
were goenerally brought about when method % was used to prepare

sand mixtures containing different perocentages of e, COq 0
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o

The greafefﬂﬁérf'éf ﬁhé Qﬁﬁﬁﬁé of the fouﬁdrfkinduafryll
congiste of castings made in refractory moulds, mainly in clay
bondad sand moulds, In progresaive foundries, it is | |
recognised that the foundry sand deserves as much attention éb
the metal to be cast, = - ' ' e .

Efficient sand control usually cuts the coet of tue
finished castings, firétly by anﬁuring th;t tﬁe'mdﬁlda are of
good quality, thus ninimizing the number of defective casbtings

attributable to bad moulds and, secondly, by aveliding the use

of unnecessarily expensivé ﬁbulding sand, o

Transportation cost acoounts Tor the méjor shafe of.tha
total cost of foundry senda, Therefore it is important that
offorts are concentrated ih‘.'éﬁﬂ;fituting.locally available
moulding materials for the ones obtained from far away places,
In such substitution, extensive laboratory vork is required to
arrive at the right moulding mixtures and this ie followed
by foundry trials, 2ut nost ogz%oundries in lligeria do not
have any sand testing facilities and they use thp sands
without knowing tineir propertiles, Therefor;.Uﬁgférsiéies and
Research Imstitutions wiih available research facilities should
concentrate on these areas in arder to help the foundries,

Previous investigations by llathew (1377} have shown that
some sand mixtures prepared from local sand and olay materials

are not of high enough quality to provide good guality moulds,

towT T I Lot b it . " T Lt Ty
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Therefore it booomes necessary vo investigate ways of
improving the quality of these sand mixturés. This wadk io
an effort in tuat line and it is carried out to study the

e

following |

1, Thoe effeot of Tempering Tine on the proporties
Bf Fomndary moulding sands;

2, The improvement of properties of foundry
moulding scnds by cation exchange reacition
brought about by I“I‘azCO3 additiocn,

S5¢ The combined effeots of methods of preparation
and cation exchange reaction brouvgnt about by
nazco addition on propertics of foundry

3
moulding sands prepared from local materials,
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C.APTEDR N0

POUITIRY IMOULDIIIG CALDSD AlTD DA PROFELTTES

2.1 The Ingredients of loulding Sands

The major ingredients of clay bondea moulding sads are
sand, clay and water, Jand is delined as tlie gramnnular
refractory particles resulting from the breakdown of rocks,
Moulding sands usually contain siiieca (540,), Sircon
(erm,}}, Olivine (2 (iigife)C.Gi0,), lullite (;.12033102),
Carbon or Chammote as base sand wiich forrs 65 to 95 percent
by weight of tte moulding sand mixtures,

Clay may be defined as a natural eartiy material whioh
hecomes plastic wher molctened, Clay consigts usually of
flalte~shaped particles th;at can De classiflied on the basis of
thedr structure and composition, Clay, whieh is ugually
3 to 35 percent by weight of moulding sands, binds or imparis
cohesiveness to gand particles while the wvater whdch is
usually 2 to & percent lubricateg and helps the clay to
develop i1te binding p»roperties,

Apart from these tixree najor ingredients, moulding sands
may also contain one or more additives betwveen O to 10 percent
which are used to inmprove some properties or to avoid certain
casting defectao,

2,2 latural and Synthetic Sands

Freguently sands are found in nature in intimate contact
with olay, and in those cases the sande~clay prixtures may beo

used in the as nmined condition alter adding Jjust the temper
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water, Suech sandc are termed llatural sands,
; Jandes are also found free of clay or it may be purposely

washed and separated from olay, Thése sands rmust be blended,

“. before used, with clay and suoh other materials as desired or

required, Such gands are called synthetic gands,
 “':€-Natura1 and Dyntlietic sands have unique differences,

A8 natural sands are used in the as mined conditiaon, they may
~oontain zome amowats of organic and inorganic matters,

- The efTect of thig is to reduce the refractordness of the sands
and may only be used for casting non-ferrous metals and cast
iron. Synthetio sands were originally exploited fox sieoel
foundry use bocause of thelr greater rofractoriness as
compared with netural sands and beocause of their lower required
molsture content, More recently however, aynthetic sands have
become widely amplicable for casting of other types of metais

aa they enable easy ocontrol of sand propertics, This work

deals with only synthetic sands,

.2.3 Functional Reguirenents of loulding laterials
| i Cervain properties are required of nmoulding sands beflfore

they are considered suitable for moulding purposes,

Moulding sands with good properties usually reduce the number

of defective omstings attributabhle to bad moulds,

In general tie following »nreoperties are considered important |

for any mould.aand.: 

(1) Green Ctrength

* One oi the prinoipal properties the sand mast provide to

the mould is the green strength, 7The need for giroen strength

4 I,I.
e v
i
s



-L‘ arises when the patterm is withdrawn and the mould must retain

3 its shape without distartion ox collapses The green strength
~¢énables the handling of the mouvld without brealage and must be
sufficient to provide resistance to the initial washuing of the
sand by the mnolién metal during nouning,

(2} Plowability

The flowablility of a moulding sand ic ité ﬁbility to.be
compacted effectively to a uniform density, The flowability of
sand may be controlled by exeroising controel over the shane of
the sand partioles, thne oomposition of the sand mix, groen

:fatrength, deformation and touglmess, The properiy tends to

 have an inverse relationship with the green strength,

(3) Dry Strength

: As the molten metal is poured into & green sand mould,the
sand in contact with hot met$2l quiciddly dries out, In dry sand
"moulding, the mould is dried in an oven hefore pouring,
.In either cane, the mould muct be able to withstand the erosive
forces and the pressure of the liquid metal, This property
is highly required in groeen sand‘praotice to avoid friability
should bhe mounld dry out on standing before casting;

- (#) permeability

One oi the greatesf pfoblems in casting especially in
green sands is the gas and steam evolved and displaced from tue
mould, When hot metal is5 poured into the mould, large |
gquantities of gas and stcam aro produced and also bet wetal
dtself would contain sore diossolvod posesy To pravide o path for

. the egcapc of these gases, permeability is an essential

Fa
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property,;giving nrotection againat surface blows and similar
defects, N .
(5) Toughness : I S

The sand shwuvld not be very brittie and should be able to
deform without rupture under forces applied or it during
moulding. This is especially important during the willhdrawal
of the pabtern, i | | . o

(6) nelractoriness . - S E

The sand should have high refractoriness or the ability
to withstand high tomperaéure wvithout fussion or any wwjor
physical change, This property is of very great ioportanoce
in the nanufacture of high melting point alloys, especially

L e e

_steel; "

(7) Thermal Stability

The mould surface chould be reolatively stable and
E
should not crack, or flake off under rapid heating when hot
metal is poured into ithe mould,

(8) High Temperature Properties : S

Depending upon the masa oi the casting, the moulding sand
may requive a combiration of luigh temperatiude properties;
ineluding hot.at;ength to withstand distortion, and capacity
Tor deformation to vield to the contraction of the casting.
Collapsibility determines the readimess with which the
moulding material will brealk down in kmoel: out and cleaning
operationsi'lﬁigh temperature tostz enable moulas o be
asgessed under conditions similar to those existing during

the casting and tixe cooling circle,



(9) rinich
. The mould surface ashould be of good surlace finidch in
crder to ohtain a scooth casting swrface without any

defect due to metnl penet:ration,

(10) Duwrabllity

! The sand ohould kave the capacity te witheltand repeatod
cycles of hoating and coooiing in intergrated oand aystom,
that is, it should be reusable,

2,4 lMethods of “Westing Jand Properties and fnparatuses Usad

. The foundry sand Iandbook »ublished by the Anerican
Co Joclety

Foundrymends/ (A,7,0) gives the standard way of testing many of
the sand properties. These A,#,5 standards have world wide
accoptance and many couniries Lave adopted A.F;S syotens lor
mapy aspeocts of sand testing, Thus for the purpose of -
this recearol: wor!i also, the A;F.S gstancdarde wore uvoed in
oot cases,

Detailed procedures for testing the various sand .
properties are nov givea here wc theyrare obtainable Ifrom tle
"operating Imgtruvetions? supplied by the manufaciurers of the
apparatuges, but The gereral prineiples and apparatuses used

in testing various weperties are given belov,

2841 lechanicul Analysis Test :

The object of tihwe mechanical analysiln veat ic to

. e p ntagz ol diff by o ol sal

deterrine thwe percentages of diflerent sizes sand

grains and tie amount of AL.F,5 clay wioieh tihe sand contzina,
The wochamnical analyeis is carried out in two astagens

(1} Clay content test



(2) Bieve analysis test

1. Clay Content Teat

o

Cne uajor difference betitwoen cleay and sand is tae grain
size difference, Accordinyg to A,F.0, narticles having silzes
below 20AM m are regardec as clay, but careful analysiec chows
that non olay narticles (L.0 particles whici: do not devele»
plasticity on water addition) are alse ircluded among
these particles, lence, tids kind of elay 1o called
PhAJF S o.l.a.y'- by American ifoundrymen'ts Soclety,

Plate I illuatrates the llidsdale-~Lietext Hapild Jand
Vasher used foxr tho olay content test eonduoted during this
work, The unit, by means of rapid agitation separatec the
clay partioles from tie sand grains, in a sand, The oliy is
held in sucpension, rernovel by means of & pypnhon, anc ic
determined by loss of weilght of the original sarple after
dryi:=g,

2, GSievo lLnalysic Test

The reaidue from clay coantent tdgt wos uscc for thdc tes
Tre Combs Cieve Shakexr and 2 got of Sritich Ttandard Uieves
vere used for the test, Negidue from clay content teel was
placed in the top ocleve, the macliine, through gyratory action
shakes and ensures unifor: distribution of malterial over the
vhole area of encl: sieve and the porcentage of material

retained on eacl siove iz determnined,

A set of cileves containc thw followins sieves;
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Aperture Sise (st m) Fofmerly‘lmsh o, Remarics
2,000 . 8 2 . :
. - o y ¢  Vexry Coarse
1,700 10 - J )
1,000 - 16 B Z .
719 < " 22 .ﬁt; { Coarse i
500 P o | 30 ) :
ST T lFediun R
150 . L 100 : 3 Fine '
166 ) ;%; 150 ° w_ﬁ
vs . T 200 . Coarse Lint
53 500 . o § o
pat . B “ j Fine G041t
P;ate IT shows the set of sieves and tlie sileve shalier uged for
this teot, T B
2.b,2 lioisture Con'ﬁ;ént Test - .

HModsture content of a foundry sand is exnpressed as
the percentage by welgiit of water present in nmoist sund widcly
can be driven off at a tewperature of 135 to 110
Moisture content nay be determinec by the loss of weipht after
evaporation, A4 505 of tempercd pample is weighed, dried at
105 to 11000, cooled to room temperature in a desiccaltor and
reweighed, lloisture content is expresscd 1n percent by
weidght anc is equal to btwice the loss o weigit noted after
drying the samnple, e
An ingtrument Lok the determination of nmoisture content

13 the Moisture Teller.
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£
In the Ainstrument, tkePe 1s provision for hlowing preheated adr

tnrough: tlie sand samplo, 4 weighed represernitative sammle of

Lo

the molet nnterial is placed in 2 specidal pam wilh DTluie gauze

S
base and ot alx et therngstatically controllied tenpereture ic

x

blown thwougihr it to renove the ncistire, Whon all $the nwisture
has boon Temoved, the sziple pan and oontents are cooled and
raveighed, Friron the lowe irn weight tiie porcentage moioture is
read directly oix $he dial of The special aciot balaice attashed
to the daoirument,
'E llivisture content may alse be deaterndned Dy means ol 4
.
cnanical roacotion, The inctrunent veed io lmows as the
Speedy Voisture Tespter, About Ty of sand sfuple is weighed
and plaoced i thwe ecap ¢f the tester, L measwn of Jine
povwdered caledua carbide s poured dinto the tester,
The teater ig then heold sideways and ecarafuily cqvurﬂd wittl
the c¢cap oonvaining tie sand sampile, The oas io then tightoned
properly, and the dastrument Drought to the werticul Locition
and then shalen well., 7Zae reacvion produces a measurasle
amount o acetylesne goa nmropertional o the ananmt of mofature
| in *tie sand, Feoistiwe ountent is read direotly Lo the
callibrated seale on “oe insirument,
The me jor advantagss of Speody lodsiure Teobfer ovor
Folgture Toller areg
(1) oot made with tihdc device is not affected
oy otlier volatile materiala,
(#) Toeot is fast, reasonably accurate, and deoed
no= recuire muoch okill.
Speedy Hodsture Toster wae used for moistwre Goterminaiion im

This project and is illuatrated idn plate ¥ri,



2.,k.3 Dengity Tect

The density of rmoulding sand can he detérmined by - -
Density Iidicator attached to the A.F.5 Sand Bammer,
165g of sand is weighed, poured into the specimen tube
covéred at the bottom with: a pedesta1 ;up, and then ramﬁed
with three drops of tie sliding. weiglht, The Hicedale-=Dietert
Density Ihdioa#qr attuoned to L,F.0 Sagd Rammer_uaqﬁ Tor this

I

projeot is shown in Plate IV, i

2.0 A, T.0 Standard Spocimen

The sptandard specimen recommended by American Ioundryuents
. . . .. . L - .

Scoiety (A;F;S} for various Poon fémperature tests it eylindiieal
in shape and has o diameter of 5,08cm (Rin} and a height of
5.08¢m {2in}, The correct weight of sand to form an L.F,C

P _
standard apecimen can he rehﬁiiy'obtained from tﬁé ﬁénaity
indieator, The ctandard specimen iz needed Ioxr testing greon
strength, dry strength, air Bathsﬁrength, toughness

ke

(shatter index), permeability and gmreen hardness,

24,5 Greon Ltrenpgtlh Tost } : R

Green Jtirength oX moulding sand rnoy be determined in
ocompression, shear or In tension, but the most often used test
iz the compresgslon strengtin test, GQreen compresaion strength
is obtained by applying o unilormly increasing load on a
stancard specimen until racture cccurs, The dodale-Lietort
Universal land Strength lzchine illuestrated ixn Dlate V wap
vsed for all strengtia tecto perforned in tlis project,

oo

2 ka6 Oven Mey Strempth Qest . hp .

