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1. SYNOPSIS

An investigation has been carried out into the use of an

organo-clay as a bonding medium for foundry sand moulds.

The method and means of the modification of a naturally
oceurring Na bentoﬁite to an oleophylic organo-clay,
dimethyldioctadecylammonium bentonite, have been researched and the

findings reported.

The physical properties of moulding sands bonded with the
organo-clay and a light mineral oil have been investigated and the
effects of varying the clay content, o0il content, mulling temperature,
mulling time, polar material additions and mould temperature have
been reported. The effects upon the physical properties have
also been studied when storing the mulled sand, using it over a
number of casting cycles and making restorati;e additions of clay

and oil after its use.

Finally, castings produced in moulds bonded with the organo-
clay have been made in an aluminium-magnesium alloy, phosphor-bronze
and in cast iron, and the surface finish, dimensional accuracy and

casting soundness monitored.
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2.  INTRODUCTION

The majority of moulds used in the cast-metals industry
are made from sand. In order that the mould may hold its shape,
each sand grain must be bonded to its neighbour. The types of
bond used must be tarefully chosen for the properties which they
impart to the moulding mixture, not only whilst the mould is being
formed, but also during the pouring of the molten metal and the

subsequent solidification of the casting.

Many types of bonding medium are now in common use in the
foundry industry including resins, oils and silicates. The most
widely used bond however, is a clay and water mixture. This is
probably because it is also one of the oldest bonding mediums and
mest foundries have become well acquainted with its use, properties
and problems; It has advantages over the more recently developed
materials in that it is cheap, reuseable over many casting cycles
and conveniently quarried from the ground complete with the sand

in a ready mixed form.

It has, however, many disadvantages probably the principal
one being the large volume of steam evolved when the water content
of the mix is heated by the molten metﬁl. This evolution tends
to be sudden and almost explosive znd,te prevent it from demaging
the césting,_must be allowed to disperse quickly through the mou}d
and vent to the atmosphere. A fairly coarse sand must therefore be
used to give the steam an unrestricted passage through the voids
between each sand grain. This inevitably leads tc poor casting

surface finish and the possibility of metal penetration into the



mould'wélls. Further problems arise however, even if the mould
has sufficient permeability to allow efficient dispersal of the
steam. With certain "reactive' metals its presence in the wmould
wall, cavity and running system causes poor surface finish, dr;ss
inclusions, gas holes wifhin the casting and a general reduction.

in the mechanical properties.

Some years ago it was discovered that clays could be modified
so as to render them oleophili¢, thus givirg similar properties
when mixed with oil as naturally occurring clays exhibited with
water. This type of clay has been utilised with a mineral 0il to
~ form a bond for sand in foundry moulds, and thus the production of
steam during casting was eliminated. The mixture was found to have
‘many of the advantages of the clay/water~-bonded system and since
the rate of évolution of 0il vapour was much lower than that of
steam a finer grade of sand could be used and the casting surface

finish thus improved.

Although a few testimonies of this material have been found,
scant reference exists to any technical information on the physical
propertieé of the moulding mixture. This research was therefore
undertaken in an'attempt to rectify the position and also to
investigate the casting potential of the moulding mixture. Before
starting fhis work, however, some considerable time was devoted
to the production of a suwitable chemically modified clay, since it
was considered that insufficient information was évailable concerning

the proprietary brand.
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3. LITERATURE SURVEY

3.1. Introduction

The literature survey was carried out under three main
headings; the modification of clays, the properties of moulding
mixtures bonded with organo-clay and the use of the moulding mixtures

for casting purposes.

The literature avgilable on the modification of élays

was vast and it became apparent during a preliminary survey that,
in order to narrow the field of reading slightly, an early.decision
- would have to be made on the type of clay and reactants which would
give a product suitable for a foundry sand mould bonding medium.
Reading was then continued around the minerology of the chosen clay
znd the theory and method of its modifiCation-éo an oleophilic

form. Thé information gained from this work ied to further studies
of the types of equipment needeq to carry out the chemicai processes.
.Finally, procedures were sopght for testing the clay both before and

after the modification process.

The second field of investigation was concerned with
the properties of the moulding mixtures based on the modified clay
bond. Very little information was found to have been published on

this subject but that which could be found was duly noted.

Finally information was sought on the use of organo-clay
bonded moulding materials and a similar situation was found to that

above, with little work of a technical nature having been reported.



3.2. Clay Modification

%.2.,1. Preliminary Search of Literature and Choice of
‘Materials.

The modification of clay by means of organic reactants

(1)

was first noted in 1916 by Lloyd' ’who reported the adsorption of

alkaloids by fuller's earth., Little was known, however, about the

(2)

reaction until Smith ~"reacted organic bases and their salts with
bentonite and reported in 1934 that the process Qas one of base-
exchange. The strong affinity of certain modified clays for organic

(3)

liquids was not noted until 1946 when Hauser ~’patented a process
for modifying clays so as to give them.the ability to swell and

' form gels in organic liquids. Since that time a great deal of

' research has been darried out on the modification of ﬁarious types

of clay with many more different types of organic compounds of

widely varying molecular complexity.

'

During the preliminary iiterature survey special
attention was paid to finding references on clay modification
reactions producing organo-clays suitable for bonding sands. No
such complete reference was found and it became clear that a decision
as to the.choice of c¢lay and reactant would have to be made on a
series of facts éleaned from various papers. One such reference(u)
stated that organo-clays for bonding sand moulding mixtures had
been produced from mﬁntmorillonite and attépulgite. Although little
information could be found on ;he modification of the latter clay,
montmorillonitélproved to be one of the mest populaf materials for

the reported research inte c¢clay modification. The choice of this

material for modification th.refore had obvious advantages in that

d



a large and comprehensive volume of information would be available

for reference during future research.™

Montmofillonite is the main constituent of the clay
deposit bentonite which is well known in the foundry industry as
a good bonding medium for moulding sand when mixed with water.
It is characterised by its ability to swell in polar liquids such
‘as water, first forming pastes of good plasticity making it ideal
fo; saﬁa bonding, and on the addition of further water giving stable

(3)

gels. Hauser ”'showed that this characteristic was retained after
~suitable modification, the clays then exhibiting good gelling
‘properties in organic liquids. Thus it might be assumed that

this mineral group, when appropriately modified, would give

suitable properties with an organic liquid for bonding sand moulds.

The modification of montmorillonite was found to be
essentially.the exchahge of inorganic cations on the clay for the
organic cations of the reactant(a). Montmorillonites may exist
with many different types of these exchangeable cations. Some
contain a mixture such as Naf, ca't and Mg+f though more usually
.one of.the ions predominatés to the exclusion or almost exclusion of

the others. HcAtee(S)

showed that in an inorganic/organic cation
exchange the Na* ion was replaced preferentially to the others and
with greater ease and efficiency. Thus it would seem important
that a montmorillonite containing predominantly Na' ions be chosen

(5)

as the basic material for this research. McAtee further proved
that the larger the organic cation in the reactant the faster the
reaction took place. He cited as an example the quaternary ammonium

salt dimethyldicctadecylammonium chloridé and indeed this chemical



seemed to have been used regularly in the investigations into clay
medification, thus providing consideréble referencg material. For
these reasons, this reactant was chosen as being the most suitable

for the modification process.

The materials used in this project therefore were
Na bentonite, a commercially available clay deposit composed mainly
of the mineral Na montmorillonite, and dimethyldioctadecylammonium

chloride, a salt of the quaternary ammonium type.

2,2.2. Basic Minerology of Montmorillonite.

In order to understand the modification of Na bentonite
it was first necessary to study the basic mineroclogy of montmorillonite,

its chief constituent.

Na bentonite is now mined in many parts of ‘the world
though it was originally discovered near Fort Benton, Wyoming.
After quarrying it is dried and crushed and sold in the form of fine
particles or flakes of varying shapes which are made up of stacks
of "Munit layefs" of montmorillonite eéch stack being randomly
orientated within the flake. The accepted atomic structure for these
unit layers is shown in Fig. 1. It can be seen that each layer is
made up of three "sheets" which woulﬁ normally continue both along
and into the plane of the paper beyond the limits drawn in the
figure. The top and bottom sheets in the layer are mirror images

of themselves and are composed of silica tetrahedrals whilst the

inner sheet is made up of alumina octahedrals. Some slight variations

10



exchangeable cations
nl»0

) oxygen-
© hydroxyl .
) aluninium, iron or magnesium
é» silicon, occasionally aluminium
Fiz., 1 Diagrammatic sketch of the structure oi

montmorillonite according to Hofmann,Endell
and Wilm (1¢33), Marshﬁll (1935} and
Hendricks (1G42).°

-11-



are always found in the type of ions at the centre of each sheet.
For examble, the A1+++ ion of the octahedral sheet may become

it

substituted by Mg++ and the Si ion of the tetrahedral sheet by

A***.  This results in an imbalance of charges within a structure

which would normally have an overall balanced charge.

The unit layers are stacked oh top of each other with
oxygen atoms of each unit being adjacent. This means that only a
weak bond exists between the units thus affording excellent
cleavage. The main characteristic of this structure is the ability
of water and other polar molecules toc enter between the unit layers

' causing the stack to expand upwards.

Also associated with the c¢lay un%is are exchangéable
cations. These are held on the clay by the overall negative charge
caused by the lattice substitution previously mentioned and the
| exposed broken bonds on the edges of the unit layers. In montmorillonite.
it is thought that 80 per cent of the.exchangeable cations are
attracted as a result of the lattice substitutions and lie between
the unit layers whilst 20 per cent of the ions occur at the edges

of the unit layers.

The type of these exchangeable cations lying between
the unit layers in some way affects the thickness_of the inter-layer
water. At a given water vapoﬁi pressure it has been found that Na*
ions are the most zctive in attracting wa?er. Indeed, a Na
montmorillonite in sufficient water will Swell and eventually
dissociate completely forming a suspension of unit layers. As their

name suggests, these dati@ns also have the ability to be exchanged

12



under favourable conditions. Thus, for example, a Ca montmorillonite
may be treated with a solution of a sodium salt to produce a Na
montmorillonite and, perhaps of greater significance to thié project,
a Na montmorillonite may be converted to an organo-montmorillonite

by reaction with a suitable organic compound.

Z.,2.3. The Organic Reactant

The reactant chosen for the modification process was
dimethyldioctadecylammonium chloride hereinafter referred to as DDAC,
of the formula:

: N _
Cc1
(_GHB)‘2 (018H3?)2N
The large cation hereinafter referred to as DDA+, replaces the Na*
exchangeable cation of the clay which goes into solution with the

Cl~ anions.

Its basic structure cf four radicals attached to a
nitrogen atom characterises it as a chemical of the quaternary

ammonium type as illustrated.

R, -N=-R c1”

To produce a chemical of such purity that it is entirely composed

of DDAC would be prohibitively expensive. As supplied, therefore,

13



the two large radicals are often of slightly varying carbon chain
length and atomic structure. The nominal peréentage of long chain

radicals in the material obtained were:

2l per cent hexadecyl (16 carbon atoms)
75 per cent octadecyl (18 carbon atoms)

1 per cent octadecenyl (18 carbon atoms)

The material is produced as a soft paste containing 75 per cent of

'éctive ingredient plus, approximétely, 0.5 per cent sodium chloride
18.0 per cent propan-2-ol, and 6.5 per cent water. It is insoluble
in water but can produce a stable dispersion at a concentration of

approximately 7.5 per cent (by weight). It is, however, soluble

| iq certain organic solvents such as benzene, chloroform, methanol

and isopropanol.

3.,2.4. The Modification Process

The methods adopted for carrying out the modification
process were found to be substantially the same for all investigators,
though specific reasons for many of the procedures were never statéd,
‘being taken as standard. Explanations given here are derived in

(6)

the main from information supplied by Grim ~‘who has in turn based

much of his dialogue on the observations of maﬁy o6ther investigators.

As previously mentioned, the process is one of exchange
of the Na'© ion on the clay for the organic cation of the reactant,
80 per cent of these ions being held between the unit layers of the

clay.  Since the exchange is largely achieved through diffusion this

14



would suggest a relatively slow rate of reaction. Na-montmorillonite,
however,'has the ability to dissociate completely in water, given
suitable mechanical agitation, thus exposing the cation sites to

the suspending medium and allowing a faster and more complete ‘

reaction to take place. Thus the starting point in nearly all the
reported modification processes was the dispersal of the montmorillenite
in water. Whilst most investigators made little or no mention of

" their methods, Street and White(7)

reported briefly that they:
subjected the c¢lay and water mixture to a high rate of shear for
thirty minutes by surrounding a high speed stirrer with a series

of baffles.

McAtee(B)

showed that in the inorganic/organic cation
exchange sodium was replaced prefereﬁtially to other exchanéeéble
ions and at a much greater rate. Thus many investigators ensured
that their supply of montmerillonite contained Na'ions to the
exclusion of others by first carrying out an inorganic/inorganic
cation exchange on the clay dispersion either by passing it through
an exchange column containing proprietary sodium-containing resins

or, more simply, by adding a solution of a sodium salt directly to

the dispersion.

- Further pretreatment was often given by allowing the
suspension to stznd or treating it in a centrifuge to remdve all
non~-clay particles that would ﬁot take a part in the cation exchange
reaction. This procedure was usually carried out when detailed
examination such as X-ray énalysis of the final structure might be
hindered by the presence of the impurities;

i

15



It is generally agieed by all investigators that the
dispersicn should be heated prior to the addition of the reactant..

(6)

Grim ~“noted that the rate of cation exchange was increased slightly
by the application of moderate heat whilst excessive heat had been
shown to reduce the capacity of Na montmorillonite to exchange its

ions. In most cases the cation exchange experiments were carried out

at a temperature of 60 - 70°C.

Little mention was made by the investigators of their
methods of mixingrthe organic reactant and the clay suspension. In’
most of the research, however, the reactions were carried out on a
test-tube scale where simple shaking was employed for varying periods
of a few minutes to, in some cases, several hours. Street and White(7)
who conducted larger-scale modifications, reported that they added
a two per cent dispersion of organic base to the clay suspension at
a rate of 100ml per min whilst stirring the contents of the vessel.
The $tirring was continuved for a further thirty minutes after adding
all the reactant to ensure completion of the reactioﬁ.‘ MéAtee(S)

was also of the opinion that the mix should be agitated and the

reactants added slowly to the hot clay suspension.

One of the main reasons for the mixing action was
undoubtedly to achieve rapid and thorough dispersion of the organie
reactant around the mixing vessel. However, it was probably also
important to prevent premature precipitation of the flocculating

(9

clay. This flocculation was noted by Jordan “‘who studied the
increase in viscosity of the clay suspension during the addition of
the reactant. He reported that it reached a maximum at the end of

the reaction corresponding to the maximum flocculation of the

16
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particles. The clay, now being in a hydrophobic condition,
precipitated and was recovered by filtration. Jordan also noted
that the filtration characteristics of the modified clay were best

at the completion of the reaction.

The final stages of treatment of the modified c¢lay
were basically the same for all investigators. The filtrate was
washed to remove the reaction products, dried, crushed and in some
instanées graded for particle size. The temperatures employed for
the drying proceéées variéd from room-temperature to 110%.

* McAtee and Concillio(10)showed that little damage was done to the
organo-clay up to a temperature of 170°C. However, at higher
temperatures a sudden decomposition of the organic cations occurred.

It would therefore seem that a drying temperature of 110°C would

" not only be faster than those below 100°C but also be quite aafe.

The crushing of the clay was carried out in many
different types of apparatus and to widely varying limits of
particle size., In the main, the clay samples were small and often
the desired results could be obtained with a mortar and pestle.

For larger batches of clay a hammer mill or other suitable ﬁiece of

apparatus was employed.

The grading was carried out either by an optical
technique in which, for example, the majority of particles were
seen to be below two microns in size, or by carrying out a sieve
analysis when only that portion of the c¢lay passing a certain mesh

size, often the 200 mesh, was used for subsequent research.

17?7



3.2.5. The Cation Exchange Capacity of the Claye.
Since the work of Smith(2’it has been known that
organic compounds enter inte a cation exchange reaction with clays.
It was also known from the extensive work on inorganic/inorganic
cation exchange that a clay exhibited a limit to the number of ions

available for exchange. This was termed the base exchange capacity

or cation exchange capacity of the clay.

(11) (12)

In 1945, however, both Bradley “and MacEwan

found that some organic compounds could be adsorbed by clay minerals

(13)

“other than by entering into a cation exchange reaction. Hendricks
also indicated that organic cations could be held on the clay by
both coulombic forces as a result of cation exchange and Van der
" Waals forces, the larger the organic molecule, the stronger the Van

.\i(‘.r' 'rr’aulﬁ fUJ. Themdile aea n.....:..u ATV s rmve ¥ ﬂ.J—kknn-&-(‘!L})n‘hnnaﬂ

e Fy Ml. wiloh g SAL il g O ke e Lk ¥V G T LALAwE WA Wamur e w

[

that whilst small organic ions were adserbed only up to the cation
‘exchange of the ciay, when large organic ions were added in excess
of the cation exchange capacity, the clay carried on adsorbing the
organic compound. They found that initially only the large. ions
were adsorbed onto the clay but on exceeding the cation exchange
capacity the complete organic molecule was adsorbed and held in

- position probably by Van der Waals forces.

This phenomenon proved of great significance when the
clay was to be used later in an organic liquid. Jordan, Hoock and

Findlayson(15)

showed that maximum compatability of an organo-clay
with an organic liquid was achieved when complete cation exchange
had teken place. Above and below this, the gel strength in organic

liquids was found to decrease.

18



No single cation exchange capacity value can be given
to a specific clay mineral. It not only varies from clay to clay but
also from sample to sample of one type of clay. Thus the cation
exchange capacity of a c¢clay must be determined before modifieation

processes can be correctly carried out.

In theory, the cation exchange reaction takes place
stoichiometrically. Thus, for example, if the ca*’ ions of a Ca
montmorillonite was to be replaced by Naf using say sodium carbonate

the following reaction will take place:

+
3 ?Na + CaCO3

ca™ + Na200
and one equivalent of Na** would be replaced by one equivalent of

n~++ Me ok, Drmd b
\¥ 1~} - ke e v G W -

iy

at thiz balonsc of cowivalents ocoure leads £n
the cation exchange capacity of a clay being conveniently expressed
in milliequivalents per 100g of clay. Thus to replace 1 equivalent
of ca*?t by 1 ecuivalent of Na+, 1 eguivalent of NaECO3 must be used
ie. 53. 1 meq per 100g of clay would therefore require 0.053

per cent addition of Na2003. The cation exchange capacity of a
clay is reached when 2ll the available exchangeable cations have
been replaced. Therefore, for example, if a clay was found to have

| a cation exchange capacity of 100meq per 100g 5.3g of Na2003 would

be needed to replace all the Ca** ions in a 100g sample of clay.

Many methods of determining<the cation exchange capacity.

were found to be available but most involved careful chemical
analysis. Differences in results were noted, not only with variations

in the competence of the operator but also between each type of

19



method employed. It was therefore important that gqualified analysts
were employed to carry out these experiments and in stating the

final cation exchange capacity to refer to the method used.

One method was, however, found to have been developed

by Robertson and Ward(16)

which did away with the necessity for
sophisticated chemical analysis. It was based on the fact that
¢lay, under the correcé conditions, adsorbs the organic dye methylene
blue up to the cation exchange capacity thus effecting a change in
the shade of the dye solution. This could be optically compared

: with the colour of standard solutions of methylene blue and thus the
adsorbtion of dye estimated. It was claimed that this method could
bé carried out quite rapidly with pelativeiy unsophisticated
apparatus. If their recommendations were followed carefully quite

accurate results could be obtained which were comparable to those

obtained by the more complex methods such as the barium method.

3.2.6. The Testing of Organo-clay

Having carried out the modification processes on the
clay it was necessary to ascertain whether the correct amount of
organic cations had in fact been adsorbed. A simple but effective
method, suitable for both small scale and large batch production, of

clay, was suggested by McAtee(S)

who carried out loss-on ignition
tests on dried samples of the modified clay. By subtracting the
ignition weight losses of unmodified ¢lay aznd knowing the molecular

weight of the reactant, the amount of adsorbed organic material

could be deduced relatiwvely accurately.
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3.2.7. The Dispersion of Organo-clay in Organic Liquids

The organic liguid chosen for this work was a light
mineral oil principally because of its low volatility, high boiling
point, ready availability and comparative cheapness over other

suitable organic media.

No information was available, however, on the production
of clay and oil pastes smch as those produced on the surface of
sand grains during mulling, but considerable investigafion was
. found to have been carried out on the swelling of organo-clay in
‘relatively large volumes of organic liquids to produce gels or
greases. 1t was from this information, therefore, that criﬁeria
had to be established for producing the best possible methods for

creating a bonding medium with the organo-clay.

(15) and (17)showed that the first

In early work, Jordan
essential for producing good compatability with organic liquids was
that the cation exchange capacity of the clay sheould be satisfied
but not exceeded. It was also noted that in non-pola; liquids such,
as mineral oil, the clay could not be adequately dispersed to
form a gel unless a polar additive were used. It was postulated
that this polar ;dditive became attached to those parts of the clay
upit layers not covered by organic cations and assisied in parting
the clay layers thus giving access to the dispersing medium. -The
polar additive was found tc have most success in small quantities,
whereas large quantities served only to réduce the gel strength,
0f the polar additives tested, low molecular weight alcohols were

found to give the strongest gels and with minimum additions. Thus

méthanol was found to be a most efficient polar additive,.
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(18) theorised

In later work, Granguist and McAtee
that the mechanism of the polar additive was esséntially one of
producing a double‘diffuse layer in a similar fashion as water on
.a néturally occurring clay. The polar additive describeé was
methanol, which, iﬁ was suggested, formed the dipole: |

cnso' H*
This entered between the clay unit layers and became fixed
electrostatically to the coated surface of the clay by the ut
‘end of the molecule while the other end stood vertically out from
tﬁe surface of the clay. If the same occurred on the adjacent
unit layer the particles would be prised apart at least to the
léngth of two molecules of methanol, about 7 %. Further additions
of methanol increase the separation of the plates by increasing
the depth of the double diffuse layer allowing access for the
organic dispersing liquid to solvate onto the organic ca£ions of
the cla& plate thus causing the clay to swell, Further additions
of methanol diffused the double layer even more and allowed

complete dispersion of the c¢lay in the organic liquid.

All the inﬁestigators researching the gelling of clay
in organic liquid fecognised the importance of applying some form

(19)

of mechanical force. Indeed, information on Bentones a
series of proprietory organo-clays, statéd that in order to develop
the full properties of a modified clay in organic liquids, some

. form of energy must be supplied. This may take the form Af

mechanical shear, the application of moderaté heat or by the

introduction ofzapolér additive either individually or in combination.
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The shear action breaks down the clay agglomerates and disperses
the already wetted clay to expose that which has remained protected
from the dispersing liguid. The thermal energy lowers the viscosity
of the orgénic liguid and reduces the strong cohesive force holding
the dry clay flakes together. Temperaturés ranging from 66-30°¢
were recommended. The polar additive is usually necessary to fully
disperse the clay, the amount of addition varying according tc the
dispersing medium. ’
Thus it would seem that to obtain the optimum properties
 irom the modified c¢lay in a light mineral oil the clay should be
modified to its cation exchange capacity. Energy must be supﬁlied
to the clay/oil mixture either by mechanical shear, the application

of moderate heat or by the introduction of a polar additive.-

3.3. The Properties of Moulding Mixtures Bonded with Organo-clay

On the relatively small amount of literature found on
this subject, the majority was concerned with casual observations
of the moulding mixtures during use rather than controlled research.

The only éxception found to this was an investigation carried out
(20)

", by Komarov et al’ « Unfortunately, most of the basic materials

were impossible to identify being referred to in code only and so
could no; be directly related to other results. %owever, the
reported trends are of interest. The mixing was carried out in an
edge runner mill, allowing two minutes drg mixing of the sand and
clay before adﬂiné the 0il and continuing.for a further two minutes.

Finally the polar »dditive was poured into the mill and the mulling
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continued for a further seven minutes. It was stressed that this
latter period of mixing was of great importance in developing the

full properties of the bond.

A brief test was carried out into the effectiveness
of the polar additive; in this instance being acetone. Using a
basic mix of six per cent organo-clay and 2.5 per cent spindle oil,
an increase in the range of green compression strengths was achieved
on the addition of acetone from 0.05 = 0.06 to 0.5 - 0.6 kg per

e (4.9 = 5.9 to 49 - 59 kN per m>).

: The effect of §arying oil additions was also investigated
on a mix containing éix per cent organo-clay dispersed with acetoné.
Both the green compression strength and green tensile strength
increased with increasing oil additions up to a maximum of about
three to four per cent of a low viscosity oil; subseguent additions
causing a slight drop in these properties. It was noted that the
best flowability and grsen compression strength were obtained using

2.5 =« 3,0 per cent spindle 0il and 0.2 - 0.3 per cent polar additive.

These investigators also studied the effect of recycling
a moulding sand containing 5.0 per cent organo-clay and 2.5 per
cent mineral oil dispersed with 0.3 per cent of polar édditive.
" The sand was tested both before use and after being subjected to
seven casting cycles. The moulds were formed und;r a pressure of
13.0 kg per en (1275 kN per ) having a mould cavify of 235cm3 and
utilised 15 kg of sand. Cast iron was poured into them at 1370 -
1400°C and the casting krocked out 1 hour later. A standard new

sand addition was made after each new casting cycle.
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At the end of sevén such casting cycles it was found that the green
. e

compression strengtéﬁl; - 15 per cept'lower, permeability ninety.

per cent higher, flowability thirty per cent higher and friability

doubled. However, the mould hardness was found to have femained

constant at 80 - 87 units probably, it was suggested, because of

the increased flowability.

Observations.by Johnson(21)

suggested that when a sand
bonded with organo-clay is subjected to conéinuous recycling the
addition of further bonding material was necessary when the gréen
compression strength fell from 8 to 3 1b per in2 (55-21 kN per ma).
At this point it was recommended that an oil addition should be.made
corresponding to fifteen per cent of the original 0il addition.
Further falls in strength were-remedied by.the addition of mﬁre

oil and clay at the rate of twenty per cent of the original addition
and the application of more polar additive.

(22)

Megaw and Miéripke alsc studied the recycling of
this typg of moulding sand and commented that the mere observation
of green compression strength might not be sufficient to determine
the rebonding peint since the meould hardness was found to act
independently of this property. It was alss notéed that rebonding

was required more frequently the hotter the pouring temperature of

the casting and the qguicker the casting was knocked out.

(23)

In other, more general observations, it was noted
that when preparihg a five per cent organo-clay, two per cent oil
mix based on a sand of grain fineness number 140, the green compression

strength increased with mulling time. Without the addition of a
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polar additive the green compression strength was found to be still
increasing after one hour's mulling. However, using a suitable
polar medium eighty per cent of the ultimate strength was achieved

after only five minutes mulling.

(24) and (25)

Further observations were concerned with -
the strengths that could be obtained with moulding mixtures based
on organo-clay and oil. Using a bond of 4,0 - 5.0 per cent organo-
clay and 2.0 per cenf_motor 0il SAE No. 40 on a sand of grain
fineness number 150, green compression sfrengths of 7.0 - 11.0 1b
?er in2 (48 - 76 kii per m@) were obtained. Another mixture based
on'sands of grain fineness numbers 100 - 180 bondéd with 5.0 per
cent organo-clay and 2.0 per cent SAE No. 40 oil was found to have
a green compression strength of 12 1b per in® (83 kN per m2) and a
hot compression strength of 100 1b per in® (690 kN per wl)?

It has also been noted that with continuval use, the
sand gradually becomes hotter and difficuities were experienced

in attempts at cooling. The sand was found to become weak at

elevated temperatures and'further problems developed'.

Mention has been found of the use of iron oxide additions.
In one instance it was reported to increase the hot compression
strength whilst its addition has also been advised as a method of

soaking up excess oil additions.

26



3.4. The Casting Potential of the Moulding Mixture.

In the few papers concerning themselves with this
aspect of the moulding material most reported a superior casting

surface finish. .

(21)noted that the use of this type of moulding

Johnson
materials gave consistently good surface finish in a foundry
producing brass and 5ronze castings. It also gave close dimensional
toiefances, left the casting cleanly at the knock-out, required
less new sand additions than conventional clay and water bonded

sand and permitted better filling of the intricate parts of the

mould cavity because.of the reduced chilling tendency.

Komarov et al(ao)went to some lengths to evaluate the

0
cr
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v
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sgrface finish of G
designed mould bonded with organo-clay and oil. Each mould

contained inserts which had been prepared under carefully controlled
conditions. The surfaces‘produced by these inserts and by the mould
walls were inspected visually and by a sensitive measuring probe.

The surface fipish of the castipgs was reﬁorted to be extremely clean
aﬂd smooth, resembling that produced by the lost wax process. No

surface defects, either internal or external, were found.

Deviations in the dimensional accuracy and weights of
the castings produced were found to be quite random despite using
various grades of sand and different proportions of the bonding

medium and were within a range of % 1.5 per cent.
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Other authors have noted both good casting surface
finish and dimensional accuracy with aluminium and copper based
alloys and some improvements have been noted in the surface finish
of thin section magnesium castinés when using a facing sand bonded
with organo-clay and oil and in thicker sections if mould-metal

reaction inhibitors were employed.
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4,  MATERIALS USED

4.1. The Clay

The ¢lay obtained for the modification process was. a
Wyoming bentonite from the Black Hills region of the U.S.A., having
a total cation exchange capacity of approximately 100meq per 100g
of clay, the predominant exchangeable cation being Nat. It
was obtained uﬁder the trade name of Volelay by the American:
Colloid Company in the form of a fine powder, 75 = 90 per cent

passing through a 200 mesh sieve.

L.2. The Quaternary Ammenium Compound

The quaternary ammonium compound was obtained from-
Armour Hess Chemicals Limited under the name of Arguad 2HT 75.
As produced it contained seventy five per cent active ingredient,

0.5 per cent NaCl, 6.5 per cent water and 18.0 per cent propan-2-ol.

The active ingredient was of the form:

3 c1”

-

R1 and R2 being methyl radicals and R3 and Ry beihg seventy five
per cent octadecyl, twenty four per cent hexadecyl and one per

cent octadecenyl radicals.
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L.,3. The Polar Additive

The polar additive was methanol SLR having the following

specification:
Molecular weight: 32.04'
Acidity (CHBCOOH): less than 0,004 per cent

Boiling range (95 per cent): &4.5 - 65.5°C
Residue after evaporation: less than 0.002 per cent

Weight per ml at 20°C: 0.790 - 0.793 g

L 4, The Iron Oxide

This was precipitated red oxide powder containing

approximately 85 per cent Fe203.

The base sand used for all the moulding mixtures was

Redhill 110 from British Industrial Sand Limited having the following

specification:
Grain shape: angular/low sphericity
Average AFS fineness: 111 |
Mean partical size: 0.110mm
Loose bulk density: 85 1b per ft3(1.36g per cmB)
Base permeability:’ (3.5 per cent moisture}: 50
Specific surface: 272 cmaper g

¥

Coefficient of angularity: 1.425.
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Analysis:

LOOOI.
SiO2

Feao3

' A1203

Kao

Naao
Cal
TiO2

Crao3

Sieve Grading:

BS sieve

60
72
100
150
200

200

4.6. The 0il

0.16 (per cent)
99.30

0.063

0.25

0.02

trace

nil

0.23 (per cent)

35 (ppm)

per cent retained .

20
49
17
11

This was a straight mineral oil or spindle oil sold by

BP under the trade name of Energol EM 50. Typical characteristics

are given below:

Specific gravity at 60°F (15.5°C): 0.87
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Viscosity Redwood No. 1 (s):

20°F (21.1%) = 198.0
100°F (37.8°C) 64,0
140°F (60.0°C) 53.5
200°F (93.3°C) 37.5

210°F (98.9°C) 6.5
Closed flash point: 375°F (190.6°C)

pour point: 10°F (-12.2°C)

k.7. Casting Allojs

4.7.1. Phosphor-bronze

This alloy was melted from ingot of the following

composition:

Cu Sn Pb Fe Ni Zn P

Bal. 10.6 0.09 0.05 0.04 0.05 0.83

4.7.2. Aluminium-magnesium

This was obtained as ingots of the IM 10 ailoy having..

the followiﬁg nominal composition:

Al Cu Mg 8i Fe Mo Ni Zn Pb Sn
Bzl. 0.10 9.5-11,0 0.25 0.35 0.10 0.10 0.10 0,05 0.05

Ti
0.20

k.,7.3., Cast Iron

The melt was produced from pig of the following nominal
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range of composition:

TC Si Mn p S

2,90 = .50  1.50-2.00  0.70-1.20 0.04-0.12  0.05

34
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5. EQUIPMENT USED

5.1. The High Speed Mixer = Development and Design

In order to carry out an efficient cafion exchange reaction
it was first necessary to disperse the Na bentonite clay as unit
layers in a large voluﬁe of water. Na bentonite powder, however,
cannot easily ﬁe dispersed in water because of the initial formation
of a gel at the clay/ﬁaterlinterface which inhibits further
penetrétion of water to the remaining clay powder. It was found
that mechanical agitation of the water ard clay was necessary to
" eontinually break up the protective gel and alléw‘water to reach

all the clay particles.

Many types of‘mixing machines were tested and it was
discovered that the best results were obtaine@ by adding the clay
powder slowly to a small, deep vesmsel of about 1 litre capacity
in which was placed a high speed disc impeller. In order to
reproduce the same mixing action in a larger vessel of more suitable
capacity'if was found necessary to restrict the mixing area within
the vessel and circulate the dispersion from the vessel past the

impeller.