The dry strength is aormally measured in compression,

The standard specimen is usually dried in an oven at spoodlio

PR - . K B ER
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temperature for a specified period of time., For this work,
the standard test specimen were propared in the usual way
and dried in a ventilated oven at 105 to 110°¢ for 2 hours,
They were then placed in thé. compression heads and the load
was gradually applied until specimen collapsed, The oven
dry strength was then read on the scale designated

'Dry Compression't,

Full mould drying isc usually accomplicshed in ovens
operating at specified terperatures, Come moulds lowover are
only surface dried, the pzactlice beidng intermecdiate betweon
green sand and full dry sand,

24,7 4ir Sei Cirengith Tost

Green sand whon left open to the atmospherce oan
eagily lceacwator and the surfococ and the edgoen becone
drys If the sand does not have suificient air setl sireagth,
the air dried sard becomes loose and can cause dirts or
inclusions ir tho ecasting, Thas it is sdvantageous to cheol:
the air set asirength in order tou avoid the use of sand with
low air set strengti, Otandard specimens (5,0%enm = %5,08cm d)
were prepared and allowed tn diy in the atmosplhiere thon
tested in the Ricdsdale~Dietert iversal Sand Ttrenzgth
Machine,

24,8 Toughness Teot

The mould slould not be brittle oo that satisfactory
1ift ioc obtained during pattern withdrawal, L nunber callied

the Cand Toughnesg ilumber (IT11) i usod in the United States
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G

“fo indiocate workability of sand,
The proeoduct of deformaticn and green strength is used as
tie index of tousghness,

Sand Toughness Humber (STN) = d x s x 1,000

% where d = deformation (in)
’ B = green compression strength
(The/in’ )

Thé deformation or plasticity of a moulding sand is determined
from the decrease in lengthh of the c¢ylindrical specimen during
the green coupressgsion test,

The shatter index 1s a further measure of sand toughness,
The Ridsdale Shatter Index Testor used in this project is
shown in Plate VI, Thils equipment is designed to allow the
free fall of an A,i,5 standard specimen (5,08cm x 5.080m d)
of moulding sand from a height of 1,83m (6t} onto a steel
anvil, By measuring the degree of disintergration of the
specimen the tougihmess or plaeticity is determined, A low
*alue cf shatter dndex indicates friability in pattern
withdrawal and subsequent handling operations, too high a
value may indicate unsatisfactory moulding qualities resulting
from excessive clay or water content, Values of 50 to 80 liave
been quoted by Davies (19530} as representing the nmouldable
range,

R,4,9 Permeability Test

; - Permeability is determined by measuring the rate of aix

pasging through o compacted specimen under standard conditions,

i ;

Ew L
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The“test fﬁr green permeability is carried out on an A;F.S
standard oylindrical specimen retained in the specimen tube,
B The permeability number, P, as defined by the A, .5, is
tﬁé volume of air in CmB/min passing through a specimen of
lom length and cross-sectional aree of 1cm2, under a piressure

difference of 1cm water gauge,

P = ¥h

1 .l -— 3 7 : : I ;i
m waere F = permeabllity

V = wvolume of air ml passing

fiﬁ%q_' e P ' through
';-;?é _ ' ﬁ | . h = height of testing specimen cm
63 Q; : ol .
;%, S ' p = pressure ¢f air in cm of
;é.ﬂ 'ﬁ}“ - . K water

N a = area of cross-section of
e T h c . . specimen in cm?'
t = time in minutes
The standeard method requires that 2000 ml of air should be
forced thfough a standard specimen (5.0801!1 X SJ._Dch) of aren
20.2680m2, thius substituting a values of ¥, h, and a and

meaguring time in seconds, the formula becomes

T air pressurc in com of water x time in seconds

so from the value of the time taken for 2000ml of air at a
knﬁwn preasure to pass through a standard specimen

(5.08cm x 5,080m) the permeability is determined,

| Alternatively, a permeability metetr with calibrated
oxrifices may be used to meter the rate of flow of air through

the sand specimen and by measuring the pressure between the

& N . . : - . -
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orifice and the snecimen, the permecahility may be obtained by
referring to tho attached table or the transparent direot
reading s¢alé. The Ridsdajle=Dietert Electric Permmeter used
for this project (illustrated in Plate VII) works on thig
method, :

2,4,10 Compactebility Test

The coppactability test is carried out in conjuction
with an A.F.5 sand ramper, The test neasures the decrease in
height of & riddled mass of sand 12,07ck (4{in) high, under
the influence of a standard compacting force,

By this neans the degree of temper oi sand can be
ﬁéasured and the water recguirement determined, Tie
Ridsdale=-Dietert Compactability Tester used Jor Yhile project
is illustrated din Dlate VIIT,

£y 11  Dlowobility Test

The Clowability oi a moulding sand as defined earliexr
ig dts ability to be compacted effectively to 2 uniform densitr,
The fleowability is measured by a dial indicator vwhich can
readily be attached to the A.TF.S5 Btandard Rammer such a way as
to measure the plunger movement between the Ilourth and the
fifth ram, If the plungexr Goes not decend any further between
the fourth and the £ifth ram then the flowabhility is 100
percent. The further ithe plunger dooends on IfTifti ram, the
lﬁwer the flowabilit&.

Plate IXN illustrates the RidsdalewDictert Fleownbility
Indicator used for this project., The geupe measures the

ability ol a sand te fleow and £ill uy mould interetices when

A
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sub jected to ramming,

2. h4.12 Green iardness Test

The green hardness test is similar tc the Brinell
Hardness Test = the softer the mould surface, the greater the
penetration of the probe into the mould, Ridsdale-Dietert
Green Hardness Tester used for this project is shown in
Plate X, The hardness number indicated is the measurement of
depth of penetration of the probe in thousandth of an inch
(0,0254mm) .

A mould offering no vesistance to penetration has zero
hardness anc¢ one that completely resists penetration has
hardness of 100, oOther types of hardness are available for
dry sands but are mueh less widely used,

2,4.,13 High Temperature Tests

High temperature properties are not dealt with in this

pro ject,

PLATE X3 RIDSDALE-DIETERT GREEN HARDNESS TEOSTER
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CELECTIOQII OF FCUIIDLY JAIID MATERTALG IEEER

The f;rst gtep in the preparation of moulding sand
mixturéé ié t;.aollect the ingredients;, the most essential
being sand and clay. Sand and clay collected from different
locations usually have different characteristics,

3,1 Base Sand Jelection

The sand comnoinly used for moulding is gilica sand,

It is usuwally found in river beds, lakes, sca shores and
deserts, Noulding sands ean alsoc be prepared using zircon,
olivine, chamotte, coke, dolomite, mullite or sillimanite
grains mixed with clay, portland cement, plaster of DParis,
petroleun residue or bitumens as binders. Silica (5i0,)

sand due to itsc wide availability is the base of the moulding
sand in which most castings are made, '

The base sand unszd for these investigations was rom
Giwa river bed which is aoccessible from Giwa village along
Zaria - Funtua road. Quite a large quantity of sand is
available at tihis location and commercial utilisation is
possible for at least medium sized foundries, Sand was
¢ollected at different depths from many locations of the
river bed area and mixed thoroughly toc have a representative
sample, VYhen a base sand is being chosen, the following

characteristics are to be consideredgm

L mn e

te The amoumt of clay present - . . ' ...

2, 0&ize and size distribution of the sand grains



3« Shape of the sand grains
h, Organic and dnorganiec dmpuritics prosont

Jel,e,l Clay Contgnt of Giwa;uiver Bed Sand

It is cssoentinl to havo knowloedge of tho olay
content in sand deposits ag this will be holpful for

deciding the amount of clay to be added Tor preparation of

the sand mixtures| The clay content of Giva river bod gand

was deternined using o Ridsedalo=Dictert Dnpid Iand Vasher

and was found to Lo about 0,7 porcent whici is satisfactory

for gsynthotic sand preparation,

3ale2 Size and Sizo Distribution of the Sand Groins

The smoothness of casting (surfacce finishj,
permeability ond to a lessoxr degree thermal stability,
refractoriness and strongth depend upon size and size
distribution of sarl graina: Elinination of large sond

grains is beoneficinl in improving the casting findish bLut

13
rosulis in doereasc of pernoabilitys Coarser sand particloes

have. large voilds boetwoen thom, thercefore provido largo

pormoability but poof'eurfaco finish{ The permeabllity and

surface finish seem to hove an inverse relation as rogards
siz¢e and size distribution and thoxefore roquiros o
compromisc botweon thom for the sand moulds to provide
casting of good quality. The use of the finost sand that
gives the required pormeability is good practice,

A closor distributicn of sand grains providos hipgher
permeability than o wider distributicn; Vhon distribution
is Wider} tho small grains £41l the voids of the Dbigrer

grains roducing tho pormeability;

. .

i

i

i
[

i
[




g

b

Can . k ) L .

_“#

e,

Dietert and Valtier (1933) in a joint paper state that fine
sand grains will have absolute conitrel of permeability of

.sand when they constitute 70 perceni or more by weight,
Th?refore, a 70 percent addition of finer sand pgrains will cause
ﬁﬁ;ﬁeability of the sand to reduce to the permeabiiity ol the
fine sand material added, SGimilarly the addition of upto

30 percent of coarse sand will have only a siight effect in
increasing permeability of a sand but will roughen the

casting surface, If the permeability is to be increased by

the addition of coarse grains, the percentage of the coarser

it 2

a'&radded should be more than 30 percent, In short, the fine
grains of a sand have a greater influence on permeability than
the cparser grains, | | |

L As the sand is ﬁéaééd, it expands almost uniformly until

it reaches a temperature of 57300 Tfollowed by a sudden
expansion at that temperature due to the crystal change iron

A to‘g guartz, If the expansion of the sand ecan not be
contained by the mould itegelf, the nould will become out of
shape or the mould will buckle or crack causing casting defects,
Parks (1971) says there is evidence that a uniformly sized

sand expands more and- 13 less thermally stable than a sand
containing grains of varying sizes, The reason is sajid to be
that in a wiflorm sand, all the grains in the surface layer of
the mould heat up at the same rate and reach 573°C and at that
temperature they receive the shock of the very rapid expansion
due to the crystal change, With a wider distribution, the

smaller grains heat up more rapidly than the larger ones and
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would be contracting slightly as the larger grains reach the
temperature of 57300. This reduces the sudden expansion at
the change noint and roduces the casting defects duc to the
sand expansion, For thie reason, fouxr scoreen sand where

90 percent or more of the sand is retained on foux adjacent
aleves each having morye tuan 10 percent retained on it is
generally recognized asc a ponular one,

Similarly, a coairse sand has less expansion than a fine
sand as the itHicker clay ccating on the coarser sand can
compensate the exponsion ol the sand grains, Decause of
this thioker coating, ccarser sand has also higher strength
than a finer sand for ithe same amount of clay when the amount
is not highs, But vwhere there is sufficient armount of elay to
coat n}l the sand grains ﬁell, the finer grains give a hiéher
strength as there are mere interparticle contacts., Iut the
effoct of sand grains is not very high and therefore, sand
grain sizoe contirol 15 never used to contrel the strength of
the moulding sgnds.

3e1.3 Size anw Gime bDistribution of Giwa [iver.3ed danc

o The residue of tic clay content tests wvere used to
ceonduct the sieve analysis test using the Comb: Sieve Jhaker
and a set of Rritish Standard sieves, The result obtained

is presented ir table 3.1,
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The above result can be represented with a har chart as shown

.1n Figure 3.1,

. . - . . . o
3.1.4 A F.S Grain Mneness Number for Giva Ildver Bed Sand 4*1

The grain fineness number is approXimately the number ol
meshes per inch of that sieve which would pass the sample if its
grain wexe of uniform size, that is the averapge sizes of grains
in the sample, It 18 obtained by multiplying the percentage of
sand on each sieve and in the pan, by the sieve number of lhe
saieve through which the sand has pidssed, adding the figures so
obtainedand dviding the sum by the total percentape oif~oend
grainp in.$he sand, ‘he grain fineness number of Giwa river~bed
sand is calculated ds shown in table 3,3,

The grain fineness number of Giwva river-bed sand sieved
| with 7104 m sieve was found to be 45 and the foundry sand xﬁ

grading classification of the sand is 6B as obtained {ron

Ekey and Winter (1958); The sand ise congsidered satisfactory
for medigmhand heavy castings.

3.105 wand Shapg

« - - Pour different shapes of sand are recognised in foundry
practice, they are round, subangular, angular and compound
shapes, Iound grain ls considered the best foxr foundry use,

Xt has higher flowability and requires less ramming energy to
pack into moulds, DBut round grains are very rare and ruch more
axpensive than the othera; Angular grains if well packed will
have higher strength than round grains but lesser permeabllity.
The compound grain is the most common but this sand usuwally

breaks up during ramming so that the expected permeability and
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TABLE 3,33 GRAIN FINEILESS JUMBED CALCULATIC: FOR RITER
o CAITD SIEVED JITIH ?1{.1}__:_!1: [P OL FO
Jand Tletained
Sieve 8ize mm Maltiplier |{Product
eight (g)]Percent (%) ]Cummulative
Percentage
1,000 0 0 o 10 o}
710 0425 05 Oe5 16 8
500 TeT 15,5 15.9 22 338,8
355 19,3 38,6 5445 30 1158
25C 11,0 22,0 76,5 Ly 96¢&
150 8,0 16,0 92,5 Go 960
106 1,45 246 95 .4 100 290
75 1,15 2¢3 977 150 345
53 045 0.9 00,06 200 180
PAII 0e35 0.7 9943 3Cc0 210
TOTAL 49,65 9945 9943
. Vi 457 o O
CLAY b 0,35 .7 100,
Grain fineness llo, = Total product = H'hqzﬁg
Percent OSand OSubstance SO,
= 45

other sand properties are affected and therefore are not suitable

for foundry use,

The

Giwa river~bed sand when examined under a low

magnification microscope was found to consist of mainly subangular

grains which is satisfactory for foundry use,
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Jelebse Cand Impuritico

The main effect of saﬁd impurities dis to lower the
refraﬁtoriness of the sand, Pure silica has a melting point of
1,70000 and 1is considered highly refractory for most foundry
applications. Dut impurities like organic matter, feldspar and
mica fuse at lower temperatures and lower the refractoriness
of the sand,

Giwva river-hed sand used Ffor this projeot did not contain
much organic dimpuriities but it was found to contain minerals like
mica and feldspar apart from the main mineral quartz or 8102.
Thus Giwa riverwbed sand may not be suitable for casting steel
and other high melting point alloys unless it is washed and
screened before use,

3.2 Clavy Seleotion

L Clay particles essentially are ocomposed of ydrous
Alumindium Silic;te and small amount of metallic ions substituted
in the orystal; They are ?1ake-shaged particles with very large
surface area and small thickness, '

The bhest clay for any symthetio sand mixture is that clay
which gives best combilnation of sand properties with minirmum
cost, The ?ain type of clay minerals in foundry use arc:

(1) lontmorillonite or Bentonite e _
e (2) xaeldnite . ..
e (3) madte .

-y, The best for fﬁundry use of these clay minerals is

montmorillonite because il has much {iner particle size tThan the

other two types of clays., NMontmorillonite clay gets hydrated
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easily and when moistened, it swells and coats the sand particles
more effectively than the other two clays, Because of this, |
montmorillonite is consijidered niore plastic than the othier two
clay'minerals;

Sand bonded with bpentonite usually contains, only
3 to G percent clay and 2,5 to 4,1 percent waterg illité,
5 to 7 percent olay and ko1 to 641 percent waterj kaolinite,
10 to 15 percent clay, 4 to 3 percent water, Hecause of the
low clay content and low water requirement of montmorillonite,
sand bonded with it is usunlly employed for steel casting and
for casting other high melting point alloya, .

The two types of clays used for this project.are loczlly
available and were collected from two diifferent locations,

They aret

(1) Battatti Clays This was collected from Battatti elay

deposit a few kilometers away from Bida in Niger Ctate,
(2) Xankara Clays This was collected from ifankara clay deposit,
a few kilometers away from lMalunfashi along Malunfashi - IIatsina
road in Kaduna State. e I

Fairly large deposits of alay have been found in these fwo
locations and ocomsuercial utilization is possible, According to
the information obtained Ifrom Geological Survey of [ligeria,
Kaduna, the Iankara olay is almost pure kaolinite type of clay
and Battatti clay ic also mainly a kaolinite type but contains
appreciable amom*;ts‘zﬁmntmorillonite ac well,

Fairly large duantitien of clay were collected_from_theae

clay deposits and ground to¢ fine particles by motariznd'

T
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grinder of the Fine Arts Department of A;B;U. Zaria;
The ground clays were later sieved through 2504 m sieve and
all larger particles were removed, It wag then decided to

perform the clay content test of the two types ol claya,

34241 ALF,5 Clay Content of the dwo Clays

A.F;S standard prooedure was applied to obtain ﬁhﬂ.
¢tlay content of the two clays and results are as folloﬁal
Battatti clay - 88,0%

Kankara clay - 80.3%

The residue of the clay content test was then used to
conduct the sieve analysis tcest of the clays, The result of

the sieve analysis is veprcsented In table 3Q4p

i
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TABLE 3,4: IRCPANICAL AUALYSTS OF BATTATTI AND FANKADA CLAYS

Battatti Clay

ankara Clay

Sieve Size Percentage Cutmulative [Percentage [Comnmulative
Aum Retained Percentage [Netained Peroentage

above 355 0 0 0 O

355 Okt O.4 0.8 0,8

250 0.6 " 1.0 1,0 1.8

150 EE I 2,5 2,4 4,2

106 2.0 b5 2.5 647

75 243 6,8 3.0 9.7

53 2,5 942 31 12,8

PAN Re7 12,0 6.9 1947

CLAY 88,0 100,0 80,3 100,0

3.3 Importanbé of Tater and Amount of Water Required in Ioundry

Hand dxtures

-
LR

Water is the third important ingredient of foundry moulding

sand, It affects almoat all the properties of the moulding sand

and sand quality; therefore control of the amount of water added

to a mouldii.x}g sand is extremely important,

-

T T

There should be just sufficient amount of water to plasticize

the clay,

If the amount of water is not sufficient, the clay will

not develop encugh plasticity and strength, If in excess, water

may be librated from the sand at an explosive

and other defects in casting,

rate causing blovs

Excenss water cun also lIead to

cagting oversize and overweight due to higher deformation of sand,

sogurce.

Thus as excess water is a serious/of trouble in casting, the

o R i s b an

Lo

P
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apount of water added is of extreme importance in preparatiOnI
of the moulding sand especially the ones to be used in the
green state,

The amount of water added depends on: : - §;

(1) the amount and type of clay

(i1) the fineness of the sand
?ff - - and
(i1i) the amount and type of additives,
lWater added to a sand mixture is absorbed by g
(i) the swface of the grains
(i1) the clay bond
(iii) the additives
Therefore the actual percentagé of water ﬁdded does not
_determine whether the moisture is enough, high or Low,

When the amount of water in the green state 1is just
sufficient to plastioize the c¢lay particles and procduoce good bond
strength, the sand at this modsture level is said to be ocorrectly
tempered or at the correct degree of temper, Some Moulders
t hrough experience are able to determine whether a moulding sand
mixture is at tiwe correct degree of temper or not by ordinary
hand feel, This is popularly lmown as Moulder'é Yandfcel, but
it is not impossible that the judgement of‘different nmouldera
for correct degree of temper of the moulding sand to vary,

Some investigators, however, have shown that oompactability
is a good indication of the degree of temper of sand and at
45 pereent oompactabiiity, the sand can be considered as

corrcotly tempered for green sand moulding. . : . 4.

bee A oab v
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In dry sand moulding, excess watertpap be used as.sand
gives better workability and highexr strengti at higher mdistﬁre
Jevels and there is no need for fear of blows and swellings as
the water is remcved before pouring.

3,4 Sand Additives

The principal constituents of a moulding san& mixture are
base refractory and the bonding material, but other spbstances
are added to confer sﬁecial qualities,

Additives are added teo sand for the following feasons:

(i) To improve certain properties maiply dry

strength and ioughness, .
(ii) To improve the surface finiéh of the oasfing.
(iii) To avoid casting defects such as expansion
&afects iiké scabbing} ratetailin- t:'l:c...'i

(iv}) To make shake out easier,

The common types of additives used for foundry purposes can be
classified as follows: . __; J;|” o - ;u,iét'

(i) Carbonaceous additives (facing additives)' __:

(1i) Cereal additives

(111} Cellulose materials (cushioning additives) ;?;

(iv) Fine additdives |

(v) Chemical additives

3.,4,1 Carbonaceous Additives (Facing Additives)

Facing additives such as coal, pitch, o0il and carbon are
all of carbonaceous in nature, Seaccal is generally 2 mix of
several high volatile low ash, low sulphur coals, ground to

different degrees of fineness, The cparser grades are used for

U
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heavier castings, 8ea coal retards the expansion and
inereases the hot deformation and also retards the heat flow
into sand, Solid and liquid asphaltio residues from the
petroleun cracking processes are also used as facing additives
to foundry sands, Petroleum hydrocarbons are available in
liquids and dry powdered form, These materials may be
emulsified so that they mix readily with water, This is one
form of facing additive that does not hindexr the tempering

of sand,

Piteh, & by-product of gas houses, in a dry finely ground
state, is a comnon foundry material used both as a facing
additive and a binder in dry sand moulds, ‘

Finely ground graphite and hydrocarbon powder may also be
added to a moulding sand to secure better castings.

All these additives are called f{acing additives because
they improve the surface finish of the casting, They usually
form a oarbonaceous layer on the metal-sand interface of the
mould, A reducing atmosphere is also formed thus preventing
oxidation of iron and henge formation of iron silicate in cast
iron or steel casting,

J.le2 Cercal Additives

Cereal additives of various grades (cereals, sugar, starch,
molasis etc,) find a defindte use in improving the moulding sands,
The oereal additive improves the toughness, green strength, air
set s?rsngth, dry strength and hot strength of a sand resulting

in better lifts and cleaner casting,
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J.4e3 Cellulose Material (Cushioning Additives)

Cellulose materials commonly referred to as wood flour
after grinding, are extensively used by foundries in their
sand mixtures to improve the casting eurface finish and
to reduce surfaoce defecté. Other types of cellulose materials
uaod are horse manure, grain husks and nut hulls,

Dietort (1954) in a paper stated that cellulose material
additives in the order of from 0,5 to 2 percent reduce the
dry, hot and retained strength and also spalling, The addition
of cellulose material to moulding sand will eliminate or
reduce the mould wall fractures, Due to the cushioning effect
of cellulose additive on the metal interface and the mould,
expansion of the movld which usually affects the cast part is
prevented, Shake out is also made easier,

3. 4.4 Fine Additives

The additives such as silica flour, and iron oxide may

be grouped into fine additive, In this group, one may place

s8ilica flour, zircon flour, olivine Tlour, fly ashy

alumina flour and iron oxide (very small quantity of iron oxide
is normally used so that the casting is not affected due to the
formation of iron silicate),

Silica flour is used extensively in foundries and the
effect it has on the mechanical properties of a sand should be
well known, The strength properties are affected as follows:
Green, dry, hot and retained strengths are materially increased
with increasing quantity of silica flour additives,

The sintering, green deformation, hot deformation, density and

expansion are all increased with inecrease in silica flour,
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Both permeability and flowability are decreased, Thus silica
Tlour may he conaidered largely as an increasing additive,
Olivine flour, if it were availeble at an econonmical
price, would find good use in thce foundry due to the fact that
it bhas no free silica; Other finely ground materials such as

alumina, boiler fly ash, jron oxide will perform as well as

silica flour, e ) R

iy Sk Lo LN

3.4.5 Chemioal Additives

The practice of adding chemicals to moulding sand is the
most recent_qxcp?t in sand used for magnessium casting where
the practice 'o;'jaéd'in'g? chenicals ia well established, In this,
the purpose is to avoid oxidation of magnessium metal and to
give a smoqth_casting surface.'-ihfz’wt

A nunber bf steel foundriagﬁafe adding sodiun carbonate to
the nmoulding sand, The pH value is held at or near 7,7,
When one changes the pH value of a sand, whether by an additive
or by the aoidity of watef, one should recorgnise that a p¥E
change can result in a base. exchange that will alter all the
properties of the clay contained in the sand,

For this research work, éodiuﬁ”carbonate was ugsed as a
cthemical additive to subject the sands to cation exXchange.

treatment and thus to study its effect on the properties of

S
the sands, . ":'3' A
G P A
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% CLAPTER FOUR

e

THE SFIECT O TEIMDIRING TIME Oli PROPYRTIES QI

FOUNDRY MOULDIIG S.1D3 FPREPLRCD FROM LOCAL 1ATINTALS

EI

£

3,1 ;ntroduction:

One ma jor factor to be considered“in the prepar;tion of
noulding sands is the time for which the prepared sand pdxture
has to bhe stored or left in closed occontainers before moulding.,
The storing period is called the tempering time and is highly
essential as a clay eannot develop all its binding properties
during the short period of mulling, : _ &

In the American Foundrymen's Societyié.foundry Sand
Handbook, (1952}, sixth edition, it is stated that for researoch
worlk, the sand mixtures should be left in air-tight containers
for 2 hours before being tested, Some investigators however
suggest that the sand mixtures should be left to temper overnight
before they are tested, | | )

It was therefore decided to invé;tigaté.fg sece how.the
variation in the tempering time would affect the properties of
foundry sands in order to suggest a suitable tempering time for
sand mixtures, Two local sand mixtures, Giwa river bhed sand 4+
Battatti clay sand mixture gnd Giwa river bed sand + Hankara
olay sand mixture were used for this purpose, -Qf’y

4,2 Experimental Procedure . .

The first step was to decide the clay to sand rutio for
preparation of the sand mixtures, Previous investigations by
MHathew (1977) on Battatti and HKankara clays showed that sand

nixtures suitable for a variety of applications can be obtained
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by mixing a base sand with 15 percent Battatti clay and
15 percent Kankara clay, It was thereiore d;cided tp carry out
the experinents using the same composition. . |
Davies (1950) has suggested that the sand mixture has to
be first mixed 2 minutes dry and then at least 4 minutes wet
after adding the temper water so that all the sand grains could
be evenly coated with ﬁonﬁ materials thus iwuproving the
strengbh of the sand mixture, But the degree of mulling to a
large extent wikl depend on the effioclency of thé rmaller and
the amount of sand malled at a time, TFor these investigations
therefore, it was decided to preparec all the samples by rulling
2 minutes dry andé foxr 8 nminutes wet after adding a calculated
amount of water to get approximately the required moisture
levels after preparation, for different Bamples; The calculated
ampunt was slightly in excess of the required armount for desired
moisture level 8c as to allow for losses due to evaporation,
initial wetting of the muller and other factors., Gand mixtures
were prepared in a Hdedale Loboratory Mill, with rotating
wheels alpwn in Plate XI; The sand mixtures were then talken out
and stored in air tight containers for the following tenmnpering
times before testing for the.propertiess .
(i} % hours |
{(ii) 8 howrs R _ ) S
(£ii) 12 hours ° . ¥  e, - i
{(iv) 16 hours o
(v} 20 hours

(vi} 24 hours




FLATZ XIYIs RIDSDALE LABCORATOXRY HMILL YITH ROTATING IERLS
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Sand mixtures weighing 2kg where prepared at 5 goisture levels

for esach of the tempering time, 4 total of about 60 samples

weore prepared and tested in these investigations, At the end

of each tempering time, the following properties of sand

nixtures were determined,
(1) Hoisture Content
(2) Density
fj) Permeability
(4) Croeen Compression Tirength
(5) oOven Dry Stwength
(6) air Set Ctrength
(7) Shatter Index
(8) Compactability
(9) Green Marduncss
(10) Flowability
4,3 Results O
The results of the invoetigations
in figures h;l to 4l6. The letter "T"

represent the valuos of the properties

are presented graphically
marked on the curves

at temper points,

These values at the ftemper podnts are again shown in Table 4,1,

and Table 4,2,
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TABLE 4,1: VALUES OF PROPERTIES AT TREMPER POINTS FOn RATTATIT CLAY SANDS
Tempering Tine (hours) - 4 8 1 12 16 20 24
Moisture Content % _, 540 S5et 543 542 S5el 542
Density gm/std specimen 165,.5 170,8 168.3 1€8,1 168.0 168.8
Permeability 149 79 130 132 99 28
Green Compression Jitrength AE«\BNU 59 a7 68 70 69 67
) oven Dry Ctrength (Ki/m-) 189 2% | 260 280 304 337
Air Set Strength ?m_q\smv 180 193 200 200 200 220
. Shatter Index ”“ 50 52 35 5h 54 5h
Compactability 45 4y 45 Ls L b5
¢reen Hardness 80 85 - 85 87.8 87.8 89.3 .
Plowability 80.5 1 8 | 79 7845 81 82
. - S
e e - 4 MVPMW  mWﬂw o u%w_ .Lﬁ.mw




TABLE L.%: VALUES OF TROFERTISS AT TEI'PER POTITS FOZ TAITZARA CLAY SAIDS

Tempering Tiwme (hours)
lloisture Content ¢}
Tensity gm/std specimen

Permeability

2
Green Compressiocn Strength{kN/z™)

Cven Dry Oirength AWﬁ\Bmv
tir et Strength O&Qﬁmv
Shatter Index
Conmpactability

Green Hardness

Tlowability

6e5
175 -
a8y
54
1720
| 230
51
b5
85.7
77

235
50
hs
G347
775

12
0.5
17565

G545

2Lo

E Rl v

i 2
.
c2

c
o
-
\n

20

1751

90.3
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L b, Discussion ol the Results

The results of the investigations are discussed below:

b, 4,1 loisture Requirement at Different Tempering iimest

As ocould be observed from the results, some sand
properties change witi: the tempering time, The changes in
other properties are not wvery significant especially after
12 hours of tempering time, The behaviour of Battatti and
Kankara olay sands are different with changes in tempering time,
The fact that the sand properties change with moisture content
needs po mention as it is well lknown, The moisture requirement
of a sand mixture will depend on its ocomposition, degree of
mulling etc,

In green sand moulding, as sands are brought to the
correot degree of temper before moulding, it is always better
tq compare properties of different sand samples at the correct
degree of temper oxr at the temper point, As discussed ocarlier
ig chapter three, compactability was used to assess the degree
of temper of various sand mixtures and at L5 percent
compactability the sand mixtures are considered to be at the
correct degree of temper,

Figures 4,2¢ and k.5c.rcpresent the compactabglity versus
moisture content relationship of sand mixtures prepared from
both Battatti and Iankara clays respectively at various
tempcr%ng times, Irom these two figgres, percentagea of water
required at various tempering times for sand mixtures to
reaoh correct temper pointe (45 percent compactability) were

obtained and shown in tables 4,1 and 4,2 respectively,
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The letter “1¢ markmﬁ orn compactability to moedsture ourves
show the modisture ooﬁteﬁt at temper podnts for different
tempering times;

There wag no noticecable change in weter requiremnent
{moisture content) at %omper points of Kankara clay sands ior
all the tempering timen tested; In case of Battattl clay
sands, waler requ;rament at tempor point changedslightliy but
ohanges wvere not.very significant, Vater requirencent ol
Badtatti olay aands_alightly inerecaged from 5.1 peroent av
L hours tempering timo to 5.3 percent at 12 hours tempering
time and then maintained a value of 5,2 percent Lor 16, 20 and
24 hours temmering times.
bob,2 Demsity

¥Mould strength partly depends upon elfeetive
compaction and partly, in the ocase of heavier casﬁings;:upnn
the meohanic?&nsupport derivod from the hox bars and metal
reinforoementél The generacl aim of compaction 1o to bring
the bulk denaity from ite looze valve towvards a value that wilt
provide adequave mould sirengih, Thus the donsity o
uompactivé#ﬁss of sand play important role in sand control
work, Changes in density or ecompaciiveness usually mesn
ohanges in some other properties like greoen sirength, dry
strength and permeability; | S ,;; w

Davies (1550) in one of his works showed fhat ;s ;ﬁé
denalty was increased, the green strength, green haxrdqens av.i
dyy atrength wero all jincreased but the permeability decrensed,

Density alsc has econsiderable elfeot on thormal oconduehivity of

......



- 54 o

sands, A dense sand has a higher thermal c¢onductivity and
provides increased rate of solidification of the casting while
a8 less dense or porous sand ncts as an insuléto: and restricts
heat flow, o  ?   R | | .

Figures 4,%a and 4;43 shéw tﬁe deﬁsity to moisture content
relationship of Battattl clay and Kankara o¢lay sand mixtures at
varjious tempering %imes, The letter "I" marked on the curves
ghow the density values at the temper points on these graphs
and their values are given in tables 5.1 and 4,2, TFrom table
4,1, it could be seen that the density of Battatti clay sand
inereased to some extent when the ftempering time was increased
from 4 hours to 8 hours, The mass of sand required for
standard specimen increased fraom 1065z to 170;8g. It then
decreased to 168,3g for 12 hours tempering time and remained
about this same level with further increase in tempering time,
Also from ¢able 4,2, the mass of sand required for standard
specimen for LKankara clay sands inoreased slightly from 175g at
4 hours tempering time to 176.5g at 8 hours tempering times
It then decxeased to 175.,5¢ for 12 hours tempering time and

remained about the same level with further increase in

tempering time,

[ S R :‘, PR I . Sam I . L RS

o

4,3 permeability ., . - . . .. L
As discussed eavlier in chapfef'two,'QermeAbility is
an essential property of moulding sands which mast be high
enough in value to allow gas and steam evolved during
casting to pass through the mculd; This 4is important to
protect the cast part ageinst suriace blows, gas holes and

e W wn . -

other asimilar dofoots,. . RN wvﬁh'@gwj;;}lﬁ
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The permeability to moisture content relationship at various
tempering times are illustrated in figures 4,1b and L, 4b for
Battatti and Kanlkara oclay sands respectively, The letter "T"
marked on the curves showed the permeability values at temper
points for various tempering times and are also given in
tables 4,1 and 4,2 respectively, For the two olay sands,
there were drops in permeability values at temper points when
the tempering time wag inoreased from 4 hours to 8 hours,
The drop in permeability of Battatti clay sand mixtures were
more significant as it dropped from a value of 149 to 79.
It increased again to 130 when the tempering time was increased
to 12 hours, The drop in permeability values for Iankara clay
sand mixtures was not so significant as it only dropped
between & value of 84 and 77 when the tempering time was
inereased from I hours to & hours, It then increased to £5.5
for 12 hours tempering time and gradually to 95,5 as the
tempering time was inoreased to 24 hours, The drop in
permeability between 4 and 8 hours is likely to be due to
increase in density values of these two clay sands between these
tenpering times, Increase in density values mey be due to larger
condensation of watexr usually noticeable on the container lids
when the tempering time was increassd from 4 hours to & hours,
To verify these results and its authenticity, this particular
aspeot was repeated about four times and almost the came set
of readings were obtained,

The maxirum values of permeability for the two clay sands

occured almost at the temper points,
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At tepper points, clay is believed to be stiffest ant keops
the sand grains further away from cach eother therchby increacing

the permecability.

f,4,4 Green Comprossion Strengtli

The green compression strength dis most ridely usoed in
gand testa; The green strength valuo incréases witlh inecrease
in moisture level to a maximum va{ue_after which furthoer
inorease in moisture level brings abouéﬂh doereasc in green
strength, - o e - S