A mixing machine was then designed utilising these
findings and detailed drawings are given in the appendix.
(DRG. 1, 1/1, 1/2, /35 1/H4). A simplified diagram of the machine

is given in Fig. 2, illustrating the basic components.

Clay powder was fed into chute C which was vibrated by

the high speed motor M to which it was attached. When dispensing
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P
C wvibrating chute V mixing vessel
M  high speed motor D draft tube
i  storage tube "B baffle plate
¥  propeller
Fig, 2 Diagrammatic sketch of the high speed mixer

showing the basic component parts, N
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large amounts of clay, a feed fube T was positioned above the ghute
from which the clay flowed autbmaticaily. The vibration from the
motor was sufficient to feed the ¢clay slowly and evenly into the
vori;ex within the draft tube D and thus was subjected to an immediate
high shear mixing action in a confined area. The mixing was produced
by a small, four bladed propeller P which also served to pump

the dispersing medium round the vessel V‘and through the draft tube.
On being ejected at the base of the tube, the dispersion impinged

on the walls of the vessel which were smoothly curved fo‘eliminﬁte
ahy "dead spots'" and aséist the movement of liquid to the su;face

. where it was drawn back into the draft tube for further mixing and

clay addition,

Since the fiow of liguid from the base of the draft
tube was not completely radial a swirling actioﬁ was soon éet
up in the mixing vessel. When the liquid level was low,_prior to
the possible addition of reactaﬁt, the vortex created was sufficient
to expose the top of the draft tube giving rise to unstable mixing
conditions. A baffle plate B was therefore incorporated to hinder
the tangeﬁtial flow when nécessary. A wind guard was attached to

the motor to deflect its_cooling air from the clay feed area.

The complete motor, shaft, propeller and chute
assembly were designed to be easily withdrawn from the vessel which
was clamped.to the base of the mixer. The draft tube was purposely
left free-standing in the vessellsince it was found that any
rrestraining arms projecting through the surface of the dispersion

collected unmixed clay gel particles which could not easily be
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reintroduced to the mix.

All those components in contact with the dispersion were
made from stainless steel in order to prevent corrosion. This
was particularly important when‘using the mixer for small scale clay
modification as the products of the reaction were of a corrosive

nature.

Fig. 3 shows a general view of the completed high speed

mixer together with the clay feeder tube referred to in 6.4.1.

5.2. The Large Batch Mixer = Development and Design

Having designed and built a mixing machine suitable
for producing the clay dispersions and small, experimental bétches
of modified clay, it was necessary to design a much larger mixer
in which to modify batches of clay of sufficient size for use in the

sand testing programnme and mould production.

Tests in the laboratory showed that a high speed mixing
action was not necessary for the conversion process but that a
strong pumping action was vital to distribute the added reactant
quickly and break up the clay as it floculated during the reaction.
To obtain the optimum mixing action, the design of the vessel and
(26)

propeller was calculated from data given by Sterbacek and Tausk

Based on fig. 4. the following‘range of dimensions were recommended.
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Fig, k Diagram of simple mixer showing basic

critical dimensions,
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Diameter of impeller: d = 0.5D - 0,2D

Height of impeller from base: A= 0.54 - 1,04

= 0.1D = 0.5D

~ Depth of stirred liquid: H = 0.8D - 1.2D

Propeller pitch: | g = 1.0d -~ 3.0d

Depth of submersion of propeller: = 2,04 - 4,04
Rotational speed: = 440 - 2400 rpm

The critical dimensions of the final mixer design are given below,

together with their relationship to other relevant measurements.

Average diameter of vessel: D = 24,0 in

ﬁiameter of impeller: | - d = 6.8 in = 0.28D

Height of impeller from base: A= b,5 in = 0,19D = 0.664

Depth of stirred liquid: H = i8.o ~ 20.0in = 0.75D ~ 0.84D
Propeller pitch: 5 = 3.0 in = O.44d

Depth of submersion of propeller:

13.5 ~ 15.5in = 1.99d - 2.28d

Rotational speed: 1420 rpm

It can be seen that the height of liquid is outside the iower end

of the range. This dimension was, however, dictated by the size

of available vessel and the discrepancy was considered to be small
enough.to be neglected. The pitch of the propellgr was also ocutside .
the required limits. This derived from the fact that a trué
propeller of marine design could not be obtained and one was
consequently fabricated from sheet metal. It was found that a 3in
pitch in this material was the maximum possible if it was not to

distort in use. Further, it was considered that since the level of
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the liquid was at the low end of the range the efficiency requirements

of the propeller could be reduced slightly.

Detailed drawings of the final design of the batch
mixer are given in the appendix, (Drg. 2, 2/1, 2/2, 2/A, 2/a/1,

2/6/2, 2/M3), whilst a simplified sketch is shown in Fig. 5.

The vessel V¥ had a maximum working capacity of approximately
150 1. It was constructed of stainless steel and thus was resistant
to the attack of the corrosive bi-products of the modification
procéss. Thé motor M of 1/3 HP turned a six bladed propeller P
. via a stainiess steel shaft. This was placed off-centre within
the vessel to prevent the formation of an excessively large vortex.
A tap T was fitted near the Sase of the vessel. An extension pipe
E protruding from the back of the tap was dirgcted to the bottom of
the vessel to allow the maximum removal of reaction bi-~products and
water. The whole mixer assembly was mounted on a steel frame which
was raised from the ground to accommodate the gas ring G. The
complete mixer is shown in Fig. 6 just prior to starting a
modification. The vessel to the right bf the motor contained the
reactant which could be added in controlled amounts by using the

tap.

5.3.~ The Filter Press.

A filter press was used to extract the water from the
modified clay after treatment. This apparatus comprised a pump
which passed the clay suspension into six filter cells under a

maximum pressure of approxim;%ely 80 lb/ina. The walls of each cell

vl

b3



¥ V
I4
P
Fig, 5

v
mixing vessel T drainage tap
motor : - E  extension pipe
propeller G - gas ring

Diagrammatic sketch of the large batch mixer

showing the basic component parts.
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were composed of strong, closely woven material which, whilst
retaining the claj, allowed the water to pass through. By
dismantling the bank of cells the c¢lay could be removed in the form

of a compacted paste.

5.4k. The Grinder

The grinder was composed of a stainless ateel tube
split into three chambers by perforated partitions. Each‘chamber
contained hardened steel balls of varying sizes, and the whole
was vibrated by an eccentric motor. The clay was fed via a funnel
into the first chamber from which, after pre-grinding, it passed
through the perforations into the main grinding chamber andfinally

the ex it chamber where it flowed into a storage bin,

' 5.5. The Sand Muller

The moulding sand mixes were prepared in a Ridsdale
laboratory muller of 3.5 kg maximum capacity. This apparatus was
made up of a stationary pan in the centre of which revolved s pillar
at 30 revs/min driven by a Z hp motor. Attached to the pillar were
two heavy steel rollers, which turned freely on horizontal axes, and
two carefully aligned ploughs. The purpose of the rollers was to
knead the clay and oil and spread the mixture onto the surface of
the sand grains, thus developing the bond. The ploughs-were 50
afranéed as ‘to turn the mix énd feed it into the path of the rollers.
The prepared moulding sand was'discharged through a sliding door

in the base of the muller.
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It was found most imporfant with this.type of clay-bonded
mix to maintain both the base of the muller and the surface of the
rollers in a rough!condition otherwise the rollers ceased to turn,
merely pushing the mix round the pan without kneading or mixing iﬁ.
To-achieve a rough surface on these components they were removed
and shot blasted for about half-an-hour. With continued use of the
mulier, however, the surfapes again became polished and a more
permanent method was found in the grinding of shallow, radial
grooves in the base of the muller whilst the surfaces of the rollers

were peened using a centre punch and hammer.

5.6. The Sand Testing Equipment

The testing of the physical properties of thg sand mixes
was carried out on apparatus normally used for the more conventional
clay/water-bonded sand. Since these pieces of equipment are standard
in any sand laboratory, their description has been omitted from

this section but is referred to in the appendix.

S5.7. The Sand Temperature Controller

Since the temperature of the moulding sand was found
to be a variable affecting the physical properties a simple piece
of apparatus was designed to heat and cool the test batches of sand
and to maintain the desired temperature to within.at least = 1%.
It consisted of a water-jacketed box linked to a temperature
controlled water-bath as shown in section in Fig, 7. Detailed

dimensions of the box are given in the appendix. (Drg. 4).
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Fig., 7 Diagrammatical sectional view of the sand temperature controller,
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The box B was designed to be deep and narrow wﬁilst
still alilowing adequate access for removal of sand samples. This
shape‘ensured that only a small area of sand was left exposed to
room temperature and that the thickness of sand through which ﬁeat
had to be conducted was kept to a minimum. A 1lid L was designed
éo that it could be laid directly onto the top surface of the sénd
during the heating or cooling period. The water was draﬁn as
indicated by the arrows, via flexible tubing from the water-bath,

W through the jacket and the 1id and back into ﬁhe water-bath

by means of a small suction pump P. Two baffles X, extended

from the top to the bottom of the water jacket and incorporating
strategically placed orifices which directed the water thro&gh

as much of the jacket as possible. Their design is shown in greater
detail in the appendix. (Drg. 4). The temperature of the bath was
coﬂtrolled by a thermostat T operating a heating coil H. When
temperatures below ambient were required cooling was achieved by
circulating mains water throﬁgh a copper coil C immersed in the

water-bath.

5.8. The Test Casting and Pattern Equipment

The gesf casting was designed to monitor surface finish
 and dimensional accuracy and is shown in fig. 8 together with the
running system. It was semi-hexagonal in cross-section, the straight
sides and definite angies facilitating the checkiﬁg of dimensional
acéuracy. The semi=cylindriecal cavity was formed by two 2 x 2in.
laboratory test pieces the ends of which were slightly modified by

a special end ﬁiece in the specimen tube, details of which have

been shown in the appendix (ﬁrg. 3). The position of this cavity

e
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Fig. 8 General view of the test casting

and running system,
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was designed to be close to the heat centre of the casting whilst

allowing easy access for later inspection of the surface.

The pattern equipment is shown mounted on pattern boards
in Fig. 9, detailed drawings being shown in the appendix (Drg. 3).
The mould cavity formed is sketched in Fig. 10. A ﬁand-cut
pouring basin P aqcepted the molten metal into the sprue S.
From the sump of the sprﬁe the metal flow divided and entered the
sumps 0of twe risers R at a tangent to induce a spinning action.
These then acted as whirl gates,'collecting eny dross in the centre
where, with continued pouring, it was channelled up the risers.
The clean metal to the outer edges of the sumps passed into the
mould cavity C by way of two in-gates G. The cross-sectional area
of these gates was made larger than the rest of the running system
to avoid excessive flow rates and conseﬁuential turbulence of the
metal as it entered the mould cavity. Further, being large, they
remained molten long enocugh to allow feed metal to be dréwn from

the risers during the solidification of the casting.

The cope and drag halves of the mould can be seen in
Figs. 11 and 12 the former showing the empty core print, the latter
showing the same mould after the insertion of the two 2 x 2in test

pieces.

'5.9. The Moulding Equipment
| The moulds were pfoduced on a British Moulding Machine
consecutive joit/squeezé moulder type BT1 having a jolt capacity
of 205kg and squeeze load of 3 880kg at the working pressure of

6.3kg per - (620 kN per 2).
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Fig, 9 General view of the cope and drag

patterns (cope in foreground).
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. . C
P  pouring basin C mould cavity
S sprue - G in-gates
Y* R risers

Fig, 310 Diagrammatic sketch of the mould cavity for

the surface finish and dimensional accuracy

cas tingo
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Fig., 11 Test casting mould showing core print,

e AT

+Fig, 12 Test casting mould with cores in place.
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5.10. The Furnaces

The non~ferrous alloys were melted in a simple gas-fired
crucible furnace having a maximum capacity of approximétely 4.5 kg

of aluminium and 13.5 kg of bronze.

The cast iron was melted in a medium frequency coreless

induction furnace of approximately 27.0 kg maximum capacitj.

P

5.11. The Sand Mixer

The recycled moulding sand was mixed in a Fordath
laboratory core sand mixer comprising a stationary pan in which
revolved two ploughs so designed as to thoroughly turn and mix

the contents.
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6. EXPERIMENTAL PROCEDURES

6.1. The Purity of the Clay

Two main impurities were known to be contained by the
clay which took no part in the cation exchange process. These
were non-clay par%icles, such as quartz, and 'free water' lying
between the unit layers of the clay. The former was found difficult
to quantify with any accuracy and was assumed to be constant for
the batch of ¢lay reserved for the research. The 1atter; however
was known to vary amccording to the ambient water vapour pressure .

and had to be determined before each modification session.

The free water was easily determined by faking samples
of known weight and drying them in an oven at 110°C to constant
weight. Such was the affinity of Na bentonite for water that the
samples were found to be rapidly gaining weight during thé cooling
pericd ard weighing operation. Therefore all samples weré cooled

in a desiccator and weighed as cuickly as possible.

6.2. The Cation Exchange Capacity of the Clay

This value was usually quoted for pure, dry clay,
but since the non-clay solids proved difficult to quantify they
were ?aken as being constant and thus all results for cation
exchange capacity referred to are for the non-pur;, dry élay.
This was found to be acceptable since the clay to be used in the
modification process also contained the non-clay solids and was

taken from the same batch of reserved clay tested.
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The method chosen for determining the cation exchange
capacity of the clay was the methylene blue test. In order thét
solutions of known coﬁcentratiOn could be made up, it was important
to guantify the main impurity in the solid, that of water of
crystallisation. This was determined in a similar manner to the
free water in the clay, by heating to constant weight in an ovén at
110°C. A standard solution was then made up to a concentration of

0.3 per cent.

The clay was prepared in a 250ml capacity glass bottle
provided with a close fitting glases stopper. This ensured that
no part of the bottle was of a material which could adsorb the
dye. A weighed sample of clay was added to the bottle and since
the amount was small, approximately 0.25g, care was taken to weigh
the measuring scoop both before and after the weighing process so
that the exact addition to the bottle was recorded. 5.0 ml of
demineralised water was added to the clay using a small pipette

and the clay allowed to stand for 24hr to become fully swollen.

- Exactly 25ml of the standard 0.3 per cent mgthylene
blue solution was then pipetted into the bottle which was tightly
stoppered aﬁd shaken vigorously for 20 min. The contents of the
b&ttle were then poured into & filter funnel containing a Whatman's
No. 1 filter paper. The first light coloured filtrate, having had
some of tﬁe dye removed by the paper, was discarded whilst the
remainder was collected in a conical flask. Precisely 2.0ml of
the filtrate was_witﬁdrawn and placed in a 100ml measuring cylinder.

To a further measuring cylinder was added 100ml of a 0.002 per cent



- solution of methylene blue made up from 3.34ml of the standard 0.3 .
rer cenf solution in 500ml of water. Demineralised yatgr was then
progressively added to the cylinder containing the sample of filtrate
until the contents of the two cylinders appeared to be the samé shade
of blue. The end point Qas checked by placing the two cylinders

on a sheet of brightly illuminated white paper and placing one eye

to the top of each vessel simultaneously. After a little practice,
it was.found that the end point éould be determined easily and

consistently.

. The cation exchange capacity of the clay expressed in
' meq per 100g of dry clay could be calculated using the following

formula:

(I-F) x P ) (6.2)

E 100
7000 *7V

x W

where I = the percentage of dye initially
= the percentage of dye in the filtrate

the percentage purity of the dye

= W do
n

= the equivalent weight of the dye
V = the volume of dye used

W = the dry weight of the clay

(16).)

(according to Robertson and Ward

This formula is shown.derived in the appendix C(i).
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6.3. The Purity of the Quaternary Ammonium Compound

This material was supplied with three main impurities
that would take no part in the modification process. They were
water, iso-propanol and sodium chloride, their concentrationé
being reported to be nominally 6.5, 18.0 and 0.5 pef cent respectively.
Howeve?, since the first two were of a volatile nature it was
decided to evaluate their exact concentration before carrying out
the modification. The sodium chloride, being non-volatile gnd
present in only a small quantity, was assumed to be still at the

concentration reported.

To cbtain an accurate value of the active ingfedieht ‘
in the ménufactured quatérnary ammbnium salt involved sophisticgted
analytical techniques for which neither equipment nor time were
available. It was therefore decided to simply evaporate the water
and alcohol to constant sample weight and thus find the weight of
active ingredient by subtraction. Several evapo;ation techniques
were expiored but the most consistent and reproducible results

were obtained using the following methed.

To avoid the evapo;:'ation losses of tlhe alcohol and,
to a lesser extent, water during the initial weighing procedure,
samples of the guaternary ammonium salt were packed into a syringe
and approximately 1.0 - 1.5g injected cuickly into weighed vessels.
These were sealed and reweighed before being warmed to 50°C when
the material liﬁuified. The lids were removed and the vessels
placed in a vacuum desiccator for approximately 24hr before being

reweighed under seal. The evaporation under vacuum was then
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continued until a constant weight was achieved. The loss in weight
was taken to be the water and iso-propanol and after adding the 0.5
per cent sodium chloride the weight of active DDAC was found by

subtraction.

6.4. The Clay Modification Process

6.4.1. The Clay Dispersion

This process was carried out in the high spsed mixer.
The vessel was filled with 5.0 1l of water, the draft tube placed
in the base and the motor and shaft assembly lowered into position.
. The motor wés switched on and the clay placed into the vibrating
chute from which.it'was slowly féd into the vortex as can be seen
in Fig. 13. After the last bf the clay had been added to the liquid,
mixing was continued for a furthgr 5 min. 100g of clay was normally
treated in this manner, but when larger volumes of dispersion were
required for bateh production mixes were made to higher conéentrations

and subsequently diluted in the large mixing vessel.

It was found that a maximum of approximately 400g
of claj could be processed in 5.0 1 of water before the viscosity
of the mix reduced the efficiency of the stirring éction. To
facilitate the addition of this amount of clay a vertical tube of
2.5cm qiameter was clamped with its base about 1.0c¢m above the
bottom of the vibrating chute.- A funnel was insegted into the top
of the tube and the complete batch of clay to be processed fed into
it. As the clay was vibrated into fhe wager at the base, the level
in the chute wgs maintained from the reservoir in the tube. A4s
for the small scale dispersiéh, the mixing was continued for Smin

N
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Fig. 13 The high speed mixer showing the introduction

of Na bentonite during the preparation of a

clay dispersion.
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after thé completion of the additions affer vhich the dispersion
was poured into the larger mixer whicﬁ already contained SO l. of
watgr. The stirring action in large vessel was maintaihed whilst
further similar dispersions were made uprin the high speed mixer
to bring the final amount of ciay in the large vessel to 3.0kg

in 100 1. of water.

6.4.2. The Clay Treatment

In initial small scale experiments the clay
dispersion was pre-treated with a solution of sodium carbonate to
ensure that all exchangeable cations were of the sodium form,
However, tests shoﬁed that this made no appreciable difference to
the final cation exchange reaction and the practice was discontinued
Similarly, the preparation of the gquaternary ammonium salt as a
dispersion in water was abandoned early in the work since its
limit of dispersion was loﬁ and necessitated the addition of lafge
volumes of liquid to the clay dispersion. This overloaded the
small high speed mixer in which the preliminary modifications
were carried out whilst in.the large batch production it would have
required a vessel of impractical capacity. It was found, however,
that the quaternary ammonium salt could be prepared in a liquid
form of more convenient volume by dissolving it in iso-propanol.

. This was produced by adding the alcohol to the salt in the ratio
of approxim;tely 2.0kg salt to 1 litre of alcohol, in a vessel
equipped with a tightly fitting lid and placing the whole into a

water-bath at 40°C.
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'Prior to the addition of thé quaternary ammonium salt
solution the clay dispersion was heated to 60°C to assist the rate
of reaction. The rate of additions was carefully controlled to aveoid
both excessive clay flocculation and the production of a heavy foam. |
The additions for the large scale ﬁroduction were made from a veséel
equipped with a ta§ suspended over the reaction vessel and took a |
period of about 30min to complete. 'This process is shown in Fig.14.
Mixing was then continued for a further 20 min to ensure complete
reacti;n after ﬁhich the contents of the véssel were allowed to

stand undisturbed overnight.

The small pilot scale tests on clay modification
were deéignéd to Study the reaction Eetween the organic reagent
and the clay disperéion. To this end additions of the reagent
were added varying from amounts well below the cation exchange
capacity of the clay to amounts greatly in excess. The physical
characteristics of the dispersion were noted during the mixing,
settling and filtering to gain knowledge for future work and the
retgntion of the organic reagent were tested for each addition.
Additions to the large batch mixes were calculated to just satisfy

the cation exchange capacity of the clay.

The zdditions of organiec reagent were calculated
according to the following equation, the derivation of which is

given in appendix C(ii):
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i
‘Fig. 14 The large batch mixer showing the introduction
of DDAC to a clay dispersion during the

modification process,
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B : F x ¢{(100 - D) x G | (6.4.2)
A x 100 000

where A = purity. of organic reagent (per cent)
B = weight'of addition of organic reagent (g)
C = weight of clay as supplied kg)
D = clay moisture content (per cent)
F = meq of DDAC to be added per 100g of dry clay
G = molecular weight pf.DDAC

6.4.3. Washing the Modified Clay

The method of washing the modified clay was developed
around an unexpected phenomencon of the medification process. As
the cation exchange capacity of the clay was satisfied by the organic
ions, the modified clay was found to float rafher than precipitate
_and, now being in a hydrophobic condition, left clear water below.
By opening a tap at the base of the reaction vessel, this water
together with the bi-products of the reaction could be easily drawn
off until the first signs of the floating clay were observed to
be entering the exit pipe. This water constituted about half of
the total volume of the éontents of the vessel, By replacing this
with fresh water and stirring for a further 20 minutes the washing
procedure was easily accomplished. After approximately 4 hr during
which period the clay was allowed to float to the surface again,
the tapping and washing procedure was repeated. A total of four

washings were completed before passing on to the filtration procedure.
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6.4.4. Filtering the Modified Clay

The clay was kept in suspension by constantly
circulating it thrqugh a pump. By adjusting a throttle in the return
pipe to the vessel a part of the suspension was diverted into a
" bank of high pressure filter cells in a filter press. The throttle
was gradually closed until the pressure within the cells reached
80 1b ﬁer in® (550KN per 2). This was maintained until the flow
of clear watef from the outlet of the press ceased. The press
 was then dismantled, the cakes of clay removed from the cells and

the proaédure repeated until all clay had been processed.

In the smaller laboratory tests a 1ess.involved method
of filtration could be used. fhe clay suspension was poured onto
a Whétman's No. 3 filter paper in a Buchner funnel. The filtrated
was collected in a large conical.flask to which a vacuum pump was

attached in order'to hasten the rate of filtration.

6.4.5. Drying the Modified Clay

The filter cakes were crumbled into metal trays and

placed in an air-circulating oven at 110°C for 24 hr.

6.4.6. Grinding the Modified Clay

The dried clay lumps were fed into Fhe vibrating
grin&er in small amounts to prévent over-loading. After processing
the complete batch it was passed through the grinder for a second

¢
time to ensure that no small lumps remained. Samples of the final
product were found to pass through a 200mesh sieve and this was taken

as the criterion for the adequacy of grinding in further batches.

L8 *
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6.5. Testing the degree of Modification of the Clay

Samples of the dried clay weighing approximately kg
were placed in a desiccator for 24 hours and then added to pre-weighed
fireclay boats and weighed again. During exposure to the atmosphere
of the laboratory the samples were found-to gain weight rapidly
and thus the speed of weighing proved critical to the final
accuracy of the results.

e

The bgats were then placed in a muffle furnace which
-was gradually heated to 250°C thus causing a slow decomposition
of the organic constituents of the clay which were able fo
volatilize with the minimum of disturbance to the clay sample.
Afier approximately 30 minutes the temperature of the furnace
was raised to 900°C‘and maintained at this level for two hours.
The furnace was then allowed to cool slowly until the boats were
just cool enough to handle and be transferred to a desiccator for -
final cboling to room temperature. The boats were reweighed taking
care once more to expose the samples as little as possible to the

atmosphere of the laboratory.

Samples of unmodifiéd clay were also tested in this
manner so that a distincticon could be made between the loss in
weight of the clay due to the ignition of the organic component and

the hydroxyl ion loss of the basic clay structures

The exchange of organic ions that had occurred during
the modification process could then be determined by the following

formula and expressed in meq per 100z of dry clay:
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(I ~ C) x 100 000 _ . © (6-5)

(100 -~ I) W
where I = the percentage ignition loss of organo-clay
C = the percentage ignition loss of unmodified clay
W = the molecular weight of the gquaternary ammonium

cation
(after McAtee(s}).

The derivation of this formula is shown in appendix C(iii).

6.6. The Sand Mulling

In initial experimental work it became evident that the
efficiency of the mulling process was affected by the temperature
of the mix. To control the mulling temperature would have reguired
elaborate modification of the muller to provide hea£ when the mix.
temperature was to be above ambient and cooling to remove the heat
produced by the mulling procedure., It would also have been necessary
to design a method of continuously monitoring the temperature of
the sand during mixing. In view of the practical difficulties
" envisaged in attaining these ends and of the limited time available
it was decided to use the muller in its existing form but for each
variable under test prepare four mixes at diffefing mlling
temperatures. The temperature of the sand mix was recorded both
before and after the mulling operation and the results charted

to ascertain the trends.

L4

A range of temperatures was sought which most closely
corresponded to those found in industry, the higher end of the range

relating to the temperature attained over a long period of continuous

ot
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reéycling of the sand from the éasting bay to the sand plant and
the lowest to the type of temperature experienced‘on starting up a
sand muller in a cold foundry. In practice, this range was limited
by the high rate of cooling at the top end of the range maki;g
temperature recording inaccurate, and at the lower end of the raﬁge
by the relatively high ambient temperatures ex@erienced during the

experimental works

This range of températures was found to be best
achieved using the following procedure. The first mix was carried
out using both sand and the muller.at room temperature. 3.0kg of
Redhill 110 sand was added to the muller and mixed for 2min to
ensure that é stable temperature was reached. The c¢lay was then
added and the mixing continued for a further minute to fhoroughly
distribute it around the sand grains,  The muller was stopped and
the sand spread evenly over the pan and two thermometers inserted,
one on each side of the drive pillar. Whilst the thefmometers
reached equilibrium the o0il was spfinkled over the surface of the
mix and turned in to prevent it sticking to the rollers in later
mulling. When a polar addtive was to be used it was plaged in a
flask equipped with a tap which was clamped to the outer plough
arm g0 that it could be aischarged evenly around the mix. The
thermometer readings generally agreed but Qhere a slight discrepency
occurred the difference was halved. The thermometers were removed,
the polar additive flow commenced at a fast drip and the muller
started. After a timéd period the muller was stopped and a
thermometer inserted into a pile of the mix. The average of the

starting and finishing temperature was taken to be the mulling
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temperature for the purposes of charting the results.

The second mix was carried out in the muller after it

had been preheated by mulling 5.0kg of dry sand at 200%c.  After

S5min the sand was quickly discharged, the muller cleaned cut and

the 3.0kg of sand to be mixed added at a pre-heated temperature

of 200%C. In this manner it was found that a melling temperature

approaching 60°C could be attained. The same basic procedure

was then followed as for the room temperature mix.

Two further mixes were made in the muller as it was

- cooling using 3.Ckg of sand at room temperature, With this

procedure initial mulling temperatures of approximtely 45.0.and

30.0?0 respectively could be achieved. The four mixes prepafed

as described above were all stored in sealed containers until

tested which, in most instances, was within 3 hours of mulling.

6.7. Testing the Physical Properties of the Mulled Sand

In most instances each experimental batch of sand was

subjected to seven physical tests:

(i)
(ii)
(iii)
(iv)
(v)
(vi)

(vii)

Green Compreséion Strength
Green Shear Strength

Hot Compression Strength
Permeability

Mould Hardness
Shatter Index

‘Flowsbility.
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These were all tests of a standard nature normally carried out on.
the clay and water-bonded moulding sands and the method of
procedure has therefore been omitted from this section of the thesis.

It can, however be found in Appendix A. '

6.7.1. Temperature Control of the Mulled Sand

During the initial experimental work on the physical
properties of the moulding sand it was evident that the results
" obtained were not as reproducible as those normally obtained when
testing a clay/water-bonded moulding sand. It was also noted that
the appearance of a sand mix changed from being dry and powdery to
- wet and sticky when warmed slightly and thus it was assumed that
vériations in the ambient temperature could be a primary c;use of

the problem.

A water-jacketted box was therefore constrqcted as a
holding veésel for each batch of sand to be tesfed and in the
majority of cases a temperafure of 20°C was naintained by this
“means. The preparation and teéting of each sand test piece was
carried out as guickly as possible to ensure minimum subsequent
temperature variation. In most instances this procedure was carried
out within 15 seconds of the sand being removed from the water-

jacketted box.

6.7.2. Determination of the Effect of Sand Temperature

In order to determine how critical the testing
temperature was upon the physical properties of the moulding sand

a hatch of sand mullgd at an average temperature of 30°C was
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divided into four parts, each of which was heated or cooled to
differing degrees in the water-jacketted box before being tested.
The four temperatures selected for testing were 15°C, 2500, 35°C-and
4500. In each case care was taken to ensure‘that all equipmenf
coming into contact with the sand during ﬁhe preéaration and testing
.of the.test ‘viece was as c¢lose to the temperature of the sand as

possible.*

6.7.3. Determination of the Effect of Mulling Time

A series of tests was carried out to establish the
effect of mulling time upon the physical properties of the resulfing
moulding sand. Froﬁ the results of these tests it was hoped to find
an optimum period which would develbp the bond to its fullest
poteﬁtial for a particular mix. To this end a number of sand mixes
confaining 5 pef cent organo-cla& and 3 per cent 0il were mulled for
2.5, 10 and 20 mirutes_ at varying mulling temperatures both with
and without 0.5 per cent methanol addition. Each.mix was then

subjected to a full physical analysis.

6.7.4. Determination of the Effect of a Polar Additive

Since it had been shown that the introduction of a
polar material improved the development of the clay/oil bond, tests
were carried out to detérmine the effect of adding such a material
in varying amounts to the sand-mix during the mulling cycle.
Methanol, the polar additive chosen for tgis work, was added to a
series of sand mixes containing 5 per cent clay and 3 per cent oil

in varying amounts of 0.5, 1 and 2 per cent. Each level of addition

$-
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'was tested at four mulling temperatures using a standard mulling
time of 10 minutes and the physical properties of all the sand

mixes so produced were subsequently investigated in the usual manner. .

6.7.5. Determination of the Effect of Clay

Batches of sand containing 3, 5 and 7 per cent clay
were mulled'at four different temperatures for 10 mihutes with a
standard addition of 3 per cent'oil._ In order to carry out a
comprehensive study of the effect of these additions the first
itests were made on mixes to which no polar additive had been
introduced.. However, since under production conditions a polar
materiazl would most probably be added, all tests were repeated using
a 5 per cent addition of methanol. The physical properties of all

the mixes were investigated.

6.7.6. Determination of the Effect of 0il.

This investigation was carried out in a similar manner
to that used for the effect of clay addition. However, in this
instance the clay éontent of ‘the mix was standardised at ogper cent -
and the oil additions tested aé 2, 3 and & per cent. These mixes
were mulled.for 10 mimutes both with and without a 0.5 per cent
addition of methanol using four different mulling temperatures.

The physical properties of each mix were ascertained in the usual

manner.,
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6.7.7. Determination of the Effect of Mould Temperature
Variation.

In a previous experimént the effect of varying the
testing temperature of a moulding sand was investigated,.the test
pieces having been rammed at the temperature of the test. This
work was carried éﬁt to see how a mould would behave when temperature
- variations occurred after the sand had been compacted. It was
considered that this infﬁrmation would be important in a production
environmeﬁt where cold sand could be rammed into a hot moulding
‘box or hot, recycled sand might be rammed and allowed to cool before
the.mould was poured. The temperature variations selected for this
investigation were considered to be not unlikely in a high

production foundry.

Samples of the same batch of sand as was used in
6.7.2. were held at 15°C in the water-jaéketted box before being
formed into standard test pieces. Care was taken to ensure that all
the eguipment used in the preparation of the test pieces was as
close to that of the sand as possible. The sand compacts were then
Placed in an air—circulatiﬁg oven at 4500. After sufficient time
had elapsed to ensure thorough heating of the test pieces, as
indicated by thermometers placed both within and on the surface of
" one of the pieces, they were removed individually and subjected to
cne of the five physical tests to be carried out. ' These were green
compression and shear strengths, permeability, mould hardness and
shatter index, the hot compressicn strength and flowability test

both being irrelevant to this investigation.
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A second experiment was carried out in a similar
manner to that above to determine the effect of cooling conditions
on a mould. In this instance the sand was rammed at 4500 and

cpoied before testing its physical properties at 15°C.

6.7.8. Determination of the Effect of Storage

In order to determine whether the properties of the
mzlled sand were effected by storage, some selected batches of
sahd were stored in a sealed.container aftef their initiél test
to be retested after periods of 3 and 14 days. The mixes used
for this test contained 5 pef cent ¢lay and 3per cent oil_and had
been mulled for varying periods of 2.5, 10 and 20 minutes, the effect
of.each mulling time having been examined at four differént mulling
' temperatures. The effect of a 0.5 per cent methanol addition was
.also investigated on a mix which had been mulled for 10 minutes

and stored under identical conditions.