Figures h.1c_and h;be shiow the green comprégsion strongbin
to moisture ooniont relétionship for Battatti and Kankara
olay sands for the tempoering times investigated, The letter
"T" marked on the curves indicate the grecn compression
strength values at tempéf pointe and.the values ares siown i
tables 4,1 and h;z. From these tables, it can be seen thet the
grecn compression strength values at temper points are EQkH/mz
for 4 hours terpering time, 6?kﬂ/m2 for § hows, 68kH/m2 for
12 hours and ?Okﬂ/mz for 16 hours temmpexring timo, Inereass isn
tempering time abova:16 hours brought about a deecreage in the
green strength valués;' In the case of Nankara olay sands, the
green compression strength was jﬂkﬂfmz for 4 hours, & hours
and 12 hours tempering times and deoreased Iron this value

: a2 e q*
when the tempering time was increased gradually to 24 hours,

bolho5 oven Iry Strength -~ = v o
The dry strength helps to withstand erosdwg. Turoes and
pressures of liquid metals when'potred into the wmould, The low

limit of the dry stroength is set by the eroding pover of the

: o
r,.P_"‘ AT
¥
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metal; The chances ol orosion”are increased by the heavinoss
of metal, high spead of f{low, sua.(ﬂ‘l.;}n sworves and impingomentis,
Dry strength is also roquired in green sand rioulding to avoid
friability should the rould dry out on standing before ocasting.
Figuroa 4;1& and 4,42 1lluctrate the ovon dry strengith to
molsture oontent relationships for Dattatti and Kankara olay
gsands at all tempering times investigated; The letter ¥
marked on the curves indileate the oven 4y strongth values at
temper points. These values are shown in bdablesz &;1 and 4,2
for Battatti anq EFankare clay gands reoupcctively, Trona tThese
tables, it.OGUIQIbQ geenr that the behaviour of the oven ary
strength values of the two elay scands with respect to the
tempering time is quite different, In the case of Battatti
elay sands, the oven dry strength incrensed gwradually from
189!:1\1'/!!12 Tor 4 hoursc to SBTRN/mz for Z4 hours tempering tima:
{(an increase of 78 percont)}, In the case of Xankara olay sands,
the reverse is the situation, The oven dry strengih of
Kankara clay sands decrcased gradually from 1720&N/m2 Tox
4 hours 1o 500kN/m2 for 24 hours tempering time {a decrease of
71 pereent), The oven dry strength results for Innlara clay
sands wvas initially thought to be due to oxperiemental error,
but the results were found to be valid as similar results were
ebtained whén these tests were ropeated ancther four tines,
In anycase, inecreage in oven dry strength of Battatti clay
sands with increase in tompering time ic an advantage as

Battatti clay sando generally has a low oven dry strengtih,

-3
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Lo ,6 2rdr Cet Ctrength

Green sand when left cpened to the atmospliere can
easily loose water and their surface edges become dry,
If the sand does not Lave s@fficient air set strength,
the air drted sand becomes looso and can cause
inclusions and dirt in the casting, Thus it is
advantageous tc oheck the air set strength to avoid
the use of the sand with low air set strength,

Figures L,2a and 4,52 show the azir sot strength to
moisture content rolationshipe for both Dattatti and
Kankara clay sands at various tempering times,

The letter "T" marked on the curves indiocate the air set
etrength values at temper points for all tempering times,
Thoase valuos are shown in tables 4,1 and 4,2 for Battatti
and Kankara clay sands resnectively, From these tables,
it could seen tlhat the air set strength values of
Battatti and I'anlara clay sands at temper points
increased with inecrease in tempering time but the
increases were not substantial, In the casc of

Battatti clay sands, the air set setrength values at

the temper points wvas 180kn/m2 for 4 hours, 193kn/m2

for & hours and 200 kN/mH for 12 hours tempering time,
The air set otrength after 12 hours tempering time did
not show any improvement for 1¢ and 2C hours but at

24 hours tempering time, the value was ZQOkH/mz.

In the case of lani:ara clay sands, the air set strength
values at temper points inoreased gradually fron

230kn/m2 for 4 hours to 260kﬂ/m2 for 24 hours temporing
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time;
Tn YSand Control! published by Marry i, Dietert
& Co; 2 mininum alr set strength of 140kﬂ/m2 for -
non = ferrous, light grey iron and malleable iron
castingg ZOOkN/m2 for mediwm and heavy casting; and
200 to BSOKN/mE (Cepending on the size of the casting)
for stdel are uuggested; This meang that at all
tenmpering tinmes tested; the values of air set strengbn
of Battatti olay sand was not high encugh for medium
and heavy casgtings, It is to be improved upon by same
other moans, Tempering time cannot help much in this
e . "

cnsoe,

I

b,k.7 Shatter Index

of
The shatter index is a measure/touglhmness, the

property waioh ald thoe satisfactory 1ift during
pattern withdrawal; A low value indicates fxiability in
pattern withdrawal and too high a wvalue, wiere not
needed, indicates unsatisfactory mould qualitiaes
sometimes from excessive clay or water oontent;
Mgurea I 42b and Ly5b show the shatter indox to
noisture oontent relationships for Battattl and
Kankara olay sands respectively for ~ll the temperiﬁg
times tested; The letter "TW marked on the curves
indicate the shatter index at tenper points for all
the tempering times, These values are shown in tableo
4.1 and 4,2 for Battatti and Kankara clay sands
respectively, Looldng through the tables, in the case

of pattatti clay sands, the shatter index values
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increased from 50 fTor 4 hours.t§”55.for 12 ﬁoura
tempering time and then decreased to 54 for 16, 20 and
2h hours tempering times. The shatter index values
of Kankara olay sands at temper points however did not
ahow any oonsiderable change in value with lncrease in
tempering time, but a alight decrease can he notioced,
The effect of tempering time on shatter index
as soen from the results {or these two clay sande
cannot be oondidored significant at all, Davies (1950)
has shown in one oi his works that shatter index of
value 50 to 35 can be congidered as mouldabloe range;

4,k,8 green ilardpess

In oxder to prewvent the mould *all dAlalation
and to withstand pressures of the molten metal during
casting, the mould surface should have sulficient
hardness. The relationship between green hardness and
nolsture content for various tempering times iz sliown
in figureo 4,2d and 4,5d for both Battatti and Kenkara
¢lay sands respectively, The letter "T" marked on the
green hardness to molature content ocurves indiocate
the green hardpess values for the two clay sands at
temper points, These values are shown in tables 4,1
and 4,2 respectively, DPFrom these tables, it can be
seen that the behaviour of green hardmness for the twa
clay sands with respect to the tempering time differs,
While in the case of Battattli clay sands, a slight
inerease in green hardness from 80 at 4 hours to 89 at
24 hours tempering timo was noticed, green hardness

PP

St
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values of Kankara clay sands at temper points decreased
slightly from 85,7 for 4 hours to 82 for 2/ hours
tempering time, A low hardness is responsible for
mould wall movement and erosion and this could be

ad justed by increasing the amount of ramming or
sqooezing,

b,4e,9 Flowability

The flowability of moulding sand is its ability
to be compacted to a uniform density wvhen ramming
energy is applied, The greater the ease of flowing,
the more readily will the various sand grains,
comprising a mould, flow together until all the sand
grains are in contact, 7Thus forming a continous
uniform mould surface, The flowability of moulding sand
has a very practical application in foundry,

It explains certain behaviour of moulding sands, and
provide a means of improving casting quality and
reducing the time of ramming, JHigh flowability will
improve smoothmess of the casting surface while low
flowability will contribute materially to a rough
surface finish,

Figures 4,3 and 4,6 represent the flowability to
moisture content relationships at all tempering times
tested for Battatti and lenkara clay sands respectively,
The letter "T" marked on the curves indicate the
flowability values at termper points and these wvalues are
shown in tables &,1 and 4.2 for Battatti and Iankara

clay sands rcspeotively,
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Prom these tableé, it can be seon that the tempering
time does not lLnve pignificant effects on flowability

of the two clay sands except for Kankara clay sands

- . L e

that showed & pllght increase with incraase_in tempering

ti[ﬂa’. E - '”

L o 5 Co:_’anlusi ong ¢

The results of the experiﬁenfs uﬁder conolderatlion
shaow that inocreagse in tgmpering time does not necessarily
bring about sigﬁificaﬁt imprd?ements ol properties of
foundry sands prepared frém-the two local clays
{(Battatti and Kahkara 61aya reppectively), s
However, slight changes in properties were noticed
-ﬁﬁen the tempering'time was increcaed from'h hours to
24'hou£é: wﬁile éome properties were slightly
iﬁbrbﬁed with increase in tempering tima, some other
- proporties were iﬁpairad. The type and extent of
clianges i£ propevties depend on the property, the
‘type of clay and'leﬁéth of termering time for whioh
- the sand mixtures are stored or left to tenper

In the czse of'ﬁﬂffatti-clay cands, properéies
like oven dr? strengtlhi, air set sitrength, green
hardness, green strength and shattef index generally
showed slight improvements with_increaée ir tempeoring
-time up to 12 houré, permeability however showed a
aharp decrease in value whwn the tewpering tine wag

incréased from 4 hours to & houre and increased agnin

“as the tempering time was further increased to 12 hours,

» -
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In the case of Kanlkara clay sands, aix aét'strengﬁh and
green conpression strength showed glight improvements
upto 12 heours temperi.g time, But green hardness,
oven dry strength, shatter irdex decreased witi: incresase
in tempering time, Pormeability, wvhen the tempering
time was increased f{rom & hours to 3 howurs, decrcaged
s1ighitly in value aad then started bto dnorease with
further incrense in tempering time. For the two clay
sandse, the property that ochanged moat was the oven dry
strongtii. Increzse in the case of Battatti and
decrease in the case f Hankara,

As the properties of sand mixtures prepared from
thess two clays changed aslightly with increase in
tenmpering time, the choioce of tempering time %o be usgerl
for storing sand mixtures gfépareg frow botlh pattatii
and Kankara olays should depend on the combination of
properties required,for g_pggtiOu;gr application,

e author however odnaidergla tampbring time of about
12 to 16 hours suitable for storing sand nixtures
prepaiod from these two olays for the'ﬁg;;Pying
reasonss - . .a .. % ,- ;pﬁﬁlgi ﬁJ'fnegpj;;_;fb_
._,; 1, At tempering time below 12 huurs,_thé_dnnsity
~of the two sands usually idancroase which in

e, e brings. about sharp docresmse in
permeability. Permeability being one of thn
essential properties of moulding sands, the

decrcase therefore, cannot be over~looked ar

this may mean the cast parts (especially hravy
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castings)} may not be protected against hilow
holes, pin holes and other similar defects,
At tempering time abowe 15 hours, the
improvements :m some properties are only
slight and as tisuchh :Etif’ther ineresage in
tempering time with an eye on achieving
more dmprovements on these properties will
only amount to lesas of 'bime". Therefore it
may bhe econcmically wnawise for any coantinous
production foundry to store sand mixtures
prepared from these oclays above 10 hours,
It is more oconvinient to prepare sand
nixtures in the evening and store thom
overnight for a periocd of 12 to 16 hours

before use to prepare moulds tlhe following

T

morning. A T ‘ { "
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CIAPTER NIVE . b

CATION LACIIAIGE TILIATLELTY CF LCCAL PQUIIDRY HMOULDIIG

SAITRG BY Tl ADDIITIGIH OoF NQZGCE3
e e et _,w&i.h_.
541 Invroduction iy oo

coEi

The practice of adding chenlcals to moulding sands is
recent in foundry additives practice, It atarted a little
more than a century ago, At that time 1little was !mown about
the exact reasons for changes occuring to clay due to chemical
additions; It was later discovered that chonges in sand
properties were due to cation exchange reaction taizing place
between clay particles and the solution in water of the
chemicalo added, It was thus found poseible to ohange tho
properties of foundry sands through changes in the clay by
use of chemicals, = o Ty i

Previous investigators like Booths (1948), Palvish (195C),
Zang and Grooth (1954), Touseman (1958}, Iormann (1959), eto.
have done a lot of worl: to show that sand properties and
castling qualities may be changed by the use of cheniconla
added to the sand but the amount and type of cuange would
depend on the type and amount of chewmicals used,

Also, investigations by lathew (1977) have shown that it is
possible to luprove !ligerian foundry sands by chemical
treatment; Based on these previous investigations, it was
decided to investigete the following: . “

(1) The response to chonical treatmeﬁf.gf IHgerian

foundry sands prepared from two loocal clays,

Battatti and Kenlara oclovs respectively,
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(ii) The optimum amount of chemicals to be used for
maXimum improvements,
(141} The relution of the omount of chewicrls %o be
used and the cation exchange capacity of the
foundry sands, -
But before the details of the oxperimental investigntions
are dealt with, it is essenticl to have a brockground
knowledge of the structure, other characteristics and bonding
aotions of olays to have theoreticnl agsessument of the

changes possible in sand properties due to chemical treatment,

Ba? Theoretical Baokground S

5;2.1 structure and Practical Jignificance ol Cloy Porticles

Chonical analyses of olays snow them to be composed
esgentially of silioa, alumina, wator, frequently with
appreofable quantities of diron, alkalies and alkaline earths,
The olay minerals are hydrated aluninium asilicates i,e oxides
of aluniniwum and silicon with smaller amounts of metzl ions
substituted within the orystal strueture, Clay minerals
generally consist of thin plate=iike particles having large
surface area, Non;olay fractions are normally granulasxr, not
flake;shaped like in clay minerals, The important properties
of eclays like bonding power and plasticity are believed to be
closely related to the flake-shaped particles, The plate like
particles of the clay minerals are cryatalline in nature,

The ooncept of orystalline nature of olay wminerals was first
introduced by Pauling (1930} and the atomic atructure of nost

miterols have now been studied in oconsiderable detnils, based
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i
on Pauling;é work, by nunerous investigatord; Tt is of geus
advantage to foundrymen if the crystalline nature cf cliay
minerals they use are well understood,

te Clay minerals are built - . f twn layers, a layer of
gilica tetraliedrons anc another of aluminiwi ooctahedrona,

The exact manner in which thesc layers are staskod togoether
ara different for different clay minerals, Three mnin grouns
of clay minerals coiwionly used in foundries are kaolinitc&gﬁ*
montmorillonite (Hentonite) and illite and the arrangsmoni o
component layers of these clay nincrals are discusser bolnirs

The Knolinito Clay lidneral Croup

-

: The structure of kaolinite was first suggested in gonsmal
by Pauling (1930); It wes worlked out in coma detailr by
Grunner (1332) and later rovised by Hrindl-~r (1946).

From thoir invcstigations; it wog found that thr stavatnonl,
unit of kaolinite orystal ds formed by the joduning ungnihnmr 27
2 8ilicon tetrahedral layvor and an aluminium octahndral

(gibbaite) layer aftor the replacement of appropriate nuaiam
of hydroxyl lona oa one side of the octahedral laynr hy
oXxygon iong at the tip of the tetrahedral units of thn
tetrahedral laver, 4z this struectural wnit comsists of e
gilica unit and one alumina unit, the kaolinite groun in rald
to have a 131 lattice structure (fig, 5.1)}.

The bonding beotween structural units in kaolirttns in
rather strong and is due to hydrogen bonding batwnor thn
hydroxyl iona of the alumina layer and ths oxyoe Lo of thn

silica layer,
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cationg when wetted, For this reason; montmorillonite is

gaid to have an oxponding lattice, Due to the wealr bonds
betweexn the structural uwnilt of montmorilllonite crystals, it
may easily be fractured to give porticles og small as
individual struotural units, The finexr clay particles thus
provide a largor effcotive surface area which in turn provides
it a largor bonding power, plasticity, capacity for expancion

S S

on wetting and shrinkage on drying, A

T1liite Clov lincral Group

BN

The basie structural unit of the illite group is the
same as that of montmorillonite oxecept that some of tho sllicon
in the tetrahedron are replacod by aluminium and tho
rooultant oharge deficienoy i1s mainly balancod by poetassium
fons held botwoen the structural units as shown in £ige Sele

Theso potassiwm iong provide o much stronger linkage
between the structural units of illite than in nontmorillondte
and consequaently water ocannot enter betwoon thwe units ag
easily ag in thoe case of montmorillonite and therefore the
illite crystals are loss expansive than montmorillonite
cerystals, The illite crystals can also grow into bigger
partioles than montmorillonite poartieles, Honce the proporties
like hydration, cation adsorption (also cation exchange)
swelling, shrinkage, bond strongth, plasticity cte, develop
less intensively in dllite than in montmorillonite but more
intensively than in koolinite.

S0, in general we can say thot clay particles nre made
up of plate;lika structural units and these astructural unilts

are held to one another with varying degrees of rigldity

: el
i i

RN Y
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depending on the particular type of clay. In some cases,
expansion between the structural units are possible upon
wetting causing and overall swelling of the elay particles,

In other types, plates are held more rigidly and little
swelling oocurs, All clay p- rticles, because of their fineness
of size, expose o large amount of external surface area,

But the swelling type of olay (montmorillonite) has a much
larger effeotive surfaoce area because of its mueh finer porticles
size and aotive internal surfaces, Because of this rexson,
montmorillonite type of cliay is superior to other types in
bonding power and plasticity and therefore superior for foundry
applications,

%e2e2 Cation Exchange

5024241 TIhe Source of liegotive Charge of the Cloy rarticle

Clay particles are negatively charged particles,
The sources of negative oharge of the olay variec Ifron one type
to another, In montmorillonite, it is mainly due to the ionic
substitution or by the renlacement of trivalent aluminium ion
(413+) by diavalent magnessium ion (M52+} from the interstices
of the alumina octahedral sheef, In illite, some of the
quadrivalent silicon (Sih+) ione in the tetrahedral sheets are
replaoed by the trivalent aluminiunm (A13+) leoaving a negatively
charged lattioe, But a2 considerable amount of these negetive
charges is balanoced by petassium ions whioh hold tlhe structural
units together, The main source of nezative charges in the
kaolinite group is believed to be due to the dissociction of

hydrogen ions from the hydroxyls exposed on
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the edges or surfaces of the clay particles and the
unsatisficd charges at the broken edges of the silica and
aluminium sheets,

5e242,2 Cation Exchange Of Clay particles

Jt has been clearly explained above that clay particle:
are neguatively oharged porticles being sorrounded by a large
number of cations, But these cations are loosely held and are
easily displaced by others, Therefore, they are called

exohangeable cations and the process is called catiom ~exol *
This ocation exchange is a reversible recaction, the
cations surrounding the olay minerals going into the solution,
and the cations present in the solution taking the place of
the cations that move out Ifrom the surface into the
surrounding solution, But the exchange capacity of the
different cations are different,

5:2e243 Determinction of Cetion Exchange Capacity (C,E.C!

And Zxchongeable Cations,

Accurate determinantions of cation exchange capaocity
in clay minerals is very difficult to acccaplish, One nethod
of measurement generally used is by saturatihg the clay with
NE'* dnd Bo* and detesmining the amount heid &% pH Te

Mensurement of ontion exchange capacity is done in terms
of milliequivalents per 100g. The term equivalent is defined
as that quantity whioh is chemically equivelent to 1g of
hydrogon (6,02 x 10%3 atoms of hydrogen) .

Determinntion of exochangeable cation composition is also

a very difficult problem, It involves the ocomplete replavement




- T3 -

of all exchangeable cations by some cation which is not present
in the sample, accurate anclysis of the solution obtained, and
the deternination of and suitable correction for the cations
that pass into solution from any insoluble materiesl in the
sample,

The cation exclhinge capacities of the three main clay
mineral groups as given by Grim (1968) are as followsg

(1) IXmolinite group = 3 %0 15 milliequivalent/100g
(11) T1lite group = 10 to 40 milliequivalent/100g
(iii) Montmorillonite group - 20 to 150 milliequivalent/100g

NeZe2 el Replaceability of Exchangeable Cations

Experiments carried out by previous investigators have
shown that under a given set of conditions, various cations
were not equally replaceable and did not have the same
replaoing nowver, Calcium has been shown to easily replace
exchangeable sodium, bubtthe same amount of sodium does not
replace muoh exchangeable calcium, As the cation exchange
reaction was studied, it became obwious that there was no
single universal replaceability series, The following order
of replacing power of cations is generally accepted,

i< Nate xte g < Mg~ t ca”t a1t ut
Replaceability of exchangeable cations is influenced by the
following:
(1) The valence of the cations
(11) The size
(iii) The degree of hydration of tihwe associated cations

(iv) Concentration of cations
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The valence of the cation has been found to have a
dominant influence on the oase of replacement;“

The higher the wvalence of the lon, the greatexr is itse
replacing power and the more dilficult it is to displace when
elready present on a clay; ydrogen however ic an exceptilon
since for the gost part, it behaves like a diavalent or
trivalent ioﬁ._

It was pointed out Ly Kelley {1548) that the replacing
power 1ﬁ$reﬁsés &ualitatively with atomico nwiber in lone of the
same valence; AlBo In ions of the gome valence, the replacing
power tends bo increase as the sive of the don increases, i;e
the smaller ions are iesa tightly held than the largex ions;
Alten and Xurmies {1931) presented strong evidenoe that all
the common ocations are hydrated and that hydration is
important in ¢ xobhange wroembtion,

The offect of concentration on cation exohnuge capacity
wag investigated by Nelley and Cummis (1921)., They Tound that
replacemont of Caz+ and Mg2+ is possible by increasing the
vonoentration of Na¥ in tie solution.,. Gedroiz (1932) podanted
out that the replaOement.of ca” ¥ and Mg2+ by NHE increoacged as
the concentration of HFE increased, Thus fron the foregoing
discussion, i1t can been seen that the valence of cations, size,
degree of hydrationlp? tihe associnted 4one and concentration
hiive high influence ;ﬁmreplaceability of exchangeable cations,
Figure 5;& siiows o schematic representation of cation exohange

reaction, " & " i

v
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5;2.3 Bonding Actions of Clayas dn Foundry Sandg and the

P— Bffcet of Type and anmowat of Cationsg

BeRedel Bonding Hetween (Clay Taxticles

Dry sand does not provide the necessary bond to hold
sand grains firnmly togethers bond ie doveloped only when clay
particles are hydrated; I the presence of wotexr molecules,

which tend to hydrolyse according to the reaction.

™o

H,0 2> K+ o, SEE S i
Clay particles preferontially absorb hydroxyl (Oﬁ') iong,
owWwing to unsatisfied valence bond at the surfaoe of the olay
crystal, and the clay;water particles become megatively
chargod, Tuese negative charges are balanced by positive
charges (cation) and &8 euch 6 olay particle can be considered
as being surrounded bylgn electrical double layor,

The second layer, the layer of cation, is not shiarply defined in

thickneoss and it extends some distance into the liquid mediun,

tiius alay partiole ié'said'to oomprise of & double diffuse
layer, A hydrated clay particle surronded by its double.
diffuse layer is ocnlled a clay nicelle, This is shown
schematically in Fdgure 5;5fi;f _Q o W; jl 5 Jﬁ '

fhen two olay partiocles oom; together, there will be
attreetion between unlike chnrges and renulsion between like
oharges and tiuis brings about a reoarrangement of the ions;
The rearrongoucnt of the ions causes localized concentrations
of anions and cationg, and, therefore the clay micelles beocore
dipoles (Dipoles are molecules which are neutral but in widch
the centres of pooitivo and negative oclwrges cre separated) an
shovn 1n Figure 5;6 witix fO{?SSIOf attraction between the wnlike

-t
.

s
e ke Y
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ions and repulsion between like ions stlll existing.
The magnitude of the force of attraction is represented in

Figure 5;7 as o funotion of intermicellar distance,

L+

R .

f:The dotted ourve represents the net niocellar Fforoce beltween
tweo micelles and this net intermicellar foroe is one of

Iattraction} The maximum intermicellar attraction force is at

a difgtance x ap seen In the figuwre, Vhen the distarnoe between

the micelles docreased from tho critical disbanee, the

Y]

repulsion foroes dnorease more rapidly than the atiraction
forces, Similarly to the right of point =x both attraction
} and xepulsion forces decrease and therefore the net attraction

i foroo between the micelles is less, In green sand, thers will

" be a net-work of micellar dipoles as stown in Figure 5.08.

i e e A v AT
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FIG,5.,43 SCHEMATIC REPRESENTATION OF CATION
EXCHANCE RFACTION

FIG.5.5¢ SCHEMATIC REZPRESENTATION OF A CLAY
MICELLE WITH ITS DOUBLE DIFFUSE LAYER

FIG,5,63 SCHEMATIC REPRESENTATION OF CLAY DIPCLES
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5,2.,3,2 Bonding in Foudry fand Mdxtures

‘l

4 Sand graine (quarts) also oxhibit bond between
themselves just as clay perticles, but to = very cmall extent.
Diran and Taylor (1952) esay that there are unsatisfied

{ positive and negative valeunoe bonds ot the froe surface of

quartz crystala; ydrated quarts preferably abksorbs hydroxyl

(OH) ions from water and thue have o layer of negative

chargea; To conteract these negatlve charges; it absorbs a

layer of cations and thus a double diffuse layer is Tormed

arpund the quarts graine just like in the cnse of clay
particles, Particles of sand {(quarts) thus also form micelles

i with intermicellar forca between them, but it is so low that
it eannot form & strong bond except & binder is_added;“

i . When foundry sands are prepared, a quartz - olay ~ woter

system 18 Tormed and there will be forces of attraction between

gquarts and olay'mioelléa and clay and clay micelles; N

i The sand partioles can be coneidered honded together malnly by:

. .. {i) Intermicellar force between quartz and clay,
and olay and olay,

(i1} The clay dipole foruing a contiious network

o el M A

;o . around sand partiolos (Fig. 5.9) and holding
partioles together mainly because of tlie net
attraction beiween the clay partioloéj

Depending on the type of clay, a certain degree of

% hydration is required tc develop the micellar dipoles through
§ _ :
¥ the eclay woter medium 4n a gand ~ clay -~ water gystewm,

This is why the groen strengtlh of clay bonded sand would



" PIG.5494 NETWORK OF CLAY PARTICLES AROUND
SAND GRAINS
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initially increase witﬁrihcreése.i;nﬁoi;fure content éo a
maxiomwn after widoi: further inorease in moisiure content
brings abvout a deorease in green strength., This 1s Lecause
after tids maximum veluve, further addition of water will oause
water to enter the spacec between the dinoles and to lroreasge
the senurution betwWeen the dipoles decrensing tie netb

e S s

intermicellar force hexnoe & decrease in groen strengtile

5¢2;3;3 Dy Gtrengti dn roundry loulding Sands E

In green sand moulding, the amount of water added is
usually higher than tho.éﬁo fequired for oritical digianoce X1
for mexiimum attraction {(IMg. 5.7). This is because there ds
a windmuom amount of water required to provide ocomplete
hydration of all theﬁoiéy particled; Jut this mininmuem anount
will be more than the amoumt reguired to provide the eritioal
intermicellor distanoe; Using less amount of water mecns come
clay nay not be hwirated hnence may not talze purt in the
bonding prooeas; Uren tie moulding sands are dried, the water
1e lost and the quarts and elay partieles ave Lrouziit oloser
together unitll the digtance lTor maximu: interanlcellar foraee is
reached henoa the sitrength ds ldghor and after tiis distance
is rencied, furiher drying ony not have any effeat on the

dry sirengtii, * o

5;2.3;& Jlay Propoerties and tie Type of Adsorbed Catjons

I the presence ol water, clay particles and oatiions
attraot wator and get hydrated, Thuo a water mll is forued
around tihe olay mparticlea and ceatione, The thiokness of

this wvater hull will depend on the type of oatiomn. Cotione lile

+ e e

ot and 1% form bigger water hulle arow:d it while =7 and Ca

e . .
ah e n ..

G
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are oonsidered the smallest and least hydrated lons., I1hen these
less hydrable cations are used, they ¢an‘approaoﬁ-the inner

layer of negative ions olosely and n;utralidb somne of the
negative chrrges reducing the repulsive foroces (usually oalled
Zeta potential) between clay p:-rticles and emabling the
particlen to apnropach each other oloéely to form large narticles,
The large narticles due to tleir combined weéight seltles down
leaving the clear water on topes 7This phenomenon is called
floooulntinn..‘

On the other hand, when cations attached to the clay
micelles are the highly hydrable type 1ike Ha¥ and Li*, they
can not approach olosoly to the inner negative charges beoause
of the large water hulls f2arge size), Thus there is loos
neutralization of the :égativn charges and therefore tie
repulsive forces (Zeta potential) between the cley nicelles is
bigher, Tiis ;revents close approach of cloy particles and
hence clay particles are left in dispersec ctate without
settling, This phonomengn is called Deflocculation,

Fron the foragoing disocussion, it coulC be geen tiat the
type of oations present in the diffuse layer ol clay have an
inportant bearing on tie moulding sand nroperties,

The floocoulation/defloooulation ability ol different oations
are as followe:
lia It Ca lg A2 E

‘-—m— —
veflocculation Flocculation
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As hydrogen has the highest flocoulating ability as seen
above, there is higher net intermicellar attraction force
between clay particles if the cations adsorbed in them are
hydrogen ilons, Jor Na+, the reverse ic the case as tle
repulsikve forces are higher and the intermicellar attraction
forces will be lecs, Thus hydrogen clay will give the highest
groen otrength In the group while lfa clay will give the lowest,
But in the case of dry strength, the effect is opposite,

Na olay will give the highest dry strengt: while I clay produces
the lowest, This is explained to be due to deflocculation of
clay in the presence of lla® which will malke tho clay nore
slippery and it will provide a proper ooating arounkl the sand
grains gilving a closely knit network of clay micelles araund

bhe sand partioles and on drying, these closely knit network

of olay provides very high dry strongti: values,

Investigations have further shown that nov only the green
and dry strengti: values of nmoulcing sands are obanged due to
adsorbed cations but also other physical properties, But the
exaot manner in wiiich the properties are going to change can only
be ascertained by experimental investigations involving cation
exchange treatment,

5¢3 Experimental Investigations

5¢3¢1 Uelection of Chericals for the Cation Exchange Treatment

Previous investigators have siown that foundry sands
would have better oharacteristics wiien the clay content present
ig sand is in a deflocculated state, iox deflocculation,

chemicals containing sodium are considerod better ac tley are
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The 8ation Exohange Capacities (C,E.C.) of the two clayas were
determined by lathew (1977) in his work at the Joil Sodience
Laboraﬁory, Institute of Agricultural Research, Ahmada Bello
University; Zeria and the values obiained ére as lolloway
(1) Dattatti clay - 642 milliequivalent/100g
(11) rankara olay - 3.4 milliequivalent/100g
It was thus deoided to nrepareo and test sands containing
Q0 peroent, 0;05 porcent, 0,1 porcont, 0;2 percont; 0,3 percent
and 0.5 peroent Na,C0,., The maximum of 0;5 percent was
fixed for the following reasons _ _
(1) The Gation Exohange Capacity of Dattatti clay
15 mbout 6,2 meq,/100g and that of iankara
clay is 3!.';l;..moq./100g. Q'e5 percent N‘e»zco3 content
aoctually represents 9;44 mog, for lia per 100g;
as - This amount is about 1;5 tinen C;E.C of Battatti
olay and 2.8 times that of Innkara clay and there
1s no doubt thot this will be more than adegquate,
Therefore ot this level of N&RCO

3!
the sands may be in a flocculated state and

the clay i=n

further additions may inorease thw flocerlation
st411 further,
. (2) Larger addition of ua2003 would lower the
refractoriness of the sand as the melting point

)
!