6.8. Mould Production

- 6.8.1. Mouiding Sand Preparation

The basic method described in section 6.6 was used
to prepare the sand mixes for mould production. The main constituents

of each mix were:

3.0 kg Redhill 110 sand
150g Organo-clay (5. per cent)

90g Energol EM 50 oil (3 per cent)

The mulling time was 5 minutes during the first part of which 153
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(0.5 per cent) of methénol was dripped in from the ?ear shaped flask
attached to the piough. "By préhéating the muller and replacing a
small proportion of the cold sand addition with sand at_200°C an:
average malling temperature of approximately 30°G was maintained

for each mix. '

6.8.2. Moulding Machine Jolting Pime

It was known that the mould hardness af the joint
face increased with.jolting time up to a certain vaiue after which
the mould hardness remained approximately constant. Since it was
desifable for all éoulds produced torhave a standard mould hardness

a series of experiments were conducted to find the minimum jolting'

time to give maximum and consistent mould hardness.

Using the basic proéedure for mould preduction given
below a series of cope moulds were produced using different jolting
times and the mould hardness tested at s#ecific points on. the joint
face.  Since the hardness was found to increase with increasing
jolting time up to about 30 seconds and remained relatively constant
during subsequent jolting up to. 60 seconds a period of 35 seconds

was chosen as standard.

6.8.3. Moulding Practice

The cope pattern was bolted to the £ab1e'of the moulding
machine as shown in Fig. 15 and a 12 x 18 x 5in deep (30.5x%45.7x12.7cm)
.box located on it with box pins. The moulding.éand was warmed in
an air circulating oven %o approximateiy 3000 to ensure good strip

and added loosely to the moulding box until level with the top of its
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Fig., 15 The moulding machine with the cope
pattern mounted prior to making the

mould,
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walls. The.box and pattern were ﬁhen jolted for 35 seconds. A
frame, 3cm in height was placed on top of the box and further sand
loosely packed in to a height of approximately 10 cm above the toﬁ
of the frame. The squeeze action was then operated until no fﬁrther
compact on was noted, the frame removed and the mould strickled

off. The box was rolled over, the pattern vibrated and the mould
drawn. A pouring basin was hand cﬁt in the top of the mould, its
sides tapering smoothly into the sprue to prevent turbulence during
the filling of the mould and the tops of the risers trimmed tb

prevent loose sand from falling into the mould cavity.

L

The drag hélf of the mould was produced in a 12 x 18 x 3in

deep (30.5x45.7x7.6cm) box in the same manner as the cope.

6.9. Melting Practice.

6.9.1. Phosphor-bronze

The basic theory behind the two methods of melting

practice for phosphor-bronze is given in the appendix.

6.9.171. Melting Under Oxidising conditions
About 500g of an oxidising flux based on one part of
fused borax, one part of cupric oxide and one parf of dry silica
sand was placed in the bottom of the crucible. A total of 1hkg
of.phosphorébronze ingot was charged and fhe furnace 1it, its gas
to air ratio béing adjusted to give an oxidising atmosphere
characterised by a short gregn flame. Melting was continued until a

i

ot
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pouring temperature of 1000°C was attained at which point‘additional
dry silica sand was added to the slag layer to thicken it, thus
facilitating its removal. The crucible was lifted from the furnace,
plaéed inﬁo a hand shank and poured into the mould as quickly as

possible. This method was used to produce casting Neo. 1.

6.9.1.2. Melting Under Reducing Conditions

Approximately 200g of powdered charcoal was placed
in the crucible to reduce the.oxygen content of the furnéce
atmosphere at the molten metal surface. After chapging 1lkg of
phosphor-bronze ingot; the furnace was lit using a high gas to air
ratio. During melting the charcoal cover was constantly replenished.
Approximately 100°C above the intended pouring temperature the
furnace was shut down and dry nitrogen bubbled through the melt
using a graphite lance. After 10 minutes of this treatment the
temperature was again checked and the metal cast on reaching the
desired pouring temperature. Uéing this method two castings were
poured, one at 1000°C (casting No. 2) and the other at 1100°C

(casting No., 3),

6.9.2. Aluminium-magnesium

The basic theory associated with the melting practice

for this alloy is given in the appendix.

The crucible was prewarmed and 100g of a proprietory
flux based on magnesium chloride was added. A total of 10kg of
aluminium~10 per cent magnesium alloy ingot (IM 10) was charged and

melting continued using a neutral furnace flame. When the alloy reached
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a plastic condition a further 300g of flux was added. On reaching
a tempe¥atﬁre of ?20°C the.furnace was shut down and dry nitroggn
bubbled into thé melt using a graphite lance. Samples of the melt
were taken at approximately 3minute intervals for solidification
under partial vacuum. The degassing was continued until a sample
was seen to solidify with a concave top surface showing no signs

of dissolved hydrogen coming out of solutioi: during solidification.
The tepperatufe of the melt was then taken again, the flux skimmed

off and the casting poured quickly.

Three castings were produced in this manner; castings

No. &, 5 and 6. -

6-9'3. Cast Iron
25kg of pig iron was melted in an induction furnace
to a temperature of 1450°C. The slag was skimmed off, the melt

poured into a preheated ladle and immediately cast.

Castings No. 7, 8 and 9 were produced in this manner.

6.10. Recycling of the Moulding Mixture

6.10.1. Treatment of the Used Sand

After knocking out one of the phosphor-bronze castings
the moulding sand was collected and fed into a Fordath core sand
mixer. As the sand was mixed a small continuous flow was allowed
through the discﬁarge door vhich had been held slightly ajar. When

the complete batch had been passed through the mixer in this manner
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the process was repeated a further three times to ensure a homogenous
mix free from any lumps. A 3kg sample of this sand was taken and

its physical properties investigated as described in section 6.7

6.10.2. Remoulding

The mixed sand, without any further treatment, was
then used to make anothér test would in the Same manner as described
~in section 6.8.3. Any shortage of sand encountered when completing
the back of the drag half of the mould was made up with new sand.

A further amounf of new sand was added to the bin intended for
collecting'fhe knock-out sand to make a total new sand addition of

5 per cent.

6.10.3. Casting
The moulds were weighted, cast.with iron at 1400°C
and left to cool overnight before knocking out and recycling.
A total of three castings were produced in cast iron, which together
with the\originai phosphor-bronze casting, made a total of four

casting cycles.

6.10.4. Restoration of the Used Moulding Sand Properties

Several 3kg batches of the sand collected from the
mould of the fourth casting and treated in the core mixer vere remulled
for 5 minuteé. To some of the batches 0.5 per cent additions of oil,
¢lay and alcohol were made either singly or in combination. After
studying the physical properties of these mixes and comparing the
results with those of the sand before remulling, further batches were

treated with carefully selected amounts of oil, clay and alcohol
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in an endeavour to attain.physical properties most closely approaching

those of the original unused sand mix.

6.11. Casting Evaluation

6.11.1. Visual Examination

After knocking out, loose sand was removed from the
surface of the castings with a soft brush, the running system removed
and the casting inspected for defects particularly on the cored

surface. Records were kept by means of photography.

For comparison with commerciallyxfinished castings,
one of the phosphor-bronze castings was sand blasted and one in

cast iron shot blasted.

6.11.2. Measurement
The castings were set up on a surface table using
three édjustable jacks to place the castings in the reguired positions
for measurement, A vernier height gauge was used to measure the
vertical distances between c;itical points on the casting and the
top of the surface table. Using this method the dimensionsxof

the castings could be found to the nearest O.lmm.

In addition, each casting was weighed to the nearest

gramme.

6.11.3. Internal Inspection

To investigate the internal soundness of the céstings

one each of the alloys was sawn in half at right angles to the axis

83



of the 2 x 2 in cored cavity. The cut surfaces were rubbed down,

inspected and ﬁhotographed.
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CHAPTER 7

EXPERIMENTAL RESULTS AND OBSERVATIONS
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7.  EXPERIMENTAL RESULTS AND OBSERVATIONS.

7.1. Clay Purity

The free water impurities of the Na bentonite clay.were tested
twice during the period of research and the results are given in

Table 1.

The results of the first test, headed batches 1234, were
obtained just prior to tﬁe first series of large scale modificatiéns
of the ¢clay and just after the small scale experimental ¢lay |
modifications. The 11.80 per cent average of the three results
obtained during this test were therefore applied to both the

small and the first of the large scale modification calculations.

The second test was made towards the end of the research
period, just before the final series of modifications. The results
of this test, given under the heading of batcﬂes 56789, yielded an
average free water content of 12,33 per cent. The difference in
£he two average results was probably due to the change in humidity
conditions prevailing in the clay storage area during the period

of research.

7.2. The Cation Exéhange Capacity of the Clay

The detailed results of the fhree Methylene Blue tests
carried out to determine the cation exchange capacity of the clay
are éiven’i; the appendix (Table (i)). Using the formula 6.2 these
results were used to calculate the cation exchange capacities of the
Na bentonite which are shown, together with their average, in Table

2. It was considered that, whilst the results of each test differed
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Table 1

" Na BENTONITE MOISTURE CONTENT (PER CENT)
BATCH NO.S ’ 1,_2,3',-'4» . 5’6)7’8.,91
SAMPLE No, 1 11.77 12,25

2 . 11.75 12.41

3 | 11,88 12.32

AVERAGE 11.80 12,33
Table 2 °

CAT1UN EXCHANGE CAPACITY OF Na PENTONITE __ (Meq/100 g CLAY)
RESULTS ACCORDING TO THE METHYILwF BLUE METHOD |

SAUFTE No, 1 ) 99. 38
2 S . 98.6
3 | 98.16

AVERAGE | 98.67 .

L L N
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slightly, their reproducibility was as good as the experimental
procedure permitted and that the average result obtained was
sufficiently accurate to be used in the necessary calculations for

the modification process.

7.3. Quaternary Ammonium Compound Purity

Because of the highly volatile natﬁre of the propan~-2-0l .
impurity in the quaternary ammonium compound a series of four tests
to determine the impurities was carried out immediafely before
each period of use. The results of those tests carried out prioﬁ
to the small scale experimental work are given in Table 3 whilst
_fhose made before the_production of batches 1-4% and 5-9 of organo-'

clay are given in Table K,

The four results from each test made to find the combined
water and propan-2-0l content have been averaged. The percentage -
of NaCl impurity, as obtained from the suppliers of the quaternary
ammonium compound, was taken as being éonstaﬁt throughout its period
of use and was added on to the average result to give the total

percentage of impurities in the compound.

7.4, The Effect of Modification Conditions

The effects of using a low speed and high speed stirrer
in the modificétion process and the necessity of ;sing a Naaco3
treatment on the clay dispersion prior to modification were tested
by carrying out a loss=-on-ignition on the organo-clay produced. These

results are given in the appendix (Table (ii)) and have been converted

to units of Meq/100g of clay using the formula 6.5 for use in Table 5.
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Table 3

_"QUATERNARY AMMONIUM COMPOUND IMPURITIES

SMALL SCALE EXPERIMENTAL WORK

R -

(PER CENT)

PROPAN-2-0L AND WATER

SAMPLE No, 1 20.65

2 20,74

3 20,67

) " 20,40

éyERAGE 20.62
'SUDIUM CHLOR1DE 0,50 -
PUTAL 1MPURITIES 21.12 ]

"~ Table 4
'QUATSRNARY AMMONIUM COMPOUND IMTURITIES (PER CENT)
';1TCH No.s 1,2,3,4 5,6,7,8,9
PROFAN-?-0OL AND WATER : N
SAMPIE No, 1 18,14 16.19
| 2 18,15 16.15
3 .. 17.89 15.68
L 18, 05 16.10
AVERAGE | 18.06 16.03
SODIUM CHLOR1DE 0,50 0,50 . -
TOTA: IMPURITIES 18.56 16,53
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" RETENT10N OF DDA* BY Na BENTONITE

Table &

EFFECT OF REACT1ON COHWDITIONS

DDAC ADDITION: 89,42 Meq/100 x CLAY

(Meq/100 g CLAY)

- SAMPLE No,

1 2 AVERAGE
USING LOW SPERD STIRRER 00,00 G0.06 90.03
USING HIGH SPEED STIRRER ._ 9i.13 90,62 01,03
WITHOUT NagCOB PRE_TREATMENT V1,28 Cl.41 91.35

L7 ] &3

RETENTION OF DPAY BY Na BENTCNITE o ..

Table ¢

EFFECTIOF VARYING DDAC ABDITIONS

(Meq/100 g CLAY)

. SAMPLE No. 1 2 AVERAGE
DDAC ADDITION 22,35 22,78 23.81 23.80
| L. 71 L5.55  h5.58 45,57
67.06 67.18 67.21 67.20
89.1,2 90.00 _ 90.06 90,03
131,13 135.21  135.16 135,19
toafroo g 700 158,32 159.02 158.67

. CLAY) 223,35 158,590  158.46 158.51'
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'From this table it can be seen that élightly more organic
‘cations were retained than were added. This can most probably
be attributed to the limitations in accuracy in determining the
purity of the Na bentonite, the purity of the quaternary ammonium

compound and the loss-on-ignition of the modified clay.

The results would suggest that little advantage was to
be gained by using a high shear'mixing actibn for the modification ‘
process and indeed, since considerable difficulty was experienced.
with excessive foam production under these conditions this method
held distinct disadvantages. Further modification was therefore

undertaken using a relatively low speed stirring action.

The use of a sodium carbonate pre-treatment upon the clay
was also found to be of no advantage and the procedure was therefdre

abandoned.

7+5. The Modification Characteristics of the Clay

The degree of modification of a clay was ascertained by
carrying out loss-on-ignition tests on the modified clay and the
_results are given in the appendix (Table (iiiﬁ)). By using the
formula 6.5 however, these'results have been converted into the
more useful units of Meq/100g of clay and appear in Table 6. This
shows the retention of the organic cation and/or molecule by the Na
bentonite as successively larger amounts of the organic compound

‘were used in the modification process.
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It would appear from the results that slightly more organic
cation was retained ﬁhan supplied. This same phenomenon was also
reported in 7.4 and its cause may be attributed to the same

limitations of accuracy stated in that section.

A graphical representation of the results obtained is
shown in Fig. 16. The point at which the orgénic compound ceased
to be gdsorbed is represented by the point of intersection of the
extrapolated lines on the graph; approximately 158Meq/100g of clay.
From the limited number of results obtained, however, it is impossible
to state whether this sharp cessation of adsorbtion take$ place as
the amcunt of organic reagent is increased. TFor this reason the
graph around the area of non-stoichiometric character is represented

by a dotted line,

The results of this work served two useful functions ..
with regard to subsequent bulk modification processes. The first
was to confirm that the reaction between Na-beﬂtonite and DDAC
proceeded in a stoichiometric manner, 1 Meq of DDAC giving up
exactly 1 Meq of DDAT to the clay. The amount of reagent necesgary ..
to aéhieve complete cation exch;nge could thus be calculated

agcordingly.

The second function of this experiment was to see if the
reaétion ;easéd completely at the cation exchange capacity, thus
permitting the use of slight excesses of the reagent to ensure
complete modification. This proved not to be the case and confirmed

the findings of Grim et 31(14). Further it was found that the use

92



._£6_

— - -
>
i
|
v .
19 "'.“""‘""f"""""““""“"""""’“/'7:-*'—@"“—‘_—@
g 1s@a L7 .
22 | 4 :
= 10) :
N ]
) i
A !
L g2 4 . :
L 0] :
a ' | O/ | ' E 5
Z : |
z s S

ol 7’ |
M =eLe ® |
x o :
+ ' / '
o ®© :
Q :
Q :

=] =0  1zom I | m=mam
PDRC FIDDED C MESI ~/~ 123 E_ <tLARAY 2

Fig., 16 Graph of ‘the retention of organic cations and molecules by Na bentonite,



of excess reagent severely impaired the filtering process as

(9)

was suggested by Jordan °’. Thus, it was proved essential to add
the exact amount of reagent as dictated by the cation exchange

'capacity.

7.6. Degree of Modification of Batch Produced Organo-clay.

The degree to which the batch produced clay had been

" modified was, as in previous cases, determined by the loss-on-ignition
technique and the results are given in the appendix (Table(iv)). Table
7 shows these results expressed in units of Meq/100g of ¢lay using
formula 6.5. The average number of Meq/100g of élay retained by

each batch varied slightly. Since, however, the batéhes were
subsequently mixed together for grinding purposes to forﬁ two large
lots of clay comprising batch numbers 1 - 4 and 5 - 9, the combined
averages of these lots has alsc been shown on this table. It was
considered that these figures were close enough to the desired
retention of 98.67 Meo/100g of clay as to make little difference

to the subsequent prOpertieé of the clay when used as a bonding

medium for the moulding sand.

7.7. Physical Properties of the Moulding Mixtures

7«71« The Units
In general, seven physical properties have been quoted
for each sand mixture tested. Of these, the perméability, mould
hardness and flowability have been recorded directly from the
apparatus on which they wére obtained whilst the shatter index was
calculated as described in appendix A(vii). The green compression

strength, green shear strength and hot compression strength have
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Taﬁle 7

RETENTION' OF DDA* BY Na BENTONITE . __ (Meq/100 g CLAY)
LARGE SCALE PRODUCTION - |

. ,
ANETHRAE S AT R L A

3AMPLE No, : 1 2 3 4 AVERAGE

" BATCH No, 1 ;;;72 98.06" 97.11  97.05 97.49
2 98.55 98.32 08,60 98.57 9851

3 94.80 95.02  94.59 94.71 9. 78

S 05.80 95.79 95.82 95.68 . 95.76

" AVERAGE | | 06,64
| 5 98.73 100.03 100.67 100,01 100, 01

6 %.59. 99.05 99.16 99.11  98.98

7 97.23  $6.29 97.16 - 97.25  96.98

g 95.32  95.57  95.46 95.53  G5.47

9 95.19  O4L.78 OL.78 95.21 . 94.99

AVERAGE | $7.29
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all been recorded in SI units having first been converted from, in

the first two cases, 1b/in” and in the latter case kg/cu.

It should be noted that all these tests have beeﬁ
based on the 2in x 2in test piece and that the results, despite
being quoted in metric form, cannot be'directly compared té results
obtained using 50mm x 50mm test pieces.formed on metrically designed

equipment,

7.7.2. Effect of Mulling Temperature

Because of the temperature sensitivity of the sand mixes
the effect of mulling temperature was recorded for all the variables
of clay, oii, mulling time and polar additive; The results are
given in Tables (v)-{xx) inclusive, each table showing the physical
properties of one particular mix mulled at four different mulling
temperatures. Using these results sets of graphs have been drawn, each
set illustrating the effect of mulling temperature upon one of the
physical properties at various clay, oil and pelar additive contents
gnd after different mulling times. These graphs are shown in the’
appendix in Figs (i)-(vii). From these the following effects of

mulling temperature have been noted:

Green Compression Strength:

For a standard mélling time the green compréséion
strength of a sand mix was increaéed by employing
increasing mulling temperatures. A maximum strength

for ény mix not containing polar additives was generally

achieved whe using temperatures of approximately
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Lo - 4500 whereas, by using 0.5 per cent methanol
maximum strengths were obtained at temperatures

in the range 30-35°C.

When working below these témperatures considerable

reductions in strength were experienced whilst it was

found that little was gained by using mulling temperatures

above these ranges.

Green Shear Strength:

This property exhibited a similar relationship with
mulling temperature to that described above for

green c0mpression strength and reached maximum

values within the same temperature ranges. However,
mixes with a high clay content_containing 0.5 per cent
methanol had a tendency toward increased green shear

strength as mulling temperatures above 3500 were employed.

Hot Compression Strengths

Despite this test being carried cut at hiéh temperatﬁfe,
the results still show'a dependence upon the mulling
temperature, increasing mulling temperatures tending

to give increased hot compression strength. The
temperature ranges giving maximum ;alues are‘not as
clearly defined as with green compression and shear
strengths, low clay/oil ratio mixes exhibiting maximum
strengths at much lower temperatures than the high

clay/oil ratio mixes. In general however, the use of
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0.5 per cent methanol reduced the mulling temﬁerature
required to achieve maximum hot compression strength.
There would appear to be a definite tendency,
particularly in the absence of a polar adaitivé,

for high mulling temﬁeratures to yield sand mixes

of strengths below the maximum possible.

Permeabilify:

The variations in permeability took place over a
very limited range and thus no great significance can
be placed upon the trends found. The greatest effect
of mulling temperature was found with sand mixes
having a high clay/oil ratio, the higher the mulling

temperature, the greater the permeability.

Mould Hardness:

~

The results of this test were, as might have been
expected, closely analogous to those obtained for
green compression and shear strength. The mould
hardness of a zand mix was increaséd by the use of
higher mulling temperatures. Maximum values were
recorded in the 40-45°C temperature range in the
absence of a polar additive whilst ;he use of.0.5 per
cent methanol substantially decreased the temperature
required to obtain similar results to about 30°C.
These trends were noted for all mulling periods

tested.



Shatter Index:

This property was also increased by the use of higher
mulling temperatures. It would appear however, that
maximum values were not closely related to any
specific milling teméerature range. lThe effect of
mulling temperature was noted at all the mulling

times teszted.

Flowability:

e ———

Flowability was generally decreased by the use of
increasing mulling temperatures especially in mixes
of high c¢clay content. Mixes having a low clay content

were relatively unaffected by temperature.

It would appear from these results that in order to
fully develop the clay-oil bond fo ité maximum sirength as tested
at both high aﬁd low temperatures, mulling temperatures in the range
of 40-50°C must be employed. The use of 0.5 per cent methanol,
however, reduced the necessary heat energy, optimum properties
| being devéloped in the 30-3500 range. Under these conditions values °
of shatter index‘cquld be achieved close to the maximum thus
ensuring a reésonably tough sand mix. As would be expected,_és
the strength of the mix was increased, the flowability decreased.
However, since even the minimum values obtained represented moulding
mixtures of relatively high flowability this effect would be of little

detriment.

99



2.7.3. Effect of Mulling Time

In order to study the effect of mulling time upon the
physical properties of the sand mixes, variations due-to mulling
temperature had to be taken into account. Since the mulling
temperature could not be controlled sufficiently accurately to
allow each mix to be mulled at a specific temperatﬁre results have |
had to be derived from the curves in Figs (i)=(vii) e and f showing

the variation of properties over a range of temperatures.

Three temperafures were selected; 25, 35 and 45°C and
the effects of mulling time upon the physical properties are shown
together with other varisbles in Tables 8 - 14, From these results
graphé have been drawn as shown in Figs. 17-23, each figure
showing the effect of mulling time on one particular physical
property gt.three diffe:ent mulling temperatures both in the absence
of a poiar additive and when using an addition of 0.5 per cent

methanol.

Green Compression Strength:

Thé rate of increase of greén compression strength with
mulling time was found to be dependent upon the

muiling temperature and the presence of methanol in

the mix. Relatively slow rates of increase were
evident when mixes without polar additive ﬁere mulled
at low temperatures. By increasing the temperature of
this type of mix higher rates of strength developmeﬁt
were recorded, a maximum value being obtained after

about 8 minutes mulling. The use of 0.5 per cent
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1aple o

GREEN COMPRESSION STRENGTH _ (N/m* x 103)

EFFECT OF POLAR ADDIT1VE, MULLING TIME, CLAY AND OlL CONTENT

. CLAY CONTENT (PER CENT) 5.0
OIL COKTENT (PER CENT) 3.0
MULLING TIME (MIN) 10,0

EXCEPT WHERE OTHERWiSE STATED IN THE TABLE

MULLING TEMPERATURE (°C) ' 25,0 35,0 45,0
POLAR ADDITIVE 0.0 - ) 37.5 .57.0 ' 67,0
CONTENT _ . : |

1.0 o 67.0 7%.:0 72,0
(PER’ CENT) 2.0 70,5 75.0 7%.0

MIXES WITHOUT POLAR ADDU(TIVE

MULLING TIME = 2.5 22.5  50.5 58,0
- 10,0 . 37,5 57.0 67,0

(MIN) 20,0 . 36,0 58,0  67.0

CLAY CONIENT 3.0 T 17.0°  25.5 33,0

- 5,0 . . 37.5  57.0 61 0

(PER CENT) 7.0 61,5 85.0 02,0

OIL CONTENT 2,0 0.0 60,0 £5.5

. 3.0 . 37.5 57.0 67,0

. (PER 'CENT) 4.0 | . 36,0 55,5 . 65,0

- MIXES WITH O,5 PER CENT PCLAR ALCOITIVE

MULLING TIME 2.5 ' 64.0 70,5 68.5

10,0 -~ 63.5 70,0 69.0

(MIN} 2000 59.5 7 68,0 70.5
CLAY CONTENT 3.0 | © 30,0 35,0 345
| 5.0 63.5 70,0 69.0
(PER CENT) . 7.0 - 93.0 97.0 2.0
OIL CONTENT 2.0 o 60,5 67.0 67.5
o 300 63.5 70,0 69.0
(PER CENT) 4.0  56.5 65.5 65,0
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iapie v

GREEN SHEAR STRENGTH ' (N/m® x 103)

'BEFFECT OF POLAR ADDITIVE, MUtLlNG TIME, CLAY AND OIL CONTENT

CLAY CONTENT (PER CENT)- . } 5.0
O1L CONTENT (PER CENT) 3.0
MULLING TLME (MIN) | 100

EXCEPT WHERE OTHERWISE STATED IN THE TABIE

MULLING TEMPERATURE (°C) 25,0 35,0 45.0
POL:R ADDITIVE 0.0 8.6 13.8 6.1
C,ONTENT ‘ os _ 1.5 15,1 16,2
1.0 3. 15.9 16.0

(PER CENT) 2.0 - 156 16.2 16.0

MIXES WIT.OUT POLAR ADDITIVE

MULLING TIME 2.5 4.7 - 11.6 13.5

10,0 8.6 1.8 16.1

(MIN) 20,0 . 9.8 . 1.2 16.2
CLAY CONTENT 3.0 3.7 &4 4,0

5,0 : 8.6 124 16.1

(Phi CLNT) 7.0 14,2 20.3 21.3

OIL CCNTENT 2,0 7.9 12.0 4.7
3.0 a6 13.8 16.1

(PER CENT 5.0 7.8 13.7 16.8
- EWIEH 0.5 PER CEAT POLAR ADDITIVE | -

MULLING TINE 2.5 15.3 17.8 15.3
10,0 14,5 5.1 16,2

(MIN) 20,0 15.9 15.4 17.3
CLAY CONTENT 3.0 7.7 8.9 8.5
| 5.0 14,5 15,1 16,2

(PER CENT) 7.0 19,2 21,4,  22.9
O1L CONTENT 2.0 13.9 1.2 14,7
| 3.0 L5 151 16.2

(PER CENT) 4.0 15,6 17.8  17.%
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" HOT COMPRESSION STRENGTH . — (N/m? x 103)

EFFECT OF POLAR ADDIT1VE, MULLING TIME, CLAY AED O1L CONTENT

CLAY CONTENT (PER CENT) 5,0
OIL CONTEST (PER CENT) 3.0
MULLT™NG TIME (MIN) {10,

EXCEPT WHERE OTHERWISE STATED IN THE TABLE

MULLING TEMPERATURE (°C) 25.0 35.0 L5.0
POLAR ADDITIVE 0,0 : 24,2,0 285.0 300,90
CONTENT : ' |
. 0.5 S ©270,0 267,0 268, 0
| 1.0 ] 219,0 261,0 266.0
(PCR CENT) 2.0 2540 295.0  318.0

[

MIXES WITHOUT POLAR ADDITLVE

MULLING TIME 2.5 -~ 2,4.0  250.0 259, 0
| 10,0 . 242.0 © 285.0 300, 0
(MIN) - 20.0 24,3.0 255.0 322,0
CLAY COLTSNT 3,0 167.0 203, 0 182.0
5.0 2%2.0 285.0 300, 0

(PER CENT) 7.0 365.0  4,28,0 445.0
GIL CONTENT 2.0 252,0 354,.0  384.0
| 3.0 22,0 285.0 300.0

(PER CENT) k.0 | 296.0 311.0 304.0

N

MIXEs WITH 0,5 PER CENT POLAR ADDITIVE

MULLING TI¥E 2.5 2,2.0  292.0 267.0
o 10,0 1270.0  297.0  268,0
(MIN) 20,0 3320 34,0.0 333.0
CLAY CONTENT 3.0 186.0 188.0 192.0
| 5,0 ' 270.0 267,0  268.0
(PER CENT) 7.0 " 368.0  402.0 4140
OIL UONTENT 2,0 275.0  313.0  320,0
| 3.0 ' 270.0 297.0 268.0
(PER SENT) 4.0 282.0 307.0 - 304.0
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Table 11

PERMEABILLTY - (SMALL ORIFI1CE)

EFFECT OF POLAR ADDIT1VE, MULLING TIME, CLAY AND OIL CONTERT

. CLAY CONTENT (PER CENT) 5.0
O1L CONTENT (PER CENT) 3.0
MULLING TIME (M1N) , 10,

EXCEPT WHERE OTHERWISE STATED IN THE TABLE

MULLING TEMPERATURE (°C) 25,0 35,0 45.0
POLAR ADDITIVE 0.0 18.6 19.2 20,1
CONTENT » - . ‘ '
0.5 | 18,8 18.8 20,1
1.0 18.8 16.5 20,2
(PER CENT) 2.0 | 19.7 | 20,6 20,4

MIXES WITHOUT POLAR ADDITIVE

MULLING TIME 2.5 19.5 17.9 123
- 10,0 1.6  19.2 20,1
(MIN) . 20,0 21,3 20,4 18.2
CLAY CONTENT 3.0 21,2 20.5 253
5.0 18,6 19.2  zwa

(PER CENT) 7.0 19,3 2z.1 25,0
01L CONTENT 2.0 19.8  22.2 250,
3,0 18.6 19.2 20.1

(PSR CENT)  * 4.0 17,6 17,5 18.4

SR e Y -~

MIXES WITH Q.5 FER CeNT POLAR ADDITIVE

MULLING TIME 2.5 23,7 24,0 26,0

10,0 18.8 - 18.@ 20,1
(MIN) 20,0 . 20,0 20,2 20.5
CLAY CONTENT 3.0 21.1 21,1 . 21.4
| N 5,0 18,8 18.8 20,1
(PER CENT) 7.0 20.6 20.9 21.0
OIL COKTENT . 2,0 20,4 23.6 21,1

3.0 188 18.8 20,1
(PER CENT) LO 17,2 17.3 © 17.2
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Table 12

MOULD HARDNESS e (C SCALE)

EFFECT OF POLAR ADDITIVE, MULLING TIME, CLAY AND OIL CONTENT .

CLAY CONTENT (PER CENT) 5.0
OIL CONTENT (PER CENT) 3.0
MULLIK + TIME (MIN) 10,0

EXCEPT WHERE OTHERWISE STATED 1IN THE TABLE

MULLING TEMPERATURE (°C) 25,0 35:5 45.0
FSZE& ADDITIVE ©0,0 = 21,5 26,C 27.5
CONTENT | :
0.5 C 27,5 28.5 28.0
1,0 28,0 - 29,0 29.0
(PER CERT) 2,0 28.5 28.2_ 27.5
;;;EE‘WITHOUT POLAR ADDITIVE
MULLING TIME 2,5 12.0 26,0 28.0
7 10.0 21,5 26,0 27.5
(MIN) 0.0 15.0  25.0 27,0
CLAY COMTENT 3.0 8.5 13:5 | 16.0
5.0 - 1.5 26.0 27.5
(PER CENT) 7.0 - 27.5 32.0 31.5
OIL CCHTENT 2,0 20,0 25.0 i 27.0
| 3.0 21,5 26.0 27.5
 (PER_CENT) 4.0 1745 25,5 28.0

© MIXES WITH 0.5 PER CENT POLAR ADDITiVE

MULLING TI¥E 2.5 - 28.0 ~ 29.0 27.5

10,0 - 27.5 28.5 28,0

(MIN) 20,0 26.5 28.0  26.5

© CLAY CONTENT. 3.0 15,0 17.5 - 17.0
5,0 S 27.5 28.5 28.0

(PER CENT) 7.0 33,5 32.5 32.0

. OIL CONTENT 2,0 o 25.5 26.0 26.0
| 3,0 ' - 27.5 28,5 28,0

‘(PER CEKT) 4.0 : 25.5 28,0 - 27.0
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Table 13
SHATTER INDEX

EFFECT O} POLAR ADDITIVE, MULLING TlME CLAY AND OlL CONTENT

CLAY CONTENT (PER CENT) 5.0
OIL CONTENT (PER CENT) - 3.0
MULLING TIME (MIN) 10.0

EXCEPT WHERE OTHERWISE STATED IN THE TABLE

' MULLING TEMPERATURE (°C) 25.0 35,0 . 45,0
'POLAR ADDITIVE 0.0 | 58,5 65,0 66.5
CONTENT o o . ‘

0.5 . 67.0 73.5 59,0
1.0 - 66.0 67.0 64,0

(PER CENT) 2.0 69.0 91,0 - 67.C

MIXES WITHOUT POLAR ADDIT1VZ

MULLING TIVME 2.5 40,0 49,0 50,5
10,0 58.5 65.0  66.5

Gy 20,0 67.0  76.5 67.0
CLAY CONTENT 3.0 . 51,0 62.5 €S.0
5.0 58,5 65.0 o545

(PER CENT) 7.0 | - '58.0. - 66,0 £3.0
01L CONTENT 2,0 36.0 39.5 12,0
3.0 58.5 65.0 66,5

(PER CEAT) " 4.0 .0 ge,0 86.5

MIXES WITH 0,5 PER CENT POLAR AbDlTlVb

MULLING TIME - 2.5 69.0 70,90 62,5
| 10,0 | 67.5 - 7.0 69.5

(MIN) 20.0 : 76.0 72.5 68.5
CLAY CONTENT 3.0 68.90 70.0 68.5
| 5.0 67.5  74.0 69.5

(PER CENT 7.0 - 66.0 65.0 62.0
OIL CONTENT = 2.0 ' L. O 40,5 40,0
3.0 . 67.5 74.0 69.5

(PER CENT) L0 86.5  95.5  89.5
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 Table 14

FLOWABILI1TY : (PER CENT)

EFFECT OF POLAR ADDITIVE, MULLIKG TIL4E, CLAY AND OIL CONTENT

CLAY GONTEKT (PZR CENT) 5.0
01L GUNTENT (PER CENT) -1 3.0
MULLLNG TILME (MIN) 1G.0

EXCEPT WHERE OTHERWISE STATED 1N THE TABIE

'MULLING TEMPERATURE (°C) | 25,0 35,0 45,0
POLAR ADDITIVE 0,0 T .0 80.5 78.5
CONTENT _ | R

0.5 2.0 79,0 20.5

1.0 - 82.0 79.5 76.0

(T¥R CENT) 2,0 81.5. 76,0 72.0

MIiES WITHOUT POLAR ADDITIVE | -

' MULLING TIME 2.5 | 83.0 : 80.5 80,0

10.0 | 84,0 80,5 ~  78.5

{MIN) " 20,0 87.0 84.0 79.5

CLAY CONTENT 3,0 86.5 - 87.0 85.5

5.0 .0 80. 5 78,5

(PER CENT) 7.0 81,5  75.5 72,0

QIL NONTENT 2,0 84.5 81.5 80,5

| 3.0 S - T 80,5 78.5

(PER CENT) L.0 L 8.5 82,0 80.5
MIXES WITH O.5 PER CENT POLAR ALDITIVE

" MULL3NG TIME 2.5 81,0 . 79.0 78,0

‘ 110.0 | 2.0 79.0 80,5

(MIN) | 20.0  81.5 80,0 £1.0

CLAY CONTENT 3.0 6.0  86.0 86.0

5.0 82,0 79.0 80. 5

(PER ©ENT) 7.0 79.5 73.5  .73.0

OIL CONTENT 2.0 g2.5 = 80,0 79.0

3w 82,0 79.0 80.5

(PER "3NT) L0 82.5 79.5 81,0
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méthanol greatly increased thé.rate of strength
development, maximum strengths at all temperatures
being achieved after about 2% minutes mulling, It

was interesting to note that the greatest rgte of
increase in strength was recofded with the mix mulled
at 35°C. This was probably the result of the high :
rate of evaporation of the methanol at #500 effectively
reducing its potential. After 20 minutes mulling,
however, this high temperature mix proved to give a
slightly stronger mix than the other itwo mulled at the

lower temperatures.

Green Shear Strepngth:

The results of these tests produced graphs of similar

character to those for green compression strength.

Here again, the mix containing the 0.5 per cent addition
and mulled at 35°C produced the greateét rate of

' strength development though on_subsequent mulling the
strength appeared to decrease whilst that of ﬁhe mix
‘mulled at 45°C increased, eventuaily giving the étrongest

misx,

Hot Compression Strength:

The hot compression strength of a saﬂd mix was generally
increased by employing increasing mulling times. Two
exceptions were noted. At 2§°C a mix without ﬁethanol
r?mained relatively unaffected by continued mulling
after the initi;l 2} minutes. There also appeared £o be

[
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a tendency for mixes mulled at 35°C without a polar
additive to suffer a loss in hot compression strength

on mulling for times greater than 10 minutes.

Mixeslmulled with 0.5 per cent methanol exhibited the
same phenomenon as both green compression and shear
gtrength in that the hot strength of the mix mulled
at 35°C exceeded that of the mix mulled at 45°C. On
further mulling,'however, mixes at all températures
increased in hot strength until, after 20 minutes,

very similar results were achieved.

Permeability:

Mixes mulled without a polar additive showed a .minimal
change over the mulling times tested and the differences
in characterof the curves for each temperature are
probably not of gréat significance when considefing

the small rangé over which they occur. However, those
mixes mulled yith 0.5 per cent methanol all showed a
‘relatively high permeability after the first 23 minutes
mulling, subsequent mulling causing a rapid reduction

to levels of similar value to those in mixes mulled

without polar additive.

Mould Hardness:

In 211 but the low temperature mix without methanel,
mould hardness was found to be at its maximum after
only 23 minutes mulling. Thereafter, a gradual decline

in value was ndted as mulling proceeded. When mulling at
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-2500 without a methanol addition, however, mould
hardness was slow to develop reaching its maximum
value after about 10 minutes mulling, longer periods
proving to be detrimental. Again it was noted that
the effect of the methanol addition was diminished

slightly by mulling at 45°C.

Shatter Index:

In mixes without a polar additive shatter index

~ was increased by increasing mulling times. At 45°C_
it was fo;nd that no additional benefit was to be
gained by mulling for longer than 10 minutes. When
using a 0.5 per cent ;ethanol addition the sand
attained most of its toughness in the first 2% minutes

subsequent mulling giving no great advantage.

Flowability:

This property remained relatively constant for all

sand mixes mulled for the varying times tested.
IHowever, the weaker sands resulting from 1oﬁ temperatufé
mulling without polar additive showed some slight

improvement in flowability as mulling time was increased.

It would appear from these results that if a 0.5 per

- cent methanol addition was made to the sand during mulling most .

physical properties had attained an optimum or nearly optimum level

after only 2% minutes mulling. There was evidence to show, however,

that the hot compression strength could be improved by extending the

mulling period.’
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In the absence of a polar additive the mulling
femperature became an important factof in determining the length
of mulling time required to reach optimum properties, particularly
in the came of green compression strength, green shear strength
and mould hardness. It was found that the lower the temperature
the longer the period of mulling required. Even at the higher
temberatures at least 8 minutes was required to develop maximum
gréen compression and shear strength and the values obtained were
still less than those found t§ be possible when nsing a éolar
additive. The developmeﬁt of shatter index wés found to be much

slower at all temperatures when methanol was omitted from the mix.

7.7.k. Effect of Moulding Sand Testing Temperature

The results of the physical property tests carried
out upon batches of moulding sand at 15, 25, 35 and 45°C‘are given

in Table 15 and shown in graphical form in Figs. 24-29.

It can be séen that whilst nearly all the properties
tested showed a slight variation with increased temperature of the
sand; green compression strength and permeability decreasing whilst
green shear strength an&.fIOWability increased, the property to
be most affected by temperature was the toughness of the sand as
indicated by the shatter‘in&ex. In all routine sand testing reported
in this worﬁ therefore, a standard testing temperature of 20°¢C was
adopted, this being achieved by storing the mulled sand in a water-

jacketted box as described in 5.6.
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Table 15

PHYSICAL PRQPERTIES OF SAND MIXES

CLAY CONTENT (PER CENT)
OIL CONTENT (PSR CENT)
MULLING TIME (MIN)

POLAR ADDITIVE (PER CERT)
QOTHER VARIABLES

[LLERAN |
oC O

0.5 (Methanol)
Tested at various temperatur

83

Mullfd at an average of 30,0°C
SAKD HIX No. 303 304 307 308
CTESTING TedFERATURZ (°C) 15,0 25.0 35.0 L5.0
SPECIMEN WEIGHT 156 158 158 159
- (g)
GRLEN COMFPRESSTON 65,5 66.6G 66,2 65.5
STRENGTH ' 67.6 67.6 66.9 65,5
‘ - 67.6 66.9 - 66.9 64 .8
. . 67.6 '
(N/m? x 103) 67,6
Average “67.2 67.1 56.7 65.3
GREEN SHEAR . 14.8 15.5 16,9 17.6
STRENGTH . 14.8 15,5 17,2 17.6
14.8 16.5 18.3 17.
o 3 16.¢ 17.9
(N/m*~ x 107) 15.5 17.6
Average . 1L.8 15,2 17.6 7
PERMEABILITY - 1.1 18,8 12,2 16,8
’ 21.1 19.0 18.1 17.0
21.1 18,9 18.1 17.2
21,1 16.0 17.0
(small orifice)
Average 21.1 18.9 18.1 17.0
MOULD HARDNESS 29 2% 20 28
29 30 28 30
+ 28 30 29 28
29 29 36 29
(1C' scale) 29
Averace ) 29 30 29 29
‘SHATTER INDEX 58 75 g1 ol
s £g 73 G2 gl
63 75 87 g1
55 & ol
85
Average 58 75 90 Gl
FLOWABILITY &0 go 81 82
89 8l 81 82
79 81 gl - g1
: : 81 - 81 82
(per cent)
. Average - g0 81 81 a2
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7+7+5. Effect of the Polar Additive

The effect of varying amounts of methanol on the
physical properties of a sand mix confaining 5 per cent clay and
% per cent oil mulled for 10 minutes are :ecorded in Tables B-ﬁh.
The values of each of the properties were, as were those for mulling
time | derived from Figs.(i)- (vii)g in the appendix for mulling
temperatures of 25, 35 and 45°C giving rise to the three curves on

each graph in Figs. 30-36.

Green Compression Strength:

The use of increasing additions of methanol increésed;
the green compression strength, the effect being most
marked on the weaker, low temperature mixes. The
greater partKOf the increase was achieved withwonly
0.5 per cent methanol, greater additions giving little
further benefit. The best results were cbtained when
using methanol in a mix mulled at 35°C, higher mulling
temperatures probably causing excessive evaporation

of the polar additive and thereby reducing its potential.

AGreen Shear Strength:

Increasing amounts of methanol produced similar
effects on thg green shear strength as on the green
compression strength. However, at the lower mulling
temperatures there appeared to be a tendency for a

1 per cent addition to yiel& strehgths below thoge
bbtainable with 0.5 and 2 per cent. Unlike the green
compression. sgfength, this pyoperty would appear to

gain more from the use of high mulling terperatures
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than from using low additions of Methanol as can be
seen from comparing the strength of the mix mulled at
45°C without polar additive to that obtained at 35°C

with a 0.5 per cent addition of methanol.

Hot GCompression Strength:

This property would appear to have benefitted slightly

from the use of 0.5 per cent methanol at mulling

temperatures of 25 and 35°C. A 1 per cent addition

at these temperatures however, seemed to cause a fall
in hot strength, whilst a 2 per cent addition had
1ittle effect at 21l. When using a 45°C mulling
temperéture additions of 0.5 and 1 per cent methanol
had a reducing effect upon the strength whilst a 2 per

cent addition was slightly beneficial.

Permeability:

'The use of methanol in amounts up to 2 per cent had
very little effect on the final permeability of a mix

mulled for 10 minutes.

Mould Hardness:

As would be expected, the results obtained for mould
hardness reflect almost exactly those for green
compression strength. The use of 0.5 per cent methanol
increased the potential mould hardness of both the mix

mulled at 25°C and that mulled at 35°C, further additions
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producing no great benefit. The use of methanol -on the

mix mulled at 45°C had little effect.

Shatter Index:

The addition of 0.5 per cent methanol to the sand mix
impro;ed the shattef index. This improvement was less
marked in the mix mulled at 45°C, again perhaps as.a
result of tﬂe high evaporation rate of the methanol at
these tem?eratures; Additions higher than 0.5 per
cent were useful for the low temperature mix, slightly
less 50 for the mix mulled at 35°C and made little

difference to that at the higher temperature of 45°¢,

Flowability:

Thié property was reduced by the addition of methanol
to mixes mulled at 25 and 3500 whilst at 45?0 it was
increased by the addition of 0.5 per cent methanol,

further additions giving little or no effect.

It has already been shown that the addition of 0.5 per

cent methanol to a sand mix increased the rate at which the optimum

physical properties were developed during the mulling operation.

It was also seen to reduce the mulling temperature required to

develop the optimum properties.

In this work the effect of methanol has been studied

on mixes mulled for 10 minutes when the greater part of the ultimate

value for each propefty had been attained. Thus for each particulaf
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mulling temperature these experiments show the effect of the polar
additive on the final mix as would have been produced for moulding

purposes,

It can be séen that in prope?ties which relate to the
strength of the bond, i.e., green compression strengtﬁ, green shear
strength, hot compression strength, mould hardness, shatter index
and flowability, the use of 0.5 per cent methanol in mixes mulled
at 25 and 35°C was beneficial. Larger additions were either of no
great value or in some_instances detrimental. Mixes mulled at
45°C derived little or no benefit from the use of methanol, partly
because the mulling temperature alone was sufficient to give very
good results and partly, perhaps, because at these high tempgratures

much'of the methanol evaporated.

7.7.6. Effect‘of Clay Contentl

The physical prOperties of sand mixes mulled with 3 per
cent 0il for 10 minutes and containing varying amounts of 3, 5 and
7 per cent clay are given in Tébles (v) (vii) (ix) in the appendix.
The resﬁlts of similar experiments carried out with a 9.5 per cent
addition of methanol quoted in Tables (vi)(viii)(x). From these
results values for each of these properties have been deduced for
mulling temperatures of 25, 35 and 45°C using Figs (i)-(vii)a&b,
and shown in Tables 8-14. Figs:37-43 reproduce thése in graphical

form.

P
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Green Compression Strength:

The addition of inereasing amounts of clay to a sand
mix containing 3 per cent ¢il increased the green
compression strength in an almost linear fashion.

This effect is similar to that found when the clay
content of a conventional clay/water bonded sand is
increased. The effectiveness of the clay addition was .
dependent upon the mulling %emperature and the use of
methanol additions. The lower the mulling temperature
the less effective was the clay addition at imparting
strength £o the sand mix. The use of 0.5 per cent
methanol improved the effectiveness of the c¢lay and
reduced the detrimental effects of using a lower nulling

temperature.

Green Shear Strength:

This property behaved in a very similar manner to that
of green compression strength as the clay addition was

increased.

Hot Compression Strength:

This property also reflected many of the characteristics
of the green compression strength. At high clay contents,
however, the potential of the clay to increase the hot

compressive strength seemed to be generally increasing.

Permeability:

As the clay content of the mix was increased there was
a very slight reduction in permeability,
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minimum values belng experienced at aboué 5 per cent
clay. Further additions, however, caused a slight
increase. These variafions took place over a very
narrow band of permeability values and woul& probably
not be noticed in the use of the mixes as a moulding

material.

Mould Hardness:

Values of this property were greatly increased by
increasing the clay content, following a similar pattern
to those of green compression strength. The effectiveness

of the clay to increase mould hardness was apparently

diminished at the higher clay levels. This may be
attributed to the characteristics of the test itself,
it being known that as green compression strength

increases mould haqdness values tend toward a maximunm.

Shatter Index:

The shatter in@ex remained relativgly constant as.the
.clay content was varied between 3 and 7 per.cent.

It is interésting to note that in the clay/water bonded
system similar variations in clay content give pronounced

increases in shatter index.

Flowabilitx:

Flowability was markedly decreased as the clay content
of the mixes was increased, the effect being most

noticeable in mixes mulled at the higher temperatures.
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This work has shown that the clay content of the
sand mix has a definite effect upon its strength, both wheh cold
and at temperatures of 1000°C. In this respect its behaviour is
closely related to that of a sand mix bonded with Na bentonite

and water.

T_he shatter index was seen to remain relatively
constant as the ¢lay content was increased. Shatter index is a |
test which reflects not only the ability of a mould to deform but
also the strength of the bond thus combining to give.a measure of
the toughness. Thus, it can be said that if the strength rises
as the clay.content of the mix is increased and the shatter index
remains relatively constant, the ability of the mould to deform
unaer load is reduced. In'all probability, therefore, a mix of high
clay content will be susceptible to damage by stress encountered

in sudden jolting of moulding boxes or pattern stripping.

As the strength of the sand increased with the clay
content and its ability to deform decreased it would be expected
that the compaction of the sand would become more difficult, and
this fact was reflected in the flowability curves. Indeed as the
mulling temperature of the mixes without polar additive was decreased
the effect of increasing clay upon the strength.was reduced and

the flowability was consequentiy seen to increase..

As the clay content of the mix was increased it would
be expected that the volume of the voids between the sand grains
would become smaller thus recucing the permeability of the test piece.

{*
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However, at high clay content the compaction of the sand became -
more difficult produeing a less dense specimen of slightly higher

permeability.

747.7«. The Effect of 0il Content

The resulté of physical properties tested on sand
mixtures mulled at varying tempefatures for 10 minutes and containing
S per cent clay are given in the appendix in Tables (xi)(vii)(xiii).
These show the effect of using oil in amounts of 2, 3 and 4 per cent.
The effect of using a 0.5 per cent addition of methénol in each mix
was also evaluated and these results appear in the tables (xii)
(viii)(xiv). From graphs of these results Figs.(i)-(vii)c & 4, Tables
8-14 have been madé up showing the effects of varying the oii content
‘at standard mulling temperatures of 25, 35 and 4506 and these

. results have been used to form the graphs shown in Figs. 44-50.

Green Compression Strength:

Qver the range of oil additions tested the green
compression strength remained relatively constant;

- most of the strength being developed with 0il additions
.of less than 2 per cent as suggested in £he dotted
portion of the graph. The same variatiané of water
content in the clay/water bonded sand system would .
tend to cause a decrease in green cdmpression strength.
The most efficient mulling conditions, those of high
mulling temperature with a 0.5 per cent methanol
addition produced a maximum strength with about 3 per

cent 0il, further additions causing a slight reduction
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in gtrength. The ﬁse of lower mulling temperatures

and the absence of methanol resulted generally in low
overall strengths with.peaks occurring at oil contents
of less than 2 per cent,greater amounts of 0il causing

slipght decreases in strength.

Green Shear Strength: . R

In all but the éand mixes mulled under poor conditions,
.i.e., at low temferatﬁre, without a polar additive,

the green shear strength was found to increase very

" slightly as the o0il content of the mix was increased
from 2 to 4 per cent. Those mulled at low temperature
without methanol reached a maximum and thereafter

decreased slightly in strength.

Hot Compression St;ength:

An increase in the oil content of a mix from 2 to 3

per cent caused a decrease in the hot compression strength,

‘Subsequent additions up to 4 per cent effecting an

an increase. The highest strehgths were obtained.in
mixes mulieé at high temperature without a polar
additive and containing 2 per cent or less of oil.

Under these conditions, however, an increase in oil |
content caused é most marked decrease in hot compression
strength and ultimately with a 4 per cent addition, the
sand mixes, no matter what the mulling temperature,

produced test pieces of very similar strength.
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When using a 0.5 per cent methanol addition the effect

of increasing cil additions was less marked amd, with

the exception of the 45°C mulling temperature, gave
relatively constant strengths irrespective of oil

" content. The reason for the aforementioned exceptioﬁ

is not.clear and may be the result of experimental error.
A1l mixes'containing 4 per cent 0il, no matter what

the condition of mulling exhibited similar hot compression

strength.

Permeagbility:

This property decreased as the oil content of the mix
‘was increased. This effect was most notiéeable on

the efficiently mulled mixes i.e., those containing
0.5 per cent methanol mulled at high temperature.

Tt was noted that all mixes containing 4 per cent oil
were of similar permeability whatever the mulling

conditions.

Mould Hardness:

In all mixes mulled with 0.5 per cent methanol the
mould hardness was found to increase with increasing

0il content, thereafter there was a slight reduction.

.In the absence of a polar additive mould hardness
‘values were not so great. At high mulling temperatures
a gradual increase in hardness vélues was cbtained as
the oil content was increased, héﬁever, at the mulling

temperature of 25°C the maximum was reached at an oil
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content of about 2.7 per cent further additions

decreasing the hardness value.

Shatter Index:

Increasing 0il contents markédly increased the shatter
index in an almost linear fashion. This effect was
at its greatest with mixes containing 0.5 per cent
methanol, mulled at 35°C. Presumably at the higher
temperaturg of HSOC some effectivenessAof the pola}
additive wés lost due to evaporation. The smallest

- rate of increase was obtained at the lowest mulling

temperature'in the absence of a polar additive,

It was interesting to note that variations of 2 to &
per cent water in a clay/water bonded sand system
would only give very slight increases in the shatter

index.

Flowabilitx:

This property remained relatively constant over the
range of oil contents tested, though at mulling
temﬁeratures of 45°C a slight increase of flowability
was evident,'this being most noticesble in the presence

of 0.5 pér cent methanol.

1t was obvious from this work that the oil contents of
the sand mixeé were not greatly aifecting the strengths, but by
increasing the ability of‘thg test piece to deform without breaking
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increased the toughness as illustrated by the values of the shatter

index.

Since it was found in the previous section that -
variations in ¢lay increased the strengthé of the test pieces whilst
leaving the shatter index relatively unchanged, it would appear
that these two properties can be céntrolled independently simply
by adjusting the clay and oil contents of the mixes. This theory
is dealt‘with_in greater detail in 7.10. As can be deduced from
previous remarks compﬁring the effect of varying the clay and water
content of the conventionally bonded green sand system, this
" independent control of green sirengths and shatter index would not

be Possible.

As the 0il content of the sand mix was increased the
clay would be subjected to a swelling action, thus decreasing the
volume of the voids between the sand grains. Since the strength
and the flowability of the mix remained relatively constant it would
be assumed that the specimens were rammed to approximately the same
density regardless of oil content and thus the permegbility would,
by virtug'of the swelling of the c¢lay, be reduced with increasing

0il additions. This is borne out in the results.

7.7.8. Effect of Mould Temperature Variation

The results of this investigation are shown in Table 16.
By comparing the physical properties of the sand rammed at 15°C

. i |
and tested at 45°C with those of sand rammed and tested at 15°C

and shown in Table 15 it can be seen that by allowing a mould to

«
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-
Table 16
PHYSICAL PROPERTIES OF SAND MIXES

" CLAY CONTENT (PER CENT)

5.0
OIL CONTENT (PER CENT) 3.0
. MULLING TIME (MIN) _ 5.0
. POLAR ADDITIVE (PER CENT) 0.5 (Methanol) . -
OTHER VARIABLELS Rammed and tested at varying tenpﬂraturﬂs
: Maulled at an average of 30,0 0C
SAND MIX No. 310 311
RAMAING TEMPLRATURE (O0) 15,0 45,0
TESTING TAHPERATURE (°C) 55,0 15,0
SPECIMEN WEIGHT = 156 ' 159 ‘
{g } B - |w/
GREEN COMPRESSION g 34,5 135,84
STRENGTH - 35,2 135,8
. . ' 35,2 133-1
. 140.7
(N/m? x 103)
Average : 34,9 136.9
GREEN SHEAR 9.7 35.9
STRENGTH . 10.0 35.9
9.3 37.6
2 3 10,3 38.6
(N/m< x 107) 4.8
Average 9.8 36.6
PERMEABILITY , 18,5 16,8
17.8 19,8
_ 18,6 19.5
(small orifice)
Average : . : 18,3 15,7
" MOULD HARDNESS 15. 39
) 17 L2
. 16 L2
('C' scale)
Average . 16 L1
-SHATTER INDZX 7h g9
. _ 74 9l
: 76 Sl -
Average 75 g0

Toable |G
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warm up the green comprexsion strength, green shear strength and
mould hardness were all considerably decreased in value. In
addition, permeability suffered a slight decrease whilst

shatter index was found to have increased. .

A similar comparison between the properties of Baﬁd
rammed: at 45°C and cooled to 15°C-before testing with those results
obtained from a sand which had been both rammed and tested at 45°%
shown in Table 15 shows that green compression strength, green
shear strength and mould hardness were g;eatly increased, whilst
permeability was found to increase only slightly. 'The shatter index,

however, showed little variation with the temperature change.

It was not possible within the scope of this research
to investigate the physical properties of the clay and oil mixture
alone and so, in trying to explain some of the sbove phenomenon
"the system can only be discussed on a macro scale and even in this
some suppositions have had to be-made.

(27)

Morgan put forward a theory for the bonding of
sand grains with.a clay and water mixture, pointing out that after
mulling the clay does not lie as a smooth film around the grain

but in the form of a series of peaks énd ridges formed by the
continual drawing out and bfeaking of the bondé dﬁring the mulling
operation. The physical appearance of these ridges was found to be
dependent on the clay/water mix. At 1oﬁ Qater content the bonds
or bridgés befﬁeen the sand grains f;actured with little necking
down leaving a sharp ridges ;ound the bréaking plane. At higher

%
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water contents the clay film was less viscous and the bridges necked
down before breaking leaving peaks of clay which subsequently
slumped to give a smoother undulating film around the sand grain.

These results were supported with scanning electron micrographs.

It was noted that the viscosity of the organo-clay/oil
bond used in this work not only varied with the ratio of 0il to
clay, but also with the temperature of the mix. It can be seen
that the viscosity of the oil (section 4.6) varies greatly with the
temperature and this is undoubtedly the major reason for this effect.
A éﬁld sand mix was found to be dry and powdery whilst the_same
mix bécame progressively wetter in appearance and stickier to the

touch as the temperature was raised.

Thie theory of bonding put forward by Morgan explained
well the variations in many of the physical properties of sand mixes

rammed at one temperature and tested at another,

The clay ridges and peaks formed during mulling will
have a high viscosity and rigidity when cﬁoled. Thus on ramming
in the standard manner relatively little deformation will take place
and the contact area will be small. On warming the rammed specimen
the viscosity will decrease and will easily deform and break under
load. Thus the strength as'reflected in the greeﬁ compression
strength, green shear strength and mould hardness\would be reduced.
This can be seen by comparing these results with those obtained with
specimens both rammed and tested at 15°C which should have had the

same contact area. It was interesting to note that the strengths at
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45°C were also less than those obtained from the specimen not onlyh
tested but rammed at this temperatﬁre; 'In this instance since the
viscosity of the bond would be the same the effect of the small
contact area of the bond can be seen. Despite the reduction in

the strength the shatter index was found to be increased by heating
the test piece an& this can no doubt be attributed to the greater

~ ability of the bond to deform because of its reduced viscosity.
However, when comparing £he results with those of the test piece

" both rammed and tested at 45°C it was found that.because‘of the
smaller contact areas within the heated test piece the shatter

index was lower.

At the high ramming temperature, the peaks around
each sand grain would be weaker and easily deformed giving large
areas of contéct. On cooling the viscosity and strength of the '
bond would increase and this is clearly shown when comparing the
.sfrength results obtained with those of the test pieces both rammed
and tested at.45°C which should have the same contact ares betweén
each sand grain. The effect of the gfeater contact area can be
seen by compar{ng the resuits with those obtained from test pieces
both rammed and tested at 1500 vhich should have the same bond

viscosity at test.

Since on coeling, the resistance to deformation was
decreased, it might be expected.that the shatter index would also
decrease. However, since the strength of a test piece also has a
bearing on this value its large increasé vas the probable cause
of it being almost unaffected by the reduction in temperature.

Certainly, on impact during the test the base of the test piece was
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seen to crumble but the remainder was left completely intact Qith
none of the deformation.seen with the high temperature tests,'its 
strength being sufficient to cope with that part of the shock
loading not adsorbed by the contact face. The variations in
permeability were slight.but may be explained by an expansion or
contraction of the clay and ¢il bond during the heating or cooling
of the test piece respectively. It was indeed noted that those |
specimens fammed at 45°C and left in the specimen tube during

' cooling had'been reduced in size slightly and slid easily from the

tube at 15°C.

7.7.9. Effect of Storing the Moulding Sand

The variations found in the physical properties of ?he
moulding sand during the period of storage tested wefe generally
not very great and therefore the plotting of graphs was found to bhe
of little value. The results obtained have, however, been listéd
and appear in the appendix in tables {xxi)-(xxviii) those results
found immediately after mulling being shown in tables (vii)(viii)

(xv) and (xvii).

Trends, where found, were generally slight and
associated with éhe efficiency of the mulling procedure used when
the mix was originally made. Green compression strength, green
shear strength and mould hardness:-were seen to increase if the
mulling conditioné had been poor, i.e., low mulling tempefatures,
short mulling times and absence of a polaf additive. Conversely,
when mulling conditions were good the values of these thrge properties

tended to fall slightly.
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_ The hot compression strength showed no definite
trends though a few significant variations in values were noted

whiech can only be attributed to experimental error.

The shatter iﬁdex showed a general slight decrease -
in value with storage particularly if the mulling conditions had
been good. Flowability, on the other hand, exhibited a slight
increase during storagé when similar mulling conditions had been

used. °

It would appear, therefore, that although some slight
change had occurred in the bond during storage, it was not significant
enough to be of any detriment to the moulding material nor would
it suggest that any longer periods of storage wonlgd render the

material of no use.

7.7.10. Effect of the Surface Conditions of the Muller

Some difficulty was experienced in maintaining the
pan and roller surfaces of the muller in a suitably rough condition
for én efficient mulling action. Two different methods of roughening
the mulling surfaces were used during the experimental viork which
were both effective for a limited éeriod of use. However, since it
‘was not known how the efficiency of mulling varied with the degree
of roughness three control tests were carried out. The first,
series A, was made at the start of mulling with alshot blasted
surface, the second, séries B, aft;r some use of the muller and -
the surface was showing signs of vecoming smooth,rthe third, series

C, after remediagl action had been taken by grinding radial groove

in the pan and peening the surfaces of the rollers. Similar tests

158



were carried out at corresponding interVals using the same sand mix
and mulling time but including an addition of methanol, these being
referred to as series D, E and F. The results are given in the

appéndix as tables (vii){(viii)(xxix)(xexx)(xxxi)&(xxxii) each series

being made up of the following sand mix Nos:

Series A Sand mix Nos. 147, 153, 151, 149, Table{xxix)
Series B Sand mix Nos. 261, 264, 263, 262, Table(vii)
- Series C Sand mix Nos. 276, 279, 278, 277, Table{xxx)
Series D Sand mix Nos. 167, 166, 168, 169, Table(vii)

Series E Sand mix Nos. 265, 268, 267, 266, Table(xxxi) .. -

Series F Sand mix Nos. 280, 283, 282, 281, Table(xxxii)

These results have been used to form the graphs shown in Figs. 51 to 57,

Those results for green coﬁpression strength, green
shear strength, hot compression strength and mould hardnéss showed
only slight variations the largest of which usually occurred in
the low mulling temperature region and none of which were significant
enough to greatly affect the trends in the gréphs derived from these

or any other physical property results.

Permeability results do show some apparent wide
variations which, whilst not significant as regards the performanée
of the moulding sand in practice, because of the very smzall range
of the permeability scale in which they occur, they could affect
the graphical trends as shown throughout this work. This fact has,
however, already been pointed out, all but the strongest trends in

the results being treated with cautibn.

159



(a)] .
1 ree 4+ o BERIEA A
A SERKEO B
| oz + 0 SERIEGE <
=t +
~
o 1
g5 baa
] - ,
= eooa +
1 sEsa P %/’-
u o,/’
x sza } -
~ oo v
= X
- - X~ T -
T e @
Y zam L. P
@ .
ey 4+
BT ) @m0 S P sE.0
T MULLING TEMP, C PEG < 2
(b} )
t 1 4 © Exwsyp
A BRI ®
PR—— A EEARs @
meret
™
= o
5 osaa
= .
= Tma —0 0]
[ ® D]
14 / A—"""'"—A_-__—"'A
m Esasm T+ yd
. 2
r san + .
~ o é
uome 4 A
=
Y s +
0 e |
Lﬂ N
tam |
o = - =a,e
T . '."IUL.L.INE\' TEMP. C PEEF < 1]

Fig, 51. Effect of mulling temperature on green .
compression strength, (a) without polar
additive, (b) with O, 5 per cent methanol.

-160-



(a)
g BERIEE A
HBERIEH
Sp.n 0 SCAEE
™
]
N =@son
[
» _
1 bt R
in
= oo s ot A‘—'—_‘\
N 1sa 0= e A
prd //
®
w2 o] A
X
i o
A/
=.A
a.a 2. 201,21 hg [ R R
I"JLLING TEMP. C CEG < 3
(b)
g BCRIFE D
EIERITE E
o [ SCRd F
[ ]
Q-
[N @ =nse
=
%
(| 2R
0
= ) Agrm=—=——f —4A
N Isa =& <®———-/ .
z
[ 4
H et g &~ o
U]
Lo - ]
1a.2a =222 T oA hg M a ] [+ f2]
MULLING TEMP, € DEG < 1
Fig. 52 Effect of mulling temperature on green

shear strength,
{b) with 0,5 per cent methanol.

-161-

a) without polar additive,




(a) @ BTAICA R
HERA A BeERDHS o
[ =cMIcE <
© vpere 4
=
=3
8 ace= |
X
@ Feea 1 oA~ —
u AM’—-—’Q‘—
= 2sm.Mm + O.-"'" ﬁ
Z mpung + A
[ /
W orEsa 8 .
I
Izaa +
Sel
e ) =e. e waz.e ) =0
MUL.CIMGS TEMP. C DPEGE < 1
(b)
©® =SEREE D
oL 4+ A srRice B
[ semrcm s
SR 4
]
[=]
8 zegm {
x .
@ IEee + —0
ul TN — AEI A
= g
b=1:9-. K2 g
\ .
2 arma
ol
n IEem 4
3 :
X
) e
e+ '
e ) =E.o ) az.e I =3.m
MUILLING TEMP, L pEG <€ 2

Fig. 53 Effect of mulling temperature on hot
compression strength, (a) without polar
additive, (b) with 0.5 per cent methanol,

-162-



(a)
QO sSeMoE RN
| A EERIES B
[ =cREM <
8.9
aua L
. B ____________—---ET
BnaAn + EI-—/EI
. | .
[
4 =zom; ‘ B——— A
m /
o A A (0]
LY © “"G--_@__.—/
[id
1d
L e
.
X
iz =L -8 ] @ - x
FULLING TEMH, C DEE < 1
(b}
®@ SEHETT D
=849 A mERraN @ {
B #eRes o
=aw |
EON- I A
I oS
g @
aam } :
> 4
= ®
O =am {4
i 2 o 9'./ 1
'52-! (=1, .
i
L
L mam |}
1.2 i
' !
1= ]
teael 2.5} | ame e SR i
MUIL.L.INGG  TEMP, C DEG <€ 1 1

" Fig. 54 " Effect of mulling temperature on permeability,

(a) without polar additive, {(b) with
0.5 per cent methanol, .