. of Na,C0, i only g52°%¢,

Por the two reasons given above, higher amounts of Ha2003
(above Cu5 percent ) wore not tried, Two lzilograms of sand
nixtures (15 percent clay + B5 percont sand) were prenared at
.five noigture levels for each H’aZCO3 percentage tried, -

AR L] EREEE



The following sand sanples were used for the test)y
(1) Five 2000g samples each of 15 percent Battatti and
Kankara clay, In the case of each olay, each .
sample was tempered to a different moisture level with
0 percent lle,C0q4
(2) Five 2000g samples each of 15 percent Battattd
and ¥ankara clay, In the case of ezoh clay
each sample wae tempered to a different noisture
level with 0,05 percent 1--1a200 *
(3) Five 2000g samples each of 15 percent Battatti
and Kankara olay, ™ the case of each oclay,
each sample was tenpored to a different moisture
level with O,1 percent la,C0,.
(4} Five 2000g sanples each of 15 percent Battatid
and Kankara clay., In the case of cach clay,
each sample was tempered to a different moisture
level with 0,2 percent Naacc .
(5) Pive 2000g samples each of 15 percent Battatti
and Iankara eclay, In the case of eaoh clay,
each sample was tempered to a different moisture
level with 0,3 percent TIE'.20‘O .
(6) Five 2000g samples each of 15 percent Battatti
and Kankara olay, In the case of each clay,
each sample was tempered te a different moisture
level with 0,5 percent nazco .
A %otal of about 60 samples were prepared from these two
types of olays and tested, Jamples were prepared in a
Ridedale laboratory Sand Muller by mulling 2 minutes dry, and
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5 minutes wet affer adding a oalculated amount of watexr
containing different percentages of Na200 « Distilled watex
was used for the preparation of all the samples ag it iso
generally considersd better thar ordinary tap water for
investigations invelving the use of chemioals,

At the end of the preparation i.e mulling;aand mnixture sample
were stored in airtight containers andworo left to temper for
about 12 houxrs before they were tested, The fellowing mronextiecs

¢f the sands were tosted:

(1) 1IMoisture Content S mg%ﬁ: %;
(2) Density ;: k;g
. (3) Permeability ;..;-'! ie;?
(4) Groen Compression Stréggfh. -
(3) oven Dry Strengbh | ;
(6) Air Set Jtrengih --;rqiw:rix :FL§1f¢ -
{7) &Shatter Index fﬂfggwéélhi i;
(8) Compactability ?JEQ@ ;jﬁ ii*'};i;f;?jka
(9) Green rhrdness tfﬂu”3¥”*'””ﬁ¢ *T”J¢1 ;;
{(10) Flowability v e .- 1;;
S5e3¢3 Results 94m?-ﬁﬁ%'ufiidg;.ﬁ:r:f;yﬁ;.ﬁy

The results of the tests are presented graphicclly in
Figures 5,10 to 5,15. Tue lottor *T" marked on the curves

show the properties at temper points for different

percantagoe of NHQCO-. ﬁ$»

W

The different properties at temper points of Bottatti and

¥ankara clay sands treated with variocue percentages of Ilaacq3

are presented graphically in Figures 5.16 and 5,17,
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5.3k Discussion of tlie Regults |
| Looking through the graphs, it can be seen cleorly |
that the changes in the properties of Battatti elay sands axreo
muoh more cignificant than the changes in the pronerties of
Kankara olay sandd; The larger changes in Battatti clay sands
ocoould be attributed to its larger Cation Exchange Capaoity,

!

Changes in each property will now be diacussed one by one,

5;3;4;1 Water oquirewment [

As couli be meen fromr the graphs, most sand propertles
change with the amount of Nagcoj added and the amnount of
water preaent} As discunsed ocarlier in chapter tiwese,
ocompactability wags used to assess the degree of temper of sand
mixtures for various perceniages of Nazcoj added and at
k5 percent compactability; the sand mixtures were oonsicdered
to be at correct desgres of tamper; Therefore from figures 5.11c
and 5;1hc, it io possible to find the water requirecment ox the
amount of water needed to bring the two cands at diflferent

Na,Co contents to the correct degree of tempar; These values

3
are represented graphioally against percent Na2003 in Pigures

5.16 and 5,17,

: Fron thege graphs, it is clear that tue amount of water
required to bring the two sands to the correot degree of
temper deereased with swall additions of uazcoj; Por both
Battatti and Janlkara olay sands, the maximum deorsase occured

at 0;1 percent nazcoj addition after whiolh further increase

in Nazco broughit about an increase in water recuirementas,

3

Battatti clay sande siowed a greater decrease of 0,85 percentg

while Iankara olay sande showed a deoreneeof 0.63 percent in’
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the water content at teﬁﬁer point; _

The deorease in water requirements is die to the higher
water adsorption caproity of vat ions, hen a small amount of
lie,C0, is added, ma*, which is more E}drable than ¥, A17%,
0a2+: Mgz+ ete, surrounding the clayes, replaces agone of thesde
ions and thorefore the clays get hydrated and fecl more wet with
smaller amounts of water, IJence the sand mixturcs feel wet
enough with smaller amowrts of nmoisture content, LAs the Mat
content is further inereased, some of thue 12 may not be
adsorped by the olay particles., Theso eXxoess ila? remedin din
the clay;water system and absorb water, get hydrated anc
therefore part of the water necded by the clay is lopt to these

ions, TFor this reason pand mixtures would need more woator to

feel wet eough when the ua2003 added ia high,

h el
St Ta

5.3.442 Demsity |
Densoity values of both Battatti and Kanlara olay sands

changaed with the addition of I'I'aRCO3 but the manner the ctanges
cccured wore different for the two typee of sanda} .

Plgures 5;10a and 5;13a represcnt the dewnsity to moiéfureizontent
relationships for both sands at different percentages of la,(0,¢
The lettexr "IV marked on the cwurves indiocatc the density values
at tempor points, Granhs renresenting these values against
percentages of Na2003 are shown in figures 5:!6 and 5;17;

IProm these graphs, it can be seen that the density waluos of
Battatti olay sands at temper points decreased up to 0;1

percont Nh200 addition after wailch furthor increasce in

3
Ha2003 poroentage brought about an incrcase in donsity values
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and approached the value for 0 percent Ha2003 content fox

0.5 percent Na, 00, adaition, Addition of upto 0.2 percent

Hazcos gonerally inoreased the density values at temper points

for Kankara clay sands, The density value then decreased with

further inorease in Ha,CC,. | |
The decrease in density may be due to improved coating of

sand grains with olay vhich doos not allow the sand particles

come clogde to one ancther,

5&3;4;3 permeability

‘ The permeability values of tue two clays have a
substantial inorease with the addition of sma}; amounts of
Nazﬂo'; Flegures 5,10b and 5.13b show the perﬁéability to

3
moiature content relationships at s3pilous percentages of

Na,C00, for Battattii and Mankara olay sands respectively. o

3
As beflfore, the letiexr "T" marked on the curves indicate the

permeability values at the correct degree of tampef; '\ i
Graphs of permeability versus Na2003 poroent addition are
represonted in figures 5.16 and 5.17, From the Tigures it oan
be seen that the maxinmum permeability values at tempor pointe

pocured at 0,1 percent Nazcos addition for thwo two clay sanda;

The permeabllity dncreased in an orderly wmanner from @

value of 121 (at the temper point } at O percent 11a, 004 to

143 at 0.1 percent Na,C0, (at the temper point); 3
Furtier dncrcase in percontage of Hﬂ2003 brought about a ?
deorease in permeabilityj the permoability valune of 0;5 percegt
Na2003
0 pervent Nazoqs;_ B | . L

addition being 118 wlich is leas than the value for -

S L ' . ‘ |

|
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In the case of Kankara olay sands, the permeability ochanges were
not so orderly, The permeability wvalue increased from 77,5 to
93;5 at 0,1 percent Na2003 and decowensed as percentage uu2003
addition inoreased to 0,2 percent, An increase in pormeability
of ¥ankare oclay sand could still be noticed as the Na2003
perocentage was inoreased from 0,2 to 0,5 percent but in no case
was it higher than the value for 0,1 percent nazcoj addition,

Mbgtantial increase in permeability with addition ol small
peroentage of Hazcos as seen from the results slhiows that the
permeability of a fine sand can be inoreased when treated with
small amounts of Ha2003 and thus can be used for hoavier casting
to obtain a good surfooe finisnh,

543,444 Green Compression Strength

The greon strength valuos of 3Battattl clay sands were
highly affected by na2003 addition but changes in Kanlara clay
sands were not very high, 3attatti eclay sands showed a decrease
in green strength value in an orderly manner as tie ua2003 content
wap inoreased from 0 percent to about 0,2 percent after which
further increase in na2003 content brought about an increase in
green strength values, The green strength al temper point of
Bagtatti clay sands decreased in an orderly manner from . ,
63.5kH/m2 at O percent nazcoj to 52.3kn/m2 at about 0,2 percent
1!&2()0:3 (a2 deorease of about 17 percent) and inoreased from this
value to 711«1:/::2 at 0,5 percent I-Iazﬁog which in aetual faot
is greater than tho value for O percent Na2003 addition,

For Kankara olay sands, at temper podnts, snall addition of
0,05 percent Nazco inoreased the green strength value and then

3
deoroased gradually as the Na2003 percentago was Ainoreased,
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The deorecame in green sirength value. of moulding sand
mnixtures treated with small cmount of ions having

deflocoulating ability 1ike Nat ions (as explaimed earlier in

———

this chaptor) is that there is less neutralization of
negative oharges and honoe the repulsive force (Zeta Potential)‘
between the olay micelle is higher and intermicellar attration

forove 1is reduced loading to & decrease in green strength# ; P

On the. other hand, if thore are oxcess Naé; tho decrease in green

strength will bo leoss or there may even be an increase bocause
of the reduction in the repulsive Iorces dus to excess amount of
positive ionﬂ; The results of the experivent with Dattattl clay

sands are oleerly in support of the theory; but changes in

¥ankara olay sands aro noi very conclusive}

5.3.4.5 Qven Imy Strength

Figures 5;10& and 5;13d reprosent the oven dry strength
to moisture relationships for Eattatti and ankara clay sands |
respeotively; The letter "I marked on the curves indicate the

oven dry ctrength values at temper points for different !

percentagées of Nach'; The values are pleottod agninst peroont

Ne,CO0, and are shown im figures 5e.16 and 5}17;

3

!
A
From the graphs, the oven dry strength of Battattl clay i'
sands is geen to ashow substantial dmprovement with the addition

of Na CO'; Oven dry strength at temper polint of Battatti olay

2
sand increased from 265Kil/m =t O percent la,CO, to 505KN/m° at
0.5 peroent Na, 00, (it is not very clear why tho inorsase in
oven dry strongth values still sontinued upto 0;5 percent

Na,C0, addition),
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In any case, the increase in oven dry strength is beneficial to
Battatti clay sand which has a low oven dry strength, 1In the
case of lankara clay sand, there is a dyrop in oven dry strength
between O percent nazcoj (Gsokn/mz) and 0,0% percent ;-;azCo3
(595kN/m2) addition after whieh the oven dry strength inorcased
to a2 maximum (695kN/m2) when 04,2 peroent nazcoj was added,

It oan thus be seoen that the inerease i1 oven dry strength
values of Battatti and Kankara olay sands treated with lia, GOy
actually proved the thoory that the replacement of leas
hydrable ions by higher hydrable ions brings about an inorease
in dry strengti: ns digousged earlier in this chapter,

S5e3elte® Alr Set Utrength
The air set agtrongth values of both Battattl and

Kankara clay sands shnowed substantial inerecese with small
addition of Na,00,., PFlgures 5,11a axd Y.14a show tihe grpahe

of air set strength to molsture content relationships for various
percentages of Na200 o The letter "IV marked on the curves
indicate the wvalues at tempor points and these velues are plotted
graphically against peroent Nn2003 npg seen in figures %,16 and
5.17,

For the two sanda, the naximum values of air set strength

at temper points were obtained vhen 0,1 percent Ha2003 was
added, (Though there were still increase at 0,% perocent whioch
is thought to be due to increcse d4n water requirements),
The air set strength of Battatti clay sands inoreasod from a

value 171knfm2 at O percent nazco to EEGkN/md at 0,1 porcent

3
I-Ia2003 (an inercase of 32 percent) and deoreased aa the perueatage
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of HNa is increased to 0,2, OCimilarly, the air set strength

2003
of ¥ankara olay sands inereased from 285kN/m2 at O percent
Na.aco3 to 355kn/m2 at 0,1 percent IIa.2003 and fhon decreased ae
percentage of Ua2003 is further increased,

The increase in ajir set strength of both oclay sands at low
percentages of I-J'a.zco3 addition further proves the theory that
the replacement of less hydrable ions in clay by more hydrable
ions like la% brings about a pubstantial increase in dry

strength,
5¢3.4,7 Chatter Index

I‘Ia2003 addition te the two sands brought about
significant increase in shntter index wvalues of both Battatti
and Kankara olay sands, 7Tho relationships between shatter index
and moisture content are oclearly reflected in figures 5.,11b and
5,14b, The letter "T" marked on the ourves indicate tie valueo
of the shatter index ot temper points and are plotted ageinat
peroent Nachj ag ghown in figures 5,16 and 5,17 for the two
sands,

From the graphs, it can be seen that the maximum increase
in shatter index at tempor points of Battatti oclay sand ocoured
at 0,1 percent r-raaoo. e Addition of 0,1 percent Ih2003 inoreapged
the shatter index of Battatti clay sands from 56 to 69; an
inecrease of aboul 23 percent, The slatter index valucos with
addition of higher percentage of Ii'azco3 was equally high,

It may be due to the fact that the shatter index is extremely
sensitive to water oontent of the sand and it increases
rapidly with increase in percentage of water to a maximum

value after which increase in water content brings about a
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decrease in shatter index, Thus it can be said thot addition
of Na2003 helps to improve the toughness of Battatti clay
sand if the moisture is not above certain ronge,

However, in the case of Konkara elay sands, the maximmum
increase in shatter index occured at 0,05 percent ”aZCOB'
Addition of 0,05 percent of Nn2003 incrensed the shntter index
of Kankara elay sands from 48 to 61, an increase of 27 percent
after which further increase in Hn2003 peroentage deoreased the
shatter index, At 0,3 percent, it is found tc be even lower than
that at O percent,

The increase in toughness of sands due to the addition of
smallanounts of Na2003 can be attributed to the capacity of
Nat ions to disperse the clay particles and mcke them to coat
the sanl grains more thoroughly. 4 more thorough coating of sand
grains with eclay allows the sand to deform more readily under
load or, in other words, increases the toughness of the sands,
Increase in toughness of both Battatii and ankara clay sands
by Na2003 ia a great advantage as the toughmesns of these sands
are gener2lly not high enough,

5¢3.4.8 Green lardnesg

Pigures 5,11d and 5,1hd represent the green hardness
to moisture content relationships for various percentages of
Na2003 for the two clay sands, The letter "T" marked on the
curves represent the green hardness values at temper points

and these values aro plotted agninst percent Na2003 in

figures 8,16 and 5,17,
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Gonerally; the greon hardness Tor both Dattatti and
¥Xankara clay sands decreased appreciably with increase in

Na2003 neroontage upto about 0;2 percent of na2003 addition

and thon estart to inecreose with further inocrease in the

amount of MNa,COC . Al 0;5 parcent IIa.?COB,

value {or Battatti olay sand 4g £8,7 and that of ankara is

the green hoardness

86, These values in actual fact are greater than the values

3
5.3?419 Flowabilitly

at O percent 1a,C0, addition which 1ls &5 for both olay candg,

¥ Flowability of tle two sands goenerally showed a
decrease with Nazcoj addition, The flowability to moisture
content relatdionships for both Battatti and Kankara olay sands
are shown in figures 5.12 and 5}15 respectively. The letter
?T" maried on the curves indicate the flowability values at

ocoorrect degree of temper for wvarious percentages of HaQCOj.

These values were plotited against percentages of Ha2003

addition and are shown in figures 5;16 anct 5;17 reapectively,
From theso gisaphs, it ocan be seen that the flowability values
for pattatti clay sand decreased from 79 at Q porcent Na2003

to 71 at 0;2 percent Ha,CO0, addition (a dacrease of 9 porcent)

3
after which further increase in I--thco3 poerceontage brought
ebout an increase in flowability., Similarly, flowability of
Kankara olay gands decreasod from 78 at O perovent lIazCO3 to
67i5 at 0;3 percent na2003 addition {a decrease of 13 peroant)‘
and further increase in Nachj increased the flowabdility, |
'! The decrease in flowability iz attributed to inerease

§
in toughness nas it is o well known fact that a tough sand does

not flow well,

!
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5¢3el4410 Choice of Adecuate Amount of Hachg_?or Foundry

loulding Sands pPrepared Ifrom Battatti and XKoankara

Cloys

From the foregoing discussions, it is clear that
addition of Na2003 to a foundry sand prepared from these two
local clays brings about a lot of changes in their properties,
Vhile some properties are improved, some are howvever impaired,
the extent of changes strongly depending on the amount of
Nazcoj added and of course alsa on the type of clay,

As the extent to which these properties changed depend on

the amount of Na?COS, the choice of the amount ofl Na2003 to

be added should depend on the combination of properties nccdod for

a partiedlor application,

However, as the general improvements in properties occured
at about 0,1 percent Ha2003 addition, thc use of 0,1 percent
Ha2003 is suggested for Battatti and Kankara clay sands to get
the best combimation of improvements in propertics,

5e3e5 Conclusions

(1) It is possible to change the propertiecs of
foundry moulding sands preparcd from the two
local clays (Dattatti and Kankara) by subjecting
the sund mixtures to cation exchange treatment
with Nazcoj.