-163-



(a)
0] sSmmies "
A GEAIECE B
254 0 EORES <
Ia.;m
~ o -
L 2K,
|
i
[w]
i =
v
[}
1.2
1.6
=.m
1.9 =1.a =ha.a “aA.m - Eeer
MLILLING TEMP, € pEG < 13
(b)
[0] sERIEE R
A BEERIDES K
S, [l EGERDE
pc 1. 8| o ' ‘
m-;-—_hutﬁom:::; 9 _a
T em A A
" e /
E:' * 0]
. ’ A
n 2.
[
d
e
I
z .
122
2.2
1ea.ag =3.A a8 A Rz
: MLULLING TEMR., o D <& 1
Fig., 55 Effect of mulling temperature on mould .

hardness, (a) without polar additive,
(b} with 0,5 per cent methanol.

-16L -




(a)

()

I IR A ® FERICE 4
A EERES B
[ seRes ¢
s0,01
an.a
0.4 ) B —p=H——u__
A A
AT A
ﬁ ==X o ©
2 =
= =g A ®
14 o} o !
o ouam
[
%1 =p.7
14
=ea b
1eLe
) , , , ,
g8 ] 0.0 =X Sy s
MULLLING TEMP.,. [ PEEB < 3
101 4 (o] STRISE P
A ErRECE =
6 EERERE P
£vg.m
Pa.a .
@ @
T2.E - % A \8
e E‘:—-“‘_. _A
IRV )
| L o
Q &
& soao
£
!... .2
i-.
7 w=a
e
¥
ety
ioa el 00 @M@ 00 sRe 0 . Rend
MULLLING TEMS, L DG € 1
Fig, 56. BEffect of mulling temperature on shatter

index, (a) without polar additive,
(b) with 0.5 ‘per cent methanol.

-165-.




(a)

(b)

® SERIEE R
A EcHeR B
- Eear B ScAREg <
z
v osd
x .
Li
u. .
e Som 3
P 0 '
o]
5 Bs.a A \\\\\\\\\
|
i R - o
| A .
™ =] Rc ] "‘*—-=:A""® A
7=t 4+
1 2.7 ot =T ] Yzt sa.o
MLILLING TEMP., [ DEE < 3
[C] SEEM D
N ECINIS W
- EEAT 0 sERiEa F
-
Z .
Y s=a |
1 4
ud
o
o Boma 4
E o
4 e=a ¢ A t
m .
& o Eﬁf“————m o}
— AT
@] o) @
g ema 1 iaj__a
Q b
) ]
7= l
!
1.8 e . - Sme ST X-.] seLe ‘
MULLING TEMP. [ DEE < 3 {
Fig., 57 Effect of mulling temperature on flowability,

(a) without polar additive,
0.5 per cent methanol,

-166«

(b) with

.
¥



The shatter index was, in most cases, relatively
reproducible the main variations occurring as with the strength
tests in the low mulling temperature regions of the graphs where

the property was still being developed.

Flowability showed some variations and therefore it
must be noted, as with the permeability results, that 21l but the

strongest trends noted in flowability should be treated with caution.

There is some evidence to show when studying green
compression strength, green shear strength and shatter index that
the radial grooving of the pan and the peening of the rollers as
shown in series C and F improved the efficiency of the mulling action.
fhis is particularly eviéent at tﬁe low mulling temperatures whilst
at the higher temperatures all the properties tended towafds the

same value,

There is little evidence to show, however, that when
the muller was worn smooth almost to the point of the mulling action
ceasing, as shown in series B and E, it was any less efficient iﬁ
developing the bond than when the mulle; had jﬁst been éhot-blasted;"

the results of which are illustrated by series A and D.

It is thus apparent from this work that if the surface
of the muller is sufficiently rough fo give a mulling action rqthér
than simply push the mix around the pan in front of the rollers, the
quality of the resulting moulding sand should not vary significantly.
This fact is particularly true if other mulling conditions are
efficient, i.e., by using a temperature of éb&ut'}O-}SOC, a poiar

additive and a mulling time of approximately ten minutes.
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.7.8. .Effect of Molten Metal on the Mould
The results of castiné ph§$phor-bronze into a mould made
of freshly mixed sand can be seen in Fig. 58. Thié shows a view
of éhe joint face of the cope half of the mould after careful
removal of the drag. &8ix distinct layers of differing colouration
could be distinguished surrounding the casting. These may be
described as follows in order of increasing distance from the

casting:

(i) Layers of lustrous carbon and sand grainé coated in same,
(ii) sand grains surrounded by sooty carbon,
(iii) sand grains surrounded by light grey.carbonaceous material,
(iv) layer of dark brown sand,
(v) layer of light brown sand,

(vi) unaffected moulding sand.

 Loss~on ignitidn tests were carried out on dry sémples of each layer
to éscertain how much of the sand might contain reuseable honding

_ material aﬁd alsc whether any oil vapour had migrated to condense

in cooler regions of the mould in the same manner that water

migrates in the more conventional clay and water-bonded moulds.

The results of these testé are given in Table 17. Because
of the difficulty in collecting samples composed solely.of material
from one lajer only a moderate'dégree of reproducibility was attained
for each of the three tests making up the average loss~on-ignition
figure._'Howevér, it was considered that the avefage obtained wére

accurate enough to be able to draw the conclusions sought.
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Fig, 58 The cope face of a mould after casting

. showing the phosphor-bronze casting and
the effect of its heat on the moulding

sand.
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Table 17

LOSS ON IGNITION _ | (PER CENT)

[ESTING OF SAND LAYERS SURROUKDING A PHOSPHOR BRONZE CASTING

SAMPLE No, 1 2 3 AVERAGE -
LAYER No, 1 1.11 1.17 . 1,06 'l.ll1
2 0.89 0,85 0,81 0.85
3 1.87 1.53 1.61 1.67
L 6.0  6.10 5.9 ' 6.06
5 6.53 6,77 6.78  6.69
6 L.85  4.93 5,06 4.95
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The first three layers exhibited a very low loss-on-ignition
figure suggesting that the bond in this region was probably totally
burned out. In the firsf layer a high proportion of the sample was
in the formlof lﬁstrous carbon with relatively 1i£t1e sand adhering.
The loss-on-ignition figure was therefore slightly higher than that
of the second layer which contained a higher amount of sand surrounded
by a sooty carbon deposit. Layer three showed a slight}y higher
loss-on-ignition figure suggesting that the oil and/or organic cations
in the clay had not been quite completely carbonised. Layers four
and five exhibited a much larger loss-on-ignition figure; higher
in fact than that of layer six, suggesting that some condensation
of oil had in&eed taken place in this region of the mould. Layer
six gave a loss-on-ignition value very similar to that of the virgin
sand mixture and quéted in Table 19, under mix 289, and was therefore

taken to be such.

Since layers &4, 5 and § were considered to be composed
of material of a reuseable nature and were located not more than
0.5in from the surface of the casting, it would seem probable that
the bulk of the moulding sand within the mould could be recycled

with little furthef preparation.

7.9. Recycling of the Moulding Sand.

The results of the physical properties of the moulding
sands ascertained after each casting cycle are given in Table 18,

and graphed in Figs. 59-65.
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Table 18 . .. . . .

PHYSICAL PROPERTIES OF SAND MIXES

CLAY CONTENT (PER CENT) 5,0
O1L CONTENT (P:R CENT) 3.0
MUGLLING TINE {(AIN) 5.0

. POLAR ADDITIVE (PER ‘ENT) 0.5 (Methanol)

-QTHER VARIABLES _ Tested after each of four casting cycles
SAND MIX No., 289 305 312 316 32L
TEMPERATURE BEFCRE 31.5 - - - -
_AKD AFLER MULLING (°C) 28,0 - - -
Average 30,0 - - - -
CASTING CYCLE No, - 0 1 2 3 4
?P%CIMEN WEIGHT 150 158 : 155 156 156
g .
GREEN COYMFRESSION ©70.3 61,4 L2,7 31.7 25.5
. STRENGTH 71,0 61,4 42,1 31,7 25.5
' . 69.6 6007 1«]—2-1 32-1b : 25‘5
2 . 103 68.9 '
(N/m* x 107) )
Average 70,0 61,1 L2.3 31.9 25.5
CREEN SIEAR 17.2 15,2 ©10.7 7.6 . 5.9
STRENGTH 15.9 14,8 10,7 . 7.2 5.9
15.9 1L.8 10,3 ;-g 5.9
(N/m? x 10°) _ ) o
Average - 16.3 1k,9 10,6 7.2 5.9
HOT COMPRESSICN 313,.2 266,1 267.1 - 218,11 200,54
STRENGTH ) 2L .6 261.2 275.0 2L6,5 22L.9
. _ 281.8 271.0 231.8 232,8 185.5
0 3 . 303.4 - 273.0 224,0 217.1
(N/m“ x 107) : 283,.8 208e.3
Average - o268.2 266.,1 266,1 '230.3 209.3
PERMEABILITY 19.6 21.2 24,3 27.5 27.3
' . 19,6 21.1 24,9 27.9 27.8
19.6 20,9 25,2 28,0 2? 2
: 21,0 . 25,0
(small orifice!
Average 19.6 21,1 2L.G 27.8 27 .4
MOULD HARDNESS 28 27 21 18 15
) : 29 28 . - 23 18 . 15
¢ 28 28 21 16 14
. . 28 27 23 17 15
(tC' scale) . 28 22 17
- Average 28 28 -2z 17 15
-SHATTER INLEX 73 68 53 45 43
‘ 75 67 50 L6 L2
7% 68 51 L6 42
75 53 ,
" Average 7 68 §2 ) L2
FLOWABILITY . - Bl a3 82 85 86
81 g2 83 85 g5
81 83 84 .. 85 g6
_ g2 gz - 83 85 86
{per cent) 21 82
Average gl g3 £3 25 £6
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With the exception of the hot comﬁreSEuon strength and
flowability of.the sand the changes in properties after the first
casting cycie.were less than those found after the second. This
was probably caused by the fact that the first cast was made i'n
ﬁhosphor—ﬁronze poured at 1100°¢ whilst the second and subsequent
castings were made in cést iron at the higher pouring temperature of
1400°C. This is borne out by the loss-on-ignition results given in
Table 19, the combustables being'lost in the first casting cycle

being much less than in the second.

Green compression strength, green shear strength, mould

" hardness and shatter index all decreased in value during the use

of the sand, the rate of decrease diminishing with each casting

cycle carried out using cast iron. The permeability and floﬁability
showea an increase in value over thé casting cycles, the former
reaching an apparent limit after the third cast. The hot compression
strength exhibited an overall decrease in value though the rate

per casting was.found_to be more erratic than in other strengths.

The first cast caused a relatively large decrease in streﬁgth to

a level which was maintained after the second use. Subseguent

castings, however caused further decreases in strength.

The practical limitation to the use of the sand was
~found in éttempting to produce the fifth mould when the toughness

of the mould, as indicated by the shatter index, had been reduced to
a level such that a clean strip from the gattern was extremely
difficult to obtain. It was also noted from the final casting

produced that the mould had chked sufficient strength to withstand

=7

‘.._\
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Yable 19

LOSS ON -IGNITION,

EFFECT OF RECYCLING THE “IOULDING SAND

(PER CENT)

" CLAY COMTENT (PER CEXT) ° 5,0
O1L CONTENT (PER CENT) 3,0
MULLING ‘TIME (M1N) L 5.0
AVERAGE MULLING TZMPERATURE (°C) 30,0
POLAR ADD1TIVE (PER CENT) 0.5
SAND M1X No. 289 305 312 316 324
CASTING CYCLE No., O 1 2 3 h
SAMPLE No, 1 4.50 L.Th 3.81 3.69 3.40
2 h.90 L. 76 k. 09 3.75 3.34
3 h.89 .71 3.97 3.65 3.55
Average L.S0 L.7h 3.66 3.70 3,43
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the ferro-static pressure and eutectic expansion forces resulting

in a distorted casting.

It is clear froﬁ this work-that it was not necessary
to remull the sand between useage in order to obtain a mouldable
sand, though a mixing action should be used to produce a homogeneous |
ﬁix. However, in order to prevent excgssive deterioration in properties
 dnring continucus use of the sand fresh clay and o0il should be
added periodically and these would require té be mulled in for

maximum benefit.

7.10. Restoration of the Properties of the Used Moulding Sand

During the_use of the moulding mixtures the o0il and
organic paft of the clay would undefgo thermal decomposition and
in so doing lose some or all of their ability to contribute towards
the bond. Initial tests were carried out to determine the effect
of replacing these componehts in amounts of 0.5 per cent. To
achieve the full effect from these additions it was necessary to
remull the sand with 0.5 per'cent methanol. Therefore, to identify _
the effect of the additions aloﬁe, tests were first carried out
to discover the effect of the mulling action. The results of these
tes&s, carried out on 3.0kg samples of the used sand, are shown in
.Table 20. For comparison, the initial physical properties of the

used sand are shown in Teble 21 {mix No. 324).

The effects of mulling this sand for 5 minutes are shown
. under sand mix No. 325 in Table 20. Apart from a slight increase

in all strengths, very little was achieved by this action. This
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LB
... Table.. 20 ...

_ PHYSICAL PROPERTIES OF SAND MIXES

‘CLAY CONTENT (PER CENT) 5.0 (Originally)
OIL CONTENT (PER CENT)' 3.0 "
MULLING TIME {:4IN) 2.0 w -
~POLAR ADDITIVE (PER CENT} 0.5 (Methanol).

OTHER VARIABLES Tested after 4 cas{:ing cycles
, and after subsequent tieatments

_ ‘;SAND MIX No., _ 325 326 327 328 329
SAKL TREATMENT Mulled Mulled Mulled Mulled Mulled
POLAR ADDITIVE (PER CENT) - 0,5 0,5 0.5 0.5
OIL ADBITION (PER CENT) - - 0.5 - 0.5
CLAY AVDITION (PSR CENT) - - - 0,5 0.5
TEAPERATURE BEFOAE . 32,0 30,0 32.0. 32,0 32,0
AND ARTER MULLING (°C) 30.0 . 29.0 28,0 28,0 28,0
Average : 31.0C 2G,.5 30,0 30,0 - 30,0
?P?CIMEN WEIGHT 157 157 - 158 158 158

i , .
GREEN COYMPRESSICN 26,2 27.6 26,2 35.9 37.2
STRENGTH 26,6 . 27.6 26,2 37.2 3.5
: _ 26.2 27.6 24,2 35.9 35.9
. 37.2 6.5
(/m? x 103) 35.9
Average - 26.4 27.6 26.2 36.4 36.5
GREEN SHZAR 6.2 6.2 6.9 9.0 $.0
STRENGTH 6.2 6.2 6.6 8.6 9.3
5.9 6.6 6.6 9.3 .3
(N/m? x 103)
Average _ 6.1 6.3 6.7 9.0 9.2
HOT COMPRESSION 220,0 18,1  278.¢ 259,73 245.5
STRENGTH _ 225,9 230,8 27,.0 220.8 2¢1.6
24,2,6 205,3 2€3,6 les5.5 255.5
s . 4 : - 200,14 230.8 311.2 224L.9 285.7
(N/m< x 10+) 306.3 205,3
_Average 222,2 221,3 202.8 223.0 279.6
PERVMEABILITY 26,2 26,0 25,8 24.2 25.1
26,1 26,3 26,2 24,7 25.8
26,3 26.1 26,2 24,0 25,0
. . 26,1 2L.3 24,5
{small orifice} o ) 26,0 25.0 -
Average | 26,2 26,1 26.1 24.3 24,9
MOULD HARDNESS 14 .15 13 18 15
14 14 15 . 19 19
114 15 1L 18 18-
| 16 1L 19 21
('C* scale) : 15 18
Average 1L 15 14 19 16
'SHATIER INLEX L2 39 46 43 52
a L0 Ll L7 40 54
41 40 L9 1 56
- 50 T 40 53
L7 53
Average L1 Lo NS 41 53
FLOWABILITY : %6 £é gs - £5 g3
. , g6 - . £6 gL £s 23
€6 £6 g5 . g5 82
. - 85 a5 ah £,
{per cent) = . , gu 83
.'Aver'age : #6 #6 e £g 21
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. CLAY CONTENT (PER CENT)
O1L CONTENT (PER CENT)
MULLING TIME (4TN)

POLAR ADDITIVE {(PER CENT)
OTHER VARIABLES

Table" 21

o PHYSICAL PROPERTIES OF SAND MIXES

0 (Originally)

o ( ] )

0 " )

. 0,5 ( Methanol)

Tested after 4 casting cycles
and ai'ter subsequent treatments

5.
3.
5.
0.

SAND MIX No.

324 330 33z 333
SAND TREATMENT - Hulled Mulled Mulled
PuLAR ALDITIVE (FER CENT) - 0.5 0.5 0.5
OTL ADDITION (PER CERNT) - 0,85 0.85 0,69 .
CLAY ADDITION _'.'P".:'.E_i CENT) - 2,6C i.85 Z2,09
TEMPERATURE BEFORE - 33.0 30,0 36,0
AND AFTER MULLING (°C) ) 33,0 30,0 36,0
Average - "33.,0 30,0 36.0
SPECIMEN WEIGHT 156 157 157 158
(g)
GREJEN COMPRESSICON 25.5 80,7 66.2 73.1
STRENGTH 25.5 80,7 66.9 . 71.0
: 25,5 80,7 64.1 69.6
. 2 - 65-5 72.l+
(N/m? x 107) 66.2 71.0
Average 25.5 80,7 65.8 71.4
GREEN SIIEAR 5.6 20,3 14.5 16.5
‘STRENGTH 5.9 19.3 16.5 16.9
5.9 g?.g %g.? %;.g
(8/m? x 10°) o 1602 17.9
Average 5.9 20,3 15.7 17.3
HOT COMFRES3ION 200,54 389,.7 T 345.6 351.4
STRENGTH 22L.G 371.1 324,0 506,14
195,5 A32, 223.8 364.6
2 217.1 383.¢
(N/m? x 103) 208, 357.3
. Averaze 209.3 367.6 317.8 378.7
- PERMEABILITY L R7.3 22,2 22,0 21,0
27.8 22,0 2z2.1 21.7
R7 R 21.8 2.2 21,2
22.7 22,1 21.7
{small orifice) 22,0 21,3
Average 27.4 22,1 22.1 21,4
- MOULD HARDNESS 15 a0 28 2G
. ' 15 30 29 28
v 14 31 29 29
15 31
{*C* scale) )
Average 15 31 20 pde]
-SHATTER INDEX L3 63 68. 72
. L2 67 66 69
L2 &1, 65 Th
66 6¢ 6G
66 69 69
Average L2 65 68 71
FLOWABILITY £6 78 2o 29
' 24 78 80 go
£6 78 g9 20
, £6 78
{per cent)
Averarce 85 £0 20
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would suggest that not only was it unnecessary to mull the sand
between each casting cycle as discussed in 7.9 but to do so would
give little benefit. -The use of 0.5 per cent methanol during the

malling action was also found to have little effect (mix 326).

The addition of 0.5 per cént 0il to the used sand followed
by a five minute mulling period with 0.5 per cent polar additive
(mix 32%) had the effect‘of increasing the hot compréssion strength
and shatter index whilst leaving the remaining properties relatively
unaffected. On substituting the oil addition with 0;5 per cent clay
(mix 328) the green compression strength, grgen shear strength and
mould hardness were greatly increased whilst the permeability was |
decreased. However, the hot compression sprength and shatter
_ index were almost unaffected. A csmbined treatment of 5 minutes
mulling with 0.5 per cent methanel and 0.5 per cent additions of
both o0il and clay (mix 329) increased the green compreséion strength,
_green shear strength, not compression strength,'mould hafdness and
- shatter index whilst reducing the values for permeability and

flowability.

Most ﬁf the trends observed as a result of the oil and
clay additions wefe in aéreement with those observed in earlier work
when these additions were varied independently in virgin sand mixes.
The most notable exception was that of hot compression strength
which would have been expected to decreasg on increasing the oil
content and to increaselwith increasing élay. The fact that this
was not the case may havé been the result of a reduction in clay
and 0il content below the range of those tested in the virgin sand

mixes. Further, since the sand had already been subject to intense
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heat during use, thatrapplied during the hot compression strength
test would be additional giving a different degree of thermal
decomposition at the moment of applying the load and consequéntly-
different hot strength charactefistics to those of a virgin sand.
Permeability changes with increasing oil ﬁere also unexpected,

previous tests having suggested a decrease in value.

It can be seen that the remulling of the used sand with
0.5 per éent 0il and 0.5 per cent clay had not restored the physical
‘properties to those of the sand before use. Cléarly the making of
arbitrary additions in the hope of reproduéing the original properties
* would be extremely time consuming and thus a method of ascertaining
the residual oil and active organo-clay was sought to form the basis
6f further additions. Complex chemical analysis might have revealed
the required information but this was beyond the scope of this
research and would probably prove impractical as a routine test
in the foundry. It has, however, been shown that at a constant clay
content of 5.0 per cent, oil additions iﬁ the range of 2 to & per
cent influence the shatter index whilst leaving the green compression
strength ;elatively unaffected. Also, at a constant oil content-of
3 per centfclay additions in the range 3 t6 7 per cent effect the
 green compressioé strength whilst exerting little effect upon‘thé
shatter index. Since these trends have alsé been observed when making
the clay and oil additions to the used sand it was hoped that by
monitoring these two specific physical properties the residual oil
and clay contents of the used moulding material could be estimated
and suitable additions made to restore most of the physical properties

to their original, unused values.

i
h

'7_\
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The value of the green compression stfength of the used
sand after remulling with 0.5 per cent methanol was 27.6 N/n2 x 103
which from the graph of green compression strength against clay
content mulled at 3500 with 0.5 per cent methanol would suggest a
residual live organo-clay content of approximately 2.4 per cent and
thus a restorative addition of 2.6 per cent. A similar exercise
‘comparing the shatter index of 40 of the used sandAwith the shatter
index against cil content graph ;t constant cléy content mulled at
'35°C with 0.5 per cent methanol suggested a residual oil content of .
2 per ceﬁt. Since thé ghatter index is somewhat increased by increasing
clay and iﬁ view of the proposed clay addition the full 1 per cent
- 0il addition was reduced slightly to 0.85 per cent. The results of
these additions are given in Table 21 under mix No. 330 and it
can be seen that the cla& addition was giving a higher green compression
strength than was expected whilst the oil addition was insuffidc-:ient
to raiselthe shatter index to the original value of thelmoulding
sand. The final value of the green compression strength would suggest
a total clay content of approximately 5.75 per cent and thus in the
"next test, mix No. 332, the addition was reduced to 1.85 per cent.
From the graph of shatter index against c¢lay content, such a reduction
would be expected to increase the shatter index slightly and so the
oil addition was kept constant at 0.85 per cent. From the results
of this test the green compression strength was found to .be lower
than that required whilst the shatter index,as expected, was raised

slightly but not sufficiently to reach the original value.

In the third and final test the original method of
attempting to estimate the residual clay content from the green

compression strength was abandoned as it had become obvious that the
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¢lay additions were ﬁaving a greater effect upon this property than
was anticipated. Insteéd, assuming a 1inear_increase in strength
between the 1.85 and 2.6 per cent clay additions an addition qf 2.09
per‘cent was made to achieve the final required strength. In a
similar manner, the oil addition was fixed at.0.99 per cent. The
final results for green compression strength and shatter index as
shown under mix No. 333 were found to be reasonably close to those
.0f the original unused sand. The only prope;ty found to be greatly
different to the original was‘that of hot compression stfength and

this was an improvement.

These tests show that it was feasible to restore the
used sand by the use of ciay and oil additlons. The required amount
of clay could be roughly estimated from the value of the green
compression strength though it was noted that'the effectiveness
of the eclay was slightly greater than would be suggested by the
trends observed in the grapbs of green compression strength against
clay content for virgin sand mixes. The amount of oil can be
similarly roughly estimated from the values of the shatter index

of the used sand.

If was found that the relatively large additions required
in this work could not be accurately calculated from the properties
of thé sand after use. However, a circulating sand system in a
foundry wduld be tested more frequently and probably have a larger
ratio of available moulding sand to casting weight. Thus the

condition of the sand would not be allowed to deteriorate to the

185



extent of that used in this research and the additions required.

would be much smaller. Under these conditions, therefore, particularly
after acquiring some experience, it should be possible to use the

green coempression strength and shafter index properties to caiéulate
the restorative amounté of clay and oil respectively with a reasonable

degree of accuracy.

7.11. Cagting Evaluation‘

7.11.1. Visual Examination

On removing the castings froﬁ the moulds it was found
that each was covered in a shiny black, brittle film of lustrous carbon
which was easily removed with a soft brush; The thickness of this ‘
film was found to be greater on those alloys having a higher pouring -
température, the cast iron haviﬁg the strongest and thickest film
whilst that on the aluminium-magnes{um alloy was_extreme}y friable.
These films assisted greatly in the removal of sand from the surface
of the casting. Fig. 66 shows one of the aluminium—magnésium castings
still in position within the cope hélf of the mould, the drag half-
having béen carefully lifted off and placed to one side, Much of
the carbon layer remained adhering to the mould leaving the surface
of the casting almost clean. The phoéphor-bronze casting pictured in
Fig. 58 shows the shiny layer of lustrous carbon still édhering to

the surface of the casting.

&
Figs. 67, 68 and 69 show general views of the cored
surfaces of castings made in phosphor-bronze, aluminium-magnesium

and cast iron respectively. In each case, though the surface finish
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Fig, 66 The cope and drag faces of a mould after

casting in the aluminium-magnesium alloy

showing a clean strip.
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Fig, 67 View of the cored surfaces
of the three phosphor-bronze

castings,
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View of the cored surfaces

68

Fig,

of the three aluminium-
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surfaces

View of the cored

69

Fig,

of the three cast

iron

castings.
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was generally good, veining and finning were to be found on many
of the cored surfaces, thé severity of this defect being much greater
when alloys of higher pouring temperature were used. Previous work2
has also shown this veining effect on a casting of similar design.
The moulding sand contained a proportion of pelystyrene emulsiOn.
producing, on casting, a thick layer of lustrous carbon as did the
organo-clay bonded sand. It was‘postulated that the veining was
caused by the cracking of the thick layer of lustrous carbon and
it is ihe most probable cause of the defect encountered in this work.
“In later'wérkaginto_similar excess carbon production by polyurethane
éores iron oxide additions were made to the sand as oxidising agents
to reduce the degree of carbon deposition with some success. It
is therefore probable that such an addition to this sand'may have
similar beneficial effects (See appendixz D for the effect of iron
oxide on the physical properties of organo-clay bonded sand). A
typical example of this defect is shown in detail in Fig. 70, a
view of the cored as-cast surface of casting Nq. 7 in cast iron.
Fig. 71 shows the same casting after shot blasting and it can be

seeﬁ that much of the veining had been removed to leave an apparently
serviceable casting. Howevef, a view of the casting in Fig. 72 shows
the surface finish of the casting to be severely impaired by what
would appear to be gas blow holes. At the other extreme of pouring
temperature, the aluminium-magnesium casting pictured in Fig. 73.
shows a virtually flaﬁless as cast cored surface composed of a fine,
well-defined grain structure whilst the top surface as illustrated
in Fig. 74 was composed of a much larger grain structure of rough
texture as though some inter-dendritic shrinkage had taken place.
Fig. 75 shows the as-cast surface of one of the phosphor-bronze

castings and Fig. 76 the cored surface of the same casting after a
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Fig. 70 View of the as-cast surface finish of a

cast iron casting showing the finning defect,

B LT T —

Fig., 71 View of the shot-hlasted surface finish
of the cast iron casting shown above,
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Fig, 72

View of the back of a cast iron
test casting showing gas-hole

defect.
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‘Fig. 73 View of the as-cast cored surface of an

aluminium-magnesium alloy casting.,

Vig, 74 View of .the as~cast back surface of the

castinrz abeove showing the inter-dendritic

-shrinkage defect,
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Fig, 75 View of the as-cast back surface

of a phosphor-bronze casting.

Fig. 76  View of the sand-blasted cored surface

of the phosphor-bronze casting above,
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short period of sand blasting to remove the lustrous carbon dust.,
It can be seen that the finish of these castings were generally

very good, marred only by some slight veining of the cored surface.

The effect of reuse of the moulding sand is well demonstrated
by studying Figs. b? and 78{ the fourth Easting in the cycle. It

can be seen that a bevelled bottom surface was produced in the casting
as a result of mould wali movement during the solidification of the
casting. A fiew of the top surface of the casting shows a further
consequence of the lack of mould rigidity; a shrinkage cavity,

into which, at a laﬁer peried in the solidification some eutectic

- exudation has taken place. Fig. 79 shows the same casting before

fettling and it can be seen that the weakness of the mould has also

resulted in the production of excessive flash.

7.11.2.Casting Dimensions

‘A diagram of the teét casting is shown in Fig. 80.
Each dimension has been all.ocated a letter and in Tables 22, 23
and 24 the actual dimensions are given against each of these letters
for castings made in phosphor-bronze (casting Nos. 1, 2 and 3),
aluminium-magnesium {castings Nos. 4,5 and 6) and cast iron (casting
Nos. 7,8 and 9) respectively. These may be compared with the
¢ orresponding pattern dimensions excepting letters M to T inclusive
which"are baséd on the position of the test piece‘within thé mould
cavity and varied slightly according to the degree of cross-jointing
when the mould was assembled. A nominal figure for these dimensions

is given in brackets.
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Fig., 77 View of the as-cast surface of a cast iron
casting showing the effect of mould wall

. movements,

Fig. 78 View of the as-cast back surface of a -
cast iron casting showing shrinkage

cavity and eutectic exhudation.
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Fig, 79 View of the cast iron casting made
in recyled sand showing the results

of mould dilation,
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" Fig. 8Q Diagram of test casting identifying the dimensions measured.




Table 22 .

CASTING DIMENSIONS ____ a . (en)
PHOSPHOR-BRONZE '
CASTING No, 1l 2 . 3 ;m
DIMENSION A 8.43 8,38 8.40 8.60
| B .43 8.3  8.37 8.65
c 7.17 7.25  7.17 7.37"
D 7.2 7.6 7.9 7.35
B S 9.55  9.58 9.59 ¢.65
¥ 9.59 9.5 . 9.57 9.65
G 14.87  14.84 - 14.83 15,00
H 14.87 1h.84.  14.83 5,00
1 6.53  6.57 6.5k 5.6
K. 6.6L 6,57 6.61 4.6
K .51 6.5  6.58 564
L 6.60  6.58  6.57 6.63
M 2,51 2.52  2.58 (2;54)
N 2,57 2.5h 2.57 (2.54)
0 '5.03 - 5,01 L. G6 (L.S5;
P 5,01 5,02 .91 (h.96)
Q 5.00 5,03 4.9 (5.G2)
R 5,05  5.03  5.03 (5.08)
S 5.80 4.80 4.89 (h.G5) -
T 5,81 L.79 4.89 (4,56)
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Table 23 _
CASTING DIMENSIONS (cm)
ALUHINiUM-MAGNESIUM-'
EZé&lNG No. 3 5 6 PATTERN
' DIMENSION A 8.41 .38  8.38 8.60
B 8.35  8.37 8.3 8.65
C 7.16 | 7.13 7.17 737
D 7.16 7.17 7.16 7.35
B | 9.60  9.59 9.61 | 9.65
. F 9.59  9.62 5,61 "5.65
G 14,80 14,83 14,82 15,00
H 14,81 14,82 14,81 15,00
1 6.57 6.57 6,56 6.64
g 6.5 6.58  6.56 6.64
X 6,55 6.56  6.57 6.64
L 6.57  6.57  6.56 6.63
M 2.8 2,55 2.47 (2.5%)
N 2,55 2,57 .45 (2.54)
0 4,96 495 4.98 (1. 96)
P b oSh 4 .89 LSk (4.96)
Q 5.03 5.03 5.03 (5.08)
R 5,03 5,05 5,02 (5.08)
s L8l  4.85 L.81 (4.96)
T L8, 4.88  4,.85 (4 .96)
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_‘ 1able 2L

CASTING DIMENSIONS .. . (cm)
CAST IRON | |
" CASTING No. 7 '8 9 PATTERN
DIMENSION A 8,58 8,56 8.49 8,60
B 8.56  8.58  8.49 8.65
¢ 730 7.29  7.27 7.37
D 7.27  7.34 7.23 7.35
B - 9.56 9. 48 9.56 9.65
F 9,64, 9.51 9.47 9.65
G 14,.90  14,.85  14.88 15.60
H 14,89  1i.86  14.73 15,00
1 6.72 6.6,  6.75 6.61,
J 6.63 6,62 6.69 - 6.64
K 6 68 6.65  6.67 6.64
L 6.61  6.57  6.67 6.63
M 2,54 2.61 2.45 (2.54)
N 2,47 2.52 2,40 (2.54)
0 5,00 L.92 5,03 (4.96)
- L93 5.00 4.8 (4.96)
Q 5,06 o8, | 5.03 (5.08)
R 5,03 5.00  5.00 (5.08)
S L8l h.85  L.82 (1.56)
T 5493 486 L8l - (u.géln
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The phosphor-bronze and aluminium-magnesium casting
dimensions were less than those of the pattern as would be expected
as a result of the contraction of the alloys on cooling. The
reproducibility of the casting dimensions was found to be good,
particularly in the aluminium-magnesium alloy where the maximum
. variation in any one dimension between the three castings was only
0.0%cm and the average of all the variations was approximately 0.02cm.
The ph;sphor4bronze ahowed maximum dimensional variations of 0.08em

“though the average was about 0.0Okcm.

The irpn castings exhibited dimensions closer to those

~of the pattern, again a predictable result since the contraction
-.allowance for cast iron is less than that for the two non-ferrous
"alloys. Dimensions I and K wére actually found to be generally
:'gfaafer than those of the pattern, this probably bging due to a
combination of factors. The efféctg of the eﬁtectic expansion would
be most pronounced at this, the hot, gated end of the casting where
" the iron woﬁld remain molten for the longesf period. Furthermore,
these dimensions lie along the line of least mould rigidity, there
being only the strength of the mould material and the force exerted
by the Qeights placed on top of the mould to restrain any mould=-wall

movement.

Since the iron castings were produced consecutively in
the same batch of recycling moulding sand which, as was shown in
section 7.9, became weaker with use, it was expected that increasing

s

Y
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mould wall movement would be experienced on each casting cycle, thus
giving progressively larger castings. Dimensions A to H inclusive,

the iengths and widths of the castings at their edges, showed, however,
a general slight reduction in value whilst the dimensions indicating
the casting heights, I,J,K and L, showéd a reduction on the second
iron caéting in the series but an increase on thé third castingé

The fact that there are one or two anomaliec to this generalisation
and thgt it would have been expected to observe a general increase

in dimensions as the moulding sand was reused may be explained by

several factorse.

Firstly, in order to achieve a good pattern strip it was
ﬂecessary to increase the shatter index, and this was done by
heating the mouldiné sand in an air circulating oven. It has already
been demonstrated that when the moulding material is rammed in a hot
condition and allowed to cool the physical properties can be very
different from those of a mould rammed and used at the same temperature.
Since it was found impractical to control'the temperature of the
moulding sand either before or after ramming the physical properties
of the moulding sand found unde; laboratorj conditions may bear

little resemblence to those of the mould just prior to pouring.

Secondly, on pouring the first (No. 7) of the castings
no weighté were applied to the top éurface of the mould. Consequently .
the mould cope sand lifted slightly allowing mould wall mo;ement to |
occur unhindered in this direction. Later castings (Nus.8 and-g)
were weighted to avoid this problem thus gi#ing a degree of restraint.
This is the most likely reason for the decrease in dimensions I,J,K

and L in the casting No, 8. The.collapse of the weakening sand in
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the drag of casting No. 9 caused an increase in these dimensions.

Thirdly, the overall dimensions of the castings at their
edges did not totally describe its true volume. Mould wall movément,
if occurring, would be mﬁst likely on the faces of the castings where
completion of the solidification would have beén much slower than on
the corners of the casting and thus would have reflected to a greafer
extent the effects of the eutectic expansion. The profiles of the
casting faces proved difficult to measure accurately due to their
irregular nature. To gain a better idea of the volume of the castings

they were weighed in the fettled condition. Casting No. 7 weighed
2097 g as against the 2 077g of casting No. 8. This slight
reduction may have been the result of the application of weights to
casting No. 8. The No. 9 casting, however, weighed 2 2i4g a large
increase.particularly considering the fact that this casting had a
top surface shrinkage cavity. This increase reflected the collapse
of the lower surface of the mould, prchably under ferro-static
. pressure, as illustrated in Fig. 77. The subsequent eutectic
expansion was accommodated to a large extent in the shrinkage
cavity'and thus may explain why the other dimensions of the casting
.show a reduction when compared with those of castings 7 and 8.

It would therefore appear that the moulding sand had reached the
limit of its usefullness at this point and could be defined by the

physical properties as quoted under laboratory conditions. -

7.11.3.Internal Inspection

Cross sectional views of the castings in the three

different alloys are shown in Fig. 81 and it can be seen that ne

'
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Fig,

. View of the cross-sections of

(from top to bottom) an aluminium-
magnesium, a phosphor-bronze and
a cast iron casting showing

internal soundness,
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gross internal shrinkége cavities were evident. Indeed, further
examination under the microscope revealed that microporosity was
also absent, even beneath the surface of the casting where its

i

presence would have suggested mould-metal reaction.
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8. DISCUSSION OF RESULTS

The organc-clay produced by the cation exchange reaption
betﬁeen Na bentonite and dimethyldioctgdécylammonium chloride
proved to be most successful as a bonding medium with oil for foundry
sand moulds. There was no way, however, that it could be assessed
as the best possible organo-clay for this purpose. The quest for a
ﬁore suitzble type, types or even blend of types for any particular
use or combination of physicél properties could well beithe

subject of a great deal of further research.

The methods of organo-clay production developed for this project
also proved most successful even though sohe of the control
technigues and equipment were, of necessity, not the best available.
During the course of the research into the cléy production it was
found that a high speed, high shear mixer was necesaar&-to disperse
the Na bentonite sufficiently f;r optimum modification conditions
whilst a relatively low spe;d, strong stirring action mixer was

desirable for the modification process itself.

The cation exchange capacity'of the clay had to be completely
satisfied though not exceeded during the modification reaction to
obtain a product of optimum oleophylic properties. In order to
ensure this condition it was necessary to establiéh the purity
of the cléy and the organic reagent and to assess with reasonable
accuracy the cation exchange capacity of the Na 5entonite. For
the latter propertylthe methylene blue method proved to be both

relatively simple and yet give results of adequate accuracy.
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From the outset of_fhe research into the physical properties

of the organo-clay/oil bonded sand mixtures it‘became apparent

that temperature was an important va?iable. The.temperature of |
mglling, ramming and testing all had an‘effect upon the final ?hysibal
property results of the sand, a phenoménonlnot noted in the
.conventional cléy/water bonded sand system, Thié complicated the
experimental methods which had to be employed to obtain accurate

and reproducable results but offéred advantages in that, by

using the effect carefully, propertieé could be vafied to give

optimum results.

The literature survéy produced ne evidence of temperature
‘control at any stage of the preparation, testing énd use of w‘
orgaﬁo—clay bonded moulding sands and it is doubted that unless
such control is exercised, any quantitative results are of much

relevance.

The temperature of the sand mix during mulling affected both
thé“rate at which strength was devéloped and the final value of
the physical properties. In the absence of a polar additive, high
mulling témperatures in the order of 40-45°C produced the best
- results and gave‘good éand.compacts of high stréngth and toughness.
The use of_0;5 per cent_méthanol reduced the temperature required
to attain thege properties to abhout 30-35°C'whilst allowing even
1pwer temperatures to be used to give acceptable results.

¢

The effects of the temperéture of the sand at the time of
moulding were, in most of the properties tested, less marked.

However, the shatter indek;was found to véry greatly, being high at
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elevated'temperatures-ahd diminishing as the temperature was reduced.
This could prove to be.a very valuable pr0pertj if the lack of
toughness of a sand is causing, for éxample, poor pattern strip

for the ﬁixture need only be wérmed sliéhtly to remedy‘tﬁe situation.
Howevér, where sand temperature contrmi is not possible, probleﬁs
may be encountered when the ambient temperaturé of the foundry is

low.

Investigations into the effects of mould temperature variation
after ramming show further benefits of ramming the mould with warm
sand. On allowing the mould to cool to ambient temperature, the
strength of the sand would be considerably increased whilst the
shatter index would remain relatively consfant. If fhe reverse
~situation were to occur the mould would becoﬁe weak. This would
point to the fact thaf a mould rammed in cold conditions would lose
rigidity on casting as the heét permeated through the moﬁld giving

rise to mould wall movement and ‘dimensional inaccuracies,

During the course of this research several factors were estabiishedr

~as being.necessafy if maximum strength and toughness.were to be
developed during the mulling operation. Firstly, the surface condition
of the muller had to bé fough. No steady reduction in mulling
efficiency was experienced as the surface became worn smooth with

ﬁse, but a point was reached at which the mulling action ceased

abruptly and fhe rollers simply pushed the mixture around the pan.

It is probable that a muller in continuous use would have to be

nodified to present a totally'different type of surface to the sand

such as hard rubber rollers and pan.
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Secondly, itrwas found, as previously mentioned, that
some apﬁlication of heat Qas beneficial, the best temperature‘varying
between about h5°C if no polar additive were used to approximately
30°C wvhen using a polar additive. It wou}d not be uncommon to
develop at least the lower of thesé teﬁperatures purely by mechanical
heat during extended mulling and certainly would be attained in a
constantly recirculating sand system where hot sand would be ’ i
returned from the knock-out station.  Where neither of thesé methods
can be employed it would be desirable to make some provision on
thé muller to heat the contents but care would be required in ifs

control so as not to reduce the effect of polar additives by

attaining excessive temperatures.’

Thirdly, the use of a polar additive was found to increase
the strength and toughness of the.mulled sand and the rate at which
these properties could be attained. In this work only methanol was
tested, but there should be no reasonrwhy cther polar organic iiquids
could not be used to similar or even better advantage. Nothing
was found to be gained by using methanol in amounts greater than
0.5 per cent and it is possible that even smaller additions may

prove guite as effective.

Finallj, the period of mulling required to obtain optimum
properties of the sand were found to vary according to the
tempergture aﬁd the use of a pélar additive. When using 0.5 per
cént methanol.at approximately 35°C ab m%n_mulling period was found

to be more than adeguate.

P
.

'R
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In studying the effects of varying the clay and oil contents
of the sand mixtures the most notable feature was that, for the
range of additions tested, i.e., 3.0-7.0 per cent clay and 2.0-k.0
per'cent oil, the clay dictated the strength and hardnesé of the
mould whilst the 0il controlled the toﬁghness. By increasing the
clay content the strength was increased in an almost linear fashion,
leaving the shatter index of the sand relati&ely conétant. Increasing
the oil.content had little effect upon the strength but increased
the shatter index almost linearly. These effects should offer a
unique opportunity to coﬁtrol the 5asic physical properties of sandl
mix very closely and indeed, in this research, formed the basis for
the determination for the amount of clay and oil required to restore
a used sand to its original properties, ‘Ip this instance, the
green compression strength was used as an indication of the required
restorative clay addition and the shatter index for the oil addition.
Whilst it was found that the amounts could not be calculqted accurately
for a sand which had been used to the end of its useful life, it
was thought that sufficientiy good estimations could be made using
this method where the physical properties of a sand are carefully
monitored during the more éradual decline in values‘that would be

experienced in foundry conditions.

In studying the overall properties of the virgin sand
mixes it may be said that a mix containing 5 per cent clay and 3 per
cent oil, mulled for 5 minutes at 30°C with 0.5 per cent methanol
pfoduced a good mouldable sand. However, later moulding trials
with such a sand showed that fhe strip on deep draws was a problem
indicating that the shatter index was not as high as would be

desired; This would be overcome by increasing the oil content of
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the sand. Alternatively; a slight warming of the sand was also
found to increase the shatter index and in a circulating sand system
the oil addition might prove to be unnecessary. Furthermore, as

has been discussed earlier, there were further advantaggs in uéing

a warm sand that could be allowed to cool slightly afte..r moulding,

these being the marked increase in mould hardness and strength.

The storage of such a sand albeit under sealed conditions,
had little effect upon the physical properties. _Sand used in fhe
production of the moulds'was left with little atiempt at sealing
for periods in excess of a week, and no detrimental effects were
" noted. This makes the organo-clay sand mixes an ideal medium for
the jobbing foundry where relatively large batches can be mulled

and simply stored in a Heap until reguired.

From this work on the physical properties of the organo-clay
moulding sand it would appear that only two basic features of the
mix need be monitored to describe the condition of the moulding
sand. These are the green compression strength and the shatter
index. As an alternative te the former, the green shear strength
or mould ﬁardness may be ﬁsed fér they both follow closely the
variation in greén comﬁression strength. The green shear strength
test is, however, a-teét in which it is difficult to obtain
consistently reproducible resu}ts. The mould hardness may, on the
other hand, prove to be a simpler and quicker test to perform.

The shatter index has, within the range of tests carried out in this
work, no substitute and is considered of great importance in

describing the condition of tne sand. The hot compression strength

At
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is considered to be a rather specialisea test and also one in which
reprbduceable results are difficult to oﬁfain. It is not necessary
as a routine test but might be investigated ffom timerto time
particularly if unusual additions are made to the mix such as iron
oxide which were found to have a devasfating effect (see appendig).
Flowability was found to be excellent in all the mixes tested and
is not therefore a particularly significant routine test.
Permeability was, with this fine sand, very low, but apparently
quite sufficient for this type of moulding material. Variations

in the clay and oil addi'tions ‘and in the usage of the sand varied
this property over a very small range of values and, unless trouble
is experienced or the base sand altered, it is not considered to be

a test of great importance in this oil based sand.

The castings produced in moulds made from this sand mix
showed that there were limitations to its use. The phosphor-bronze
and aluminiuﬁ-magnesium castings were basically good, most of those
defects present being considered to'be a function of the casting
design and its associated running and feeding system rather than a
fault of the moulding material.. The finning in the phosphor-bronze -
caétings however may ipdicate a necessity for a little further
research. It is po§sib1e that some change in the base sand is
reguired or an investigation into the thick 1ustrous carbon coating
around the casting which, on cracking, could well have been the cause
of the fihs. These defects were, however, not considered to be
detrimental to the serviceability of these castings. At the higher
casting temperatures used for the iron castings the finning defect

was most pronounced as was a crazing of the otherwise smooth surface.
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These &efécts are knowh to occur in green ;and with a high carbon
content pa}ticularly when the carbonacéous material contains the
‘benzene ring structure. This leads to the excessive for@ation of
lustfous carbon deposits as a crgst arouﬁd the casting and it is
most 1ike1y.that the cracking and distortion of this layer plays

a significant part in the formation of the finning and crazing.
Further, the surface finish of the iron castings appeared to be
impaired by gas bléw holes which would suggest that at these high
‘temperatures the permgability of the sand was insufficiegt for the

high rate of gas evolution.

Overall, this moulding material, if used wisely, is capable
of producing sound castings of reproducible dimensional accuracy

and good surface finish.
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9.

CONCLUSIONS

(i) Organo~clays can be produced by carefully reacting Na
bentonite with dimethyldioctadecylammonium chloride under

controlled conditions.

(ii) Dimethyldicctadecylammonium bentonite, when mulled with
a light mineral oil provides an effective bonding medium

for foundry sand moulds.

(iii) The temperature at which the mulling operationlis carried
out effects the physical properties of the final mix.
Generélly temperatures in the range hO-hBOC give the most
efficient mulling conditions and development of the optimum
physical properties. The additieon of 0.5 per cent methénol
to the muller as a polar additive reduces the temperature

requirement to a range of 30-3500.

(iv) The rate at which the .sand mix develops its optimum
: properties during mulling depends upon the tempe;ature of
‘the mix, the higher the temperature, the greater the rate.
The use of a polar additive greatly increases the rate

at which the optimum properties are developed.’

{(v) The toughness of an organo-clay bonded sand, as indicated
by the shatter index, is greatly affected by the
temperature of the moulding sand, the greater the

temperature, the tougher the sand.

(vi) The strength of a moulding sand mix is improved by the
addition of 0.5 per cent methanol to the mix during the

mulling operation particularly when temperatures of
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(vii)

(viii)

(ix)

l(x)

(i)

approximately 35°C are employed. At higher temperatures

no particular benefit is to be gained from its use.

The strength of a moulding sand is largely dictated by
the clay content of the mix, the greater the clay content,

the stronger the bond.

The oil content of a sand mix has a pronounced effect

upon the shatter index of the mould, the greater the

‘addition of oil, the higher the shatter index.

The variation of mould temperature after ramming affects
tﬁe physical properties of the compacted sand. Heating
tends to reduce the strength of the mould whilst increasing
the shatter index.- Cooling considerably increases the
strength whilst leaving the shatter index relatively

wnaffected.

The mulled moulding sand can be stored for at.least

1% days with little or no change in its physical properties.

Used moulding sand can be recycled after a simple stirring

operation to mix the burnt and unburnt sand and reused
withoué furtﬁer treatment over a limited number of cycles.
Slight deterioration in all physical properties is
‘encountered but not of suffiéient magnitude to prevent
further excellent castings béing produéed. There is no
need fior is anything to be gainecd by passing the sand

fhrough a muller.

)
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(xii)

(xiii)

(xiv)

The used moulding sand can be reconstituted by selective
additions of o0il and clay and remulling. A rough guide

to the amount of additions required can be made by stﬁaying
the green compressiOn strength which is controlled almost
exclusively by the clay content, and the shatter ihdexl

which is largely controlled by the oil addition.

The general surfa@e finish of castings made in the organo-
clay bonded sand mould was excellent. However, a surface
veining defect was apparent-bn both the phosphor-bronze
castings and cast iron castings which, whilst not rendering
the castings unserviceable, would necessitate extra
fettling and thus obviate the advantage of having an

otherwise very good surface finish.

Castings of close dimensional tolerance can be produced

using this moulding sand.
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10. SUGGESTIONS FOR FURTHER WORK

1. Modification of ¢lay with different organic reagents to
establish their effects upon the physical properties of

the moulding sands.

2. The use of other types of oil with reference to their
effect upon the physical properties.

%. The use of various types of polazr.additive to find a cheap,
more efficient and less hazafdous material than.methanol.

L, Further investigation into the use of iron oxide to
overcome the excess lustrous carbon problemg without
adversely affecting the physical properties of the sand.

5. The design of a more suitable mulling machine which does
not require its surfaces to be roughened on a regular
basis to ensure efficient mulling conditions.

6. Investigation into other moulding techniques for this

material such as a high pressure sgqueeze, boxless system.

7. Investigation into a cheaper method of producing the moulding
sand, perhaps by carrying out the cation exchange reaction
-in the sand mullef of an existing clay/water bonded sand
system, thereby‘allowing the replaéement of some or all
of the water by 0il with consenuent reduction in steam
and the possible elimination of coal dust in sand used

for iron castings. -«

8. Further work into the hot ramming of the moulding sand
followed by cooling as a possible method of producing

an easily recyclable hard sand mould.
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APPENDIX (A)

A.  SAND TESTING

'A(i) The Sand Test Piece

~ A standard cylindrical sand test piece, 2in. in diameter
and 2in. in height, was used in all but the hot compression strength
test. Its dimensions and. method of preparation were based upon

the recommendations of the American Foundrymen's Society.

A predetermined weight of mulled sand was dropped into
a steel specimen tube having a height of 5in. and an internal
diameter of 2in., the lower end of which was located in a flat
bottomed cup. The assembly was then placed in the ramming
device and a plunger of flat profile and 2in. diameter was lowered
gently down the tube te rest on the surface of the sand. This
was then compacted by applying three standard blows to the ramming
head, each blow being caused by the impact of a 14 1b. weight
falling from a height of 2in. The height of the test piece could
be read directly from the rammer, the'weight of the sand used being

predetermined by trial and error to give a value of 2in.t 1/32in.

Most of the exp;riments required that the test piece
remain within the fube for all or part of the test. However, for
the green compression strength and green shear strength tests the
test piece héd to be ejected from the tube by inverting it over a
2in, diameter stripping post, removing the cup and gently sliding

the tube downward to leave the sand compact on the top of the post.
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A(ii) The Green Compression Strength B

A standard test piece was located so that its ends
were held between the two flat plates of the George Fischer Universal
Stréngth Testing Machine as shown in Fig. (viii) Plate A was held
rigidly to the apparatus whilst plate B was attached to a hydraulic
piston. The pressﬁré on the piston was gfadually increased by
turning a handle af a steady rate until) the test piece collapsed._.
The brezking load'was reéor&ed by means of’'a pointer on the pressure

gauge and read in 1b per ina.

A(iii) The Green Shear Strength

This test was carried cut in essentially the same
manner as for the green compression strength. The end plates
between which the test piece was held were, however, of a stepped
profile as shown in Fig.(iX) thus creating a shear plane along
the axis of the cylindrical test piece. The load was applied more
slowly than in the previous tesf because of the relatively low
strength. The load at whicﬁ the test piece sheared was recorded

in 1b. per in°,

A{iv) The Hot Compression Strength

.In this experiment the 2in. x 2in. test piece was too
large to be heated uniformly and quickly to the test temperature of
1000°C. A smaller test piece was therefore used, 11um. in diameter
and 20mm high, and was formed in a steel tube with a removable
base plpg using a hand operated plunger. This was forced down the
tube until arrested by a stop exactly 20mm above the base plug.

The weight of sand used for the test piece was 2 per cent of that
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required for the standard 2in. x 2in test piece.

The speciﬁen was ejected from the tube using a stripping
post on top of which had been placed a small cylindrical silica
disec, 11mm in diameter and 9mm in height..The silica disc and test
piece were carefully‘lifted off the post and placed on the bottom
silica press rod of the George Fischer Hot Compression Strength
Testiﬁg Apparatus and a'fﬁrfher silica disc¢, 11mm in diameter, and
10mm in 6verall height and having a domed upper surface was placed
on top as shown in Fig. (x). A load was applied to the ﬁottom
press rod via a h&draulic system attached to the Universal Strength
" Testing Machine sufficient to float the bottom push rod assembly
and locating the test piece just below the fixed upper push rod.
The furnace was then lowered over the test piece and a heatinlg
period of exactly 60s ailowed to e1$pse. - The bottom push rod was
then raised by steadily increasipg the pressure in the hydraulie
system until the test piece cqllapsed. The Breaking lcad was
recorded in kg per cm2 and the true load to which the test piece
had been subjected was found by subtractiné the load necessary to

float the bottom silica push rod and specimen assembly.

A(v) The Permeability

A standard 2in x 2in test piece as formed in its specimen
tube was placed over the centre post of a Ridsdale Dietert Electric
.Pérmﬁeter and sealed by means of an expanding collar. With the

¢
operating lever in the 'check? position the pressure was adjusted
to give a permeability réadipg of zero. By switching the position
of the lever to 'test' the permeability of the test piece wa; read

directly from the pressure gauge.
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A{vi) The Mould Hardness

A specimen tube with test piece was inverted over a
stripping post and held lightly in position whilst a Ridsdale
Dietert Hardness Tester 'C! scal? was pressed firmly onto the exéosed
surface of the test piece. The moﬁld hardness was then read diréctly

from the scale of the dial gauge.

A{vii)The Shatter Index

A specimen tube w;s placed in the holder of a Ridsdale
Shatter Index Tester, the test piece being accommodated at the lower
end of the tube. A piston was pushed down the inside of the tube,
very slowly ejecting the test piece ﬁntil, released from the tube,
it fell a distance of exactly 6ft (182.8cm) onto a circular steel
anvil. All those pérts of the shattered test piece, if any, which
passed through the 13.2mm mesh sieve were collected in a pan and

weighed. The shatter index was then given by the following formula:

Shatter index = -S-E*é‘-w—m— x 100

where : SW

specimen height

PW

weight of sand in the pan

A(viii)The Flowability
A fest piece was formed on the rammer using four instead
of the standard three blows. A dial gauge attached to the rammer
wéé then moved into position so that its probe touched the top of
the plunger attached to the ramming head and was adjusted so as to
read zerce. After giving the test piece a fifth blow the movement of
the plunger was recorded by the gauge and the percentage flowability

read directly from the dial.
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APPENDIX (B)

B. MELTING THEORY

B{i) Basic Theory of Melting Phosphor-bronze

Tin-bronze dissolves both oxygen and hydrogen from the furnace
atmosphere. On solidification these gases, if not removed, combine
to form steam and give rise to 'reaction unsoundness'in the resulting

castings.

As Fig.( xi ) shoﬁs, an excess of oxygen in the metal tends
to restrict the absorption of hydrogen and vice versa. In phosphor-
bronze, however, the phosphorus combines preferentiaily with the
oxygen in. the furnace atmosphere and limit§ that available for
absorption in the bronze. This reéults in the unrestricted absorption
of any hydrogen present into the metal, a situation which is
further aggrevated by the production of a very fluid phosphate slag
which offers little resistance to the passage of the hydrogen from

the furnace atmosphere into the melt.

The oxygen in the‘furﬁace can be the result of excess air
or the therhal decomp&sition of steam produced by the combustion
of the gas. Hydrogen is also produced by the thermal decomposition
of steam and as a'biproduct of the oxidation of the melt by steam.
By increasing the volume of air to the furnace over that required for
cpmplete c0m£ustion of the gés, the partial pressure of hydrogen
above the melt can be reduced whilst that of oxygen is increased
to give oxidising conditions. By decreasing the air supply oxidising
conditions are reduced to a minimum whilst the partial pressure -of

hydrogen remains high giving reducing conditions. Thus the
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solubility of oxygen and hydrogen can be controlled to some extent

b& varying the gas to aif'ratio of the furﬂace. Since the temperature
of the metal alsoc influences the rate of gas absorption,. further
control can be achieved by keeping melt temperatures to a minimum,

" This also results in reduced losses in phosphorous by oxidation.

Two different methods of melting ﬁhosphor—bronze are
therefore possible. The first is to melt under oxidizing conditions
thus limiting the partial pressure of hydrogen in the furnace
.atmosphere. Using this methed, however, phosphorus losses of up
to 40 per cent can be expected due to oxidation. The second method
- is to use a reducing atmosphere, acéepting the consequently high
absorptioﬁ of hydrogen which would later have to be purged from fhe
melt by reducing the partial pressure of the gas at the liquid
métal surface. This would be carried out by bubbling dry nitrogen
through the molten bfonze. This, however, in turn creates a great
deal of turbulence and promotes én increased rate of oxidation of

the phosphorus with the atmosphere.

B{ii) Basic Theory of Melting Aluminium-Magnesium Alloys

* Aluminium-magnesium alloys present certain melting
problems associated with its magnesium content. This oxidises
preferentially to the aluminium forming a dross which, unlike the
normal aluﬁiniﬁm_oxide skin, is non-protective resulting in its
continuous formation during the melting process and consequent loss
of magnesium. The oxidation of the magnesium by water vapour in the

<
furnace atmosphere produces hydrogen which, together with that

already in the furnace dissolves into the melt. If this gas is not

removed it comes out of solution during subsequent solidification

-t
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to give rise to porosity in the final casting. It is therefore
important to keep the partial pressure of both oxygen and hydrogen
above the melt to & minimum by providing just sufficient air to

the furnace to burn the gas supplied completely.

To minimise the oxidation of the magnesium and the
absorptioﬁ of hydrogen it is important to protect the surface of
the melt from the furnace atmosphere with a suitable flux. Since
, the oxidation and gas absorption increase with temperature it is
‘also important not to overheat the melt. In fact, excessive heating
can result in the magnesium catching fire with disastrous

consegquences.
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APPENDIX C

C. FORMULA DERIVATION

¢(i) Derivation of formula 6.2

Required: The cation exchange capacity of the clay.
This may be found by ascertaining the number of meq of pure dye
adsorbed by 100g of dry clay.

Utilising the following symbols for brevity:

]

the percentage of dye initially

1!

the percentage of dye in the filirate

1]

the percentage purity of the dye

the equivalent weight of the dye

the volume of the dye used

2z < @®W 79 = H
n

the dry weight of the clay

it can be said that the weight of pure dye adsorbed by the

clay sample =

(1 -F) - P
750 ¥ V x 3558

The weight of pure dye adsorbed by 100g dry clay =

(1 -F) ‘

P 100
00 XV X Y50 *

The number of meq of pure dye adsorbed by 100g of dry clay =

(I - F) P 100 1000
oo *Vxugex ¥ E

Rearranging, this gives:

(I -F) xpP
E 700
1000 X7V

x W

which is formula 6.2
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¢(ii) Derivation of formula 6.4.2.

Required: The weight of organic reagent to be added to
clay suspension to achieve a known addition of meg DDAC per 100g
of dry clay.

~ Utilising the following symbols for brevity:

A = purity of organié reagent (per cent5'

B = weight of addition of organic reagent (g)

¢ = weight of clay as supplied (g)

D = clay moisture‘content‘(per cent)

F = meq of DDAC to be added per 100g of dry clay
G = molecular weight of DDAC

: o -
F meq of DDAC = F‘x 0008 of DDAC

G G 100 .
Now F x 5008 DDAC = F x 000 * 1 8 of organic reagent

100
100 - D

_therefore, to add F meq DDAC per 100g dry clay

and 100g dry clay = x 100g olay as supplied

F x 1030 X 1208 organic reagent must be added to

100

GG x 100g of clay as supplied.

If the suspension is to contain C g of clay as supplied, '
the addition of organic reagent, B g, becomes:

G 100 100 - D 1

Fx‘1000x.A X =766 X Joo *Ce

Rearranging this gives:

F x¢(100 =D) x G
A x 100 000

which is formula 6.4.2.
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¢(iii) Derivation of formula 6.5

Required: The amount of organic material (Dpa™) présent
in a modified c¢lay.

Usiﬁg the following syﬁbols for brevity:’

I = the percentage ignition loss of the organo-clay
C = the percentage ignition loss of unmodified clay
W = the molecular weight of the quaternary ammonium cation

In 100g of organo-clay there will be (100 - DDA*) g of base clay.

- Associated with this base clay will be

7%6 x (100 - DDAY) g of chemically combined water which is

v

lost during ignition.

;ga x (100 - ppAat) + poat

Therefore I

It

Y + +
C_-‘!BBXDDA + DDA

+ C
¢ + bDA” (1 ﬁfﬁi)

ppAt (100 - @)

=C+ 100

(I - €)100

g
Therefore DDA = 00 —-C

This DDAY is associated with (100-DDA*) g of base clay,

therefore, associated with 100g of base c¢lay there is

(I - €)100 100 +
700 - C_ ¥ 700 - ppa™ & of DDA
_ (1 - c)100 100
= 700 - ¢ * 100 - (1I-c)100
100-C
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(I - €)100 . 1000100 - C)
100-C 100(100-C) - (I -~ C)100

_ (I - ¢)100
“ (0 ~¢) - -¢)

_ {1 -¢)100
~ (100-1)

Expressed in meq per 100g of base clay this becomes

(I - ¢)100 1000
Gloo-1)  * W

"Rearranging, this gives:

(I - C) x 100 000
(100 - I)W

which is formula 6.5
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APPENDIX D

D. Determination of the Effect of Iron Oxide

Because brief mention was made in the literature concerning

(24)

tﬁe.use of iron oxide in the moulding sand tests were carried
out with 2 per cent additions‘of Fe203 to study the effects upon
the physical properties oflthe sand. The basic mix was 5 per cent
¢lay and 3 per cent oil mulled for ten minutes, Four mixes at
different mulling temperatures were.carried out using 0.5 per cent

methanol as polsr additive and a further four made without the use

of a polar additive.

Although time would not permit a full investigation into the
use of the material, the physical property, results cbtained were
of interest and have been quoted in this appendix, tables (xxxiii)

and (xxxiv).