(2) cation exchange treatment of sands with Nn2003

brings obout improvements in cexrtain properties

while ocone other properties however are impaired,



(3)

(4)

(6)

(7)

(8)
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4 combination of lmprovements in properties

of foundry moulding sands could be achieved
with the addition of small amounts of Na2003

to the foundry sands, The use of 0,1 percent
Na2003 is recommended for the sand prepared
from these two local clays as this amount gives
a general maximum change, (Higher amount than
0.1 percent may bring more improvements in
some properties but this will also lower tlhe
refractoriness of the sand),

Changes in Battatti eclay sands are more
significant than changes in Kenkara clay sands,
The larger change may be attributed to its
higher Cation lixchange Capacity than that of
ifanikara clay,.

Vater requirements of moulding sands prepared
from these two clays are decreased when small
amounts of uazcoj is added,.

Permeability of the two sands are inecreased

by the addition of small amounts of la,CO0.,.

273
Addition of small amounts of Hazcug to sands
decreanse their green strengthy This is more
noticeable in Battatti clay sands,

The oven dry strength eof the two sands are
improved substantially by sodium carbonate
addition, Improvement is more noticeable

in Battatti clay sand and this is advantageous
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as pattatti clay sands generally has low oven
dry strength,

(9) The air set strengths (upto 0,1 percent naacob
addition) show significant improvement for the
two sands,

(10) Green hardness and flowability generally
decrecased with addition of Nazco ¢« The decrease

is more at lower percentages of 112, CO, o
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CHAPTEN: SIX

THy COMBINED EFPECTS OF MOTIICD OF PREPATRATICH

AIID CATION EZCHANGE REACTIONS BROUGHT ABOUT

BY Na

2(!03 ADDITION Olf PRCPERTIES OF MOULDIIG

SANDS

6,1 Introduction

The importance of proper mixing to improve some sand
properties have been known to foundrymen for long, It has
been found that the use of an efficient muller oxr increase in
mulling time can lead to a thorough coating of the sand grains
by bonding materials, A sand mixture which is thoroughly
coated with bonding materials is capable of giving high strength
and toughness and some improvements on other properties,
Investigations carried out by liathew (1977) have shown that
improvements oxd properties of local foundry sands are possible
by special preparation techniques.

Also as mentioned in chapter five, it is possible to change
the sand properties and casting qualities by the use of chemicals,
Investigations carried out as discussed in chapter five on
foundry sands prepared from local materials showed that it is
quite possible to improve the properties of Nigerian foundry
sands by the use of chemicals,

Mathew (1977) has also indicated that the properties of
local sands could be further improved by a combination of an
improved method of preparation and Na2003 addition, Based on

these previous investigations, it was docided to investigate
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intolthe details of how foundry sands would behnve when a | ;
combination of improved method of preparation and Na2003 .
addition is used to prepare the gand mixtures, Mathew (1977)
investigated to see the behaviour of eertain properties of
moulding sands when the sand mixtures are prepared using
improved method of preparation with 0405 percent Na2003
addition to the sand mixtures, In this particulaxr work, it was
decided to investigate the effects of four other methods of
preparation for sands treated with six different percentages qf
Na200 additive#. ; :

3

G4 Emperimental'Ihvestigations

Tn experiments dgscussed in chapter five, a method of j
preparation in which the ingredicents, sand and clay, were | i
rixed for 2 minutes dry and forxr 5 minutes wet after adding

calculated amounts of water in which desired percentages of

Nazcoj have been dissolved was used for preparation of the
sampless This method is connidered os the normal method and can
be called method 1, Aftor the experiments with the sand samples
prepared by this method; it was decided to investigate to see
vwhat will happen if sand mixtures containing 0 percent,
0;05 percent, 0;1 percent, 0,2 percent; 0.3 percent and ; ;:
0.5 percent are prepared by four other methods of preparation
(methods 2, 3, 4 and 5) as described below, _ SN
Method 1: Mixing the ingredients (sand and clay) for

2 mimates dry and for 5 minutes wet after i :

adding caloculated amount of water (normal

method),
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Method 2; Mixing the ingredients (sand and clay) for
2 minutecs dry and for 10 minutes wet continously
(i.e increase in mulling time),

Method 3; liixing the ingredients for 2 minutes dry and
for 5 minutes wet with 5 percent water,
airdrying the mixtures,; then remulling one
mimute dry and for % minutes wet,

{(Two stage mulling without using ecxcess water
during the initial mulling).

Method 4; Mixing the ingredients for 2 minutes dry and
5 minutes wet with 7.5 percent water, airdrying
the mixtures, then remulling onc minute dry and
5 minutea wet ( Two stage mulling with slight
excess water during the initial mulling).

Method 53 Mixing the ingredients for 2 minutes dry and
5 minutes wet with 10 percent water, airdrying
the mixtures, then remulling one minute dry
and 5 minutes wet (Two stage mulling with
excess water during the initinl mulling),

The excess amount of water used during the initial mulling
would malke the mulling more efficient and thorough by activating
the clay to provide its binding capacity and plasticity, The two
factors that help in making the mulling more efficient and
thorough in these cases are increase in mulling time (due to
double mulling) and excess water used during the first nulling,
Water contents above 10 percent were not tried for initial

mulling as such higher amounts of water were malking the sand too
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wet and sticky thereby making its removal from the muller
dirfficult,

For each of the methods of preparation, five 2000 g of
sand at 5 different moisture levels (after the Tinal mulling)
were prepared for each amount of na2003 addition, 30 samples
were prepared for each type of clay and for each method of
preparation, Thus, a total of about 240 sanples were prepared
for these investipgations, As usual the sand samples vere
prepared in a Ridsdale lLaboratory 141l with rotating wheels,
Dhictilled water was used throughout the investigations,

After the preparations, samples were stored in airtigh
containers for about 12 hours before being tested,
he following usual sand properties were testedg

(1) HMoisture content

() Density

(3) Permeability

(4) Green Compression Strength

(5) Oven Dry Strength

(6) Adir Set Gtrength

(7) Shatter Index

(8) Compactability

(9) CGreen iardness

(10) Flowability
6e2,1 Results

The results of the investigations using methods
. vere plotted

3
(i.e properties versus moisture content relationships) for

2, 3, 4 and 5 with different percentages of la, CO
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different propertiesc graphically. The graphs as they were too
many are not included in this thesis in order not to make the
thesis bulky. However, values of properties at temper points
for each gand sample prenared uscing these methods ineluding
method 1 at different percentages of N@2003 were obtained
from these graphs and were used to plot the graphs shown in
figures 6,1 to 6,18 in which the properties at temper points
were plotted against HHECGB percent addition for the different
preparation methods, This was done because in green sand
moulding, sands are brought to tiie correct degree of temper

before moulding,
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6,2,2 Dirccugsion of the Rewmults

Glancing through the graphs in figures 6.1'to'6;18;
it oan be seen that changes in properties of sand mixtures

possible by trentment with Na2003 addition con be groatly

enhanced when the high preparation methods under investigation
{methods 2, 3, 4 and 5) arec used to prepare the sand mixtures,

The extent to which theap ‘propertics are charnged depends on the

type of clay, the amount of Na2003 added and the method of *4

preparation, Changes in properiies with different percentages

of Na,, CO and with different methods of preparation vwill now

3

be discussed one by one,

552,2,1 Watexr IHequirenecnt
Addition up to a certain amount of 1fa,GC0, (0.2 percent

' for Battattd olay sand and 0,1 percent for Kankara olay sand)

decreagses the amount of water required to bring the sand sanples

'P

to the. same compactability level, Further increasc in I»I:z-_lgc(J:3
content will increase the amount of water reguired from the
mninimuam value to bring the sand to the same compactability
value, When the method of preparation was dhanged from the

normal to the high preparation nethods, moisture required to

bring the sands to the same compactability level increased,
Method 5 increased tlie moisture requiremeny more than tie other
metheods for all levels of Na2003
Figuree 6,1 and 6,10 show the moisture contents at temper

points of sand mixtures prepnred using wmetheds 1, 2, 3, 4 and 5

with respect to percent nn2003

Kankara clay sands respectively, B | NP

PR

addition for Battatti and L

i

content, S B
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From these figures, it can be seen that for all the metheds of
preparation uged, the amount of water requiréd te bring the
sand mixtures to tewper points initially decreasad with small
addition of N‘aZCO3 and then fnocreased with further increase

in Na,Co0; content,

3
642.2,2 Density

Changhng the method of preparation from the normal to

one of the high preparation methods generally increased the

dengity values except in the case of method 3, Method 5 gave
the highest increase in density values, With this method,
increase in Nﬁ2003 content has a substantial effeet on fthe

density values;

6424243 Lermeability

Tor all methods of preparation, addition of small

amounts of Nh2003 increased the pernmeanbility substantially;

Purther increase in the amount of Na?003 deeoreased the.
bermeability firrom the maximun value, The reason for increase
in permeability due fto sall additions of II'azCO3 ey be

attributed to the c¢lays, being in a deflocculated state,

providing o better coating on the sand grains, Because. of this

better coating, the grains are prevented fron oconing very close

to each cother, This provides larger voids between the samd

grains which inoreanses the permeability of the sands,

1

Figures 6;3 and 6,12 iliustrate the permeability volues at

temper points versus percent Nn2003 addition relationships for

sand mixtures prepared using both Battatti and Kankara clay

sands for all the methods of preparation (i,e metheds 1, 2, 3,4

and 5);
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Fromn these graphs, it can be seen that permeability values at
tenper points were further changed with changes in the method

of preparation, When the permeability wvalues at tenper points
of sands oontaining 0,1 percent Nn2003 and prepared by different
methods were conmpared, it was found that in the case of Battatti
clay sands, the value was 143 for method 1, 142 for method 2,
170 for nethod 3, 145 for method 4 and 130 for method 5,

In the cace of Kankara clay sands, the voalue was 93 for

method 1, 100 for method 2, 112 for method 3, 91 for

method 4 and 62 for method 5,

Thus for the two elay sands, nethod 3 gove the highest
improvements on permenbility, The values are lower for cone
methods, For method 5, it is lowest, The reason for method 3
having the highest permcability is thought to be due to complex
behaviour of sand nixtures when a combination of Hazco3
addition and high preparation technigques are used to prepare
the sand mixtures, Normally, the permeability of sands is

increased with small Na200 addition, The permeability of sands

3
are however decrecsed with increased preparation (i.e doorease
from method 1 to 2 to 3 to 4 to 5), Therefore when o
combination of na2003 addition and high preparation techniques
are used to prepare the sand mixtures, at an intermediate
stage, the porne~bility shows the highest values duc to 2 high
degree of deflocculation of the clay,

For heavier castings, the inorcase in perncability for the two
sands is an advantage, For lighter castings, high permeability
is not required, Therefore when fine sand is used, and if

permeability is low, a high substanticl improvenent in
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permcability can be achieved when method 2 is used to prepare the

sand oixtures after adding a small amount of Nazcos.

6e24R .4 Green Cotmression Strength

The green compression strength for Battatti and
Kankara clay sands behaved differently when small amount of
Nazco3 was added to sand ﬁixture5¢ In the casc of Battatti
clay sands, addition of upto 0.1 percent of I-J‘azco3 {0 sand

mixtures prepared using all the methods of preparation generally

|

decreased the green strength to a mindrnum value; It was then
increased with further increase in Na2003 addition; lethod 5
howevor did not show any decrcecase but a slight increass for
snall amounts of Na2003 added to the sand mixtures, In the
case of Kankara clay sands, addition of small amounts of
Na2003 generally brought about an increase in green strength
values to o moaximum value after which further increase in
Na2003 addition decreased the green strength values for all
the methods of preparation;
Pigures 6;5 and 6;13 illustrate the green compression

atrength values at temper points wversus percent Na2003
addition relationships for sand mixtures prepared from both
Battatti and Hankara clays using all the methods of
preparation (methods 1, 2, 3, & and 5}, Vien the green
compression strength at temper points were compared at 0,1
percent Nazcog, in the case of Battatti clay sands, for
method 1 the value was 58 kH/ng for method 2, 56 kN/ng

2 2
for method 3, 62 l1/m”j; for method 4,6k KII/m” and for method 5,

69 Ku/m".

i
"



For Kankara clay sand mixtures, with 0.1 percent NaéCOB
content, the green compression strength vnlue at temper points
for method 1 was 59 kI'-I/m?’; for method 2, 67 kN/mz; for method 3,
56 kN/ng for method 4, 71 kamz and for method 5, 05 kN/ma.
Thus for the two clay sands, method 5 gave the highest

improvements in green ococmpression strength of the sand

.mixtures.

- The results clearly show that when Na2003 is added, the
changes in green compression strength of the sands will depend
on the type of clay present, the amount of Ha2003 added and
method of preparation used to prepare the sand mixtures, -ﬁ

That is why somé previous investigators obtazined different

results; in some cases increases in green strength amd in -
some ocases deoreses, Dooth {1949) noticed both increascs and
decreases idn green strength values of sands due to the }o

addition of Ma,CO Hofmann (1959) noticed an inorease in the

3.
green strength values for Bentonite bonded sands at higher /1

moigture contents due to the addition of NapCOB. It is, I Ot

however, not clear whether the amount used by these

investigalors was higher than the amount needed to cause o

decrease in green strength values.'

6e2.2.,5 Oven Dry Ctrength - R

 Addition of 1\1:1200_.3 (even upto 0,5 percent) generally
inereased the oven dry strength of the two clay sanda, g
When higher preparation techniques (i.e metheds 2, 3, 4 and 3)

were used to prepared the sand samples containing upto 0,5 I~

percent Nazcoj, the oven dry strength was found to increase

8till further as compared with that of gsand mixtures prepared
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using method 1, The extent to which the oven dry strength

was thus improved depended on the type of clay, amount of
Na2C03 added and the preparation technique used in preparing
the sond mixtures; , |

Figures 6;5 and 6;1& represent the oven dry étrength
values at temper points versus percent Nh2003 relationships for
sand mixtures prepared from Battatti and Fankara clays using |
all the methods of preparation (methods 1, 2, 3, 4 and 3).
Yhen the oven dry strength values at temper points of sands
containing 0;1 percent ﬂa2C03 and prepared by different
metheds of preparation were conpared, in the ocase of
Battatti olay sands, the value was 300 kN/m2 for method 1,
Léo kN/m2 for method 2 (an increase of 53 percent),
370 kN/m2 for method 3 (an inecrecase of 23 peroent},
Loo kN’/m2 for method 4 (an increase of 63 percent) and
s &0 lcN/mz for method 5 (an increase of 87 pércent), In the
case of Kankara clay sands, prepared by different methods of
preparation), when the oven dry strength values at tenper
points of sands containing 0,1 percent Na, GO, were. bompared,
the value was 560 kn/ma for method 1, 1150 kﬂﬁmz for
method 2 (an increase of 105 percent), 1200 kN/mz for
method 3 (an increase of 114 percent), 1560 kNZm2 for

method 4 (an increase of 179 percemi) and 1970 kNsz

for method 5 (an increase of 252 percent),
Thus from the foregoing discussions, the results of the
i
investigations showed that the oven dry strength of Battatti

and Kankara clay sands could be improved substantially when a

b
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combination of improved method of preparation and I-En2C03
addition was used to prepare the sand mixtures, Among the
methods of preparation investigatéd, method 5 gave the highest
values of the oven dry strength for the two clay sands both at
temper points and other moisture contents, The increanse in
oven dry strength is extremely beneficial to Battatti clay
sands which generally has a low oven dry strength,

6,2,2,6 Air Cet Ttrength

The air set strength of both Dattatti and Kankara
clay sands were generally irmproved with the addition of
Na2003 (ﬁven upto 0,5 percent NaECOJ nddition}. hen better
methods of preparation (i.e methods 2, 3, 4 and 5) were used
to prepare the sand samples containing upto o,5 percent
NBQCOB, the air set strength was found to increase still
further as compared with sand mixtures prepared using method 1,
The extent to which the air set strength was improved depended
on the type of clay, amount of I-In2003 and the method of
preparation used,

Figures 6,6 and 6,15 represent the air set strength
values at temper points versus percent Na2003 relationships
for the two clay gands respectively using methods
1, 2, 3, 4 and 5, Uhen the air set strength values at tenper

points of sandes containing 0,1 percent Na,, CO and prepared

3
by different metliods of preparation were compared, the air
set strength value at temper point for Battatti clay sands
was 225 kN/m2 for method 1, 285 k.i«.'/m2 for method 2
(an increase of 27 percent), 273 kN/m2 for method 3

(an increase of 21,3 percent), 305 kN/m2 for method 4
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(an inecrease of 36 percent) and 341 kN/m2 for method 5
(an increase of 51 percent), In the dase of Kankara clay
sands, the air set strength values at temper points was
350 kN’/m2 for method 1, 450 kH/mz for method 2

(an increase of 29 percent), 4235 kH/m2 for method 3

(an increase of 21 percent), 520 kN/m2 for method 4

(an increase of 49 percent) and 605 kamz for method 5
(an increase of 73 percent),