A comparison of these results Qi@h those of the samé mix
without iron oxide, shown in Tables (vii) and (viii) would suggest
that the iron oxide slightly increases the strength of the sand,
decreases the flowability and has a devastating effect upon the
hot compression strength. This latter effect is probably due to
the rapid oxidation of'tﬁe produc£s of combustion which would
normally have formed the bond at this elevated temperature,

For this reason the use of this material should be treated with
caution parficularly in iarge moulds where heat penetration of the
ﬁould would be great and possibly lead to sand erosion and surface

cracking,
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Table (i)

CATION EXCHANGE CAPACITI OF Na BENTONITE

EXPERIMENTAL RESULTS U3ING THE METHYLENE BLUE METHOD

SAYPLE No, 1 2 3

WEIGHT OF CLAY (g) . 0.1650  0.1615  0,1500

WATER ADDITION TO CLAY (m1) 5,0606 5,0000 5,0000

WATER ADDITION TO FILTRATE  (ml) 53.0 59,0 73.0
Table ‘ii)

LO3S ON IGNITION OF ORGAKO .CLAY (PER CENT)

EFFECT OF RZACTION CONDIT]GSS

ARQUAD “ADDITION:  46.84 g/3C g CLAY

SAMPLE No. ' 1 2 )
USING LOW SPEED STIRRER 37.7177 37.7308
USING HIGH SPEED STIRRER | ‘37.9%5 37.9262
WITHOUT Nagco3 PRE-TREATMENT 38,0088 38,0371
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LO35:ON 1GNITION OF ORGANO-CLAY

Table

(iii)

(PER CENT)

EFFECT QF VARYING QUATEENARY AMMONIUM COXPOUND ADDIT1ONS

]

SAMPLE Ko, 1 2
ARQUAD ALDITION  0.00 6.9711 6,015
| 11,71 17.6547 17.6670
R3.42 25.5397 25,5508
35.18 32,0075 32,0174
16,84 37,7177 37.7308
70,26 46,5978 46,5906
93.68 50,2158 50,3288
(g/80 g CLAY) 117.10Q 50, 2666 50,2479
?able
LOSS ON IGNITION OF ORGANO-CLAY (PER CENT)
LARGE SCALE PRODUGTION
SAMPLE No, - 2 s L
BATCH No, 1 “39.u375 39,5102 39.304).  39.2921
2 36.6150 39,5663 39,6263 © 39.6192
3 38,7965 38.8450 | 38.7513- 38,7772
b 39,0171 39,0161  39.0228 38,9920
5 39.654L 40,0607  40.0700 35,9290
6 | 20.62,0 39,7245 . 39.746L  39.7369
7 39.3303 39,1248 39,3145 39.3348
g 38,9127 38,0677  38.942L4  38.9576
9 3R, 8245 38,7630 38,75,0  32,8889

ALK
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1

" PHYSICAL PROPERTIES OF SAND MIXES

CLAY CONTENT (PER CENT)

~ 0IL CONTENT (PER CENT) -
MULLING TIME (M4IN)

© POLAR ADDITIVE (PER UENT)

OTHER VARIABLES

i

3.0
3.0

10,

~ None

None -

_ Table {v)

SAND MIX No, 192 195 1o 193
TEMPERATURE BELORE 20,5 31,5 43.0 52,0
AND AFTER MULLING (°C}- 22,0 32.5 43.0 L5,
Average 21.5 32.0 43,0 48,5
?P%CH&EN WEIGHT 1561 161 160 159
g
. GREEN COMPRESSION 14.5 22.8 33.1 31.7
STRENGTH 13.8 23.4 32.4 31,0
: ' %g.g 23.4 "32.4 31.7
(N/m? x 10%) o
“Average 14.0 23,2 32.6 31.5
GREEN SIEAR 3,1 5.5 7.6 7.6
STRENGTH 2.4 5.5 8.3 8.3
_ 2.8 5.9 8.3 7.9
(N/m® x 10°) '
Average 2.8 5,6 8.0 7.9
HOT COMPRESSICN 138.6 203,4 191.6 161,2
STRENGTH 1484 195.5 . 192.6 151.4
2 3 138,6 185.7 ©195.5
(N/m* x 10°) 208,3 188.7
Average 143.8 197.7 190.4 . 156.9
PoRMEABILITY 21.3 20.8 20,3 20,8
21.7 20,7 20,2 20,9
21.3 20,7 20,0 20,6
. 21,0
(small orifice) 20,9
Average 21,4 20,7 20,2 20,8
MOULD HARDNESS 5 11 16 15
6 12 .16 16
v b 13 16 16 .
3 12 .
('C' scale}) . 13
Average 6 12 16 16
-SHATTER INLEX L7 61 69 63
I 59 67 60
L7 - 57 70 65
60 60
. 62
Averarce &7 59 69 62
- FLOWABILITY 86 86 86 &1
. - 86 . 88 85 g5
87 87 - 86 8,
86 86 -
(per cent) . g6
Average 86 87 86
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Table .(vi)' '

PHYSICAL PROPERTIES OF SAND MIXES

CLAY CONTENT (PER CENT)

3.0
OIL CONTENI (PER CENT) 3.0
MELLING TIME (AIN) 10,0 )
POLAR ADDITIVE (PER CENT} 0,5 (Methancl)
OTHER VARIABLES * None
SAND HIX No. 166 199 198 197
TEMPERATURE BEFORE o 19,5 30,0 LL.O 53.0
AND AFTER MULLING (°C}. 20.5 31,0 L1.5 45,0
Average 20,0 30.5 43.0 49,0
. SPECIMEN WEIGHT 160 159 159 160
GREEN COMPRESSICHN 23.4 33, 35,2 33.1
STRENGTH 22.8 33.8 35.2 . 33,1
: 2h.1 33.8 35.2 33.1
(N/m? x 10%) ;
Average - 23.8 33.8 35.2 33.1
'GREEN SHEAR ‘ 5.5 7.9 8.6 7.6
STRENGTH 5.5 9.0 7.9 9.0
5.5 9.3 9.3 7.6
3 ’ 6-3 8-6 8lv6
(N/m? x 107) 9.3 E.6 8.6 -
Average 5.5 8.8 8.6 8.3
HOT CO:PRESSICN 173.9 190,.6 - 187.7 197.5
STRENGTH 171.0 187.7 198.5 . 185,7
183.7 191.6 ig2.8 195.5
. 2 ’ 3 171.0 187.7 203.4
{N/m< x 104) ‘
Average 174.9 190.0 1g9.1 195.5
PRRMEABILITY 21.7 20,9 - 21.6 2l.2
: : . 21,6 20.9 21.3 21,2
21.7 20.9 2l.4 21,2
{small orifice}
Average - R21.7 20,9 21,4 21,2
MOULD HARDNESS ‘ 11 17 18 16
11 16 17 16
<13 17 17 17
12 18 17 17
('C' scale) - 12 18 18 17
Average ' 12 17 17 17
"SHATTER INDEX 57 71 67 69
' 56 . 72 71 68
57. 70 69 68
o ' 70
Average X 56 71 69 68
- FLOWABILITY g6 - 86 85 g
: 85 g6 87 86
86 87 86 26
. . g7 - 8s © 87 85
{per cent) 87 85 85 g6
Average o g6 g6 86 86

-y
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" Table

PHYSICAL PROPERTIES OF SAND MIXES

CLAY CONTENT (PER CENT)
O1L CONTENT (PER CERNT)
MULLING TIME (M4IN) -
POLAR ADDITIVE (PER CEHT)

OTHER VAR IABLx:.S

None

l None

(vii)

263

262

'SAND HIX Mo, 261 261,
TEMPERATURE BEFORE 19,0 30.5 41,0 57.0
AND AFTER MULLING (°C) 20,0 31,0 ‘41,0 44,0
Average 19.5 31.0 41,0 50,5
S(PE)ICIMEN WEIGHT_ 161 159 187 158
g
GREEN COMPRESSION 26,9 48.3 6L.1 66,9
STRENGTH : 26,2 49,0 64.8 66,9
- . 26,9 49,0 65,5 66.2
) © 26,9 49,6 64.8 66,9
(N/m? x 10%) ) 65.5 .
Average _ 26.7 49,0 6L.% 66,7
GREEN SHEAR 5.9 11,4 17.2 14,1
STRENGTH 6,2 10,7 15,9 14.8
5 3 12,1 16.¢ 14, 8
(N/m? x 103) 12,1 - 15.9
Average 6.1 11,5 16,0 15,0 .
HOT COMPRESSION 206,3 272,0 311.2 272,9
STRENGTH - 210,2 281.8 - 264.6 292.6
210,2 267.1 203,6 2858 .7
' 2 - 247.5 298.5 276.9
(N/m2 x 103) _ :
Average - 208.9 C267.1 299,5 283.5
PERMEABILITY 18.8 12.8 20,1 19,8
: 18.7 18.7 20,2 19.6
12,7 18, 5 20,0 19,7
(small'orifiqe) .
Average 18,8 18.7 20,1 19,7
MOULD HARDNESS 14 24 27 27
16 2L - 26 27
15 25 28 27
15 26 - 28 29
('C' scale)
Average 16 25 27 28
SHATTER INDEX L2 65 686 66
C L5 6L . 66 .67
L7 64 67 68
L3 , -
I
Average L5 64 66 - 67
FLOWABILITY a3 82 79 79
: gs 82 78 .79
8s 82 78 . 79
o 85 . 82 79 78
{per cent) - ‘ o
‘Average 85 82 79 79
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Table (viii)
- PHYSICAL PROPERTIES OF SAND MIXES

CLAY CONTENT (PER CENT)

5,0
OIL CONTENT (PER CENT) 3.0
MULLING TIME (4IN) 10,0 o
POLAR ADDITIVE (PER C‘NT] 0.5 (Methanol) -
OTHER VARIABLES " None
SAND MIX No, 167 166 168 169
TEAPERATURE BEFORE . 21.0 30,0 40.0 49,0
AND AFTER MULLING (°C) 23.0 30,0 36,0 42.0
Average 22,0 30.0 38.0 "L5.5
| SPECDIEN WEIGHT 159 159 158 157
g ‘ : _
GREEN COIPRLSSIOR 56,5 68,9 69.6 68.9
STRENGTH 55.8 68,9 70.3 69.6
’ ‘ 86.5 68.9 716.0 68.9
(N/m? 'x 10%) |
Average . . 56.3 - 68,9 70.3 69.2
GREEN SHEAR 10,0 15.5 15,5 15.9
STRENGTH - 10,3 16,2 14.5 17.2
. 10,3 15.5 15.5 T 17.2
11,0 ‘ . 14,8 - 15,2
(N/m x 103) 17.2
Average 10.4 15.7 15.1 16,5
HOT COMPRESSION _ 2544 274.0 312,2 2710
. STRENGTH : 264,.2 - 2818 293.6 254 .4
' 255.3 303.4 262.6 263, 2
. 2 .3 283.8 293.6 26h.2
{(N/m< x 107)
Average 258,0 286.5 298,0 ] 253.2
PERMEABILITY 18.9 15,0 18.8 20,3
‘ . : 18.8 15.0 18,8 20,0
_ 18,7 18,8 15.0 20,2
(small orifice}
"Average ‘ 14.8 18.9 18.9 20,2
MOULD HARDNESS _ 27 28 .28 28
26 : 29 - 29 28
260 . 28 28 29
26 30 28 28
{'C' scale) S
Average | : 26 29 . 28 . 28
SHATTER INLEX 67 .. 69 77 69
o ) 6L - 70 73 68
64 74 75 69
65 72 75 ‘
| | 69
Average ) : 6% 71 . 75 69
'FLOWABILITY 82 80 78 82
: 81 81 78 81
= 82, 81 78 . 80
- : 83 g1 78 g1
(per cent) - 83 -, g0 78 20
Average : - B2 - 81 78 81
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Table (ix)

PHYSICAL PROPERTIES OF SAND MIXES

' CLAY CONTENT (PER CENT) 7.0
O1L CONTENT (PER CENT) 3.0
MULLING TIME {(#IN) 10.0
POLAR. ADDITIVE (PER CENT) None
OTHER VARIABLE3 " None
SAND MIX Ne, : 200 203 202 201
TEAPERATURE BEFOAE 19,0 32,0 43,0 54,0
AND AFTER MULLING (°C) 20,5 33.5 42,0 L4, 0
Average 20,0 33.0 L2.5 L9.0
S(PE;.C]MEN WEIGHT 160 156 " 153 154
g ‘ C
GREEN COMPRESSION L2.7 81,4 91,0 89.6
STRENGTH L1.4 82,0 89.6 90.3
: hg.l 82,0 go.g . 39.2
42,7 9. 9.,
(N/m? x 10%) . 90.3
" Average - h2,2 81.8 0,2 89,8
GREEN SHEAR 9.3 19.3 21.4 20,7
STRENGTH 9.3 19,7 21.0 20,3
9.7 19.7 2.4 20,7
(N/m® x 10°)
Average 9.4 19.5 21,3 20.6
HOT COMPRESSION ) 329.9 431.9 4L52,5 410,3
STRENGTH 317.1 L12.2 LL8,5 L14.,2
318.1 L19.1 L52.5 L01,5
‘3 324.,0 L0CL,5 453.4 412,2
(N/m? x 10%) '
Average 322,3 416.2 4L51.7, L09.5
PERMEABILITY ’ 17.4 21.9 23.5 21,6
17.2 - 21.5 23.0 21.2
17.3 21.8 23,2 2L.6
_ . 21,6 23.2 -
~(small orifice)
Average 17.3 21.7 23.2 21.5
MOULD HARDNESS .23 32 32 30
23 . 31 31 32
22 32 32 32
_ 22 33 31 30
('CT scale) ' 23 32 32 32
Average 23 32 32 3l
‘SHATTER INDEX L1l 65 613 64
CL3 . 67 65 67
L3 65 6l 67
65 66
Averagze . L2 66 65 66
FLOWAB1LITY -82 - 78 72 73
83 77 72 73
gz 78 72 72
' 83 77 T 72 73
(per cent) - - 83 77 72 73
Average ' 83 77 72 73
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Table (x)
' PHYSICAL PROPERTIES OF SAND MIXES

CLAY CONTENT (PER CENT)

7.0

OIL CONTENT {PSR GENT) 3,0

MULLING TIME (4IN) s 10,0

POLAR ADDITIVE (PER CENT) 0.5 (Methanol) .
one .

OTHER VARIABLES Non

SAND MIX No. 230 233 235 231
TEAPERATUAE BEFORE 17,0 27,0 39.0 58,0
AND AFTER MULLING (OC) 19,0 29.0 36,0 L5.5
Average 18.0 28.0 37.5 ‘ 52.0
S(P%CIMEN WEIGHT 15.9 156 -155% 155
g . . .
GREEN COMPRESSION 71.7 G4.5 G7.2 97.9
STRENGTH 71,0 95.8 6.5 9.3
T 70.3 95,1 97.2 98,6
a3 71.7 65.8 | 98.6"
(N/m* x 20°) 71,0
" Average 71.2 95,3 97.0 ge.6
GREEN SHEAR 14,5 20,0 21,7 25,5
STRENGTH 15,5 20,3 20,7 24.5
) 14,1 20.7 21,7 23.8
20,7 21.7 24.5
(N/m2 x 10°) 25,
© Average 14,7 - 20,4, 21,5 2L,,8
HOT COMPRESSICN 324,.0 366.6 411.3 409,3
STREKGTH 334.8 391.6 403, 426,0
‘ 324,,0 365,2 423,0 412,2
> 3 332 8 378, 9 391.7 405.3
~{N/m< x 107) 374.0
Average 328.9 381.3 4,07.3 L1L,2
PRRMEABILITY 17.9 20,9 20,8 21.2
18,2 21,0 20,9 21.0
_ 18, 3 20,7 20, 9 21.1
. 18,0 20,8 21.0 21.2
{small orifice)
Averacge 12.1 20.9 20,9 21.1
MOULD HARDNESS 28 33 33 32
29 34 -3l 32.
50 3 > 3
{('C' scale) . 28 33
Average 29 EIN 32 33
"SHATTER INDEX 53 69 65 63
: 52 69 64 59
52 67 63 61
o 67 63
Average 52 68 6L 61
- FLOWABI1LITY 81 78 " 73 Th
82 80 73 75
83 77 73 74
: 82 78 ' 75
(per cent) 83 78
Average a2z 78 73 75 :




Table = (xi)

* PHYSICAL PROPERTIES OF SAND MIXES

CLAY CONTENT (PER CENT) 5.0
OIL CONTENT {PiRk CENT) 2,0
MULLING TIME (4IN) 10,0
POLAR ADDITIVE (PER CENT) - None
OTHER VARIABLES | None
" SAND MIX No, 221 224 223 222
TEMPERATURE BEFORS 20,0 30,0 37,0 54.0
~ AND AFTER MULLING {°c) 21,0 31.0 39.0 45,0
: Average 20.5 30.5 38.0 49.5
?P%CIMEN WEIGHT 160 158 157 157
e : N
GREEN COMPRESSION 29.6 51,0 62,7 63.4
STRENGTH 29.6 50.3 62.1 64,1
” 3 29,0 51,7 65.5 - 6.8
(N/m< x 10/) > 64,8 62,7
" Average 29,1 51,2 64.1 6L.0
GREEN SHEAR . : 6.6 10,3 14.5 14,1
STRENGTH - 6.6 11,0 12.8 14,1
- 5,9 10.0 12.3 14.1
2 ) 3 6.2 10.3 13- .
(X/m% x 10°) 12.4
Average 6.3 10,4 13.2 14,1
HOT COMFRESSION ‘ 193.6 323.0 383.¢8 . 365,2
STRENGTH : 82,8 303.4 366.,2 3544
) : . 189.6 313,2 267.1 374.,0
5 3, 176.9 315.2 373.0 357.3
(N/m* x 107) _ _
Average 185,7 313.7 372.5 362.7
PERMEABILITY © 19,0 20,9 22.7 21.6
- 19.2 - 20.9 22.3 - 22,0
19.2 20,9 22.6 22.0
, 22,0
{small orifice)
Average ' 19,1 20.9 22.5 21.9
MOULD HARDNESS 17 2L 26 . 27
- 17 23 26 - 26
+ 17 23 26 26
25
{1C* scale)
~ Average 17 23 26 26
"SHATTER INDEX 36 .39 LAl 43
. - 37 37 L1 L0
37 38 L1 43
L3
Average - 36 38 41 L2
" FLOWABILITY 86 83 S-S | 8l
: 86 83 g2 . 81
86 83 80 . 81
: 81,
{per cent) . :
Average 86 83 - 8l g1
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Table (xii)

PHYSICAL PROPERTIES OF SAND MIXES

CLAY CONTENT (PER CENT) 5.0
OIL CONTENT (PER CENT) 2,0
"HULLING TIME (4IN) 10,0 ‘
POLAR ADDITIVE (PER CENT) © 0.5 (Methenol)
_ OTHER VARIABLES ‘None
SAND MIX No, 225 228 227 226
TEMPERATURE BEFORE 19,5 27.0 35.5 58,0
AND AFTER MULLING (“C) 20,0 27.0 36.5 41,0
Average ‘ 20,0 27.0 36,0 L9.5
?p?cxmzu WEIGHT 159 157 155 155
g
GREEN COMPRESSION 48,3 4.1 66,9 67.6
STRENGTH £0.3 63.4 66.9 65,5
- 50,0 63.4 66.9 66,2 .
50,0 63.4 66,2
(N/m? x 10%)
“Average 49,1 63,6 66.9 66,4
‘GREEN SHEAR 10.3 14.8 14.5 15.9
STRENGTH 10,7 13,8 15,5 14,8
, 10.3 _ib.ﬁ i2.g 15,2
3. L. 15,9
(N/m? x 10°) 1.5 12.8
Average 10,5 4.2 lh.l. 15.4
HOT COMPRESSION 256,3 275.9 3044 323,0
STRENGTH 288.7 279.9 '323,0 323.0
: 278.8 281.6 312,2 13,2
269.1 277.9 322,0 318.1
(N/m? x 103) 266, 1 o
Average 271.8 278.9 315.4 319.3
PERMEABILITY 19.7 20,5 23,3 24,0
‘ 19.8 .- 20,8 23.7 23,9
19,8 . 20,7 23.8 2L.3
20, 23.9 24,0
{small orifice)
Average 19.8 20,7 23.7 2.1
MOULD HARDNESS 22 26 26 25
) 23 26 26 C 26
C 24 gs 26 C26.
22 7 27
(¢! scale)
Average 23 26 26 26
‘SHATTER INLEX 36 . L3 41 45
ag 46 L0 40
39 L3 43 L1
58 -39 - %
45
Average 38 45 40 L2
" FLOWABILITY 85 a3 g0 79
g5 a2 80 80
85 81 8q - 79
gs 83 ) 79
(per cent) '
Average 85 82 £0 - 79
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Table  (xiii)

PHYSICAL PROPERTIES COF SAND MIXES

CLAY CONTENT (PER CENT)
O1L COMTENT {PER CENT)
MULLING TIME (4IN)

POLAR ADDITIVE (PER CENT)

OTHER VARIABLLS

239

. SAKD MIX No, 237 . 240 238
TEMPERATURE BEFORE 19.0 . 31,0 L1.5 54,0
AND AFTER MULLING (°C) 20,0 33.0 40,5 43.0
Average 19.5 32,0 41.0 L8.5
SPECTMEN WEIGHT. 163 162 160 160
(g) _

' GREEN COMPRESSION 22.8 50,3 62,7 64,1
STRENGTH - 22.8 L9,6 62,7 64,8
22.8 49.6 62.7 6.8

- (N/m? x10%) - |
Average 22,8 1L9.9 - 62.7 6L.6
GREEN SHEAR L.2 12,1 16.5 15.5
STRENGTH 4.8 11,4 17.2 16.5
: _ 1.8 12,1 16,5 16,2

o . .3 12,4 16.5 15.9
(N/m~ x 107} - o
Average L.8 12.0 16,7 . © 16,0
HOT COMPRESSION 268.1 314.2 31,2 306.3
STRENGTH 2602 294.6 312,2 293,6

‘ ggg.g gig.% ggg.a 292,6

* - .l"
(N/m? x 103) . -
Average _ 268.1 308.8 308.0 297.5
PERMEABILITY 18,2 17.6 12,4 18,2
" 18.4 17.3 18,4 18,2
18,0 17.3 18,3 18,2
' 17.4
{small orifice) _
Average’ ‘18,2 17.4 18,4 18.2
MOULD HARDNESS 11 23 27 27
11 23 28 28
. 13 - 2h - 27 28
12 23 28
{'C' scale} 23 E
Average 12 23 28 28
-SHATTER INDEX 52 88 87 a1,
50 86 89 87
52 Q0 8g 8
: 85 . 8
Average 51 87 a8 - 85
FLOWABILITY - 85 83 79 80
' 85 83 . 80 81l
a5 83 80 81
a5 8l '
(per cent) 8y
Average 85 - 23 g0 81 .




Table (xiv)

" PHYSICAL PROPERTIES OF SAND MIXES

CLAY CONTENT (PER CENT): 5,0
015, CONTENT (PER CENT) 4.0
WLLING TIME (MIN) 10,0
POLAR ADDITIVE (PER CFhT) ' 0.5 (Methanol)

"OTHER VARIABLES . None
SAKD MIX Ne, 241 2L4 243 242
TEMPERATURE BEEFORE 21,0 32,0 L2.0 55,0
AND  AFTER MULLING ( c) 22.0 ‘ 33.0 43.0 48,0
Average 21.5 32,5 L2.5 51.5
SPECTMEN WEIGHT 162 160 160 161
{z) :

* GREEN CO#PRESSION ' L8,3 64.8 - 65,5 66,
STRENGTH - L8,3 65.5 64.8 66,2
(N/hz X 103)

“Average L8.3 65,0 65,0 66.4
CREEN SIUEAR 11,0 17.6 17.6 17.6
STRENGTH . 11,7 ) 16. 17. 9 17.9

s 3 11,4 17.9 . 16,9
(N/m*= x 10°) 17,6 . .
Average 11.1 17.7 17.7 17.3
HOT COMPRESSICN 259,3 293.6 263,6 - 315.1
STRENGTH ‘ 263.2 274,.0 320;1 202,5
251.4 340.6 206.5 285, 7
260,2 293.6 324.0 ' 305,3
(N/m? x 103} - : 317.1 260.6
Average 258.5 . 303.8 305.0 301.2
PERMEABILITY 17.2 - 17.3 17.2 17,2
17.2 : - 17.3 17. 3 17,0
17.3 17.2 '17 17.0
: 17.2 17.1
(small orifice)
Average 17.2 17.3 17.2 17.1
MOULD HARDNESS : 2 28 ' 27 28
24 27 . 26 - 28
+ 23 : 29 28 28
22 : 27 26 . 27
(*'C' scale) : . ' ' : : 28
 Average _ 23 28 27 28
SHATTER INDEX 77 95 92 87
77 ' 93 91 g8
81 97 02 85
g0 96 29
Average . 78 o5 91 a7
" FLOWABILITY 8L 80 g1 81
83 .80 80 82
83 81 - 80 i g1
- 8l go S8l L 82
~(per cent) . T8
Average gy - go 81 81
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- PHYSICAL PROPERTIES OF SAND MIXES

CLAY CORNTENT (FER CENT)

- Q1L CONTENT (PER CENT)
MULLING TIME (MIN)

POLAR ADDITIVE (PER CENT)

OTHER VARIABLES

5,0

3,0
2-5

None

None

Table (xv)

SAND MIX No, 160 156 158 154,
"TEMPERATURE BEFORE 16,5 25.0 38,0 51,0
AND AFTER MULLING (OC) 20,5 25.5 37.5 48,0
Average 18.5 25,5 -38.0 49.5
SPECIMEN WEIGHT 159 159 - 157 157
(g)
. GREEN COMFPRESSION 18,6 22,8 54,5 57.9
STRENGTH 19.3 22,8 54.5 . 57.9
: , 19.3 23.4 5L.5 58.6
(N/m? x 107) |
" Average 19,1 23,0 54,5 58.1
GREEN SHEAR Lol 5,2 12,4 12,8
STRENGTH 4.1 L.5 12.8 . 13.8
L.l L.8 13.1 13.1
2 3 12.8 13,1
{(N/m* x 107) . |
Average L. L.8 12.8 13.2
HOT COMPRESSION 181,8 239.6 252.4 276,9
STRENGTH 192,6 2L8,5 2475 262,2
193.6 25).4 256,3 257.3
2 18L.7 251.4 269,1
(ti/m? x 10°)
Average 88,2 246.5 251.9 266.4
PERMEABILITY 19,3 19,5 17.8 19,2
19,5 16,5 17.8 . 19.2
o 19.2 15.5 17.9 19,
{small orifice)
Average 19.3 19,5 17.8 19.2
MOULD HARDNESS 10 12 26 28 -
12 11 28 28
* 11 12 26 27.
12 11 26
{'C' scale) .
Average 11 12 27 28
-SHATTER INLEX L0 39 52 48
- 40 L1 50 49
40 40 52 48
Average L0 40 51 L8
FLOWABLLITY 82 83 g0 79
o 80 83 81 - 80
81 8L 80 - 81
g1 83 - 80 79
{per cent) gz :
- Average - 81 83 80 80




PHYSICAL PROPERTIES OF SAND MIXES

"Table . (xvi)'_

CLAY CONTENT (PER CENT) - 5,0
Q1L CONTENT (PER CERT) 5,0
HMULLING TIME ({IN) 2.5 . :
. POLAR ADDITIVE {PER CENT} 0.5 (Methanol}
OTHER VYARIABLES ~ None .
SAND MIX No, 281, 287 286 285
TEAPERATURE BEFOARE 15.5 25,0 37.0 52,0
AND AFTER MULLING (°C) 14.5 23,5 3.5 12,0
Average 15.0 2L.5 3%.0 47.0
SPECTMEN WEIGHT 156 155 154 153
{g) '

GREEN CCMPRESSION L5, 64,1 71,0 65.5
STRENGTH 45,5 63.4 71.0 66,2
. : L5.5 g%.z 70,3 g?,g
(N/a? x 103) ’ ‘
“Average 4L5.5 63,4 70.8 66,0
CREEN SIEAR 10,3 15.9 17.9 14,1
STRENGTH 10,0 15,5 17.© 13,1

11.0 14.8 17.9 13,1
5 3 10.7 14,8
(N/m* x 107) 10,7 14.8 o
Average 10,5 15.2 17.9 ) 13.L
HOT COMPRESSION 183.8 252,14, 204 .6 278.9
STRENGTH 173.9 38,7 295,6 22L.9
156.3 221.0 295.6 2L4,6
2 3 169.0 264,.2 2544
(N/m* x 10°) 1812, 218.1 223.0
Average 173.4 238.9 295.2 2L5.1
PLRMEABILITY 23.2 23,5 24,1 24,9
23.2 23.9 2.2 25,3
23,1 23,8 24,1 25.7
23.3 24,9
(small orifice} 23,8
Average ' 23,2 23.7 24,1 25,2
MOULD HARDNESS 23 28 29 26
24 28 29 27
24 28 30 27
: : 2L 28 28 27
(*C' scale) 25 27
~ Average 2l 28 29 27
-SHATIER INDEX 58 70 69 - 70
. . £ 69 71 68
56 68 72 67
67 70 69
69
. Average 57 ° 70 68
FLOWABILITY 82 g1 79 78
. g2 81 79 78
a2 a2 79 79
o 82 o1 79 79
{per cent) - 81 78
Averare a2 gl 79 78
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© PHYSICAL PRCPERTIES OF SAND MIXES

CLAY CONTENT (PER CENT)
OIL CONTENT (PER CENT)
MULLING TIME (4IN) :
FOLAR ADDITIVE (PER CENT)

OTHER VARIABLES

5.0
3.0
20,0

-. None
None

Table  (xvii)

SAND MIX No, 133 134 136 137
TEAPERATURE BEFORE 15.0 24,0 33.0 50,0
AND AFTER MULLING (°C) 19,0 24,5 30,5 41,0
Average 17.0 24,5 32,0 45.5
SPECIMEN WEIGHT 160 160 158 158
{z)
GREEN CO¥MPRESSION 26,2 33.8 53.1 66,
STRENGTH 26.9 33.8 53.8 66,9
: 26-9 33-8 53-8 67-
(8/m? x 103) .
Average 26.7 33.8 53.6 67.1
GREEN SHEAR 6.9 9.3 13.4 16,5
STRENGTH 6.9 9.7 11,7 16,5
_ : 7.2 Q.7 13,4 15.9
3 13.8
(N/m? x 10°)
Average 7.0 9.5 13.1 16,3
HOT CG:IFRESSION 2,8,5 246.5 267.1 304.4
STRENGTH 254, 4 2&2.6 2L0.6 316,1
(N /n? x 103) ) e 333.8
Average 24h.3 2LL.,5 250.7¢ 326,.9
PeRMEABILITY 21,7 21.8 21,0 18,2
. 22,2 21.1 20,8 1lg.1
21.8 21,1 20.9 - 18,0
(small orifice)
Average 21,9 . 21,3 20,9 18,1
MOULD HARDNESS 12 14 2L 28
14 15 - A2 26
+ 14 15 24 28
{1C? scale) '
Average 13 15 : 23 27
-SHATTER INDEX 56 66 75 65
_ 59 6 77 66
57 66 77 65
Average 58 66 76 €6
" FLOWABILITY 88 - 87 8y 80
' 87 . 87 - BL 79
89 87 £6 79
’ T Bs
(per cent)
Averasze as 87 85 79
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Table (xviii)
* PHYSICAL PROPERTIES OF SAND _mixEs
CLAY CONTENT (PER CENT) 5,0
OIL CONTENYT (PER CENT) 3.0
MULLING TIME {MIN) 20.0 '
POLAR ADDITIVE (PER CENT) 0,5 (Methanol)
OTHER VARIABLES _None
.. SAND MIX No, 217 220 219 218
‘TEMPERATURE BEFORE 14,5 25.5 38.0 50.0
AND AFTER MULLING (°cy 20.5 27.5 36,0 38,0
Average 17.5 26.5 37.0 L4.Q
SPECHMEN WEIGHT - 160 159 158 158
(g) :
GREEN COMPRESSION 52.4 60,7 69.6 70.3
STRENGTH . 53.1 60,0 68,9 70,3
(N/m? x 10°)
“Average 52,4 60.8 69.2 70.6
GREEN SilEAR 11.7 116,2 15,2 17.2
STRENGTH 10,7 16.5 15, 5 16.5
. ﬁ.‘o :{62 15,9 16,9
.7 5
(N/m2 x 10°) 16.2
Average 11.3 16.1 15.5 16.9
HOT COMPRESSICN 232.8 337.7 331.8 330.8
- STRENGTH 246,5 3L1.5% 352,54 340.7
. 246.5 330.8 337. 7 339.7
2 3 24,5 337 326.9
{ti/m~ x 10°) : .
Average 242.6 336.7 339.9 334.5
PLEMEABILITY 16.2 20,0 20,3 20.3
19, h 20,1 - 20,4 20,7
19,0 20,1 20,0 20,4
20,0
. (small orifice)
Average 19,2 20,1 20,2 20,5
MOULD HARDNESS 25 27 28 28
‘ 27 26 28 27
* 25 27 27 27
26 27
('C* scale) .
- Average 26 27 28 27
‘SHATTER INDEX 68 77 69 68
. 69 77 72 70
68 76 72 67
72 -
72
Average 68 77 71 68
" FLOWABILITY 83 81 80 79 .
8l 81 81 80
an 81 80 a0
: 8l _ .80
(per cent)
- Average 8L g1 80
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Table

1

" PHYSICAL PROPERTIES OF SAND MIXES

CLAY CONTENT (PER CENT)

(xix)

5.9
OIL CONTENT (PER CENT) 3.0
. MULLING TIME (MIN) 10,0
POLAR ADDITIVE (PER CENT) 1,0 (Methanol)
OTHER VARIABLES None -
SAND MIX No. 183 182 184 185
. TEMPERATURE BLKOAE 20.5 30,0 41,0 £1.0
AND AFTER MULLING ( °c) 20,5 28,0 35,0 45,0
Average 20,5 29,0 38,0 48,0
%P%CIMEN WEIGHT 160 158 157 157
g
GREEN COMFPRESSION 54,5 71,7 73.8 71.0
STRENGTH 53,8 71,7 73.1 71,0
" A R
(N/m? x 103) ] ) )
" Average 5445 71.5 73.9 70.7
GREEN SHEAR 11.7 15.9 16,2 14,8
STRENGTH 10.7 14.5 15,2 14.5
| 12,1 4.1 16,2 15,9
2 3 11.4 4.5 17.9 15.9
{N/m< x 107) 16,9 15,9
Average 11,5 14,7 16.5 15,4
HOT COMPRESSICN 210.2 2546 274.0 255,3
STRENGTH 197.5 232.8 262,2 25L.4
216.1 232,8 266,1 262,2
_ - 206.3 224,0 267.1 266,1
(N/m® x 103) :
Average 207.5 233.5 267.4 . 259.5
PERMEABILITY 18.6 16,0 19,7 20.2
18.7 . . 19,0 16,8 20,4
18.8 16.0 19,9 20,2
o 19,7 20.2
{small orifice)}
Average 18.7 19.0 19.8 20,3
MOULD HARDNESS 26 30 29 28
‘ 27 29 28 29
v 25 28 30 29
© 26 29 30 29
{(1C! scale) ‘ 30 28
Average 26 29 29 29
‘SHATTER INDEX 58 67 68 61
&8 : 67 66 65
59 68 61, 62.
68 64
62
~ Average 58 68 66 63
- FLOWABILITY 8L 79 79 79
84 8l 79 80
84 80 78 - .78
. 82 79 79
(per cent)
Average 8 81 79 79
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Table {xx}
" PHYSICAL PROFERTIES OF SAND MIXES

CLAY CONTENT (PER CENT).

5.9
OIL CONTENT (PER CENT) 3,0
MULLING TIME (4IN). 10.0 . -
POLAR ADDITIVE (PER JFNT) . 2,0 (Methanol)
OTHER VARIABLES ] i~ None
SAND MIX No, . 186 191 189~ 190
 TEMPERATURE BEFORE 20,0 30.0 42,0 52,0
AND AFTER MULLING (°C) 20,0 31,0 36,0 46,0
Average 20,0 3005 39'0 hgoo
?P%CIMEN WEIGHT 160 - 158 157 157
~ GREEN COMPRESSION 6l.L 74.5 73.1 70.3
STRENGTH 60.7 - © 7h.5 Th o5 69.6
: . 6l.4 75.2 73.8 68.9
(N/m? x 10%) | .
“Average - ' 61.1 - Th.T 73.8 . 69.6
GREEN SHEAR 14,1 16.5 16.5 16.2
STRENGTH - 15,2 15,5 15.9 15, 5
T A
(N/m? x 10°) 13.1 -
Average 14,1 16,2 16,0 16,0
HOT COMPRESSION 225,9 306.3 311,2 321.,0
STRENGTH ‘ 223,0 . 280,8 - 300,45 315,2 -
215,1 - 282,8 . 306,3 34,0,7
. 2 7 : - 264,.2 305.4 308,8
(N/m? x 103) 264.2 332.8
Average 221.3 279.7 305.8 323.6
PERMEABILITY " 19.0 20,3 20,8 20,5
: '19,0 - 20,2 20,7 20,5
18,8 20,3 21,0 . 20,7
(small orifice) .
Average . ‘ 18.9 . 20,3 20.8 - T 20,6
MOULD HARDNESS ' 26 29 28 28
J o 28 29 29 - 28
- 27 29 28 27
27 28 28 . 27
{'C' scale) 27 ) 29 29 27
Average 27 29 28 27
‘SHATTER INLEX . . 63 73 68 65
| . : 63 72 68 65
61 72 70 . 68
68
Average 62 72 - 69 66
. FLOWABILITY® . g3 - . 80 79- . 78
} ‘ 83 79 . 79 - 79
84 - 81 ‘ 79 .78
: - 80 79 . 79
(per cent) 79 79 : 79

Average 83 80 79 79
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Table (xxi)-
© PHYSICAL PROPERTIES OF SAND MIXES

CLAY CONTENT (PER CENT) 5.0

OIL CONTENT (PER CENT) 3.0

MULLING TIME (MIN) : 10,

POLAR ADDITIVE (PER CENT) . None

OTHER VARJABLES Tested after 3 days storage

SAND MIX No. 152/147 157/153  155/151 152/2/14,9
TEMPERATURE BEFOQRE 22,0 29,0 © - 36,0 45,0
AKD AFTER MULLING (°C) 23,0 30,5 33.0 39.0
Average T 22,5 30,0 34,5 : LL,O
SPECIMEN WEIGHT 161 161 <160 160

(g)

. GREEN COYPRESSION 31.0 51.0 60,0 59.3
" STRENGTH 31,0 50,3 60,0 60,0
: 30.3 51.0 59.3 60,7

60.7
(N/m? x 10%) | 60.7
. Average 30,8 50,8 55.8 60.3
GREEN SHEAR 7.6 11,7 16,2 14.5
STRENGTH ‘ 7.6 11,7 13.1 14,8
. 7.2 12.% 14.5 15.9
2 3 12,1 14,1 13.8
(N/m* x 10”) : 1.l
Average 7.5 12.0 144 1L.7
HOT CCMPRESSION 257.3 322.0 293.6 252.4
STHENGTH 251,10 268.7 276.9 258.3
276.9 274.9 280,8 269.1
o 3 : - 260,2 - 303,4 276,9 265,1
N/ x 107) 278.9
Average 261,5 293.6 282.1 - 261,2
PERMEABILITY 18.1 17.8 17.7 18.0
: 18.0 =~ . 18,0 17,7 18,0
18.0 17.7 17.7 18.0
(small orifice) '
Average 18.0 17.8 17.7 - 18.0
. MOULD HARDNESS 17 26 27 27
‘ 18 26 26 -+ 29
18 24 , 26 ‘ 28
- 25 '
('C* scale)
Average 18 25 26 - 28
"SHATTER INDEX ' L6 61 66 61
L8 . 63 65 - 62
L6 - 59 . 64 61
Average . 47 61 65 61
- FLOWABILITY 85 83 82 8-
85 82 g2 80
85 83 ) 83 - 82
. . 84 ’ ) . .
(per cent)
Averare . : 85 83 g2 g1
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Table (xxii)
~ PHYSICAL PROPERTIES OF SAND MIXES

CLAY CONTENT (PER CENT) B 5,0

OIL CONTENT (PSR CENT) = 3.0

MULLING TIME (MIN) . 10,0
POLAR ADDITIVE (PER CENT) .. None
OTHER VARIABLES : Tes‘oed after 14 daya storage
SAND HMIX No, 165/147 172/2/153 171/151 165/2/1L9
TEAPERATURE BEFORE . o d2.0 29.0 . 36,0 49.0
AND AFTER MULLING ( ¢y 23.0 - 30,5 33.0 39.0
Average ‘ 22.5 30,0 ' 34L.5 44,0
?P%CD&EN WEIGHT . 162 _ 161 160 161

g :
GREEN COMPRESSION 30,3 51.7 57.9 60,7
STRENGTH S 31,7 51,7 57.9 60.7

. gi.g 51,0 57.9 61,54
(N/n? x 103) -

" Average 31,0 £1.5 57.9 60,9
GREEN SHEAR 6,2 11,7 13,4 D134
STRENGTH 7.2 12,1 © 11,7 14.5

6.9 13.4 12.8
(N/a® x 10°) 7.2 1.1 12.8
Average 7.2 11.6 13.4 13,6
HOT COMPRESSION 254.3 27,0 269,1 270,0
STRENGTH 24,9.4 270,0 264,2 277.9
. . 254.3 276.9 253,4 275.9
5 : 260.6
(N/m? x 103)

Average 252,7 "273.6 262.2 278.6
PERMEABILITY 18,0 17.7 17.6 . 17,5
18,1 17.7 17.7 17.5
18,0 17.8 17.7 17,7

{small orifice) ' -
Average 18.0 17,7 17.7 17.6

MOULD HARDNESS 16 25 25 27 -
: 16 25, . 26 © 28

© 17 23 26 ‘ 28
17 : 23 25 26

_{*C* scale) : 26
Average o 17 21, 26 27
-SHATTER INDEX 51 | 58 64 . 58

, _ 16 ' 60 62 - 58
L 61 64 58
L6 59
L9
Average . LT 60 63 58

© FLOWABILITY 86 - 84 82 83

. S 86 83 82 83
8L 83 | 83 - 84

. _ “ 85 g3 83 . 84
(per cent) 8L : 82 83 .. B3
Average g5 83 83 . 83
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Table (xxiii)

PHYSICAL PROPERTIES OF SAND MIXES

CLAY CONTENT (PER CENT) : 5,0
OIL CONTENT (PER CENT) _ 1,0 ,
© MULLING TIME (i4IN) ' 10,0
POLAR ADDITIVE (PER CENT) © 0,5 (Methanol) .
~OTHER VARIABLES - Tested after 3 days storage
SAKD MIX No. 174, /167 172/166 Nl74/2/168 175/169
TEAPERATUARE BEFCAS - 21,0 30,0 40.0° - 49,0
AND AFTER MULLING (°C) 23.0 30,0 - 36.0 42,0
Average 22.0 30,0 . 38,0 "45.5
'SPECIMEN WEIGHT 160 160 160 . . 160
(e} : ‘ -
STREKGTH 53.8 66.9 . 68,3 .68.3
: , 54,5 66.9 68.9 68,3
. 66.9 :
(N/m? x 10°)
“Average _ 5L,,0 66.5 68.5 68,0
" GREEN SHEAR . 1z.8 14.5 16,2 14.8
STRENGTH . 12.4 15.2 14.8 15.2
. . 13.4 4.1 i6.2 14.8
. 5.5 ’
(Nfa? x 10°)
"Average 12.9 1.6 15.7 14.9
HOT CO:MFRESSICN 24,5 257.3  315.2 276.9
STRENGTH 227.9 2L5.5 318,1 . 273,8
239.3 233.6' 317.1 281,82
231. 287.7
(8/m? x 103) : 274.0
Average 236.0 ] 271.6 316.8 280.8
PERMEABILITY 18.0 17.9 17.0 - 17.9°
_ : - 18,1 . 18.2 16.9 18,2
18,2 18,3 . 16,9 18.0
(small orifice) _ .
Average 18,1 18,1 16.9 12,0
MOULD HARLNESS 25 27 29 28
' 26 : 27 - ‘ - 29 ' 29
+ 26 . 28 . ' 29 27
_ 25 : 27 - - 28
(*C' scale) : :
Average o 26 27 29 28
‘SHATTER INLEX _ 66 . 69 67 64
67 68 66 65
68 69 67 63
64
Average - 67 69 66 64
FLOWABILITY _ 83 83 ‘ 81 B -
: - 82 g2 81 - 82
. 83 82 . 81 - 82
82 g2 82 81
(per cent) 83 81 81 ) 81
- Average 83 82 81 ©og2
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Table (xxiv)
'PHYSICAL PROPERTIES OF SAND MIXES

CLAY CONTENT (PER CENT)

5.
01L CONTENT (PELR CENT) 3.0
MULLING TIME (MIN) 10,0
POLAR ADDITIVE (PER CENT) 0.5 (Methanol}

OTHER VARIABLES - § - Tested after 1L days storage:

SAND MIX No, 179/167 178/2/166 179/2/168 . 18l1/169
TEMPERATURE BLFORE 21,0 30,0 - 40,0 49,0
AND AFTER MULLING { C) 23,0 30,0 36,0 42,0
Average 22,0 - 30,0 38,0 - 45.5
?H?BENWH&W 160 160 160 160
g ' : '
GREEN COMPRESSION 53.1 . 6. 66.9 67.6
STRENGTH 53,1 62,7 66,2 66.9
: : 53,1 64,1 66,9 66,9
2 3 S 63.4
(N/m€ x 207)°
" Average 53,1 63.6 66,7 67.1
GREEN SHEAR 11,4 16.2 14,5 14,1
STRENGTH . 12.1 15,5 4.5 14.5
12,8 15,2 13.8 14,8
(N/m? x 10°) 12,1 15.2 ,
Average 12,1 15.4 4.2 - 1lh.5
HOT COMFRESSICN ‘ 24L8,5 283,8 290.6 286,7
STRENGTH 232,8 267.1 298.5 281.8
2&{ g geg.z 59?.2 %78.8
23 45.5 99. C 27,
(N/m? x 103) 215,5
Average 239,2 . 261,2 296.5 280,13
PERMEABILITY 17.9 17.8 16.5 18,0
: . 17.8 L 17.7 16.6 . 18,0
18.0 17.8 16.7 17.9
{small orifice) -
Average 17.9 17.8 . 16,6 18,0
MOULD HARDNESS 25 27 28 . 28
‘ 26 28" 28 27
* 25 28 28 . 27
- 26 , 28 28
{1C' scale) . ‘ 29
Average ' 26 28 28 28
-SHATTER INDEX 62 63 63 58
62 . 64 60 61
61 61 63 59
Average 61 63 62 59
_FLOWABILITY ' 8z ‘ 83 83 : 82
82 g2 82 83
82 83 82 . 83
‘ . 83 ‘ ’ . 82
(per cent) - . 83
Average 82 83 82 . 83
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Table (xxv)
" PHYSICAL PROPERTIES OF SAND MIXES

CLAY CONTENT (PER CENT) ‘ 5.0

OIL CONTENT (PER CENT) 3.0
MULLING TIME (MIN) 2.5
POLAR ADDITIVE (PER CENT) " None . : .
- QTHER VARIABLES Tested after 3 days storage
© SAND MIX Ne. 164, /160 161 /156 163/158 157/2/151,
. TEMPLRATURE BLFOAE o 16,5 . 25,0 38.0 51.0
ARND AFTER MULLING (~C) 20.5 25.5 37.5 : L8,0
Average 18.5 25.5 38,0 49.5
SPECIMEN WEIGHT . 159 160 158 157
{g} S : A
GREEN COMPRESSION 21.4 24,8 53.1 56.5°
STRENGTH . 21.4 ‘ 24.8 53.8 55.8 -
: 22,1 2h.1 53.8 56.5
(N/m? x 103)
"Average 21,6 24,6 53,6 56,3
GREEN SHEAR 4.1 5.9 11,7 12,8
STRENGTH 4.5 55 12,4 . 12,4
o S L.5 5.9 13,1 12,4
3 12.1 13.1
(N/m? x 10°) _ : ,
Average Lok 5.7 12,3 12,7
HOT COIPRESSION 180,8 211.2 303.4 265,1
STREKGTH 1g6.5 208,3 303.4 234.7
i87-7 207.3 301.4 gg%.g
95.5 ' .
(N/m? x 10%) 182.8 244,.6
Average 188.7 208.9 302,7° 2h4.7
PERMEABILITY 18.8 19,0 17.7 18.7
: 18.9 19.1 17.5 18.3
18.9 16.1 17.7 18.5
18,7
{small orifice)
Average 18.9 15,1 17.6 18.7
MOQULD HARDNESS i1 14 ) 25 26
: 12 1 - 27 Co25 .
12 L 14 28 27
12 25 ’
{'C' scale) _ . 26
Averape 12 14 26 26
SHATTER INDEX 38 . 39 52 ‘ 52
38 . 51 i9 49
39 L1 52 L8
L6
. 49
Average ) 39 ' 40 51 L9
" FLOWABILITY .82 . . 8 81 . &1
8L ' 8L g2 . 81
83 83 gl 81
' ‘ 83 83 -8l
{per cent) 83 8l gz
Averarge 83 84 81 8l




Table (xxvi)

PHYSICAL PROPERTIES OF SAND MIXES

" CLAY CONTENT (PER CENT) 5.0,
OIL -CCNTENT {PER CENT) 3,0 .
MULLING TIME (4IN) 205 .
POLAR ADDITIVE (PER CENT) . None b - )
- OTHER VARIABLES Tested after 14 days storage
SAND MIX No, =~ 178/160 176 /156 176/2/158  173/154
TEMPERATURE BEFOKE 16.5 25.0 38.0 - 51,0
AND AFTER MULLING (“C) 20,5 25.5 37.5 © 48,0
Average , 18,5 25,5 38.0 L9.5
SPEC IMEN WEIGHT 159 1560 159 158
{e) S
GREEN CO¥MPRESSION 22,8 26,2 52.4 57.9
STRENGTH 21,4 24.8 ‘ 53.1 5742
: 22,1 - 25,5 52.4 56.5
57.2
(N/m2 x 10%)
Average . 22,1 25.5 . 52.6 57.2
GREEN SHEAR L.5 549 . 12,4 12.8
STRENGTH L.8 5:9 12.4 11,7
o L.8 5.9 1z.1 12,4
(N/m? x 103) T . o ‘
Average _ L7 5.9 12.3 12.3
HOT COMPRESSICN 147.5 200, 4 256,3 276.9
STRENGTH 62,2 194.5 255.3 268.1
. S VX 3O A 192.6 23L.7 281.8
2 3 162.2 248.5
(N/m*= x 107) 250.4
Average 155.1 195,8 249,1 275.6
PERMEABILITY 18.5 19,0 15.9 18,0
- 18,8 - 19.0 c 17,2 18,0
18.8 18.8 17.3 18,1
' . 17,2 18.1
(small orifice}
Average 18.7 18.9 17,2 18.1
MCULD HARUNESS - 12 15 26 27
. 13 15 - 26 T 28
+ 12 15 27 27
: 13 015 27 28
{1Ct scale) o . o
_Average 13 15 27 28
-SHATTER INLEX - ‘ 39 40 52 : L6
38 ' 38 L7 47
39 . 39 48 Y X
50 ‘
Average - 39 39 49 47
" FLOWABI1LITY g2 83 . 83 82
- 83 83 82 81
' 83 g2 _ 83 _ T 82
: 83 ’ a2 - g2 81
(per cent) : 84 g2 _ 83 -. 82
Average . 83 . 82 - 83 - 82
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s Table (xxvii)

* PHYSICAL PROPERTIES OF SAND MIXES

CLAY CONTENT (PER ciEnT) | 5.0
OIL CONTENT (PER CENT) 3,0
MULLING TIME. (M{IN) - 20,0
POLAR ADDITIVE (PER CENT) " None
OTHER VARIABLES _ Tested after 3 days 'storage
SAND MIX No, 135/133 135/2/134 138/136 142/137
" TEMPERATURE BEFORE 15.0 24,0 C 33,0 . 50,0
AND AFTER MULLING (°C) 19,0 2.5 ' 30.5 41.0
Average 17.0 24,5 32,0 h5.5
SPECTMEN WEIGHT . 160 160 158 159
(g} , ' S '
GREEN COMPRESSION 28,3 35.9 53,8 - 63,4
STRENGTH - 28,3 35,9 54,5 . 6L.8
.y 3 54.5 63.4
(N/m< x 107) ' .
Average _ 28,3 35.6 5ha5 63.6
GREEN SHEAR 7.9 , 9.7 13.1 12,8
STRENGTH - 7.6 9.3 13.4 13.8
C 7.6 9.3 13.8 , B.?
(N/m? % 10%) . | )
Average - 7.7 S.h 13.4 ) " 13,4
HOT COMFRESSION 233.8 24445 203.4 300, 4
STRENGTH 217.1 251.4 . 206,3 297.5
: _ 313.3 24,8.5 206.3 . ggh.Z
. 25. : 5.9
C {(N/m? x 107). : : - 293.6
Average - 222.5 . 218.1 205.3 286.3
PERMEABILITY 21.8 20,0 20,9 6.8
: 21,8 . 20,0 20,7 15.8
21,8 20,0 20.8 16,7
{small orifice) .
Average - 21.8 20,0 20.8 16,8
MOULD HARDNESS ‘ 14 2 22 28
14 17 2L - 28
+ 14 , 21 2 6.
('C* scale) . '
Average : 1, 20 23 27
‘SHATTER INDEX 53 . 6L 70 62
: - 52 ' 63 71 63
5L - 62 : 65 : 6L .
_ . 65
Average - 53 63 68 63
" FLOWABILITY .87 87 8t 83 -
. o g6 . 87 85 _ 81
87 87 8 82
(per cent) _ ' :
. Average . : 87 87 85 g2
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Table (xxviii}- .
'~ PHYSICAL PROPERTIES OF SAND MIXES

- CLAY CONTENT (PER CENT) 5.0

OIL CONTENT (Pik CENT) 3.0
MULLING TIME (4IN) - 20,0
POLAR ADDITIVE (PER CENT) - None
OTHER VARIABLES Tested after 14 days storage
- SAND MIX No. 146/133 1467/2/134 148/136 150/137
TEMPERATURE BEFORE 15,0 - 24.0 . 33,0 ' 50,0
AND AFTER MULLING (°C) 19,0 2h.5 30,5 41,0
Average 17.0 2L.5 : 32,0 L5.5
?P%CIMEN WEIGHT 159 160 158 162
g .
GREEN COMPRESSION 36.5 37.2 53,1 60,0
STRENGTH 36,5 36.5 52.4 58.6
) T 35.9 35.2 53.1 57.9
" Average 36.3 36.4 53.1 59.2
'GREEN SHEAR 7.9 9.3 12,8 14.5
STRENGTH . 7.9 9.7 12,1 15,2
- - g.g 9.3 - ig.ﬁ 14,5
(N/n2 x 10%) ’ _ N )
Average 8.1 9.4 12.7 .7
HOT COMPRESSION ' 185.7 - 2445 242,6 281,¢8
STRENGTH . 200,2 256.3 254 .4 278.,9
‘ 183,7 232,8 229.8 278.9
2 . . 183.7 227.9 232.8
(8/m? x 103) : 254,14,
Average 190.6 243.2 239,9° 279.8
PERMEABILITY 22.3 21,0 20,9 17.1
22.3 20,5 21,1 17.0
(small orifice)
Average ‘ 22.3 20,7 21.0 17.1
MOULD HARUNESS 19 19 24 26
21 17 2L © 29
21 ‘ 17 : 2y _ 28
19 17 :
{'C? scale) ) )
Average : 20 18 24 28
-SHATTER INLEX L8 . 62 65 59
: : L7 63 66 60
L6 61 66 60
Average . L7 62 66 60
© FLOWABILITY - 87 86 83 8L
86 87 T 83
87 ‘ 85 85 83
(per cent) ) _
Average ‘ 87 g6 ‘ 84, 83
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PYYSICAL PROPERTIES OF SAND MIXES

CLAY CONTENT (PER CENT)
QIL CONTENT (PER CENT)

. MULLING TIME (KIN)

POLAR ADDITIVE (PER CENT)

OTHER VARIABLES

- 5.0

3.0
10,

. None

None

" Table (xxix)

SAND MIX No, 147 153 151 149

"TEMFERATURE BEFORE 22,0 29,0 36.0 . 49,0
AND AFTER MULLING (°C) 23,0 30,5 33.0 39.0
Average 22,5 30,0 3.5 *Ah4.0
?P%CIMEN WEIGHT 161 160 159 159

g

GREEN COMPRESSION 29,6 53.1 60,7 66,2
STRENGTH 29,6 52.4 59.3 65.5

: 29,6 52.4 58.3 65,5

2 3, 60,0
(N/m< x 10°)

" Average 29.6 52.6 59,8 65.7
GREEN S3UEAR 6,9 12,4 15,9 15,9
STRENGTH Te2 12.8 1.8 15.9

_ 7.2 12,4 %g.s %a.s
. .5 1}-
(N/m? x 10%) b
Average 7.1 12,5 15.4 15,3
HOT COMFRESSION 256.3 255,3 303.4 29L.6
STRENGTH 271,0 247.5 293.6 283.8
. 258.3 264, 2 289,7 293.,6
2 266.1 256 .3 283.8 300,
(8/m? x 10%)
Average 262.9 255.8 292.6 293.1
PLRMEABILITY 8.4 17.8 17.8 19.0
18,4 18.5 17.8 19,0
18.3 18.2 18:2 ’ 18.
‘ 18.1 17.9
(small orifice)
Average 18,4 18.2 17.9 18.9-

MOULD HARLNESS 15 26 28 28

15 26 28 28
+15 27 27 28

{'Ct scale)
Average 15 26 28 28

-SHATYER INDEX 53 63 70 60

50, . 60 68 64
L7 62 69 63
L8
L8
Average 49 61 69 62
- FLOWABILITY a4 g2 80 g1
) 83 g2 80 . 80
Bl 82 80 80
‘ _ 80
(per cent)
Average 84 g2 80 80
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Table (xxx)

PHYSICAL PROPERTIES OF SAND MIXES

CLAY CONTENT (PER CENT)
Q1L CONTEKT {PER CENT)
MULLING TIME {i4IN)

POLAR ADDITIVE (PER CENT)

. OTHER VARYABLES

SAND MIX ko, 276 279 278 277
TEMPERATURE BEFOKE 14.5 26.0 37.5 55,0
“AND AFTER MULLING (C) 16, 26,0 37.5 33,0
Average 15,5 26,0 37.5 49,0
: ?Pb;cmzzm WEIGHT 159 148 156 156
Y4
GREEN CO¥PRESSION 2z.8 5.5 66,9 66.9
STRENGTH - 22,8 L5.5 67.6 68.3
- 22.1 Lb .8 66.9 27.2
(N/m2 x 102}
" Average 22.5 L5.3 67.1 67,6
GREEHR SHEAR 5,5 11.4 16.5 15,2
L.8 12,1 16,2 lh.g
11.7 15.5 14,
(x/m? x 10) :
Average 5,2 11.6 15,9 15.1
. HOT CQCMUFRESSICN 1h8.4 258.3 280,8 285,7
"STRENGTH 157.3 2L2,6 293.6 283.,8
: 162.1 26L,2 267.1 261,6
(/m2 x 10}
Average 154.8 250,2 280,5 287.0
Ptit{EABILITY 23.4 21.8 22.3 l 22.9
' 23,3 21,6 22,3 22,9
23.3 21.6 22.3 22.9
23,2 21,3
{small crifice) 21.7 )
Average 23.3 21,6 22.3 22,9 .
MOULD HARDNESS 13 22 27 27
) 13 21 27 28
+13 21 28 28
iz 21 28 27
{(1C' scale} . 26
Average 13 21 28 27
'SHATTER INLEX L2 72 66 65
L5 68 72 69
L6 71 68 67
L6 66 71 65
43 72 69 67
Averapge Ly 70 70 67 "
FLOWABILITY 86 86 83 81
: 85 87 83 " 80
g6 86 81 81 -
a7 87 83 82
{per cent)
Averare 86 g7 83 gl
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Table (xxxi)
" PHYSICAL PROPERTIES OF SAND MIXES

CLAY CONTENT (PER CENT)

5.0
Q1L CONTENT (PER CENT) .0
MULLING TIME {IN) 10,0
. POLAR ADDITIVE (PER CENT) -.0.5 (Methanol)
OTHER VARIABLES .1 None
SAND MIX No, . 265 268 267 266
TEMPERATURE BEFORE 13,0 29,0 37.5 55,0
AND AFTER MULLING (°C) 18,5 10,0 38.0 43,0
Average 14.5 29.5 38.0 L9.0
. ?P%CIMEN WEIGHT 187 156 155 155
p _ _
. GREEN COMPRESSION 42.1 61,4 65.5 63.4
STRENGTH 2,7 62,7 65.5 64,1
2 3 41,4 62.7 ‘ 63.4
(N/m< x 10°) 62.7 64,1
“Average 42,1 62,2 65,5 64,0
GREEN SHEAR : ' 9.7 15,2 17.6 16.5
. STRENGTH : 9.3 15,2 17.2 15,9
o 9.7 ﬁs iésv-g ig-g -
.97 9 . .
(N/m? x 10°) 17.2 15.5
Average 9,6 15,2 16.8 16.4
HOT CGMPRESSICN 183.8 283.8 280.8 284.8
STRENGTH 183.8 285,7 - 272.0 277.9
166,5 264.2 275.0 3024
5 3 192,56 2828.,7 262.2
{N/m~ x 107) _ . ' 275.0
Average 189.1 280.6 <275.9. 280.4
PERMEABILITY 23.9 23.4 24,0 24,3
‘ 23.6 - 23.3. 23.9 24,0
23,8 23.0 23,6 23,9
| 23.8 23.3 2L.0 24.3
{small orifice) . ]
Average 23,8 23.3 23.9 24.1
MOULD HARDNESS 20 .25 25 . 28
21 26 26 . 27
20 : 26 26 28
22 . . 26 27 26
('C' scale) 21 27
Average o 21 26 26 27
‘SHATTER INDEX .53 76 69 65
. - 54 . 72 69 67
53 72 69 68
73 67,
Average . 53 73 69 67 .
. FLOWABILITY 85 82 80 80
: =18 81" 80. 80 .
85 82 79 79
. ) : 85 . g2 - 80 79
(per cent) , g5. - 80
Averace 8s . . . 82 g0 80




- Table (xxxii)

PHYSICAL PROPERTIES OF SAND MIXES

CtAY CONTENT {(PER CENT) 5.0
O1L CONTENT {(PER CEKT) 3.0
MULLING TIME (4IN) 10,0 ’
FOLAR aDDITIVE {PER CENT) 0.5 (Methanol)
- OTHER VARIAB?ES None
SAND MIX No, 280 283 282 281
TEMPERATURE BEFORE 15,5 27.0 40,0 51,0
AND AFTER MULLING (°C) 16,5 27,0 38,0 39.5
Average 16,0 27.0 39,0 45.5
?P%CIMEN WEIGHT 158 157 156 156
g R
GREEN COMFRESSION L1 67.6 69,6 69.6
STRENGTH L4y.8 68,3 68.9 71,0
: Lh.1 gg.9 68.9 go.g
3 Q.
(N/a? x 10%) .
Average INANA 68,3 69.2 70.2
GREEN SHEAR 9.3 15,5 16.9 16.9
STRENGTH 10.Q 159 16,2 16.5
9.3 15,5 i?g 6.5
(N/m? x 10°) %.9
Average 9.5 15.6 16.5 16.7
HOT CO:FRESSION 171.0 23L.,7 266,11 2L7.5
STAENGTH 164.1 2L5.5 290,6 282.8
. 173.9 233.8 287.7 258.3
o 3 159,2 231.8 25L.4 267,1
{(N/m* x 10°) 266.1
Average 167.1 236.5 273.0 263.9
PERMEABILITY 23.8 22,7 23.3 22.8
23.5 22,1 23,3 22,3
3.1 22.5 23, 22.0
23.7 22.9 22,8
{small orifice) 22.3 22.5
Averagze 23.6 22.5 23,3 22,5
MOULD HARUNESS 23 27 29 27
21 27 27 28
.21 28 27 27
22 28 27 28
{*C' scale) : 27 27 28
Average 22 27 27 28
‘SHATTER INDEX 55 78 68 71
54 78 67 71
58 77 67 70
55
Average 55 77 67 - 70
FLOWAB1LI1TY 86 gL 81 g1
- 86 82 g1 ge
€6 83 81, g1
87 24 - 83 83
{per cent) g2 82 81
Average 84 g3 g2 g2
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Table,!

* PHYSICAL PROPERTIES OF SAND MIXES

CLAY CONTENT (PER CENT) 5.0
OIL CONTENT (PER CENT) . 3,0
MULLING TIME (MIN) . 10,0
FOLAR. ADDITIVE (PER CENT) - None
OTHER VARIABLE-S 2,0

(xxxiii)

per cent addition of Fe203

- BAND MIX No, 245 2.8 LT 246
TEYPERATURE BEFORE 22,0 31.5 40,5 55,0
AND AFTER MULLING (OC) 20,0 32.5 L3, 47.0
Average ' 21.0 32,0 4L2.0 51,0
S(P%CIMEN WEIGHT 160 158 156 156

[=4 .
GREEN COMPRESSION 40,7 67.6 78. 75.1
STRENGTH 41,4 67.6 78.6 75.1
: , L1.4 68.9 78. 75.8
s 3 68,3
(N/m< x 107}
Average 1.1 68.1 78.6 75.4
GREEN SHEAR 9.0 17,2 17.6 17.6
.STRhNGTH g.6 17.2 17.6 17.6
- g.,6 17.2 ig 2 17.6
(N/m? x 103)_
Average 8,7 17.2 6.1 17.6
HOT COMFRES3JION 68,0 89.6 524 56,3
STRENGTH . 79.8 79.8 61,2 51.4
ge & i g
(N/a? x 103) '73.9 ) 2
Average 77.1 g0.8 56.0 49.7
PERMEABILITY 21.0 20.9 22,7 22,8
: 21,0 21,2 . R2.8 22.3
21.1 20.9 - . . 22.6 22.3
21,0 21,1 22.4
{small orifice) ' :
Average 21,0 21,0 22.6 22,5
MOULD HARDNESS 23 28 30 30
. 23 28 30 30
v 22 29 ‘31 30
22 29 29
('C' scale} .
Average 23 29 30 30
‘SHATTER INLEX L6 7L 74 68
- 43 66 67 &6
L3 67 7h 68
L6 73 69
66 71
Average . L, 69 71 67
FLOWABILITY : 82 76 73 . 73
. 82 76 75 73
82 78 73 T4
a2 77 " 75 '
(per cent)
Averace 82 77 74 73
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‘Table_l(xxxiv),

~ PRYSICAL PRCPERTIES OF SAND MIXES

CLAY CONTENT {(PER CENT) 5
OQIL CONTENT (PER CENT) 3
MULLING TIME (i£IN) 10

0 (Methanol)

2. per cent addition of Pe203

POLAR ADDITIVE (PER CENT)
OTHER VARIABLES

SAND MIX No, 249 252 o281 250

TEAPERATURE BEFORE 17,0 30,5 42.0 . 56,0
-AmD AFTER MULLING ¢ C) 18,0 3l.5 L1.0 44,0
Average 17.5 31,0 L1.5 50,0 .
SPECIMEN WEIGHT 160 157 156 - 156
(g) . .
GREEN COMPRESSION 60,0 80,0 . 77.9 81.4
STREKRGTH 60,0 80,0 79.3 82.7
: . 60,0 79.3 78.6 32.8
79. 2.
(N/m? x 107)
"Average 60.0 - 79.8 78.8 ' 82,0
GREEN SIHEAR _ - 1.1 17.2 . 17,2 18,3
STRENGTH 13, 19,3 18,6 . 18.3
. ; 12,4 18.6 18.3 18,6
(N/m* x 107) 7 13.4 - 18.3 .
Average ‘ 13.3 18,6 18,0 18.§
HOT COMPRESSION L7.L 39.6 L1.6 40,6
STRENGTH 46,5 32,7 _35.7 36. 7
: ) zg.g gz.g gg.g 35.7
(N/n? x 103) ’ ’ ’
Average : L2.8 36.2 37.2 37.6
PRRMEABILITY ' 19,1 21.8 22.6 L 224
' 19.2 21.8 22,4 22,2
19,2 21.8 / 22.4 22,3
19,0
(small orifice) _
Average 19.1 21.8 . 22,5 22.3
MOILD HARDNESS 28 33 31 3l
_ . 27 32 32 ©o32
'+ 27 32 31 31
26 ' 32 3z 31
('C' scale) )
Average 27 32 32 31
-SHATTER INLEX 51 . 73 69 67
51 . 75 67 - 65
5S4 71 68 68
L9 .70
| - 71
Average . 51 72 68 67
~ FLOWABILITY 82 77 75 : 75
C g2 76 74 75
81 76 76 7h
81 75 75
{per cent)
Average g2 76 .75 . 75
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