So the results of the investigations show that the air
set strength of both pPattatti and ankara clay sands can be
improved substantially when a combination of better method of
preparation and ihzcoj addition is used, In this case also,
method 5 provided the most effective way of dmproving the
air set strength of the two eclay sands, As in the case of
the oven dry strength, the increase in air set strength of
Battatti elay sand is an advantage as it generally has a low
air set strength,

62,237 Chatter Index

Vhen small amounts of Ma2003 (about 0,1 percent) were
added to sand mixtures prepared from Battatti and Kankara
clays, improvements in shatter index values were obtainedy

With higher amounts of Nazco s above 0,2 percent for

3
Battatti clay sand and 0,1 percent for Kankara clay sand,

decreases in shatter index were noticed for the two clay sands,
When higher preparation techniques (i.e methods 2, 3, 4 and 5)
were used te prepare the sand mixtures containing different

co

percentages of la further improvements in shatter index

2 3




were obtained as ocompared to values obtained using method 1;
The inprovenents obtained were rnore substantial for Hankara |
olay sands than Battatii clay sandas, In the case of shatter.
index also, the extent to which changes in its value ocecured
depend on the type of clay wused, the amount of N‘azCO3 and [ i
the method of preparation used to prepare the sand nixtures,
The shatter index values at temper podnts versus pereent
addition relatiohahips for all the methods of

Na,C0o

2773
preparation are shown in figures 6;7 and 6,16 for Battatti

and Xankara clay sandgs regpoctively, When the shatter index
values were compared for sand mixtures containing O.1 percent
CO, for all the methods of preparation (metheds 1, 2, 3,

2773
4 and 5),in the case of Pattatti clay sands, the shatter

Nea

index value was 69 for method 1, 76 for method 2,
67;5_for method 3, 70;5 for method 4 and 72 for mothod 5;

In the case of Kankara clay sands also; the shatter index

values at temper poilnts were 55 for method 1, 64,5 for :
method 2, 57 for method 3, 03 for method 4 and 69 foxr metlod 5,
Again the results shwow that shatter index, i;e toughness
of the sand mixtures preparcd from the two clays could be
further improved when a combination of better method of .

preparation and Na200 addition dis uaed; Here again, method 5

3
provided the most effective way of obtaining the highest I
shatter index values for the two clay sands, Further inctreass

in toughness of both clay sands is a great advantage as the

toughness of the sands are generally not high enough,
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6.2;2;8 Green Hardness

The green hardness of both Battatti and Iankara olay
sands generally showed desreasc in values when small amounts
of N3200

3

of Na2003 was gradually increased above 0,1 percent, the

green hardness showed an increase, *he values thereby
when

approaching those values obtained/mo Nn2003 wns added,

were added to the sand mixtures, VWhen the amount

¥hen different methodas of preparation (i.e methoda 2, 3, 4

and 5} were used to prepare the sand mixtures containing

Nazco both decrease and increase were obtained, The type

L
of decreasc or increase in green hardness values depended on
the amount of Haaccj added and the methods of preparation used,
The green hardpess at temper points versus percent l_;
Na2003
sands are illustrated in figures 6,0 and 6,17 respectively fox

addition relationships for Battatti and Iankera clay ] E
different methwds of preparation used, hen the values of
'green hardness at temper points were compared Tor sand

nixtures containing 0.1 percent Na2003, in the case of

Battatti clay sands, the green hordness valucs at temper points
were 86;5 for method 1, 85 for method 2, 87,8 for method 3, ;ﬁ
B8,2 for method 4 and 91 Tor method 5, Similarly in the case.

of Xankara clay sands, the green hardness values at temper

points were 867 for method 1; 88;5 foxr nmethod 2,

87.8 for method 3, 89,3 for method 4 and 90 for method 5;

The results of the investigations, again showed that the

green hardness of Battatti and Kankara c¢lay sands could be

improved when a combination of better method of preparation
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and NEZCOB is used to prepare the sand mixtures., Also in this
case, method 5 gave the hidghest green hardness values for the
two clay sands, TInerease in green hardness is a great b
advantage.as reogictance te metal penetration of noulds would
be increased and the chances of having mould dialation is i

reduced, N

6.2.2,9 Plowability

The addition of small amounts of Nazcog generally
decreased the flowability values of Battatti and Hankara clay

gands to 2 mindinu value after which further increase din

Na2003 percentage inereased the flowability. When highex

preparation techniques (i;e methods 2, 3, 4 and 5; were used
to prepare the sand mixtures containing different pcircentages
of Na,CO,, further decrease in flowability values as compared
with values obtained using method 1 were noticed for the |

tweo clay sands) v oL

Figures 6,9 and 6,18 show the flowabilitylvalues at
temper points wversus percentage uagcoj addition graphs for all
the methods of preparation tried (i.e methods 1, 2, 3, 4 and
5)e Uhen the flowability values were compared for sands [
contalning 0;1 percent Hazcoj, in the case of Battatti olay
sands, the values at temper points were 77 for nothod 1, .E
7h,5 for method 2, 68;8 for method 3, 65 for method 4 and |
62 for method 5, In the case of Kankara olay sands, the fg
decrease in flowability was not too orderly. It can be Tﬁ
seen that methods 2, 4 and $ have lower flowability values

than the ®alue obtained forxr method 1 but method 3 showed a
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slightly higher value of flowability than the value obtained
Tor method 1,

The deereage in flowability was not unexpected as the
toughness of the sands were further improved due to a
combination of better method of preparation and na2003
addition, It is a well known fact that a tough sand does not

flow well,

From the foregoing discussions it has been seen that
substantial improvements on properties of sand mixtures
prepared from Battatti and ankara clays can be obtained when
combination of better methods of preparation and Ha2003
addition are used, /moig the methods of preparation
invesiigated, method 5 gave more inmprovements in the properties
of sand than other methods, OSubsequently, it was decided to
plot graphs of the duportant properties like nermeability,
green compression strength, oven dry strength and shatter
index for method 5 and method 1 when O percent and 0,1 percent
Na2C03 were added to the sand mixturcs prepared using these
methods, The graphs are shown in figures 6,19 to 6,22 to

provide a good comparison of the results,
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6.2;3 Test Castines

Cix mpall aluminium test castings were preoduced fiom

15 percent Battatti and 15 percent Aniara clays ucing sand

mixturees containing O porcent and 0;1 percaent Nazﬂcj
prepared using twe uethodsn of preparation, The water content
wags almost ncar the temper points; The eactings obitained are
sheown in Plate ¥il, Castings 37 and 11 ware produced fron )
pattatti and Jfanlara sand moulds containing O perccent NaRCOB
with the sand mixztures ﬁrep&red using the normal wmeothod
(methud 7). Castingo 32 an Kz vere produced from Jattatti :@
and Kanlkara clay moulds ocontaining 0;1 percent HaECOB with y
the sand mixtures prepared using the normal method (method 1},
Castings BB ay Kj were produced from Jattatti and anikara X
clay moulds containing 0;1 percent HaECO3 with sand mixturea |
preparaed using two stage mulling with 10 paowcent water added
during the initial rmlling (method ). i
It was found that tae castings produced from tle two clay
sand moulds containing 0;1 percent.ancoj; prepared ucing tvo
stage mulling with 10 percent water added during the indtial

mulling (i.e mothod 5) vere much better than the oneo protuced

from nmoulds prepared using nethod 1, The castings produced

from Dattatti sand monlds were betier than fhoze of [ankara

sand noulds, The cectings had good surface firish and

shinning appearanOes; Tn reneral the resulits of the coati
tests are very oncouraging tiough all tire castings produced i
Vere ox veletively snall size, LB there rere no large

furnaces in the department, it was difficult to make bigger
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castings, 3ut the reccultc of the laboratory testc cloarly
show that tiie moulds produced Trom loczl sand clay materials
could be successfully made use of for different casiing jobs
when a coubination of' irmproved nethod of preparation and

Ha2003 addition {especially method 5) is used to nrepare the

sand nmixtures, The resulis of the casling tests suppoxrt the

findings of the laboratory tesis,

PLATE ZIT: OJILLL FLUIZITON, TR07 CLSRTIGS PiCHUCLy 700l
BLOTATTI AR TAITUIY D120 HOULDS T03L5BD IxTe

-

O FPEICENT LAID 041 EUCENT lla,l 5 JITI CAAT
=

VIZITUSES PREPLSSH UCIC MO % 2T B,
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6e2.4  Conelusions

The followirg conclusions could be drawn {rom the

results of the invectigationsyg

1)

(3)

'

\
/

cubstantial changes in foundry sand properties
can be achieved by a conbination of boetter
nethod of preparation and uazccs acdition

to tiwe sand nixtures prepared from Battatti
and Xankara clays, “his may be true for

gsand nixtures prepared using other clays 28
vell,

While nost of the properties oi the two clay
sand nixtures were substantially improved by
a combination of Ligh preparation techniques
and ua23‘3 addition, some propertlies were
impaired,

Improvenents in most of the properties of the
two Toundry sands could be aochieved by adding
about C,1 percent ”32303 to sand nixtures
propared using better metlhiods of preparation,
lfore improvenents in sone properties lilke
ovon dry sirength and ailr set stirength oould
still be achieved by incrensing the anount of

Ila,CC,; above 0,1 percent (upto 0.5 percent)

3
but this wil}l also lover the relractoriness
of the sand as the nelting point of Ha2303 is

only 852°c,



()

(5

(6

(7

4
i

!

)

)

b
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Changes in the properties of Battoatti elny sands
were more orderly and significant than changes in
tihe properties of Tankara clay 5ands; “hizs nay
be attributed to the highor Cation ixchange
Capzmoity {C;Q;CE of Battatti clay tham that of
Ilankara clay,

Tater reguirecncnts of the sand nittures penerally
deoreased with: the addition of small amounts of
NachB for all the methods of pr@paration;

“Then the sand mixsures containing 0,1 perocnt
Ha2003 prepared using different methods of
preparétion (1;9 methods j; 2, 3, k and 8> wvere
uompared; metiod 5 was observed to have the
highest water requirements and metlod 1 has

the lowest,

cubstantial changes in permeability were noticed
wnen a ocombination of improved netlhods of :
preparation and Iia

?

prepare the sand nixtures, lethod 3 {i,e Two

0, addition were used to
o -

atage mulling witlhout using excess water during
the initial mulling) gave thc most effasctive
way of improving tie perneability values of the
two clayg; ,

“he green compression strength of the two clay
sants behaved difforently when small atiounts of

Na.zCO3 (about 0,1 percent) vere added to the

sand mixtures prepared using the five methods of




preparation, i/hile the green comprecsion
strengthi of Battatti elay sands decreased with
small additions of lla,CO4y the green compression
strongth of Fankara clay sandg increased,
Among the {ive methods of nrepermtion investigated,
mothod 5 gave the best way of improving the greoen
compression strength of the two sand nixtures,

(8) The oven dry strength of the twe clay sands were
improved substantially when a coubination of
better methods of prenarction and xazcoj addition
vere used to prepare the sand mixtures,
Method 5 gave the most ef’ective way of inproving
the oven dry strengths of these clay sands,
This is extremely beneficial to Battatti clay
sands which generally has a low oven dry
strength,

(9) The air set strength of the two clay sands
vere improved substantially wien a combinction of
Hagco3 addition and high preparation techniquou
were ugsed to prepare the sand wixtures,
Anong the five netiiods of nreparation
dnvestigated, method 5 gave the best way of
aolieving tho luighest improvementg in air set
atrengtt.,

(10) The shatter index, i,e the toughness of the sands
was improved for both Battattd and ankara clay

sands when a combination of high preparation



(11)

(12)

(12)
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teclrniicques and Hn2003 addition wore used to
prepare the sand mixtures, 7Thw iaprovement in
shatter index vas more substantial for ankara
clay sands than for Battatti olay sands, In this
case also, mothod 5 gave the highest valuos of
all the five metliods investigated,
The green hardnesc of both Jattatti and ¥ankara
olay sanda ghoved considerable immrovenents when
the sand mixtures were prepared using o

coubination of Na,CO addition and Ligh

3
preparation teclmicques,

Here again, method 5 gave tho highest green
hardness values for the two clay sands,

The Fflowvability of *+lie sand mixtures weio
generally decreased wion sand ndxtures wore
prepared using a high preparation method after
adding 1la,C0,. The decirease in flowability
depended on tiie type ol clay, method of
preparntion used and the amount of uagcoj

added to pand mixtures, Even tiough, there
were decreases in flowability valuves, in no
case was it critiecally low,

Cmnll teat castings produced from sand nixtwuwres
containing O percent and 0,1 percent NaECO?
using mothodso 1 and 5 indicated thnt il s
possible to iiprove casting qualitdes when noulds

are prepared {rom sand mixtures wiiecl: have been



(14)

(15)
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proparec using a conbin=tioa of HR&CO3 addition and
high preparation techniques,

Tie resulits of threse invegtigations generally chow
that improvements on the properties of fowvry
sanda are posslible by adding small anounts of
IIa2003 to scand nixtures, The improvements in sand
properties can still be enhanced by using a bottex
method of nreparation, Among tlie five mectilods of
nreparation investigated, method 5 gave tl:a liizghast
overall improvenents,

Althougl: 2 combination of botter methods of
preparation and Ha2003 addition brouglit abou?l
goneral improvements in coand properties, inorensad
preparation meang higher cocts, Thercfore an
econonic analysis of the advantagesn demived firo:
these methods sliould be done tn see wiether tun
advantages outwelgh the increased coss before

embarking on higher preparation netholo,
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CHADPTER SEVIEN

GENERAL COLCLUSICHS AID RLECOM XITDATICHS FOR FUmdiisil WCIiil

7e1 General Conclusions

This researoh work dezalt whelly with synthetic sand

mixtures prepaved from two local eclays and a local sand ¥

{(Battatti and Kankara clays and Giwa river bed ﬂand);
The increase in tempering time (storago time after proparation)
from 4 hours to 24 hours has been found not to bring
significant changes in the properties of foundry sauda,
However slight changes in the nroperties were noticed} ' :f
While some properties were slightly improved with dincrease in )
tempering time}'some were impalred, The choice of bemperings
time would thercfore depend on a combination of propervies needed
for a particular application and the tyme of clay involved, i
Results obtained by previous invesiigators have shown that
Nigerian foundry sands prepared from Battatti and Kankara clays
may net bo good enough for nroduction of high quality castings
unless they ave improved upon by some other meamd; i@
Improvements on properties of foundry sands wore found possible
by cation oxchange treatment brought about by IIaRCO3 additioﬁi
Further improvements on properties of founddry sands can be
obtained by better methods of preparation; G
) It isc belioeved that the regults of this researeh work are1
;150 applicable to other clays and sands boll Migerian and
nonQn&gerian but the extent to which changes in properdies
scour would depend on the typos of ¢lay and asands used;
A lot of work has been done on ways of improving the propertics

of Higerian foundry sands which in turn will yield good
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quality ocastings, it is hoped that ligerian foundries will
benefit from this work and help thom to male use of elayn and
sands locally available to them which will reduce th>
transportation cost of these fouadry pand ingredientn,

Ti2 Recormoendation for furtaer ork

(1) Efforts shiould be extended to locating nore clay
and sand dopositsc for foundry use within liigeria,

(R) Blonding of the two types of clays used for thesc
investigations ocould be used to prejare the sand
mixtures and gee what results would be obltained,

(3) Use of binders othor than eclay on ifigerian sanan
can be iavestigated, The usefulness ol sodinm
silicate ~ cerbeon dioxide binder on local sandp in
worth investigating,

(4) In the investigations involving tempering tines,
initially, a closer range of teupering time car ha
chosen and then increasec so tho torpering $ina
inoreases (i,0 O hour, 1 hour, 2 hours, 5 hours,

%4 hours, & hours, & hours, 12 hours, 16 Lours) *o
sece exactly to what extent the properties o7 pand
mixtures would be shanged witi. inereace in
tempering tinre,

(5) The use of chenicals other than la,CC, as
deflncculants should be tried, sodium giliecsatae
(NaSiOB} being another good deflocculant shwould bHe
tried to seec to what extent the properiiss ol

sand mixtures would be improved,
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An economio analysis of tae advantages derived
from ioproved methodso of preparation should be
done to see il the advantages outweigh the
increased cost due to nilgher preparation before
embarking on these high preparation teohniquob,

High temperature propertios of sand mixtures

containing Ha2003 ant prevared using different

preparation techniques are wortlh investigating as

high terperature bests are particularly relevant ;

to foundry conditions and enable moulds and coves
to be assessgsed under conditions sindilar Yo thooce

exinting duwring cascting and cooling proocesses,
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